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1 Introduction 

1.1 Immunoglobulins 

Concerning the human immune system, a distinction must be made between the inborn and the 

acquired, or so-called adaptive, immune system. The adaptive immune system is characterized 

by a rapidly increased immune response which is triggered as soon as renewed contact with the 

antigen occurs. This effect can be described as immunogenetic memory and depends on antigen 

recognition and the specificity of the immunological response (Marshall et al. 2018). The cell 

types most responsible for the adaptive immune system are lymphocytes, particularly B and T 

cells with their effector molecules (Kamradt and Ferrari-Kühne 2011). A single B cell that 

differentiates into an Ig-producing plasma cell produces each immunoglobulin (Ig) molecule. 

Ig recognize antigens in their native state on the surface of foreign bodies and trigger 

elimination processes like cell lysis or phagocytosis. T cells recognize processed antigens 

which are presented as peptides by the highly polymorphic major histocompatibility proteins 

(Lefranc 2014; Lefranc and Lefranc 2020). These biological functions of B and T cells are 

accompanied by the need for a large diversity of their antigen receptors. A healthy individuum’s 

potential antigen receptor repertoire is about 2 x 1012 different Ig and T cell receptors. Here, the 

number of B and T cells an organism is genetically limited to produce is the primary limiting 

factor (Lefranc and Lefranc 2020). 

1.1.1 Structure of Human Immunoglobulins 

In 1972, Gerald Edelman and Rodney Porter received the Nobel Prize in physiology and 

medicine for their investigations of the Ig structure (PressRelease_NobelPrize.org 1972). They 

were the first who were able to resolve the different fragments (Fab, Fc), the characteristic Y-

like shape, and the two-chain structure (Figure 1) (Edelman 1959; Porter 1959; Wilson and 

Stanfield 2021).  

Addressing the two-chain structure, the Ig consists of two identical light chains (LC) with about 

25 kDa and two identical heavy chains (HC) with 50 – 70 kDa. The HCs can be classified into 

H-mu, H-delta, H-gamma, H-alpha, and H-epsilon, and the LCs into kappa and lambda. 

(Lefranc and Lefranc 2020; Schroeder and Cavacini 2010). Structurally, LCs can be separated 

further into two domains, one variable domain (VL) comprising a variable (V) region and a 

joining (J) region, and a constant domain (CL). A HC also consists of a variable domain (VH) 

comprising a V, a J, and an additional diversity (D) region, as well as three or four constant 

domains (CH) (Figure 1) (Lefranc and Lefranc 2020; Schroeder and Cavacini 2010).  



1 Introduction 1.1 Immunoglobulins Natalie Berghaus 

~ 18 ~ 

Further, the V regions comprise three complementary-determining regions (CDR) which are 

solvent-exposed and form the antigen-binding site (Kamradt and Ferrari-Kühne 2011; Lefranc 

and Lefranc 2020; Schroeder and Cavacini 2010). This goes together with the fact that CDRs 

are characterized as highly variable sequence regions. Especially the CDR3 region is defined 

as highly variable and extends over the C-terminal end of the V region, the complete D region, 

and the N-terminal end of the J region. Overall, the CDR regions are framed by four stable 

″frame″ regions (FR) (Schroeder and Cavacini 2010). 

Another way to describe an Ig, is to divide it into two antigen-binding fragments (Fab) and one 

crystallizable fragment (Fc). The two Fab fragments are characterized by their antigen 

recognition and binding function and include a complete LC, the VH, and one part of the CH 

(Schroeder and Cavacini 2010). The Fc fragment was also characterized by Porter, who 

digested a rabbit antibody with papain and was able to crystalize one of the three fragments 

(Porter 1959). 

 

 

Figure 1. A) Schematic structure of an IgG antibody. B) Human immunoglobulin chain, 

domain structure, structural labels as well as sequence definition for the heavy chain and 

light chain classes. blue = heavy chain, orange = light chain, blue line = hinge region, S-S = disulfide bridge, 

VH = variable domain heavy chain, VL = variable domain light chain, CH = constant domain heavy chain, 

CL = constant domain light chain, H = heavy, V = variable, C = constant, J = joining, D = diversity. Adapted from 

(Lefranc and Lefranc 2020). The original article was published under the Creative Commons Attribution 4.0 

International License (CC BY 4.0, https://creativecommons.org/licenses/by/4.0/). 

 

Ig are expressed in different forms: as membrane proteins, on the surface of mature and memory 

B cells, as part of the B cell receptor, or as Ig secreted by plasma cells (Lefranc and Lefranc 

2020). The secreted Ig can be divided into five different classes based on their distinct HC: 

IgM, IgD, IgG, IgA, and IgE. They differ in their physicochemical properties, antigenic 
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determinants, biological functions, and effector properties as well as their abundance in the 

serum of a heathy individuum (Table 1) (Lefranc and Lefranc 2020). 

 

Table 1. Immunoglobulin classes and their approximate percentage of the total 

immunoglobulins in the adult serum. Percentage of the Immunoglobulin subclasses in the class: IgG1: 

70 – 80 %, IgG2: 18 – 23 %, IgG3: 6 – 8 %, IgG4: 2 – 6 %, IgA1: 90 %, IgA2: 10 %. Ig = immunoglobulin. 

Adapted from (Lefranc and Lefranc 2020). The original article was published under the Creative Commons 

Attribution 4.0 International License (CC BY 4.0, https://creativecommons.org/licenses/by/4.0/). 

Ig class IgM IgD IgG IgA IgE 

Ig subclasses   IgG1 IgG2 IgG3  IgG4 IgA1 IgA2  

Approximate % total Ig in 

adult serum 
10 0.2 45-53 11-15 3-6 1-4 11-14 1-4 0.004 

 

1.1.2 B Cell Development 

In humans, B cell development starts from hematopoietic stem cells in the bone marrow (Figure 

2). Here, the rearrangement of the immunoglobulin heavy chain (IGH) D and J locus of the 

Pro-B cell takes place. Afterward, the rearrangement with the IGHV locus allows the Pre-B cell 

to produce a H-mu chain in the cytoplasm. This H-mu chain is expressed on the surface of the 

cell with a lambda-like chain. This lambda-like chain forms together with a V-pre-B chain the 

Pre-B cell receptor (Hieter et al. 1981; Korsmeyer et al. 1981; Lefranc and Lefranc 2020).  

For the transition from the Pre-B cell receptor towards an immature B cell, the productive 

rearrangement of the Ig-kappa (IGK) or Ig-lambda (IGL) locus is required. In this context, the 

Pre-B cell receptor induces a signal which inhibits further IGH-V-D rearrangements and emits 

a signal to start the LC V-J rearrangement. In a first attempt, a productive rearrangement of one 

chromosome 2 with the kappa locus is strived – if successful, IgM is produced. However, if a 

productive rearrangement cannot be obtained, a second attempt with the other chromosome 2 

and a kappa LC is sought first. If a kappa LC could not be successfully produced with the 

second chromosome 2 either, a rearrangement on chromosome 22 and the lambda locus is 

targeted. The kappa/lambda ratio of antibodies in the serum of a healthy individual is 

approximately 2:1 (Hollis et al. 1989; Lefranc and Lefranc 2020; Schiff et al. 1990).  

After a productive rearrangement of the HC and LC loci, the plasma cells expressing functional 

IgM on the cell surface are called immature B cells. In the next step, B cells with highly 

autoreactive B cell receptors are sorted out and the remaining cells (transitional B cells) can 

migrate to the spleen (Eibel et al. 2014). In the spleen, these cells undergo three different 

transition states, which can be distinguished by the amount of expressed IgM or other surface 

markers (Chung et al. 2003; Lefranc and Lefranc 2020). 
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Figure 2. Schema of the B cell differentiation and the regulation of the immunoglobulin 

gene rearrangements in the pre-B cell. Adapted from (Lefranc and Lefranc 2020). V = variable region, 

D = diversity region, J = joining region, IGK = immunoglobulin kappa light chain, IGL = immunoglobulin lamba 

light chain, IGH = immunoglobulin hevay chain, The original article was published under the Creative Commons 

Attribution 4.0 International License (CC BY 4.0, https://creativecommons.org/licenses/by/4.0/). 

 

1.1.3 Lambda Light Chain Locus 

The lambda locus is located on the long arm of chromosome 22q11.2 and spans 1050 kb. It 

consists of 73 – 74 IGLV genes, of which 30 – 36 are potentially functional. Overall, the IGLV 

genes are sorted into 10 IGLV families. Additionally, seven to eleven IGLJ and IGLC genes, 

of which four are classified as functional, are located on this chromosome. Each IGLC gene is 

preceded by one corresponding IGLJ gene (Table 2) (Kawasaki et al. 1997; Lefranc and 

Lefranc 2020; Schroeder and Cavacini 2010). 
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Table 2. Potential Homo sapiens IGLV genomic repertoire. Adapted from (Lefranc and Lefranc 

2020). IGLV = immunoglobulin lambda light chain variable region. The original article was published under the 

Creative Commons Attribution 4.0 International License (CC BY 4.0, https://creativecommons.org/licenses/ 

by/4.0/). 

IMGT  

IGLV family 

IMGT  

gene name 

Number of 

functional alleles 

Number of pseudogene 

alleles 
Gene order 

IGLV1 IGLV1-36 1 - 40 

IGLV1-40 3 - 36 

IGLV1-44 1 - 31 

IGLV1-47 2 - 28 

IGLV1-51 2 - 24 

IGKV2 IGLV2-8 3 - 77 

IGLV2-11 3 - 74 

IGLV2-14 4 - 71 

IGLV2-18 4 - 67 

IGLV2-23 3 - 61 

IGLV3 IGLV3-1 1 - 84 

IGLV3-9 2 1 76 

IGLV3-10 2 - 75 

IGLV3-12 2 - 73 

IGLV3-16 1 - 69 

IGLV3-19 1 - 66 

IGLV3-21 3 - 64 

IGLV3-22 1 1 63 

IGLV3-25 3 - 59 

IGLV3-27 1 - 56 

IGLV4 IGLV4-3 1 - 82 

IGLV4-60 3 - 13 

IGLV4-69 2 - 3 

IGLV5 IGLV5-37 1 - 39 

IGLV5-39 2 - 37 

IGLV5-45 4 - 30 

IGLV5-52 1 - 23 

IGLV6 IGLV6-57 2 - 17 

IGLV7 IGLV7-43 1 - 32 

IGLV7-46 2 1 29 

IGLV8 IGLV8-61 3 - 12 

IGLV9 IGLV9-49 3 - 26 

IGLV10 IGLV10-54 2 1 20 

 

1.1.4 Diversity of Immunoglobulins 

1.1.4.1 Combinatorial Diversity and Junctional Diversity 

As already mentioned, a high degree of diversity is necessary to ensure the biological function 

of the Ig. Several mechanisms intertwine for this reason, of which one is the possibility to 

connect several different IGLVJ(D)C segments (combinatory diversity). This allows the pre-

immune repertoire to already achieve a high degree of diversity. This diversity is further 

enhanced by the enormous variety provided by the V(D)J joining (junctional diversity). For 

example, each D gene has the opportunity to encode six different peptide fragments. These 

different fragments are created through splicing, translation into different reading frames, and 



1 Introduction 1.2 Monoclonal Gammopathies Natalie Berghaus 

~ 22 ~ 

the possibility to rearrange via inversion or deletion (Schroeder and Cavacini 2010). During 

this rearrangement process, a hairpin structure between the 5’ and 3’ ends of the V and J or D 

segments is created. When this hairpin structure is opened dis-symmetrically, a 3’ overhang is 

created and forms a palindromic extension – the P junction (Schroeder and Cavacini 2010). 

Moreover, the rearranged segments can also lose one or several nucleotides. In contrast, several 

nucleotides can also be added or replaced in the original germline sequence by the terminal 

deoxynucleotidyl transferase, which is template-independent and mostly involves ‘G’ 

nucleotides (Lefranc and Lefranc 2020; Schroeder and Cavacini 2010). 

These two mechanisms alone allow a possible number of 1010 different options, for example, 

for the HC CDR3 region. These CDR3 regions all differ in length and structure (Schroeder and 

Cavacini 2010). 

1.1.5.2 Somatic Hypermutations 

Another mechanism for increasing the Ig diversity are somatic hypermutations which are 

introduced during B cell maturations in the secondary lymphoid organs (Lefranc and Lefranc 

2020). This process takes place during the antigen-dependent stages of differentiation and 

concerns only the rearranged VJ and D segments. Somatic hypermutations in VJ(D) segments 

are about 106 times more frequent than spontaneous mutations in other cells (Lefranc and 

Lefranc 2020). The introduction of somatic hypermutations is initiated by the activation-

induced cytidine deaminase, which induces the deamination from cytosine towards uracil. This 

uracil is then removed through the uracil deoxyribonucleic acid (DNA) glycosylase and further 

processed by the DNA base excision repair or DNA mismatch repair system. In the next step, 

the DNA lesions are repaired, which leads to a transition from cytosine towards thymidine and 

guanine towards adenine on the opposite strand (Lefranc and Lefranc 2020).  

In total, a pre-immune antibody repertoire of 1016 different Ig is possible. This is achieved 

through the connection of the different gene segments, the combinatory effect of the LCs and 

HCs itself, and the somatic variations in the CDR3 region (Lefranc and Lefranc 2020; 

Schroeder and Cavacini 2010). 

 

1.2 Monoclonal Gammopathies 

The diseases classified as monoclonal gammopathies are all characterized by the monoclonal 

proliferation of at least one single plasma cell. These plasma cells secrete monoclonal proteins 

(M protein) that present immunologically and electrophoretically homogenous (Group 2003). 

Based on this protein, other common names are known for this group of diseases: 

paraproteinaemias, dysproteinaemias, or immunoglobulinopathies (Kyle and Rajkumar 2007). 
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In a review by the Mayo Clinic in 2006, several associated plasma cell disorders were listed 

(Kyle and Rajkumar 2007). Here, patients were diagnosed with multiple myeloma (MM) 

(16.5 %), AL amyloidosis (11.5 %), lymphoproliferative disorders (4 %), smoldering multiple 

myeloma (SMM) (3 %), Waldenström’s macroglobulinemia (2 %) and solitary or 

extramedullary plasmacytoma (2 %) (others: 6 %) (Kyle and Rajkumar 2007). However, in 

more than half of the cases, a monoclonal gammopathy of undermined significance (MGUS) 

(55 %) was diagnosed.  

For a MGUS diagnosis, besides other factors, a serum M protein concentration of >30 g/L, 

fewer than 10 % plasma cells in the bone marrow, no end organ damage, and no evidence of a 

related plasma cell proliferative disorder must be considered in the clinical context (Group 

2003; Kyle and Rajkumar 2007). From a genetic point of view, primary events like an IgH 

translocation or hyperdiploidy are important. They can promote the transformation of a post-

germinal center B cell towards increased monoclonal expansion/proliferation. This 

proliferation ultimately results in a MGUS diagnosis and thus forms the basis for the 

development of symptomatic MM (Pawlyn and Morgan 2017) (Figure 3).  

In this development, the evolutionary intermediate stage of SMM was defined. Here, a 

malignant transformation can lead to the progression from MGUS towards SMM (Salomon-

Perzyński et al. 2021). SMM is further defined by a higher clonal burden than MGUS and a 

variable risk of progression towards MM (Pawlyn and Morgan 2017; Rajkumar et al. 2015). In 

contrast, the annual risk from a progression from MGUS to symptomatic MM is approximately 

only 1 % (Kyle et al. 2018). The progression towards MM is characterized by an expansion of 

plasma cells outside the bone marrow microenvironment for example in the lymph nodes or 

soft tissue. The MM underlying biology and clinical presentation are addressed in more detail 

in chapter 1.4. In a final step, an evolution from MM towards plasma cell leukemia is possible; 

this stage is defined by peripheral blood involvement (Bhutani et al. 2020; Salomon-Perzyński 

et al. 2021).  

The disease’s progression and evolution from MGUS towards plasma cell leukemia is driven 

by secondary events, like secondary genetic events, epigenetic changes, subclonal competition, 

subclonal cooperation, or the remodeling of the tumor microenvironment (McGranahan and 

Swanton 2015; Salomon-Perzyński et al. 2021) (Figure 3). Taking these factors together, an 

increased fitness and adaptive potential of random subclone populations under selective 

pressure can lead to the evolution of the disease (Nowell 1976; Salomon-Perzyński et al. 2021).  
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Figure 3. Evolution of plasma cell dyscrasias. Both primary and secondary genetic events are required 

for the malignant transformation of a post-GC B cell to MM. New genetic events accumulate in malignant 

plasmocytes over time affecting the fitness of subclones and leading to the further expansion of some and the 

extinction of others. Progression from MGUS/SMM to MM is driven by subclonal competition (and likely by its 

cooperation) and by simultaneous changes in the tumor microenvironment. (1) Branching clonal evolution – the 

dominant evolutionary pattern in the progression of SMM to MM, with some subclones disappearing (pink, light 

blue) and others appearing (red, purple, brown) over time; (2) static clonal progression – evolutionary pattern in 

the progression of SMM to MM, in which the tumor’s subclonal architecture does not change significantly over 

time. Abbreviations: GC, germinal center; IgH, immunoglobulin heavy chain; MGUS, monoclonal gammopathy 

of undetermined significance; MM, multiple myeloma; SMM, smoldering multiple myeloma; PCL, plasma cell 

leukemia. Image adapted and legend retrieved from a publication by Salomon-Perzyński (Salomon-Perzyński et 

al. 2021), the original article was published under the Creative Commons Attribution 4.0 International License 

(CC BY 4.0, https://creativecommons.org/licenses/by/4.0/). 

 

Of note, the development of light chain amyloidosis (AL) is possible at all dressed stages from 

MGUS towards plasma cell leukemia. A development from MGUS towards AL was observed 

in 12 % of the patients with a median disease interval of nine years (Kyle and Rajkumar 2007; 

Kyle et al. 2004a). Besides the fact that co-occurrence of AL and MM was detected in 10 % of 

the patients, a progression from AL towards MM is extremely rare (Rajkumar et al. 1998). 

 

1.3 Multiple Myeloma 

1.3.1 Biology of Multiple Myeloma 

As mentioned before, MM is a malignant plasma cell disorder that evolves from the 

premalignant MGUS and SMM stages. Further, it is defined by an abnormal clonal plasma cell 
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infiltration in the bone marrow (Greipp et al. 2005; Kyle and Rajkumar 2004; Kyle and 

Rajkumar 2008). In an epidemiological context, it accounts for approximately 10 % of all 

hematologic cancers, and the annual age-adjusted incidence in the US is approximately 4.3 per 

100000 persons (Kyle and Rajkumar 2008; Kyle et al. 2004b). Additionally, MM is more 

frequently diagnosed in Black than White persons and slightly more common in males. The 

overall median age at diagnosis is about 65 years (Firth 2019; Kyle and Rajkumar 2008).  

As mentioned in chapter 1.2, translocations, especially of the IgH locus, as well as hypodiploidy 

are described as primary events and occur in almost 100 % of the cases (Walker et al. 2014) 

(Table 3). In this context, hyperdiploid MM is characterized by an overall increased number of 

48 – 74 chromosomes, which is based on trisomies of chromosomes 3, 5, 7, 9, 11, 15, 19, and 

21 (Chng et al. 2007). However, translocations and hyperdiploidy can be observed for MM as 

well as MGUS patients and are therefore not sufficient to explain disease progression (Fonseca 

et al. 2002; Walker et al. 2014).  

One possible translocation for the HC locus, t(11;14), is described in the AL chapter 1.4 in more 

detail. In MM patients, three translocation partners for the HC locus can be frequently observed: 

a) 20 – 25 % cyclin D1, D3, and possibly D2 (CCND1, CCND2 and CCND3); b) 15 % MMSET 

and FGFR-3; c) 10 % c-MAF and MAFB (Chesi et al. 1998; Hanamura et al. 2001; Kuehl and 

Bergsagel 2002). Besides these primary translocation events, the secondary translocation of c-

MYC can also frequently be detected in MM patients. This is of special interest due to the fact, 

that this translocating is associated with an enhanced proliferation (Kuehl and Bergsagel 2002).  

Comparable to the results concerning acquired mutations, an increased number of specific 

genetic aberrations can also be observed during disease progression from MGUS towards MM 

(López-Corral et al. 2011). MM patients display more often a gain of 1q and a deletion of 13q 

or 17p as well as a higher amount of the translocations t(11;14) and t(4;14) than MGUS and 

SMM patients (López-Corral et al. 2011). In general, a gain of 1q, 3q, 9q, 11q, and 15q can be 

observed in more than 30 % of the MM patients. The most frequent chromosome loss concerns 

13q (Kuehl and Bergsagel 2002). However, not only the presence but more specifically the 

number of affected plasma cells seem to have a prognostic impact and might also influence the 

disease progression (Avet-Loiseau et al. 2009; López-Corral et al. 2011). 

The assumption that additional genetic events are necessary for expansion from MGUS towards 

the invasive states is further sustained by a higher number of acquired mutations in the context 

of disease progression (Walker et al. 2014). However, the sides and targeted molecular 

mechanism did not differ between the different disease stages and are therefore also not fully 

capable to explain disease progression (Walker et al. 2014).  
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Table 3. Primary molecular cytogenetic classification of multiple myeloma. 
IgH = Immunoglobulin heavy chain, MM = multiple myeloma. Retrieved and adapted from (Rajan and Rajkumar 

2015). The original article was published under the Creative Commons Attribution 4.0 International License (CC 

BY 4.0, https://creativecommons.org/licenses/by/4.0/). 

Subtype Gene(s) chromosomes affected Percentage of 

MM patients 

Trisomic – recurrent trisomies involving odd-numbered chromosomes (except for 

chromosomes 1, 13, and 21)  

42 

IgH-translocated  30 

t(11;14) (q13;q32) CCND1 (cyclin D1) 15 

t(4;14) (p16;q32) FGFR-3 and MMSET 6 

t(14;16) (q32;q23) C-MAF 4 

t(14;20) (q32;q11) MAFB <1 

Other IgH translocations CCND3 (cyclin D3) in t(6;14) MM 5 

Combined IgH-translocated/trisomic – the presence of trisomies and any one of the 

recurrent IgH translocations in the same patient 
15 

Isolated monosomy 14 – few cases may represent 14q32 translocations involving 

unknown partner chromosomes 
4.5 

Other cytogenetic abnormalities in the absence of IgH translocations or trisomy or 

monosomy 14 
5.5 

Normal/undetected 3 
a 

Includes the t(6;14) (p21;q32) translocation and, rarely, other IgH translocations involving uncommon partner 

chromosomes. 

 

Overall, it must be assumed that different genetic events in different pathways lead to the 

modification of the original non-malignant plasma cell in such a way that the typical MM 

characteristics are present (Morgan et al. 2012). These characteristics include the already 

addressed data regarding non-synonymous mutations and copy number abnormalities. In 

consequence, during the disease progression towards MM, an increase in genetic complexity 

can be assumed (López-Corral et al. 2011; Walker et al. 2014). This genetic complexity was 

analyzed using data from more than 800 newly diagnosed MM patients. Here, the natural aging 

process, defects in the DNA repair mechanism, and mutagenic activity of enzymes, including 

the activation-induced cytidine deaminase, were identified as important influencing factors for 

the mutagenesis in MM. (Hoang et al. 2019; Salomon-Perzyński et al. 2021).  

Of note, the concept of intra-clonal heterogeneity is also important for MM. In this context, a 

definition based on different molecular subgroups which are characterized by specific 

chromosomal aberrations must be given (Manier et al. 2017; Morgan et al. 2012; Rasche et al. 

2017). This is necessary since about 80 % of the MM patients display focal lesions (FL). FLs 

are characterized as an accumulation of malignant plasma cells in restricted regions of the bone 

marrow (Rasche et al. 2017; Walker et al. 2007). Through a genomic analysis of different FL 

within the same patients, it was possible to identify spatial heterogeneity. Therefore, the concept 

of ongoing clonal competition and adaption to the microenvironment can be assigned to MM 

(Rasche et al. 2017). This is supported by different findings, such as the observation of site-
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specific driver aberrations or a high subclonal percentage of heterogenous mutations. Further, 

the size of the FL correlated with the number of unshared mutations and chromosomal 

aberrations (Rasche et al. 2017).  

To go more into detail, in the already mentioned multi-region genomic analysis, Rasche et al. 

analyzed four MM cases with available computer tomography (CT)-guided sample sets. These 

sample sets were used to analyze the polygenetic relationship of clones from different regions 

(Rasche et al. 2017). In one of these cases, four samples from FLs at the left chest wall, the 

lumbar spine 1, the sacrum, and the iliac crest were analyzed. In this analysis, it was possible 

to identify different genomic profiles and unique driver mutations for each FL (Figure 4). Since 

all analyzed positions share a translocation of MYC and an amplification of 1q, a shared ancestor 

can be assumed. This shared ancestor evolved further in the process of multi-focal progression 

(Rasche et al. 2017). However, this was not noted for all patients, for example, in another case 

study a common high-risk ancestor with a distribution in a metastatic fashion was observed 

(Rasche et al. 2017). 

 
 

 

Figure 4. Multi-regional evolution in a multiple myeloma patient. Patient with available multiple 

CT-guided samples was used to analyze the phylogenetic relationship of clones from different regions. The 

location of samples is marked in the medical images in the right panel using the color code that was assigned to 

clones (left panel). The letter R indicates the right side of the body. Focal lesions displayed different genomic 

profiles with each of them containing unique driver mutations. A mutation of the BRAF gene affects the 

serine/threonine-kinase B-Raf, which is known as a proto-oncogene. KRAS is a monomeric G-protein and is 

known to play an important role in the proliferation of tumor cells. A mutation in STAT3 was associated with 

spatial heterogeneity in the work of Rasche et al. and is defined as a promising candidate as a novel MM driver 

(Rasche et al. 2017). HY = hyperdiploid, Amp = amplification, Del = deletion, SNV = single nucleotide variant, 

LOH = loss of heterozygosity, L1 = lumbar spine 1. Figure and legend retrieved and adapted from (Rasche et al. 

2017). The original article was published under the creative common CC BY 4.0 license 

(https://creativecommons.org/licenses/by/4.0/, 05.10.2022). 
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1.3.2 Clinical Presentation and Diagnosis of Multiple Myeloma 

The International Myeloma Working group defined several criteria for a MM diagnosis. In more 

detail, in addition to more than 10 % of plasma cells in the bone marrow (Figure 5, A) or 

biopsy-proven plasmacytoma, four other myeloma-defining events (MDE) must be present 

(Rajkumar 2022; Rajkumar et al. 2014). These MDEs are defined by the established CRAB 

criteria and include hypercalcemia, renal failure, anemia, or lytic bone lesions (Figure 5, B). In 

more detail: serum calcium >0.25 mmol/L needs to be higher than the upper limit of normal, 

creatinine clearance <40 mL per minute, hemoglobin value of >2 g/dL below the lower limit of 

normal and at least one lytic lesion on skeletal radiography, CT, or positron emission 

tomography-CT (Rajkumar et al. 2014). These criteria were updated and refined in 2022 and 

established as the current standard SLiM-CRAB criteria for treatment indication of SMM. 

These SLiM-CRAB criteria are defined by ≥60 % clonal bone marrow plasma cells, involved 

serum free light chain ratio ≥100 mg/L, and more than one FL (≥5 mm in size) on magnetic 

resonance imaging (Rajkumar 2022). It was possible to associate these additional biomarkers 

each with an approximately 80 % risk of progression to symptomatic end-organ damage 

(Rajkumar 2022). 

The clinical presentation typically includes bone pain and pathological fractures, recurring 

infections, and abnormal bleeding (Firth 2019). Rare clinical manifestations may include 

ischemia, heart failure, neurological impairments, and amyloid diseases (Firth 2019).  

 

 

Figure 5. Characteristic osteolysis and plasma cell increase in multiple myeloma patients. 
(A) Skeleton X-ray of a multiple myeloma patient showing multiple diffuse osteolytic lesions. Figure and legend 

were adapted and retrieved from (Caldas et al. 2011). The original article was published under the creative common 

CC BY-NC 4.0 license (https://creativecommons.org/licenses/by-nc/4.0/, 20.12.2022) (B) Bone marrow aspirate 

of a multiple myeloma patient showing numerous plasma cells (WG; ×400). Figure and legend were adapted and 

retrieved from (Khurana et al. 2016). The original article was published under the Creative Commons Attribution 

4.0 International License (CC BY 4.0, https://creativecommons.org/licenses/by/4.0/). 

 

A B
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In addition to the SLiM-CRAB criteria, the patients should be tested for the presence of a 

M protein using serum protein electrophoresis and serum immunofixation. Based on these 

assays, a diagnosis will be established successfully in about 98 % of the MM patients (Chawla 

et al. 2015; Katzmann et al. 2006; Kyle et al. 2003; Rajkumar 2022). In general, if it is possible 

to detect more than 5 % of circulating plasma cells in the peripheral blood smear, plasma cell 

leukemia should be considered (Fernández de Larrea et al. 2021). In addition to the tests 

necessary for clinical characterization and diagnosis, a fluorescence in situ hybridization (FISH) 

analysis should also be performed for risk stratification. In this context, patients with a deletion 

of 17p or 1p as well as a t(14;16) or t(14;20) are considered to be at high risk for a lower overall 

survival (Rajan and Rajkumar 2015). 

The estimated prognosis not only considers the CA but also more generally the tumor burden, 

indicated by staging systems, and the therapy response (Rajkumar 2022; Russell and Rajkumar 

2011; Vu et al. 2015). The revised international staging system combines aspects of the tumor 

burden as well as CA (Palumbo et al. 2015). Stage I is defined by a serum albumin >3.5 gm/dL, 

a serum beta-2-microglobulin <3.5 mg/L, no high-risk cytogenetics, and a normal serum lactate 

dehydrogenase level. Stage III applies to patients with a serum beta-2-microglobulin >5.5 mg/L 

and high-risk cytogenetics like t(4;14), t(14;16), del(17p) or elevated serum lactate 

dehydrogenase level (Palumbo et al. 2015). Stage II patients are classified as all patients which 

are not suitable for stage I or III (Palumbo et al. 2015). It was shown that a high level of lactate 

dehydrogenase can also be associated with lower overall survival (Terpos et al. 2010). 

 

1.4 AL Amyloidosis 

1.4.1 Forms of Amyloidosis 

Amyloidosis is characterized as a group of rare diseases, which result from the extracellular 

deposition of amyloid fibrils. These fibrils are defined by their β-sheet confirmation and can be 

visualized by a congo-red staining and resulting green birefringence (Jin et al. 2003; 

Westermark 2005).  

Until now, more than 30 proteins have been identified to form fibrils in the human body but it 

is believed that there are even more proteins with amyloidogenic potential (Sipe et al. 2014; 

Wechalekar et al. 2016). Based on the underlying precursor protein different forms of 

amyloidosis can be defined (Table 4). Acquired systemic AL and hereditary amyloidosis are 

associated with the presence of an abnormal protein in the serum. The β2-microglobulin 

(Aβ2m) dialysis-related amyloidosis or reactive systemic amyloidosis are defined by the 
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excessive occurrence of a normal protein. Wild-type transthyretin (ATTRwt) amyloidosis and 

atrial natriuretic peptide amyloidosis are forms that are associated with the aging process 

(Merlini et al. 2018; Wechalekar et al. 2016).  

In Western countries, the most frequent form of amyloidosis is systemic AL, next to ATTRwt 

(Obi et al. 2022; Wechalekar et al. 2016). In general, AL can be defined as an acquired form of 

amyloidosis (Wechalekar et al. 2016) – only one case study found a hereditary mutation in the 

CL of a kappa LC (Benson et al. 2015). Besides systemic AL, a localized form is also known. 

In this case, the LCs deposit at one single anatomic site and form amyloid lesions. However, 

local AL account only for about 10 % of all amyloidosis cases but no precise population data 

is available (Basset et al. 2020; Hamidi Asl et al. 1999). In contrast, several studies have been 

performed to investigate the epidemiology of systemic AL (Merlini et al. 2018). When 

comparing the results, a range of an annual incidence of 3 to 12.7 per million persons with a 

median of 10.7 can be calculated (Duhamel et al. 2017; Hemminki et al. 2012; Kyle et al. 1992; 

Kyle et al. 2004b; Pinney et al. 2013; Quock et al. 2018). Another important epidemiological 

aspect is that more men than women are affected (Kyle et al. 1992). More precisely, in an 

analysis of 701 patients, 64 % were male (Kourelis et al. 2017). 

 

Table 4. Most common forms of systemic amyloidosis. Reprinted and adapted by permission from 

Copyright Clearance Center: Springer Nature, Nature Reviews Disease Oligonucleotides, Systemic 

immunoglobulin light chain amyloidosis, Merlini et al. (2018) (Merlini et al. 2018) (License number 

5398791052309). Legend retrieved from (Merlini et al. 2018). 

Designationa Parent protein Systemic 

and/or 

localized 

Acquired or 

hereditary 

Organs involved 

AL Immunoglobulin  

light chainb 

Systemic or 

localized 

Acquired 

(hereditaryc) 

Heart, kidney, liver, soft 

tissues, peripheral nervous 

system (including the 

autonomic nervous system) and 

gastrointestinal tract 

ATTR Transthyretin Systemic Hereditary Peripheral nervous system 

(including the autonomic 

nervous system), heart, eye, 

kidney and leptomeninges 

Systemic Acquired Heart and ligaments 

AA Serum amyloid 

A protein 

Systemic Acquired Predominantly kidney, but may 

involve liver, gastrointestinal 

tract and occasionally heart, 

thyroid and autonomic nervous 

system 

ALECT2 Leukocyte 

chemotactic 

factor 2 

Systemic Acquired Kidney, liver, spleen, adrenals 

and lungs 

https://www.sciencedirect.com/topics/medicine-and-dentistry/atrial-natriuretic-factor
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Designationa Parent protein Systemic 

and/or 

localized 

Acquired or 

hereditary 

Organs involved 

AApoAI Apolipoprotein 

AI 

Systemic Hereditary Heart, liver, kidney, peripheral 

nervous system, testis, larynx 

and skin 

AFib Fibrinogen α 

chain 

Systemic Hereditary Kidney, primarily, with 

obliterative glomerular 

involvement 

Aβ2m β2-

microglobulin, 

wild type 

Systemic Acquired 

(haemodialysis 

related) 

Musculoskeletal system 

β2-

microglobulin 

Systemic Hereditary Autonomic nervous system 

aThe amyloid fibril protein is designated protein A and is followed by a suffix that is an abbreviated form of the 

precursor protein name. For example, when amyloid (A) fibrils are derived from immunoglobulin light (L) chains, 

the amyloid fibril protein is AL. b Rare cases of amyloidosis formed by immunoglobulin heavy chains (AH) and 

by heavy and light chains (AHL) have been reported. c One family with a mutation in the constant region of the κ 

light chain, with cysteine replacing serine at amino acid residue 131, has been reported (Benson et al. 2015). 

 

In general, AL is caused by at least one malignant plasma cell clone which infiltrates the bone 

marrow. This infiltration is less than 10 % in half of the AL patients. Therefore, the AL clone 

is relatively small compared to the one in symptomatic MM (Merlini 2017; Milani et al. 2018). 

But, only the AL clone produces an abnormal number of free LCs which misfold, form 

prefibrillar aggregates, and finally form fibrils in the extracellular space. These fibrils cause 

cellular stress and disturb the normal tissue structure and function which can cause lethal 

consequences (Merlini 2017). In addition to the differences concerning the clone size and the 

LC behavior, also the kappa/lambda ratio is shifted in AL. For the B cell repertoire of healthy 

individuals as well as for the M protein of MM patients, more kappa LC (2:1; kappa/lambda) 

can be detected. In contrast, AL patients display more frequently a lambda LC (1:3; 

kappa/lambda) (Kyle and Gertz 1995). 

1.4.2 Clinical Presentation and Diagnosis of AL Amyloidosis 

In most cases, the AL diagnosis is delayed, and drastic organ damage has already taken place. 

In addition, more than 69 % of the patients display more than one organ involvement at 

diagnosis (Obici et al. 2005). Unfortunately, it has been reported that survival significantly 

decreased the more organs were affected (Muchtar et al. 2019). One possible factor for a 

delayed diagnosis might be that AL-related symptoms are commonly found in elderly people 

(Milani et al. 2018), which is of importance since the average age at first diagnosis is 65 years 

(Schönland et al. 2012). Besides the number of affected organs, the patient’s age was also linked 

to a poorer prognosis. A study conducted by the Mayo Clinic showed that patients ≥65 years 

had lower survival than younger patients (Muchtar et al. 2019).  
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Overall, a delayed diagnosis led to higher mortality rates, especially by cardiac involvement or 

a progression to end-stage renal disease in the first month after diagnosis (Merlini et al. 2018; 

Muchtar et al. 2017b; Palladini et al. 2014). One study showed that in 40 % of the patients, the 

diagnosis was confirmed >1 year after symptoms occurred (Lousada et al. 2015). This can 

especially be observed for MGUS patients – therefore, screening for AL should already be 

performed at this stage (Al Hamed et al. 2021; Kourelis et al. 2014; Merlini et al. 2018).  

Several symptoms can point to a potential AL diagnosis. This includes heart failure with 

preserved ejection fraction, nephrotic range proteinuria, a mixed axonal demyelinating 

peripheral neuropathy with autonomic features, or hepatomegaly without imaging 

abnormalities (Merlini 2017; Merlini et al. 2018; Wechalekar et al. 2016). To secure a 

diagnosis, it is suggested to perform immunofixation electrophoresis of the serum and urine as 

well as an immunoglobulin-free LC assay. Further, a tissue biopsy and a histopathological 

analysis should be conducted (Merlini et al. 2018). However, the underlying biopsy must not 

be performed on the affected organ. It was shown that a less invasive method like the aspiration 

of subcutaneous fat or a bone marrow biopsy can lead to a diagnosis in 50 – 80 % of the cases 

(Merlini et al. 2018; Muchtar et al. 2017a; Quarta et al. 2017). After the detection of amyloid 

deposits in the biopsies, an accurate typing of the precursor protein is necessary. In this context, 

a mass spectrometry-based analysis is considered the most successful approach with a reported 

sensitivity of 88 % and specificity of 96 % (Merlini et al. 2018; Vrana et al. 2014). Besides the 

already addressed factors, there are also biomarkers available that can detect heart or renal 

failure with 100 % sensitivity (Merlini et al. 2018). An increased level of the N-terminal 

provisional brain natriuretic peptide (NT-proBNP) in serum indicates a cardiac involvement 

(Palladini et al. 2003; Wechalekar et al. 2011), whereas for example, albuminuria can be used 

for determining renal involvement (Palladini et al. 2014).  

AL can affect all organs, except the brain, but in most of the cases, a distinct organ tropism can 

be observed (Merlini et al. 2018). This includes heart involvement in more than 80 % and a 

kidney involvement in more than 65 %. Also, the involvement of soft tissue can be observed in 

over 15 %, followed in descending order by liver involvement, involvement of the peripheral 

nervous system, and the autonomic nervous system (Merlini et al. 2018). Based on these organ 

involvements, different symptoms can be noted (Figure 6).  
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Figure 6. Organ involvement in systemic AL amyloidosis. The symptoms of monoclonal 

immunoglobulin light chain (AL) amyloidosis are variable and mimic symptoms observed in common conditions 

of elderly individuals, such as heart failure (fatigue) and diabetes mellitus (proteinuria and peripheral neuropathy), 

therefore, contributing to late diagnosis. The presence of heart failure with preserved ejection fraction and 

thickened ventricular walls with low voltages identified using electrocardiography should raise the suspicion of 

cardiac amyloidosis. Kidney involvement is characterized by proteinuria and progressive renal failure and 

manifests as peripheral oedema. The involvement of the gastrointestinal tract results in malabsorption and weight 

loss that can be prominent in some patients, whereas involvement of the autonomic nervous system can cause 

invalidating postural hypotension. The presence of prototypic signs such as macroglossia (enlargement of the 

tongue) and periorbital purpura can immediately lead to the right diagnosis. However, such signs are uncommon 

and, more importantly , appear late in the course of the disease, frequently appearing when the organ damage 

caused by amyloid is already irreversible. Reprinted and adapted by permission from Copyright Clearance Center: 

Springer Nature, Nature Reviews Disease Oligonucleotides, Systemic immunoglobulin light chain amyloidosis, 

Merlini et al. (2018) (Merlini et al. 2018) (License number 5398791052309). Legend retrieved from (Merlini et 

al. 2018). 

 

As already addressed, the organ involvement influences the survival of AL patients. Patients 

with irreversible heart damage, due to a late diagnosis, have a median survival of three to six 

months (Wechalekar et al. 2013). In contrast, patients without heart failure can survive several 

years even when not responding to first-line therapy (Merlini et al. 2018). Furthermore, the 

early diagnosis of patients with renal involvement can prevent the progression towards end-

stage kidney disease and dialysis. In contrast, late detection of renal disease is associated with 

an increased risk of progression (Palladini et al. 2014).  

In the context of organ involvement, several staging systems have been established (Table 5). 

The most commonly used cardiac staging system in study design and clinical trials was 

established by the Mayo Clinic and European investigators (Kumar et al. 2012). It is based on 

the levels of NT-proBNP, cardiac troponin, and the difference between disease-associated and 

Heart

• Heart failure with preserved ejection fraction

• Thickened ventricular walls and low voltages

on electrocardiography

• Dysponea at rest or exertion, fatigue

• Hypotension or syncope

• Peripheral oedema

Gastrointestinal tract

• Malabsorption and weight loss

• Bleeding (factor X)

Nervous system

Peripheral

• Symmetric lower extremity sensorimotor

polyneuropathy

Carpal tunnel syndrome (bilateral)

Autonomic

• Postural hypotension

• Erectile dysfunction (males)

• Gastrointestinal motility alterations

Periorbital purpura

Macroglossia

Liver

• Increased alkaline

phosphatase

• Hepatomegaly

Kidney

• Nephrotic range

proteinuria

• Renal failure

• Peripheral oedema
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uninvolved circulating free light chains (dFLC) (Dispenzieri et al. 2004; Kristen et al. 2010; 

Palladini et al. 2010; Wechalekar et al. 2013). Additionally, a renal staging system predicting 

the progression towards dialysis has been established with two biomarkers: eGFR and 

proteinuria. Applying this system, it was not possible to demonstrate a linkage between the 

staging and the survival of the patients. However, an impact on kidney survival and quality of 

life was noted, which also influence the efficiency of the treatment (Kastritis et al. 2017; Merlini 

et al. 2018; Palladini et al. 2014).  

In addition to these staging systems, several other factors can affect patient survival. For 

example, it was shown that patients with a bone marrow plasma cell infiltration of >10 % have 

poorer survival rates (Kourelis et al. 2013). Another study found that patients with a dFLC 

<50 mg/L have a significantly better outcome, independent of the cardiac stage (Dittrich et al. 

2017; Milani et al. 2017; Sidana et al. 2018).  

 

Table 5. Overview of the most commonly used staging systems in AL amyloidosis. The 

staging parameters were extracted from the respective publications. (Kumar et al. 2012; Palladini et al. 2014; 

Wechalekar et al. 2013). dFLC = difference between disease-associated und uninvolved circulation free light 

chains, cTNT = cardiac troponin T, eGFR = estimated glomerular filtration rate, NT-proBNP = N-terminal 

provisional brain natriuretic peptide, SBP = systolic blood pressure. 

Publication Alias Organ Parameters/staging 

Kumar et al. 

2012  

(J Clin Oncol.) 

Mayo Heart 1 point for each criterion (stage I – IV) 

o dFLC ≥18 mg/dL 

o cTNT ≥0.025 ng/mL 

o NT-proBNP ≥1800 pg/mL 

Wechalekar et 

al. 2013 (Blood) 

Euro Heart Stratification of advanced cardiac disease with poor prognosis 

(stage III Mayo) 

o IIIb: NT-proBNP >8500 ng/L or SBP <100 mm Hg 

Palladini et al. 

2014 (Blood) 

Renal Kidney o I: proteinuria <5 g/d and eGFR >50 mL/min/1.73 m2 

o II: proteinuria >5 g/d or eGFR <50 mL/min/1.73 m2 

o III: proteinuria >5 g/d and eGFR <50 mL/min/1.73 m2 

 

Besides these clinical parameters, chromosomal aberrations (CA) also play an important role 

in the characterization and risk assessment of AL patients. For this purpose, the FISH analysis 

has been established as routine clinical testing. Based on this analysis, it was demonstrated that 

AL patients without underlying MM show a CA in 95 % of the cases (Bochtler et al. 2008). 

Here, the most prominent difference between AL and MM was found concerning t(11;14). This 

CA was detected in 61 % of the AL patients and only 15 % of MM, MGUS, or SMM patients 

(Bochtler et al. 2018). 

In general, t(11;14) describes the translocation of the HC locus 14q32 with chromosome 11. 

Moreover, t(11;14) was found to be associated with the lack of intact Ig in the immunofixation 

in 82 % of the AL cases (Bochtler et al. 2008). Besides the lack of a HC, t(11;14) was also 
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found to be associated with AL patients with a lower level of plasma cell infiltration (Bochtler 

et al. 2018). Overall, it was postulated that the lack of a clonal HC binding partner might be 

part of the pathologic mechanism of AL (Bochtler et al. 2008). Other HC translocations like 

t(4;14) and t(14;16) were rarely found in AL but, for example, t(4;14) was detected in 26 % of 

MM patients (AL = 3 %) (Bochtler et al. 2008).  

1.4.3 Pathological Effect of Light Chains and Fibrils 

The distinct pathological mechanisms in AL which ultimately lead to impaired organ function 

were and are a major research focus but are not fully understood yet. Further, it is suggested 

that a difference between soluble proteins and amyloid aggregates must be made. An analysis 

in AC16 cardiomyocytes showed that LC amyloid fibrils inhibit cell growth and division. This 

inhibition was not detected for LC soluble proteins but it was noted that they cause cell death 

dysfunctions and apoptosis (Marin-Argany et al. 2016). Also, a difference between fresh and 

aged fibrils was found. Aged fibrils displayed an increase in cytotoxicity, which is potentially 

based on the fact that fibrils fragment into smaller clusters over time. It was stated, that these 

smaller clusters might be easier to engulf in the cardiomyocytes (Marin-Argany et al. 2016). 

Another aspect in the context of cytotoxicity is that the cell-cell contact is disturbed through the 

attachment of fibrils to the plasma membrane, which leads to a decrease in cell viability (Marin-

Argany et al. 2016).  

Over the years, several groups have established different animal model systems like 

Caenorhabditis elegans (Diomede et al. 2014), zebrafish (Mishra et al. 2013) or mice (Ayala et 

al. 2021) to investigate the effect of the disease. Researchers have especially tested the effect 

of cardiotropic LCs due to the devastating effect on patients with heart involvement (Marin-

Argany et al. 2016; Merlini 2017). Here, it was noted that in comparison to LC from MM 

patients, the amyloidogenic LCs displayed a pathological effect. In more detail, the treated 

worms showed a pharyngeal dysfunction and a reduced life span. This effect was traced back 

to structural mitochondrial damage (Diomede et al. 2014; Merlini 2017). Similar damage was 

observed in amyloid-affected hearts from humans (Merlini 2017). It was also shown that 

amyloid LCs associated with heart involvement induced the p38 mitogen-activated protein 

kinase signaling (Shi et al. 2010). Since this pathway also mediate the type B natriuretic peptide 

(BNP) transcription, a linkage between the increased value of BNP/NT-proBNP and the cardiac 

pathology of the LC can be made (Merlini 2017). 

In addition to increased NT-proBNP values, an enlarged septal thickness can also be detected 

in AL amyloidosis patients with cardiac involvement. This increased stiffness and enlargement 
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of the heart can be attributed to the amount of deposited fibrils and lead to an overall reduced 

functionality (Figure 7). 

 

 

Figure 7. Photos of two heart transplants from AL amyloidosis patients. The heart transplants 

were donated for research by two patients treated at the amyloidosis center at the Heidelberg University Hospital. 

The photos were kindly provided by Prof. Dr. Ute Hegenbart (University Hospital Heidelberg). 

 

1.4.4 Pathway of Fibril Formation 

It can be assumed that the amyloidogenic protein exists in two stable forms: the native status 

and the fibril status which are separated by an energy barrier (Absmeier et al. 2022). Kinetically 

the process of fibril formation can be divided into three phases (Figure 8). The first phase, lag 

phase, is thermodynamically unfavorable and is characterized by completely or partially 

disordered monomers that convert into nuclei. After the lag phase, an exponential growth phase 

can be observed, where the nuclei grow through the addition of monomers into fibrils. This 

formation and extension of fibrils is then followed by an equilibrium phase, which is also called 

plateau or saturation phase (Chiti and Dobson 2017).  

In this process, the native state needs to unfold and adapt to the energetically more favorable 

amyloid stage (Hartl and Hayer-Hartl 2009). How this stage transition takes place is not fully 

understood yet. It is assumed that an additional trigger combined with protein unfolding causes 

the supersaturation barrier to be disrupted. Through this disruption, the formation of amyloid 

fibril structures can occur (Absmeier et al. 2022; Adachi et al. 2015).  
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Figure 8. Kinetics of fibril formation in vitro. A specific local concentration of partially folded proteins 

is necessary for the formation of a critical fibrillar nucleus. The critical concentration for nucleation varies 

depending on the stability of the light chains. During the lag phase, the conditions do not favour protein 

aggregation, and fibrils are not formed. However, after the formation of the fibrillar nuclei, protein aggregation 

into cross-β-sheet oligomers occurs, leading to fibril formation and elongation. The concentration of partially 

folded proteins necessary for fibril elongation is substantially lower than the concentration required for forming 

the first nuclei. Reprinted and adapted by permission from Copyright Clearance Center: Springer Nature, Nature 

Reviews Disease Oligonucleotides, Systemic immunoglobulin light chain amyloidosis, Merlini et al. (2018) 

(Merlini et al. 2018) (License number 5398791052309). Legend retrieved from (Merlini et al. 2018). The original 

figure was created by V. Bellotti (University of Pavia, Italy) and the usage within this work was also permitted. 

 

Additionally, several factors can influence this transition from LCs to amyloid fibrils, such as 

the concentration of the precursor protein, the pH, proteolysis, extracellular chaperones, or 

lipids (Gottwald and Röcken 2021; Merlini 2017). Also, several non-amyloid factors are known 

to be present in the amyloid deposits, like the serum amyloid P component. This factor binds 

to amyloid fibrils and may protect them from recognition by the immune system (Gottwald and 

Röcken 2021; Pepys 2018). Overall, in a study conducted by Kourelis et al., as much as 161 

proteins were detected which seem to be amyloid-associated in AL deposits from patients with 

heart involvement (Kourelis et al. 2020).  

Another aspect that needs to be considered in the process of fibril formation is proteolytic 

activity (Morgan et al. 2017). This is based on the suggestion that amyloidogenic LC dimers 

are kinetically unstable and that through endoproteolysis amyloidogenic fragments might be 

generated (Morgan and Kelly 2016). This is of importance as it was shown that only the variable 
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domains form fibrils, whereas no amyloidogenity was noted for full-length LCs (Morgan and 

Kelly 2016). Full-length LCs from patients with amyloidosis unfold more easily than full-length 

LCs from healthy patients. In consequence, they are assumed to be more prone to proteolytic 

cleavage (Morgan and Kelly 2016). In this context, several regions seem to be more susceptible 

to proteolysis than others, which might also be influenced by mutations (Absmeier et al. 2022; 

Morgan and Kelly 2016).  

Kind of the last final step in the process of fibril formation is to bypass the quality control of 

the endoplasmic reticulum. This control system in the cell monitors proteins to ensure correct 

folding and assembly and can lead to the degradation of deviant chains. So, only assembled 

antibodies should be secreted in a healthy individual. (Ellgaard and Helenius 2003; Lee et al. 

1999). Nevertheless, also healthy individuals produce LCs in excess of HCs. So, although a 

small number of free LCs occur among healthy people, it is not clear, how the multitude of LCs 

in AL patients can bypass this system (Absmeier et al. 2022; Waldmann et al. 1972).  

1.4.5 Fibril Structure 

Amyloid fibrils can be defined as a linear self-assembly state of polypeptide chains (Chiti and 

Dobson 2006). Further, they contain spines consisting of many-stranded β-sheets (Eisenberg 

and Jucker 2012). More precisely, amyloid fibrils are biophysical based on a cross-β fiber 

diffraction pattern (Eisenberg and Jucker 2012).  

In 2019, it was possible to resolve the first two cryo-EM structures of an IGLV1-44 (FOR006) 

(Radamaker et al. 2019) and IGLV6-57 (AL55) AL fibril (Swuec et al. 2019). In the following 

years, two additional fibril structures of an IGLV3-19 (FOR005) (Radamaker et al. 2021a) and 

an IGLV1-51 (FOR001) (Radamaker et al. 2021b) AL fibril were resolved (Figure 9). These 

analyses showed that about 77 % of the residues form the ordered part of the fibrils. These 

ordered parts also contained 79 % of the detected mutations (Radamaker et al. 2021b). 

However, a central disordered segment was detected in three out of four fibril structures. This 

led to the assumption that the mutations are not preferentially located in the fibril core 

(Radamaker et al. 2021b). In addition, the stable fibril cores of these four cases showed a higher 

aggregation score than the disordered segments (Radamaker et al. 2021b). 

Besides structural aspects, the four fibrils share a mutation at the third position of the CDR2 

region (Radamaker et al. 2021b). Besides mutations, post-transcriptional modifications were 

investigated as well. In this context, FOR001 stood out with three post-transcriptional 

mutations: a disulfide bond, a pyroglutamylation, and a N-glycosylation (Radamaker et al. 

2021b). Even though it is not known how glycosylation can attribute to the fibril formation, 
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they are overrepresented in AL fibrils – especially for kappa LCs (Dispenzieri et al. 2020; 

Kumar et al. 2019; Radamaker et al. 2021b). 

 

 

Figure 9. Location of the mutations in known AL amyloid fibrils and natively folded VL 

domains. (A) Location of the mutations in known AL amyloid fibril structures. The fibrils are derived from the 

GL segments IGLV1-51*02 λ1 (FOR001, PDB 7NSL) (Radamaker et al. 2021b), IGLV1-44*01 λ1 (FOR006, 

PDB 6IC3 10.2210/pdb6IC3/pdb) (Radamaker et al. 2019), IGLV3-19*01 λ3 (FOR005, PDB 6Z1O 

10.2210/pdb6Z1O/pdb) (Radamaker et al. 2021a), and IGLV6-57*02 λ6 (AL55, PDB 6HUD 

10.2210/pdb6HUD/pdb) (Swuec et al. 2019). Disordered parts of the fibril proteins are indicated by dotted lines. 

Black: CDRs; yellow: Cys; Indigo: mutations in the CDRs and one residue before or after a CDR; magenta: 

mutations in framework regions; green: residues in the junctional region at the V/J interface. Red star: location of 

the glycosylation. (B) Sequence alignment of the four fibril proteins. CDRs are marked with gray boxes. Color 

coding as in (A). (C) Location of mutations in the corresponding, natively folded LC VL domains that are based 

on the GL segments IGLV1-51*01 (PDB 5JZ7 10.2210/pdb5JZ7/pdb), IGLV1-44*01 (PDB 6QB6 

10.2210/pdb6QB6/pdb) IGLV3-19*01 (PDB 6Q0E 10.2210/pdb6Q0E/pdb) and IGLV6-57*02 (PDB 7JVA 

10.2210/pdb7JVA/pdb) CDRs are marked in black. Color coding as in (a). This image and legend were retrieved 

from a publication by Radamaker et al. (Radamaker et al. 2021b). The original article was published under the 

Creative Commons Attribution 4.0 International License (CC BY 4.0, https://creativecommons. org/licenses/ 

by/4.0/). 

 

Overall, the analyzed AL fibrils share the typical cross-β structure. This structure is stabilized, 

for example, through backbone hydrogen bonds or interactions between side chains (Absmeier 

et al. 2022; Radamaker et al. 2021a; Schmidt et al. 2016; Swuec et al. 2019). Besides these 

aspects, it is noticeable that different morphologies, post-transcriptional modifications, and 

mutations can be found (Radamaker et al. 2021b). 
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1.5 Aim of the Study 

What are the main questions addressed in this work? 

• Can the difference in the amyloidogenic potential between LCs from AL and MM 

patients be attributed towards specific sequence characteristics? 

• Can the difference in the organ involvement of AL patients be associated with specific 

sequence characteristics? 

• Does the presence of a potential HC binding partner or a high dFLC in the serum of AL 

patients reflect in specific sequence characteristics of the corresponding LCs? 

 

What is the underlying relevance of these questions? 

• AL amyloidosis is a rare disease that is often diagnosed at a late stage with potentially 

lethal consequences for the patients. This condition would be significantly improved, 

by screening options for MGUS and SMM patients, based on biomarkers. A promising 

approach provide the disease’s underlying LCs themselves. This work focuses on 

lambda LCs, as AL patients are more likely to display lambda than kappa LCs (3:1). 

Nevertheless, these AL LCs should be compared with non-amyloidogenic LCs to 

identify potential crucial characteristics. For this comparison, LCs from the related 

plasma cell disorder MM, which do not form fibrils, offer the best option. The gained 

results can then potentially serve as a starting point for a risk stratification model for the 

disease progression towards AL.  

• The specific organ tropism in AL is a characteristic that is not yet fully understood. To 

further investigate the pathogenic mechanism of the disease, LCs and particularly their 

mutations offer a promising approach. The underlying hypothesis of this approach is 

that the composition and mutations of the LCs first influence the misfolding and then 

the fibril deposition in different organs. 

• One hypothesis in AL addresses the influence of a potential HC binding partner. More 

specific, the presence or absence of a HC might influence the pathological mechanisms 

of the disease. In this context, there might be a positive selection of certain LCs which 

exhibit favorable characteristics for one of the two opportunities. Vice versa, when 

analyzing these LCs, it might be possible to conclude on the pathological mechanisms. 

The same approach can be applied to a high dFLC. A high dFLC is, besides other 

aspects, associated with a higher tumor burden and a more aggressive tumor clone. This 

might also correlate with specific sequence features of the LCs. 



2 Material and Methods 2.1 Material Natalie Berghaus 

~ 41 ~ 

2 Material and Methods 

2.1 Material 

2.1.1 Equipment and Consumables 

The equipment and consumables used in this study are listed in Table 6 and Table 7. 

 

Table 6. Equipment. 

Name Manufacturer Object 

µCuvette G1.0 Eppendorf RNA and DNA concentration 

measurement 

4200 TapeStation system Agilent Electrophoresis and 

concentration measurements 

7-2020 NeoLab Vortex mixer 

Accu-jet® pro Brand Pipette 

B3 professional series 

microscope 

Motic® Microscope 

Biometra® TProfessional 

thermocycler 

Analytik Jena Thermocycler 

BioSpectrometer® basic Eppendorf Spectrometer 

Centrifuge 5810 Eppendorf Centrifuge 

Centrifuge 5810 R Eppendorf Centrifuge 

CountessTM II Thermo Fischer Scientific Cell counter 

Färbekasten nach Hellendahl 

mit Erweiterung 

Roth Cell fixation  

HTMR-133 HLC Heating thermomixer 

Lightning Volt OSP-250L 

Power Supply 

Owl Scientific Inc. Voltage supply  

MC-24 touch microcentrifuge Benchmark Centrifuge 

MICROMAT 135 AEG Microwave 

Molecular Imager® Gel 

DOCTM XR+ with image 

LabTMSoftware 

Bio RAD Agarose gel-documentation 

multiSUB® MSChoice Cleaver Scientific Gel chamber 

NextSeq 550 System Ilumina Next-generation-sequencer 

PerfectSpin 24 plus VWR PeqlabTM Centrifuge 

Pipette “Discovery comfort” 

100 – 1000 mL, 20 – 200 mL, 

2 – 20 mL, 0.5 – 10 mL 

HT lab solutions Pipette 

Pipette “Reference” 

10 – 100 mL, 0.5 – 10 mL 

Eppendorf Pipette 

Pipette “Research” 

2 – 200 mL, 0.5 – 10 mL 

Eppendorf Pipette 

PLJ 3500-2NM Kern Scale 

QuantusTM Fluorometer Promega DNA quantification 

REAX 2000 Heidolph Vortex mixer 

RoboSepTM-S StemcellTM Technologies CD138+ cell sorting 

Schott CLS-1172 100 mL SCHOTT Flask 

Sprout® Plus Heathrow Scientific® Centrifuge 

Thermo ScientificTM Cytospin 

4 centrifuge 

Thermo Fischer Scientific FISH slide centrifuge 
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Name Manufacturer Object 

Thermo ScientificTM PICOTM 

17 microcentrifuge 

Thermo Fischer Scientific Centrifuge 

Tischabzug Typ 1200 Waldner Scala Fume hood 

Vortex-Genie® 2 – G560E Scientific Industries Vortex mixer 

 

Table 7. Consumables. 

Name Manufacturer 

1.5 mL Eppendorf safe-lock® tubes Eppendorf 

15 mL polystyrene round-bottom tube Falcon® 

2 mL Eppendorf safe-lock® tubes Eppendorf 

5 mL Eppendorf tubes® Eppendorf 

Aqua Spüllösung B. Braun 

Bemis parafilm® M Heathrow Scientific 

C-Chip DHC-N01 NanoEnTek 

Corning®Costar® Stripette®, serolog. Pipetten, 

5 mL, 10 mL, 25 mL, 50 mL 

Merck/Sigma-Aldrich®  

CountessTM cell counting chamber slides Thermo Fischer Scientific/Invitrogen™ 

Countess™ test beads Thermo Fischer Scientific/Invitrogen™ 

DNA LoBind tubes 1.5 mL  neoLab Migge GmbH 

Double CytoslidesTM microscope slides EprediaTM 

Erlenmeyerkolben 500 mL  NeoLab 

EZ double cytofunnel EprediaTM 

H2O Ampuwa Spüllösung Fresenius Kabi 

KIMTECH science precision wipes Kimberly Clark Professionals™ 

PCR SingleCap 8er-SoftStripes 0.2 mL; DNA, 

DNase, and RNase free 

Biozym Scientific 

pluriStrainer® 100 µm  PluriSelect 

RoboSepTM Filter Tip Racks StemcellTM Technologies 

SafeSeal tips professional 10 µL, 20 µL, 

100 µL, 200 µL, 1250 µL Biozym Scientific 

Semper Care latex powder free Semperit Technische Produkte 

Spitzen SafeSeal SurPhob 10 µL, 20 µL, 

200 µL, 300 µL, 1250 µL Biozym Scientific 

Sterile Pasteur Pipette LP Italiana 

Vernichtungsbeutel NeoLab 

Water, DNase, RNase-free MP Biomedicals. LLC 

Zentrifugenröhrchen PP 50 mL Greiner Bio-One 

 

2.1.2 Chemicals and Enzymes 

The chemicals and enzymes used in this study are listed in Table 8. 

 

Table 8. Chemicals and enzymes. 

Application Name Manufacturer 

Bone marrow preparation, cell 

storage, FISH-slide preparation 

Dulbecco's phosphate-buffered 

solution (DPBS) 10x 

Thermo Fischer 

Scientific/GibcoTM 

Bone marrow preparation 

EDTA – solution pH 8.0 (0.5 

M) for molecular biology 
PanReac AppliChem 

Fetal bovine serum (FBS), 

qualified, HI  

Thermo Fischer 

Scientific/GibcoTM 
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Application Name Manufacturer 

Histopaque® 1077  Merck/Sigma-Aldrich® 

UltraPureTM 0.5 M 

ethylenediaminetetraacetic acid 

(EDTA), pH 8.0 

Thermo Fischer Scientific 

Ammonium chloride solution 

(NH4Cl) 
StemcellTM Technologies 

Cell counting 
Trypan blue stain 0.4 % 

Thermo Fischer 

Scientific/GibcoTM 

Tuerk’s solution Merck 

Cell storage 

Buffer RLT Qiagen 

2-Mercaptoethanol   
Thermo Fischer 

Scientific/GibcoTM 

CD138+ cell sorting 
RoboSepTM buffer (Ready-to-

use) 
StemcellTM Technologies 

DNA/RNA Isolation Ethanol absolute ≥99.8 %  VWR Chemicals 

FISH-slide preparation 

Acetic acid 100 % 
Thermo Fischer Scientific/Carl 

RothTM 

Methanol 99.9 %, p.a. 
Thermo Fischer Scientific/Carl 

RothTM 

Gel electrophoresis 

Take5™ 6x loading dye 

solution  
highQu 

Agarose basic for biochemistry neoFroxx  

SYBR® safe DNA gel stain 
Thermo Fischer 

Scientific/Invitrogen™ 

Tris acetate-EDTA (TAE) 

buffer 10x 
Merck/Sigma-Aldrich 

Take5™ 50 bp DNA ladder highQu 

NGS 

D1000 reagents  Agilent 

D1000 ScreenTape Agilent 

NaOH 10 M BioUltra Merck/Sigma-Aldrich 

Nuclease free water  Ambion® 

Tris-hydrochloride, 1 M-

solution (pH 7.0/Mol. Biol.) 
Thermo Fischer Scientific 

PCR component 

AmpliTaq GoldTM DNA 

polymerase with buffer II and 

MgCl2 

Thermo Fischer 

Scientific/Applied 

BiosystemsTM 

dNTP Set 100 mM solutions Thermo Fischer Scientific 

Reverse transcriptase reaction 
Oligo(dT)18 oligonucleotide, 

0.5 µg/µL  
Thermo Fischer Scientific 

 

2.1.3 Buffer 

The buffers used in this study are listed in Table 9. 

 

Table 9. Buffer. PBS = phosphate buffered saline, DPBS = dulbecco's phosphate-buffered saline, FBS = fetal 

bovine serum, EDTA = ethylenediaminetetraacetic acid, TAE = Tris acetate-EDTA. 

Buffer Composition/Manufacturer Application  

GTC buffer  

 

 

25 mL RLT buffer 

250 µL 2-mercaptoethanol 

Cell storage 
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Buffer Composition/Manufacturer Application  

Methanol – glacial acetic acid  60 mL methanol 

20 mL acetic acid 

Cell fixation 

NH4Cl – lysis 500 mL ammonium chloride 

solution 

100 mL H2O distilled 

Erythrocyte cell lysis 

PBS-buffer 900 mL H2O distilled 

100 mL 10x DPBS 

Cytospin,  

cell storage “dry pellets” 

PBS-EDTA-FCS  900 mL H2O distilled 

100 mL 10x DPBS 

1 mL FBS 

4 mL EDTA 0.5 M 

Bone marrow preparation  

TAE-buffer 1x  
500 mL TAE 10x 

4500 mL H2O 
Gel electrophoresis  

 

2.1.4 Oligonucleotides 

The oligonucleotides used in this study are listed in Table 10. 

 

Table 10. Oligonucleotides. The oligonucleotides were produced and the Tm-calculation was performed by 

Eurofins. Devel. = developer, SH = Dr. sc. hum. Stefanie Huhn, NB = Natalie Berghaus, NA = not available. 

Name Devel. Sequence [5'-3'] Purpose (alias) 
Tm 

[C°] 

VLKL12a_Huhna SH 
GGTCCTGGGCTCA

GTCTG 

Amplification of IGLV1 and IGLV2, 

(1_Huhn_fw) 
60.5 

VLKL3c_Huhna SH 
TGGTACCAGCAGA

AGCCAGG 

Amplification of IGLV3, 

(2_Huhn_fw) 
61.4 

VLKL4a_Huhna SH 
CCAGCCTGTGCTG

ACTCA 

Amplification of IGLV4, 

(3_Huhn_fw) 
58.2 

VLKL7a_Huhna SH 
CAGACTGTGGTGA

CTCAGGAG 

Amplification of IGLV7, 

(4_Huhn_fw) 
61.8 

JLHD123_rva SH 
CTAGGACGGTGAG

CTTGGTCCC 

Amplification of IGLJ1, IGLJ2 and 

IGLJ3, (5_Huhn_rv) 
65.8 

JLKL4_rva SH 
GACTCATCTAAAA

TGATCAGCTGGG 

Amplification of IGLJ4, 

(6_Huhn_rv) 
61.3 

JLKL5_rva SH 
AGACTCATCTAGG

ACGGTCAG 

Amplification of IGLJ5, 

(7_Huhn_rv) 
59.8 

ß2-MRG_3 NA 
TGTCGGATTGATG

AAACCCAG 

Establishment and verification of the 

full-length λ light chain sequencing 

method 

57.9 

ß2-MRG_5 NA 
CTCGCGCTACTCT

CTCTTTCT 

Establishment and verification of the 

full-length λ light chain sequencing 

method 

59.8 

CLKL_A_rv_NB NB 
CACTGTCTTCTCC

ACGGTG 
Amplification of IGLC, (13_NB_rv) 58.8 

CLKL_B_rv_NB NB 
CCCTTCATGCGTG

ACCTG 

Amplification of IGLC, (14_NB_rv), 

discarded in favor of 

CLKL_A_rv_NB 

58.2 

VLKL3_A_fw_NB NB 
CCTATGAGCTGAC

ACAGCC 

Amplification of IGLV3, 

N-terminal elongated, (15_NB_rv) 
58.2 

VLKL6_A_fw_NB NB 
CAGCCCCACTCTG

TGTCG 

Amplification of IGV6-57, 

(22_NB_rv) 
60.5 
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Name Devel. Sequence [5'-3'] Purpose (alias) 
Tm 

[C°] 

VLKL3_H_fw_NB NB 
GCTGACTCAGGAC

CCTGC 

Amplification of IGLV3-19, N-

terminal elongated, (29_NB_rv) 
60.5 

VLKL3_I_fw_NB NB 
CCCTCAGTGTCCG

TGTCC 

Amplification of IGLV3-1, N-

terminal elongated, (36_NB_rv) 
65.0 

VLKL3_B_fw_NB NB 
GCCAGGATTACCT

GTGGG 

Amplification of IGLV3-21, N-

terminal elongated, discarded, 

(23_NB_fw) 

58.2 

VLKL3_E_fw_NB NB 
GTGTCAGTGGCCC

CAGG 

Amplification of IGLV3-21, N-

terminal elongated, discarded, 

(26_NB_fw) 

60.0 

VLKL3_G_fw_NB NB 
GGAAGTAAAAGTG

TGCACTGG 

Amplification of IGLV3-21, N-

terminal elongated, discarded, 

(28_NB_fw) 

57.9 

MM142_fw NB 
CCTATGAGGTGAC

TCAGCC 
Sequence verification of MM142 64.7 

MM120_fw NB 
CCTTTGCGCTGAC

TCAGC 
Sequence verification of MM120 65.5 

a(Huhn 2018) 

 

2.1.5 Kits and Standards 

The kits and standards used in this study are listed in Table 11. 

 

Table 11. Kits and standards. 

Name Protocol Manufacturer 

AllPrep DNA/RNA/Protein 

Mini Kit and QIAshredder Kit 

″Simultaneous purification of 

genomic DNA, total RNA and 

total protein from animal and 

human Cells″ 

Qiagen 

EasySep™ Human CD138 

Positive Selection Kit II 

″Human CD138 WB and BM 

positive selection II 17887″ 

StemcellTM Technologies 

High Pure PCR-Product 

Purification Kit 

″Purification of PCR products 

in solution after amplification″ 

Roche  

High-Capacity cDNA Reverse 

Transcription Kit with RNase 

Inhibitor 

″High capacity cDNA reverse 

transcriptase kit″ 

Thermo Fischer 

Scientific/Applied 

BiosystemsTM 

 

2.1.6 Next-Generation Sequencing 

The next-generation sequencing kits used in this study are listed in Table 12. 

 

Table 12. Next-generation sequencing reagents and kits. 

Name Manufacturer 

IDT® for Illumina® DNA/RNA UD Indexes Set B, tagmentation (96 Indexes) Illumina 

Illumina® DNA Prep, (M) tagmentation (24 samples) Illumina 

NextSeq 500/550 Mid Output Kit v2.5 (150 cycles) Illumina 

NextSeq PhiX Control Kit Illumina 

QuantiFluor® ONE dsDNA System  PROMEGA 
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2.1.7 Counterprograms and Websites  

The computer programs and websites used in this study are listed in Table 13. 

 

Table 13. Computer programs and Websites. 

Name  Application  

abYsis (Swindells et al. 2017) Sequence analysis tool 

http://www.abysis.org/abysis/ (05.07.2022) 

AL-Base (Bodi et al. 2009) Database 

https://wwwapp.bumc.bu.edu/BEDAC_ALBase/ 

(05.07.2022) 

ChemSketch (ACD) Chemical structure drawing software 

https://www.acdlabs.com/resources/free-chemistry-software-

apps/chemsketch-freeware/ (27.10.2022) 

Clustal Omega (Madeira et al. 2019) Sequence alignment tool  

https://www.ebi.ac.uk/Tools/msa/clustalo/ (05.07.2022) 

Ensembl (Howe et al. 2021) Database 

https://www.ensembl.org/index.html (05.07.2022) 

Ensembl Blast (Howe et al. 2021) Sequence BLAST tool 

https://www.ensembl.org/Multi/Tools/Blast?db=core 

(05.07.2022) 

ExPasy – Compute pI/MW (Duvaud et 

al. 2021) 

Sequence analysis tool  

https://web.expasy.org/compute_pi/ (05.07.2022) 

ExPasy – ProtParam (Duvaud et al. 

2021) 

Sequence analysis tool 

https://web.expasy.org/protparam/ (05.07.2022) 

ExPasy – Translate (Duvaud et al. 

2021) 

Translation tool  

https://web.expasy.org/translate/ (05.07.2022) 

Genbank (Benson et al. 2013) Database 

https://www.ncbi.nlm.nih.gov/genbank/ (05.07.2022) 

IBM SPSS® statistics Statistical analysis program 

https://www.ibm.com/de-de/spss (12.10.2022) 

Image lab  Gel electrophoresis documentation program by BIO RAD 

IMGT (Lefranc 2014) Database 

https://www.imgt.org/ (05.07.2022) 

IMGT/DomainGapAlign (Ehrenmann 

et al. 2010) 

Sequence analysis tool 

https://www.imgt.org/3Dstructure-DB/cgi/DomainGapAlign. 

Cgi (08.11.2022) 

Local Run Manager 2.2.1.1645 Next-generation-sequencer firmware  

https://support.illumina.com/sequencing/sequencing_softwar

e/local-run-manager/downloads.html (18.10.2022) 

LICTOR Online tool for amyloidogenity prediction 

http://lictor.irb.usi.ch/lictor/ (07.12.2022) 

Local Run Manager Generate FASTQ 

Analysis Module 2.0.1 

Module for generating FASTQ files with the next-

generation-sequencer 

https://support.illumina.com/downloads/local-run-manager-

generate-fastq-module-v2.html (18.10.2022) 

MedCalc Software Ltd.  

Relative risk calculator 

Web-based tool for relative risk calculations 

https://www.medcalc.org/calc/relative_risk.php 

Version 20.2 (15.12.2022) 

MEGA – Molecular Evolutionary 

Genetic Analysis (Tamura et al. 2021) 

Sequence alignments and analysis program 

https://megasoftware.net/ (05.07.2022) 

MiXCR (Bolotin et al. 2015) Analysis program of next-generation sequencing data 

https://mixcr.readthedocs.io/en/master/ (05.07.2022) 
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Name  Application  

Multiple Oligonucleotide Analyzer 

(Breslauer et al. 1986) 

Oligonucleotide design tool 

https://www.thermofisher.com/de/de/home/brands/thermo-

scientific/molecular-biology/molecular-biology-learning-

center/molecular-biology-resource-library/thermo-scientific-

web-tools/multiple-oligonucleotide-analyzer.html 

(05.07.2022) 

R  Data visualization, analysis, and statistical analysis program  

https://www.r-project.org/ (05.07.2022) 

packages: ggplot2 (Wickham 2016), ggsignif (Ahlmann-

Eltze and Patil 2021) 

R-studio User interface R 

https://www.rstudio.com/ (05.07.2022) 

Sequence massager Sequence modification tool 

https://biomodel.uah.es/en/lab/cybertory/analysis/massager.h

tm (05.07.2022) 

Tango (Rousseau et al. 2006) Sequence analysis tool  

http://tango.crg.es/ (05.07.2022) 

VBase2 (Retter et al. 2005) Sequence BLAST tool 

http://www.vbase2.org/ (05.07.2022) 

WebLogo Web-based application to design sequence logos 

http://weblogo.berkeley.edu/logo.cgi (19.10.2022) 

 

2.2 AL Amyloidosis Patients and Samples 

Samples and data from AL patients which displayed a disease associated lambda LC and had 

visited the Amyloidosis Centre of the University Hospital Heidelberg between January 2019 

and November 2021 were included in this work. The study was approved by the Ethics 

Committee of the University of Heidelberg (S-123/2006, renewed 07.12.2021) and followed 

the Helsinki guidelines for research of human subjects. All patients provided written informed 

consent allowing research on their sample material and clinical data. All patients received 

therapy according to local standards – additionally, eight patients included in this analysis 

received a heart transplant (FOR117, FOR130, FOR140, FOR161, FOR196, FOR197, 

FOR214, and FOR218). 

Patients underwent bone marrow aspiration as part of clinical diagnostics workups. The 

aspirates were forwarded to the GMMG central laboratory and biobank multiple myeloma 

which is under the lead of Dr. sc. hum. Stefanie Huhn (University Hospital Heidelberg). Patients 

who underwent bone marrow aspiration before the start of this work (n = 22) and had leftover 

sample material available in the biobank were also included in this study. Fresh bone marrow 

aspirate samples were processed according to the following protocols in chapter 2.5. In the 

framework of this study, biobank-derived derived samples were processed and analyzed as 

described starting from chapter 2.6.  
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2.3 Multiple Myeloma Patients and Samples 

This study included samples and data from 52 newly diagnosed MM patients which displayed 

a dominant lambda LC and were treated in GMMG-HD6 clinical trial (EudraCT No.: 2014-

003079-40) (Salwender et al. 2019). The trial was performed in accordance with the declaration 

of Helsinki and the European Clinical Trial Directive (2005) and was approved by the local 

ethics committees of all participating institutions. All patients provided written informed 

consent before participating in the study and allowed research on their sample material and 

clinical data. The GMMG study group provided samples as well as clinical data and the board 

of GMMG e.V. approved the usage within this work.  

Bone marrow sample preparation was not performed within the framework of this work but 

followed the protocols applied for AL samples (chapters 3.2 – 3.3.2). In addition, LC sequences 

were generated using a bulk ribonucleic acid (RNA) sequencing approach (chapters 2.7.2 and 

2.8.2) which was not performed as part of this work.  

In this work, several MM samples were used for sequence validation. In these cases, the GMMG 

study group provided RNA which was processed and analyzed following the protocols in 

chapters 2.6.3 – 2.9. 

 

2.4 Clinical Characteristics of the Cohorts 

Clinical parameters of the AL patients were collected and analyzed on basis of the clinical 

patient reports. The definition of organ involvement was performed based on established 

criteria (Gertz et al. 2005) by Prof. Dr. med Ute Hegenbart (University Hospital Heidelberg) 

and patients were indicated having “dominant heart involvement” or “dominant heart and 

kidney involvement” if no other clinically relevant organ manifestation was noted. AL patients 

with dominant kidney involvement and all patients who could not be classified into one of these 

three groups were analyzed by Sarah Schreiner (University Hospital Heidelberg).  

The clinical parameters of the MM patients were retrieved from the dataset provided by the 

GMMG study group. The patients enrolled in the GMMG-HD6 trial, must be newly diagnosed 

with MM, must not be treated beforehand and a systemic AL amyloidosis was excluded. The 

more detailed inclusion and exclusion criteria for this study have been published by Salwender 

et al. and are listed in the Supplementary Information Table 1 (Salwender et al. 2019). 

Within the framework of this work, several clinical characteristics were evaluated. The 

responsible investigator or institution, the starting material, the applied test, and the reference 

areas are listed in Table 14. 
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Table 14. Overview of the clinical characteristics evaluated in this study, who collected 

them, the reference areas, and the analysis methods used. No information was available for the 

MM cohort for the following parameters: bone marrow aspirate volume, percentage of CD138+ plasma cells in the 

sample, number of cell sorts with no harvested CD138+ plasma cells, GFR CKD-EPI, NT-proBNP, TNT. The bone 

marrow aspirates of all AL amyloidosis patients, regardless of the organ involvement and a kappa or lambda light 

chain, performed in the course of clinical diagnostics were processed in equal parts by Sarah Schreiner and myself. 

In this context, the volume of samples was recorded. The highest measured percentage of a genetic aberration in 

the FISH result was defined as the proportion of the main clone (Bochtler et al. 2018). Inv. = Investigator, 

ALZ = Zentrallabor-Analysezentrum University Hospital Heidelberg, NT-proBNP = N-terminal provisional brain 

natriuretic peptide, PC = plasma cells, LC = light chain, FISH = fluorescence in situ hybridization, HC = heavy 

chain, GFR CKD-EPI = calculation of the glomerular filtration rate using the formula established by the Chronic 

Kidney Disease Epidemiology Collaboration, AP = alkaline phosphatase, hsTNT = heart associated troponin T. 

IFE = IFE = immunofixation electrophoresis in serum, MCL = Molekular-cytogenetisches labor University 

Hospital Heidelberg, CLIA = chemiluminescence-immunoassay, ECLIA = electrochemiluminescence-

immunoassay, BM = bone marrow, NB = Natalie Berghaus, SS = Sarah Schreiner, PIC = physician in charge. 

Clinical characteristics Inv. Starting material and test Normal range 

BM aspirate volume [mL]  NB, SS Measurement - 

CD138+ PC in the BM 

sample [%] 
NB 

Division of the CD138+ PC count by 

the PC cell count of the complete 

sample 

- 

Cell sorts with no harvested 

CD138+ PC [n] 
NB Counting - 

Percentage of the main clone 

in the FISH analysis  
MCL FISH analysis (Bochtler et al. 2018) 0 % 

Age [y]  PIC Admission interview - 

Sex [female/male] PIC Admission interview 51/491 

Timepoint of BM aspiration PIC Admission interview - 

PC infiltration in the BM [%]  PIC Cytological evaluation of BM smear <52 

dFLC at diagnosis [mg/L]  
ALZ, 

NB 

Serum, immuneturbimetric, followed 

by the calculation of the difference 

between disease-associated and 

uninvolved circulation free LCs 

free lambda LC: 

5.7-26.33 

free kappa LC: 

3.3-19.43 

Proteinuria [g/d] (range)3 ALZ Urine, electrophoresis <0.253 

GFR CKD-EPI 

[mL/min/1.73 m²]  
ALZ Heparin plasma, calculation >603 

NT-proBNP [ng/L] ALZ Heparin plasma, CLIA <4503 

hsTNT [µg/L]  ALZ Heparin plasma, ECLIA <143 

AP [U/L]  ALZ Heparin plasma, photometry 55-1053 

Detectable M-gradient [n] ALZ IFE 0 

Serum HC present [n] ALZ IFE 0 

HC type ALZ IFE 0 

Gain 1q21 [n]  MCL FISH analysis 10 %4 

t(11;14) [n] MCL FISH analysis 10 %4 

1(Genesis), 2(Kumar et al. 2016), 3reference information retrieved from the datasheet provided by the Zentrallabor-

Analysezentrum University Hospital Heidelberg, 4reference information retrieved from the datasheet provided by 

the Molekular-cytogenetisches Labor University Hospital Heidelberg 

 

2.5 Bone Marrow Sample Preparation  

2.5.1 Isolation of Mononuclear Cells 

To isolate the mononuclear cells, the bone marrow samples were processed following an 

internal revised quality management document and a standard operating procedure document 

(SOP) (″SOP für Dichtegradienten-Zentrifugation von PB und KM″, step: ″Ficoll vor Sort″, 
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last saved 15.08.2022, revised by Stefanie Huhn) (Supplementary Information Figure 2). In 

this context, a density gradient centrifugation followed by an erythrocytes cell lysis was 

performed. 

2.5.2 CD138-Cell Sorting 

The CD138+ positive selection was performed as part of the clinical routine diagnostic and led 

to samples with a high purity of tumor cells. CD138 is an antigen, which is highly expressed 

on malignant plasma cells in peripheral blood and bone marrow of patients with monoclonal 

gammopathies – including AL and MM (Chilosi et al. 1999; Kriegsmann et al. 2018; Ridley et 

al. 1993; Wijdenes et al. 1996). Therefore, analysis and sequencing of cDNA obtained from 

CD138+ sorted cells should significantly reduce background signals and allow LC analysis of 

the malignant plasma cells with fewer disturbance of germline signals.  

The isolation of CD138+ cells was performed according to an internal revised quality 

management document and SOP (″SOP zur Roboterunterstützten CD138+ Sortierung von 

Probenmaterial nach dem StemCell Protokoll″, last saved 15.08.2022, revised by Stefanie 

Huhn) (Supplementary Information Figure 3). The isolated mononuclear cells were used for 

a robotry (RoboSep™-S – The Fully Automated Cell Separator; StemcellTM Technologies) 

supported magnetic-bead-based CD-138+ cell sorting (EasySep™; StemcellTM Technologies). 

For this purpose, the manufacturer provided buffers, magnetic beads, and antibodies. For cell 

sorting, the protocol ″Human CD138 WB and BM positive Selection II 17887″ was used.  

The cell counts before as well as after cell sorting for the CD138- fraction were determined with 

10 µL of the sample and 90 µL of Trypan blue using a cell counter (CountessTM II; Thermo 

Fischer Scientific). This was performed following an internal revised quality management 

document and SOP (″SOP zum Zählen der Zellzahl von Proben mittels Countess″, last saved 

15.08.2022, revised by Stefanie Huhn) (Supplementary Information Figure 4). The cell count 

of the positive fraction was always determined according to the CD138+ cell sorting protocol 

using a microscope (10µl Trypan Blue Stain 0.4 % + 10μl cell suspension; C-Chip Neubauer 

Improved DHC-N01) (Supplementary Information Figure 5) (B3 professional series 

microscope; Motic®). 

The purity of the CD138+ samples were not determined due to the rarity of CD138+ cells and 

their value for research. Nevertheless, FISH analyses based on the CD138+ samples suggest a 

median purity of 95 %. 
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2.5.3 Cytospins 

To gain information about the genetic aberrations of the patients it is necessary to generate 

cytospin slides for the FISH analysis. The FISH analysis is a clinical standard diagnostic 

workup and was carried out in the molecular-cytogenetic laboratory of the University Hospital 

Heidelberg under the leadership of Prof. Dr. sc. hum. Anna Jauch. The slides were prepared 

following an internal revised quality management document and SOP (″SOP zur Erstellung von 

Präparaten für die Zytogenetische Analyse von Myelomzellen″, last saved 15.08.2022, revised 

by Stefanie Huhn) (Supplementary Information Figure 5). Data was – in return – available 

via the clinical patient reports.  

2.5.4 Cell-Pellets  

The CD138+ sorted cells were divided up and stored according to an internal revised quality 

management document and SOP (″Amyloidose – SOP Produkte und Materialaufteilung″, 

approved: 07.12.20, approved by Stefanie Huhn) (Supplementary Information Figure 6). 

Providing slides for the FISH analysis (3.2.3) has the highest priority; as second priority GTC 

pellets and as third priority ″dry-pellets″ should be provided. This accounts for the CD138- 

fraction as well. Within the framework of this work, GTC pellets were used for DNA and RNA 

extraction. GTC, or more precisely guanidinium thiocyanate, and β-mercapthoethanol are in 

this workup commonly used as nucleic acid protectors. 

 

2.6 Molecular Biological Methods 

2.6.1 Isolation of Genomic DNA and RNA 

The isolation of genomic DNA and RNA was performed using the kit ″AllPrep 

DNA/RNA/Protein Mini Kit″ (Quiagen), following the protocol ″Simultaneous Purification of 

Genomic DNA, Total RNA and Total Protein from Animal and Human Cells″. No additional 

RLT buffer with β-mercaptoethanol was added, due to sample storage in GTC buffer. The lysate 

was directly used for homogenization using a QIAshredder. For elution of total RNA, 15 µL 

elution buffer was added and the samples were centrifuged for 1 min at 13000g. This was 

repeated a second time, to obtain a final volume of 30 µL. A second centrifugation step was 

also performed for the DNA elution (2x 50 µL) – no protein was extracted. In the framework 

of this study, only the extracted RNA was used for further experiments. 
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2.6.2 DNA and RNA Concentration Measurement 

The total DNA and RNA concentration was determined using a spectrometer 

(BioSpectrometer® basic; Eppendorf) and 2 µL of the sample. For DNA measurement 2 µL 

elution buffer and for RNA measurement 2 µL water were used as a blank.  

2.6.3 Reverse Transcriptase Reaction  

The reverse transcriptase reaction was performed using the ″High capacity cDNA reverse 

transcriptase Kit″ (Thermo Fischer Scientific/Applied BiosystemsTM) kit following the 

manufacturer protocol. 

2.6.4 Polymerase-Chain Reaction  

The polymerase-chain-reaction (PCR) for lambda LC amplification was performed following a 

published protocol (Huhn 2018) (AmpliTaq GoldTM DNA polymerase with buffer II and 

MgCl2; Thermo Fischer Scientific/Applied BiosystemsTM and dNTP Set 100 mM solutions; 

Thermo Fischer Scientific). In addition, several oligonucleotides for full-length lambda LC 

sequencing were adapted from this protocol (Table 10). In a first PCR, a multiplex 

oligonucleotide set consisting of already developed forward oligonucleotides 

(VLKL12a_Huhn, VLKL3c_Huhn, VLKL4a_Huhn, VLKL7a_Huhn) was used. These 

oligonucleotides have been shown to bind on the common IGLV families. For sequencing of 

the full-length lambda LCs, a reverse oligonucleotide located in the IGLC segment was newly 

established (CLKL_A_rv_NB). This first PCR procedure was developed using provided RNA 

(by Dr. sc. hum Mohammed H.S. Awwad, University Hospital Heidelberg) from two cell lines 

(OPM2, RPM1). The RNA was processed following the protocol in chapter 2.6.3. It was shown, 

that the oligonucleotide combination successfully amplified the complete lambda LC and that 

the subsequent Sanger sequencing was of good quality (Supplementary Information Figure 

1). Initially, FOR101 and FOR102 were sequenced with four different oligonucleotide 

combinations and it was possible to detect the same underlying sequence in all sequencing 

reactions. The forward oligonucleotides were in all cases a multiplex consisting of 

VLKL12a_Huhn, VLKL3c_Huhn, VLKL4a_Huhn, VLKL7a_Huhn as reverse oligonucleotide 

a) JLHD123_rva and JLKL4_rva b) CLKL_A_rv_NB and CLKL_B_rv_NB c) 

CLKL_A_rv_NB or d) CLKL_B_rv_NB were used. Thus, the protocol (VLKL12a_Huhn, 

VLKL3c_Huhn, VLKL4a_Huhn, VLKL7a_Huhn, and CLKL_A_rv_NB) was applied to the 

remaining patient samples. In this process, depending on the sequence quality and the detected 

IGLV family, additional PCR steps with newly established oligonucleotides were performed 

(Figure 10). When a sequence displayed multiple nucleotide signal overlaps, a PCR with 

VLKL6_A_fw_NB was performed to confirm or exclude association with the IGLV6-57 
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family. For LC sequences with poor quality, a single plex PCR using only the respective 

forward oligonucleotide was performed. Due to the fact, that the VLKL3c_Huhn 

oligonucleotide is located in the FR2 of the IGLV3 reference sequences an additional PCR 

(VLKL3_A_fw_NB) was performed to cover the complete IGLV3-segment. In addition, for 

sequencing of the IGLV3-19 (VLKL3_H_fw_NB) as well as IGLV3-1 (VLKL3_I_fw_NB) 

family an additional PCR was performed. For sequencing full-length IGLV3-21 LCs, it was 

possible to generate two N-terminal resolved sequences using the VLKL3_A_fw_NB 

oligonucleotide. Three additional oligonucleotides (VLKL3_B_fw_NB, VLKL3_E_fw_NB, 

VLKL3_G_fw_NB) were tested using three samples (FOR154, FOR162, and FOR169) but it 

was not possible to generate an evaluable N-terminal elongated sequence using the same 

oligonucleotide in all three cases.  

 

 

Figure 10. Polymerase chain reaction scheme for sequencing full-length lambda light 

chains with associated oligonucleotides. Multiplex forward oligonucleotide set: VLKL12a_Huhn, 

VLKL3c_Huhn, VLKL4a_Huhn, VLKL7a_Huhn. 
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If it was possible to generate different sequences with the same sequence quality for one sample 

– indicated by the number of not unambiguously determined AA positions based on nucleotide 

signal overlaps – these samples were classified as not evaluable. 

The verification of the MM sequences was performed using a single-plex PCR with the 

respective forward oligonucleotide and CLKL_A_rv_NB. For the IGLV3-1 assigned MM 

sequences MM142 (MM142_fw) and MM120 (MM120_fw) a patient-specific oligonucleotide 

was used. 

2.6.5 Analytic Gel-Electrophoresis 

The analytic gel-electrophoresis was performed in horizontal chambers (multiSUB® 

MSChoice; Cleaver Scientific) filled with TAE-buffer (120V, 15 min). For agarose gels 1.5 % 

agarose and 1 % Syber Safe (SYBR® Safe DNA gel stain; Thermo Fischer 

Scientific/Invitrogen™) solved in TAE-buffer was used. For analysis, 5 µL of the sample and 

1 µL loading dye (Take5™ 6x loading dye solution; highQu) were mixed and 3 µL gen ruler 

(Take5™ 50 bp DNA Ladder) were used as reference. The visualization was performed using 

a gel documentation system with corresponding software (Molecular Imager® Gel DOCTM 

XR+ with Image LabTMSoftware; Bio RAD). 

2.6.6 PCR-Product Purification  

For purification of the PCR-products the ″High Pure PCR-Product Purification Kit″ (Roche) 

following the protocol ″Purification of PCR-Products in Solution after Amplification″ was 

used. The elution step was performed with each 15 µL and two centrifugation steps (13000g 

for 1 min) instead of 50 – 100 µL and a one-minute centrifugation step (13000g).  

 

2.7 DNA Sanger Sequencing 

For complementary DNA (cDNA) Sanger sequencing, samples were adjusted to a final 

concentration according to the manufacturer's instructions. Together with the corresponding 

oligonucleotides (10 pmol/µL), the samples were sent to Eurofins/GATC (SupremeRun Tube) 

for sequencing. 

 

2.8 Next-Generation Sequencing 

2.8.1 AL Amyloidosis Patients  

To further characterize the sequence composition of IGLV3-21 samples a next-generation 

sequencing (NGS) analysis was performed for seven patients/samples. The Illumina DNA Prep 

protocol and a Next Seq 550 (Illumina) were used for this purpose. These experiments were 
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carried out together with Sarah Schreiner (University Hospital Heidelberg) and Dr. rer. nat. 

Philipp Reichert (University Hospital Heidelberg). 

Two different approaches were chosen per patient/sample. In the first approach, PCR samples 

generated via a multiplex forward oligonucleotide set (VLKL12a_Huhn, VLKL3c_Huhn, 

VLKL4a_Huhn, VLKL7a_Huhn) and the reverse oligonucleotide (JLHD123_rv) were 

analyzed (MP_NGS_PCR). The multiplex oligonucleotide set was shown to successfully amplify 

the commonly used IGLV segments. The second approach concerns PCR samples that were 

generated using the oligonucleotides VLKL3_A_fw_NB and JLHD123_rv (N_NGS_PCR). The 

PCRs followed the protocol in chapter 2.6.4. 

For each approach, two PCRs were performed and pooled before tagmentation. For sample 

processing, the Illumina document # 1000000025416 v09 (June 2020) ″Illumina DNA Prep 

Reference Guide″ was used as a guideline as well as the corresponding kits (Table 12).  

The working steps and aberrations are listed below: 

o Tagmentation of Genomic DNA 

500 ng per sample was used 

o Post Tagmentation Cleanup 

o Amplify Tagmented DNA 

o Clean Up Libraries 

o Pool Libraries 

o Check Library Quality  

The samples were checked for quality using both the Quantus (QuantusTM Fluorometer; 

Promega) and the Tapestation (4200 TapeStation System; Agilent) systems. 

The quality check using the Tapestation system was performed following an internal revised 

quality management document and SOP (″SOP zur Automatischen Elektrophorese am 

TapeStation System″, step: ″DNA, PCR Produkte, NGS Library″, approved 08.06.2021 by 

Stefanie Huhn). In addition, the Quantus™ fluorometer and the corresponding 

QuantiFluor® ONE dsDNA System were used for quality check and concentration 

measurements following the manufacturer protocol (″QuantiFluor ONE dsDNA System 

Quick Protocol FB200″). 

o Dilute Libraries to the Starting Concentration 

In a first step, the molarity of the individual libraries was calculated using the following 

formula: 
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𝑋 𝑛𝑀 = 106 ×
𝑙𝑖𝑏𝑟𝑎𝑟𝑦 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑛𝑔/µ𝐿)

660 𝑔/𝑚𝑜𝑙 × 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑙𝑖𝑏𝑟𝑎𝑟𝑦 𝑠𝑖𝑧𝑒 𝑖𝑛 𝑏𝑝
 

In the next step, the individual libraries were diluted to achieve a concentration of 2 nM in 

15 µL RBS buffer. This was possible for all samples except FOR169 in the N_NGS_PCR 

approach. So, only 15.0 µL instead of 16.7 µL of the sample was used. Subsequently, 5 µL 

of each library was pooled. 

The Illumina protocol ″NextSeq System Denature and Dilute Libraries Guide″ (Document # 

15048776 v09 December 2018) was used to dilute the libraries and pHiX to the start 

concentration of 1.4 pM. 

The run was started according to the guidelines of the ″NextSeq 500 System Guide″ (Document 

# 15069765v06 June 2019) document. In addition, the ″Local Run Manager Generate FASTQ 

Analysis Module Workflow Guide″ (Document # 1000000003344 July 2018) was used. 

2.8.2 Multiple Myeloma Patients 

The bulk RNA NGS sequencing of MM samples was not performed within the framework of 

this work. Sequencing libraries were prepared using the Illumina TruSeq stranded mRNA kit. 

Sequencing was performed on the Illumina NovaSeq 6000 PE 100 S1 platform.  

 

2.9 Analysis 

2.9.1 Sanger Sequencing Analysis 

For analysis of the Sanger sequencing results the ab1 files (provided by Eurofins) of the forward 

and reverse sequencing reaction were analyzed using MEGA (Tamura et al. 2021). To ensure a 

high sequence quality the sequences were trimmed at the N- und C-terminus and each position 

was analyzed concerning nucleotide overlaps. If present, the IUPAC-IUB code was used to 

specify these positions. Afterwards, the forward and reverse sequences were combined into one 

full-length LC sequence. In the next step, the ExPASy Translate tool (Duvaud et al. 2021) was 

used for translation into an AA sequence. Each nucleotide triplet containing an uncertain 

position was analyzed and if possible, the respective AA was complemented.  

2.9.2 Next-Generation Sequencing Analysis 

The bioinformatic analysis of the AL and MM NGS experiments was not performed within the 

framework of this work. 

The bioinformatical data processing concerning the AL IGLV3-21 samples, was performed by 

Sarah Schreiner (University Hospital Heidelberg) using MIXCR (Bolotin et al. 2015) and the 
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following commands: Java –jar mixcr.jar analyze shotgun --verbose -- species hs -- starting-

material dna -- receptor-type bcr --contig-assembly sum.fastq analysis. 

The bioinformatical data processing concerning the MM samples, was performed by Dr. re. nat. 

Alexandra M. Poos (University Hospital Heidelberg) also using MIXCR to extract the full 

sequences of the IG lambda receptor (option: --contig-assembly) (Bolotin et al. 2015) 

Within the framework of this work, the cDNA sequences were translated using the ExPASy 

″Translate″ tool (Duvaud et al. 2021). In the following, the AL and MM sequences, regardless 

of Sanger sequencing or NGS, were analyzed equally.  

2.9.3 IGL Family Assignment 

The IGLV family assignment was performed using the cDNA sequence and VBase2 (Retter et 

al. 2005) as well as the AA sequence and Ensembl Blast (Howe et al. 2021). If a deviation 

between the two analysis platforms was indicated, the sequence was stated as non-evaluable. 

The IGLJ segment was identified using the cDNA sequence and VBase2 and the IGLC segment 

using the AA sequence and Ensembl Blast. The CDR regions were determined using abYsis 

(Swindells et al. 2017). 

2.9.4 Mutation Analysis 

For sequence analysis, the VBase2 IGLV reference sequence was used as standard. However, 

in some cases, a deviation between the IGLV reference deposited in Vbase2 and Ensembl can 

be noted and a mutation was only indicated if a deviation of the patient-derived LC towards 

both reference sequences was noted. This did not concern the IGLV-IGLJ-linker region and in 

this context, the VBase2 reference was again used as standard. For the IGLJ segment, the 

reference sequences deposited in GenBank (Benson et al. 2013) were used. IGLJ2*01 and 

IGLJ3*01 (Gene ID: 28832) show the same cDNA and AA sequence and are therefore defined 

as IGLJ2. IGLJ3*02 (Gene ID: 28831) is defined as IGLJ3. For the IGLC segment, the Ensembl 

reference sequences were used but due to the fact, that the AA sequences contain an undefined 

AA at the first position, the corresponding GenBank reference sequences were considered at 

this position. Sequence alignments were performed using Clustal omega (Madeira et al. 2019).  

For the calculation of the median mutation count and frequency, only unambiguously 

determined mutations were used. In addition, the AL and MM sequences that were to be under 

comparison with each other were trimmed to the same length. This concerns the N- as well as 

the C-terminus of the sequences. The sequences were also N-terminally constrained by 

analyzing only the region covered by the Vbase2 reference. To calculate the median mutation 

count, only the mutated segments were considered and the median was calculated only from 
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them. The MM120 sequence displayed an insertion of four AAs, which was in this analysis 

defined as one mutation. A deletion was also indicated as a mutation. 

Besides the mutation distribution, individual positions were also analyzed. If not otherwise 

specified, only positions that displayed a mutation in ≥50 % were defined as mutation hotspots. 

In this context, the total number was determined by only counting the ambiguously determined 

AA positions – in contrast to the calculation of the median mutation count and mutation 

frequency. Besides the AA exchange, the underlying cDNA nucleotide triplet was also 

investigated. 

The IGLV2-14 MM and AL sequences were analyzed using the web-based tool LICTOR. 

LICTOR is an application for the prediction of amyloidogenity of lambda LCs based on 

mutations (Garofalo et al. 2021).  

2.9.5 Amino Acid Composition Analysis 

The sequences were trimmed as described in chapter 2.9.4. For analysis of the AA composition, 

the positions that could not be clearly determined were changed to the respective reference AA. 

Subsequently, an analysis was performed using the ExPASy ″ProtParam″ tool (Duvaud et al. 

2021). For the purpose of conciseness, only differences ≥0.5 % were mentioned in the text and 

differences >0.5 % were numerically specified. 

2.9.6 Biophysical Parameter Analysis 

The sequences were trimmed as described in chapter 2.9.4 and for AA positions that could not 

be clearly determined the respective reference AA was used. The beta sheet aggregation 

tendency (AGG) value was calculated using TANGO (Rousseau et al. 2006). The grand average 

of hydropathicity (GRAVY) value was calculated using the ExPASy ″ProtParam″ tool (Duvaud 

et al. 2021). The molecular weight (Mw), as well as the isoelectric point (pI), were determined 

using the ExPaSy ″Compute pI/Mw″ tool (Duvaud et al. 2021). Not only the pI but also the 

difference between the patient-derived LC and a reference LC was calculated (ΔpI). In this 

context, for each patient-derived LC, a reference with the respective IGLV, IGLJ, and IGLC 

segment as well as the patient-specific linker region was individually built. A not 

unambiguously determined AA in the linker region was neglected. For several patient-derived 

LC sequences, no clear assignment towards IGLJ2 and IGLJ3 was possible but the two 

respective reference sequences did not differ in pI. This also applies to sequences, which were 

not clearly assigned to IGLC2 or IGLC3. In the analyzed IGLC sections no difference between 

the two reference sequences can be defined on AA level.  
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2.9.7 Statistical Analysis and Data Visualization 

The statistical analysis was performed using the IBM SPSS statistics program. If not otherwise 

indicated, values are presented as median.  

The exact Fischer test (Fischer), two-tailored, or Chi-Quadrat test (Chi) were used to determine 

the significance levels of comparison for nominal data. For metric data normal distribution was 

tested using the Shapiro-Wilk normality test. If normal distribution was indicated in both 

independent subgroups, the significance level was calculated accordingly by using a two-

tailored t-test (t-test). In this context, the variance equality was tested using the Levene-Test. 

Significance levels between independent subgroups and non-parametric data were calculated 

using a median test (Median) or two tailored Mann-Whitney U test (U-test). Significance values 

were adjusted by the Bonferroni correction for multiple tests per test-set. A p-value ≤0.05 was 

considered statistically significant and was numerically specified in the text. The differences 

concerning the mutation count and frequency were tested using the complete dataset without 

further separation concerning the frequency and mutation count. In addition, analysis and data 

visualization was performed using Excel, ChemSketch, WebLogo, R and R-studio using the 

“ggplot2” (Wickham 2016) and “ggsignif” (Ahlmann-Eltze and Patil 2021) packages.  

The relative risk was calculated using the web-based MedCalc relative risk tool. 
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3 Results  

Work program:  

Before analyzing the LC sequences themselves, the AL and MM cohorts are clinically 

characterized. In the next chapter, the composition of the MM samples is analyzed as the LC 

sequences of the MM patients were obtained using a different method. In the first chapter of 

the actual LC sequence analysis, the IGLV family and IGLV subfamily distribution are 

examined. From this point onwards, the analyses are performed not only for AL, MM, and the 

AL organ tropism but also for two additional parameters: the presence or absence of a clonal 

HC in the patient or a dFLC > or < 180 mg/L. Next, the linkage between the IGLJ and IGLC 

segments are analyzed first, and the composition of the complete LCs afterwards. Detailed 

sequence analyses are performed for IGLV subfamilies that are most frequently associated with 

AL and to which more than 10 AL sequences can be assigned: IGLV2-14, IGLV3-1, IGLV3-21, 

and IGLV6-57. Each IGLV subfamily is examined separately concerning patient 

characteristics, general mutation number and distribution within the LCs, specific mutations 

detected in the sequence alignment, the AA composition of the LC, and finally, various 

biophysical parameters. The analysis of IGLV3-21 deviates from this scheme; here, next-

generation sequencing experiments were performed to investigate the sequence composition 

within the samples in more detail. The IGLV6-57 analysis has the particularity that IGLV2-23 

sequences are used for comparison. Finally, the results are compared with each other, and the 

less frequently detected IGLV subfamilies are addressed less extensively. In the last step, the 

results from these rare IGLV subfamilies are compared with the previous ones. 

 

3.1 Clinical Characteristics of the Cohorts 

In the context of this study, 92 bone marrow samples of AL patients were processed. This 

concerns only samples from AL patients with a dominant heart (AL_H) or dominant heart and 

kidney involvement (AL_HK). This stratification was performed based on established criteria 

(chapter 2.4), to further investigate the AL organ tropism. However, the final AL cohort 

consisted of only 82 AL samples: 61 AL_H and 21 AL_HK. This loss of samples is because 

after the bone marrow CD138+ cell sorting, these cells need to be used for an obligatory FISH 

analysis first. Afterwards, two samples corresponding to AL_HK and nine samples 

corresponding to AL_H did not contain enough CD138+ cells for further analysis (Table 15).  

In the final AL cohort, the bone marrow samples of the AL_H and AL_HK patients had a 

comparable median volume of 52 – 60 mL and contained an average of 0.5 % CD138+ plasma 
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cells. In seven AL_H cases, it was not possible to detect any CD138+ plasma cells. However, it 

was assumed that enough cells and Ig LC RNA were available for further analysis due to a 

detection limit of 2.5e+04 cells in the CD138+ cell sorting. For the 52 MM patients included in 

this study, no information about the initial volume of the bone marrow aspirate and CD138+ 

cell ratio was available. Further information on the clonality of the CD138+ samples was 

provided by the FISH analysis. In this context, the highest percentage measured was compared 

between cohorts. Here, the MM samples (98 %, range: 87 % – 100 %) displayed a significantly 

higher value than the AL_H (90 %; p = 1.13e-08 (Median)) and AL_HK samples (86 %; 

p = 0.001 (Median)) – implying a larger clonal size. 

 

Table 15. Comparison of CD138+ cell-sorting and the main clone in the FISH analysis of 

AL amyloidosis patients. The highest measured percentage of a genetic aberration in the FISH result was 

defined as the proportion of the main clone (Bochtler et al. 2018). FISH = fluorescence in situ hybridization, 

PC = plasma cells, AL_H = AL amyloidosis patients with dominant heart involvement, AL_HK = AL amyloidosis 

patients with dominant heart and kidney involvement. More detailed information about the investigator, the sample 

material, applied tests, and the reference areas are listed in chapter 2.4 and Table 14. 

 AL_H 

n = 61 

AL_HK 

n = 21 

Median bone marrow aspirate volume [mL] 

(range) 
52 (8 – 95) 60 (10 – 83) 

Median percentage of CD138+ PC in the sample 

(range) 
0.5 % (0 – 7) 0.5 % (0 – 12) 

Number of cell sorts with no harvested CD138+ PC 

n (%) 
7 (4 %) 0 

Median percentage of the main clone in the FISH 

analysis (range) 
90 % (43 – 98 %) 86 % (10 – 97 %) 

 

When analyzing the clinical characteristics, only a few similarities can be noted between the 

cohorts (Table 16). AL_H as well as AL_HK and MM patients displayed a median age at 

diagnosis of about 64 – 65 years and most of the samples were obtained at diagnosis 

(AL_H = 89 %, AL_HK = 86 %, MM = 100 %). As a side note, five AL patients (3x AL_H, 

2x AL_HK) also had a MM diagnosis (AL+MM) at the time point of bone marrow aspiration.  

Overall, the AL_H and MM subgroups included more male than female patients 

(AL_HK = male: 11, female: 10) which corresponds with the general epidemiology of the 

diseases. The AL_H and MM cohorts also displayed a comparable median dFLC value, twice 

as high as the median dFLC value of the AL_HK subgroup (AL_H = 406 mg/L, 

AL_HK = 169 mg/L, MM = 411 mg/L). While the AL_H and AL_HK subgroups displayed a 

comparable median plasma cell infiltration in the bone marrow of about 12 %, the MM 

subgroup showed a significantly higher median value of about 60 % (AL_H vs. MM 

p = 3.00e-12 (Median), AL_HK vs. MM p = 0.000042 (Median)). Regarding proteinuria, the 
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AL_HK patients (3 g/d) displayed a significantly higher median value than the AL_H (0.3 g/d; 

p = 2.00e-06 (Median)) and MM cohort (1 g/d; p = <0.01 (U-test)). In contrast, the AL_H 

patients (91 U/L) displayed a higher AP value than the AL_HK (68 U/L) and MM patients 

(70 U/L). No information about the GFR CKD-EPI, NT-proBNP, and hsTNT values of the MM 

patients were available. However, the AL_H patients displayed a higher median NT-proBNP 

(7202 mg/L vs. 3361 mg/L) and GFR CKD-EPI value (71 mL/min/1.73 m² vs. 

62 mL/min/1.73 m²) but a lower hsTNT value (70 µg/L vs. 76 µg/L) than AL_HK patients.  

A difference between the two diseases was also noted regarding the presence of a M-gradient, 

which was detected significantly more often in the MM than in AL patients (AL_H = 42 % 

p = <0.001 (Fischer), AL_HK = 52 % p = <0.001 (Fischer), MM = 87 %) (Table 16). 

Additionally, the AL_HK and MM samples corresponded more often to a patient with 

detectable clonal HC in serum (AL_H = 44 %; AL_H vs. MM p = <0.001 (Fischer), 

AL_HK = 67 %, MM = 79 %). These HCs were identified as IgG in more than half of the cases 

for all subgroups (AL_H = 22/27, AL_HK = 8/14, MM = 33/41). The genetic aberration 

t(11;14), which is associated with a loss of the HC, was detected in 38 % of AL_H patients, 

48 % of AL_HK patients, and 28 % of MM patients. A gain of 1q21 was detected less 

frequently in the MM than in the AL_H subgroup (AL_H = 37 %, AL_HK = 33 %, 

MM = 29 %). 

 

Table 16. Overview of selected clinical characteristics of 82 AL amyloidosis and 52 

multiple myeloma patients. AL_H = AL amyloidosis patients with dominant heart involvement, 

AL_HK = AL amyloidosis patients with dominant heart and kidney involvement. AL = AL amyloidosis patients, 

MM = multiple myeloma patients, LC = light chain, HC = heavy chain, IFE = immunofixation electrophoresis in 

serum, NA = not available, AL+MM = AL amyloidosis patients who were also diagnosed with multiple myeloma, 

GFR CKD-EPI = calculation of the glomerular filtration rate using the formula established by the Chronic Kidney 

Disease Epidemiology Collaboration, AP = alkaline phosphatase, dFLC = difference between disease-associated 

und uninvolved circulation free light chains, hsTNT = heart associated troponin T. More detailed information 

about the investigators, the sample material, applied tests, and reference area are listed in chapter 2.4 and Table 

14. 

 AL n = 82 MM n = 52 

AL_H 

n = 61 

AL_HK 

n = 21 

Median age, [y] (range) 65 (34 – 86) 64 (51 – 83) 61 (37 – 70) 

Sex female/male, n 21/40 10/11 22/30 

New-diagnosis, n 54 18 52 

Relapse/late relapse/progress, n 7 3 0 

AL+MM, n (NA) 3 (6) 2 (1) 0 (0) 

Median plasma cell infiltration [%] 

(range)1 
12 (1 – 56) 12 (3 – 55) 60 (5 – 100) 

Median dFLC at diagnosis [mg/L] 

(range) 
406 (33 – 5322) 169 (48 – 1065) 411 (2 – 16344) 

Median proteinuria [g/d] (range)2 0.3 (0.1 – 5) 3 (1 – 14) 1 (0 – 13) 
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 AL n = 82 MM n = 52 

AL_H 

n = 61 

AL_HK 

n = 21 

Median GFR CKD-EPI 

[mL/min/1.73 m²] (range) 
71 (24 – 106) 62 (17 – 101) NA 

Median NT-proBNP, serum [ng/L], 

(range) 

7202  

(288 – 31246) 

3361  

(854 – 21626) 
NA 

Median hsTNT [µg/L] (range) 70 (11 – 1227) 76 (11 – 415) NA 

Median AP [U/L] (range) 91 (38 – 233) 68 (41 – 173) 70 (32 – 247) 

M-gradient, n, yes (NA)3 26 (5) 11 (2) 45 (0) 

Serum HC present in IFE, n (%)4 27 (44 %) 14 (67 %) 41 (79 %) 

Serum HC present in IFE NA, n 3 0 0 

IgG, n  22 8 33 

IgA, n  4 5 7 

IgM, n  0 0 1 

IgD, n 0 1 0 

IgG and IgD, n  1 0 0 

Gain 1q21, n (NA) 23 (13) 7 (4) 10 (0) 

t(11;14) n, (NA) 23 (13) 10 (3) 15 (0) 
1AL_H vs. MM p = 3.00e-12, AL_HK vs. MM p = 0.00004; 2AL_HK vs. AL_H p = 2.00e-06, AL_HK vs. MM 

p = <0.01; 3AL_H vs. MM p = <0.001, AL_HK vs. MM p = <0.001; 4AL_H vs. MM p = <0.001 

 

3.2 Multiple Myeloma Sample Composition 

Since the MM data was generated via a bulk RNA sequencing approach, the sequence 

composition of these samples was also analyzed (Table 17). This analysis was not performed 

for the AL sequences because Sanger sequencing is not suitable for unambiguously 

differentiating subsequences and especially not for providing an associated percentage. 

Concerning the MM data, only additional sequences that were detected in ≥1 % were 

considered. It should be mentioned that in some cases several sequence sections were given due 

to the bioinformatic analysis. It is assumed that these sections result from variations at single 

positions and therefore lead to different sequence sections. This phenomenon will be addressed 

for each IGLV subfamily separately. 

The sequence with the highest percentage (sequence_A) showed a median percentage of 

98.85 % (52.46 % – 99.98 %) (Supplementary Information Table 2). However, in 16 cases 

it was possible to detect a second abundant sequence (sequence_B) with a median percentage 

of 23.54 % (1.23 % – 47.38 %). When a sequence_B was detected, the corresponding 

sequence_A showed a lower median percentage of 74.86 % (52.46 % – 98.13 %) (p = <0.001 

(Median)).  

When analyzing the sequences concerning the IGLV family usage, the samples with detectable 

sequence_B cluster to the IGLV1 family, especially to IGLV1-44 (9/9) (Table 17). In general, 

it was possible to detect a sequence_B in 64 % of the IGLV1 cases (9/14), 24 % of the IGLV2 

cases (4/17), and 6 % of the IGLV3 cases (1/17) (Table 17, Supplementary Information 
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Table 2). Besides the higher prevalence, the IGLV1 family displayed also a higher percentage 

of the corresponding sequence_B (IGLV1 = 25.98 %, IGLV2 = 4.28 %, IGLV3 = 1.23 %). 

This reflects in a lower median percentage of the respective sequence_A (IGLV1 = 78.05 %, 

IGLV2 = 98.85 %, IGLV3 = 99.41 %). Two sequences were not assigned unambiguously to an 

IGLV family (sequence_A = 74.57 % and 75.16 %) and displayed a sequence_B with an 

especially high percentage (25.3 % and 21.79 %).  

 

Table 17. Sequence composition of multiple myeloma samples based on the bulk RNA 

sequencing results. The sequence composition was analyzed concerning the detected IGLV families in the 

multiple myeloma cohort (n = 52). sequence_A = sequence with the highest percentage >1 %, 

sequence_B = sequence with the second highest percentage >1 %. 

 n 

Median 

percentage 

sequence_A 

(range) 

Percentage of 

sequences with a 

sequence_B (n) 

Median 

percentage of 

sequence_A with 

sequence_B 

(range) 

Median 

percentage 

sequence_B 

(range) 

IGLV1 14 
78.05 

(52.46 – 99.95) 

64 

(9/14) 

73.61 

(52.46 – 97.32) 

25.98 

(2.52 – 57.38) 

IGLV2 17 
98.85 

(93.68 – 99.87) 

24 

(4/17) 

94.61 

(93.68 – 95.67) 

4.28 

(3.56 – 6.02) 

IGLV3 17 
99.41 

(98.08 – 99.98) 

6 

(1/17) 
98.13 1.23 

IGLV6 1 99.83 0 0 0 

IGLV7 1 99.78 0 0 0 

NA 2 
74.57, 

75.16 

100 

(2/2) 

74.57, 

75.16 

25.30, 

21.79 

 

When analyzing sequence_B in more detail, eight out of nine IGLV1-44 sequences displayed 

the same IGLV, IGLJ, and IGLC segment composition as the corresponding sequence_A. One 

sequence_B was not clearly assigned to IGLV1-47 or IGLV1-44 but showed the same IGLJ 

and IGLC subfamilies as the corresponding sequence_A. Regarding the IGLV2 family, one 

IGLV2-14 and one IGLV2-23 sequence displayed the same composition for sequence_A and 

sequence_B. However, it was not possible to assign any IGL segment due to several 

disconnected sequence sections two times (sequence_A = IGLV2-23). The IGLV3 sequence 

showed an IGLV3-21/IGLJ2/IGLC2 linkage for both sequences. 

Only sequence_A was used in the following detailed IGLV subfamily analysis and comparison 

with the AL cohort. 
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3.3 IGL Family Distribution 

3.3.1 IGLV Family and Subfamily Distribution 

To address the question, if some IGLV families display a higher amyloidogenic potential than 

others, a comparison between the AL and MM cohort was performed. In general, the IGLV3 

family was identified as the most common AL IGLV subfamily (35 %) and one of the two most 

common MM IGLV families (33 %). IGLV2 was the second most common AL IGLV 

subfamily (AL = 22 %) and the other most common MM IGLV subfamily (MM = 33 %) 

(Figure 11 A). A difference was noted regarding the third most common IGLV family: the MM 

cohort displayed IGLV1 (MM = 27 %, AL = 11 %; p = <0.001 (Fischer)), and the AL cohort 

IGLV6. Of note, IGLV6 was detected in 21 % of the AL cases and only once in the MM cohort 

(2 %; p = <0.001 (Fischer)).  

Overall, two rare IGLV families were exclusively detected in one of the cohorts: the IGLV7 

family was assigned only once in the MM cohort (2 %), and the IGLV8 family once in the AL 

cohort (1 %; AL_HK). Moreover, the AL IGLV8 sequence corresponded to one of the five AL 

patients who were also diagnosed with MM (FOR229_HK). In addition, one AL+MM sequence 

each was assigned towards IGLV2 (IGLV2-14, FOR159), IGLV1 (IGLV1-44, FOR147), 

IGLV6 (FOR188_HK) and IGLV3 (IGLV3-1, FOR123). Due to this equal distribution, the 

AL+MM subgroup was not investigated further ( 

Supplementary Information Table 3). 

However, the IGLV family distribution was not only analyzed between AL and MM but also 

concerning the AL organ tropism. In this context, a difference was also noted regarding the 

IGLV6 family (Figure 11 B). IGLV6 was assigned in 38 % of the AL_HK cases and 

significantly less often in AL_H cases (15 %; p = 0.032 (Fischer)). Contrastingly, IGLV3 was 

detected more often in the AL_H than AL_HK subgroup (43 % vs. 14 %; p = 0.032 (Fischer)). 

IGLV2 (AL_H = 21 %, AL_HK = 24 %) and IGLV1 (AL_H = 11 %, AL_HK = 10 %) were 

detected in both AL subgroups in a comparable frequency.  

Since not only IGLV families, but also IGLV subfamilies can be differentiated from each other, 

this was investigated in the next step. Here, the AL cohort displayed IGLV6-57 and the MM 

cohort IGLV3-21 (21 %, AL = 13 %) as the most common IGLV subfamily (Figure 11 C). The 

difference concerning the IGLV6 family has already been addressed since IGLV6-57 is the 

only detected IGLV6 subfamily (AL = 21 %, MM = 2 %; p = <0.001 (Fischer)). IGLV2-14 was 

detected as one of the most common IGLV subfamilies in both diseases: AL second 20 %, MM 

third 15 %. For the IGLV1-44 subfamily large deviations were observed between AL and MM. 
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This family was detected in 6 % of the AL cohort and as the second most common MM IGLV 

subfamily (17 %). This was reversed in terms of IGLV3-1, which was detected as the third most 

common AL subfamily (18 %) and in only 6 % of the MM cohort. Furthermore, the IGLV2-23 

subfamily was detected only in the MM cohort (p = <0.001 (Fischer)) and – shared with 

IGLV2-14 – as the third most common IGLV subfamily (15 %).  

Regarding the AL organ tropism, a difference was noted regarding IGLV3-21, which was 

identified as the third most common AL_H IGLV subfamily with an overall three times higher 

percentage than in the AL_HK subgroup (15 % vs. 5 %) (Figure 11 D). Besides the already 

addressed significantly higher IGLV6-57 AL_HK than AL_H association, it is noticeable that 

four out of eight AL_HTX sequences were assigned to this subfamily. However, the AL_HTX 

category does not describe an organ involvement, but a certain treatment option for a severe 

heart manifestation. Further, IGLV3-1 can be described as the most detected AL_H (21 %) and 

third most detected AL_HK IGLV subfamily (10 %). Both subgroups share IGLV2-14 as the 

second most used IGLV subfamily (AL_H = 20 %, AL_HK = 19 %). 

 

 

Figure 11. Comparison of the IGLV family and subfamily distribution between the AL 

amyloidosis and the multiple myeloma cohort as well as between the heart and heart and 

kidney organ tropism in AL amyloidosis. A) Comparison of the IGLV family distribution between the 

AL amyloidosis and the multiple myeloma cohort. B) Comparison of the IGLV family distribution between the 

AL amyloidosis heart and heart and kidney organ tropism as well as the multiple myeloma cohort. C) Comparison 

of the IGLV subfamily distribution between the AL amyloidosis and the multiple myeloma cohort. D) Comparison 

of the IGLV subfamily distribution between the AL amyloidosis heart and heart and kidney organ tropism as well 

as the multiple myeloma cohort. AL = AL amyloidosis patients, MM = multiple myeloma patients, AL_H = AL 

amyloidosis patients with dominant heart involvement, AL_HK = AL amyloidosis patients with dominant heart 
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and kidney involvement, NA = not clearly assigned IGLV family, * = p ≤0.05; AL n = 82, MM n = 52, AL_H 

n = 61, AL_HK n = 21. 

To summarize, in the analysis concerning the IGLV family distribution, a prominent difference 

was noted regarding IGLV6-57. This IGLV family was detected more frequently in AL than 

MM and AL_HK than AL_H. In contrast, IGLV1 was detected more frequently in the MM than 

AL cohort, and IGLV3-1 was more frequently in the AL_H than AL_HK cohort. Finally, 

IGLV2-23 was only detected in the MM cohort. 

 

Parenthesis: An additional analysis was performed to evaluate the effect of a potential HC 

binding partner and the size and malignancy of the B cell clone. In this context, the sequences 

were stratified concerning a present clonal heavy chain in serum and a dFLC >180 mg/L in the 

respective patients (Figure 12). This stratification was performed for IGLV subfamilies that 

were most frequently associated with AL and to which more than 10 AL sequences were 

assigned. This concern: IGLV2-14 (AL n = 16, MM n = 8), IGLV3-1 (AL n = 15, MM n = 3), 

IGLV3-21 (AL n = 10, MM n = 11) and IGLV6-57 (AL n = 17, MM n = 1). In general, the sub-

analyses were performed, when more than one sequence can be assigned to one of the respective 

subgroups. 

 

When stratifying the AL cases for the presence (HC) or absence of a clonal HC (no HC), the 

IGLV2-14 and IGLV6-57 subfamily displayed an association with AL HC cases (IGLV2-14: 

29 % vs. 11 %; IGLV6-57: 27 % vs. 13 %) (Figure 12 A). Interestingly, a certain organ tropism 

was noted – for AL_H IGLV2-14 sequences an HC association was detected with a six times 

higher percentage than for no HC cases (37 % vs. 6 %; p = 0.051 (Fischer)). In contrast, 

AL_HK IGLV2-14 sequences were associated towards no HC cases twice as often than towards 

HC cases (29 % vs. 14 %). Regarding the IGLV6-57 family, an AL_HK HC association was 

detected in 50 % of the cases, and only in 14 % of AL_HK no HC cases. However, a comparable 

percentage was noted in the AL_H subgroup (AL_H HC = 15 %, AL_H no HC = 13 %) (Figure 

12 B). Concerning the MM cohort, the MM IGLV3-21 and IGLV2-14 sequences displayed an 

association with HC cases (IGLV3-21: 24 % vs. 9 %; IGLV2-14: 17 % vs. 9 %), which was 

similar to the AL cohort.  

When analyzing the sequences with respect to a dFLC >180mg/L, no similarities between the 

two diseases were noted (Figure 12 C). The AL IGLV3-1 and IGLV3-21 sequences were more 

frequently detected for LCs corresponding to patients with a dFLC >180 mg/L (> dFLC) 

(IGLV3-1: 27 % vs. 4 %; p = 0.014 (Fischer); IGLV3-21: 14 % vs. 7 %). Contrastingly, AL 
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IGLV6-57 sequences displayed an association with a dFLC <180 mg/L (< dFLC) (14 % vs. 

33 %). Again, a difference regarding the organ tropism was noted – the AL_H IGLV6-57 

sequences showed an < dFLC association (33 % vs. 7 %; p = 0.024 (Fischer)), and the AL_H 

IGLV2-14 and IGLV3-1 sequences towards > dFLC (IGLV2-14 = 24 % vs. 13 %; 

IGLV3-1 = 29 % vs. 7 %) (Figure 12 D). In contrast, AL_HK IGLV2-14 sequences showed a 

< dFLC association (11 % vs. 25 %).  

Addressing the MM cohort, IGLV1-44 sequences showed an association towards > dFLC cases 

(26 % vs. 0 %). This was also the case for MM IGLV2-14 sequences (20 % vs. 6 %), similar to 

the AL_H subgroup. For MM IGLV3-1 and IGLV3-21 sequences an association towards 

< dFLC cases was noted (IGLV3-1: 3 % vs. 13 %; IGLV3-21: 11 % vs. 38 %).  

 

 

Figure 12. Comparison of the IGLV subfamily distribution between the AL amyloidosis 

and the multiple myeloma cohort and the presence or absence of a clonal heavy chain or 

a dFLC >180 mg/L. Analysis of the four IGLV subfamilies with at least ten assigned AL amyloidosis light 

chain sequences. A) Comparison of the IGLV subfamily distribution between the AL amyloidosis and the multiple 

myeloma cohort with respect to a present heavy chain. B) Comparison of the IGLV subfamily distribution between 

AL amyloidosis patients with dominant heart or dominant heart and kidney involvement with respect to a present 

heavy chain. C) Comparison of the IGLV subfamily distribution between the AL amyloidosis and the multiple 

myeloma cohort with respect to a dFLC >180 mg/L. B) Comparison of the IGLV subfamily distribution between 

AL amyloidosis patients with dominant heart or dominant heart and kidney involvement with respect to a dFLC 

>180 mg/L. AL = AL amyloidosis patients, MM = multiple myeloma patients, HC = detectable clonal heavy chain 

in the immunofixation electrophoresis in serum, > dFLC = dFLC >180 mg/L, < dFLC = dFLC <180 mg/L; 

AL_H = AL amyloidosis patients with dominant heart involvement, AL_HK = AL amyloidosis patients with 

dominant heart and kidney involvement, * = p ≤0.05, AL HC n = 41, AL no HC n = 38, AL > dFLC n = 51, AL < 

dFLC n = 27, MM HC n = 41, MM no HC n = 11, MM > dFLC n = 35, MM < dFLC n = 16, AL_H HC n = 27, 

AL_H no HC n = 31, AL_H > dFLC n = 42, AL_H < dFLC n = 15, AL_HK HC n = 14, AL_HK no HC n = 7, 

AL_HK > dFLC n = 9, AL_HK < dFLC n = 12.  
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To summarize, IGLV2-14 was significantly more frequently detected in AL_H HC than in 

AL_H no HC sequences. Concerning the dFLC, IGLV3-1 was significantly more frequent 

detected in AL > dFLC than AL < dFLC sequences, and IGLV6-57 was significantly more 

frequent in AL_H < dFLC than AL_H > dFLC sequences.  

3.3.2 IGLJ and IGLC Family Distribution 

Not only the IGLV distribution but also the composition of the complete LC was evaluated and, 

in this context, also the IGLJ/IGLC linkage. When considering only the unambiguously 

determined IGLJ and IGLC segments for both diseases, IGLJ1, IGLJ2, and IGLJ7 were only 

detected in connection with the corresponding IGLC segment (Table 18). In contrast, IGLJ3 

was detected in linkage with both IGLC2 and IGLC3. As a side note, when additionally 

analyzing the AA sequences with the IMGT/DomainGapAlign tool IGLC2*01, IGLC2*02 and 

IGLC3*04 are all indicated with a 100 % identity. 

In general, both diseases displayed an IGLV-IGLJ2/IGLC2 linkage in most of the cases 

(AL = 38 %; MM = 42 %), second most common towards IGLJ3/IGLC3 (AL = 22 %, 

MM = 13 %) and third most common towards IGLJ1/IGLC1 (AL = 13 %; MM = 10 %) (Table 

18). This order was also detected when stratifying the AL sequences with respect to the organ 

involvement or a present potential HC binding partner, as well as for the MM HC and MM 

dFLC subgroups. A difference was noted in the AL < dFLC sequences, which presented an 

IGLJ2/IGLC2 and IGLJ3/IGLC3 linkage with the same frequencies (27 %). In contrast, for AL 

> dFLC sequences an IGLJ2/IGLC2 linkage was observed in 45 % of the cases and 

IGLJ3/IGLC3 in only 18 %. 

 

Table 18. IGLJ and IGLC family linkage and distribution between the AL amyloidosis 

and multiple myeloma cohort. Only detected linkages are shown. AL = AL amyloidosis patients, 

MM = multiple myeloma patients, AL_H = AL amyloidosis patients with dominant heart involvement, 

AL_HK = AL amyloidosis patients with dominant heart and kidney involvement, HC = detectable clonal heavy 

chain in the immunofixation electrophoresis in serum, > dFLC = dFLC >180 mg/L, < dFLC = dFLC <180 mg/L, 

J = IGLJ, C = IGLC, NA = not clearly assigned, bold = most common linkage. For three AL amyloidosis patients 

no information about the heavy chain was available, as well as for five AL amyloidosis and one multiple myeloma 

patients about the dFLC. 

IGLJ 1 2 3 2/3 7 7/3 
NA 

IGLC 1 2 2_3 2 3 2_3 2 3 2_3 7 2 

AL n = 82 [%] 13 38 0 7 22 0 2 5 0 1 1 10 

AL_H n = 61 [%] 16 34 0 8 18 0 3 7 0 2 2 10 

AL_HK n = 21 [%] 5 48 0 5 33 0 0 0 0 0 0 10 

MM n = 52 [%] 10 42 8 2 13 8 6 4 2 2 0 4 

AL HC n = 41 [%] 15 37 0 5 24 0 2 7 0 2 2 5 

AL no HC n = 38 [%] 13 37 0 11 16 0 3 3 0 0 0 16 
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IGLJ 1 2 3 2/3 7 7/3 
NA 

IGLC 1 2 2_3 2 3 2_3 2 3 2_3 7 2 

MM HC n = 41 [%] 10 41 7 2 15 7 7 5 0 0 0 5 

MM no HC n = 11 [%] 9 46 9 0 9 9 9 0 9 9 0 0 

AL > dFLC n = 51 [%] 14 45 0 6 18 0 2 4 0 2 2 8 

AL < dFLC n = 26 [%] 15 26 0 11 26 0 0 7 0 0 0 15 

MM > dFLC n = 36 [%] 8 36 8 3 14 8 8 3 3 3 0 6 

MM < dFLC n = 16 [%] 13 50 6 0 13 6 6 6 0 0 0 0 

 

To summarize, an IGLJ2/IGLC2 connection was detected as the most common linkage in 

almost all cohorts and subgroups. The only exception was noted for the AL > dFLC subgroup 

which displayed an IGLJ2/IGLC2 and IGLJ3/IGLC3 linkage equally frequent. 

3.3.3 Composition of the IGLV, IGLJ, and IGLC Segments  

In the next step, not only the IGLJ/IGLC linkage but also the connection with an IGLV segment 

was investigated. Again, the five most common AL IGLV subfamilies were analyzed.  

Regarding the IGLV2-14 subfamily, the AL (6/16) and MM (5/8) sequences displayed a linkage 

with IGLJ2/IGLC2 most often (Table 19). In addition, the AL_H sequences showed an 

IGLV2-14 IGLJ1/IGLC1 linkage in five out of twelve cases and none of the AL_HK sequences 

(n = 4). In contrast, the AL_HK sequences presented more often an IGLJ2/IGLC2 linkage than 

the AL_H sequences (3/4 vs. 3/12). When stratifying for a present clonal HC or dFLC, the 

IGLV2-14 AL HC and > dFLC sequences showed an IGLJ1/IGLC1 linkage more frequently 

than the respective other subgroup (both = 5/12 vs. 1/4). Regarding the MM dFLC subgroups, 

no pattern was observed and only one MM sequence corresponded to the MM no HC subgroup. 

In the IGLV3-1 subfamily, an IGLJ2/IGLC2 linkage was also overserved with the highest 

frequency in the AL cohort (9/15) with no deviation when stratifying for dominant organ 

involvement. However, the MM sequences displayed an IGLJ1/IGLC1 linkage in two out of 

three cases (Table 19). In the analysis regarding a clonal HC, the AL no HC sequences showed 

an IGLJ2/IGLC2 linkage more often than the AL HC subgroup (6/8 vs. 2/6). An analysis 

regarding the dFLC was not performed since only one AL sequence corresponded to the < dFLC 

subgroup. 

In comparison to the other subfamilies, a difference regarding the most common IGLJ/IGLC 

linkage was noted in the IGLV3-21 subfamily (Table 19). The corresponding AL (n = 10, 

AL_HK n = 1) sequences displayed a linkage to IGLJ2/IGLC2 and IGLJ3/IGLC3 in four cases 

each, while the MM IGLV3-21 sequences showed a prominent linkage to IGLJ2/IGLC2 (7/11). 

While the AL HC sequences more often showed an IGLJ2/IGLC2 linkage (3/5 vs. 1/6), an 

IGLJ3/IGLC3 linkage was detected more frequently in the AL no HC sequences (0/4 vs. 4/6). 



3 Results 3.3 IGL Family Distribution Natalie Berghaus 

~ 71 ~ 

Only two AL sequences corresponded to the < dFLC subgroup but both showed an 

IGLJ2/IGLC2 linkage. Regarding the MM dFLC subgroups, no pattern was observed, and only 

one MM sequence corresponded to the MM no HC subgroup. 

A generally preferred IGLJ2/IGLC2 linkage was also noted in the AL IGLV6-57 sequences 

(8/17; MM n = 1 IGLJ3/IGC3) (Table 19) and no difference was noted regarding the organ 

tropism. However, a higher frequency of IGLJ3/IGLC3 was observed for the AL HC compared 

to the AL no HC subgroup (4/11 vs. 0/6) as well as a more preferred IGLJ2/IGLC2 linkage in 

the AL > dFLC than the AL < dFLC subgroup (5/9 vs. 3/9). 

 

Table 19. Overview of the five most common IGLV segments and the IGLJ/IGLC linkages 

between the AL amyloidosis and multiple myeloma cohort. Only detected linkages are shown. 

AL = AL amyloidosis patients, MM = multiple myeloma patients, NA = not clearly assigned, bold = most 

common linkage. 

IGLJ 1 2 3 2_3 7 7_3 
NA 

IGLC 1 2 2_3 2 3 2_3 2 3 2_3 7 2 

AL n = 82, n 11 31 0 6 18 0 2 4 0 1 1 8 

MM n = 52, n  5 22 4 1 7 4 4 2 1 1 0 2 

 IGLV2-14 

AL n = 16, n 5 6 0 0 3 0 0 2 0 0 0  

MM n = 8, n 1 5 0 0 0 2 0 0 0 0 0 - 

 IGLV3-1 

AL n = 15, n 3 9 0 1 1 0 0 0 0 1 0 - 

MM n = 3, n 2 1 0 0 0 0 0 0 0 0 0 - 

 IGLV3-21 

AL n = 10, n 0 4 0 0 4 0 1 1 0 0 0 - 

MM n = 11, n 1 7 0 0 1 1 1 0 0 0 0 - 

 IGLV6-57 

AL n = 17, n 0 8 0 3 5 0 0 1 0 0 0 - 

MM n = 1, n 0 0 0 0 1 0 0 0 0 0 0 - 

 

When analyzing the AL IGLJ1/IGLC1 (AL n = 11, MM n = 5) frequency separately, a linkage 

was most noted with IGLV2-14 (5/11) and IGLV3-1 (3/11; MM = 2/3). An AL IGLJ2/IGLC2 

linkage was most detected with IGLV3-1 (9/31) and IGLV6-57 (8/31). The MM IGLJ2/IGLC2 

sequences displayed most frequently a linkage with IGLV3-21 (7/22) and IGLV2-14 (5/22). 

The AL IGLJ3/IGLC3 linkage was assigned in 5/18 cases towards IGLV6-57 and 4/10 cases 

towards IGLV3-21. Regarding the IGLJ3/IGLC3 MM sequences, no favored linkage was 

noted.  

To shortly summarize, for IGLV2-14 the MM and AL sequences presented most frequently and 

IGLJ2/IGLC2 linkage. This was also the case for the IGLV6-57 AL, IGLV3-1 AL and 

IGLV3-21 MM sequences. In contrast, the IGLV3-21 AL sequences presented equally frequent 

an IGLJ2/IGLC2 or an IGLJ3/IGLC3 linkage.  
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Parenthesis: In the following, the four IGLV subfamilies with at least ten assigned AL 

amyloidosis sequences were analyzed in a more detailed manner (IGLV2-14, IGLV3-1, 

IGLV3-21, IGLV6-57). In this context, the overall mutation frequency and count were 

addressed, and detailed analyses of sequence alignments were performed. This sequence 

analysis especially concerned positions that were mutated in at least 50 % of the cases. The 

impact of the detected mutations was then studied in terms of the overall amino acid 

composition and various biophysical parameters. In addition, subgroup analyses regarding the 

influence of a potential clonal heavy chain binding partner and the size and malignancy of the 

B cell clone, in the context of a dFLC >180 mg/L, as well as the AL organ involvement were 

performed. 

 

3.4 IGLV2-14 

IGLV2-14 was detected as the second most common AL subfamily and one of two third most 

common MM IGLV subfamilies. In general, this subfamily comprised twelve AL_H sequences 

(1x AL_HTX), four AL_HK sequences, and eight MM sequences (Table 20). The AL 

sequences FOR171 and FOR173 were not used for further analysis due to more than ten AAs 

that could not be clearly determined. These ambiguously defined AAs results from positions 

that showed a signal for two or more nucleotides in the Sanger sequencing; consequently, a blur 

was indicated at these positions.  

An additional verification step was included since the AL and MM sequences were generated 

through different sequencing approaches. To guarantee comparability of the sequences four 

MM sequences (MM103, MM136, MM129, MM130) were additionally Sanger sequenced and 

the dominant signals were consistent with the respective sequences in all cases 

(Supplementary Information Figure 8, Supplementary Information Figure 9, 

Supplementary Information Figure 10, Supplementary Information Figure 11). 

3.4.1 Subgroup Analysis 

Most AL IGLV2-14 sequences corresponded to patients with a detectable clonal HC in serum 

(12/16, 11x IgG, 1x IgA) and/or with a dFLC >180 mg/L (11/16) (Table 20). Also, seven out 

of eight MM patients displayed a detectable clonal HC (5x IgG, 1x IgA, 1x IgM) and/or a dFLC 

>180 mg/L. In context of the presented HC classes, the distribution is well in line with the 

approximate percentage of the total Ig in the adult serum (Lefranc and Lefranc 2020). Due to 

the uniform clinical presentation of MM patients with an IGLV2-14 LC, subgroup analyses 

were only performed for the AL cohort.  
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Table 20. Overview of selected characteristics of 16 AL amyloidosis and 8 multiple 

myeloma patients with IGLV2-14 assigned light chain sequences. The column "X AA [n]" 

defines how many amino acids were not determined unambiguously. Organ inv. = dominant organ involvement 

of AL amyloidosis patients, AL_H = AL amyloidosis patients with dominant heart involvement, AL_HK = AL 

amyloidosis patients with dominant heart and kidney involvement, AL_HTX = AL amyloidosis patients who 

received a heart transplant, AA = amino acid, AL = AL amyloidosis, MM = multiple myeloma, HC in 

IFE = detectable clonal heavy chain in the immunofixation electrophoresis in serum. 

Patient Disease 
Organ 

inv. 
IGLJ IGLC X AA [n] HC in IFE 

dFLC 

[mg/L] 

FOR101 AL AL_H IGLJ1 IGLC1 1 G 996.7 

FOR122 AL AL_H IGLJ2 IGLC2 1 G 993.6 

FOR124  AL AL_H IGLJ3 IGLC3 0 - 510.4 

FOR155 AL AL_H IGLJ2/3 IGLC3 0 G 52.7 

FOR157 AL AL_H IGLJ1 IGLC1 1 G 303.6 

FOR159 AL AL_H IGLJ3 IGLC3 2 G 196.4 

FOR171 AL AL_H IGLJ1 IGLC1 17 G 35.7 

FOR173 AL AL_H IGLJ1 IGLC1 16 - 405.7 

FOR196 AL AL_HTX IGLJ1 IGLC1 1 A 240.3 

FOR201 AL AL_H IGLJ1 IGLC1 0 G 5322.2 

FOR202 AL AL_H IGLJ2/3 IGLC3 0 G 351.8 

FOR204 AL AL_H IGLJ2 IGLC2 5 G 358.5 

FOR190 AL AL_HK IGLJ2 IGLC2 6 - 67.4 

FOR220 AL AL_HK IGLJ2 IGLC2 8 G 389.0 

FOR225 AL AL_HK IGLJ2 IGLC3 1 - 169.0 

FOR230 AL AL_HK IGLJ2 IGLC2 0 G 157.1 

P006 MM - IGLJ1 IGLC1 0 G 635.9 

P009 MM - IGLJ3 IGLC3/2 0 M 480.2 

P284 MM - IGLJ2 IGLC2 0 G 1103.3 

P312 MM - IGLJ2 IGLC2 0 - 1640.8 

P319 MM - IGLJ2 IGLC2 0 G 160.6 

P361 MM - IGLJ2 IGLC2 0 G 514.0 

P505 MM - IGLJ2 IGLC2 0 A 350.7 

P563 MM - IGLJ3 IGLC3/2 0 G 313.4 

 

3.4.2 Mutation Frequency and Count 

The MM sequences presented a significantly higher mutational load in the IGLV segment than 

the AL sequences (11.5 vs. 8.5, p = 0.026 (Median), reference = 97 AA), but no prominent 

difference was observed regarding the IGLJ and IGLC segment (Table 21). 

When analyzing the AL sequences for the organ tropism, a higher mutational load in the IGLV 

(9.5 vs. 7.5, p = 0.048 (Median)) and IGLJ segment (2.0 vs. 1.0, reference = 12 AA) was 

detected in the AL_HK sequences than the AL_H sequences (Table 21). This difference was 

especially prominent in FR1 (20 % vs. 75 %) and FR3 (3.0 vs. 1.0, reference = 32 AA). 

Interestingly, FR1 was detected as the most conserved region in the AL and MM cohort. 

To examine whether the difference in LC behavior is based on a difference in the general 

mutation distribution and frequency, these aspects were analyzed within the IGL 

segments. 
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When stratifying the AL sequences for the presence or absence of a clonal HC binding partner, 

the IGLV (9.0 vs. 7.0) and IGLJ segments of AL HC sequences showed a mutation more often 

(82 % vs. 33 %) – this was particularly observed in the CDR regions (CDR1, CDR2, and 

CDR3 = 91 % vs. 67 %) (Table 21).  

In the analysis regarding the dFLC, AL > dFLC sequences presented a higher mutational load 

in the IGLV segment (9.0 vs. 8.0), and all sequences with a mutation in the IGLC segment were 

assigned to this subgroup (18 % vs. 0 %). In addition, a higher mutation frequency in CDR1 

was detected in the AL > dFLC sequences (91 % vs. 67 %) (Table 21). 

 

Table 21. Comparison of the percentage of mutated IGL segments and average mutation 

count between AL amyloidosis and multiple myeloma IGLV2-14 assigned light chain 

sequences. The analysis was also performed with respect to different subgroups. AL = AL amyloidosis patients, 

MM = multiple myeloma patients, AL_H = AL amyloidosis patients with dominant heart involvement, 

AL_HK = AL amyloidosis patients with dominant heart and kidney involvement, CDR = complementary 

determining region, FR = framework region, AA = amino acid, HC = detectable clonal heavy chain in the 

immunofixation electrophoresis in serum, > dFLC = dFLC >180 mg/L, < dFLC = dFLC <180 mg/L, * = p ≤0.05, 

differences greater than 30 % and one (segments) or two (regions) additional mutations are marked in bold. 

FOR171, FOR173, and FOR201 were excluded, due to several ambiguously defined amino acids. The median 

mutation values were calculated using only the mutated segments/regions. The significance level was determined 

using the complete dataset. The Vbase2 IGLV2-14 reference sequence was used for calculations and the IGLC 

reference was trimmed at the C-terminus. The CDR3 region includes also the patient-specific linker region and 

the first two amino acids of the IGLJ segment and therefore spans 9-12 amino acids.  

 
 

 
mutated segments [%] 

median mutation count [n] 

 
 

n 
IGLV 
97 AA 

      
IGLJ 
12 AA 

IGLC 
77 AA 

 
 

  
FR1 
22 AA 

CDR1 
14 AA 

FR2 
15 AA 

CDR2 
7 AA 

FR3 
32 AA 

CDR3 

 
  

AL 
[%] 

14 
100 36 86 86 86 79 86 71 14 

[n] 8.5* 1.0 1.0 2.0 1.5 1.0 2.5 1.0 1.0 

AL_H 
[%] 

10 
100 20 90 80 90 80 80 80 10 

[n] 7.5* 1.0 1.0 2.0 1.0 1.0 3.0 1.0 1.0 

AL_HK 
[%] 

4 
100 75 75 100 75 75 100 50 25 

[n] 9.5* 1.0 1.0 2.0 2.0 3.0 2.0 2.0 1.0 

MM 
[%] 

8 
100 25 88 88 88 100 100 75 25 

[n] 11.5* 1.0 2.0 2.0 1.0 2.0 3.5 1.0 1.0 

AL HC 
[%] 

11 
100 36 91 82 91 82 91 82 18 

[n] 9.0 1.0 1.0 2.0 1.5 1.0 3.0 1.0 1.0 

AL no HC 
[%] 

3 
100 33 67 100 67 67 67 33 0 

[n] 7.0 1.0 2.0 2.0 1.5 2.0 1.5 1.0 0 

MM HC 
[%] 

7 
100 29 86 86 86 100 100 71 14 

[n] 11.0 1.0 2.5 2.5 1.0 2.0 3.0 1.0 1.0 

AL > dFLC  
[%] 

11 
100 36 91 82 82 82 82 73 18 

[n] 9.0 1.0 1.5 2.0 1.0 1.0 3.0 1.0 1.0 

AL < dFLC  
[%] 

3 
100 33 67 100 100 67 67 67 0 

[n] 8.0 1.0 1.0 2.0 2.0 1.5 2.0 1.5 0 

MM > dFLC 
[%] 

7 
100 14 86 86 86 100 100 71 29 

[n] 11.0 1.0 2.5 2.0 1.0 2.0 3.0 1.0 1.0 
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3.4.3 Sequence Alignment 

The higher overall mutation count in the MM sequences did also reflect in more mutation 

hotspots in the IGLV segment (9 vs. 3) (Figure 13 A). The AL sequences only presented two 

hotspots, which were restricted to a CDR region and shared by the MM sequences: 54S (CDR2, 

AL = AL = 11/16, MM = 6/8) and 96S (CDR3, AL = 8/16, MM = 5/8). Additional MM 

hotspots were defined at the following positions: 29V (CDR1, 4/8), 31G (CDR1, 4/8), 49M 

(FR2, 6/8), 62N (FR3, 6/8), 94T (CDR3, 4/8), 95S (CDR3, 5/8), and 97S (CDR3, 6/8). 

The shared mutation hotspot 54S (3rd position CDR2) is the most frequently mutated position 

(AL = 11/16, MM = 6/8) and both diseases showed an exchange towards threonine in most of 

the cases (AL = 7/11; MM = 4/6; cDNA = AGT→ACT) (Figure 13 A). Additionally, a 

preferential exchange towards threonine was also noted for the second shared hotspots in the 

CDR3 (S96). In general, the 96S mutation was detected more frequently in AL_HK (3/4) than 

in AL_H sequences (5/12). Interestingly, the AL_HK sequences presented an S96T mutation 

in three out of four cases and the same sequences presented a mutation at the eighth (K) or ninth 

(L or V) position of the IGLJ segment towards methionine (1x X with methionine or leucine as 

possibilities). This was not detected in the AL_H or MM sequences.  

In the following, the additional hotspots are analyzed chronologically (Figure 13 A). At 

position 29V, the MM sequences presented exclusively a mutation towards isoleucine 

(MM = 4/8, AL = 3/16, 1x X; cDNA = GTT→ATT). Position 31G was described as a MM 

mutation hotspot (4/8) but was also found frequently mutated in the AL sequences (7/16). An 

exchange towards the negatively charged AA aspartic acid was detected twice in the MM 

sequences and three times in the AL sequences (cDNA = GGT→GAT). The 49M MM mutation 

hotspot (6/8) was also found frequently mutated in the AL sequences (7/16, 6x AL_H, 1x 

AL_HK), with a prominent exchange for both diseases towards isoleucine (AL = 5/7, 

MM = 4/6; cDNA = ATG→ATX). At position 62N, the MM sequences presented a mutation 

in 6/8 cases but with no directed exchange pattern. Interestingly, the AL sequences showed at 

this position 5/16 times an exchange towards the negatively charged AA aspartic acid 

A more detailed analysis of the LC sequences was performed on AA level to identify 

potential unique mutations or mutation patterns that could influence the biochemical 

properties of the LC itself or discriminate the subgroups. This was carried out in a step-

wise procedure. First, general sequence characteristics such as mutation hotspots 

(mutations >50 %) and their location were identified separately for both diseases. Then 

the hotspots were analyzed in terms of an exchange towards a specific AA or AAs with 

the same side chain properties and the respective cDNA. In this analysis, the LC 

sequences with more than ten unambiguously determined AAs (marked as X) were 

included. 
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(MM = 2/6; cDNA = AAT→GAT). Regarding the CDR3 MM hotspot 94T, a most prominent 

exchange towards serine was noted (MM = 3/4, AL = 0/4; cDNA = exchange at the first 

nucleotide or the second nucleotide in the triplet). No exchange pattern was detected regarding 

the 95S MM mutation hotspot, but at position 97S (6/8, AL = 7/16 1x X) an exchange towards 

threonine was detected in three out of six cases.  

For the sake of completeness, it should be mentioned that the MM sequences showed a L-13F 

(cDNA = CTC→TTC) mutation in the leader region in five cases, but due to the oligonucleotide 

binding site, this region was not covered by the AL sequences. 

In general, no consistent IGLV-IGLJ linker region was noted despite an overlapping Ensembl 

IGLV2-14 reference (Figure 13 A). Interestingly, the AL sequences presented a mutation at 

the first position of the IGLJ segment in seven out of sixteen cases (AL_H = 6/12, 

AL_HK = 1/4) and the MM sequences in three out of eight cases. For the AL sequences, a 

mutation towards leucine was detected four times and once in the MM sequences (Figure 13 

A).  

When stratifying the sequences for a potential clonal HC binding partner, only one IGLV 

position is remarkable. Two out of three AL no HC sequences displayed a H41N mutation, 

which was not detected in any other sequence (Figure 13 B). In addition, two AL no HC 

sequences presented additional prolines in the linker region (FOR124_H = TPP, 

FOR225_HK = P) – this was only detected once in the AL HC sequences (FOR101_H = IP). 

No obvious mutation pattern was detected when stratifying for a dFLC >180 mg/L. 
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Figure 13. Sequence sections of IGLV2-14 assigned AL amyloidosis and multiple myeloma 

light chain sequences. A) Sequence sections of IGLV2-14 assigned AL amyloidosis and multiple myeloma 

light chain sequences B) Sequence sections of IGLV2-14 assigned AL amyloidosis light chain sequences 

corresponding to patients without detectable clonal heavy chain in serum. Bold = reference sequences, 

underlined = CDR regions, red highlight = discrepancy between the VBase2 and Ensembl IGLV2-14 reference, 

red letter = mutation, purple highlight = mutation hotspot, blue highlight = interesting mutation, X and grey 

highlight = not unambiguously determined amino acid, green letter = linker region, MM = multiple myeloma 

patients, AL = AL amyloidosis patients, _H = AL amyloidosis patient with dominant heart involvement, 

_HK = AL amyloidosis patient with dominant heart and kidney involvement, _HTX = AL amyloidosis patient 

who received a heart transplant. Only one IGLC reference is shown since the first amino acid can be defined as 

glycine in all cases. Amino acids were numbered according to the VBase2 reference. The complete amino acid 

sequence alignment is shown in Supplementary Information Figure 12. The complete cDNA sequence alignment 

is shown in Supplementary Information Figure 13. 

 

Overall, it is noticeable that several regions showed specific mutation patterns (Figure 13 A). 

The CDR1 region of AL sequences presented an additional charge in half of the cases 

(MM = 3/8) and in the remaining AL sequences an accumulation of glycine (4/8) or asparagine 

29 49 97

CDR1 | | CDR2 CDR3 |

IGLV2-14_Ensembl TGTSSDVGGYNYVSWYQQHPGKAPKLMIYEVSNRPSGVSNRFSGS SSYTSSSTLHS-------------

IGLV2-14*04_VBase2 TGTSSDVGGYNYVSWYQQHPGKAPKLMIYDVSNRPSGVSNRFSGS SSYTSSS-----------------

IGLV2-14*01_VBase2 TGTSSDVGGYNYVSWYQQHPGKAPKLMIYEVSNRPSGVSNRFSGS SSYTSSS-----------------

IGLJ1*01_Genbank --------------------------------------------- -----------YVFGTGTKVTVL-

IGLJ3/J2*01_Genbank --------------------------------------------- -----------VVFGGGTKLTVL-

IGLJ3*02_Genbank --------------------------------------------- -----------WVFGGGTKLTVL-

IGLC1*01_Genbank --------------------------------------------- -----------------------G

FOR155_H TGTSSDVGRYNYVSWYQHHPGTVPKLMIYDVTNRPSGVSDRFSGS SSYTTSSS---LVFGGGTKLTVLG

FOR159_H TGSSSDVGSYNYVSWYQQXPGKAPKLMIYDVTNRPSGVSNRFSGS SSYTATSAL--GVFGGGTKLTVLG

FOR122_H TGTSSDVGDYNYVSWYQQLPGKAPKLMIYDVTVRPSGVSNRFSGS SSFTSSSTV--ILFGGGTKLTVLG

FOR173_H TGTSSDVGGYKYVSWYQQDPGKAPRLMIFDVTNRPSGVSNRFSGS SSYTNTXXY--X-XXTGTXVTVLX

FOR124_H TGTSSDIGGHNFVSWYQQNPGKAPKLIIYDVTNRPSGVSNRFSGS SSYTSSSTPP-WVFGGGTKVTVLG

FOR204_H TGTSSDVGGYNYVSWYQQHSGKAPKLIIYDVTNRPSGVSNRFSGS NSYTSSSS---LVXGGGXXLTVLG

FOR101_H TGSSSDVGGYNYVSWYQQHPGKAPRLIIYHVNNRPSGVSNRFSGS GSFISSNIP--YVFATGTXVTVLG

FOR171_H TGTSSDXGGYNYVSWYQQXPGXAPKVIIYSXNNRPSGVSDRFSGS ISYNTDSGD--YVFGXGTKVTVLX

FOR201_H TGISSDVGTYEYVSWYQQHPGKAPTLVIYDARNRPSGVSDRFSGS SSYRRTTLD--LLFGGGTKLTVLR

FOR157_H TGTSSDVGGYYYVSWYQQHPGKVPKLMIFDVSNRPSGVSDRFSGS SSYTSSGT---GVFGXGTKVTVLG

FOR202_H TGTSGDIGDYSYVSWYQQHPGKAPKLMIYDDSYRPSGISNRFSGS SSYTSSSTLL-YVFGTGTKVTVLG

FOR196_HTX TGTSSDVGGYDYVSWYQQHPGKAPKVLIFDVSDRPSGVSNRFSGS SSYASVGAS--VVFGGGTKLTVLG

FOR220_HK TGTNNDIYVYNFVSWYQHHPGKAPNLIIYEVTNRPSGISSRFSGS SSYTNTSXL--VVFGEGTMLTVLS

FOR230_HK TGTSSDVGGFNYVSWYQQHPDKVPKLMIYEVRYRPSGVSNRFSGS GSYTSTGT---LVFGGGTKMTVLG

FOR225_HK TGTSSDVGDYNYVSWYQQHPGEVPKLMIYDVSNRPSGISDRFSGS SSYTSTNP---WVFGGGTXLTVLG

FOR190_HK TGTSSDVGGYNYVSWYQQNPGKAPKLMISDVSSRPSGVSNRFSGS SSYTSSGTN--VVFGGGTKLTVLG

MM102 TGTSSDINDYNYVSWYQQHPGKAPKLMIYDVFNRPSGVSSRFSGS GSYTGTTL---YVFGAGTKVTVLG

MM126 TGTSRDVADYNYVSWYQQHPGKAPKVMIYDVTNRASGVSARFSGS TSYSSTTSL--VVFGGGTRLTVLS

MM103 NGTSSDIGGYNYVSWYQQHPDTAPKLIIYEVTNRPSGVFTRFSGS ASYTRSDT---WVFGGGTKLTVLG

MM130 TGTSSDVGGHNYVSWYQHHPGKAPILIIYEVTNRPSGVSDRFSGS SSYSRTN----LLFGGGTKLTVLG

MM153 TGTSSDIGAFNYVSWYQHRPGKAPKLIIYDVTNRPSGVSNRFSGS SSYTSKNT---PVLGGGTKLTVLG

MM129 TGTSSDIGGYNYVSWYQQHPDKAPKLIIYDVAKRPPGVSSHFSGS SSYSSRTTL--EVFGGGTKLTVLS

MM136 TGTSSDVGSFNYVSWYQQHPGKAPKLLIFDVSDRPSGVSDRFSGT SSYAISSTD--VVFGGGTKLTVLG

MM147 TGTSSDVGGYNYVSWYQHHPGKAPKVLIYEVSNRPSGVSNRFSGS SSYTTSSIY—VVFGVGTKLTVLG

AL no HC

41

CDR1 | CDR2 CDR3

IGLV2-14_Ensembl TGTSSDVGGYNYVSWYQQHPGKAPKLMIYEVSNRPSGVSNRFSGS SSYTSSSTLHS-------------

IGLV2-14*04_VBase2 TGTSSDVGGYNYVSWYQQHPGKAPKLMIYDVSNRPSGVSNRFSGS SSYTSSS-----------------

IGLV2-14*01_VBase2 TGTSSDVGGYNYVSWYQQHPGKAPKLMIYEVSNRPSGVSNRFSGS SSYTSSS-----------------

FOR124_H TGTSSDIGGHNFVSWYQQNPGKAPKLIIYDVTNRPSGVSNRFSGS SSYTSSSTPP-WVFGGGTKVTVLG

FOR190_HK TGTSSDVGGYNYVSWYQQNPGKAPKLMISDVSSRPSGVSNRFSGS SSYTSSGTN--VVFGGGTKLTVLG

FOR225_HK TGTSSDVGDYNYVSWYQQHPGEVPKLMIYDVSNRPSGISDRFSGS SSYTSTNP---WVFGGGTXLTVLG

A

B
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(4/8, MM = 1x) in the CDR3. Only one AL and MM sequence showed an additional charge in 

the CDR1 region and an additional glycine in the CDR3 (Asparagine = 2x AL, 1x MM). It is 

also worth mentioning that more than half of the MM sequences presented an insertion of at 

least one additional charge in the CDR3 region (MM = 5/8; AL = 2/16, p = 0.021 (Fischer)). 

 Interestingly, these MM sequences corresponded in four out of five cases to a sequence, which 

displayed a M49 as well as a 54S mutation (AL n = 1). In contrast, a higher content of small 

AAs like glycine, alanine, or proline was noted in the CDR3 region of AL than MM sequences 

(Figure 14). 

 

 

Figure 14. Comparison between the amino acid probability in the CDR3 region of IGLV2-

14 assigned AL amyloidosis and multiple myeloma light chain sequences. AL = AL 

amyloidosis patients, MM = multiple myeloma patients, red letter = negatively charged amino acid, green 

letter = positively charged amino acid, yellow letter = small amino acids glycine, proline, and alanine. Amino acid 

numbers were assigned according to the VBase2 IGLV2-14 reference. The linker region spans positions 98-100, 

the IGLJ segments start at position 101. If only one or two amino acids were detected in the linker region, this is 

indicated by the width of the letter. 

 

3.4.4 Amino Acid Composition  

The detected differences in the CDR3 region of MM and AL sequences did also reflect in the 

overall AA composition. The AL sequences displayed a higher amount of glycine, the MM 

sequences a higher amount of the positively charged AA arginine. In addition, a median 

percentage of methionine was detected in the AL sequences, which was not the case in the MM 

sequences (Supplementary Information Table 4). 

When analyzing the sequences concerning the AL organ tropism, several differences were 

noticed (Figure 15). The AL_H sequences displayed a higher amount of serine (17.0 % vs. 

15.7 %) and threonine (9.9 % vs. 9.0 %) than the AL_HK sequences. In addition, a higher 

AL MM

The overall percentage of the individual AAs was calculated to evaluate the effect of the 

detected mutations and mutation patterns and to get an overview of the overall LC 

composition. Only differences ≥0.5 % are mentioned in the following, differences 

>0.5 % are numerically specified. 
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amount of aspartic acid, leucine, and a lower amount of asparagine (3.2 % vs. 4.0 %) and 

glutamic acid was detected in AL_H than in AL_HK sequences.  

 

 

Figure 15. Comparison of the overall amino acid percentage of threonine, asparagine, and 

serine in the IGLV2-14 light chain sequences between the AL amyloidosis organ tropism 

and the multiple myeloma cohort. The amino acid percentage was calculated using the complete trimmed 

light chain sequence. MM = multiple myeloma patients, AL_H = AL amyloidosis patients with dominant heart 

involvement, AL_HK = AL amyloidosis patients with dominant heart and kidney involvement. 

 

Stratifying the sequences for the presence or absence of a clonal HC, a higher amount of leucine, 

tyrosine, and valine was detected in the AL HC sequences than in the AL no HC sequences. In 

contrast, a higher amount of serine (17.5 % vs. 16.9 %) and especially asparagine (4.2 % vs. 

3.2 %) was noted in the AL no HC sequences (Figure 16). 

The AL sequences corresponding to patients with a dFLC >180mg/L showed a higher amount 

of alanine, asparagine, aspartic acid, isoleucine, tyrosine, and leucine (6.9 % vs. 6.4 %, 

p = 0.051 (U-test)). The AL < dFLC sequences showed a higher percentage of arginine, glycine, 

valine, and especially threonine (9.0 % vs. 10.2 %) (Figure 16). 
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Figure 16. Comparison of the overall amino acid percentage of asparagine and threonine 

in IGLV2-14 assigned AL amyloidosis and multiple myeloma light chain sequences with 

respect to the presence or absence of a clonal heavy chain or a dFLC >180 mg/L. (A) 

Comparison of the overall amino acid percentage of asparagine and threonine in IGLV2-14 assigned AL 

amyloidosis and multiple myeloma light chain sequences, when stratifying for the presence of a clonal heavy chain 

in serum (B) Comparison of the overall amino acid percentage of asparagine and threonine in IGLV2-14 assigned 

AL amyloidosis and multiple myeloma light chain sequences when stratifying for a dFLC >180 mg/L. The amino 

acid percentage was calculated using the complete trimmed light chain sequence. MM = multiple myeloma 

patients, AL = AL amyloidosis patients, HC = detectable clonal heavy chain in the immunofixation electrophoresis 

in serum, > dFLC = dFLC >180 mg/L, < dFLC = dFLC <180 mg/L. 

 

3.4.5 Biophysical Parameters 

Regarding the AGG value, the MM sequences presented a higher value than the AL sequences 

(1012.4 vs. 803.8) but no difference was noted when stratifying the AL sequences for dominant 

organ involvement (Table 22). In contrast, the AL HC sequences (830.1 vs. 753.0, p = 0.018 

(U-test)) as well as the AL > dFLC sequences (828.1 vs. 741.1) showed a higher value than the 

respective other subgroup.  

A B

O

NH2

O

OH

NH2

NH2

O

OH

OH

Several parameters were calculated to evaluate the effect of the mutations and amino 

acid composition on the biophysical properties of the LCs. The AGG parameter was 

included to determine the tendency for a beta sheet aggregation. The grand average of 

hydropathicity (GRAVY) value is defined by the sum of hydropathy values of all AA 

divided by the protein length. A negative GRAVY-value indicates a hydrophilic nature 

and a possible interaction of the linear protein with water molecules. The pI was also 

calculated to examine the theoretical stability of the LCs. In this context, the pI of the 

patient-derived LCs itself and the difference in comparison to a reference sequence (ΔpI) 

was calculated. This was performed for the complete LC (IGLVJC) and the IGLV and 

IGLJ segments (IGLVJ). In addition, the average molecular weight (Mw) of the LCs was 

specified. 
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In the analysis of the GRAVY score, the AL sequences showed a lower score than the MM 

sequences (-0.284 vs. -0.264) – this was especially evident in the AL_HK sequences (-0.292). 

No differences were noted when stratifying for the presence of a clonal HC binding partner or 

dFLC (Table 22). 

When analyzing the pI and ΔpI of the complete LC and the IGLVJ-segments, a higher value of 

the MM than AL sequences was noted in all cases (pI: IGLVJC = 6.77 vs. 6.59, IGLVJ = 6.41 

vs. 5.92; ΔpI: IGLVJC = -0.32 vs. -0.50, IGLVJ = -0.34 vs. -0.70) (Table 22). Analyzing the 

AL sequences with respect to the organ involvement, the AL_HK sequences presented a higher 

pI IGLVJ (6.03 vs. 5.85; ΔpI IGLVJ -0.72 vs. -0.61) but a lower pI IGLVJC (6.15 vs. 6.76; ΔpI 

IGLVJ -0.70 vs. -0.33) than AL_H sequences. When stratifying the sequences concerning a 

potential HC binding partner, the AL HC subgroup presented a higher pI than the AL no HC 

subgroup (pI IGLVJC 6.76 vs. 6.42, pI IGLVJ 6.04 vs. 5.61). AL no HC sequences showed a 

lower median ΔpI in the IGLVJ segments (-1.13 vs. -0.70) but a higher ΔpI IGLVJC (-0.34 vs. 

-0.65) than the AL HC sequences. The AL > dFLC sequences displayed a higher pI IGLVJC 

(6.76 vs. 6.42) and lower pI IGLVJ (5.64 vs. 6.26). In both cases, the ΔpI was lower than in the 

AL < dFLC sequences (ΔpI IGLVJC: -0.88 vs. -0.34, ΔpI IGLVJ -0.94 vs. -0.49). In summary, 

a stringent tendency towards a higher pI was only noted in the MM than AL and AL HC than 

AL no HC cohorts. 

The MM sequences also presented a higher Mw than the AL sequences (19655 vs. 19580), 

which was also noted in the AL_HK sequences in comparison to the AL_H sequences (19751 

vs. 19542) (Table 22). No difference was detected when considering a clonal HC binding 

partner but the AL > dFLC sequences presented a higher Mw than the AL < dFLC sequences 

(19630 vs. 19539). 

 

Table 22. Overview and comparison between different biophysical parameters of IGLV2-

14 assigned AL amyloidosis and multiple myeloma light chain sequences and between 

different subgroups. AL = AL amyloidosis patients, MM = multiple myeloma patients, AL_H = AL 

amyloidosis patients with dominant heart involvement, AL_HK = AL amyloidosis patients with dominant heart 

and kidney involvement, HC = detectable clonal heavy chain in the immunofixation electrophoresis in serum, > 

dFLC = dFLC >180 mg/L, < dFLC = dFLC <180 mg/L, AGG = β-sheet aggregation tendency, GRAVY = grand 

average of hydropathicity, pI = isoelectric point, ΔpI = difference between light chain sequence and respective 

reference sequence, IGLVJC = trimmed full-length light chain, IGLVJ = connected IGLV and IGLJ segments, 

Mw = average molecular weight, * = p ≤0.05.  

 
median  

AGG 

median  

GRAVY 

median 

pI  

IGLVJC 

median 

ΔpI  

IGLVJC 

median 

pI  

IGLVJ 

median 

ΔpI  

IGLVJ 

median 

Mw 

(average)  

AL 803.8 -0.284 6.59 -0.50 5.92 -0.70 19580 

AL_H 803.8 -0.284 6.76 -0.33 5.85 -0.61 19542 

AL_HK 791.6 -0.292 6.15 -0.70 6.03 -0.72 19751 

MM 1012.4 -0.264 6.77 -0.32 6.41 -0.34 19655 
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median  

AGG 

median  

GRAVY 

median 

pI  

IGLVJC 

median 

ΔpI  

IGLVJC 

median 

pI  

IGLVJ 

median 

ΔpI  

IGLVJ 

median 

Mw 

(average)  

AL HC 830.1* -0.284 6.76 -0.65 6.04 -0.70 19595 

AL no HC 753.0* -0.298 6.42 -0.34 5.61 -1.13 19615 

MM HC 1131.0 -0.246 6.77 0.01 6.75 0.01 19625 

AL > dFLC 828.1 -0.291 6.76 -0.88 5.65 -0.94 19630 

AL < dFLC 741.1 -0.284 6.42 -0.34 6.25 -0.49 19539 

MM > dFLC 893.8 -0.282 6.76 -0.64 6.06 -0.68 19685 

 

3.4.6 Summary IGLV2-14 

IGLV2-14 was one of the most frequently detected IGLV subfamilies in the AL (second, 20 %, 

n = 16) and MM cohort (third, 15 %, n = 8). Both diseases displayed an IGLJ2/IGLC2 linkage 

in most of the cases, but the AL sequences presented an IGLJ1/IGLC1 linkage more often than 

the MM sequences (5/16 vs. 1/8). In addition, an association with the presence of a HC was 

noted for both diseases and for the MM cohort also towards a dFLC >180 mg/L. 

Of note, MM sequences presented a significantly higher median mutation count in the IGLV 

segment than AL sequences (11.5 vs. 8.5, p = 0.026) which further resulted in more mutational 

hotspots (9 vs. 2). The two AL-associated hotspots were restricted to a CDR region and shared 

by the MM cohort. In more detail, position S54 (third position CDR2) was one of the most 

frequently mutated MM positions and the most frequently mutated AL position. In contrast, for 

the hotspot position 62N, a difference was detected between the two diseases. While six out of 

eight MM sequences presented a mutation to various AAs, five out of sixteen AL sequences 

displayed a mutation towards the negatively charged AA aspartic acid (MM = 2x). Besides the 

mutation hotspots, several regions presented variations. For example, the CDR1 region of AL 

sequences showed an additional charge in half of the cases (MM = 3/8), and the other half 

showed equally distributed an additional glycine or asparagine in the CDR3 (MM = 1x N). 

More generally, the CDR3 region of AL sequences displayed a tendency towards small AAs 

like glycine, alanine, or proline. In contrast, the CDR3 region of MM sequences presented an 

insertion of at least one additional charge in five out of eight cases (AL = 2/16, p = 0.039). This 

concerned especially sequences with a mutation at position 49M and 54S (4/5). These findings 

correlate with a higher percentage of glycine in AL and aspartic acid in the full-length MM 

sequences. Besides the IGLV segment, the first AA of the IGLJ segment also presented a high 

mutation frequency and exchange tendency. The AL sequences showed a mutation in seven out 

of sixteen cases (4x leucine) and the MM sequences in three out of eight cases (1x leucine). In 

the analysis of several biochemical parameters, a higher β-sheet aggregation tendency, Mw, 

and pI were detected for the MM than AL sequences. 
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In the analysis regarding the AL organ tropism, both subgroups displayed IGLV2-14 as 

the second most common IGLV subfamily. However, the AL_H (n = 12) sequences presented 

more frequently an IGLJ1/IGLC1 linkage, and the AL_HK subgroup (n = 4) an IGLJ2/IGLC2 

linkage. Overall, a higher median mutation count was detected in the IGLV (9.5 vs. 7.5) and 

IGLJ segment of AL_HK than AL_H sequences. Interestingly, this difference was especially 

prominent in the more stable FR1 and FR3 regions. Besides these overall differences, it was 

possible to detect two potential associated mutations in three out of four AL_HK sequences: at 

position S96T and at the seventh or eighth position in the IGLJ segment towards methionine. 

This might influence the overall higher percentage of serine in AL_H sequences and threonine 

in AL_HK sequences. In general, the AL_HK sequences showed a higher Mw than the AL_H 

sequences. Regarding the pI, different tendencies were found depending on considering the 

complete LC or only the IGLVJ segments. 

The IGLV2-14-IGLJ1-IGLC1 linkage was not only found to be associated with AL and 

AL_H sequences but also with a present clonal HC in serum (AL_H HC: 37 % vs. 6 %; 

p = 0.034; MM no HC n = 1). Furthermore, AL HC sequences (n = 12) showed a higher median 

mutation count in the IGLV and IGLJ segments, with the most prominent difference in the CDR 

regions. Two out of four AL no HC sequences showed a H41N mutation and one or two 

additional prolines in the linker region. In contrast, only one AL HC sequence showed an 

additional proline in the linker region. Additionally, the AL HC sequences presented a 

significantly higher β-sheet aggregation tendency (830.1 vs. 753.0, p = 0.018), a higher pI, and 

a lower average Mw than the AL no HC sequences. 

As already described for the HC analysis, the AL > dFLC (n = 11) subgroup also showed 

an association with IGLJ1/IGLC1 (MM < dFLC n = 1). Additionally, a higher mutation load in 

the IGLV and IGLC segment was detected in the AL > dFLC subgroup but no specific sequence 

feature or mutation was noted. However, the AL > dFLC sequences contained a higher 

percentage of several AAs including leucine (6.9 % vs. 6.4 %, p = 0.051) and a specifically 

lower percentage of threonine. In addition, a higher β-sheet aggregation tendency and a higher 

Mw were detected for the AL > dFLC sequences. 

 

3.5 IGLV3-1 

IGLV3-1 was detected as the third most commonly used IGLV subfamily in AL and the fourth 

most common IGLV subfamily in MM – comprising 13 AL_H (2x AL_HTX), two AL_HK, 

and three MM sequences (Table 23). 
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Due to the VLKL3c_Huhn oligonucleotide binding site, only the area starting from the FR2 

region was amplified and sequenced in the first PCR step. By further sequencing reactions 

(Figure 10), a N-terminal elongated sequence was generated for all AL sequences except 

FOR132. Therefore, this sequence was excluded in the analysis. 

Also, the bulk RNA seq data of the IGLV3-1 MM sequences presented a variation compared to 

the other IGLV subfamilies. The generated LC sequences did not cover the complete leader 

region and comprised only the last five AAs. To test the comparability of the sequences, one 

MM sequences (MM12) was Sanger sequenced and the dominant signals were in all cases 

consistent with the respective sequences (Supplementary Information Figure 14). In 

addition, the bioinformatic analysis identified several sequence sections in the bulk RNA 

sequencing data of MM120, leading to sequence gaps and additional sequence variations in the 

CDR3. These gaps were resolved with the Sanger sequencing results. 

Thus, with additional sequencing reactions for AL and MM samples, the LC sequence could be 

verified and complemented to enable detailed analysis. 

3.5.1 Subgroup Analysis 

Six out of fifteen AL IGLV3-1 patients displayed a detectable clonal HC in serum (4x IgG, 1x 

IgA, 1x IgG+IgD) and two out of three MM patients (2x IgG) (Table 23). The distribution of 

the HC classes is in line with the approximate percentage of the total Ig in the adult serum 

(Lefranc and Lefranc 2020). The third MM sequence corresponded to a patient with a dFLC 

>180mg/L as well as fourteen out of fifteen AL sequences. Due to the low < dFLC sample 

number a subgroup analysis regarding a dFLC >180 mg/L was not performed. 

 

Table 23. Overview of selected characteristics of 15 AL amyloidosis and 3 multiple 

myeloma patients with IGLV3-1 assigned light chain sequences. The column "X AA [n]" defines 

how many amino acids were not determined unambiguously. Organ inv. = organ involvement, AL_H = AL 

amyloidosis patients with dominant heart involvement, AL_HK = AL amyloidosis patients with dominant heart 

and kidney involvement, AL_HTX = AL amyloidosis patients who received a heart transplant, AL = AL 

amyloidosis, MM = multiple myeloma, HC in IFE = detectable clonal heavy chain in the immunofixation 

electrophoresis in serum. NA = not available, AA = amino acid, short = no N-terminal longer sequence with 

additional oligonucleotides could be generated. 

Patient Disease 
Organ 

inv. 
IGLJ IGLC X AA [n] HC in IFE 

dFLC 

[mg/L] 

FOR123 AL AL_H IGLJ2 IGLC2 0 G+D 1878.0 

FOR179 AL AL_H IGLJ2 IGLC2 0 - 496.8 

FOR130 AL AL_HTX IGLJ2 IGLC2 0 - 1380.2 

FOR161 AL AL_HTX IGLJ1 IGLC1 0 - 198.4 

FOR120 AL AL_H IGLJ3 IGLC2 1 - 863.3 

FOR206 AL AL_H IGLJ2 IGLC2 0 G 2685.3 

FOR215 AL AL_H IGLJ7 IGLC7 0 G 1477.7 

FOR118 AL AL_H IGLJ1 IGLC1 1 A 32.5 

FOR134 AL AL_H IGLJ1 IGLC1 0 G 694.4 
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Patient Disease 
Organ 

inv. 
IGLJ IGLC X AA [n] HC in IFE 

dFLC 

[mg/L] 

FOR132 AL AL_H IGLJ2 IGLC2 0 - short - 296.0 

FOR131 AL AL_H IGLJ3 IGLC3 0 - 381.7 

FOR116 AL AL_H IGLJ2 IGLC2 0 G 1342.8 

FOR195 AL AL_H IGLJ2 IGLC2 0 - 1543.5 

FOR191 AL AL_HK IGLJ2 IGLC2 0 - 467.0 

FOR189 AL AL_HK IGLJ1 IGLC1 0 - 474.0 

MM120 MM - IGLJ2 IGLC2 0 G 54.0 

MM139 MM - IGLJ1 IGLC1 0 G 1.7 

MM146 MM - IGLJ2 IGLC2 0 - 4572.4 

 

3.5.2 Mutation Frequency and Count 

In the analysis regarding the mutational count and frequency, the IGLV3-1 MM sequences 

presented a higher IGLV median mutational count (12.0 vs. 7.0, p = 0.012 (U-test), reference 

trimmed = 83 AA) and more often a mutation in the IGLC segment (33 % vs. 7 %, reference 

trimmed = 77 AA) than the AL sequences (Table 24). In more detail, a significantly higher 

mutational load was detected in the CDR1 (4.0 vs. 2.5, p = 0.032 (U-test), reference = 12 AA) 

and a higher mutation frequency in the more conserved FR regions of MM sequences. As in 

IGLV2-14, FR1 was the least often mutated region. 

In the analysis regarding the AL organ tropism, the AL_H sequences comprised all sequences 

with a FR1 (50 % vs. 0 %) and IGLC mutation (8 % vs. 0 %) and showed more frequently a 

mutation in IGLJ, CDR2, CDR3, and less in FR2 (Table 24). However, it should be noted that 

only two sequences were assigned to the AL_HK subgroup. 

When stratifying the sequences concerning a present clonal HC, a higher mutational load was 

detected in the IGLV segment of AL HC (8.0 vs. 7.0) and MM HC (13.0 vs. 10.0) sequences 

than in the respective other subgroup (Table 24). While only the MM sequences with a mutation 

in the IGLC segment corresponded to a patient without detectable HC, all IGLC mutated AL 

sequences corresponded to the AL HC subgroup. In addition, AL HC sequences displayed a 

higher mutation frequency in FR3 than the AL no HC subgroup (100 % vs. 38 %, 2.0 vs. 2.0, 

reference = 32 AA). In contrast, the AL no HC sequences presented a higher mutation 

frequency in CDR1 (100 % vs. 67 %). 

 

 

To examine whether the difference in LC behavior is based on a difference in the general 

mutation distribution and frequency, these aspects were analyzed within the IGL 

segments. 
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Table 24. Comparison of the percentage of mutated IGL segments and average mutation 

count between AL amyloidosis and multiple myeloma IGLV3-1 assigned light chain 

sequences. The analysis was also performed with respect to different subgroups. AL = AL amyloidosis patients, 

MM = multiple myeloma patients, CDR = complementary determining region, FR = framework region, 

AA = amino acid, AL_H = AL amyloidosis patients with dominant heart involvement, AL_HK = AL amyloidosis 

patients with dominant heart and kidney involvement. HC = detectable clonal heavy chain in the immunofixation 

electrophoresis in serum, * = p ≤0.05, Differences greater than 30 % and one (segments) or two (regions) 

additional mutations are marked in bold. The median mutation values were calculated using only the mutated 

segments/regions. The significance level was determined using the complete dataset. FOR134 was excluded due 

to N-terminal shortening. The Vbase2 IGLV3-1 reference sequence was used for calculations. The IGLV and the 

IGLC references were trimmed at the N- or C-terminus, therefore the FR1 comprised only 10 amino acids. The 

CDR3 region includes also the patient-specific linker region and the first two amino acids of the IGLJ segment 

and therefore spans 9-11 amino acids. The MM no HC subgroup comprised only one patient and was therefore 

neglected. 

 
 

 
mutated segments [%] 

median mutation count [n] 

 
 

n 
IGLV 
83 AA 

      
IGLJ 
12 AA 

IGLC 
77 AA 

 
 

  
FR1 
10 AA 

CDR1 
12 AA 

FR2 
15 AA 

CDR2 
7 AA 

FR3 
32 AA 

CDR3 

 
  

AL 
[%] 

14 
100 43 86 64 86 64 93 79 7 

[n] 7.0* 1.0 2.5* 2.0 1.0 2.0 2.0 1.0 1.0 

AL_H 
[%] 

12 
100 50 83 58 92 67 100 83 8 

[n] 7.0 1.0 2.5 2.0 1.0 2.0 2.0 1.5 1.0 

AL_HK 
[%] 

2 
100 0 100 100 50 50 50 50 0 

[n] 6.5 0 2.5 1.5 2.0 2.0 2.0 1.0 0 

MM 
[%] 

3 
100 67 100 100 100 100 100 100 33 

[n] 12.0* 1.0 4.0* 1.0 2.0 1.0 2.0 1.0 1.0 

AL HC 
[%] 

6 
100 50 67 50 100 100 100 83 17 

[n] 8.0 1.0 2.5 2.0 1.0 2.0 2.0 1.0 1.0 

AL no HC 
[%] 

8 
100 38 100 75 75 38 88 75 0 

[n] 7.0 1.0 2.5 2.0 1.5 2.0 2.0 1.5 0 

MM HC 
[%] 

2 
100 50 100 100 100 100 100 100 0 

[n] 13.0 1.0 4.0 2.0 2.0 2.5 2.5 1.5 0 

 

3.5.3 Sequence Alignment 

Since only three MM sequences were assigned to the IGLV3-1 family, only positions that were 

mutated in all sequences were considered mutation hotspots. The AL sequences were still 

analyzed for a ≥50 % cutoff. 

A more detailed analysis of the LC sequences was performed on AA level to identify 

potential unique mutations or mutation patterns that could influence the biochemical 

properties of the LC itself or discriminate the subgroups. This was carried out in a step-

wise procedure. First, general sequence characteristics such as mutation hotspots 

(mutations >50 %) and their location were identified separately for both diseases. Then 

the hotspots were analyzed in terms of an exchange towards a specific AA or AAs with 

the same side chain properties and the respective cDNA. In this analysis, the LC 

sequences with more than ten unambiguously determined AAs (marked as X) were 

included. 
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In a more detailed sequence analysis, it was possible to identify three AL hotspots: 32A (CDR1, 

7/14), 51S (CDR2, 11/14), and 93S (CDR3, 7/14), which were all located in a CDR region and, 

except of 51S, shared by the MM sequences (32A = 3/3, 93S = 3/3; 51S = 2/3). The MM 

sequences further presented the 94S (CDR3, 3/3) mutation hotspot (Figure 17).  

At the shared hotspot 32A, an exchange toward valine was detected in the MM sequences two 

times (cDNA valine = GCT→GTT), while the AL sequences presented an exchange towards 

valine or threonine equally frequent (3/7 each¸ cDNA threonine = GCT→ACT) (Figure 17). 

Position 51S (third position CDR2) can be described as the most frequently mutated AL hotspot 

(11/14) and in most of the cases, an exchange towards threonine was noted (6/11, 

cDNA = AGC→ACC). However, the MM sequences displayed a S51N exchange two times 

(AL = 3x). At the third shared mutation hotspot, 93S, a mutation towards asparagine was 

detected in three out of seven AL cases and again two times in the MM sequences. The 

additional MM hotspot 94S did not present a distinct exchange pattern. 

Despite not reaching the mutation cutoff for both diseases, position C33 should be mentioned. 

If mutated, both diseases displayed exclusively an exchange towards serine (MM = 2/3, 

AL = 5/14, cDNA = TGC→TCC). 

It is worth mentioning that the AL sequences displayed the replacement of a positive charge at 

position 26K (CDR1) in six out of fourteen sequences. In contrast, for two out of three MM 

sequences, an additional charge in the CDR2 was detected. This concerned especially position 

49Q (MM120: Q49R, MM139: Q49E; AL = 1x Q49E).  

Overall, the AL and MM sequences did not show a specific linker region, even though a present 

overlapping Ensembl reference. However, at the first AA of the IGLJ segment, a mutation was 

detected in more than half of the AL (8/14) and all MM sequences (3/3) (Figure 17). The AL 

sequences equally frequently showed a mutation towards glycine or alanine (3x each), which 

was also detected one time each in the MM sequences. 
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Figure 17. Sequence sections of IGLV3-1 assigned AL amyloidosis and multiple myeloma 

light chain sequences. Bold = reference sequences, underlined = CDR regions, red letter = mutation, purple 

highlight = mutation hotspot, X and grey highlight = not unambiguously determined amino acid, green 

letter = linker region, MM = multiple myeloma patient, _H = AL amyloidosis patient with dominant heart 

involvement, _HK = AL amyloidosis patient with dominant heart and kidney involvement, HTX = AL 

amyloidosis patient who which received a heart transplant. Only one IGLC reference is shown, due to the fact, that 

the first amino acid can be in all cases defined as glycine. Amino acids were numbered according to the VBase2 

reference. The complete amino acid sequence alignment is shown in Supplementary Information Figure 15. The 

complete cDNA sequence alignment is shown in Supplementary Information Figure 16. 

 

No distinct mutation pattern was noted when analyzing the sequences concerning the AL organ 

tropism. In contrast, in the subgroup analysis regarding the presence of a clonal HC binding 

partner, several differences were detected. The 32A mutation hotspot seemed to cluster to AL 

no HC sequences (5/8 vs. 2/6) as well as the C33S mutation (4/8 vs. 1/6). Contrastingly, both 

MM HC sequences showed the C33S mutation. Both, the CDR3 region of AL HC and AL no 

HC sequences presented a difference in the alanine and glycine content (Figure 18). At position 

92S and 93S, two AL HC sequences displayed a mutation towards glycine, at position 94S one 

time towards alanine and as already described three times at the first AA of the IGLJ segment. 

The AL no HC sequences showed an additional glycine in the linker region two times as well 

as three times at the first AA of the IGLJ segment (1x alanine). 

 

12 32                 51              93                

| CDR1 |                CDR2         CDR3 |                 

IGLV3-1*01_VBase2     VSPGQTASITCSGDKL----GDKYACWYQQKPGQSPVLVIYQDSKRPSGI    QAWDSST---------------

IGLV3-1_Ensembl       VSPGQTASITCSGDKL----GDKYACWYQQKPGQSPVLVIYQDSKRPSGI    QAWDSSTAH-------------

IGLJ1*01_Genbank      -------------------------------------------------- ---------YVFGTGTKVTVL-

IGLJ3/J2*01_Genbank   -------------------------------------------------- ---------VVFGGGTKLTVL-

IGLJ3*02_Genbank      -------------------------------------------------- ---------WVFGGGTKLTVL-

IGLC1*01_Genbank      -------------------------------------------------- ---------------------G

FOR130_HTX            VSPGQTASITCSGDIL----GDKYACWYQQRSGQSPVLVIYQDTRRPSGI    QAWETSTG-GVFGGGTKLTVLG

FOR161_HTX            VSPGQTASITCSGDKL----GDNYASWYQQKPGQSPVLVIYQDSRRPSGI    QAWDSST--GVFGPGTTVTVLG

FOR179_H              VSPGQTASIACSGDKL----DDKYVSWLQQKPGQSPFLVIYQDTKRPSDI    QAWDSTT--IIFGGGTKLTVLG

FOR120_H              VSPGQTASITCSGDNL----GNKYTCWYQQKPGQSPVLVIYQDTERPSGI    QAWDYNTVGFMFGGGTKLTVLG

FOR206_H              VSPGQTATITCSGDKL----GDQNACWYQQKPGQSPVVIIYEDTRRPSGI    QAWDGIT--AVFGGGTKLTVLS

FOR215_H              VSPGQTANITCSGDNL----GDKYISWYQQKPGQSPVLVIYQDTKRPSEI    QAWDNSA--AVFGGGTQVTVLG

FOR118_H              VSPGQTASITCSGDKL----GDKYACWYQQKPGQSPVLVIYQDNQRPSGI    QAWDTSIP-YVFGPGTTVTVLG

FOR134_H              VSPGQTASITCSGDGL----GDKFACWYQQKPGQSPVLVIYQDTKRPSGI    QTWDSNS--YVFGTGTKVTVLG

FOR131_H              VSPGQTASLTCSGDKL----GDKYASWYQQKPGQSPVVVVYQDDKRPSGI    QAWDSNT--VVFGGGTKLTVLG

FOR116_H              VSPGQTASITCSGDKL----GDKYACWYQQRPGQSPVLVIYQDNKRPSGI    QAWDSGT--AVFGGGTKLTVLG

FOR195_H              VSPGQTAIITCSGDTL----GDKFTSWYQQKSGQSPVLVMYQDSKRPSGI    QAWDSSI--AVFGGGTKLTVLG

FOR123_H              VSPGQTATITCSAHKL----GDKDVCWYQLRPGQSPLLVVYQDVKRPSGI    QAWDSST--MIFGGGTKLTVLG

FOR191_HK             VSPGQTASITCSGDQL----RDEYTCWYQQKVGQSPVLVIYQNNKRPSGI    QAWDSST--VVFGGGTKLTVLG

FOR189_HK             VSPGQTASITCSGDKL----GDKYVCWYQQKSGQSPVVVIYQDSKRPSGI    QAWDSVT--GVFGGGTKLTVLG

MM_120                VSPGQTASITCSGDKLGDTLGNKYVSWYQVRPGHSPVLVIYRDSQRPSGI    QAWDSTSY-YVFGPGTTVTVLG

MM_139                VSPGQAASITCSGDRL----EDKYVSWYQQKPGQSPVLVMYEDNKRPSGI    QTWDSNI--AVFGGGTKLTVLG

MM_146                VSPGQTATITCSGDKL----QHQYTCWYQQKPGQSPLLVIYQDNKRPSGI    QAWDNNA--GVFGTGTKVTVLR
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Figure 18. Comparison between the amino acid probability in the CDR3 region of IGLV3-

1 assigned AL amyloidosis light chain sequences in the context of the absence or presence 

of a clonal heavy chain in serum. AL = AL amyloidosis patients, HC = detectable clonal heavy chain in 

the immunofixation electrophoresis in serum, blue = alanine, yellow = glycine. Amino acid numbers were 

assigned according to the VBase2 IGLV3-1 reference. The linker region spans positions 95 and 96, the IGLJ 

segments start at position 97. If only one or two amino acids were detected in the linker region, this is indicated 

by the width of the letter. 

 

3.5.4 Amino Acid Composition 

Comparing the overall AA composition of the AL and MM sequences, the only difference 

≥0.5 % was detected for the positively charged AA arginine – with a higher percentage in MM 

than AL sequences (1.7 % vs. 1.2 %) (Figure 19, Supplementary Information Table 5). 

When analyzing the AL sequences with regard to the organ involvement, the AL_H sequences 

presented a higher content of asparagine as well as of the small AAs alanine and proline. In 

contrast, the AL_HK sequences showed an especially high percentage of serine (13.4 % vs. 

12.2 %) and valine (7.9 % vs. 6.7 %) (Figure 19). 

AL HC AL no HC

The overall percentage of the individual AAs was calculated to evaluate the effect of the 

detected mutations and mutation patterns and to get an overview of the overall LC 

composition. Only differences ≥0.5 % are mentioned in the following, differences 

>0.5 % are numerically specified. 
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Figure 19. Comparison of the overall amino acid percentage of arginine, serine, and valine 

in IGLV3-1 assigned AL amyloidosis and multiple myeloma light chain sequences. (A) 

Comparison of the arginine percentage between IGLV3-1 assigned AL amyloidosis and multiple myeloma light 

chain sequences (B) Comparison of the serine and valine percentage in IGLV3-1 assigned light chain sequences 

between the AL organ tropism and multiple myeloma cohort. The amino acid percentage was calculated using the 

complete trimmed light chain sequence. AL = AL amyloidosis patients, MM = multiple myeloma patients, 

AL_H = AL amyloidosis patients with dominant heart involvement, AL_HK = AL amyloidosis patients with 

dominant heart and kidney involvement. 

 

The detected potential alanine enrichment in the CDR3 region of AL HC sequences did also 

reflect in a higher overall alanine percentage in the complete LC (9.3 % vs. 8.7 %). In addition, 

the AL HC sequences presented a higher percentage of asparagine (3.8 % vs. 2.9 %) and a lower 

percentage of serine (11.6 % vs. 12.8 %, p = 0.004 (t-test)) than the AL no HC sequences 

(Figure 20).  

 

A B

NH2

O

OH

OH

NH2

O

OH

NH2

O

OH

NH2

NH

HN



3 Results 3.5 IGLV3-1 Natalie Berghaus 

~ 91 ~ 

 

Figure 20. Comparison of the overall amino acid percentage of serine and asparagine 

between IGLV3-1 assigned AL amyloidosis and multiple myeloma sequences with respect 

to the presence or absence of a clonal heavy chain. The amino acid percentage was calculated using 

the complete trimmed light chain sequence. MM = multiple myeloma patients, AL = AL amyloidosis patients, 

HC = detectable clonal heavy chain in the immunofixation electrophoresis in serum. 

 

3.5.5 Biophysical Parameters 

The AL sequences presented a higher median AGG score than the MM sequences (1146.7 vs. 

1004.0), with an especially high score in the AL_HK sequences (1272.2; AL_H = 1146.7) 

(Table 25). In addition, the AL HC sequences presented a higher score than the AL no HC 

subgroup (1222.2 vs. 1146.7).  

No difference was noted between the AL and MM cohort with respect to the GRAVY score 

(Table 25). However, the AL_H sequences presented a lower value than the AL_HK sequences 

(-0.348 vs. -0.276). In the AL HC sequences, a slightly lower value than in the AL no HC 

sequences was detected. 
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Several parameters were calculated to evaluate the effect of the mutations and amino 

acid composition on the biophysical properties of the LCs. The AGG parameter was 

included to determine the tendency for a beta sheet aggregation. The grand average of 

hydropathicity (GRAVY) value is defined by the sum of hydropathy values of all AA 

divided by the protein length. A negative GRAVY-value indicates a hydrophilic nature 

and a possible interaction of the linear protein with water molecules. The pI was also 

calculated to examine the theoretical stability of the LCs. In this context, the pI of the 

patient-derived LCs itself and the difference in comparison to a reference sequence (ΔpI) 

was calculated. This was performed for the complete LC (IGLVJC) and the IGLV and 

IGLJ segments (IGLVJ). In addition, the average molecular weight (Mw) of the LCs was 

specified. 
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Regarding the theoretical stability and solubility, the MM sequences displayed a slightly higher 

pI IGLVJC value (5.32 vs. 5.04) and comparable IGLVJ value (4.70 vs. 4.60) than the AL 

sequences; this also reflected in the ΔpI values (IGLVJC = MM: -0.46, AL: -0.51; 

IGLVJ = MM: -0.15, AL: -0.38) (Table 25). Analyzing the AL organ tropism, the AL_H 

sequences showed a more pronounced decrease in ΔpI IGLVJC than the AL_HK sequences     

(-0.51 vs. -0.26). When stratifying for the presence of a clonal HC, no difference was found. 

The MM sequences showed a higher Mw than the AL sequences (18446 vs. 18193), with a 

more pronounced difference compared to the AL_HK sequences (18156, AL_H = 18193) 

(Table 25). In addition, AL HC sequences displayed a higher value than the respective other 

subgroup (18205 vs. 18152). 

 

Table 25. Overview and comparison between different biophysical parameters of IGLV3-

1 assigned AL amyloidosis and multiple myeloma light chain sequences and between 

different subgroups. AL = AL amyloidosis patients, MM = multiple myeloma patients, AL_H = AL 

amyloidosis patients with dominant heart involvement, AL_HK = AL amyloidosis patients with dominant heart 

and kidney involvement, HC = detectable clonal heavy chain in the immunofixation electrophoresis in serum, 

AGG = β-sheet aggregation tendency, GRAVY = grand average of hydropathicity, pI = isoelectric point, 

ΔpI = difference between the light chain sequence and the respective reference sequence, IGLVJC = trimmed full-

length light chain, IGLVJ = connected IGLV and IGLJ segments, Mw = average molecular weight. The MM no 

HC subgroup comprised only one patient and was therefore neglected.  

 
median  

AGG 

median  

GRAVY 

median 

pI  

IGLVJC 

median 

ΔpI  

IGLVJC 

median 

pI  

IGLVJ 

median 

ΔpI  

IGLVJ 

median 

Mw 

(average)  

AL 1146.7 -0.337 5.04 -0.51 4.60 -0.38 18193 

AL_H 1146.7 -0.348 5.04 -0.51 4.60 -0.38 18193 

AL_HK 1272.2 -0.276 5.13 -0.26 4.78 -0.26 18156 

MM 1004.0 -0.378 5.32 -0.46 4.70 -0.34 18446 

AL HC 1222.2 -0.348 5.21 -0.51 4.59 -0.37 18205 

AL no HC 1146.7 -0.309 5.04 -0.43 4.60 -0.45 18152 

MM HC 1180.6 -0.384 5.12 -0.78 4.66 -0.39 18518 

 

3.5.6 Summary IGLV3-1 

IGLV3-1 seemed to be more associated with AL (third most common, 18 %, n = 15) than MM 

(6 %, n = 3), and also the IGLJ/IGLC linkage presented variations. While most AL cases 

displayed an IGLJ2/IGLC2 linkage, two out of three MM sequences showed an IGLJ1/IGLC1 

linkage. Further, resolving the IGLV segment N-terminal was difficult for both diseases and in 

both sequencing approaches. An analysis regarding the dFLC was not performed, since IGLV3-

1 was associated with AL > dFLC sequences. 

In a comparison between AL and MM, the MM sequences presented more frequently mutated 

in the IGLV (12.0 vs. 7.0, p = 0.012) and IGLC segment – including all FR regions and 

especially CDR1 (4.0 vs. 2.5, p = 0.032). Both cohorts displayed three mutation hotspots, but 
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the MM cohort comprised only three sequences. So, only when all three sequences displayed a 

mutation a hotspot was defined. The MM and AL hotspots were all located in a CDR, and only 

one was exclusive to the AL (MM: 2/3) or MM (AL: 4/15) cohort. Despite sharing mutation 

hotspots, a different AA exchange tendency was noted. At position 32A, the MM sequences 

presented an exchange towards valine two times and the AL sequences towards valine or 

threonine equally. A more pronounced difference was detected for the not shared hotspot at 

position 51S. At this position, more than half of the AL sequences presented a S51T exchange, 

and two out of three MM sequences showed a S51N exchange. In addition, the CDR1 of AL 

sequences frequently presented the loss of a positively charged AA. In contrast, the CDR2 of 

MM sequences showed an additional charge. Addressing the IGLJ segment, the first AA was 

mutated in ≥50 % of the sequences regardless of the disease.  

Comparing the overall AAs composition, the only difference >0.5 % was noted for the 

positively charged AA arginine which was detected with a higher median percentage in the MM 

sequences. Regarding the pI and ΔpI, no major differences between the two diseases were noted 

but the AL sequences presented a higher aggregation tendency and a lower Mw than the MM 

sequences. 

In general, IGLV3-1 was the most common AL_H (n = 13) IGLV subfamily. In more 

detail, the AL_H subgroup comprised all sequences with a mutation in FR1 and the IGLC 

segment as well as a higher mutation frequency in the IGLJ segment, CDR2, and CDR3 regions. 

No organ-specific mutation pattern was observed but the AL_HK (n = 2) sequences contained 

a notably higher percentage of serine and valine. Further, the AL_HK sequences showed a 

higher aggregation tendency (AGG score) and a lower GRAVY score. 

In the analysis regarding the presence of a clonal HC, the AL no HC (n = 9) subgroup 

displayed more frequently an IGLJ2/IGLC2 linkage than the AL HC subgroup (n = 6). 

However, the HC subgroups showed a higher median mutation count in the IGLV segment for 

both diseases. While both MM sequences with a mutation in the IGLC segment corresponded 

to no HC patients, all IGLC mutated AL sequences corresponded to HC patients. Despite not 

reaching the hotspot cutoff, the C33S mutation seemed to be important. This mutation clustered 

to AL no HC (4/8 vs. 1/6) and MM HC sequences (2/2 vs. 0) and might be reflected in a higher 

overall percentage of serine in AL no HC sequences (12.8 % vs. 11.6 %, p = 0.004). Further, 

AL HC sequences showed an alanine enrichment in the CDR3 region and a higher overall 

percentage in the complete LC. In contrast, the AL subgroups displayed no major differences 

in the analysis of several biophysical parameters. 
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3.6 IGLV3-21 

The IGLV3-21 subfamily was the most commonly used MM (n = 11) and the fourth most 

commonly used AL IGLV subfamily (n = 10). A difference was particularly noted regarding 

the AL organ tropism. While nine AL_H sequences were assigned to the IGLV3-21 subfamily 

this was only the case for one AL_HK sequence. 

As already described for the IGLV3-1 subfamily, due to the VLKL3c_Huhn oligonucleotide 

binding site only the area starting from FR2 was amplified and sequenced in the first PCR step. 

By further sequencing reactions, a N-terminal elongated IGLV3-21 sequence was generated in 

only two cases (FOR104_H, FOR187_HK). FOR177 exhibited multiple nucleotide signal 

overlaps in the FR1 and CDR1, resulting in 10 ambiguous AAs in these regions and none in the 

remaining sequence – therefore, it was not defined as N-terminally resolved. In addition to the 

difficulty resolving the N-terminus, the sequences of the IGLV3-21 subfamily showed the most 

abundant nucleotide overlaps in the Sanger sequencing (Figure 21), resulting in high numbers 

of ambiguous identifiable AAs in six out of ten AL cases. 

 

  

Figure 21. Section of an electropherogram of a sequencing reaction leading to one main 

sequence and several subsequences. Signal overlaps of several nucleotides can be seen at several 

positions, some of which are marked with arrows as examples. 

 

Contrastingly, only one MM sequence showed an additional sequence section in the 

bioinformatic analysis (MM138) and another one an additional sequence_B (MM122). The 

additional sequence section of MM138 (sequence_A) did not match any sequence region and 

was therefore neglected. To test the comparability of the sequences, three MM sequences 

(MM111, MM106, MM119) were also Sanger sequenced. In two cases (MM111, MM106) it 

was possible to generate a N-terminal elongated sequence without ambiguous AAs 

(Supplementary Information Figure 17, Supplementary Information Figure 18). Sanger 

sequencing of MM119 resulted in an N-terminal extended sequence but some signal overlaps 

were detected, resulting in not all AA positions being clearly verified (Supplementary 

Information Figure 19). However, based on the results concerning LC verification of the other 

IGLV subfamilies a reliable sequence can be assumed. 
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3.6.1 Subgroup Analysis 

Four out of ten AL IGLV3-21 patients showed a detectable clonal HC in serum which was in 

all cases identified as IgG. In the MM cohort, nine out of eleven patients displayed a detectable 

clonal HC in serum which was identified as IgG in eight cases and once as IgA. This distribution 

of HC classes is in line with the approximate percentage of the total Ig in the adult serum 

(Lefranc and Lefranc 2020). The > dFLC subgroups comprised eight out of ten AL and only 

four out of eleven MM sequences (Table 26).  

 

Table 26. Overview of selected characteristics of 10 AL amyloidosis and 11 multiple 

myeloma patients with IGLV3-21 assigned light chain sequences. The column "X AA [n]" 

defines how many amino acids were not determined unambiguously. Organ inv. = organ involvement, AL_H = AL 

amyloidosis patients with dominant heart involvement, AL_HK = AL amyloidosis patients with dominant heart 

and kidney involvement. AL = AL amyloidosis, MM = multiple myeloma, HC in IFE = detectable clonal heavy 

chain in the immunofixation electrophoresis in serum, AA = amino acid, NA = not available, short = no N-

terminally longer sequence with additional oligonucleotides could be generated, NGS = patient samples analyzed 

through a next-generation sequencing approach. 

Patient Disease 
Organ 

inv. 
IGLJ IGLC NGS X AA [n] 

HC in 

IFE 

dFLC 

[mg/L] 

FOR104 AL AL_H IGLJ2/3 IGLC3 yes 0 G 693.3 

FOR105 AL AL_H IGLJ2 IGLC2 - 7 - short G 135.8 

FOR127 AL AL_H IGLJ2 IGLC2 - 30 - short G 332.9 

FOR136 AL AL_H IGLJ3 IGLC3 yes 0 - short - 1166.8 

FOR162 AL AL_H IGLJ2/3 IGLC2 - 16 - short - 513.0 

FOR163 AL AL_H IGLJ2 IGLC2 yes 19 - short G 125.4 

FOR169 AL AL_H IGLJ3 IGLC3 yes 0 - short - 708.7 

FOR176 AL AL_H IGLJ3 IGLC3 yes 0 - short - 314.1 

FOR177 AL AL_H IGLJ3 IGLC3 yes 10 - short - 252.9 

FOR187 AL AL_HK IGLJ2 IGLC2 - 6 - 1065.0 

MM106 MM - IGLJ2 IGLC2 - 0 G 46.3 

MM108 MM - IGLJ2 IGLC2 - 0 - 5132.1 

MM111 MM - IGLJ3 IGLC3 - 0 G 3382.4 

MM119 MM - IGLJ2 IGLC2 - 0 A NA 

MM122 MM - IGLJ2 IGLC2 - 0 G 67.2 

MM123 MM - IGLJ1 IGLC1 - 0 G 45.6 

MM134 MM - IGLJ2/3 IGLC2 - 0 G 10.0 

MM138 MM - IGLJ2 IGLC2 - 0 G 90.0 

MM143 MM - IGLJ2 IGLC2 - 0 G 1569.2 

MM144 MM - IGLJ2 IGLC2 - 0 G 288.2 

MM150 MM - IGLJ3 IGLC2/3 - 0 G 12.4 
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Parenthesis: Due to the majority of AL amyloidosis sequences not being N-terminal resolved 

and containing a large number of ambiguously defined AAs, the sequences were not analyzed 

concerning mutation distribution, amino acid composition, and biophysical parameters. 

Based on the results that two AL amyloidosis sequences, as well as the multiple myeloma 

sequences, were successfully N-terminal resolved with an additional oligonucleotide, it was 

assumed that the used oligonucleotide set is capable of binding at the chosen positions in FR1 

and IGLC. However, most IGLV3-21 AL amyloidosis light chain sequences showed multiple 

nucleotide signal overlaps for a large proportion of cDNA positions – so, it can be assumed that 

additional subsequences are potentially present. To verify the IGLV3-21 subfamily assignment 

and further investigate the composition of these sequences, next-generation sequencing 

experiments were performed with seven AL_H sequences (FOR117, FOR136, FOR104, 

FOR163, FOR169, FOR176, FOR113, Table 26). To be able to draw a comparison, the clearly 

evaluable and N-terminal resolved AL sequence was used as a positive control (FOR104_pC). 

In contrast, a sequence that had been defined as non-evaluable in the overall analysis was used 

as negative control (FOR113_nC). For this non-evaluable sequence, a sequence of the 

IGLV3-21 subfamily with 10 non-uniquely identifiable amino acids was detected in the first 

Sanger sequencing reaction and a sequence of the IGLV3-25 subfamily with 10 non-evaluable 

amino acids in the second Sanger sequencing reaction.  

 

3.6.2 Verification of the AL IGLV3-21 Sequences and Subfamily Assignment through a Next-

Generation Sequencing Approach 

3.6.2.1 Verification of AL IGLV3-21 Subfamily Assignment  

In the first NGS assay, a PCR approach based on the multiplex forward oligonucleotide set 

(MP_NGS_PCR) was used to verify the IGLV3-21 family assignment and further analyze the 

sample composition.  

In the analysis of the IGLV3-21 assigned sequences (n = 6), all samples displayed an IGLV3-21 

sequence_A and in more than half of the cases this sequence was detected in over 90 % (4/6): 

FOR177 = 99.5 %, FOR169 = 93.4 % and FOR176 = 93.9 % (Table 27). This also included 

the positive control sequence, which showed the highest detected percentage: 

FOR104_pC = 99.9 %. In contrast, the negative control displayed an IGLV3-9 sequence_A 

(3.3 %). In total, a median percentage of 93.4 % was detected in the respective sequence_A of 

all seven samples.  
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In general, two out of six IGLV3-21 assigned samples displayed four sequences >1 % 

(FOR163, FOR169) (Table 27). In all cases, these additional sequences were assigned to the 

IGLV3 family – with IGLV3-21 as the most prominent subfamily. In the analysis of 

FOR113_nC, a total of 16 sequences >1 % were detected, which were assigned twice to 

IGLV5-45, three times to IGLV3-25, and ten times to IGLV3-21. This led to the detection of 

IGLV3-21 as the most prominent family for this sample as well.  

In conclusion, the IGLV3-21 family assignment determined in Sanger sequencing could be 

confirmed for all samples by the MP_NGS_PCR experiment. The findings also correlate with the 

Sanger sequencing results. Three out of four sequences without ambiguous AAs in the Sanger 

sequencing showed only one IGLV3-21 sequence_A in the NGS analysis (Table 27). In the 

fourth sample FOR169, an IGLV3-21 sequence_A was detected in 93.4 %. 

 

Table 27. Evaluation of the sample composition of the IGLV3-21 next-generation 

sequencing experiment based on multiplex oligonucleotide PCR samples. (MP_NGS_PCR) 
Seven AL amyloidosis samples from patients with dominant heart disease and IGLV3-21 assigned light chain 

sequences were examined. pC = positive control, nC = negative control, short = no N-terminally longer sequence 

with additional oligonucleotides could be generated, sequence_A = sequence with the highest percentage in the 

next-generation sequencing analysis. The column "X AA [n]" defines how many amino acids were not determined 

unambiguously. 

Sample 

 

X AA 

[n] 

Number of 

detected 

sequences 

>1 % 

IGLV 

subfamily 

sequence_A 

(%) 

all 

sequences 

>1 % 

IGLV3-21 

[%] 

remaining 

sequences 

>1 % 

IGLV3 [%] 

remaining 

sequences 

>1 % not 

IGLV3 [%] 

FOR104_pC 0 1 
IGLV3-21 

(99.9 %) 
99.9 0 0 

FOR136 
0 - 

short 
1 

IGLV3-21 

(52.6 %) 
52.6 0 0 

FOR163 
19 - 

short 
4 

IGLV3-21 

(1.4 %) 
2.7 2.3 0 

FOR169 
0 - 

short 
4 

IGLV3-21 

(93.4 %) 
93.4 4.0 0 

FOR176 
0 - 

short 
1 

IGLV3-21 

(93.9 %) 
93.9 0 0 

FOR177 
10 - 

short 
1 

IGLV3-21 

(99.5 %) 
99.5 0 0 

FOR113_nC - 16 
IGLV3-9 

(3.3 %) 
16.4 9.3 3.6 

 

3.6.2.2 Verification of AL amyloidosis IGLV3-21 Light Chain Sequences  

Additionally, it was examined whether the sequences generated by the MP_NGS_PCR approach 

were equivalent to the sequences generated by Sanger sequencing. This was demonstrated for 

the four sequences that showed only one sequence >1 % in the MP_NGS_PCR analysis (FOR136, 

FOR177, FOR177) – including the FOR104_pC sample (Figure 22, Supplementary 
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Information Figure 20). Mismatches were only detected in and after the reverse 

oligonucleotide binding site. Therefore, the IGLV segments starting from CDR2 and IGLJ 

onwards were almost or completely covered. In conclusion, not only the family assignment but 

also the sequence was verified in the MP_NGS_PCR approach. 

Verification of the Sanger sequence was also possible for FOR169 (Supplementary 

Information Figure 21). Although this sample showed in the MP_NGS_PCR analysis a total of 

four sequences >1 %, the corresponding sequence_A was detected with 93.4 % and assigned to 

IGLV3-21. 

  

 

Figure 22. Sequence alignment of the Sanger sequence and the sequence with the highest 

percentage in the IGLV3-21 next-generation sequencing experiment based on multiplex 

oligonucleotide PCR samples for FOR104_pC and FOR176. (MP_NGS_PCR) (A) sequence 

alignment positive control FOR104_pC (B) sequence alignment FOR176. CDR region = underlined, IGLJ 

segment = blue highlight, linker region = green, sequence deviation = red, * = matching position, 

VLKL3c_huhn = IGLV3 specific forward oligonucleotide, JLHD123_rv = IGLJ segment specific reverse 

oligonucleotide, Sanger = sequence generated by Sanger sequencing, NGS = sequence with the highest percentage 

in the next-generation sequencing experiment. 

 

CDR2

VLKL3c_Huhn        TGGTACCAGCAGAAGCCAGG------------------------------------------------------------

FOR104_pC_Sanger   TGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGCTAGTCGCCCATGACGATAGCGACCGGCCCTCAGGGATCCCTGAGCG

FOR104_pC_NGS      ---------------------------------------------------AGCGACCGGCCCTCAGGGATCCCTGAGCG

*****************************

FOR104_pC_Sanger   ACTCTCCGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAGGCCGGGGATGAGGCCGACTATTACT

FOR104_pC_NGS      ACTCTCCGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAGGCCGGGGATGAGGCCGACTATTACT

********************************************************************************

CDR3                      IGLJ

JLHD123_rv         --------------------------------------------GGGACCAAGCTCACCGTCCTAG--------------

FOR104_pC_Sanger   GTCAGGTGTGGGATTTTACTACTGATCATCTCGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCT

FOR104_pC_NGS      GTCAGGTGTGGGATTTTACTACTGATCATCTCGTGTTCGGCGGAGGGACCAAGCTCACCGTC-TAGG-------------

******************************************************* ****** ****                   

CDR2

VLKL3c_Huhn        TGGTACCAGCAGAAGCCAGG------------------------------------------------------------

FOR176_Sanger      TGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTACTGGTCGTCTATGATGATAGCGACCGGCCCTCAGGGATCCCTGAGCG

FOR176_NGS         -------------------------------------------------ATAGCGACCGGCCCTCAGGGATCCCTGAGCG

*******************************

FOR176_Sanger      ATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTACTACT

FOR176_NGS         ATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTACTACT

********************************************************************************

CDR3                            IGLJ

JLHD123_rv         --------------------------------------------------GGGACCAAGCTCACCGTCCTAG--------

FOR176_Sanger      GTCAGGTGTGGGAGACTATCAGTAATCATCCCAATTGGGTGTTCGGCGGAGGGACCGAGCTGACCGTCCTGGGTCAGCCC

FOR176_NGS         GTCAGGTGTGGGAGACTATCAGTAATCATCCCAATTGGGTGTTCGGCGGAGGGACCAAGCTCACCGTCCTG---------

***************************************************************** **** ********* 

A

B
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For FOR163 several positions in the cDNA and AA sequence were not clearly determined by 

Sanger sequencing. (Figure 23) and in the MP_NGS_PCR analysis, two IGLV3-21 sequences with 

a comparable percentage were detected (sequence_A = 1.43 %, sequence_B = 1.31 %). Taken 

together, a deviation of the Sanger sequence to both MP_NGS_PCR sequences was noted at eight 

positions, mainly restricted to the CDR3 region (6/8).  

 

 

Figure 23. FOR163 sequence alignment of the sequence generated by Sanger sequencing 

and the sequence with the highest percentage in the IGLV3-21 next-generation sequencing 

experiment based on multiplex oligonucleotide PCR samples. (MP_NGS_PCR) Next-generation 

sequencing sequences were designated in descending alphabetical order based on the percentage. CDR 

region = underlined, IGLJ segment = blue highlight, linker region = green, sequence deviation = red, 

* = matching position, VLKL3c_huhn = IGLV3 specific forward oligonucleotide, JLHD123_rv = IGLJ segment 

specific reverse oligonucleotide, Sanger = sequence generated by Sanger sequencing, NGS = sequence generated 

through next-generation sequencing, yellow highlight = divergent position in all three analyses, grey 

highlight = IUPAC code for positions with nucleotide overlaps in the sanger sequencing. 

 

In the analysis of the FOR113_nC sequence, ten IGLV3-21 sequences were detected in the 

MP_NGS_PCR approach. The IGLV3-21 sequence with the highest percentage (sequence_B, 

2.44 %) showed a deviation from the Sanger sequence at eleven positions. Taking all ten 

MP_NGS_PCR IGLV3-21 sequences together, a deviation to the Sanger sequence was noted at 

four positions. One position in the IGLJ segment can be explained by the different reverse 

oligonucleotides in the Sanger and NGS sequencing (Figure 24) 

It is of note that these two samples shared one remarkable position in FR3: at this position, the 

Sanger sequences of FOR113_nC and FOR163 displayed an adenine, while all detected NGS 

sequences showed a guanine, which is in accordance with the IGLV3-21 reference (Figure 23, 

Figure 24). An adenine would lead to an exchange on AA level at position 80 from glycine 

towards the negatively charged AA glutamic acid.  

 

CDR2

VLKL3c_Huhn                TGGTACCAGCAGAAGCCAGG------------------------------------------------------------

FOR163_Sanger              TGGTAsCAGCAGmAGCCAGsvCAGGCCCCTsTGbTGGTCdTCTATGATGAyAACGAsCGGCCCTCAGGGATCCCTGAGCG

FOR163_NGS_sequence_A      --------------------------------------------------------CCGGCCCTCGGGGATCCCTGAGCG

FOR163_NGS_sequence_B      --------------------------------------------------------CCGGCCCCCAGGGATCCCTGACCG

******* * *********** **

FOR163_Sanger              ATTCTCTkGCTCCwvCTCnGGGAmCACvGCCACCTTGAyCATCrGCAGGGTCsAGGCsGAGGATGAGGmbGAmTATTAyT

FOR163_NGS_sequence_A      ATTCTCTGGCGCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTACT

FOR163_NGS_sequence_B      ATTCTCTGGCTCCAAGTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAGGCCGGGGATGAGGCCGACTATTACT

********** **** ****************** ******************* **** ********************

CDR3                      IGLJ

JLHD123_rv                 --------------------------------------------GGGACCAAGCTCACCGTCCTAG--------------

FOR163_Sanger              rTCAGTCGTsGGAyAGCAGTrGTrATCATGTGGTrTTCGGCGGAGGGACCAAGsTGACCGTCCTAGGTCAGCCCAAGGCT

FOR163_NGS_sequence_A      GTCAGGTGTGGGATAGCAGTAAGAGTCATCAAATTTTCGGCGGAGGGACCAAGCTCACCGTC-TA---------------

FOR163_NGS_sequence_B      GTCAGGTGTGGGATGTTAGTGATGATGATTATGTCTTCGGCACTGGGACCAAGCTCACCGT-------------------

*****  ** ****   ****  * * **    * ******   *********** ***** 
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Figure 24. FOR113 sequence alignment of the sequence generated by Sanger sequencing 

and the sequence with the highest percentage in the IGLV3-21 next-generation sequencing 

experiment based on multiplex oligonucleotide PCR samples. (MP_NGS_PCR) Next-generation 

sequencing sequences were designated in descending alphabetical order based on the percentage. CDR 

region = underlined, IGLJ segment = blue highlight, linker region = green, sequence deviation = red, 

* = matching position, VLKL3c_huhn = IGLV3 specific forward oligonucleotide, JLHD123_rv = IGLJ segment 

specific reverse oligonucleotide, Sanger = sequence generated by Sanger sequencing, NGS = sequence generated 

through next-generation sequencing, yellow highlight = divergent position in all three analyses, grey 

highlight = IUPAC code for positions with nucleotide overlaps in the sanger sequencing. 

 

Taken together, a clear verification of the Sanger sequence was possible in five cases, including 

the positive control. The two remaining sequences share a deviation in the FR3 between the 

Sanger and MP_NGS_PCR approach. Additionally, FOR163 showed a total of eight and the 

negative control sequence four divergences between all IGLV3-21-assigned MP_NGS_PCR 

sequences and the respective Sanger sequence. 

A

B

CDR2

VLKL3c_Huhn                TGGTACCAGCAGAAGCCAGG------------------------------------------------------------

FOR163_Sanger              TGGTAsCAGCAGmAGCCAGsvCAGGCCCCTsTGbTGGTCdTCTATGATGAyAACGAsCGGCCCTCAGGGATCCCTGAGCG

FOR163_NGS_sequence_A      --------------------------------------------------------CCGGCCCTCGGGGATCCCTGAGCG

FOR163_NGS_sequence_B      --------------------------------------------------------CCGGCCCCCAGGGATCCCTGACCG

******* * *********** **

FOR163_Sanger              ATTCTCTkGCTCCwvCTCnGGGAmCACvGCCACCTTGAyCATCrGCAGGGTCsAGGCsGAGGATGAGGmbGAmTATTAyT

FOR163_NGS_sequence_A      ATTCTCTGGCGCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTACT

FOR163_NGS_sequence_B      ATTCTCTGGCTCCAAGTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAGGCCGGGGATGAGGCCGACTATTACT

********** **** ****************** ******************* **** ********************

CDR3                      IGLJ

JLHD123_rv                 --------------------------------------------GGGACCAAGCTCACCGTCCTAG--------------

FOR163_Sanger              rTCAGTCGTsGGAyAGCAGTrGTrATCATGTGGTrTTCGGCGGAGGGACCAAGsTGACCGTCCTAGGTCAGCCCAAGGCT

FOR163_NGS_sequence_A      GTCAGGTGTGGGATAGCAGTAAGAGTCATCAAATTTTCGGCGGAGGGACCAAGCTCACCGTC-TA---------------

FOR163_NGS_sequence_B      GTCAGGTGTGGGATGTTAGTGATGATGATTATGTCTTCGGCACTGGGACCAAGCTCACCGT-------------------

*****  ** ****   ****  * * **    * ******   *********** ***** 

CDR2                               

VLKL3c_Huhn                TGGTACCAGCAGAAGCCAGG------------------------------------------------------------

FOR113_nC_Sanger           TGGTATCAGCAGmAGCCAGGCCAGGCCCCTGTGCTGGTCrTCTATGATGATAryGACCGGCCCTCAGGGATCCCTGAGCG

FOR113_nC_NGS_sequence_B   --------------------------------------------------TACCGACCGGCCCTCAGGGATCCCTGAGCG

FOR113_nC_NGS_sequence_E   -----------------------------------------------------CGACCGGCCCTCAGGGATCCCTGAGCG

FOR113_nC_NGS_sequence_F   ---------------------------------------------------AGCGACCGGCCCTCAGGGATCCCTGAGCG

FOR113_nC_NGS_sequence_H   -----------------------------------------------------CGACCGGTCCTCAGGGATCCCTGAGCG

FOR113_nC_NGS_sequence_I   -----------------------------------------------------CGCCCGCCCCTCAGGGATCCCTGAGCG

FOR113_nC_NGS_sequence_K   --------------------------------------------------TAGCGACCGGCCCTCAGGGATCCCTGAGCG

FOR113_nC_NGS_sequence_L   -------------------------------------------------ATAGCGACCGGCCCTCAGGGATCCCTGAGCG

FOR113_nC_NGS_sequence_M   --------------------------------------------------TAGCGACCGGCCCTCAGGGATCCCTGAGCG

FOR113_nC_NGS_sequence_O   --------------------------------------------------------CCGGCCCTCAGGGATCCCTGAGCG

FOR113_nC_NGS_sequence_P   -----------------------------------------------------CGACCGGCCCTCAGGGATCCCTGGGCG

***  *************** ***

FOR113_nC_Sanger           ATTCTGTkGCTCCAACTCTGGGACCACGGCCACCnTGACCATCAGCAGsGTCGArGCCGAGGATGAGGmyGACTATTAyT

FOR113_nC_NGS_sequence_B   ATTTTCTGGCTCCAATTCTGGGAAGACGGCCACCCTGACCATCAGCCGGGTCGAAGCCGGGGATGAGGCCGACTATTACT

FOR113_nC_NGS_sequence_E   ATTCTCTGGCTCCAACTCTGGGAATACGGCCACCCTGACCATCAGCAGGGTCGAGGCCGGCGATGAGGCCGACTATTACT

FOR113_nC_NGS_sequence_F   ATTCTCTGGCTCCATCTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTATT

FOR113_nC_NGS_sequence_H   ATTCTCTGGCTCCAACTCTGGGAATACGGCCACCCTGACCATCAGTGAGGTCGAAGCCGGGGATGAGGCCGACTATTACT

FOR113_nC_NGS_sequence_I   ATTCTCTGGCTCCAACTCTGGGAACATGGCCACCCTGACCATCAACGGGGTCGAAGACGGGGATGAGGCCGACTATTTCT

FOR113_nC_NGS_sequence_K   ATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTACT

FOR113_nC_NGS_sequence_L   ATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGATCGAAGCCGGAGATGAGGCCGACTATTACT

FOR113_nC_NGS_sequence_M   ATTCTCTGGCGCCAATTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTACT

FOR113_nC_NGS_sequence_O   TTTCTCTGGCTCCAACTCTGGGAAGGTGGCCACCCTGACCATCACCAGGGTCGAAGCCGGGGATGAGGCCGACTTTTATT

FOR113_nC_NGS_sequence_P   ATTCTCTGGCTCCAACTCTGGCAACACGGCCACCCTGACCATCTTCTGGGCCGAGGCCGGGGATGAGGCCGACTATTACT

** * **** ***  ***** *    ************* ***     *  ***** **  ************* ** **

CDR3                               IGLJ                                       

JLHD123_rv                 -----------------------------------------------------GGGACCAAGCTCACCGTCCTAG-----

FOR113_nC_Sanger           rTCAGkyGTGGGATAGTAGTrGTGAT---------CATGnGGTGTTCGGCGGAGGGACCAAGsTGACCGTCCTAGGTCAG

FOR113_nC_NGS_sequence_B   GTCAGGTGTGGGATAATAGTCGTGAT---------TTTGCGGTGTTCGGCGGAGGGACCAAGCTCACCGT----------

FOR113_nC_NGS_sequence_E   GTCAGGTTTGGGATAGTAGTGGTGGTAGTGATCTCCATTATGTCTTCGGAACTGGGACCAAGCTCACCGT----------

FOR113_nC_NGS_sequence_F   GTCACGTGTGGAATAGTGATACTGAT---------CAGGATGTCTTCGGAAGTGGGACCAAGCTCACCGT----------

FOR113_nC_NGS_sequence_H   GTCAGGTGTGGCATAATGGTAATGAT---------CATCGGGTGTTCGGCGGAGGGACCAAGCTCACCGT----------

FOR113_nC_NGS_sequence_I   GTCAGGTGTGGGATACTACTTATGATCACGCT---CATGTGGTATTCGGCGGAGGGACCAAGCTCACCGT----------

FOR113_nC_NGS_sequence_K   GTCAGGTGTGGGATAGTAGTAGTGAT---------CATTGGGTGTTCGGCGGAGGGACCAAGCTCACCGT----------

FOR113_nC_NGS_sequence_L   GTCAGGTGTGGGATACTA---GTGAT---------CATTATGTCTTCGGAACTGGGACCAAGCTCACCG-----------

FOR113_nC_NGS_sequence_M   GTCAGGTGTGGGATACTAATAGTGAT---------CATTTTGTCTTCGGAAGTGGGACCAAGCTCACCGT----------

FOR113_nC_NGS_sequence_O   GTCAGGTGTGGGATACTATAAGTAAT---------CGTCCGGTTTTCGGCGGAGGGACCAAGCTCACCGTC-TA------

FOR113_nC_NGS_sequence_P   GTCAGGTGTGGGATACTACTGGTGATC---CT---TATGTGGTCTTCGGCGGAGGGACCAAGCTCACCGT----------

**** ** *** *** *     *  *             * ** *****    *********** ****           
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3.6.3 Analysis for Lack of N-terminal Coverage of IGLV3-21 AL Sequences through a Next-

Generation Sequencing Approach 

3.6.3.1 Analysis of the IGLV3-21 Sample Composition and Comparison to the MP_NGS_PCR 

Approach 

In a second approach, PCR samples that should generate IGLV3 N-terminally longer sequences 

were analyzed using NGS (N_NGS_PCR). 

Interestingly, the N_NGS_PCR samples contained a higher median number of sequences >1 % 

than the MP_NGS_PCR samples (14 vs. 1; p = 0.038 (U-test), Table 28). While in the MP_NGS_PCR 

approach four sequences displayed only one sequence >1 %, this was exclusivity detected for 

the N_NGS_PCR FOR104_pC sequence. However, the FOR113_nC sample displayed the second 

least number of sequences ≥1 % (n = 5). Furthermore, a lower overall median percentage of all 

sequence_A compared to the MP_NGS_PCR samples was detected (18.4 % vs. 93.4 %). 

Additionally, while in the MP_NGS_PCR approach, all AL samples displayed an IGLV3-21 

sequence_A, this was only the case for two samples in the N_NGS_PCR analysis (FOR177, 

FOR104_pC).  

However, the positive control sequence FOR104_pC showed an IGLV3-21 sequence_A with 

an abundance of 99.91 %. The negative control sequence FOR113_nC showed an IGLV3-25 

sequence_A with 55.15 % as well as two additional IGLV3-25 sequences 

(sequence_B = 17.47 %, sequence_C = 6.42 %). Thus, for these two samples, the IGLV family 

assignment based on the Sanger sequencing and the N_NGS_PCR approach was consistent. 

FOR177 displayed 20 different sequences with an abundance >1 % but only sequence_A was 

assigned to the IGLV3-21 subfamily (16.51 %). Based on these 20 sequences, IGLV3-27 was 

the most prominent IGLV3 subfamily (6x, 28.99 %). IGLV3-27 was also the most prominent 

IGLV3 subfamily in FOR176 (8x, 49.61 %, sequence_A = IGLV3-10 17.77 %), with a total of 

14 sequences >1 % including one IGLV3-21 sequence (sequence_F = 6.07 %). The remaining 

samples FOR136 (32.5 %), FOR163 (50.04 %), and FOR169 (66.24 %) displayed IGLV3-25 

as the most abundant IGLV3 subfamily. None of these three samples contained an IGLV3-21 

sequence in a total of 23 (FOR136), 17 (FOR163), or nine (FOR169) sequences ≥1 %. FOR163 

and FOR169 displayed an IGLV3-25 sequence_A (FOR163 = 18.36 %, FOR169 = 33.26 %) 

and FOR136 a sequence which was not ambiguously assigned to IGLV3-25 or IGLV3-16 

(13.20 %).  

Based on the detected IGLV subfamily distribution, it should be mentioned that the standard 

multiplex approach has been shown to bind on IGLV3-25 (FOR111). In general, both the 
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VLKL3c_huhn (20 nucleotides) and VLKL3_A_fw_NB (19 nucleotides) oligonucleotides 

show no mismatch to the IGLV2-25*03 and IGLV3-25*03 reference sequences. Regarding 

IGLV3-27: the VLKL3c_Huhn oligonucleotide shows only one (3rd position: A vs. T) and the 

VLKL3_A_fw_NB oligonucleotide none mismatch to the IGLV3-27 reference sequence. 

Therefore, the amplification of these IGLV subfamilies should also be ensured in the first 

MP_NGS_PCR approach. 

 

Table 28. Evaluation of the sample composition of the IGLV3-21 next-generation 

sequencing experiment based on an IGLV3-specific forward oligonucleotide. (N_NGS_PCR) 

Seven AL amyloidosis samples from patients with dominant heart disease and IGLV3-21 assigned light chain 

sequences were examined. pC = positive control, nC = negative control, short = no N-terminally longer sequence 

with additional oligonucleotides could be generated, sequence_A = sequence with the highest percentage in the 

next-generation sequencing analysis. The column "X AA [n]" defines how many amino acids were not determined 

unambiguously. 

Sample 

 

Number of 

detected 

sequences 

>1 % 

IGLV subfamily 

sequence_A (%) 

Number of 

IGLV3-21 

sequences > 

1 % 

all sequences 

>1 % 

IGLV3-21 

[%] 

Most 

prominent 

IGLV3 

subfamily (%) 

FOR104_pC 1 
IGLV3-21 

(99.91) 
1 99.9 

IGLV3-21 

(99.91 %) 

FOR136 23 
IGLV3-16/IGLV3-

25 (13.20) 
0 0 

IGLV3-25 

(32.25 %) 

FOR163 17 
IGLV3-25 

(18.36) 
0 0 

IGLV3-25 

(50.04 %) 

FOR169 9 
IGLV3-25 

(33.26) 
0 0 

IGLV3-25 

(66.24 %) 

FOR176 14 
IGLV3-10 

(17.77) 
1 6.1 

IGLV3-27 

(49.61 %) 

FOR177 20 
IGLV3-21 

(16.51) 
1 16.5 

IGLV3-27 

(28.99 %) 

FOR113_nC 6 
IGLV3-25 

(55.15) 
0 0 

IGLV3-25 

(79.04 %) 

 

3.6.3.2 Sequence Analysis and Comparison to the MP_NGS_PCR Approach 

In the analysis of the three samples comprising an IGLV3-21 sequence in both the MP_NGS_PCR 

and N_NGS_PCR approach, a sequence match was found – including the positive control sample 

FOR104_pC (Figure 25). 
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Figure 25. Sequence alignment of the IGLV3-21 sequence with the highest percentage in 

the MP_NGS_PCR approach and the IGLV3-21 sequences in the N_NGS_PCR approach. (A) 

sequence alignment positive control FOR104_pC (B) sequence alignment FOR176 (C) sequence alignment 

FOR136 (D) sequence alignment FOR177. CDR region = underlined, IGLJ segment = blue highlight, linker 

region = green, sequence deviation = red, * = matching position, VLKL3c_huhn = IGLV3 specific forward 

oligonucleotide, JLHD123_rv = IGLJ segment specific reverse oligonucleotide, Sanger = sequence generated by 

Sanger sequencing, NGS = sequence with the highest percentage in the next-generation sequencing experiment, 

next-generation sequencing sequences were designated in descending alphabetical order based on the percentage. 

 

In the remaining four cases (including FOR113_nC), no IGLV3-21 sequence was detected in 

the N_NGS_PCR approach. To exclude the possibility of erroneous assignment, the sequence_A 

was compared between the two approaches. In the analysis of FOR136, 43 deviations in a total 

of 171 overlapping nucleotides were detected between the respective sequence_A sequences. 

Similar ratios were detected in FOR163 (43 deviations, 168 overlapping nucleotides) and 

FOR169 (47 deviations, 178 overlapping nucleotides) (Supplementary Information Figure 

22). 

FOR177_NGS_PCR_MP_sequence_A      TGATAGTGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGGTCCAACTCTGGGAACAC

FOR177_NGS_PCR_N_sequence_A       TGATAGTGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGGTCCAACTCTGGGAACAC

************************************************************

FOR177_NGS_PCR_MP_sequence_A      GGCCACCCTGACCATCAGCGGGGTCGAGGCCGGGGATGAGGCCGACTACTACTGTCACGT

FOR177_NGS_PCR_N_sequence_A       GGCCACCCTGACCATCAGCGGGGTCGAGGCCGGGGATGAGGCCGACTACTACTGTCACGT

************************************************************

FOR177_NGS_PCR_MP_sequence_A      GTGGGACACTAGTGGTGATCGGGTGTTCGGCGGAGGGACCAAGCTCACCGTCTAGGACGG

FOR177_NGS_PCR_N_sequence_A       GTGGGACACTAGTGGTGATCGGGTGTTCGGCGGAGGGACCAAGCTCACCGT---------

*************************************************** 

FOR104_pC_NGS_PCR_MP_sequence_A   AGCGACCGGCCCTCAGGGATCCCTGAGCGACTCTCCGGCTCCAACTCTGGGAACACGGCC

FOR104_pC_NGS_PCR_N_sequence_A    --CGACCGGCCCTCAGGGATCCCTGAGCGACTCTCCGGCTCCAACTCTGGGAACACGGCC

**********************************************************

FOR104_pC_NGS_PCR_MP_sequence_A   ACCCTGACCATCAGCAGGGTCGAGGCCGGGGATGAGGCCGACTATTACTGTCAGGTGTGG

FOR104_pC_NGS_PCR_N_sequence_A    ACCCTGACCATCAGCAGGGTCGAGGCCGGGGATGAGGCCGACTATTACTGTCAGGTGTGG

************************************************************

FOR104_pC_NGS_PCR_MP_sequence_A   GATTTTACTACTGATCATCTCGTGTTCGGCGGAGGGACCAAGCTCACCGTCTAGGACGG-

FOR104_pC_NGS_PCR_N_sequence_A    GATTTTACTACTGATCATCTCGTGTTCGGCGGAGGGACCAAGCTCACCGT----------

**************************************************          

FOR176_NGS_PCR_MP_sequence_A      ----CGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGGAACACGG

FOR176_NGS_PCR_N_sequence_F       ATAGCGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGGAACACGG

********************************************************

FOR176_NGS_PCR_MP_sequence_A      CCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTACTACTGTCAGGTGT

FOR176_NGS_PCR_N_sequence_F       CCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTACTACTGTCAGGTGT

************************************************************

FOR176_NGS_PCR_MP_sequence_A      GGGAGACTATCAGTAATCATCCCAATTGGGTGTTCGGCGGAGGGACCAAGCTCACCG---

FOR176_NGS_PCR_N_sequence_F       GGGAGACTATCAGTAATCATCCCAATTGGGTGTTCGGCGGAGGGACCAAGCTCACCGTCC

*********************************************************   

FOR176_NGS_PCR_MP_sequence_A      ---

FOR176_NGS_PCR_N_sequence_F       TGG

A

B

C
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In the next step, it was evaluated if the sequence_A of the N_NGS_PCR approach was also present 

in the MP_NGS_PCR approach (Supplementary Information Figure 23). This analysis could not 

be performed for FOR136, because only one sequence was detected in the MP_NGS_PCR 

approach (IGLV3-21). In the analysis of the N_NGS_PCR FOR163 sample, an IGLV3-25 

sequence_A was detected and, in the MP_NGS_PCR approach sequence_D was assigned to this 

subfamily. However, the sequences showed several deviations (22 in 178 overlapping 

nucleotides). This was also observed for FOR169; the N_NGS_PCR sequence A was assigned to 

the IGLV3-25 subfamily as well as the MP_NGS_PCR sequence_B, sequence_C, and sequence_D. 

Sequence_D showed the highest sequence similarity with nine deviations (172 overlapping 

nucleotides).  

In the analysis of the negative control sample FOR113_nC, N_NGS_PCR sequence_A, _B, and 

_C, as well as the MP_NGS_PCR sequence_C, _D, and _N, were assigned to the IGLV3-25 

subfamily. No concordance could be found between the sequences of both approaches. When 

comparing the N_NGS_PCR IGLV3-25 sequence with the Sanger sequencing result, no overall 

matching sequence was found. However, taking all three sequences into account, no position 

showed a deviation in all three sequences – except one, which can be explained by the reverse 

oligonucleotide binding site. 

Taken together, the results concerning the FOR104_pC as well as the FOR113_nC 

N_NGS_PCR samples match the Sanger sequencing results. In two additional samples, the 

IGLV3-21 sequence_A of the MP_NGS_PCR approach is in accordance with a detected N_NGS_PCR 

IGLV3-21 sequence. In the remaining three cases no IGLV3-21 sequence was detected in the 

N_NGS_PCR approach and in two cases the respective sequence_A showed several deviations 

from sequences of the same IGLV subfamily in the MP_NGS_PCR approach. 

3.6.4 Sequence Alignment 

When analyzing the sequences in more detail, it was noticed that there seem to be specific 

positions – especially in the FR regions – that are particularly characterized by nucleotide signal 

overlaps: 38K (FR2, 3/10 X), 44V (FR2, 3/10 X), 63G (FR3, 3/10 X), 68N (FR3, 3/10 X), 72L 

A more detailed analysis of the LC sequences was performed on AA level to identify 

potential unique mutations or mutation patterns that could influence the biochemical 

properties of the LC itself or discriminate the subgroups. This was carried out in a step-

wise procedure. First, general sequence characteristics such as mutation hotspots 

(mutations >50 %) and their location were identified separately for both diseases. Then 

the hotspots were analyzed in terms of an exchange towards a specific AA or AAs with 

the same side chain properties and the respective cDNA. In this analysis, the LC 

sequences with more than ten unambiguously determined AAs (marked as X) were 

included. 
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(FR3, 3/10 X), 83A (FR3, 3/10 X), 87C (FR3, 3/10 X) and 89V (CDR3, 3/10 X) and most 

prominent 84D (FR3, 4/10 X) (Figure 26 A).  

The AL and MM sequences each showed only one mutation hotspot in the IGLV segment, 

which was also exclusive to the disease (Figure 26 A). For the AL hotspot 92S (6/10, 1x X, 

CDR3), a most prominent exchange from serine towards threonine (3/6, cDNA = AGT→ACT) 

was noted. The MM sequences presented a 92S mutation only twice (1x G, 1x F). The MM 

hotspot was also located in the CDR3 region (93S) and a mutation was detected in seven out of 

eleven cases (AL = 4/10) with a most prominent exchange towards a charged AA (2x R, 1x D, 

AL = 0).  

Besides these two hotspots, two additional positions with a directed exchange pattern should be 

mentioned. A G80E (FR3) mutation was detected in four AL sequences (MM = 0x) but this 

position could not be verified in the comparison between the Sanger sequencing and 

MP_NGS_PCR approach. In contrast, the MM sequences showed a Y86F mutation in four cases 

(1x H, FR3) and none of the AL sequences.  

Overall, an additional charge in the CDR3 region was detected in five MM cases and only once 

in the AL cohort (Figure 26 B). In this context, the IGLV-IGLJ linker region was not 

considered, based on the fact that a similar linker region was detected for both diseases. In 

general, the Ensembl IGLV3-21 reference showed four additional AAs (DHPT) at the C-

terminus than the Vbase2 reference sequences. However, most of the AL and MM sequences 

showed only two AAs in the linker region, and in more than half of the cases, they were 

identified as aspartic acid and histidine.  

A mutation hotspot for both diseases was also defined at the first position of the IGLJ segment 

(AL = 5/10, 2x X, MM = 7/11). The MM sequences showed a mutation towards the small AAs 

proline or glycine in two cases each – this was not detected in the AL cohort.  
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Figure 26. Sequence sections of IGLV3-21 assigned AL amyloidosis and multiple myeloma 

light chain sequences. A) Sequence sections of IGLV3-21 assigned AL amyloidosis and multiple myeloma 

light chain sequences B) CDR3 region of IGLV3-21 AL amyloidosis and multiple myeloma sequences with respect 

to additional charges C) Sequence sections of IGLV3-21 AL amyloidosis sequences stratified for the presence or 

absence of a clonal heavy chain in serum. Bold = reference sequences, underlined = CDR regions, red 

highlight = discrepancy between the VBase2 and Ensembl IGLV3-21 reference, red letter = mutation, purple 

highlight = mutation hotspot, blue highlight = interesting mutation, green highlight = additional positive charge, 

light red highlight = additional negative charge, X and grey highlight = not unambiguously determined amino acid, 

green letter = linker region, MM = multiple myeloma patients, AL = AL amyloidosis patients, _H = AL 

amyloidosis patient with dominant heart involvement, _HK = AL amyloidosis patient with dominant heart and 

kidney involvement, HC = detectable clonal heavy chain in the immunofixation electrophoresis in serum. Only 

one IGLC reference is shown because the first amino acid can be defined as glycine in all cases. Amino acids were 

numbered according to the VBase2 reference. The complete amino acid sequence alignment is shown in 

Supplementary Information Figure 24. The complete cDNA sequence alignment is shown in Supplementary 

Information Figure 25. 

 

Interestingly, the sequences with ambiguous AA positions were mostly assigned to the AL HC 

group (3/4 vs. 2/6). In addition, the AL hotspot at position 92S was enriched in AL no HC 

sequences (5/6 vs. 1/4) as well as a mutation at the first position of the IGLJ segment (4/6 vs. 

1/4, 1x X AL no HC) (Figure 27). No specific mutation pattern or sequence characteristics 

were noted when stratifying for a dFLC >180 mg/L. 

 

34         45                63               80          92        

|          |   CDR2          |                |       CDR3|         

IGLV3-21_Ensembl        WYQQKPGQAPVLVVYDDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWDSSSDHPT---

IGLV3-21*01_VBase2      WYQQKPGQAPVLVIYYDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWDSSS-------

IGLV3-21*02_VBase2      WYQQKPGQAPVLVVYDDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWDSSS-------

IGLV3-21*03_VBase2      WYQQKPGQAPVLVVYDDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWDSSS-------

IGLJ1*01_Genbank        -------—---------------------------------------------------------YVF

IGLJ2/J3*01_Genbank     -----------------------------------------------------------------VVF

IGLJ3*02_Genbank        -----------------------------------------------------------------WVF

FOR104_H                WYQQKPGQAPVLVAHDDSDRPSGIPERLSGSNSGNTATLTISRVEAGDEADYYCQVWDFTTDH--LVF

FOR127_H                XYQQXPXXAPXXVXXYDXXRPSXIXXRXFXSXSGXTXTXTIXRXXAEXEEXXYXXXWDXSSDH--VVF

FOR162_H                WYQQXPGXAPXLVVYDDNDRPSGXPXRFXXSNSGXTATXTISXVEAEDEXXYYXQXWDSSSXH--XVF

FOR163_H                WYQQXPXQAPXXVXYDDNXRPSGIPERFSXSXSGXTATLXIXRVXDEDEXXYYXQSXDSSXXH--VVF

FOR136_H                WYQQKPGQAPVLVIFSDSDRPSGIPERFSGSISGNTATLTISGVEAGDEADYYCQLWDISTDN--CVF

FOR105_H                WYQQKPGQAPVVVVXDDSDRPSGIPERFSGSNSGNTATITISRVEAXDEXXYYCQXWDSSSDH--VVF

FOR169_H                WYQQKPGQAPVLVIYDDSDRPSGIPARFSGSNSENTATLTISRVEAGDEADYYCQVWDNATDHL-WVF

FOR177_H                WYQQKPGQAPVLVVYDDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWETISNHPNWVF

FOR176_H                WYQQKPGQAPVVMYYDDSDRPSGIPERFSGSNSGNTATLTISGVEAGDEADYYCHVWDTSGD---RVF

FOR187_HK               WYRQKPGQAPAVVVFDDSDRPSGIXERXSGXNXGNTATXIXNRVEAGDEADYYCQVWETYSDHA-VIF

MM122                   WYQKKPGQAPVVVVYGDSDRPSGISERFSGSNSGSTATLTIGRVEAGDEADYFCQVCDSRSDQ--VVF

MM123                   WYQQKPGQAPVLVVYNDVDRPSGIPERFSGSNSGDTATLTISRVEAGDEADYYCHVRESGSDR--FVF

MM134                   WYQQKPGQAPVLVLHADSERPAGIPERFSGANSGNTATLTISRVEGGDEAEYFCHVWESRRHYG-GVF

MM150                   WYQQKPGQAPVLVVYDDRDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYHCQVWDSSSDH--RVF

MM106                   WYQQKPGQAPVLVVYDDNDRPSGIPERFSGSNSGNTATLTIRRVEAGDEADYYCQVWESNSDH--PVF

MM108                   WYQQRPGQAPVLVVYDDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYFCQVWDSSSEH--LVF

MM111                   WYQQKPGQAPALVVYDDSDRPSGIPERFSGSSSGNTATLTISRVEAGDEADYFCQVWDSDGDH--WVF

MM119                   WYQQKPGQAPVLVVYDDSDRPSWIPERFSGSNSGNTATLTISRVEAGDEADYYCQLWDGYTLR--GVF

MM138                   WYQQKPGQAPVLVIYDDSDRPSGIPERLSGSNSGNTATLTISRVEAGDEADYYCQVWDSSTDH--PVF

MM143                   WYQQKPGQAPVLVVYYDSDRPSGIPERFSGSNSGNTATLTITRVEAGDEADYYCQVWDFTSDH--VVF

MM144                   WYQQKPGQAPLLVVYDDSDRPSKIPERFSGSNSGNTATLTINRVEAGDEADYYCQVWDSSNDHPFVIF

A
92       

CDR3|        

IGLV3-21_Ensembl        QVWDSSSDHPT--

IGLV3-21*01_VBase2      QVWDSSS------

IGLV3-21*02_VBase2      QVWDSSS------

IGLV3-21*03_VBase2      QVWDSSS------

IGLJ1*01_Genbank        -----------YV

IGLJ2/J3*01_Genbank     -----------VV

IGLJ3*02_Genbank        -----------WV

FOR104_H                QVWDFTTDH--LV

FOR127_H                XXWDXSSDH--VV

FOR162_H                QXWDSSSXH--XV

FOR163_H                QSXDSSXXH--VV

FOR136_H                QLWDISTDN--CV

FOR105_H                QXWDSSSDH--VV

FOR169_H                QVWDNATDHL-WV

FOR177_H                QVWETISNHPNWV

FOR176_H                HVWDTSGD---RV

FOR187_HK               QVWETYSDHA-VI

MM122                   QVCDSRSDQ--VV

MM123                   HVRESGSDR--FV

MM134                   HVWESRRHYG-GV

MM150                   QVWDSSSDH--RV

MM106                   QVWESNSDH--PV

MM108                   QVWDSSSEH--LV

MM111                   QVWDSDGDH--WV

MM119                   QLWDGYTLR--GV

MM138                   QVWDSSTDH--PV

MM143                   QVWDFTSDH--VV

MM144                   QVWDSSNDHPFVI

B
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Figure 27. Sequence sections of IGLV3-21 AL amyloidosis sequences stratified for the 

presence or absence of a clonal heavy chain in serum. Bold = reference sequences, 

underlined = CDR regions, red highlight = discrepancy between the VBase2 and Ensembl IGLV3-21 reference, 

red letter = mutation, light blue highlight = mutation hotspot, dark blue highlight = interesting mutation, X and 

grey highlight = not unambiguously determined amino acid, green letter = linker region, MM = multiple myeloma 

patients, AL = AL amyloidosis patients, _H = AL amyloidosis patient with dominant heart involvement, 

_HK = AL amyloidosis patient with dominant heart and kidney involvement, HC = detectable clonal heavy chain 

in the immunofixation electrophoresis in serum. Amino acids were numbered according to the VBase2 reference. 

The complete amino acid sequence alignment is shown in Supplementary Information Figure 24. The complete 

cDNA sequence alignment is shown in Supplementary Information Figure 25. 

 

3.6.5 Summary IGLV3-21 

IGLV3-21 was the most common MM IGLV subfamily (21 %, n = 11; AL = 13 %, n = 10) and 

was found more frequently in AL_H than AL_HK sequences (15 % vs. 5 %). In addition, an 

association with MM_HC and MM < dFLC was detected. Also, the IGLV-IGLJ-IGLC 

connection differed between the two diseases. While most of the MM sequences displayed an 

IGLJ2/IGL2 linkage, the AL sequences showed an IGLJ2/IGLC2 or IGLJ3/IGLC3 linkage 

equally frequently. In addition, AL HC sequences showed mostly an IGLJ2/IGLC2 connection, 

and AL no HC sequences an IGLJ3/IGLC3 connection.  

Several difficulties occurred in the sequencing of the IGLV segment of the AL sequences: In 

the majority of the cases, it was not possible to resolve the N-terminus (FR1-CDR1) of the 

IGLV segment. Further, IGLV3-21 presented as the IGLV subfamily with the most abundant 

and highest number of ambiguous identifiable AAs. Only four of eleven AL sequences did not 

show nucleotide signal overlaps resulting in undeterminable AAs. Based on these 

characteristics, an evaluation regarding the mutation distribution, AA composition, and 

biophysical parameters was assumed to not be reasonable.  

In the next step, NGS experiments were conducted with seven AL sequences to verify the 

IGLV3-21 subfamily assignment and further investigate the composition of these 

sequences/samples. These seven samples included an evaluable N-terminal resolved sequence 

34         45                                 80          92        

|          |   CDR2                           |       CDR3|         

IGLV3-21_Ensembl        WYQQKPGQAPVLVVYDDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWDSSSDHPT---

IGLV3-21*01_VBase2      WYQQKPGQAPVLVIYYDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWDSSS-------

IGLV3-21*02_VBase2      WYQQKPGQAPVLVVYDDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWDSSS-------

IGLV3-21*03_VBase2      WYQQKPGQAPVLVVYDDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWDSSS-------

IGLJ1*01_genbank        -------—---------------------------------------------------------YVF

IGLJ2/J3*01_genbank     -----------------------------------------------------------------VVF

IGLJ3*02_genbank        -----------------------------------------------------------------WVF

FOR127_H                XYQQXPXXAPXXVXXYDXXRPSXIXXRXFXSXSGXTXTXTIXRXXAEXEEXXYXXXWDXSSDH--VVF

FOR163_H                WYQQXPXQAPXXVXYDDNXRPSGIPERFSXSXSGXTATLXIXRVXDEDEXXYYXQSXDSSXXH--VVF

FOR105_H                WYQQKPGQAPVVVVXDDSDRPSGIPERFSGSNSGNTATITISRVEAXDEXXYYCQXWDSSSDH--VVF

FOR104_H                WYQQKPGQAPVLVAHDDSDRPSGIPERLSGSNSGNTATLTISRVEAGDEADYYCQVWDFTTDH--LVF

FOR162_H                WYQQXPGXAPXLVVYDDNDRPSGXPXRFXXSNSGXTATXTISXVEAEDEXXYYXQXWDSSSXH--XVF

FOR187_HK               WYRQKPGQAPAVVVFDDSDRPSGIXERXSGXNXGNTATXIXNRVEAGDEADYYCQVWETYSDHA-VIF

FOR136_H                WYQQKPGQAPVLVIFSDSDRPSGIPERFSGSISGNTATLTISGVEAGDEADYYCQLWDISTDN--CVF

FOR169_H                WYQQKPGQAPVLVIYDDSDRPSGIPARFSGSNSENTATLTISRVEAGDEADYYCQVWDNATDHL-WVF

FOR177_H                WYQQKPGQAPVLVVYDDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWETISNHPNWVF

FOR176_H                WYQQKPGQAPVVMYYDDSDRPSGIPERFSGSNSGNTATLTISGVEAGDEADYYCHVWDTSGD---RVF

AL 

HC

AL 

no HC
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as the positive control and as the negative control a sequence that was defined as non-evaluable 

(IGLV3-21 in the first PCR reaction and IGLV3-25 in the second PCR reaction).  

At first, NGS was used to analyze a PCR approach based on a multiplex oligonucleotide set 

(MP_NGS_PCR). It was possible to detect an IGLV3-21 sequence with the highest percentage for 

each IGLV3-21 assigned sample (median sequence A: 93.4 %). The negative control sample 

showed an IGLV3-9 sequence with the highest percentage (3.3 %), but considering all 

sequences ≥1 %, IGLV3-21 was the most prominent IGLV subfamily. Four samples, including 

the positive control, showed only one sequence with a percentage ≥1 % and in a comparison 

with the Sanger sequencing results, the sequences matched (CDR2-IGLJ). Two samples 

displayed four sequences ≥1 %; in one sample the NGS and Sanger sequencing matched 

(sequence_A: 93.4 % IGLV3-21). In the second case seven mismatches, mainly restricted to 

the CDR3 region, were noted (sequence_A: 1.4 % IGLV3-21). The negative control showed 16 

sequences with a percentage ≥1 %. Evaluating these 16 sequences together, four positions 

showed a deviation from the Sanger sequence. Thus, the IGLV subfamily assignment was 

verified in all cases and in the majority of the cases also the sequence itself. In the remaining 

samples, the sequences were verified for over 90 % of the positions.  

In the next step, NGS was used to analyze PCR samples that should generate IGLV3 N-

terminally elongated sequences. Interestingly, these N_NGS_PCR samples contained a higher 

amount of sequence ≥1 % (14 vs. 1; p = 0.038) and a lower percentage of the respective 

sequence_A (18.4 % vs. 93.4 %) compared to the MP_NGS_PCR approach. However, only three 

samples showed an IGLV3-21 sequence ≥1 %. Here, the IGLV3-21 sequence was detected with 

the highest percentage in two sequences, including the positive control. In all three cases, the 

IGLV3-21 N_NGS_PCR sequence matched the MP_NGS_PCR IGLV3-21 sequence_A. It is worth 

mentioning that for the negative control, the sequence with the highest percentage was 

identified as IGLV3-25, which matched the Sanger sequencing assignment. Taking all three 

N_NGS_PCR IGLV3-25 sequences into account, no position showed a deviation in all three 

sequences. So, for the positive and negative control it was possible to generate expected results 

but beyond that no new information could be gained. 

In a next step, the complete AL and MM cohorts were analyzed concerning their mutation 

hotspots. Here, it was noticeable that the AL (92S) and MM (93S) hotspots were both located 

in the CDR3 but did not concern the same position. In addition, two positions showed a direct 

exchange pattern: G80E (AL) and Y86F (MM), but the NGS experiments could not verify the 

G80E mutation. As already described for the other IGLV subfamilies, it was possible to identify 

different patterns in the context of charged and small AAs. While the CDR3 region of MM 
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sequences displayed an additional charge in five out of eleven cases, this was only noted once 

in the AL cohort. Even though the first AA of the IGLJ segment presented as a mutation hotspot 

in both cohorts, an exchange towards a small AA was detected in more than half of the cases in 

the MM sequences and none of the AL sequences. It should also be mentioned that the AL 

sequences with many ambiguous AA positions belonged to the AL_HC group (4/5 vs. 2/6). 

 

3.7 IGLV6-57 and IGLV2-23 

Concerning the IGLV subfamily usage, a significant difference between the two diseases was 

especially detected for IGLV6-57 and IGLV2-23. IGLV6-57 was found to be the most used AL 

IGLV subfamily (n = 18) and was only detected once in the MM cohort. In addition, IGLV6-57 

presented as the most used AL_HK subfamily and was detected with a more than two times 

higher percentage than in the AL_H subgroup. However, half of the AL_HTX sequences 

corresponded to this subfamily (4/8). In contrast, eight MM samples and no AL samples were 

assigned to the IGLV2-23 subfamily. This is of particular interest due to IGLV2-23 being 

detected as one of the third most commonly used MM IGLV subfamilies (together with IGLV2-

14). Based on this prominent difference and the assumed divergent amyloidogenic potential, a 

comparison between these two IGLV subfamilies was performed. 

The AL IGLV6-57 sequence FOR133 was not used for further analysis due to fourteen not 

clearly determined AAs. In addition, since only one MM sequence was assigned to the 

IGLV6-57 subfamily this sequence was also neglected in the evaluation (MM112) – however, 

it was possible to verify the sequence by Sanger sequencing (Supplementary Information 

Figure 26).  

In the bioinformatic analysis of the IGLV2-23 MM sequences MM107 and MM132, it was 

possible to detect an additional sequence segment. In the case of MM107, this sequence section 

was not clearly assigned to a specific region but showed partial matches with the IGLC segment 

(Supplementary Information Figure 27). Regarding MM132, the additional sequence section 

was an exact copy of an IGLC region and was therefore not investigated further 

(Supplementary Information Figure 28). 

3.7.1 Subgroup Analysis 

More than half of the AL IGLV6-57 sequences corresponded to patients with detectable HC 

(11/17, 6x IgG, 4x IgA, 1x IgD, 1x NA) and nine to patients with a dFLC >180 mg/L (Table 

29). Since most IGLV6-57 AL_HK sequences corresponded to a patient with detectable HC 

(7/8), the respective analysis was performed using only the IGLV6-57 AL_H sequences. 
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Seven out of eight IGLV2-23 MM patients showed a detectable clonal HC (5x IgG, 2x IgA), 

and six patients a dFLC >180 mg/L. Therefore, a comparison between these subgroups was not 

performed. 

As a side note, the distribution of HC classes is in line with the approximate percentage of the 

total Ig in the adult serum for both diseases (Lefranc and Lefranc 2020). 

 

Table 29. Overview of selected characteristics of 18 AL amyloidosis patients and one 

multiple myeloma patient with IGLV6-57 assigned light chain sequences and 8 multiple 

myeloma patients with IGLV2-23 assigned light chain sequences. The column "X AA [n]" 

defines how many amino acids were not determined unambiguously. Organ inv. = organ involvement, AL_H = AL 

amyloidosis patients with dominant heart involvement, AL_HK = AL amyloidosis patients with dominant heart 

and kidney involvement, AL_HTX = AL amyloidosis patients who received a heart transplant, AA = amino acid, 

AL = AL amyloidosis, MM = multiple myeloma, HC in IFE = detectable clonal heavy chain in the 

immunofixation electrophoresis in serum, NA = not available. 

Patient Disease 
Organ 

inv. 
IGLJ IGLC X AA [n] HC in IFE 

dFLC 

[mg/L] 

 IGLV6-57 

FOR117 AL AL_HTX IGLJ2 IGLC2 0 - 80.9 

FOR126 AL AL_H IGLJ3 IGLC2 0 G 36.8 

FOR133 AL AL_H IGLJ2/3 IGLC3 14 - 633.6 

FOR140 AL AL_HTX IGLJ3 IGLC2 0 - 895.7 

FOR144 AL AL_H IGLJ2 IGLC2 0 - 224.5 

FOR192 AL AL_H IGLJ2 IGLC2 0 G 155.3 

FOR194 AL AL_H IGLJ3 IGLC3 0 A 45.5 

FOR197 AL AL_HTX IGLJ2 IGLC2 3 G 442.4 

FOR205 AL AL_H IGLJ2/3 IGLC3 0 - 117.2 

FOR214 AL AL_HTX IGLJ3 IGLC3 0 NA 484.0 

FOR150 AL AL_HK IGLJ3 IGLC2 0 A 86.2 

FOR152 AL AL_HK IGLJ3 IGLC3 0 G 211.5 

FOR153 AL AL_HK IGLJ3 IGLC3 0 G 103.2 

FOR154 AL AL_HK IGLJ2 IGLC2 0 G 202.3 

FOR188 AL AL_HK IGLJ3 IGLC3 0 A 85.9 

FOR185 AL AL_HK IGLJ2 IGLC2 0 A 754.8 

FOR222 AL AL_HK IGLJ2 IGLC2 0 D 168.2 

FOR228 AL AL_HK IGLJ2 IGLC2 0 - 218.5 

MM112 MM - IGLJ3 IGLC3 0 G 153.8 

 IGLV2-23 

MM107 MM - IGLJ2/3 IGLC2 0 A 2396.0 

MM114 MM - IGLJ3 IGLC3 0 G 933.8 

MM117 MM - IGLJ2 IGLC2 0 - 3172.1 

MM125 MM - IGLJ3 IGLC3 0 G 496.0 

MM132 MM - IGLJ2/3 IGLC2 0 G 1496.9 

MM133 MM - IGLJ3 IGLC3 0 A 288.5 

MM135 MM - IGLJ2 IGLC2 0 G 28.3 

MM149 MM - IGLJ2/3 IGLC3 0 G 117.9 

 

Starting with the overall LC composition, the AL IGLV6-57-IGLJ-IGLC linkage has already 

been described in chapter 3.3.2 and a most prominent linkage with IGLJ2/IGLC2 was detected 



3 Results 3.7 IGLV6-57 and IGLV2-23 Natalie Berghaus 

~ 111 ~ 

(Table 19). Three IGLV2-23 MM sequences displayed an IGLJ3/IGLC3 linkage, two an 

IGLJ2/IGLC2 linkage, and in three cases the IGLJ segment was not determined unambiguously 

between IGLJ2 and IGLJ3. 

3.7.2 Mutation Frequency and Count 

Comparing the AL IGLV6-57 and IGLV2-23 MM sequences, it must be considered that the 

IGLV segment of the IGLV6-57 sequences was trimmed and the FR1, as well as the first AA 

of the CDR1 region, were missing. In the following, only the adjusted IGLV2-23 sequences 

were considered. However, with respect to the analyzed section, the IGLV6-57 reference 

comprises one additional AA (CDR1-CDR3, IGLV6-57 = 75 AA, IGLV2-23 = 74 AA). 

Besides, the FR1 of IGLV2-23 MM sequences showed a mutation in 38 % of the cases and, if 

mutated, a median mutation count of 1.0. 

Overall, the IGLV2-23 MM sequences displayed a mutational load almost twice as high as the 

IGLV6-57 AL sequences (11.5 vs. 6.0, p = 1.60e-06 (t-test)) (Table 30). However, not only a 

higher overall mutation count but also a higher mutation frequency and mutation count was 

detected in all regions, except CDR3. The most prominent differences were noted in CDR1 (3.5 

vs. 1.0, p = 0.003 (t-test), IGLV6-57 = 12 AA, IGLV2-23 = 13 AA), CDR2 (88 % vs. 53 %, 

p = 0.027 (U-test), both references = 7 AA) and FR3 (100 % vs. 65 %, p = 0.023 (U-test), 

IGLV6-57 = 34 AA, IGLV2-23 = 32 AA). Additionally, a more frequently mutated IGLJ 

segment was detected in the MM IGLV2-23 sequences (75 % vs. 53 %, reference = 12 AA). 

When stratifying the IGLV6-57 sequences for the AL organ tropism, the AL_H sequences 

(IGLV = 7.0, IGLJ = 78 %, IGLC = 22 %, reference = 74 AA) and especially the AL_HTX 

sequences (IGLV = 7.5, IGLJ = 75 %, IGLC = 25 %) showed a higher mutational load or 

frequency than the AL_HK sequences in all segments (IGLV = 5.0, IGLJ = 25 %, 

IGLC = 0 %)(Table 30 ). In addition, a higher mutation frequency was detected in the FR3 of 

AL_H sequences compared to AL_HK sequences (100 % vs. 25 %, p = 0.007 (t-test), 

reference = 34 AA).  

In the analysis of IGLV6-57 AL_H sequences regarding a potential HC binding partner, the 

AL_H HC sequences presented less frequently mutated than the AL_H no HC sequences in the 

IGLV (6.5 vs. 7.5), IGLJ (50 % vs. 100 %) and IGLC segment (0 % vs. 50 %) (Table 30). This 

difference was also noted for CDR2 (25 % vs. 75 %).  

To examine whether the difference in LC behavior is based on a difference in the general 

mutation distribution and frequency, these aspects were analyzed within the IGL 

segments. 
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When stratifying for a dFLC >180 mg/L, the IGLV6-57 AL < dFLC sequences showed, if 

mutated, more mutations in the IGLJ segment (2.0 vs. 1.0). Despite no overall detected 

difference in the IGLV segment, the FR3 showed more mutations in the AL > dFLC subgroup 

(1.0 vs. 2.5) (Table 30).  

 

Table 30. Comparison of the percentage of mutated IGL segments and the average 

mutation count between the IGLV6-57 assigned AL amyloidosis and IGLV2-23 assigned 

multiple myeloma light chain sequences. The analysis was also performed with respect to different 

subgroups. The IGLV6-57 MM light chain sequence is not shown. AA = amino acid, CDR = complementary 

determining region, FR = framework region, AL = AL amyloidosis patients, MM = multiple myeloma patients, 

AL_H = AL amyloidosis patients with dominant heart involvement, AA = amino acid, AL_HK = AL amyloidosis 

patients with dominant heart and kidney involvement. HC = detectable clonal heavy chain in the immunofixation 

electrophoresis in serum, > dFLC = dFLC >180 mg/L, < dFLC = dFLC <180 mg/L, * = p ≤0.05, differences 

greater than 30 % and one (segments) or two (regions) additional mutations are marked in bold. The median 

mutation values were calculated using only the mutated segments/regions. The significance level was determined 

using the complete dataset. FOR133 was excluded due to several not unambiguously defined amino acids. The 

median mutation values were calculated using only the mutated segments/regions. The Vbase2 reference 

sequences were used for calculations, the IGLC reference was trimmed at the C-terminus. The CDR3 region also 

includes the patient-specific linker region and the first two amino acids of the IGLJ segment. It, therefore, spans 

9-11 amino acids in the IGLV6-57 subgroup and 8-11 amino acids in IGLV2-23. 

 
 mutated segments [%] 

median mutation count [n] 

 
n 

IGLV 

 
     

IGLJ 
12 AA 

IGLC 
74 AA 

IGLV6-57 / 

IGLV2-23 AA 
 

 75/71 
CDR1 

12/13 

FR2 

15/15 

CDR2 

7/7 

FR3 

34/32 

CDR3 

 
  

AL  

– IGLV6-57 

[%] 
17 

100 82 59 53 65 100 53 12 
[n] 6.0* 1.0* 1.0 2.0* 2.0* 2.0 1.0 1.0 

AL_H  

– IGLV6-57 

[%] 
9 

100 78 67 44 100 100 78 22 
[n] 7.0 1.0 2.0 1.0 2.0* 2.0 1.0 1.0 

AL HTX  

– IGLV6-57 

[%] 
4 

100 100 75 50 100 100 75 25 
[n] 7.5 1.0 2.0 1.5 2.5 1.5 1.0 1.0 

AL_HK 

– IGLV6-57 

[%] 
8 

100 88 50 63 25 100 25 0 
[n] 5.0 1.0 1.0 2.0 1.5* 2.0 2.0 0 

MM  

– IGLV2-23 

[%] 
8 

100 100 88 88 100 100 75 13 
[n] 11.5* 3.5* 1.0 2.0* 2.5* 2.5 1.0 1.0 

AL_H HC 

– IGLV6-57 

[%] 
4 

100 75 50 25 100 100 50 0 
[n] 6.5 1.0 1.5 1.0 2.0 2.0 1.5 0 

AL_H  

no HC 

– IGLV6-57 

[%] 
4 

100 75 75 75 100 100 100 50 

[n] 7.5 2.0 2.0 1.0 2.5 1.5 1.0 1.0 

AL > dFLC 

– IGLV6-57 

[%] 
8 

100 88 75 38 50 100 50 13 
[n] 6.0 1.0 1.5 2.0 2.5 2.0 1.0 1.0 

AL < dFLC 

– IGLV6-57 

[%] 
9 

100 78 44 67 78 100 56 11 
[n] 6.0 2.0 1.0 1.0 1.0 2.0 2.0 1.0 
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3.7.3 Sequence Alignment  

When analyzing the IGLV6-57 sequences in more detail, it is noticeable that only one position 

in the CDR3 region is mutated in over 50 % of the AL sequences (97S), including four out of 

eight AL_HK and six out of nine AL_H sequences (Figure 28 A). When considering the organ 

involvement separately, three hotspots were additionally defined for the AL_HK sequences: 

53N (3rd position CDR2, 4/8), 96S (CDR3, 5/8), and 98N (CDR3, 4/8). While at position 53N 

an exchange towards a charged AA was noted in three out of four AL_HK cases, no directed 

exchange pattern was observed for the other two hotspots. In contrast, two additional AL_H 

hotspots were identified, and both showed a specific exchange pattern. At position 69S (FR3), 

four out of nine AL_H sequences displayed an exchange towards the positively charged AA 

arginine (1x X with R as a possibility, cDNA = AGC→AGG or AGA). At position 82 (FR3), 

an exchange from the positively charged AA lysine towards glutamine was detected four times 

and one time towards threonine (cDNA glutamine = AAG→CAG). 

Overall, no consistent pattern was noted in the AL IGLV6-57 IGLV-IGLJ linker region. 

When stratifying the AL_H sequences for the absence or presence of a clonal HC, it is 

noticeable that an exchange towards phenylalanine was detected in three out of four AL_H HC 

sequences at position 50Y and at position 37Y twice. Remarkably, the two Y50F and Y37F 

mutated sequences corresponded to AL_HTX patients. All Y50F mutated sequences also 

cluster to the > dFLC subgroup (cDNA Y50F = TAT→TTT). 

Regarding the IGLV2-23 MM sequences, eight positions – mainly restricted to the CDR regions 

– were identified as mutation hotspots: 29V (CDR1, 4/8), 31S (CDR1, 5/8), 32Y (CDR1, 4/8), 

49M (FR2, 4/8), 53G (CDR2, 6/8), 54S (3rd position CDR2, 5/8), 96S (CDR3, 5/8) and 97S 

(CDR3, 7/8) (Figure 28 B). However, only at two positions, a distinct exchange was noted: 

V29I = 3/4 (cDNA = GTT→ATT) and G53V = 4/6 (cDNA = GGC→GTC). Also, in three out 

of eight cases, an exclusive exchange towards asparagine was noted at position 26S. Although 

there is no overlapping reference, the linker region contained only a threonine in six cases (1x 

TS, 1x nothing). 

A more detailed analysis of the LC sequences was performed on AA level to identify 

potential unique mutations or mutation patterns that could influence the biochemical 

properties of the LC itself or discriminate the subgroups. This was carried out in a step-

wise procedure. First, general sequence characteristics such as mutation hotspots 

(mutations >50 %) and their location were identified separately for both diseases. Then 

the hotspots were analyzed in terms of an exchange towards a specific AA or AAs with 

the same side chain properties and the respective cDNA. In this analysis, the LC 

sequences with more than ten unambiguously determined AAs (marked as X) were 

included. 
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Figure 28. Sequence sections of IGLV6-57 assigned AL amyloidosis and multiple myeloma 

light chain sequences and IGLV2-23 assigned multiple myeloma light chain sequences. (A) 

Sequence section of IGLV6-57 assigned AL amyloidosis and multiple myeloma light chain sequences. (B) 

Sequence section of IGLV2-23 assigned multiple myeloma light chain sequences. Bold = reference sequences, 

underlined = CDR regions, red letter = mutation, purple highlight = mutation hotspot, blue highlight = interesting 

mutation, X and grey highlight = not unambiguously determined amino acid, green letter = linker region, 

MM = multiple myeloma, _H = AL amyloidosis patient with dominant heart involvement, _HK = AL amyloidosis 

patient with dominant heart and kidney involvement, _HTX = AL amyloidosis patient who received a heart 

transplant. Only one IGLC reference is shown because the first amino acid can be in all cases defined as glycine. 

Amino acids were numbered according to the VBase2 reference. The complete IGLV6-57 amino acid sequence 

alignment is shown in Supplementary Information Figure 29. The complete IGLV6-57 cDNA sequence alignment 

is shown in Supplementary Information Figure 30. The complete IGLV2-23 sequence amino acid alignment is 

shown in Supplementary Information Figure 31. The complete IGLV2-23 sequence cDNA alignment is shown in 

Supplementary Information Figure 32. 

 

In a comparison between AL IGLV6-57 and MM IGLV2-23, the MM IGLV2-23 sequences 

presented more mutation hotspots (1 vs. 8) and the two cohorts share mutation hotspots at the 

third position of the CDR2 (AL_HK) and at the two last positions in the IGLV segment (one 

only AL_HK). Moreover, mutations in the IGLJ segment as well as the first AA of the IGLC 

segment were detected in both subgroups with the same AA exchanges.  

As already observed for the other IGLV subfamilies, the IGLV6-57 sequences presented charge 

changes in specific regions as well (Figure 29). More than half of the AL IGLV6-57 sequences 

presented an additional charge in the CDR1 (10/18) and interestingly, a certain organ tropism 
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IGLV6-57_Ensembl            GSSGSIASNYVQWYQQRPGSAPTTVIYEDNQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDSSN---------------

IGLJ2_Genbank               -----------------------------------------------------------------------------VVFGGGTKLTVL-
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FOR126_H                    GSSGSIASNYVQWYQQRPGSAPTTVIYEDNQRPSGVPDRFSGSIDSSSNSASLTITGLKTEDEADYYCQSYDNNNG-GVFGGGTRLTVLG
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FOR194_H                    RSGGSIASYYVQWYQQRPGSSPITVIYEDNQRPSGVPDRFSGSIDSSSNSASLTISGLQTEDEADYYCQSYDFNNYSWVFGGGTKVTVLG
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FOR153_HK                   RSSGSIVSKFVQWYQQRPGSAPTTVIYEDDLRPSGVPDRFSGSVDSSSNSASLTISGLKTEDEADYYCQSYDTNN--WVFGGGTKLTVLG

FOR154_HK                   RSSGRIASNYVQWYQQRPGSSPTTLIYEDNQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDARD--VVFGGGTKLTVLG

FOR188_HK                   RSSGYIASNYVQWYQQRPGSSPTTVIHEHFKRPSGVPDRFSGSIDYSSNSASLTISGLTTEDEADYYCQSFDRTS--WVFGGGTKLTVLG
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FOR222_HK                   GTGGSIARNYVQWFQQRPGSAPTTVIYEDNQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSFDGSNH-ILFGGGTKLTVVG

FOR228_HK                   RSSGRIASNFVQWYQQRPGSAPTTVIYDDKQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSHDSSN--VVFGGGTKLTVLG

MM112                       RSSGNIASNYVQWYQQRPGSAPTTVIYEDNQRPSGVPDRFSGSIDRSSKSASLTISRLKTEDEADYYCQSYDDNNL-WVFGGGTKLTVLS
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IGLV2-23_Ensembl GTSSDVGSYNLVSWYQQHPGKAPKLMIYEGSKRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYC CSYA------------------
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IGLJ3*02_Genbank ------------------------------------------------------------------- ---------WVFGGGTKLTVL-

IGLC2*01_Genbank ------------------------------------------------------------------- ---------------------G

MM107 GSNGDVGTYNLVSWYQHHPGEAPKLVVYEGSKRPSGVSWRFSGSKSGNTASLEIFDLQAEDEADYYC CSYAGSST-LIFGGGTKVTVLG

MM114 GTNSDFGGSDLVSWYQQHPGKAPKLIIYEGNARPSGVPNRFSGSTSGNTASLTISGLQAEDEADYYC CSYADG---WVFGGGTKLTVLG

MM117 GTNNDVGSYNLVSWYQQLPGKAPKLLIYEVYKRPSGLSNRFSGSKSGNTASLTISGLQPEDEGDYYC CSYAGSYT-VIFGGGTKLTVLG

MM125 GASSDVGSYNLVSWYQHHPDKVPKLIIYGVSERPSGISNRFSGSKSGNTASLTISGLQAEDEADYFC CSYAGSLT-WVFGGGTKLTVLG

MM132 GTSGDIGSFSLVSWYQQHPGRAPKLMIYEVHKRPSGVSTRFSGSKSDNTASLTISGLQADDEADYYC FSYAGRGTSGVFGGGTRLTVLS

MM133 GTSSDIGTFNIVSWYQQHPGKGPKLMIYDATKRPSGISNRFSGSKSGNTASLTIFGLQAEDEADYYC CSYAGTNT-WVFGGGTRLTVLG

MM135 GTSSDVGNSNLVSWYQQHPGKAPKLMIYEVSKRPSGVSDRFSGSKSGNTASLTISGLQAEDETNYYC CSYVDGYT-VLFGGGTKLTVLG

MM149 GTSSDIGGYNLVSWFQQHPGKAPKLMIYETTRRPSGVSNRFSGSKSGNTASLTISGLQADDEADYYC CSYAAATT-RVFGGGTKLTVLG
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was noted. While five AL_H sequences presented an exchange towards the negatively charged 

AA aspartic acid (1x histidine), four AL_HK sequences presented an additional positive charge 

(3x arginine, 1x lysine, p = 0.036 (Chi)). Also, the CDR2 region showed an insertion of an 

additional charge in eight AL IGLV6-57 sequences, which clustered to the < dFLC subgroup 

(6/9 vs. 2/9). In contrast, the CDR3 region displayed an enrichment of charged AAs especially 

prominent in AL_HK sequences (6/8, AL_H n = 1; p = 0.012 (Fischer)). Regarding the 

IGLV2-23 MM sequences, an accumulation of additional charges was only noted in the CDR3 

region (4/8, CDR1 1/8, CDR2 1/8).  

 

 

Figure 29. Sequence section of IGLV6-57 assigned AL amyloidosis and multiple myeloma 

light chain sequences and IGLV2-23 assigned multiple myeloma light chain sequences 

with respect to additional charges. (A) Sequence section of IGLV6-57 assigned AL amyloidosis and 

multiple myeloma light chain sequences. (B) Sequence section of IGLV2-23 assigned multiple myeloma light 

chain sequences. Bold = reference sequences, underlined = CDR regions, red letter = mutation, light red 

highlight = additional negative charge in a CDR region, green highlight = additional positive charge in a CDR 

region, X and grey highlight = not unambiguously determined amino acid, green letter = linker region, 

MM = multiple myeloma, _H = AL amyloidosis patient with dominant heart involvement, _HK = AL amyloidosis 

patient with dominant heart and kidney involvement, _HTX = AL amyloidosis patient who received a heart 

transplant. Only one IGLC reference is shown because the first AA can in all cases be defined as glycine. Amino 

acids were numbered according to the VBase2 reference. The complete IGLV6-57 amino acid sequence alignment 

is shown in Supplementary Information Figure 29. The complete IGLV6-57 cDNA sequence alignment is shown 

in Supplementary Information Figure 30.The complete IGLV2-23 sequence amino acid alignment is shown in 

Supplementary Information Figure 31. The complete IGLV2-23 sequence cDNA alignment is shown in 

Supplementary Information Figure 32. 
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3.7.4 Amino Acid Composition 

To achieve comparability between IGLV6-57 and IGLV2-23, the median AA percentage of the 

respective full-length reference sequences, without patient-specific linker region, was also 

calculated. Considering the reference VBase2 IGLV segment individually, it is striking that 

there is almost no commonality between these subfamilies. The IGLV6-57 reference contains 

an especially lower amount of alanine (3.1 % vs. 7.2 %) and glycine (6.1 % vs. 11.3 %) as well 

as a higher amount of aspartic acid (6.1 % vs. 3.1 %) than the IGLV2-23 reference. Overall, the 

IGLV6-57 reference comprises a higher number of negatively charged AAs (10 vs. 6). Also, 

differences regarding the positively charged AAs were noted; the IGLV2-23 reference sequence 

contained a lower amount of arginine (2.1 % vs. 4.0 %) and a higher amount of lysine (4.1 vs. 

2.0).  

In the IGLV6-57 AL as well as IGLV2-23 MM LC sequences no difference (≥ 0.5 %) was 

detected for the AAs cysteine, glutamine, glutamic acid, glycine, leucine, methionine, proline, 

and tryptophan for the full-length reference sequences (Supplementary Information Table 6, 

Supplementary Information Table 7). In contrast, in both the IGLV2-23 MM sequences and 

the IGLV6-57 AL, an increase in aspartic acid (AL = 4.8 % vs. 5.5 %, MM = 2.7 % vs. 3.3 %), 

isoleucine (AL = 3.0 % vs. 3.6 %, MM = 2.7 % vs. 3.3 %), phenylalanine (AL = 2.4 % vs. 

3.0 %, MM = 2.2 % vs. 2.7 %) and threonine (AL = 7.9 % vs. 8.4 %, MM = 7.7 % vs. 8.2 %), 

as well as a decrease in serine (AL = 17.6 % vs. 16.3 %, MM = 17.5 % vs. 15.8 %), lysine 

(AL = 4.8 % vs. 4.2 %, MM = 6.0 % vs. 5.4 %) and tyrosine (AL = 5.5 vs. 4.8, MM = 4.9 % 

vs. 4.4 %) was noted in the complete LC.  

Taken IGLV6-57 separately, an increase in alanine (7.9 % vs. 8.5 %), arginine (2.4 % vs. 

3.0 %), and a decrease for asparagine (4.2 % vs. 3.6 %) in comparison to the reference was 

noted. In the IGLV2-23 sequences, the only exclusive difference was noted concerning valine 

which displayed a decrease compared to the reference (6.9 % vs. 6.3 %). 

Considering the AL IGLV6-57 organ tropism separately, the AL_H sequences presented a 

higher amount of arginine, aspartic acid, and isoleucine (3.6 % vs. 3.0 %, p = 0.047 (t-test)) as 

well as a lower amount of histidine, and lysine (4.2 % vs. 4.8 %, p = 0.031 (t-test)) than the 

AL_HK sequences (Figure 30). In the AL_HTX sequences, a lower amount of glycine and a 

The overall percentage of the individual AAs was calculated to evaluate the effect of the 

detected mutations and mutation patterns and to get an overview of the overall LC 

composition. Only differences ≥0.5 % are mentioned in the following, differences 

>0.5 % are numerically specified. 
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higher amount of serine and phenylalanine than in the AL_H and AL_HK sequences were 

detected. 

 

 

Figure 30. Comparison of the overall isoleucine and lysine percentage between IGLV6-57 

assigned AL amyloidosis light chain sequences corresponding to patients with dominant 

heart or dominant heart and kidney involvement. The amino acid percentage was calculated using 

the complete trimmed light chain sequence. AL_H = AL amyloidosis patients with dominant heart involvement, 

AL_HK = AL amyloidosis patients with dominant heart and kidney involvement. 

 

For the AAs aspartic acid and serine, a difference was observed between the AL subgroups in 

both the stratification for the presence of a HC and a dFLC >180 mg/L. While the AL_H HC 

sequences presented a lower percentage (aspartic acid = 4.8 % vs. 5.5 %, serine = 16.0 % vs. 

16.8 %), a higher percentage was noted in the AL > dFLC sequences (aspartic acid = 5.5 % vs. 

4.8 %, serine = 16.7 % vs. 15.8 % p = 0.012 (t-test)) (Figure 31). In addition, AL_H HC 

sequences showed a higher proportion of valine than AL_H no HC sequences. In AL > dFLC 

sequences, a higher percentage of alanine (8.5 % vs. 7.9 %; p = 0.015 (U-test)), arginine, 

glutamine, and a lower percentage of lysine, and tryptophan than in the respective other 

subgroup was noted. 

 

0.047 0.031
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Figure 31. Comparison of the overall amino acid percentage of serine and aspartic acid 

between IGLV6-57 assigned AL amyloidosis light chain sequences with respect to the 

presence or absence of a clonal HC or a dFLC >180 mg/L. The amino acid percentage was 

calculated using the complete trimmed light chain sequence. MM = multiple myeloma patients, AL = AL 

amyloidosis patients, HC = heavy chain, > dFLC = dFLC >180 mg/L, < dFLC = dFLC <180 mg/L. 

 

3.7.5 Biophysical Parameters 

In the IGLV2-23 reference sequence, a higher aggregation tendency (AGG score; 126 vs. 55) 

as well as a lower Mw than for the IGLV6-57 reference can be detected (10038 vs. 10643) 

(Table 31). Due to sequence trimming, a comparison between the LCs of the two diseases was 

not reasonable for the AGG value and the Mw. Since the GRAVY score is calculated by the 

sum of hydropathy values of all AAs, divided by the number of residues, a comparison between 

the two IGLV subfamilies can be performed. Here, a lower value was detected for the AL 

IGLV6-57 sequences (-0.434 vs. -0.223, reference IGLV = -0.751 vs. -0.452). Interestingly, the 

IGLV segment also shows a lower pI for the IGLV6-57 reference sequence than for the IGLV2-

NH2

O

OH

OH

O

NH2

O

OH

OH

A B

Several parameters were calculated to evaluate the effect of the mutations and amino 

acid composition on the biophysical properties of the LCs. The AGG parameter was 

included to determine the tendency for a beta sheet aggregation. The grand average of 

hydropathicity (GRAVY) value is defined by the sum of hydropathy values of all AA 

divided by the protein length. A negative GRAVY-value indicates a hydrophilic nature 

and a possible interaction of the linear protein with water molecules. The pI was also 

calculated to examine the theoretical stability of the LCs. In this context, the pI of the 

patient-derived LCs itself and the difference in comparison to a reference sequence (ΔpI) 

was calculated. This was performed for the complete LC (IGLVJC) and the IGLV and 

IGLJ segments (IGLVJ). In addition, the average molecular weight (Mw) of the LCs was 

specified. 
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23 reference (4.60 vs. 6.74). However, the MM IGLV2-23 full-length LC sequences displayed 

a more pronounced decrease in ΔpI in the IGLVJ (-0.55) and IGLVJC segments (-1.36) than 

the AL IGLV6-57 sequences (IGLVJC = -0.14, IGLVJ = 0.05).  

 

A higher beta sheet aggregation tendency was detected in the IGLV6-57 AL_H (814) and 

particularly the AL_HTX (867) sequences compared to AL_HK sequences (655) (Table 31). 

In addition, the AL_H HC sequences presented a higher AGG value than the AL_H no HC 

sequences (852 vs. 762). No difference was found when stratifying for a dFLC >180 mg/L. 

In the analysis of the GRAVY score, no major differences were found concerning the AL organ 

tropism, the presence of a HC, or a dFLC value >180 mg/L (Table 31). 

Regarding the pI, the AL_HK sequences displayed almost no changes in pI and ΔpI in the full-

length LC, while in the AL_H sequences a decrease was noted (Table 31). This difference was 

especially prominent when considering the AL_HTX sequences (pI IGLVJC 4.99 vs. 4.72, 

p = 0.043 (Median); pI IGLVJ 4.36 vs. 4.68, p = 0.043 (Median)). When stratifying for the 

presence or absence of a HC binding partner or a > dFLC, no difference for the pI or ΔpI was 

found in the AL sequences. 

In the context of the Mw, no difference was detected when stratifying the AL sequence for a 

dominant organ involvement or the presence of a clonal HC. However, the AL > dFLC 

sequences displayed a higher average Mw than the AL < dFLC sequences (17712 vs. 17562) 

(Table 31). 

 

Table 31. Overview and comparison between different biophysical parameters of IGLV6-

57 assigned AL amyloidosis and IGLV2-23 assigned multiple myeloma light chain 

sequences and between different subgroups. AL = AL amyloidosis patients, MM = multiple myeloma 

patients, AL_H = AL amyloidosis patients with dominant heart involvement, AL_HK = AL amyloidosis patients 

with dominant heart and kidney involvement, AL_HTX = AL amyloidosis patients who received a heart 

transplant, HC = detectable clonal heavy chain in the immunofixation electrophoresis in serum, AGG = β-sheet 

aggregation tendency, GRAVY = grand average of hydropathicity, pI = isoelectric point, ΔpI = difference 

between the light chain sequence and the respective reference sequence, IGLVJC = trimmed full-length light 

chain, IGLVJ = connected IGLV and IGLJ segments, Mw = average molecular weight. 

 median  

AGG 

median  

GRAVY 

pI  

IGLVJC 

ΔpI  

IGLVJC 

pI  

IGLVJ 

ΔpI  

IGLVJ 

Mw 

(average)  

AL 

– IGLV6-57 
664.6 -0.434 4.78 -0.14 4.47 0.05 17648 

AL_H 

– IGLV6-57 
813.9 -0.445 4.73 -0.14 4.37 0.02 17668 

AL_HTX 

– IGLV6-57 
866.6 -0.392 4.72 -0.21 4.36 -0.05 17668 

AL_HK 

– IGLV6-57 
655.4 -0.426 4.99 0.02 4.68 0.20 17593 

MM 

– IGLV2-23 
870.3 -0.223 7.78 -0.55 6.53 -1.36 19176 
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 median  

AGG 

median  

GRAVY 

pI  

IGLVJC 

ΔpI  

IGLVJC 

pI  

IGLVJ 

ΔpI  

IGLVJ 

Mw 

(average)  

AL_H HC 

– IGLV6-57 
852.4 -0.423 4.76 -0.12 4.43 0.05 17689 

AL_H no HC 

– IGLV6-57 
762.3 -0.487 4.71 -0.16 4.33 0 17668 

AL > dFLC 

– IGLV6-57 
761.3 -0.392 4.72 -0.15 4.36 0.01 17562 

AL < dFLC 

– IGLV6-57 
719.7 -0.445 4.91 0 4.60 0.19 17712 

 

3.7.6 Summary IGLV6-57 and IGLV2-23 

In the analysis regarding the IGLV subfamily usage between AL and MM, the most prominent 

differences were found concerning IGLV6-57 and IGLV2-23. IGLV6-57 was detected almost 

exclusively in AL and was even the most commonly used IGLV subfamily (21 % vs. 8 %; 

p = 0.001). In contrast, IGLV2-23 was detected exclusively in the MM cohort and as one of the 

most used IGLV subfamilies (0 % vs. 15 %; p = <0.001). Both IGLV subfamilies share a 

preferred linkage with IGLJ2/IGLC2. However, while the IGLV2-23 MM sequences were 

associated with a detectable clonal HC in serum, the AL IGLV6-57 sequences seem to relate to 

the no HC, < dFLC (AL_H p = 0.038), and AL_HK subgroups.  

In a more detailed analysis, the IGLV2-23 MM (n = 8) sequences presented a significantly 

higher median mutation count in the IGLV segment than the AL IGLV6-57 sequences (n = 18) 

(trimmed = 11.5 vs. 6.0; p = 1.60e-06) – including the CDR1 (3.5 vs. 1.0; p = 0.003), CDR2 

(88 % vs. 53 %; p = 0.027), and FR3 region (100 % vs. 65 %; p = 0.023). This finding was 

further reflected in more mutation hotspots (8 vs. 1), especially in the CDR regions of MM 

sequences. Despite three frequently mutated positions in both cohorts, charged amino acids 

differed between the IGLV subfamilies. The AL IGLV6-57 sequences showed an additional 

charge in the CDR1 (10/18), CDR2 (8/18), and CDR3 (9/18) region, whereas, in the MM 

IGLV2-23 sequences, only the CDR3 region presented an additional charge. Moreover, the 

IGLV6-57 reference sequence generally contains a higher proportion of the negatively charged 

AA aspartic acid (6.1 % vs. 3.1 %) and the positively charged AA arginine (4.0 % vs. 2.1 %). 

However, in the overall amino acid composition of the LCs, both cohorts share several changes 

compared to the respective reference sequence. Taken IGLV6-57 separately, an increase in 

alanine and arginine as well as a decrease in asparagine was noted compared to the reference. 

In the IGLV2-23 sequences, the only exclusive difference was detected for valine, with a 

decrease compared to the reference (6.9 % vs. 6.3 %). Differences between the reference 

sequences were not only detected in the overall AA composition but also in the biophysical 

parameters. Considering only the IGLV segment, the IGLV2-23 reference shows a higher beta 
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sheet aggregation tendency as well as a higher pI than the IGLV6-57 reference. In contrast, a 

higher Mw was detected in the IGLV6-57 reference. In the analysis of the patient-derived LCs 

regarding the ΔpI value, it is noticeable that while the MM IGLV2-23 sequences displayed 

almost no change compared to the reference sequence, a decrease was found in the IGLV6-57 

AL LCs. This was not only observed in the complete LC (IGLV6-57 AL = -1.36, IGLV2-23 

MM = -0.14) but also for the IGLV-IGLJ segments (IGLV6-57 AL = -0.55, IGLV2-23 

MM = 0.05). In addition, a higher GRAVY score was detected for the IGLV2-23 MM 

sequences than for the IGLV6-57 sequences.  

Not only is the strong association of AL and IGLV6-57 prominent but a specific organ 

tropism was further detected. The AL_HK sequences (n = 8) were assigned to IGLV6-57 twice 

as often as the AL_H sequences (n = 10) (38 % vs. 15 %; p = 0.032). However, this was 

reversed in the small AL_HTX group, which showed an IGLV6-57 sequence in half of the cases 

(4/8). Interestingly, AL_H sequences and especially the AL_HTX sequences (IGLV = 7.5, 

IGLJ = 75 %, IGLC = 25 %) presented a higher mutational load or frequency than the AL_HK 

sequences in all segments (IGLV = 5.0, IGLJ = 25 %, IGLC = 0 %). Besides the fact that 

several discriminating hotspots were identified, the insertion of charge can be defined as the 

biggest difference between these subgroups. The CDR1 of AL_H sequences frequently 

presented the insertion of negatively charged AA, while in AL_HK sequences additional 

positive charges were noted (p = 0.036). In contrast, only the CDR3 of AL_HK sequences 

presented an additional charge in most of the cases (6/8 vs. 3/9; p = 0.02). These sequence 

findings also reflected in differences regarding the overall percentage of charged AAs. The 

AL_H sequences presented a higher percentage of arginine and aspartic acid as well as a lower 

amount of the two positively charged AAs histidine and lysine (4.2 % vs. 4.8 %, p = 0.031). 

These differences naturally affected the calculated biophysical parameters, especially the pI and 

ΔpI. While the AL_HK full-length sequences showed almost no changes in pI and ΔpI, the 

AL_H, especially AL_HTX sequences, showed a decrease. This led to a significantly lower pI 

for the full-length LCs (pI IGLVJC 4.99 vs. 4.72, p = 0.043) and IGLVJ segments (pI IGLVJ 

4.36 vs. 4.68, p = 0.043) of AL_HTX sequences compared to AL_HK sequences. In addition, 

the AL_H (814) and especially the AL_HTX sequences (867) presented a higher beta sheet 

aggregation tendency compared to AL_HK sequences (655).  

Only the AL_H sequences were analyzed concerning a detectable clonal HC since an 

AL_HK HC association was noted. The AL_H no HC (n = 4) sequences showed an especially 

high mutation frequency in the IGLJ (100 % vs. 50 %) and IGLC segment (50 % vs. 0 %) as 

well as a higher mutation count in the IGLV segment (7.5 vs. 6.5). In a more detailed sequence 
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analysis, the AL_H HC (n = 4) sequences presented a Y50F mutation in three out of four cases. 

Furthermore, two AL_HTX HC cases showed a Y50F mutation and a similar exchange at 

position 37 from tyrosine towards phenylalanine. Overall, the AL_H HC sequences showed a 

higher aggregation tendency as well as a lower percentage of aspartic acid and serine and a 

higher percentage of valine than AL_H no HC sequences.  

Comparing the AL dFLC subgroups, the > dFLC subgroup (n = 8) showed a higher 

median mutation count in the IGLJ-segment (2.0 vs. 1.0) and a lower median mutation count in 

the FR3 (1.0 vs. 2.5). Interestingly, the Y50F mutation was associated with AL_H HC and 

AL_HTX HC and further detected exclusively in the < dFLC subgroup (n = 9). In general, for 

the AL > dFLC subgroup, a higher percentage of serine (16.7 % vs. 15.8 %; p = 0.012) and 

alanine (8.5 % vs. 7.9 %; p = 0.015) was noted. Concerning the biophysical parameters, only a 

difference in molecular weight was detected – which was higher in the > dFLC subgroup. 

 

3.8 Summary of Common IGLV Subfamilies 

Each frequently detected IGLV subfamily was associated with either a specific subgroup like a 

present HC, a dFLC >180 mg/L, or a distinct organ tropism in AL. However, no common 

pattern or discrimination between AL and MM was found (Table 32). In the following 

summary, IGLV3-21 will be neglected, since the majority of sequence features could not be 

evaluated.  

To examine whether the difference in the LC behavior is based on a difference in the general 

mutation distribution and frequency, these aspects were analyzed within the IGL segments. 

Regarding the IGLV mutation count, it is noticeable that the MM sequences presented a median 

mutation count of 11.5-12.0 in all three analyzed IGLV subfamilies. In contrast, the AL 

IGLV6-57 subfamily displayed the lowest value with 6.0, followed by AL IGLV3-1 sequences 

with 7.0, and AL IGLV2-14 sequences with 8.5. If evaluable, the FR1 presented as the least 

frequently mutated region (IGLV3-1, IGLV2-14, IGLV2-23).  

Analyzing the IGLJ segment mutation frequency between AL and MM, no difference >30 % 

was detected. Overall, the AL IGLV6-57 sequences presented the lowest IGLJ mutation 

frequency compared to the other AL subgroups (53 % vs. 71 – 79 %). Notably, the AL_H or 

AL_HTX sequences showed an increased IGLJ mutation count/frequency compared to the 

AL_HK sequences in all IGLV subfamilies.  

Regarding the IGLC segment, several common observations were made. The MM IGLV2-14 

and IGLV3-1 sequences presented a higher IGLC mutation frequency than the respective AL 
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subgroup. In addition, the AL HC sequences presented an increased mutation frequency in both 

IGLV subfamilies. In contrast, no difference between AL IGLV6-57 and MM IGLV2-23 

sequences was noted regarding mutation frequency and IGLV6-57 AL no HC sequences 

showed an increased mutation frequency compared to AL HC sequences. 

 

Table 32. Comparison of analyzed AL amyloidosis and multiple myeloma IGLV 

subfamilies in the context of common associations and mutation frequency and count in 

the IGL segments. AL = AL amyloidosis patients, MM = multiple myeloma patients, AL_H = AL 

amyloidosis patients with dominant heart involvement, AL_HK = AL amyloidosis patients with dominant heart 

and kidney involvement, AL_HTX = AL amyloidosis patients who received a heart transplant, HC = detectable 

clonal heavy chain in the immunofixation electrophoresis in serum, > dFLC = dFLC >180 mg/L, < dFLC = dFLC 

<180 mg/L, AA = amino acid, FR = framework region, CDR = complementary determining region, ↑ = increase, 

↓ = decrease, * = p ≤0.05 

IGLV 

subfamily 

IGLV2-14 IGLV3-1 IGLV6-57 IGLV2-23 

AL 

n = 16 

MM 

n = 8 

AL 

n = 14 

MM 

n = 3 

AL 

n = 17 

MM 

n = 8 

Associations 

AL_H 

HC*; 

IGLJ1/ 

IGLC1 

> dFLC AL_H, 

> dFLC*, 

 

no HC, 

< dFLC, 

IGLJ1/ 

IGLC1 

AL* 

AL_HK*,  

AL_HTX*, 

AL_HK HC, 

< dFLC 

(AL_H*) 

only MM*, 

MM HC, 

MM > dFLC 

Median 

mutation count/ 

frequency 

IGLV 

8.5*  

↑AL_HK 

↑HC 

 

 

(97 AA) 

11.5* 

 

 

 

 

(97 AA) 

7.0* 

FR1 only in 

AL_H 

 

 

(83 AA) 

12.0* 

↑CDR1* 

 

 

 

(83 AA) 

6.0* 

↑AL_HTX 

↓AL_HK 

 

 

(75 AA) 

11.5* 

↑CDR1* 

↑CDR2* 

↑FR3* 

 

(75 AA) 

Median 

mutation count/ 

frequency  

IGLJ (12 AA) 

1.0 – 71 % 

↑AL_H 

 

1.0 – 75 % 

 

1.0 – 79 % 

↑AL_H 

1.0 – 100 % 1.0 – 53 % 

↑AL_HTX 

↓AL_HK 

↑no HC 

1.0 – 75 % 

Median 

mutation 

count/frequency  

IGLC  

1.0 – 14 % 

↑HC 

↑> dFLC 

 

(77 AA) 

1.0 – 25 % 

 

 

 

(77 AA) 

1.0 – 7 % 

AL_H only; 

↑AL_HC 

 

(77 AA) 

1.0 – 33 % 

no HC 

 

 

(77 AA) 

1.0 – 12 % 

↑AL_HTX 

↓AL_HK 

↑no HC 

(78 AA) 

1.0 – 13 % 

 

 

 

(74 AA) 

 

The increased IGLV mutation count in MM sequences was also reflected in more mutation 

hotspots in almost all analyzed IGLV subfamilies (Table 33). For example, while the 

IGLV2-14 AL sequences displayed only two hotspots, the MM sequences displayed nine – 

which also comprised the AL hotspots. In a comparison between AL IGLV6-57 and MM 

IGLV2-23 sequences, this was even more pronounced with one AL hotspot and eight MM 

hotspots.  

In a more detailed sequence analysis, it was not possible to find one discriminating hotspot that 

was present in all or most of the AL sequences and none or only a few of the respective MM 

sequences. It should be highlighted that the third position of the CDR2 and the last two AAs of 
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the IGLV segment appear to be the most frequently mutated in all analyzed IGLV subfamilies 

in both diseases.  

Interestingly, in the IGLV2-14 as well as IGLV3-1 sequences, it was possible to detect 

differences regarding the insertion or replacement of charged AAs as well as small AAs 

between the two diseases. The IGLV2-14 AL sequences presented additional charges in the 

CDR1 region and enrichment of small AAs in the CDR3 – which reflected in an overall higher 

percentage of glycine than in the MM sequences. In contrast, the IGLV2-14 MM sequences 

presented additional charges in the CDR3 and overall a higher percentage of the negatively 

charged AA aspartic acid. A similar phenomenon was observed in the IGLV3-1 subfamily: The 

AL sequences showed a loss of charge in the CDR1, the MM sequences an additional one in 

the CDR2 as well as a higher overall percentage of the positively charged AA arginine. For 

both of the diseases, a mutation towards alanine or glycine was detected at the first AA of the 

IGLJ segment. Interestingly, the IGLV3-1 AL HC sequences showed more often an additional 

alanine, and the no HC sequences a glycine. Remarkably, the IGLV2-23 MM sequences, like 

the IGLV2-14 MM sequences, showed additional charges in the CDR3. As a side note, it was 

also possible to detect an additional charge in the CDR3 of IGLV3-21 MM sequences more 

frequently than in the respective AL sequences (5/11 vs. 1/10). 

In the analysis of IGLV6-57 AL sequences, not only the insertion of charged AAs in all CDR 

regions but also a specific organ tropism was noted. The IGLV6-57 AL_H sequences presented 

the insertion of negatively charged AA and the AL_HK positive ones in the CDR1. Moreover, 

the CDR3 region also displayed an enrichment of charged AAs which was especially prominent 

in AL_HK sequences. Additionally, the AL IGLV6-57 sequences presented an increased 

percentage of glycine compared to the respective reference.  
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Table 33. Comparison of analyzed AL amyloidosis and multiple myeloma IGLV 

subfamilies in the context of mutation hotspots, sequence characteristics, and the overall 

amino acid composition. AL = AL amyloidosis patients, MM = multiple myeloma patients, AL_H = AL 

amyloidosis patients with dominant heart involvement, AL_HK = AL amyloidosis patients with dominant heart 

and kidney involvement, HC = detectable clonal heavy chain in the immunofixation electrophoresis in serum, > 

dFLC = dFLC >180 mg/L, < dFLC = dFLC <180 mg/L, AA = amino acid, AL_HTX = AL amyloidosis patients 

who received a heart transplant, FR = framework region, CDR = complementary determining region, ↑ = increase, 

↓ = decrease, * = p ≤0.05. 

IGLV 

subfamily 

IGLV2-14 IGLV3-1 IGLV6-57 IGLV2-23 

AL 

n = 16 

MM 

n = 8 

AL 

n = 14 

MM 

n = 3 

AL 

n = 17 

MM 

n = 8 

Mutation 

hotspots [n] 

2 

not 

exclusive; 

N62D, 

first AA 

IGLJ →L 

9 

N62 

3 

HC: 32A, 

C33S; 

 

3 1 

3 AL_HK 

hotspots, 

53N 

2 AL_H 

hotspots, 

S69R, 

K82Q; 

HC: Y50F 

and Y37F 

> dFLC: 

Y50F,  

< dFLC: 

additional 

charge 

CDR2 

8 

CDR 

regions, 

V29I, 

G53V 

Sequence 

features 

additional 

charge 

CDR1; 

small AA 

CDR3; 

 

additional 

charge 

CDR3*; 

especially 

in 49M and 

54S 

mutated 

sequences 

HC CDR3: 

↑A  

no HC 

CDR3: ↑G; 

loss of 

charge 

CDR1 

additional 

charge 

CDR2 

additional 

charge 

CDR1*, 

AL_H: - 

AL_HK: +; 

additional 

charge 

CDR2; 

additional 

charge 

CDR3, 

AL_HK* 

additional 

charge 

CDR3 

AA 

composition 

↑G and M  

↑S and T 

AL_H 

↑N AL_HK 

↑S and N 

HC 

↑L* 

 > dFLC  

↑T  

< dFLC 

↑ D  ↑ S and V 

AL_HK 

↑ A and N 

HC 

↑S* no HC 

↑R ↑D and T 

↓S and Y 

↑I* AL_H 

↑L* 

AL_HK 

↓D and S 

HC 

↑D and S* 

> dFLC 

↑A*  

> dFLC 

↑D and T 

↓S and Y 

 

Several parameters were calculated to evaluate the effect of the mutations and amino acid 

composition on the biophysical properties of the LCs (Table 34). In the context of the beta-

sheet aggregation tendency, the IGLV2-14 and IGLV3-1 AL HC sequences presented a higher 

aggregation tendency than the AL no HC sequences. 
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The GRAVY value is defined by the sum of hydropathy values of all AA divided by the protein 

length and can therefore be compared between all subgroups. The AL IGLV6-57 sequences 

presented the lowest value (-0.434), which indicates the most hydrophilic nature and a possible 

interaction of the linear protein with water molecules. In contrast, the IGLV2-23 MM sequences 

presented an almost twice as high value (-0.223) and therefore the highest of all analyzed 

subgroups. Comparable values were observed for the AL (-0.284) and MM (-0.264) IGLV2-14 

subgroups and lower values for the IGLV3-1 AL sequences (AL = -0.337, MM = -0.397).  

Regarding the pI and ΔpI, the IGLV2-14 full-length LCs sequences presented higher values 

than the AL subgroups. The IGLV2-14 and IGLV3-1 AL sequences showed a comparable ΔpI 

value of -0.5. Overall, the IGLV2-23 MM sequences presented the lowest ΔpI value of all 

analyzed IGLV subgroups, and the IGLV6-57 AL sequences the highest (-0.55 vs. -0.14).  

In addition, the Mw of the LCs was calculated. Here, the MM IGLV2-14 and IGLV3-1 

sequences presented a higher value compared to the respective AL sequences. Remarkably, a 

higher value was further observed for the > dFLC subgroup in the AL IGLV2-14 and IGLV6-

57 sequences.  

 

Table 34. Comparison of analyzed AL amyloidosis and multiple myeloma IGLV 

subfamilies in the context of biophysical parameters. AL = AL amyloidosis patients, MM = multiple 

myeloma patients, AL_H = AL amyloidosis patients with dominant heart involvement, AL_HK = AL amyloidosis 

patients with dominant heart and kidney involvement, HC = detectable clonal heavy chain in the immunofixation 

electrophoresis in serum, > dFLC = dFLC >180 mg/L, < dFLC = dFLC <180 mg/L, AA = amino acid, 

AL_HTX = AL amyloidosis patient who received a heart transplant, FR = framework region, 

CDR = complementary determining region, ↑ = increase, ↓ = decrease, * = p ≤0.05. 

IGLV 

subfamily 

IGLV2-14 IGLV3-1 IGLV6-57 IGLV2-23 

AL 

n = 16 

MM 

n = 8 

AL 

n = 14 

MM 

n = 3 

AL 

n = 17 

MM 

n = 8 

Median AGG 
803.8 

↑HC* 

↑> dFLC 

1012.4 1146.7 

↑AL_HK 

↑HC 

1004.0 

 

664.6 

↓AL_HK 

↑AL_HTX 

870.3 

Median 

GRAVY 

-0.284 -0.264 -0.337 

↓AL_H 

-0.397 -0.434 

 

-0.223 

Median pI 

IGLVJC 

6.59 

↓AL_HK 

↑HC 

6.77 5.04 5.32 4.78 

↑AL_HK 

 

7.78 

Median ΔpI 

IGLVJC 

-0.50 

↓AL_HK 

↓HC 

-0.32 -0.51 

↓ AL_H 

-0.46 -0.14 

↑AL_HK 

 

-0.55 

Median Mw 
19580 

↑AL_HK 

↑> dFLC 

19655 18193 

↓AL_HK 

↑HC 

18446 

 

17648 

↑> dFLC 

19176 
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3.9 Rare IGLV Subfamilies 

3.9.1 IGLV1-40 

It was possible to assign one AL_H (AL = 1 %, AL_H = 2 % FOR138) and two MM sequences 

(4 %; MM104, MM140) to the IGLV1-40 subfamily (Supplementary Information Figure 33, 

Supplementary Information Figure 34). In the bioinformatic analysis of the MM sequence 

MM104, it was not possible to generate a continuous LC sequence – two sequence segments 

were indicated. However, this does not affect the region covered by the VBase2 reference, 

which was verified by Sanger sequencing (Supplementary Information Figure 35). The 

AL_H sequence showed a total of nine mutations in the trimmed IGLV segment and one each 

in the IGLJ and IGLC segments. In the MM sequences, a lower number of five (MM104) and 

eight (MM140) mutations in the IGLV segment were detected. In addition, both MM sequences 

displayed a mutation from valine towards isoleucine at the second position of the IGLJ segment. 

A second, disease-spanning hotspot was defined at position 54S (3rd position CDR2, AL = N, 

MM = T).  

3.9.2 IGLV1-44 

Despite not reaching the cut-off, IGLV1-44 was one of the frequently detected IGLV 

subfamilies. Five AL_H sequences (AL = 6 %, AL_H = 8 %) and nine MM sequences (17 %) 

were assigned to this subfamily.  

As discussed in section 4.2, all associated MM samples showed an additional sequence_B in 

the bioinformatics analysis. In sequence_A, an additional sequence segment – leading to 

sequence gaps – was identified in the bioinformatic analysis in seven cases. Also, in 

sequence_B several sequence sections were detected but in eight out of nine cases, only the 

leader region was affected. For the two sequences without an additional sequence segment in 

sequence_A, no sequence that covers the complete IGLV segment N-terminal was generated 

(Supplementary Information Figure 36). Four MM samples were additionally Sanger 

sequenced (MM116 (Supplementary Information Figure 37), MM119 (Supplementary 

Information Figure 38), MM137 (Supplementary Information Figure 39), MM141 

(Supplementary Information Figure 40)) and in three cases a sequence coverage with the 

respective sequence_B was detected. The Sanger sequencing of MM116 led to a sequence that 

showed several overlapping nucleotide signals but matched the respective sequence_B – in the 

majority of nucleotides. Based on these results, the corresponding MM sequence_B was used 

for the analysis. 

The AL and MM sequences presented a comparable mutation count and frequency of the IGLJ 

(AL = 4/5, range 0 – 2; MM = 6/8, range 0 – 2) and IGLC segment (AL = 2/5, range 0 – 1; 
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MM = 3/8, range 0 – 1). However, a large range in the IGLV mutation count was observed in 

the MM compared to AL sequences (5 – 15, AL = 7 – 11) (Supplementary Information Table 

8).  

In addition, the MM sequences presented four mutation hotspots 33T (7/9, CDR1), 39Q (5/9, 

FR2), 51S (6/9, CDR2), 54Q (5/9, CDR2), the AL sequences only one 35N (4/5, CDR1) (Figure 

32) – which was not shared with the MM cohort. For the AL hotspot 35N (4/5, 1xX), a mutation 

towards serine or threonine was detected twice each. In contrast, the MM sequences displayed 

a mutation at this position in only four out of nine cases (2x threonine, 1x serine). Position 33T 

was defined as the most frequently mutated position in the MM sequences (7/9) and a mutation 

towards proline was detected in a majority of the cases (4/7). Only one AL sequence displayed 

a mutation at this position (serine). At the 39Q MM hotspot, a mutation towards histidine was 

detected in four out of nine MM and two out of five AL cases. At position 51S, no directed 

exchange pattern was detected but at position 54Q a mutation towards a positively charged AA 

was detected in four out of nine MM cases (2x histidine, 2x arginine, AL n = 0).  

Besides these IGLV mutation hotspots, the first AA of the IGLJ segment was also defined as a 

mutation hotspot for both diseases, and a preferred exchange towards proline was noted 

(AL = 4/5, MM = 5/9).  

 

 
Figure 32. Sequence sections of IGLV1-44 assigned AL amyloidosis and multiple myeloma 

light chain sequences. Bold = reference sequences, underlined = CDR regions, red letter = mutation, purple 

highlight = mutation hotspot, X and grey highlight = not unambiguously determined amino acid, green 

letter = linker region, MM = multiple myeloma patient, _H = AL amyloidosis patient with dominant heart 

involvement. Only one IGLC reference is shown because the first amino acid can in all cases be defined as glycine. 

Amino acids were numbered according to the VBase2 reference. The complete amino acid sequence alignment is 

shown in Supplementary Information Figure 41. The complete cDNA sequence alignment is shown in 

Supplementary Information Figure 42. 

18               35  39                                             

|    CDR1 |   |           CDR2            CDR3

IGLV1-44_Ensembl         VTISCSGSSSNIGSNTVNWYQQLPGTAPKLLIYSNNQRPSGV AAWDDSLNGP-------------

IGLV1-44*01_VBase2       VTISCSGSSSNIGSNTVNWYQQLPGTAPKLLIYSNNQRPSGV AAWDDSL----------------

IGLJ1*01_Genbank         ------------------------------------------ ----------YVFGTGTKVTVL-

IGLJ2/J3*01_Genbank      ------------------------------------------ ----------VVFGGGTKLTVL-

IGLJ3*02_Genbank         ------------------------------------------ ----------WVFGGGTKLTVL-

IGLJ7*01/*02_Genbank     ------------------------------------------ ----------AVFGGGTQLTVL-

IGLC1*01_Genbank         ------------------------------------------ ----------------------G

FOR102_H                 VIISCSGSSSNIGSNTVSWYLHLPGTAPKLLIYTNTQRPSGV       AAWDDSLRG-PVFGSGTKVTVLG

FOR110_H                 VTISCSGSNSNIGTNTVSWYRQVPGTAPKLLIYSNDYRPSGV       AAWDDSLNG-PVFGGGTHLTVLG

FOR106_H                 VTISCSGSSSNIGSNTVXWYQHLPGAAPKLLIYSNNQWPSGV       TTWDDSLNG-PVFGGGTKLTVLG

FOR147_H                 VTISCSGGSSNIGSNSVTWYQQLPGTAPKLLMYITNQRPSGV       AAWDNSLNG-PVFGGGTKLTVLG

FOR128_H                 VTISCSGGSSNIGINTVTWYQQVPGGAPKLLIYSNNQRSSGV       AAWEDTLNG-WVFGGGTKLTVLG

MM109                    VIISCSGTSSNIESYPVNWYQQLPGSAPKLLIYETNQRPSGV ASWDETLNG-PVFGGGTKLTVLG

MM121                    VTISCSGSSSNIGSDPVDWYQQLPGTAPKLLIYTNNQRPSGV AAWDDSLGA-VVFGGGTKLTVLG

MM141                    VTISCSGATSNIGDNPVNWYQLLPGTAPKLLIYNINQRPSGV       ASWDDSLIR-YVFGTGTKVTVLG

MM148                    VTISCSGSSSNIAINPVNWYQHLPGKAPKFLIFNNDRRPSGV ATWDDTLNG-AVFGGGTKLTVLG

MM116                    VTISCSGGPSNIGTNSVTWYQQLPGASPKVLIFLTSHRPSGV       AAWDDSLTG-PVFGGGTKLTVLG

MM118                    VTISCSGSSSNIGSNLVTWYQHLPGTAPKLLIYSQNRRPSGV       AAWDDSLNG-PVFGGGTKLTVLG

MM152                    VTISCSGNSSNIGSNAVNWYQQLPGTAPKLLIYSNDHRPSGV       GTWDDSLNAYVLFGGGTKLTVLG

MM115                    VTISCSGSSSNIGSTTVNWYQHLPGTAPKLLIYSNTYRPSGV       AAWDDSLNG-PVFGGGTKVTVLS

MM137                    VTISCSGSRSNVGSNTVSWYQHLPGTAPKLLIYTNNQRPSGV       AAWDDGLND-PVFGEGTKLTVLG
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3.9.3 IGLV1-47 

One AL_HK (AL = 1 %, AL_HK = 5 %, FOR168) and one MM sequence (2 %, MM151) were 

assigned to the IGLV1-47 subfamily (Supplementary Information Figure 43, 

Supplementary Information Figure 44). In the bioinformatic analysis of the MM sequence, 

it was not possible to generate a continuous LC sequence and two sequence segments were 

indicated. However, this does not affect the region covered by the VBase2 reference. The 

AL_HK sequence displayed three mutations in the IGLV segment, two in the IGLJ and one in 

the IGLC segment. In contrast, the MM sequence presented six mutations in the IGLV segment 

(including 3rd position CDR2). No position showed a mutation in both sequences. 

3.9.4 IGLV1-51 

Two AL (AL = 2 %, AL_H 2 % FOR193, AL_HK 5 % FOR149) and two MM sequences (4 %, 

MM110, MM131) of the IGLV1-51 subfamily were identified (Supplementary Information 

Figure 45, Supplementary Information Figure 46). The AL sequences displayed eleven 

(FOR139) and six (FOR149) mutations in the IGLV segment and one in the IGLJ segment. In 

MM110 six mutations and in MM131 five mutations were detected in the IGLV segment and 

two (MM110) or four mutations (MM131) in the IGLJ segment. A mutation in the IGLC 

segment was not detected in all cases. In a detailed sequence analysis, two positions are 

noticeable: the exchange N53D (3rd position CDR2, AL = 2/2, MM = 1/2) and an undirected 

exchange at the first position of the IGLJ segment. 

3.9.5 IGLV2-8 

One AL_H (2 %, FOR182) and one AL_HK (4 %, FOR164) sequence were assigned to 

IGLV2-8 (AL = 2 %) and no MM sequence (Supplementary Information Figure 47, 

Supplementary Information Figure 48). The AL_H sequence displayed ten mutations in the 

IGLV segment and one in the IGLJ segment. In contrast, the AL_HK sequence contained only 

six mutations in the IGLV segment. The sequences shared three mutated positions (27S, 49M, 

and 54S (3rd position CDR2)). Interestingly, both sequences displayed an exchange towards 

isoleucine at position 49M. 

3.9.6 IGLV2-11 

Only one MM sequence (2 %, MM127) was assigned to the IGLV2-11 subfamily 

(Supplementary Information Figure 49, Supplementary Information Figure 50). In 

general, four mutations in the IGLV segment, including the third position in the CDR2 (S54T) 

as well as one mutation in the IGLJ segment, were detected. Additional Sanger sequencing 
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verified most of the cDNA positions but some nucleotide signal overlaps were noted 

(Supplementary Information Figure 51). 

3.9.7 IGLV3-19 

Three AL_H (AL = 4 %, AL_H = 5 %; FOR103, FOR148, FOR216) and two MM sequences 

(4 %; MM128, MM145) were assigned to the IGLV3-19 subfamily (Supplementary 

Information Figure 52, Supplementary Information Figure 53). The MM128 sequence was 

verified through additional Sanger sequencing (Supplementary Information Figure 54). The 

AL sequences were missing seven (2/3) or eight (1/3) AAs at the N-terminus of the IGLV 

segment due to the oligonucleotide binding site. FOR103 displayed four mutations and FOR216 

eight mutations in the IGLV segment as well as one mutation in the IGLJ segment. In FOR148 

no mutation was detected at all, however, several AAs were not determined unambiguously. 

Both MM sequences showed seven mutations in the IGLV segment and shared mutations at 

positions 29S, 65S, and 92S. Interestingly, the MM sequences displayed a S65T mutation, while 

two out of three AL sequences displayed a S65N mutation. In addition, MM145 displayed three 

mutations in the IGLJ segment and one in the IGLC segment.  

3.9.8 IGLV3-25 

One AL_H (AL = 1 %, AL_H = 2 %, FOR111) and one MM (2 %, MM105) sequence were 

assigned to the IGLV3-25 subfamily (Supplementary Information Figure 55, 

Supplementary Information Figure 56). However, it was not possible to generate a N-

terminal elongated AL sequence and therefore no detailed sequence analysis was performed. 

The MM sequence displayed eleven mutations in the IGLV segment (including the 3rd CDR2 

position: S51H) and none in the IGLJ and IGLC segment. It should be noted that through 

additional Sanger sequencing, it was not possible to generate an evaluable MM sequence.  

3.9.9 IGLV7-46 

One MM (2 %, MM113) sequence was assigned to the IGLV7-46 subfamily (Supplementary 

Information Figure 57, Supplementary Information Figure 58). In the bioinformatic 

analysis, it was not possible to generate a continuous LC sequence and two sequence segments 

were indicated. However, only partial sequence matches were detected. It was possible to detect 

15 mutations in the IGLV segment (including the 3rd CDR2 position 54S). 

3.9.10 IGLV8-61 

Only one AL_HK sequence (FOR229) was assigned to the IGLV8-61 subfamily 

(Supplementary Information Figure 59, Supplementary Information Figure 60). 

Compared to the VBase2 reference, four AAs were missing at the N-terminus due to the 
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oligonucleotide binding site. The sequence displayed 14 mutations in the IGLV segment as well 

as one in the IGLJ segment. Moreover, the sequence corresponded to an AL patient who was 

also diagnosed with MM. 

 

3.10 Summary of Rare IGLV Subfamilies 

In the analysis of the most common AL-associated IGLV subfamilies, several differences, as 

well as commonalities, between AL and MM were noted.  

Regarding the IGLV segment, the MM sequences presented a significantly higher mutation 

count than the respective AL subgroups. Interestingly, all analyzed IGLV subfamilies showed 

a comparable median mutation count of 11.5-12.0 in the MM sequences, which did not reflect 

in the other, rarer, IGLV subfamilies (Table 35). Furthermore, the higher mutation frequency 

of MM sequences in the IGLC segment, could not be unambiguously noted for the remaining 

IGLV subfamilies. In contrast, AL and MM sequences of less common IGLV subfamilies also 

frequently presented the mutation hotspot at the third position of the CDR2 region.  

AL and MM sequences frequently showed differences in charge and small AAs which was also 

noted for the IGLV1-44 subfamily. Despite not reaching the cut-off, IGLV1-44 was one of the 

frequently detected IGLV subfamilies, comprising five AL and nine MM sequences. While four 

MM cases presented a mutation towards a positively charged AA at position 54Q, this was not 

observed in the AL cohort. Interestingly, besides the shared mutation hotspot at the first AA of 

the IGLJ segment and a prominent exchange towards proline, the MM sequences further 

presented a T33P mutation in more than half of the cases. 

 

Table 35. Comparison of relative rare AL amyloidosis and multiple myeloma associated 

IGLV subfamilies in context of mutations, and sequence features. In the case of IGLV1-44, a 

mutation range was specified. AL = AL amyloidosis patients, MM = multiple myeloma patients, + = positively 

charged amino acid, , NA= not available, CDR = complementary determining region, → = mutation towards. 

 

n 

Mutation count [n] Mutation 3rd 

CDR2 

position  

private 

sequence 

features 
IGLV IGLJ IGLC 

AL MM AL MM AL MM AL MM AL MM AL MM 

IGLV1-40 1 2 9 5, 8 1 1, 1 1 0, 0 S54N S54T  IGLJ 

3rd 

→I/V 

IGLV1-44 5 9 7 – 

11 

5 – 

15 

0 – 

2 

0 – 2 0 – 

1 

0 – 1 no no 35N 

 

T33P,  

Q54+, 

IGLV1-47 1 1 3 6 2 0 1 0 no N53D   

IGLV1-51 2 2 6, 

11 

5, 6 1 2, 4 0 0 N53D N53D 

(1/2) 

no no 
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n 

Mutation count [n] Mutation 3rd 

CDR2 

position  

private 

sequence 

features 
IGLV IGLJ IGLC 

AL MM AL MM AL MM AL MM AL MM AL MM 

IGLV2-8 2 0 6, 

10 

 0, 1  0, 0  54S  M49I  

IGLV2-11 0 1  4  1  0  S54T   

IGLV3-19 3 2 0, 8 7, 7 0, 1 0, 3 0 0, 1 no no S65N S65T 

IGLV3-25 1 1 NA 11 NA 0 NA 0 NA S51H NA  

IGLV7-46 0 1  15  0  0  S54D   

IGLV8-61 1 0 14  1  0  no    

 

Based on the analysis of the relatively rare AL as well as MM-associated IGLV subfamilies, no 

new insights were gained beyond those already obtained above. However, the results 

concerning IGLV1-44 supported the findings regarding a difference in charge and small AAs 

between AL and MM.
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4 Discussion 

This study aimed to investigate AL-specific lambda LC sequence features to I) draw conclusions on 

the pathogenic mechanism and II) establish a risk stratification for disease progression from MGUS/ 

SMM/MM towards AL. For these analyses, MM sequences were used as reference set since AL and 

MM patients usually display an increased level of free LCs but those of MM patients do not deposit as 

fibrils. 
 

Summary Key-Note Results 
 

Cohorts:   

- 52 MM patients and 82 AL patients, comprising 61 AL_H and 21 AL_HK patients 

- stratification for a present clonal HC and dFLC > or < 180 mg/L 

- more detailed analyses: IGLV2-14, IGLV3-1, IGLV3-21, IGLV6-57 and IGLV2-23 
 

IGLV subfamily distribution:  

   - IGLV6-57 more frequent in: AL than MM*, AL_HK than AL_H*, and  

       AL_H < dFLC than AL_H > dFLC*  

    - IGLV2-23 more frequent in: MM than AL* 

    - IGLV2-14 more frequent in: AL_H HC than AL_H no HC* 

    - IGLV3-1 more frequent in: AL > dFLC than AL < dFLC* 
 

IGLV-IGLJ-IGLC composition: 

   - IGLJ2/IGLC2 most frequent linkage for AL and MM 

   - IGLV3-21 AL: IGLJ2/IGLC2 and IGLJ3/IGLC3 equally frequent 
 

IGLV3-21 subfamily (AL): 

  - large number of ambiguously identified AA and LCs N-terminal only amplified starting  

       from FR2 → additional NGS experiments 

   - MP_NGS_PCR: verification of the IGLV3-21 assignment and sequences itself 

   - N_NGS_PCR: no additional insights could be gained 
 

Mutation count and frequency: 

   - IGLV: higher in MM than AL LCs* 

   - IGLJ: no major differences between AL and MM LCs; higher in AL_H than AL_HK LCs 

   - IGLC: IGLV2-14: higher in MM than AL LCs; 

                  IGLV2-14 and IGLV3-1: higher in AL HC than AL no HC LCs 
 

Mutation hotspots and AA composition: 

   - more mutation hotpots in MM than AL LCs 

   - higher percentage of charged AA in IGLV2-14 (D) and IGLV3-1 (R) MM than AL LCs 

   - differences concerning charged and small AAs between AL and MM LCs: IGLV2-14*,   

                IGLV3-1, IGLV3-21, and IGLV1-44 

   - differences concerning charged AAs between IGLV6-57 AL_H and AL_HK* 
 

Biophysical parameters: 

   - AGG: higher for IGLV2-14 and IGLV3-1 AL HC than AL no HC LCs 

   - GRAVY score: no significant differences between AL and MM LCs;  

      IGLV6-57 LCs the lowest value and IGLV2-23 LCs the highest value 

   - pI and ΔpI: IGLV2-14 MM higher pI than AL full-length LCs;  

      IGLV2-23 MM LCs the lowest ΔpI value and IGLV6-57 AL LCs the highest  

   - Mw: IGLV2-14 and IGLV3-1 MM higher than AL LCs;  

  higher for IGLV2-14 and IGLV6-57 AL > dFLC than AL < dFLC LCs 
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4.1 How to be Sure to Sequence the Amyloidogenic Clone? 

4.1.1 Verification Steps 

Before evaluating and discussing more detailed sequence characteristics, a more fundamental 

question shall be considered first: how to be sure to sequence the amyloidogenic clone? In this 

context, a profound advantage of this study was sequencing cDNA from CD138+ sorted plasma 

cells. Using this starting material, it is assumed that the analyzed samples contain a high 

proportion of clonal cells and can therefore in general reflect the disease-associated clone 

(Chilosi et al. 1999; Kriegsmann et al. 2018; Ridley et al. 1993; Wijdenes et al. 1996)).  

Additionally, within the framework of this study, four different approaches were used to verify 

the sequencing results: (A) The initial development of a full-length lambda LC sequencing 

protocol included the first verification step. Here, four different oligonucleotide combinations 

were used to sequence FOR101 and FOR102 and it was possible to detect the same underlying 

LC sequence in all cases (chapter 2.6.4). (B) An additional verification step was necessary since 

the MM sequences were obtained through a different sequencing approach. Sanger sequencing 

of several MM LCs verified not only the MM sequences but further the AL method and 

oligonucleotides. (C) IGLV3-21 proved to be the most difficult AL lambda IGLV subfamily to 

sequence, and additional NGS experiments were performed. Here, the MP_NGS_PCR approach 

verified both the family assignment and the sequences. (D) It was possible to demonstrate that 

the generated LC sequences match the amyloidogenic protein in the patients, which will be 

explained in the following paragraph in more detail.  

This fourth verification step was feasible due to a collaboration with a research group at Ulm 

University headed by Prof. Dr. rer. nat. Markus Fändrich and Dr. rer. nat. Christian Haupt. 

Determining the amyloid load in abdominal fat aspirates is a standard tool for supporting an AL 

diagnosis and further evaluating the prognosis (van Gameren et al. 2010). These fat samples 

were obtained from all patients treated at the amyloidosis center in Heidelberg and analyzed for 

their amyloid load. If a high amyloid load in the fat aspirates and an analyzable LC sequence 

were present, these fat samples were sent to Ulm. In the next step, Julian Baur (Ulm University) 

extracted the underlying amyloidogenic proteins from these fat samples and additionally from 

heart tissues. These heart tissues were obtained from heart transplants donated for research. In 

total, 54 lambda sequences and corresponding samples were sent to Ulm. This sample set 

comprised 34 AL_H samples, eight AL_HK samples, nine samples from AL patients with 

dominant kidney involvement (AL_K), and three samples from AL patients with no dominant 

heart, kidney, or heart and kidney manifestation (AL_D). Based on this dataset, ten sequences 

and corresponding proteins were analyzed in more detail (Baur et al. 2022). This concerned 
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eight sequences that were generated within the framework of this work (6x AL_H, 2x AL_K) 

and in collaboration with Sarah Schreiner (University Hospital Heidelberg, AL_K and AL_D 

sequences). The two remaining sequences and samples were already analyzed through cryo-

EM and corresponded to AL_HTX patients (FOR005 (Radamaker et al. 2021a), FOR006 

(Radamaker et al. 2019)). 

These eight extracted proteins were analyzed by mass spectrometry and the provided sequences 

corresponded well to the actual amyloidogenic protein. Further, the proteins comprised the 

IGLV segment, IGLJ segment, and up to 14 AAs of the IGLC segment (Baur et al. 2022). It is 

worth mentioning that it was possible to verify sequences from three different IGLV families 

and four IGLV subfamilies: IGLV1-40, IGLV1-44, IGLV2-14, and IGLV3-19. As a side note, 

the AA sequence of three cases (FOR101, FOR142, FOR159) contained ambiguous AA 

positions. These positions were resolved by mass spectrometry data and identified within one 

of the two AA possibilities that resulted from the cDNA sequencing (Baur et al. 2022). 

However, the cDNA sequence was still crucial since it was not always possible to extract 

enough protein from the fat samples to generate a complete sequence coverage by the mass 

spectrometry results. Another problem of mass spectrometry is that leucine and isoleucine, due 

to the same Mw, cannot be distinguished from each other. 

 

Summarizing, these four approaches verified the IGL family assignment and the cDNA 

sequence. Further, the sequences correspond well to the deposited AL protein in the patients, 

so it can be considered that they reflect the amyloidogenic clone. 

 

4.1.2 Challenges 

One of the hallmarks of LCs is their high variability and several mechanisms are intertwined to 

ensure this. Not only does this concern the junctional diversity and somatic hypermutations, but 

also the combinatorial diversity. Up to 36 different IGLV, four IGLJ, and four IGLC genes, 

each can be potentially combined to finally lead to a functional lambda LC (Kawasaki et al. 

1997; Lefranc and Lefranc 2020; Schroeder and Cavacini 2010). Additionally, although a 

dominant sequence in AL can be assumed, there is nevertheless a certain degree of sequence 

and respective clonal heterogeneity (Bochtler et al. 2018). 

In this context, PCR-based Sanger sequencing is expected to map a certain degree of sequence 

heterogeneity. However, applying this method may also mean that some LC sequences will be 

difficult or even impossible to resolve. In the scope of this work, only 10 % (8/82) of the 
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generated LC sequences were not assigned to an IGLV segment, which not always concerned 

a not evaluable sequence. Here, cases in which specific mutations do not allow a clear 

distinction between two reference IGLV segments were also included. 

Further, only 15 % (12/82) of the generated LC sequences showed at least ten not clearly 

identified AAs. In this context, in particular, the IGLV3-21 subfamily was prominent. 

IGLV3-21 was detected frequently in both AL and MM but AL full-length LC sequencing 

proved difficult. The AL sequences showed an above-average number of sequence blurs and 

several oligonucleotides failed to bind in FR1. In contrast, it was possible to resolve three MM 

sequences N-terminally and to generate a sequence without uncertain nucleotide positions 

twice. So, it can be postulated that the sequencing difficulties probably only relate to AL 

sequences. These difficulties could be caused by a mutation, insertion, or deletion that could be 

common or even exclusively characteristic of AL and prevent oligonucleotide binding. 

Interestingly, IGLV3-21 is the only detected IGLV gene that comprises three instead of only 

two exons – however, the first exon is described as noncoding (Ensembl). In this context, 

amplification could further be prevented by different splicing variants since the oligonucleotide 

binding site is located at the beginning of the third exon. 

The IGLV3-21 next-generation sequencing experiments performed within this work 

demonstrated that the sequences can be assigned unambiguously to IGLV3-21 and the 

MP_NGS_PCR approach even verified the Sanger sequences. In contrast, the N_NGS_PCR approach 

only conditionally detected IGLV3-21 sequences. However, the positive control showed that 

the PCR protocol works in principle.  

Nevertheless, the phenomenon of prominent sequence blurs in certain IGLV subfamilies and 

lacking oligonucleotide binding, should be studied in more detail. Bulk RNA sequencing could 

be helpful to investigate not only the sequences but also the composition of the expressed LCs 

in more detail. This approach would also shed light on the intra-clonal heterogeneity and 

provide more information about the actual diversity of the expressed LCs in a single AL patient. 

 

Summarizing, within this work, 90 % of the AL LCs were assigned to a specific IGLV segment 

and 85 % of the sequence showed only a few uncertain AA positions.  

 

4.2 Discrimination between Amyloidogenic and Non-Amyloidogenic Light Chains  

This work primary aimed to investigate and define AL-specific lambda LC sequence features 

– mostly in comparison to MM lambda LCs. In the first step, both cohorts were clinically 
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characterized and met the expectations. Therefore, it is assumed that these are representative 

groups, with one limitation: The AL cohort only comprised AL_H and AL_HK patients, to 

perform an analysis regarding the characteristic organ tropism. In the following chapter, the 

identified communalities and differences between the two diseases will be discussed and put 

into context, to potentially infer on pathogenic mechanisms. 

4.2.1 IGLV Subfamily Usage 

After the clinical characterization, the IGLV subfamily usage was investigated to examine if 

the IGLV families present a difference in their amyloidogenic potential. Several studies have 

been published to address this aspect (Abraham et al. 2003; Comenzo et al. 2001; Kourelis et 

al. 2020; Perfetti et al. 2002; Perfetti et al. 2012; Sidana et al. 2021). The comparison of five of 

them showed that IGLV6-57 and IGLV3-1 are the most frequently AL-associated IGLV 

subfamilies Additionally, IGLV2-14 was among the commonly AL-associated IGLV 

subfamilies in three out of five studies (Kourelis et al. 2017; Perfetti et al. 2012; Sidana et al. 

2021). The data set presented in this work is well in line with previously published preliminary 

data, which also included AL_K patients (Berghaus et al. 2022; AL_K patients were analyzed 

by Sarah Schreiner (University Hospital Heidelberg)).  

Despite the comprehensive data about IGL families in AL, the analysis of exclusively AL 

sequences is insufficient to conclude on associations and potential crucial sequence features. 

Past work usually used healthy donors or LC sequences stored in the ″AL-Base″ database as a 

reference set. The advantage of this study is the comparison of LC sequences from clinically 

well-characterized AL and MM cohorts. The MM patients were treated within the GMMG-

HD6 clinical trial and screened for amyloid deposits as potential exclusion criteria. Later 

progression to AL is a very rare phenomenon but cannot be precluded. Nevertheless, the median 

follow-up of the GMMG-HD6 trial was 49.8 month (Goldschmidt et al. 2021) and in total, one 

out of 564 patients was excluded due to developing an amyloidosis during this trial 

(unpublished data). This excluded MM patient presented a kappa LC and was therefore not part 

of the cohort analyzed within this work. So, an actual comparison of amyloidogenic and non-

amyloidogenic LCs is assumed.  

Two remarkable results from the comparison of AL and MM LC sequences, are a significant 

association of IGLV6-57 with AL LCs and the exclusive detection of IGLV2-23 for MM LCs. 

To compare the results of this study with a larger data set, LCs deposited in AL-Base were 

utilized. AL-Base is an internet LC database, established and hosted by the Boston University 

(the Amyloidosis Center at the Boston University School of Medicine) (Bodi et al. 2009). The 

stored LC sequences are classified into three major clinical groups ″AL – plasma cell disorder″, 
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″other – plasma cell disorders″ and ″ non – plasma cell disorders″, which can be further 

specified in e.g. ″AL″, ″MM″ or ″healthy individual″. Additionally, the LC sequences can be 

sorted by kappa and lambda and the corresponding IGV subfamilies (Bodi et al. 2009). 

Analyzing the deposited lambda AL (n = 416) and MM sequences (n = 91), an AL IGLV6-57 

association was most frequently detected, namely in 24 % of the AL cases and only in 2 % of 

the MM cases. In contrast, AL sequences showed an IGLV2-23 assignment in only 3 % and 

MM sequences in 10 %. Thus, the data deposited in AL-Base also showed a striking difference 

for these two IGLV subfamilies. However, AL-Base is not a completely curated database. The 

stored LC sequences cannot always be assigned to a publication, which means that the 

methodology used is also unknown. Further, the length of the sequences varies and information 

about clinical parameters are usually not available.  

Even though this work focused on only AL_H and AL_HK patients, an association of certain 

IGLV subfamilies with a specific type of organ involvement should be discussed in more detail. 

All studies cited above, which investigated the organ tropism, coincided with the enrichment 

of IGLV2-14, IGLV1-40, and especially IGLV6-57 for AL_K patients. The analysis regarding 

AL_H patients presented more varieties. Here, most prominent LCs of the IGLV2-14 and 

IGLV1-44 subfamilies were detected (followed by IGLV3-1 and IGLV3-21) (Abraham et al. 

2003; Comenzo et al. 2001; Kourelis et al. 2020; Perfetti et al. 2002; Perfetti et al. 2012; Sidana 

et al. 2021).Within this work, a prominent association for IGLV3-1 and IGLV3-21 with AL_H 

as well as for IGLV6-57 with AL_HK was noted. Interestingly, IGLV6-57 was also detected 

for four out of eight AL_HTX LCs. The previously published own preliminary dataset is well 

in line with these observations (Berghaus et al. 2022; AL_K patients were analyzed by Sarah 

Schreiner (University Hospital Heidelberg)). 

Certain trends can be noted when comparing the AL_H and AL_HK data of this work with own 

previously published AL_K data (Berghaus et al. 2022; AL_K patients were analyzed by Sarah 

Schreiner (University Hospital Heidelberg)). IGLV1 showed a more pronounced association 

with AL_K sequences. The IGLV2 subfamilies were found commonly in AL_H and AL_K and 

less in AL_HK sequences; the IGLV3 subfamilies seemed to be more associated with AL_H 

sequences. In contrast, the IGLV6-57 subfamily was detected equally frequently in AL_H and 

AL_K sequences and noticeable more often in the AL_HK sequence (Berghaus et al. 2022; 

AL_K patients were analyzed by Sarah Schreiner (University Hospital Heidelberg)). 

Accordingly, this strengthens the hypothesis that a divergent amyloidogenic potential in general 

but even an association towards an organ involvement can be assumed. 
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In addition to the organ tropism, the sequences were further stratified for a potential HC binding 

partner and, concerning tumor size and malignancy, for a dFLC >180 mg/L. Interestingly, 

IGLV2-14 was detected significant more often in AL_H HC cases, and IGLV6-57 in AL_H     

< dFLC cases. More general, IGLV3-1 was more frequently detected in the AL > dFLC 

subgroup. These aspects might influence a risk stratification based on the respective IGLV 

subfamily. The analyses concerning the stratifications for a present clonal HC and the dFLC 

will be addressed in a more detailed manner in chapter 4.3. 

 

To conclude, the results of this study support the assumption that IGLV subfamilies present a 

difference in their amyloidogenic potential and are well in line with previously published 

studies and the data deposited in AL-Base. Additionally, certain associations were not only 

detected for AL and MM but also for AL_H, AL_HK, when stratifying for the presence or 

absence of a clonal HC, and a dFLC >180 mg/L. Therefore, it can be postulated that certain 

IGLV subfamilies may display favorable characteristics for different pathogenic mechanism. 

 

4.2.2 Mutation Frequency and Count 

The already addressed IGLV subfamily usage is part of the combinatory diversity, a mechanism 

to increase the LC diversity. This LC diversity is even further increased through junctional 

diversity and somatic hypermutations. It is assumed, that the introduced mutations and changes 

can increase the LC capability/propensity to aggregate and form fibrils (Blancas-Mejía and 

Ramirez-Alvarado 2013). To address this assumption, the AL and MM LC sequences were 

analyzed for their median mutation count and frequency.  

It was striking at this point that all MM LCs displayed a median of 11.5 – 12.0 mutations in the 

IGLV segment. Even though the sequences were trimmed differently, the affected FR1 region 

was defined as the least mutated region in several IGLV subfamilies. Thus, the results can be 

placed in a comparative framework. In this analysis, the AL sequences showed significantly 

fewer mutations than the MM sequences. Further, the IGLV2-14 and IGLV3-1 MM sequences 

also presented a higher mutation frequency in the IGLC segment than the respective AL 

sequences. These findings contradict the hypothesis that an excessive accumulation of 

mutations leads to destabilization and misfolding of the AL-associated LCs.  

An explanation for this difference between AL and MM might be that an excessive mutation 

rate due to genomic instability can be hypothesized for MM. In a study published by Walker et 

al., 37/40 MM patients showed an indicator for DNA double-strand breaks in plasma cells 
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(Walters et al. 2011). DNA double-strand breaks can lead to CA and thus potentially to genomic 

instability and, ultimately, to cancer (Walters et al. 2011). This could serve as a preliminary 

explanation for the higher mutational load compared to AL LCs. However, no statement about 

the actual germline of the patients can be made, since cDNA was sequenced within this work. 

Another hypothesis might be that MM is associated with a larger and therefore also even further 

evolved tumor clone than the ones observed in AL. In this context, it was already shown that 

during the tumor evolution from MGUS towards MM mutations are acquired (Walker et al. 

2014), which could than serve as additional or alternative explanation for the differences 

between AL and MM.  

Apart from the differences between AL and MM, the AL IGLV subfamilies also differed in 

their median mutation count. In general, a range of four up to fifteen mutations compared to a 

respective reference was reported for AL-associated LCs, more precisely the VL domain 

(Absmeier et al. 2022). In this study, IGL subfamily-dependent median mutation counts, within 

the range of four up to fifteen mutations, were detected.  

IGLV2-14 LC sequences displayed the highest value, followed by IGLV3-1, and IGLV6-57 

LCs the lowest. Here, it must be considered that IGLV2-14 is one of the most frequently 

detected AL and MM IGLV subfamilies, IGLV3-1 has been associated with AL more 

frequently, and most importantly that IGLV6-57 was detected almost exclusively in the AL 

cohort. Based on these results, several alternative hypotheses can be postulated which 

complement the assumption that certain IGLV families display already primary favorable 

properties for the amyloid formation: a) fewer mutations are sufficient to increase the 

aggregation capability of inherent aggregation prone IGLV subfamilies b) the increased 

mutation count in MM LCs might lower their aggregation potential c) it can be assumed that a 

certain number of mutations are necessary to form a functional LC. 

To confirm the hypothesis of divergent primarily favorable amyloidogenic properties of IGLV 

subfamilies, the ‘normal’ IGLV repertoire of healthy individuals or other plasma cell disorders 

need to be analyzed. The data deposited in AL-Base concerning plasma cells and categorized 

as “normal repertoire” (n = 102) displays IGLV6-57 in 14 % of the cases and most frequently 

IGLV1-44 or IGLV3-19 (both 16 %). At first sight, this seems to contradict the hypothesis but 

again, it must be considered that the source of the deposited sequences is not validated and is 

only partially reproducible. This is also reflected in the median mutation counts of the 

IGLV6-57 LCs classified as “normal repertoire”. Here, the sequences showed a range from zero 

(2x) up to 19 mutations (in the analyzed AA range of this work). Nevertheless, the median 

mutation count was with 8.5 higher than the median mutation count of the AL IGLV6-57 
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sequences in this work. This might support the hypothesis, that a certain number of mutations 

must be acquired to form a functional LC. Ultimately, the analysis of a larger study with a well-

characterized cohort is needed to confirm or reject the hypotheses. 

Sequencing not only the IGLV segment but the complete LC was an important step forward of 

this study. In this analysis, the IGLV segment and also the IGLC segment were mutated more 

frequently in MM than in AL sequences. This finding might also correlate with an assumed 

increased genomic instability in MM patients and a possible subordinate role of the IGLC 

segment in fibril formation. Regarding the IGLJ segment, AL and MM sequences showed no 

significant differences. Here, IGLV6-57-associated AL LCs displayed a notable division. They 

presented approximately 20 % less frequently mutated in the IGLJ segment than AL LCs from 

other IGLV subfamilies. Despite the difference concerning IGLV6-57, a certain organ tropism 

was also noted. The AL_H sequences always displayed a higher mutation frequency than the 

AL_HK sequences of the corresponding IGLV subfamily (IGLV6-57: AL_HTX). A reason for 

this phenomenon is not yet apparent, and further studies concerning the AL organ tropism and 

comparisons towards AL_K and AL_D sequences are needed. 

 

To conclude, the results of this study contradict the assumption that an accumulation of 

mutations could serve as an explanation for amyloidogenity. An alternative hypothesis can be 

postulated based on the mutation counts, shortly summarized as “quality before quantity”.  

 

4.2.3 Mutation Hotspots and Sequence Characteristics 

A more detailed analysis of the mutation hotspots and AAs exchanges was needed in the context 

of the postulated hypotheses. Here, the detected higher median mutation count in MM 

sequences was also reflected in more mutation hotspots than in the AL sequences. The low AL 

IGLV6-57 mutation count is also shown in this analysis since only one hotspot was identified. 

However, it was not possible to detect common mutation hotspots that were present exclusively 

in the AL sequences and would therefore discriminate between AL and MM. As side note, AL 

and MM sequences frequently presented the mutation hotspot at the third position of the CDR2 

region, which was already described as AL hotspots in other studies (Poshusta et al. 2009; 

Radamaker et al. 2021b). This missing discrimination potential also concerns the IGLV-IGLJ 

linker region, which is part of the junctional diversity. In this context, it was also not possible 

to identify a disease-specific mutation pattern.  

So, a more holistic approach was chosen, since the lack of clear discrimination potential by the 

mutation hotspots and linker region. In general, various effects of mutations that subsequently 
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favor the formation of fibrils can be assumed. Here, two main aspects need to be noted: a 

destabilizing effect that leads to the misfolding of the soluble precursor protein or a stabilizing 

effect of the final amyloid structure (Absmeier et al. 2022). The stabilizing effect can, for 

example, be achieved by interactions between stored monomers of the protofilament or within 

the steric zipper and cross-motifs inside the fibril core (Absmeier et al. 2022; Pradhan et al. 

2020; Radamaker et al. 2019). Therefore, the insertion or deletion of charge in specific regions 

might induce or enhance interactions. The importance of charge was also represented in the 

cryo-EM structure of an IGLV1-44 fibril. Here, three mutations added charge to the surface of 

the fibril, one removed charge from a non-polar cavity, and one additional contributed to 

compensate native conserved charges. Therefore, in this case study, five out of eight mutations 

induced or removed charged AAs in the IGLV segment (Radamaker et al. 2019).  

Strikingly, it was possible to detect differences concerning charge and small AAs between AL 

and MM for each IGLV subfamily analyzed within this work. Further, such differences were 

detected in the frequently AL-associated IGLV subfamilies (IGLV2-14, IGLV3-1, IGLV3-21) 

and even for IGLV1-44. These differences translated into a lower overall percentage of aspartic 

acid for IGLV2-14 AL and arginine for IGLV3-1 AL sequences compared to the respective 

MM LCs. So, individual pathogenic mechanisms for each IGLV subfamily can be 

hypothesized. This assumption is supported by the fact that all published fibril structures of 

different IGLV subfamilies showed a different morphology (Radamaker et al. 2021a; 

Radamaker et al. 2021b; Radamaker et al. 2019; Swuec et al. 2019). 

Not only differences between AL and MM and the IGLV subfamilies but also concerning the 

AL organ tropism were detected. In this context, IGLV6-57 can again serve as a model to 

differentiate the AL_H and AL_HK sequences. Next to exclusive AL_H or AL_HK hotspots, 

these subgroups showed interesting differences regarding charged AAs. While both subgroups 

displayed an additional charge in CDR1, AL_H sequences were significantly associated with 

an additional negative one and AL_HK sequences with a positive one. Additionally, both 

subgroups displayed the introduction of the charge in the CDR2, and AL_HK sequences 

exclusively showed a third additional charge in the CDR3. That these deviations are limited to 

the CDR regions is surprising, considering its natural function to enhance the diversity of LCs. 

However, others demonstrated that not only mutations in the more conserved FR regions 

contribute to destabilization (Hurle et al. 1994). Further, mutations in CDR regions can 

potentially induce structural changes or enhance backbone dynamics (Absmeier et al. 2022; 

Blancas-Mejía et al. 2014; Rottenaicher et al. 2021). 
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In conclusion, the hypothesis that IGLV families probably have an inherently divergent 

amyloidogenic potential can be complemented by the fact that charge might also be an 

important factor – not only in the context of amyloidogenity but also for the AL organ tropism. 

Based on the results that each IGLV family presented a different mutation pattern, it can also 

be postulated that individual pathological sequence-based mechanisms may exist for each 

IGLV subfamily separately.  

 

4.2.4 Biophysical Parameters 

Various biophysical parameters were investigated to detect an effect of the mutation patterns 

on the LCs. This is of interest in the context of the postulated hypothesis that different IGLV 

families have different inherent amyloidogenic potentials. However, a direct comparison 

between the patient-derived LCs and their IGLV subfamilies is only possible for the GRAVY 

score and ΔpI value. This is due to the fact that the GRAVY value is calculated by the sum of 

hydropathy values of all AAs divided by the protein length. The ΔpI value was determined 

using the difference between the patient-derived LC and a reference sequence. 

The results of this study suggest a relationship between a low GRAVY score and an increased 

amyloidogenic potential. However, this seems to contradict the phenomena of insoluble 

amyloid fibrils. The MM IGLV2-23 LC sequences showed the highest value, and the AL 

IGLV6-57 the lowest. At first glance, this is surprising, as it would suggest that IGLV6-57 LCs 

are most soluble in water in the linear state. Nevertheless, more generally, a low GRAVY score 

indicates that more hydrophilic AAs are present. When comparing the VBase2 IGLV reference 

sequences, a correlation between AL with IGLV references exhibiting especially low values 

was observed (Figure 33 A). More precisely, the IGLV6-57 reference (AL enriched) shows the 

lowest value of -0.751. The IGLV3-1 reference (AL enriched) shows a slightly higher value of 

-0.635, and the IGLV2-14 reference (AL and MM) has a value of -0.512. The IGLV1-44 

reference sequence showed a comparable value of -0.492 and was detected to be the third most 

common IGLV subfamily in MM and only in 6 % of the AL cohort. The IGLV2-23 reference 

(MM only) shows the highest value (-0.452), followed by IGLV3-21 (-0.490), the most 

frequently detected IGLV subfamily in MM. However, further studies are needed to 

characterize an association in more detail. 

Even though different IGLV segment reference sequences exhibit distinct pI values, no direct 

correlation was observed (Figure 33 A). However, the IGLV2-23 (MM only) reference shows 

the highest value with 6.74, followed by IGLV3-21 (5.60; MM enriched) and IGLV2-14 (5.55; 

AL and MM). The lowest value was noted for IGLV3-1 (4.52; AL enriched), IGLV6-57 (4.60; 
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AL enriched), and IGLV1-44 (4.60; MM enriched). Nevertheless, comparing the full-length 

IGLV2-14 and IGLV3-1 patient-derived AL and MM LC sequences, higher pI and ΔpI and 

values were observed for the MM LC sequences. An analysis of urinary monoclonal LCs from 

patients with and without AL revealed a lower mean pI of 4.8 for AL-associated LCs compared 

to a pI of 6.2 for non-AL LCs – which is in concordance with the results of this study (Bellotti 

et al. 1990). AL IGLV6-57 sequences displayed the lowest value for the AL cohort and it was 

noticeable that the AL_HK subgroup showed almost no deviation from the reference sequences. 

The pI, in combination with the pH of the environment, can have a strong influence on the net 

charge of a protein, in consequence, affects its solubility and aggregation propensity (Schein 

1990; Schmittschmitt and Scholtz 2003). When neglecting factors such as protein folding and 

modifications, proteins are most stable and insoluble if the pH of the buffer solution is within 

1.0 pH unit of the protein's pI. In a previously published own study (n = 10, mixed IGLV 

subfamilies, AL_H, AL_K, AL_HTX), the analyzed AL LCs (IGLVJ) displayed a significant 

increase in pI compared to a reference sequence (Baur et al. 2022). However, this is not in 

concordance with the results of this larger study (n = 82, AL_H, AL_HK). 

Overall, within this work different pI trends as well as differences in charged AAs were noted 

between AL and MM. This was also the case in the analysis regarding the AL organ tropism. 

In this context, it must be considered that in the case of AL, both, blood and tissue pH must be 

taken into account. So, the hypothesis can be postulated that not only mutations can increase 

the amyloidogenic potential but that these LCs must also be in the ″right″ environment to 

initially deposit as fibrils. These first fibrils could then, through a seeding effect, lead to the 

additional deposition of fibrils in other organs. However, further studies are needed to support 

these assumptions. 

Since amyloid fibrils consist of many-stranded β-sheets, the AGG parameter, which indicates 

the tendency towards a β-sheet aggregation, was calculated. While the GRAVY score matches 

the IGLV family and disease association, this was not the case for the AGG parameter (Figure 

33 C). When comparing the IGLV reference sequences, IGLV1-44 (20.9; MM enriched) and 

IGLV6-57 (55.4; AL enriched) show by far the lowest value, followed by IGLV2-23 (132.5; 

MM only) and IGLV2-14 (145.7; AL and MM). The IGLV3-21 (566.0; MM enriched) and 

IGLV3-1 (524.6; AL enriched) reference sequences displayed the highest values. When 

comparing actual patient-derived AL and MM IGLV2-14 and IGLV3-1 LCs, different trends 

were observed. Additionally, divergences regarding the AL organ tropism were noted: AL_HK 

IGLV6-57 sequences displayed a lower value, and IGLV3-1 sequences a higher value than the 

respective AL_H sequences. Thus, based on the results regarding the AGG parameter, no clear 
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trend or correlation was identified, and the results neither support nor reject the postulated 

hypotheses. 

In the already addressed work by Belotti et al., a significant difference in the Mw of LCs was 

detected. They found LC fragments with a low Mw in the urine of 30 out of 34 AL patients and 

only 15 out of 51 non-AL patients (Bellotti et al. 1990). In this study, no significant difference 

was detected but the MM sequences also showed a slightly higher Mw compared to AL 

sequences of the corresponding IGLV subfamily. Interestingly, this contrasts with the Mw of 

the IGLV reference sequences. The IGLV1-44 (10016; MM enriched) reference displays the 

lowest Mw, followed by IGLV2-23 (10038, MM only) and IGLV3-21 (10073, MM enriched) 

(Figure 33 D). These three IGLV families showed an increased MM association. Further, 

IGLV3-1 (10093, AL enriched) and IGLV2-14 (10116, AL and MM) reference sequences show 

a higher Mw, but by far the highest value is detected for the IGLV6-57 reference (10643, AL 

enriched). 

 

 

Figure 33. Correlation of the percentage of the detected IGLV subfamilies in the AL 

amyloidosis and multiple myeloma cohort, with the (A) grand average of hydropathicity 

score, (B) Isoelectric point, (C) AGG parameter and (D) the molecular weight of the 

respective IGLV reference sequence. AL = AL amyloidosis, MM = multiple myeloma, IGLV 

Ref = IGLV subfamily reference sequence, GRAVY = grand average of hydropathicity score, pI = isoelectric 

point, Mw = molecular weight  
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If postulating that different IGLV subfamilies differ in their inherent amyloidogenic potential, 

a possible relation between a low GRAVY score and a higher amyloidogenic potential can be 

assumed. As already mentioned, at first glance, an increased hydrophobicity contradicts the 

definition of insoluble amyloid fibrils. However, the GRAVY score only concerns the linear 

protein and neglects other factors influencing protein stability. Additionally, the results of this 

study are in concordance with the observations made by Belotti et al.: it was possible to detect 

a higher pI and molecular weight in MM than in AL patients. However, while the pI values 

partially match the IGLV subfamily/disease association, this was almost completely reversed 

in terms of the Mw. However, it also applies to the pI that only the linear protein is considered.  

 

In conclusion, no additional general mechanisms were found that explain the divergent behavior 

of AL and MM LC based on the calculated biophysical parameters. Based on the results 

concerning the AL organ tropism and the pI of the LCs, it can be postulated that amyloidogenity 

does not only emerge from the LCs itself but that the tissue environment could also be a decisive 

factor. 

 

4.3 Influence of a Potential Heavy Chain Binding Partner or dFLC >180 mg/L 

In order to obtain even deeper insights into the potential pathogenic mechanisms in AL, the 

sequences were stratified with respect to two additional parameters. In the following chapter, 

the results of this work are placed in the context of the underlying hypotheses and discussed in 

more detail. 

4.3.1 Potential Heavy Chain Binding Partner 

One potential hypothesis for AL concerns the presence or absence of a potential clonal HC-

binding partner (Bochtler et al. 2008). This is further supported by the fact that the CA t(11;14) 

is not only associated with a loss of the HC in 80 % of the cases but also more frequently 

associated with AL than MM (Bochtler et al. 2008; Bochtler et al. 2018). The results of this 

study suggest that charges and small AAs have a decisive role in the differentiation between 

AL and MM LCs. Further, it is assumed that each IGLV subfamily should be considered 

individually and may have its own pathological mechanisms. This is particularly evident when 

stratifying for the absence of a clonal HC.  

To bring IGLV2-14 into focus, the AL HC subgroup showed a higher IGLV mutation count 

and comprised all LCs with a mutation in the IGLC segment. Further, differences in charge and 

small AAs were noted between the AL subgroups. Only the AL HC sequences showed an H41N 
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mutation and additional prolines in the linker region. However, the biophysical parameters 

showed a striking difference. Here, the AL HC sequences showed a significantly higher AGG 

parameter than the AL no HC sequences. This is complemented by the fact that the AL HC 

sequences further showed a higher pI than the AL no HC subgroup 

These phenomena were also partially noted for the IGLV3-1 subfamily. Although the 

differences were not as prominent, all IGLV3-1 AL sequences with a mutation in the IGLC 

segment belonged to the AL HC subgroup. Interestingly, the IGLV2-14 and IGLV3-1 AL HC 

sequences presented a higher mutation frequency or count in the FR3 than the respective other 

subgroup. It was also noticeable that the AL IGLV3-1 CDR3 region showed a difference 

between these subgroups: the AL HC sequences showed a higher proportion of alanine and the 

AL no HC sequences of glycine. Both AAs are small and no obvious discriminating aspect can 

be mentioned – thus, the possible effects or consequences need to be further investigated in 

protein analyses.  

 

An additional hypothesis can be formed based on these results: In the presence of a potential 

clonal HC binding partner, a misfit between HC and LCs might influence the excess of free 

LCs. This can be supported by an increased mutation count in the IGLV segment, especially in 

FR3, and the IGLC segment as well as certain sequence characteristics. In the context of AL, 

there might be a positive selection for LCs that exhibit a higher aggregation tendency or a pI 

close to the physiological pH of the blood and might therefore be insoluble within the patient’s 

bloodstream. 

 

4.3.2 Influence of a dFLC > or < 180mg/L 

As expected, the detected differences and resulting hypothesis do not apply to all IGLV 

subfamilies. For IGLV6-57, AL_H no HC sequences showed a higher IGLJ mutation 

frequency, and all IGLC-mutated sequences belonged to this subgroup. However, IGLV6-57 

AL sequences showed the most prominent difference when stratifying for the dFLC. This 

stratification approach was chosen to investigate if the size and malignancy of the B cell tumor 

correlate with the characteristics of the respective LCs. Although clinical risk stratifications 

apply different thresholds for AL and MM patients, this study cut-off was set at >180 mg/L. 

Here, the IGLV6-57 subfamily stood out, despite mutation number and frequency showing no 

significant differences between the AL dFLC subgroups.  
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IGLV6-57 AL < dFLC sequences frequently showed an insertion of charged AAs in the CDR2. 

Further, the Mw of the LCs showed a notable difference. In this context, the AL > dFLC 

subgroups displayed a higher Mw – not only in the IGLV6-57 but also in the IGLV2-14 

subfamily. This is of special interest when considering that a larger Mw was also detected for 

MM compared to AL sequences. Most AL patients present with an underlying MGUS with low 

tumor burden and less frequently with underlying MM and a respective higher tumor load. If 

postulating that a higher tumor burden is associated with a higher Mw of the disease-associated 

LCs, this also seems reasonable for AL and a dFLC >180 mg/L. However, the underlying 

mechanism and consequence remain unclear.  

 

4.4 Prediction of Amyloidogenity 

The detected differences between AL and MM, as well as the subgroup analyses, can not only 

be used to further investigate the pathogenic mechanisms but also be brought into a more 

clinical context: toxicity prediction and risk stratification. A clinical risk stratification tool that 

could predict a patient’s risk for developing AL from MGUS, SMM, or MM is highly sought-

after. Identifying high-risk patients would allow monitoring strategies, early diagnosis, and 

early treatment and ultimately, prevent end-organ damage. 

In 2021, a web-based tool for toxicity prediction of lambda LCs based on somatic mutations 

was established: LICTOR. The underlying machine learning analysis is said to have an 80 % 

accuracy in LC classification (Garofalo et al. 2021). When applying this tool to the IGLV2-14 

subfamily, seven out of eight MM sequences and nine out of fourteen AL sequences were 

indicated as toxic. In two AL cases, the tool failed and provided no evaluation. So, when 

considering only the IGLV2-14 AL sequences, the accuracy is only 64 %. The overall accuracy 

is down to 41 % when also including the IGLV2-14 MM sequences. However, it is a newly 

established application, and the prediction will be improving over time, so it will potentially 

become a helpful tool. 

Within this work, a different approach for risk stratification is needed since no mutation or 

mutations allowed a distinct differentiation of AL and MM LCs. In this context, the IGLV 

subfamily usage may play a decisive role (Figure 34). The findings of this study are well in 

line with these of previously published ones and suggest a higher amyloidogenic potential for 

some IGLV subfamilies. Further, the IGLV subfamilies appear to be associated with distinct 

organ involvement, high dFLC, or the presence of a potential HC-binding partner.  

So, based on the results of this study, a new model for risk stratification can be suggested. In 

this context, IGLV6-57 and IGLV2-23 can serve as a model for further explanation. MGUS 
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patients with IGLV6-57-assigned LCs have an increased risk for disease progression towards 

AL: relative risk of 11.63 (p = 0.015). This is hypothesized since IGLV6-57 was significantly 

associated with AL. Vice versa, MGUS patients with an IGLV2-23 assigned LC should have a 

much lower risk for progression towards AL: relative risk 0.04 (p = 0.023). This is stated 

because IGLV2-23 was found exclusively in the MM cohort. 

Further, not only the IGLV subfamilies presented variation but also an influence of a potential 

HC binding partner or the dFLC can be detected. For example, IGLV3-1 was frequently 

detected in the MM and AL cohort but also a significant AL > dFLC association was noted. So, 

IGLV subfamilies frequently detected in both cohorts must be considered in more detailed 

sequence analyses. More generally, an increased risk for the devolvement of AL may be 

indicated by a low mutation count in the IGLV and IGLC segment, as well as fewer charged 

AAs. 

 

 

Figure 34. Risk stratification of monoclonal gammopathy of undefined significance/ 

smoldering multiple myeloma/multiple myeloma patients for the progression towards AL 

amyloidosis based on light chain sequencing results. The scheme was developed based on the data 

of this work and specifically refers to the detected differences in the IGLV subfamily distribution between AL 

amyloidosis patients with dominant heart involvement, AL amyloidosis patients with dominant heart and kidney 

involvement, and multiple myeloma patients. MGUS = monoclonal gammopathy of undefined significance, 

SMM = smoldering mutliple myeloma, MM = multiple myeloma AL = AL amyloidosis, LC = light chain, 

HC = heavy chain; RR = relative risk. * = p ≤0.05. The relative risk was calculated using the web-based MedCalc 

relative risk tool. P-values of the IGLV subfamily associations are mentioned in chapter 3.3. 1p = 0.053, 2p = 0.054, 

3p = 0.023, 4p = 0.047, 5p = 0.015, 6p = 0.036, 7p = 0.008. 

LC sequencing of MGUS/SMM/MM patients
and risk stratification for disease progression towards AL

other

No sig. 

increased risk

detected

IGLV1

No sig. 

increased risk

detected

IGLV1-44 other

Low -median 

risk

RR = 0.36*1

IGLV2

IGLV2-14 IGLV2-23 other

No sig. 

increased risk

detected

No sig. 

increased risk

detected

IGLV6

High risk

RR = 11.63*5

Increased risk

for AL_HK vs. 

AL_H  

RR = 2.32*6

IGLV3

IGLV3-1 IGLV3-21 other

No sig. 

increased risk

detected

No sig. 

increased risk

detected

No sig. 

increased risk

detected

Sequence evaluation

high risk for disease

progression towards AL

- Low mutation count, especially in the IGLV and IGLC segments

- Overall less charged amino acids

- IGLV subfamily specific patterns of charge deviations

Low risk

RR = 0.04*3

MM 

association*

IGLV6-57

AL_H HC 

association*

AL >dFLC 

association*

AL HK 

association*

A_H <dFLC 

association*

AL 

association*



4 Discussion  Natalie Berghaus 

~ 150 ~ 

4.5 Outlook 

Among the aspects that should be studied in more detail, two thematic areas can be 

distinguished. The first area concerns the biology of AL and the disease underlying pathological 

mechanisms. Here, it is still not evident why some IGLV subfamilies are more associated with 

AL and others are not. To address this question, a more holistic view of the sequence and protein 

level should be approached. In this context, AL, MM, and even reference sequences should be 

compared systematically. These comparisons should provide necessary information to 

understand especially the IGLV subfamily distribution and the hypothesized divergent inherent 

amyloidogenic potential. In more detail, which biophysical parameters and sequence 

characteristics or modifications are ultimately decisive for LCs to form fibrils or which other 

factors need to be considered more intensively.  

The landmark for this work has already been established based on an AL LC of the IGLV2-14 

subfamily. This work examined each individual mutation site regarding its influence on fibril 

formation in vitro, and indeed, one mutation was crucial for fibril formation (Kazman et al. 

2020). 

Besides the IGLV subfamily usage, the hypothesis that a misfit between HC and LC influences 

the excess of free LCs still needs to be analyzed in more detail (Bochtler et al. 2008). This 

analysis should concern the sequence and protein level. Addressing the protein level, nuclear 

magnetic resonance experiments could provide information about the interaction between these 

two proteins in more detail. On top of this, bioinformatics models/predictions could be useful 

to compare references as well as MM and AL HC and LC pairs.  

This study was limited by analyzing a not completely representative AL cohort; nevertheless, 

comparing AL_H and AL_HK sequences provided new insights. To further investigate the 

organ tropism in AL, the results of this work should be merged with the results of the work of 

Sarah Schreiner, which analyzes AL_K and AL_D sequences. In the context of the postulated 

hypothesis that the tissue environment may play a crucial role, further bioinformatic or protein 

analyses are necessary. Here, investigations of the different tissues themselves and different 

amyloid-associated proteins are needed (Gottwald and Röcken 2021). Beyond the LCs, it 

should be analyzed which pathways or even known plasma cell factor-associated 

factors/proteins show a deviation between AL and MM and between the AL organ 

involvements.  
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The second thematic aspect concerns risk stratification for a progression towards AL. In the 

context of this study, an approach based on the IGLV subfamily distribution and clinical 

parameters was chosen. However, not only sample sets covering a disease progression but also 

larger cohorts are necessary. These additional samples are also necessary to further investigate 

the detected sequence characteristics and differences between AL and MM and to establish 

them as potential biomarkers. Through this work, a preliminary model could be postulated, 

which, however, still needs to be expanded and verified through additional analyses.  
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5 Summary 

Immunoglobulins and their component light chains are essential parts of the human immune 

system. Even though, in the context of an AL amyloidosis disease, light chains can be 

pathogenic. This pathogenicity arises from at least one malignant plasma cell, which infiltrates 

the bone marrow and produces an excess of free light chains – which misfold and ultimately 

deposit as fibrils in the extracellular space. Why and how these naturally soluble light chains 

transit into fibrils is still unknown. 

One research approach relies on the natural function of the light chains themselves: antigen 

recognition and underlying sequence diversity. The analysis of this sequence diversity and 

corresponding mutations may allow making inferences about potential pathogenic mechanisms 

in AL amyloidosis. Nevertheless, a control group is needed to draw distinct conclusions. Here, 

light chains from the related plasma cell disorder multiple myeloma, which do not form fibrils, 

offer a suitable option. This work compared full-length lambda light chain sequences from 82 

AL amyloidosis and 52 multiple myeloma patients and revealed several striking aspects – such 

as, a significant association between IGLV6-57 and AL amyloidosis as well as between 

IGLV2-23 and multiple myeloma. Overall, the results of this work are well in line with 

previously published studies and strengthen the assumption that IGLV subfamilies present a 

difference in their amyloidogenic potential. Intuitively, mutations may alter this inherent 

amyloidogenic potential. In the context of this work, mutation analyses showed that not the 

quantity but rather the distinct exchange pattern and location might be crucial. This hypothesis 

rests upon the findings that the multiple myeloma sequences always displayed a significantly 

higher mutation count than the respective AL amyloidosis sequences and the detection of 

different exchange patterns. In more detail, these patterns mostly concerned charged amino 

acids and even differed between the analyzed IGLV subfamilies. Therefore, individual 

pathological sequence-based mechanisms for each IGLV subfamily are hypothesized. 

In addition to the characteristic of light chain fibril formation, AL amyloidosis patients often 

show a distinct organ tropism. To further analyze this aspect, the AL amyloidosis patients were 

stratified accordingly beforehand. In the end, this study included 61 patients with a dominant 

heart and 21 patients with a heart and kidney involvement. When comparing these subgroups, 

it was possible to detect differences concerning the IGLV subfamily assignment, mutation 

counts, and again most prominently, charged amino acids. In the context of charged amino 

acids, the IGLV6-57 assigned sequences stood out. Here, it was possible to detect diverging 

patterns between the two AL amyloidosis subgroups in several regions. Taken together, these 

results suggest that not exclusively the light chains themselves, but also the tissue environment 
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might influence their amyloidogenic potential which are mirrored in certain sequence 

characteristics. 

Besides the already mentioned high levels of free light chains, AL amyloidosis patients 

frequently display a loss of the clonal heavy chain. To further investigate these parameters and 

to find out if they reflect in certain light chain sequence characteristics, the AL amyloidosis and 

multiple myeloma cohort were accordingly stratified. Addressing the level of free light chains, 

the most prominent difference concerned the molecular weight of the light chains. IGLV6-57 

and IGLV2-14 AL amyloidosis sequences from patients with a high level of free light chains 

displayed a higher molecular weight than the other subgroup. The second analysis concerning 

the presence or absence of a clonal heavy chain revealed an increased mutation count in the 

IGLV and the IGLC segment of light chains with potential heavy chain binding partners. These 

results led to the hypothesis that mismatched heavy chains and light chains might influence the 

excess of free light chains. In this context, there might also be a positive selection for light 

chains that exhibit a higher aggregation tendency and isoelectric point close to the physiological 

pH of the blood – which would render them insoluble within the patient’s bloodstream.  

In conclusion, the results of this study lead to several intertwining hypotheses concerning the 

pathogenic mechanisms in AL amyloidosis: Certain IGLV subfamilies innately present with 

favorable properties for amyloid formation. Here, individual pathological sequence-based 

mechanisms, which frequently involve alterations of charged amino acids, can be assumed. 

Further, not only the light chains themselves but also external factors, like the tissue 

environment and a potential clonal heavy chain binding partner, might influence their 

amyloidogenity. In this context, there might also be a positive selection for light chains which 

exhibit favorable characteristics like an increased aggregation tendency or a favorable 

isoelectric point.  

Besides the biological questions concerning the pathogenic mechanisms, there is an urgent need 

for a screening option for patients with a monoclonal gammopathy of undefined significance 

on the clinical/medical side. Identifying patients at high risk for disease progression towards 

AL amyloidosis would possibly prevent end-organ damage due to earlier diagnosis. Based on 

the results of this work, a risk stratification mainly based on the IGLV subfamily usage was 

established. Keeping the previously mentioned IGLV associations in mind, it is reasonable that 

the highest significant relative risk, 11.63, was calculated for IGLV6-57. In contrast, the lowest 

significant relative risk, 0.04, was detected for IGLV2-23. 

In summary, this work contributes to resolving the pathogenic mechanisms of AL amyloidosis 

and provides a starting point for clinical risk assessment based on light chain sequencing. 



6 Zusammenfassung  Natalie Berghaus 

~ 154 ~ 

6 Zusammenfassung 

Immunglobuline und als ihr Bestandteil somit auch Leichtketten, sind ein wichtiger Teil des 

menschlichen Immunsystems. Im Rahmen einer AL Amyloidose Erkrankung können 

Leichtketten jedoch auch einen pathogenen Effekt haben. Dieser resultiert daraus, dass 

mindestens eine maligne Plasmazelle das Knochenmark infiltriert und einen Überschuss an 

Leichtketten produziert. Anschließend kommt es zur Fehlfaltung dieser Leichtketten, die sich 

schlussendlich in Form von Fibrillen im extrazellulären Raum ablagern. Warum und wie genau 

diese Leichtkettentransition stattfindet, ist jedoch noch nicht vollständig verstanden. 

Ein Ansatz, um diesen Mechanismus näher zu untersuchen, basiert auf der natürlichen Funktion 

der Leichtketten: der Erkennung von Antigenen und der damit einhergehenden Sequenz 

Diversität. Durch eine Analyse dieser Diversität und den zugrunde liegenden Mutationen 

sollten Rückschlüsse auf die pathogenen Mechanismen gezogen werden können. Hierbei ist 

eine Kontrollgruppe essenziell. Die beste Option bieten Patienten und Patientinnen mit 

Multiplem Myelom – hier werden Leichtketten zwar übermäßig produziert, bilden aber keine 

Fibrillen. 

Im Rahmen dieser Arbeit wurden die kompletten lambda Leichtketten Sequenzen von 82 AL 

Amyloidose und 52 Multiplem Myelom Patienten und Patientinnen miteinander verglichen. 

Hierbei konnte unter anderem eine signifikante Assoziation zwischen IGLV6-57 und der AL 

Amyloidose sowie IGLV2-23 und dem Multiplem Myelom detektiert werden. In Einklang mit 

bereits publizierten Daten kann somit postuliert werden, dass die IGLV Subfamilien ein 

unterschiedliches amyloidogenes Potenzial aufweisen. Es ist naheliegend, dass dieses 

amyloidogene Potenzial durch Mutationen beeinflusst werden kann. In den Mutationsanalysen 

zeigte sich jedoch, dass nicht die Anzahl, sondern eher der spezifische Austausch und die 

Region ausschlaggebend sein könnten. Diese Annahme basiert darauf, dass die Multiple 

Myelom Sequenzen eine signifikant höhere Anzahl von Mutationen aufwiesen und spezifische 

Mutationsmuster detektiert werden konnten. Diese Mutationsmuster betrafen im Besonderen 

geladene Aminosäuren und unterschieden sich zwischen den analysierten IGLV Subfamilien. 

Daher kann postuliert werden, dass es zusätzlich individuelle sequenzbasierte pathogene 

Mechanismen für die einzelnen IGLV Subfamilien gibt. 

Ein weiteres charakteristisches Merkmal der AL Amyloidose ist der spezifische 

Organtropismus. Um dieses Phänomen näher zu untersuchen, wurden die Patienten und 

Patientinnen vor dem Beginn dieser Studie entsprechend stratifiziert, sodass die AL 

Amyloidose Kohorte 61 Fälle mit dominantem Herzbefall und 21 Fälle mit Herz- und 

Nierenbefall umfasste. Auch in diesem Vergleich konnten Unterschiede in Bezug auf die IGLV 
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Subfamilien und Mutationen detektiert werden. Herausstechend waren erneut Unterschiede in 

Bezug auf geladene Aminosäuren und insbesondere die IGLV6-57 Subfamilie. Diese 

Ergebnisse führten zu der Hypothese, dass nicht nur die Leichtketten selbst, sondern auch 

externe Faktoren wie das umliegende Gewebe einen Einfluss auf die Amyloidogenität haben 

und sich in spezifischen Sequenzcharakteristika wiederfinden. 

Neben dem erhöhten Wert freier Leichtketten zeigen AL Amyloidose Patienten und 

Patientinnen ebenfalls häufig einen Verlust der klonalen schweren Kette. Um zu untersuchen, 

ob diese beiden Parameter sich auch in den Eigenschaften der Leichtketten widerspiegeln, 

wurden die Kohorten entsprechend stratifiziert. Auffallend war, dass IGLV2-14 und IGLV6-

57 AL Amyloidose Sequenzen, die mit einem hohen Wert an freien Leichtketten assoziiert 

waren, auch ein höheres Molekulargewicht zeigten. In der zweiten Analyse bezüglich der An- 

oder Abwesenheit einer schweren Kette zeigten die Leichtketten Sequenzen mit potenziellem 

Bindungspartner mehr Mutationen im IGLV und IGLC Segment. Diese Ergebnisse führten 

insgesamt zu der Hypothese, dass der Überfluss an freien Leichtketten potenziell durch nicht 

passende schwere Ketten beeinflusst wird. Zusätzlich kann eine positive Selektion für 

Leichtketten, die eine erhöhte Aggregationstendenz und einen isoelektrischen Punkt nahe dem 

des Blutes aufweisen, angenommen werden.  

Die auf dieser Arbeit basierenden Hypothesen werden im Folgenden kurz zusammengefasst: 

Es gibt IGLV Subfamilien, die ein erhöhtes primäres amyloidogenes Potenzial aufweisen. In 

diesem Kontext können individuelle sequenzbasierte pathogene Mechanismen angenommen 

werden, die im Besonderen geladene Aminosäuren involvieren. Es kann ebenfalls davon 

ausgegangen werden, dass externe Faktoren wie das umliegende Gewebe oder auch ein 

potenzieller Bindungspartner einen Einfluss auf die Amyloidogenität haben. Hierbei ist eine 

zugrunde liegend positive Selektion für Leichtketten mit vorteilhaften Eigenschaften denkbar. 

Aus klinischer Perspektive besteht die dringende Notwendigkeit für eine Screening-Option für 

Patienten und Patientinnen mit einer monoklonalen Gammopathie unklarer Signifikanz 

hinsichtlich ihres Risikos, eine AL Amyloidose zu entwickeln. Dadurch könnten drastische 

Organschäden durch eine frühere Diagnose verhindert werden. Diese Arbeit nutzte im 

Besonderen die IGLV Subfamilien Verteilung für eine Risikoeinschätzung. Darauf basierend 

konnte für IGLV6-57 das höchste signifikante relative Risiko mit 11,63 und für IGLV2-23 das 

niedrigste signifikante relative Risiko mit 0,04 berechnet werden.  

Zusammenfassend trägt diese Arbeit dazu bei, die pathogenen Mechanismen in der AL 

Amyloidose weiter zu charakterisieren und liefert einen Ansatzpunkt für eine Risikobewertung 

im klinischen Kontext. 
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8 Own Contribution to Data Collection, Analysis and Publications 

This work was conducted as part of the research consortium FOR2969 entitled ″Mechanisms 

of antibody light chain misfolding in systemic AL amyloidosis″.  

In the course of clinical diagnostics, bone marrow aspirates of AL amyloidosis patients were 

obtained by physicians. These bone marrows aspirates were processed in equal parts by Sarah 

Schreiner and myself – regardless a kappa or lambda LC or the organ involvement. In general, 

stratification for the organ tropism was carried out by Prof. Dr. Ute Hegenbart.  

Starting from GTC138+ cell pellets, the sample processing and targeted amplification of the 

lambda LCs of AL_H and AL_HK patients were performed mainly by myself (Sarah Schreiner: 

AL_K and AL_D patients). Twenty-two AL_H and AL_HK patients underwent bone marrow 

aspiration prior to the start of this study. These patients were also included in this study since 

leftover sample material was available in the biobank.  

The underlying PCR method for the amplification of full-length lambda LCs was adapted, 

extended, and verified entirely by myself. In principle, this method and some forwards 

oligonucleotides were extracted from a published protocol by Dr. Stefanie Huhn. The cell lines 

initially used as PCR templates were provided by Dr. Mohammed H.S. Awwad.  

The extraction and evaluation of the AL_H and AL_HK sequences and the extraction and 

analysis of the clinical parameters from the patient reports were also carried out entirely by 

myself. These two aspects together constitute the main part of this work.  

The additional NGS AL IGLV3-21 experiments were planned by myself and subsequently 

performed together with Sarah Schreiner and Dr. Philipp Reichert. The bioinformatic 

processing and extraction of the LC sequences were carried out by Sarah Schreiner. The 

subsequent detailed sequence analysis of the AL_H samples was carried out exclusively by 

myself and followed the protocols described in chapters 2.9.3 to 2.9.7 (including translation). 

The lambda MM LC sequences were generated using a bulk RNA sequencing approach, which 

was not part of this work. The subsequent bioinformatic analysis and extraction of the LCs were 

also not carried out as part of this work, but rather by Dr. Alexandra M. Poos. In addition to the 

sequences, the clinical parameters were also provided by the GMMG study group. In the 

framework of this work, the translation and analysis of the lambda MM LC sequences, as 

described in chapters 2.9.3 to 2.9.7, was exclusively performed by myself. Additionally, I 

extracted and analyzed the parameters necessary for a comparison from the information 

provided. 
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In summary, the lambda MM as well as AL_H and AL_HK LC sequences and associated 

clinical parameters were analyzed in detail and compared exclusively by myself. The 

subsequent evaluation, visualization, statistical analysis as well as interpretation of the data in 

the context of the discussion was also carried out entirely by myself. 

 

Partial results of the present work have been pre-published in the following papers: 

 

1. Berghaus, N., Schreiner, S., Granzow, M., Müller-Tidow, C., Hegenbart, U., Schönland, 

S. O. and Huhn, S. (2022). Analysis of the complete lambda light chain germline 

usage in patients with AL amyloidosis and dominant heart or kidney 

involvement. PloS One 17(2), e0264407. 

2. Baur, J.*, Berghaus, N.*, Schreiner, S., Hegenbart, U., Schönland, S. O., Wiese, S., 

Huhn, S. and Haupt, C. (2022). Identification of AL proteins from 10 λ-AL 

amyloidosis patients by mass spectrometry extracted from abdominal fat and 

heart tissue. Amyloid 1–11, doi:10.1080/13506129.2022.2095618. 

3. Berghaus, N., Schreiner, S., Poos, A. M., Raab, M. S., Goldschmidt, H., Mai, E. K., 

Salwender, HJ., Bernhard, H., Thurner, L., Müller-Tidow, C., Weinhold, N., Hegenbart, 

U., Schönland S. O. and Huhn, S. (2023). Comparison of IGLV2-14 light chain 

sequences of patients with AL amyloidosis or multiple myeloma. (provisional 

acceptance FEBS J) 

 

*authors contributed equally to this work. 

Publication 1 included a preliminary dataset consisting of lambda LC sequences from AL_H, 

AL_HK, and AL_K patients. The clinical parameters of the AL_H and AL_HK patients are 

part of the analysis in chapter 3.1. The analysis of the IGLV families and subfamilies is part of 

chapter 3.3.1, and the data for the analysis of the complete LCs are included in chapters 3.3.2 

and 3.3.3. The IGLV subfamily distribution of AL_K LC sequences, analyzed by Sarah 

Schreiner, was used for comparison in chapter 4.2.1. My contribution to the publication 

included the generation and analysis of the AL_H and AL_HK sequences, as well as the 

compilation of the corresponding patient data. The clinical parameter and sequence data 

concerning AL_K patients were analyzed by Sarah Schreiner. I performed the merger and 

visualization of the complete dataset. Additionally, the manuscript draft with the introduction, 

material methods, result, and discussion part were written by myself. 

Publication 2 was carried out in cooperation with a research group in Ulm under the leadership 

of Prof. Markus Fändrich and Dr. Christian Haupt. The involved PhD student Julian Baur and 

I share the first authorship on this publication. The work includes sequences of AL_HTX 
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(n = 2), AL_H (n = 6), and AL_K (n = 2) patients, which constituted the essential basis for 

further conducted investigations. My contribution to this work was the generation and analysis 

of the AL_H sequences and the collection of clinical data. The previously published sequences 

of the AL_HTX sequences were also reanalyzed and put into context by myself. The patient 

data of the AL_H sequences are included in the analysis in chapter 3.1. The sequence analyses 

of the six AL_H LCs are included in the corresponding chapters for the respective IGLV 

subfamily (chapters 3.4, 3.9.1, 3.9.2, 3.9.7). The additional mass spectrometry experiments are 

included in the discussion under chapter 4.1. Additionally, I have written the corresponding 

material methods part, the results part as well as the part of the discussion of the manuscript 

that concerns the sequence data. 

Publication 3 included a preliminary dataset consisting of IGLV2-14 LC sequences from 

AL_H, AL_HK, AL_K, and MM patients. The respective AL_H, AL_HK, and AL_K 

sequences were already part of publication 1. My contribution to this work was the generation 

and analysis of the AL_H and AL_HK sequences and collection of the clinical data as well as 

the sequence analysis of the MM LCs. The AL_K sequences were generated and analyzed by 

Sarah Schreiner, who also collected and analyzed the clinical data of the AL_K patients. The 

merger, visualization, and statistical analysis of the complete dataset was also performed by 

myself. Additionally, I wrote the manuscript draft including the introduction, material methods, 

result and discussion part. 

 

Further publications with own contributions: 

 

4. Radamaker, L., Karimi-Farsijani, S., Andreotti, G., Baur, J., Neumann, M., Schreiner, 

S., Berghaus, N., Motika, R., Haupt, C., Walther, P., Schmidt, V., Huhn, S., Hegenbart, 

U., Schönland, S. O., Wiese, S., Read, C., Schmidt, M. and Fändrich, M. (2021). Role 

of mutations and post-translational modifications in systemic AL amyloidosis 

studied by cryo-EM. Nature Commun 12(1), 6434, doi:10.1038/s41467-021-26553-9. 

5. Schreiner, S., Berghaus, N., Poos, A. M., Raab, M. S., Besemer, B., Fenk, R., 

Goldschmidt, H., Mai, E. K., Müller-Tidow, C., Weinhold, N., Hegenbart, U., Huhn, S. 

and Schönland S. O. (2023). Sequence diversity of kappa light chains from patients 

with AL amyloidosis and multiple myeloma. (under Review, Amyloid) 

 

Publication 4 is a cryo-EM analysis of a patient-derived AL amyloid fibril. Within this work, 

the newly generated fibril and associated LC sequence were compared with other known 

sequences of cryo-EM resolved fibrils. My part in this work was the detailed sequence analysis 
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of the individual LC sequences and a consequential comparison. Furthermore, I was also 

involved in the editing of the manuscript. 

Publication 5 includes the analysis of 41 AL amyloidosis and 83 MM kappa LC sequences. 

The complete cohorts were analyzed regarding the IGKV and IGKJ gene usage and the AL 

cohort also in context of the organ involvement. Further, the AL and MM LC sequences 

assigned to IGKV1/D-33 were analyzed in terms of mutations and biochemical properties. I 

was involved in processing the underlying AL bone marrow samples and editing of the 

manuscript. 
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Appendix 

Appendix Material and Methods 

 

Supplementary Information Table 1. Inclusion and exclusion criteria for the GMMG-

HD6 trial. Retrieved from (Salwender et al. 2019). The text was extracted from the publication without changes, 

the layout of the table was modified. The original article was published under the creative common CC BY license 

(CC BY 4.0; https://creativecommons.org/licenses/by/4.0/) and the Creative Commons Public Domain Dedication 

waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article. 

Inclusion criteria Exclusion criteria 

Patients meeting all of the following criteria will 

be considered for admission to the trial: 

Patients presenting with any of the following 

criteria will not be included in the trial: 

• Confirmed diagnosis of untreated multiple 

myeloma requiring systemic therapy (diagnostic 

criteria (IMWG updated criteria (2014). For 

some patients systemic therapy may be required 

though these diagnostic criteria are not fulfilled. 

In this case the GMMG study office has to be 

consulted prior to inclusion. 

• Measurable disease, defined as any quantifiable 

monoclonal protein value, defined by at least one 

of the following three measurements 

• Measurable disease, defined as any quantifiable 

monoclonal protein value, defined by at least one 

of the following three measurements 

- Serum M-protein ≥10 g/l (for 

IgA ≥ 5 g/l) 

- Urine light-chain (M-protein) 

of ≥200 mg/24 h 

- Serum FLC assay: involved FLC 

level ≥ 10 mg/dl provided sFLC ratio is 

abnormal 

• Age 18–70 years inclusive 

• WHO performance status 0–3 (WHO = 3 is 

allowed only if caused by MM and not by co-

morbid conditions) 

• Negative pregnancy test at inclusion (women of 

childbearing potential) 

• For all men and women of childbearing 

potential: patients must be willing and capable to 

use adequate contraception during the complete 

therapy. Patients must agree on the requirements 

regarding the lenalidomide pregnancy prevention 

programme. 

• All patients must 

- agree to abstain from donating blood 

while taking lenalidomide and for 

28 days 

- following discontinuation of 

lenalidomide therapy 

- agree not to share study drug 

lenalidomide with another person and to 

return all 

- unused study drug to the investigator or 

pharmacist 

• Ability of patient to understand character and 

individual consequences of the clinical trial 

• Patient has known hypersensitivity to any drugs 

given in the protocol, notably bortezomib, 

lenalidomide, dexamethasone and elotuzumab or 

to any of the constituent compounds (incl. Boron 

and mannitol). 

• Systemic AL amyloidosis (except for AL 

amyloidosis of the skin or the bone marrow) 

• Previous chemotherapy or radiotherapy during 

the past 5 years except local radiotherapy in case 

of local myeloma progression. (Note: patients 

may have received a cumulative dose of up to 

160 mg of dexamethasone or equivalent as 

emergency therapy within 4 weeks prior to study 

entry.) 

• Severe cardiac dysfunction (NYHA 

classification III-IV, see appendix IIIB) 

• Significant hepatic dysfunction (serum 

bilirubin ≥1,8 mg/dl and/or ASAT and/or ALAT 

≥ 2.5 times normal level), unless related to 

myeloma. (Note: if the mentioned limits for 

bilirubin or ASAT/ALAT are exceeded, but 

there is no significant hepatic dysfunction at 

investigator’s discretion, the GMMG study 

office has to be consulted prior to inclusion) 

• Patients with renal insufficiency requiring 

hemodialysis 

• HIV positivity 

• Patients with active or history of hepatitis B or C 

• Patients with peripheral neuropathy or 

neuropathic pain, CTC grade 2 or higher (as 

defined by the NCI Common Terminology 

Criteria for Adverse Events (NCI CTCAE) 

Version 4.0, see appendix V) 

• Patients with a history of active malignancy 

during the past 5 years with the exception of 

basal cell carcinoma of the skin or stage 0 

cervical carcinoma treated with curative intent 

• Patients with acute diffuse infiltrative pulmonary 

and/or pericardial disease 

• Autoimmune hemolytic anemia with positive 

Coombs test or immune thrombocytopenia 

• Platelet count < 75 × 109/l, or, dependent on 

bone marrow infiltration by plasma cells, platelet 

count < 30 × 109/l (patients with platelet 

count < 75 × 109/l, but > 30 × 109/l may be 
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Inclusion criteria Exclusion criteria 

• Written informed consent (must be available 

before enrollment in the trial) 

 

eligible if percentage of plasma cells in bone 

marrow is ≥50%), (transfusion support within 

14 days before the test is not allowed) 

• Haemoglobin < 8.0 g/dl, unless related to 

myeloma 

• Absolute neutrophil count (ANC) < 1.0 × 109/l 

(the use of colony stimulating factors within 

14 days before the test is not allowed), unless 

related to myeloma 

• Pregnancy and lactation 

• Participation in other clinical trials. This does not 

include long-term follow-up periods without 

active drug treatment of previous studies during 

the last 6 months. 

• No patient will be allowed to enrol in this trial 

more than once. 

 

 

Supplementary Information Figure 1. Establishment of a PCR for full-length light chain 

sequencing. The two cell lines OPM2 and RPM1 were used for this purpose. PCR was confirmed by gel 

electrophoresis (A) and also by Sanger sequencing (B). (A) Huhn_fw= multiplex forward oligonucleotide set, 

which has been shown to bind on the common IGLV families (VLKL12a_Huhn, VLKL3c_Huhn, VLKL4a_Huhn, 

VLKL7a_Huhn), Huhn_rv= multiplex reverse oligonucleotide set which has been shown to bind on the common 

IGLJ-subfamilies (JLHD123_rv, JLKL4_rv, JLKL5_rv), NB_rv= multiplex reverse oligonucleotide set, which 

bind on the IGLV segment (CLKL_A_rv_NB, CLKL_B_rv_NB), Pos. controle= RPM1 as template and 

oligonucleotides: ß2-MRG_3 and ß2-MRG_5, Neg. control = H2O as template and oligonucleotides: 

V266_IgH_fw_a2 and V266_IgH_rv_a. (B) Electropherogram section of the Sanger sequencing of the RPM1 

Huhn_fw Multiplex (VLKL12a_Huhn, VLKL3c_Huhn, VLKL4a_Huhn, VLKL7a_Huhn) and CLKL_A_rv_NB 

sample. 
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Supplementary Information Figure 2. Internal revised quality document for the 

preparation of bone marrow using a density gradient centrifugation. The protocol „Ficoll vor 

Sort“ was used. SOP: “SOP für Dichtegradienten-Zentrifugation von BP und KM”, last saved by Stefanie Huhn 

on 15.08.2022. Stefanie Huhn agreed to the usage of this document in this work. 
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Supplementary Information Figure 3. Internal revised quality document for the CD138+ 

cell sorting following the Stem cell protocol and using a robotry. SOP: “SOP zur 

Robotorunterstützten CD138+ Sortierung von Probenmaterial nach dem Stelm Cell Protocoll”, last saved by 

Stefanie Huhn on 15.08.2022. Stefanie Huhn agreed to the usage of this document in this work. 
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Supplementary Information Figure 4. Internal revised quality document for the cell 

counting using the Countess cell counter. SOP: “SOP zum Zählen der Zellzahl von Proben mittels 

Countess Cell Counter”, last saved by Stefanie Huhn on 15.08.2022. Stefanie Huhn agreed to the usage of this 

document in this work. 
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Supplementary Information Figure 5. Internal revised quality document for the 

preparation of cytospins for the cytogenetic analysis if myeloma cells. SOP: “SOP zur Erstellung 

von Präperaten für die Zytogenetische Analyse von Myelomzellen”, last saved by Stefanie Huhn at 15.08.2022. 

Stefanie Huhn agreed to the usage of this document in this work. 
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Supplementary Information Figure 6. Internal revised quality document for the material 

division of amyloidosis samples. SOP: “Amyloidose – SOP Produkte und Materialaufteilung”, approved 

by Stefanie Huhn 07.12.2020. Stefanie Huhn agreed to the usage of this document in this work. 
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Supplementary Information Figure 7. Internal revised quality document for 

concentration determination and gel electrophoresis using the tapestation system. SOP zur 

Automatischen Elektrophorese am TapeStation System″, step: ″DNA, PCR Produkte, NGS Library″, approved 

08.06.2021 by Stefanie Huhn. Stefanie Huhn agreed to the usage of this document in this work. 
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Appendix Results 

Supplementary Information Table 2. Sample composition and light chain composition of 

the multiple myeloma cohort. Sequence_A = sequence with the highest percentage >1 %, 

sequence_B = sequence with the second highest percentage >1 %. 
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MM101 74.6 NA IGLJ3 IGLC3 2 25.3 IGLV1-44 IGLJ3 IGLC3 2 

MM102 95.7 IGLV2-14 IGLJ1 IGLC1 1 4.0 IGLV2-14 IGLJ1 IGLC1 1 

MM103 99.7 IGLV2-14 IGLJ3 IGLC2/3 1           

MM104 99.7 IGLV1-40 IGLJ2 IGLC2 2           

MM105 98.1 IGLV3-25 IGLJ2 IGLC2 2           

MM106 99.4 IGLV3-21 IGLJ2 IGLC2 1           

MM107 99.8 IGLV2-23 IGLJ2/3 IGLC2 2           

MM108 99.7 IGLV3-21 IGLJ2 IGLC2 1           

MM109 69.6 IGLV1-44 IGLJ2 IGLC2/3 1 26.1 IGLV1-44 IGLJ2 IGLC2 2 

MM110 95.2 IGLV1-51 IGLJ7 IGLC7 1           

MM111 100.0 IGLV3-21 IGLJ3 IGLC3 1           

MM112 99.8 IGLV6-57 IGLJ3 IGLC3 1           

MM113 99.8 IGLV7-46 IGLJ2  IGLC2 2           

MM114 94.1 IGLV2-23 IGLJ3 IGLC3 1 4.5 IGLV2-23 IGLJ3 IGLC3 2 

MM115 97.3 IGLV1-44 IGLJ3 IGLC2/3 2 2.5 IGLV1-44 IGLJ3 IGLC2 2 

MM116 65.0 IGLV1-44 IGLJ3 IGLC3 2 34.8 IGLV1-44 IGLJ3 IGLC3 3 

MM117 98.8 IGLV2-23 IGLJ2 IGLC2 1           

MM118 74.4 IGLV1-44 IGLJ3 IGLC2 2 25.4 IGLV1-44 IGLJ3 IGLC2 2 

MM119 98.7 IGLV3-21 IGLJ2 IGLC2 1           

MM120 99.7 IGLV3-1 IGLJ1 IGLC1 6           

MM121 52.5 IGLV1-44 IGLJ2 IGLC2/3 2 47.4 
IGLV1-

44/47 
IGLJ2 IGLC2/3 3 

MM122 98.1 IGLV3-21 IGLJ2 IGLC2 1 1.2 IGLV3-21 IGLJ2 IGLC2 2 

MM123 99.0 IGLV3-21 IGLJ1 IGLC1 1           

MM124 75.2 NA IGLJ3 IGLC2/3 2 21.8 IGLV1-44 IGLJ3 IGLC2 2 

MM125 99.9 IGLV2-23 IGLJ3 IGLC3 1           

MM126 97.7 IGLV2-14 IGLJ2 IGLC2 1           

MM127 99.7 IGLV2-11 IGLJ2 IGLC2/3 1           

MM128 99.3 IGLV3-19 IGLJ2 IGLC2 1           

MM129 99.3 IGLV2-14 IGLJ2 IGLC2 1           

MM130 99.6 IGLV2-14 IGLJ2 IGLC2 1           

MM131 100.0 IGLV1-51 IGLJ2 IGLC2/3 1           

MM132 99.9 IGLV2-23 IGLJ2/3 IGLC2 2           

MM133 93.7 IGLV2-23 IGLJ3 IGLC3 1 6.0 NA NA NA 3 

MM134 98.9 IGLV3-21 IGLJ2/3 IGLC2 1           

MM135 97.4 IGLV2-23 IGLJ2 IGLC2 1           

MM136 99.4 IGLV2-14 IGLJ2 IGLC2 1           

MM137 81.7 IGLV1-44 IGLJ2/3 IGLC2/3 1 18.0 IGLV1-44 IGLJ2/3 IGLC2 2 

MM138 99.9 IGLV3-21 IGLJ2 IGLC2 2           

MM139 98.4 IGLV3-1 IGLJ2 IGLC2 1           

MM140 99.9 IGLV1-40 IGLJ2 IGLC2 1           

MM141 74.1 IGLV1-44 IGLJ1 IGLC1 2 25.7 IGLV1-44 IGLJ1 IGLC1 2 
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MM142 99.4 IGLV3-1 IGLJ2/3 IGLC2 1           

MM143 98.8 IGLV3-21 IGLJ2 IGLC2 1           

MM144 99.9 IGLV3-21 IGLJ2 IGLC2 1           

MM145 99.7 IGLV3-19 IGLJ2 IGLC2 1           

MM146 99.6 IGLV3-1 IGLJ1 IGLC1 1           

MM147 98.5 IGLV2-14 IGLJ2 IGLC2 1           

MM148 73.6 IGLV1-44 IGLJ2/3 IGLC3 2 26.0 IGLV1-44 IGLJ2/3 IGLC2 2 

MM149 95.1 IGLV2-23 IGLJ2/3 IGLC3 1 3.6 NA NA NA 3 

MM150 99.9 IGLV3-21 IGLJ3 IGLC2/3 1           

MM151 97.5 IGLV1-47 IGLJ3 IGLC3 2           

MM152 71.1 IGLV1-44 IGLJ2 IGLC2 2 28.7 IGLV1-44 IGLJ2 IGLC2 2 

MM153 98.8 IGLV2-14 IGLJ3 IGLC2/3 1           

 

Supplementary Information Table 3. Sequence analysis from AL amyloidosis patients 

who were also diagnosed with multiple myeloma. The column "X AA [n]" defines how many amino 

acids were not determined unambiguously. Org. inv. = organ involvement, H = AL amyloidosis patients with 

dominant heart involvement, AA = amino acid, Mut. = mutations, NA = not available.  

Patient Org. inv. IGLV IGLJ IGLC X AA [n] 

Mut.  

IGLV  

[n] 

Mut. 

IGLJ  

[n] 

Mut. 

IGLC 

 [n] 

FOR123 H 3-1 2 2 0 12 2 0 

FOR159 H 2-14 3 3 2 5 1 0 

FOR147 H 1-44 3 2 0 9 1 0 

FOR188 HK 6-57 3 3 0 11 0 0 

FOR229 HK 8-61 3 3 0 14 1 0 
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Appendix Results: IGLV2-14 

 

Supplementary Information Figure 8. Sequence comparison between MM103 IGLV2-14 

assigned light chain sequences generated through a next-generation sequencing and 

Sanger sequencing approach. For the sequence generated by the Sanger sequencing approach, only 

dominant signals were used. * = nucleotide position consistent, MM = multiple myeloma patient, NGS = light 

chain sequence generated through next-generation sequencing, Sanger = light chain sequence generated through 

the Sanger sequencing. Sequencing was performed using the VLKL12a_Huhn and CLKL_A_rv_NB 

oligonucleotides. 

MM103_NGS         ATGGCCTGGGCTCTGCTGCTCCTCACCCTCCTCACTCAGGGCACAGGGTCCTGGGCCCAG 60

MM103_Sanger      ----------------------------------------------------------AG 2

**

MM103_NGS         TCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCC 120

MM103_Sanger      TCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCC 62

************************************************************

MM103_NGS         TGCAATGGAACCAGCAGTGACATTGGTGGTTATAACTATGTCTCCTGGTACCAACAACAC 180

MM103_Sanger      TGCAATGGAACCAGCAGTGACATTGGTGGTTATAACTATGTCTCCTGGTACCAACAACAC 122

************************************************************

MM103_NGS         CCGGACACAGCCCCCAAACTCATTATTTATGAGGTCACTAATCGGCCCTCAGGGGTTTTT 240

MM103_Sanger      CCGGACACAGCCCCCAAACTCATTATTTATGAGGTCACTAATCGGCCCTCAGGGGTTTTT 182

************************************************************

MM103_NGS         ACTCGCTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGCCTCCAG 300

MM103_Sanger      ACTCGCTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGCCTCCAG 242

************************************************************

MM103_NGS         GGTGAGGACGAGGCTGATTATTACTGCGCCTCATATACCAGAAGTGACACCTGGGTGTTC 360

MM103_Sanger      GGTGAGGACGAGGCTGATTATTACTGCGCCTCATATACCAGAAGTGACACCTGGGTGTTC 302

************************************************************

MM103_NGS         GGCGGAGGGACCAAACTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTG 420

MM103_Sanger      GGCGGAGGGACCAAACTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTG 362

************************************************************

MM103_NGS         TTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGT 480

MM103_Sanger      TTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGT 422

************************************************************

MM103_NGS         GACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCG 540

MM103_Sanger      GACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCG 482

************************************************************

MM103_NGS         GGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTAC 600

MM103_Sanger      GGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTAC 542

************************************************************

MM103_NGS         CTGAGCCTGACGCCTGAGCAGTGGAAGT-------------------------------- 628

MM103_Sanger      CTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCAGGTCACGCAT 602

****************************                                

MM103_NGS         -----------------

MM103_Sanger      GAAGGGAGCACCGTGGA
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Supplementary Information Figure 9. Sequence comparison between MM129 IGLV2-14 

assigned light chain sequences generated through a next-generation sequencing and 

Sanger sequencing approach. For the sequence generated by the Sanger sequencing approach only 

dominant signals were used. * = nucleotide position consistent, MM = multiple myeloma patient, NGS = light 

chain sequence generated through next-generation sequencing, Sanger = light chain sequence generated through 

Sanger sequencing. Sequencing was performed using the VLKL12a_Huhn and CLKL_A_rv_NB 

oligonucleotides. 

MM129_NGS         ATGGCCTGGGCTCTGCTATTCCTCACCCTCCTCACTCAGGGCACAGGGTCCTGGGCCCAG 60

MM129_Sanger      ---------------------------------------------------------CAG 3

***

MM129_NGS         TCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCC 120

MM129_Sanger      TCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCC 63

************************************************************

MM129_NGS         TGCACTGGAACCAGCAGTGACATTGGTGGTTATAACTATGTCTCCTGGTACCAACAACAC 180

MM129_Sanger      TGCACTGGAACCAGCAGTGACATTGGTGGTTATAACTATGTCTCCTGGTACCAACAACAC 123

************************************************************

MM129_NGS         CCAGACAAAGCCCCCAAGCTCATCATTTATGATGTCGCTAAACGGCCCCCAGGGGTTTCT 240

MM129_Sanger      CCAGACAAAGCCCCCAAGCTCATCATTTATGATGTCGCTAAACGGCCCCCAGGGGTTTCT 183

************************************************************

MM129_NGS         AGTCACTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGCCTGCAA 300

MM129_Sanger      AGTCACTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGCCTGCAA 243

************************************************************

MM129_NGS         CCTGAGGACGAAGCTGATTACTTCTGCAGTTCATATTCAAGCCGCACCACTCTCGAAGTC 360

MM129_Sanger      CCTGAGGACGAAGCTGATTACTTCTGCAGTTCATATTCAAGCCGCACCACTCTCGAAGTC 303

************************************************************

MM129_NGS         TTCGGCGGAGGGACCAAGCTGACCGTCCTCAGTCAGCCCAAGGCTGCCCCCTCGGTCACT 420

MM129_Sanger      TTCGGCGGAGGGACCAAGCTGACCGTCCTCAGTCAGCCCAAGGCTGCCCCCTCGGTCACT 363

************************************************************

MM129_NGS         CTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATA 480

MM129_Sanger      CTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATA 423

************************************************************

MM129_NGS         AGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAG 540

MM129_Sanger      AGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAG 483

************************************************************

MM129_NGS         GCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGC 600

MM129_Sanger      GCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGC 543

************************************************************

MM129_NGS         TATCTGAGCCTGACGCCTGAG--------------------------------------- 621

MM129_Sanger      TATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACG 603

*********************                                       

MM129_NGS         -------------------

MM129_Sanger      CATGAAGGGAGCACCGTGG
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Supplementary Information Figure 10. Sequence comparison between MM130 IGLV2-

14 assigned light chain sequences generated through a next-generation sequencing and 

Sanger sequencing approach. For the sequence generated by the Sanger sequencing approach only 

dominant signals were used. * = nucleotide position consistent, MM = multiple myeloma patient, NGS = light 

chain sequence generated through next-generation sequencing, Sanger = light chain sequence generated through 

Sanger sequencing. Sequencing was performed using the VLKL12a_Huhn and CLKL_A_rv_NB 

oligonucleotides. 

MM130_NGS         ATGGCCTGGGCTCTGCTGCTCCTCACCCTCCTCACTCAGGGCACAGGGTCCTGGGCCCAG 60

MM130_Sanger      ---------------------------------------------------------CAG 3

***

MM130_NGS         TCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCGCC 120

MM130_Sanger      TCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCGCC 63

************************************************************

MM130_NGS         TGCACTGGAACCAGCAGTGACGTTGGTGGTCATAACTATGTCTCCTGGTACCAACATCAC 180

MM130_Sanger      TGCACTGGAACCAGCAGTGACGTTGGTGGTCATAACTATGTCTCCTGGTACCAACATCAC 123

************************************************************

MM130_NGS         CCAGGCAAAGCCCCCATACTCATAATTTATGAGGTCACTAATCGGCCCTCAGGGGTTTCT 240

MM130_Sanger      CCAGGCAAAGCCCCCATACTCATAATTTATGAGGTCACTAATCGGCCCTCAGGGGTTTCT 183

************************************************************

MM130_NGS         GATCGCTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAG 300

MM130_Sanger      GATCGCTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAG 243

************************************************************

MM130_NGS         GCTGGCGACGAGGCTGATTATTACTGCAGCTCATACAGCAGAACCAATTTGCTATTCGGC 360

MM130_Sanger      GCTGGCGACGAGGCTGATTATTACTGCAGCTCATACAGCAGAACCAATTTGCTATTCGGC 303

************************************************************

MM130_NGS         GGAGGGACCAAATTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTC 420

MM130_Sanger      GGAGGGACCAAATTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTC 363

************************************************************

MM130_NGS         CCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC 480

MM130_Sanger      CCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC 423

************************************************************

MM130_NGS         TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGA 540

MM130_Sanger      TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGA 483

************************************************************

MM130_NGS         GTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTG 600

MM130_Sanger      GTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTG 543

************************************************************

MM130_NGS         AGCCTGACGCCTGAGCAGTGGAAGTC---------------------------------- 626

MM130_Sanger      AGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACGCATGAA 603

**************************                                  

MM130_NGS         -------------

MM130_Sanger      GGGAGCACCGTGG
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Supplementary Information Figure 11. Sequence comparison between MM136 IGLV2-

14 assigned light chain sequences generated through a next-generation sequencing and 

Sanger sequencing approach. For the sequence generated by the Sanger sequencing approach only 

dominant signals were used. * = nucleotide position consistent, MM = multiple myeloma patient, NGS = light 

chain sequence generated through next-generation sequencing, Sanger = light chain sequence generated through 

Sanger sequencing. Sequencing was performed using the VLKL12a_Huhn and CLKL_A_rv_NB 

oligonucleotides. 

MM136_NGS         ATGGCCTGGGCTCTGCTATTCCTCACCCTCCTCACTCAGGGCACAGGGTCCTGGGCCCAG 60

MM136_Sanger      ----------------------------------------------------------AG 2

**

MM136_NGS         TCTGTCCTGACTCAACCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCC 120

MM136_Sanger      TCTGTCCTGACTCAACCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCC 62

************************************************************

MM136_NGS         TGCACTGGAACCAGCAGTGACGTTGGTTCTTTTAATTATGTCTCCTGGTACCAACAACAC 180

MM136_Sanger      TGCACTGGAACCAGCAGTGACGTTGGTTCTTTTAATTATGTCTCCTGGTACCAACAACAC 122

************************************************************

MM136_NGS         CCAGGCAAAGCCCCCAAACTCTTAATTTTTGATGTCAGTGATAGGCCCTCAGGGGTTTCT 240

MM136_Sanger      CCAGGCAAAGCCCCCAAACTCTTAATTTTTGATGTCAGTGATAGGCCCTCAGGGGTTTCT 182

************************************************************

MM136_NGS         GATCGCTTCTCTGGCACCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAG 300

MM136_Sanger      GATCGCTTCTCTGGCACCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAG 242

************************************************************

MM136_NGS         GCTGAGGACGAGGCTGATTATTACTGCAGCTCATATGCAATCAGCAGTACGGATGTGGTT 360

MM136_Sanger      GCTGAGGACGAGGCTGATTATTACTGCAGCTCATATGCAATCAGCAGTACGGATGTGGTT 302

************************************************************

MM136_NGS         TTCGGCGGAGGGACAAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACT 420

MM136_Sanger      TTCGGCGGAGGGACAAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACT 362

************************************************************

MM136_NGS         CTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATA 480

MM136_Sanger      CTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATA 422

************************************************************

MM136_NGS         AGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAG 540

MM136_Sanger      AGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAG 482

************************************************************

MM136_NGS         GCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGC 600

MM136_Sanger      GCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGC 542

************************************************************

MM136_NGS         TATCTGAGCCTGACGCCTGAGCAGTGG--------------------------------- 627

MM136_Sanger      TATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACG 602

***************************                                 

MM136_NGS         --------------------

MM136_Sanger      CATGAAGGGAGCACCGTGGA
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Supplementary Information Figure 12. Sequence alignment of IGLV2-14 assigned AL 

amyloidosis and multiple myeloma amino acid light chain sequences. N- and C-terminal 

sequence regions that were excluded in the analysis are highlighted in grey. Bold = reference sequences, 

underlined = CDR regions, red highlight = discrepancy between the VBase2 and Ensembl IGLV2-14 reference, 

red letter = mutation, X and grey highlight = not unambiguously determined amino acid, green letter = linker 

region, MM = multiple myeloma patient, _H = AL amyloidosis patient with dominant heart involvement, 

_HK = AL amyloidosis patient with dominant heart and kidney involvement, _HTX = AL amyloidosis patient 

who received a heart transplant.  

CDR1                        CDR2                                    CDR3

IGLV2-14_Ensembl         MAWALLLLTLLTQGTGSWAQSALTQPASVSGSPGQSITISCTGTSSDVGGYNYVSWYQQHPGKAPKLMIYEVSNRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCSSYTSSSTLHS

IGLV2-14*04_VBase2       -------------------QSALTQPASVSGSPGQSITISCTGTSSDVGGYNYVSWYQQHPGKAPKLMIYDVSNRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCSSYTSSS----

IGLV2-14*01_VBase2       -------------------QSALTQPASVSGSPGQSITISCTGTSSDVGGYNYVSWYQQHPGKAPKLMIYEVSNRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCSSYTSSS----

IGLJ1*01_Genbank         -----------------------------------------------------------------------------------------------------------------------Y

IGLJ3/J2*01_Genbank      -----------------------------------------------------------------------------------------------------------------------V

IGLJ3*02_Genbank         -----------------------------------------------------------------------------------------------------------------------W

FOR196_HTX               -------------------QSALTQPASVSGSPGQSITISCTGTSSDVGGYDYVSWYQQHPGKAPKVLIFDVSDRPSGVSNRFSGSKSGNTASLTISGLQAEDEAHYYCSSYASVGAS-V

FOR201_H                 -------------------QSALTQPASVSGSPGQSITISCTGISSDVGTYEYVSWYQQHPGKAPTLVIYDARNRPSGVSDRFSGSKSGSSASLTISGLQAEDEADYFCSSYRRTTLD-L

FOR101_H                 ---------------WSWAQSALTQPDSVSGSPGQSITISCTGSSSDVGGYNYVSWYQQHPGKAPRLIIYHVNNRPSGVSNRFSGSKSGNTASLTISGLQAEDEAEYYCGSFISSNIP-Y

FOR122_H                 -------------------QSALTQPASVSGSPGQSITISCTGTSSDVGDYNYVSWYQQLPGKAPKLMIYDVTVRPSGVSNRFSGSKSGNTASLTISGLLAEDEADYYCSSFTSSSTV-I

FOR124_H                 ---------------WSWAQSALTQPASVSGSPGQSITISCTGTSSDIGGHNFVSWYQQNPGKAPKLIIYDVTNRPSGVSNRFSGSKSGNTASLSISGLQAEDEADYYCSSYTSSSTPPW

FOR155_H                 ---------------WSWAQSALTQPASVSGSPGQSITISCTGTSSDVGRYNYVSWYQHHPGTVPKLMIYDVTNRPSGVSDRFSGSKSGNTASLTISGLQAEDEADYFCSSYTTSSS--L

FOR157_H                 ---------------WSWAQSALTQPASVSGSPGQSITISCTGTSSDVGGYYYVSWYQQHPGKVPKLMIFDVSNRPSGVSDRFSGSKSGNTASLTISGLQAEDEADYYCSSYTSSGT--G

FOR159_H                 ---------------WSWAQSALTQPASVSGSPGQSITISCTGSSSDVGSYNYVSWYQQXPGKAPKLMIYDVTNRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCSSYTATSAL-G

FOR202_H                 -------------------QSALAQPASVSGSPGQSITISCTGTSGDIGDYSYVSWYQQHPGKAPKLMIYDDSYRPSGISNRFSGSKSDSTASLTISGLQAEDEADYYCSSYTSSSTLLY

FOR204_H                 -------------------QSALTQPASVSGSPGQSITISCTGTSSDVGGYNYVSWYQQHSGKAPKLIIYDVTNRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCNSYTSSSS--L

FOR171_H                 ---------------WSWAQSALTQPASVSGSPGQSTTISCTGTSSDXGGYNYVSWYQQXPGXAPKVIIYSXNNRPSGVSDRFSGSKSGXXASLTISGXQAXDEADYYCISYNTDSGD-Y

FOR173_H                 -------------------QSALTQPASVSGSPGQSITISCTGTSSDVGGYKYVSWYQQDPGKAPRLMIFDVTNRPSGVSNRFSGSKSGXXXSXTISGLQAEDEADYYCSSYTNTXXY-X

FOR190_HK                -------------------QSALTQPASVSGSPGQSITISCTGTSSDVGGYNYVSWYQQNPGKAPKLMISDVSSRPSGVSNRFSGSKSGXXXXXXISGLQAEDEADYYCSSYTSSGTN-V

FOR220_HK                -------------------QSALTQPASVSASPGQSITISCTGTNNDIYVYNFVSWYQHHPGKAPNLIIYEVTNRPSGISSRFSGSXSGXXXXXXISGLQAEDEAHYYCSSYTNTSXL-V

FOR225_HK                -------------------QSALTQPASVSGSPGQWITISCTGTSSDVGDYNYVSWYQQHPGEVPKLMIYDVSNRPSGISDRFSGSKTGNTASLTISGLQAEDEADYYCSSYTSTNP--W

FOR230_HK                -------------------QSALTQPASVSGSPGQTITISCTGTSSDVGGFNYVSWYQQHPDKVPKLMIYEVRYRPSGVSNRFSGSKSGNTASLTISGLQPEDEADYYCGSYTSTGT--L

MM102                    MAWALLFLTLLTQGTGSWAQSALTQPASVSGSPGQSITISCTGTSSDINDYNYVSWYQQHPGKAPKLMIYDVFNRPSGVSSRFSGSRSANTASLTISGLQAEDEADYYCGSYTGTTL--Y

MM103                    MAWALLLLTLLTQGTGSWAQSALTQPASVSGSPGQSITISCNGTSSDIGGYNYVSWYQQHPDTAPKLIIYEVTNRPSGVFTRFSGSKSGNTASLTISGLQGEDEADYYCASYTRSDT--W

MM126                    MAWALLFLTLLTQGTGSWAQSALTQPASVSGSPGQSITISCTGTSRDVADYNYVSWYQQHPGKAPKVMIYDVTNRASGVSARFSGSRSGNTASLTISGLQAEDEADYYCTSYSSTTSL-V

MM129                    MAWALLFLTLLTQGTGSWAQSALTQPASVSGSPGQSITISCTGTSSDIGGYNYVSWYQQHPDKAPKLIIYDVAKRPPGVSSHFSGSKSGNTASLTISGLQPEDEADYFCSSYSSRTTL-E

MM130                    MAWALLLLTLLTQGTGSWAQSALTQPASVSGSPGQSITIACTGTSSDVGGHNYVSWYQHHPGKAPILIIYEVTNRPSGVSDRFSGSKSGNTASLTISGLQAGDEADYYCSSYSRTN---L

MM136                    MAWALLFLTLLTQGTGSWAQSVLTQPASVSGSPGQSITISCTGTSSDVGSFNYVSWYQQHPGKAPKLLIFDVSDRPSGVSDRFSGTKSGNTASLTISGLQAEDEADYYCSSYAISSTD-V

MM147                    MAWALLLLTLLTQGTGSWAQSALTQPASVSGSPGQSITISCTGTSSDVGGYNYVSWYQHHPGKAPKVLIYEVSNRPSGVSNRFSGSKSGNTASLTISGLQADDEADYYCSSYTTSSIY-V

MM153                    MAWALLFLTLLTQGTGSWAQSALTQPASVSGSPGQSITISCTGTSSDIGAFNYVSWYQHRPGKAPKLIIYDVTNRPSGVSNRFSGSKSGSTASLTISGLQAEDEADYYCSSYTSKNT--P

IGLJ1*01_Genbank         VFGTGTKVTVL-------------------------------------------------------------------------------------------------------------

IGLJ3/J2*01_Genbank      VFGGGTKLTVL-------------------------------------------------------------------------------------------------------------

IGLJ3*02_Genbank         VFGGGTKLTVL-------------------------------------------------------------------------------------------------------------

IGLC1*01_Genbank         -----------GQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS---

IGLC2*01_Genbank         -----------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS---

IGLC3*01_Genbank         -----------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVEKTVAPTECS---

FOR196_HTX               VFGGGTKLTVLGQPKAAPSVTLFPPSSEELQXNKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTV-------------

FOR201_H                 LFGGGTKLTVLRQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSY------------------------

FOR101_H                 VFATGTXVTVLGQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTV---------

FOR122_H                 LFGGGTKLTVLGQPKAAPSVTLFPPSSEELQXNKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVE------------

FOR124_H                 VFGGGTKVTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVEKTV---------

FOR155_H                 VFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVEKTV---------

FOR157_H                 VFGXGTKVTVLGQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTV---------

FOR159_H                 VFGGGTKLTVLGQPKAAPSVTLFPPSSEELQXNKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSY------------------------

FOR202_H                 VFGTGTKVTVLGQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTV-------------

FOR204_H                 VXGGGXXLTVLGQPKAAPSVXLFPPSSEELQXNKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVEKTV---------

FOR171_H                 VFGXGTKVTVLXQPKANPXVTLFXPSSEELQXNKATLVCLISDFYPGAVTVXWKAXGSPVKAXVETTKPSKQSNXKYAASSYLSLTPEQWKSHRSYS-----------------------

FOR173_H                 -XXTGTXVTVLXQPKXNPTVXLFPPSSEELQXXKXTLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTV-------------

FOR190_HK                VFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVE------------

FOR220_HK                VFGEGTMLTVLSQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTV-------------

FOR225_HK                VFGGGTXLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTV-------------

FOR230_HK                VFGGGTKMTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTV-------------

MM102                    VFGAGTKVTVLGQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPEQ-------------------------------

MM103                    VFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWK-----------------------------

MM126                    VFGGGTRLTVLSQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSH---------------------------

MM129                    VFGGGTKLTVLSQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE--------------------------------

MM130                    LFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWK-----------------------------

MM136                    VFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQW------------------------------

MM147                    VFGVGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQW------------------------------

MM153                    VLGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKS----------------------------
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Supplementary Information Figure 13. Sequence alignment of IGLV2-14 assigned AL 

amyloidosis and multiple myeloma cDNA light chain sequences. green letter = linker region, 

MM = multiple myeloma patient, _H = AL amyloidosis patient with dominant heart involvement, _HK = AL 

amyloidosis patient. _HTX = AL amyloidosis patient who received a heart transplant. Nucleotide signal overlaps 

in the Sanger sequencing were specified according to the IUPAC code. 

IGLV2-14_Ensembl        ATGGCCTGGGCTCTGCTGCTCCTCACCCTCCTCACTCAGGGCACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATAACTATGTCTC 

IGLV2-14*01_VBase2      ---------------------------------------------------------CAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATAACTATGTCTC 

IGLV2-14*04_VBase2      ---------------------------------------------------------CAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATAACTATGTCTC 

FOR101_H                ---------------------------------------------TGGTCCTGGGCTCAGTCTGCCCTGACTCAGCCTGACTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAAGCAGCAGTGACGTTGGTGGTTATAATTATGTCTC 

FOR122_H                --------------------------------------------------------TCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGATTATAACTATGTCTC 

FOR124_H                --------------------------------------------TTGGTCCTGGGCTCAGTCTGCCCTGACTCAACCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACATTGGTGGTCATAACTTTGTCTC 

FOR155_H                ---------------------------------------------TGGTCCTGGGCTCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTCGTTATAACTATGTYTC 

FOR157_H                ---------------------------------------------TGGTCCTGGGCTCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATTACTATGTCTC 

FOR159_H                ---------------------------------------------TGGTCCTGGGCTCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAAGCAGCAGTGACGTTGGTAGTTATAACTATGTCTC 

FOR171_H                ---------------------------------------------TGGTCCTGGGCTCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGACCACCATCTCCTGCACTGGGACCAGCAGTGACkTTGGTGGTTATAATTATGTCTC 

FOR173_H                --------------------------------------------------------TCAGTCTGCCCTGACTCAACCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGTACTGGAACCAGCAGTGACGTTGGTGGTTATAAGTATGTCTC 

FOR196_HTX              --------------------------------------------------------TCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATGACTATGTCTC 

FOR201_H                ----------------------------------------------------------AGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATTACCATCTCCTGCACTGGAATCAGTAGTGACGTTGGTACTTATGAATATGTCTC 

FOR202_H                --------------------------------------------------------TCAGTCTGCCCTGGCTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGTACTGGAACCAGTGGTGACATTGGTGATTATAGTTATGTCTC 

FOR204_H                --------------------------------------------------------TCAGTCTGCCCTGGCTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGTACTGGAACCAGTGGTGACATTGGTGATTATAGTTATGTCTC 

FOR190_HK               --------------------------------------------------------TCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATAACTATGTGTC 

FOR220_HK               -------------------------------------------------------CTCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGCGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAACAATGACATTTATGTTTATAACTTTGTCTC 

FOR225_HK               --------------------------------------------------------TCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTGGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGATTATAACTATGTCTC 

FOR230_HK               -------------------------------------------------------CTCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAAACGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTTTAACTATGTCTC 

MM102                   ATGGCCTGGGCTCTGCTATTCCTCACCCTCCTCACTCAGGGCACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACATTAATGATTATAACTATGTCTC 

MM103                   ATGGCCTGGGCTCTGCTGCTCCTCACCCTCCTCACTCAGGGCACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCAATGGAACCAGCAGTGACATTGGTGGTTATAACTATGTCTC 

MM126                   ATGGCCTGGGCTCTGCTATTCCTCACCCTCCTCACTCAGGGCACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGAGACGTTGCTGATTACAATTATGTCTC 

MM129                   ATGGCCTGGGCTCTGCTATTCCTCACCCTCCTCACTCAGGGCACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACATTGGTGGTTATAACTATGTCTC 

MM130                   ATGGCCTGGGCTCTGCTGCTCCTCACCCTCCTCACTCAGGGCACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCGCCTGCACTGGAACCAGCAGTGACGTTGGTGGTCATAACTATGTCTC 

MM136                   ATGGCCTGGGCTCTGCTATTCCTCACCCTCCTCACTCAGGGCACAGGGTCCTGGGCCCAGTCTGTCCTGACTCAACCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTTCTTTTAATTATGTCTC 

MM147                   ATGGCCTGGGCTCTGCTGCTCCTCACCCTCCTCACTCAGGGCACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATAATTATGTCTC 

MM153                   ATGGCCTGGGCTCTGCTATTCCTCACCCTCCTCACTCAGGGCACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGGACCAGCAGTGACATTGGTGCTTTTAACTATGTCTC 

 

 

IGLV2-14_Ensembl        CTGGTACCAACAGCACCCAGGCAAAGCCCCCAAACTCATGATTTATGAGGTCAGTAATCGGCCCTCAGGGGTTTCTAATCGCTTCTCTGGTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTACCTGCA 

IGLV2-14*01_VBase2      CTGGTACCAACAGCACCCAGGCAAAGCCCCCAAACTCATGATTTATGAGGTCAGTAATCGGCCCTCAGGGGTTTCTAATCGCTTCTCTGGTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTACCTGCA 

IGLV2-14*04_VBase2      CTGGTACCAACAGCACCCAGGCAAAGCCCCCAAACTCATGATTTATGATGTCAGTAATCGGCCCTCAGGGGTTTCTAATCGCTTCTCTGGTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTACCTGCA 

FOR101_H                CTGGTACCAACAACACCCAGGCAAAGCCCCCAGACTCATCATTTATCATGTCAATAATCGGCCCTCCGGAGTTTCTAATCGCTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGAGGACGAGGCTGAGTATTACTGCG 

FOR122_H                CTGGTATCAACAACTCCCAGGCAAAGCCCCCAAACTCATGATTTATGATGTCACTGTTCGGCCCTCAGGGGTTTCTAATCGCTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACSATCTCTGGGCTCCTGGCTGAGGACGAGGCTGATTATTACTGTA 

FOR124_H                CTGGTACCAACAAAACCCAGGCAAAGCCCCCAAACTCATAATTTATGATGTCACTAATCGACCCTCAGGGGTTTCTAATCGCTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGTCCATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTACTACTGCA 

FOR155_H                CTGGTACCAACACCACCCAGGCACAGTCCCCAAACTCATGATTTATGACGTCACTAATCGGCCCTCAGGGGTTTCTGATCGCTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGACTGCAGGCTGAGGACGAGGCTGATTATTTCTGCA 

FOR157_H                GTGGTACCAACAACACCCAGGCAAAGTCCCCAAACTCATGATTTTTGATGTCAGTAATCGGCCCTCAGGGGTTTCTGATCGCTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTACTGCA 

FOR159_H                yTGGTACCAGCAGmAkCCAGGCAAAGCCCCCAAACTCATGATTTATGATGTCACTAATCGGCCCTCAGGGGTTTCTAATCGCTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTACTGCA 

FOR171_H                yTGGTACCArCArCAsCCAGGCmAAGCCCCCAAAGTCATTATTTATAGTGwCAATAATCGGCCCTCAGGGGTGTCTGATCGGTTCTCTGGCTCCAAGTCTGGCAmCrCGGCCTCCCTGACsATCTCyGGCsTCCAGGCTGAkGACGAGGCTGACTATTACTGCA 

FOR173_H                CTGGTACCAACAGGACCCAGGCAAAGCCCCCAGACTCATGATTTTTGATGTCACTAATAGGCCCTCAGGGGTTTCTAATCGCTTCTCTGGCTCCAAGTCTGGCAMCRYGGMCTCCMTGACSATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTACTGCA 

FOR196_HTX              CTGGTACCAACAACACCCAGGCAAAGCCCCCAAAGTCCTGATTTTTGATGTCAGTGATCGGCCCTCAGGGGTTTCTAATCGCTTCTCTGGTTCCAAGTCTGGCAACACGGCCTCCCTAACsATCTCTGGGCTCCAGGCTGAGGACGAGGCTCATTATTACTGCA 

FOR201_H                CTGGTACCAACAACACCCAGGCAAAGCCCCCACACTCGTGATCTATGATGCCCGTAATCGGCCCTCAGGGGTTTCTGATCGCTTCTCTGGCTCCAAGTCTGGCAGTTCGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTTTTGCA 

FOR202_H                CTGGTACCAACAACACCCAGGCAAAGCCCCCAAACTCATGATTTATGACGACAGTTATCGGCCCTCAGGAATCTCTAATCGCTTCTCTGGCTCGAAGTCTGACAGCACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTACTGCA 

FOR204_H                CTGGTACCAACAACACCCAGGCAAAGCCCCCAAACTCATGATTTATGACGACAGTTATCGGCCCTCAGGAATCTCTAATCGCTTCTCTGGCTCGAAGTCTGACAGCACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTACTGCA 

FOR190_HK               CTGGTACCAACAGAACCCAGGCAAAGCCCCCAAACTCATGATTTCTGATGTCAGTAGTCGGCCCTCAGGGGTTTCTAATCGCTTCTCTGGCTCCAAGTCTGGCAMCRYGGMSWMSMYGRYSATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTATTGCA 

FOR220_HK               CTGGTATCAACACCACCCAGGCAAAGCCCCCAACCTCATCATTTATGAGGTCACCAATCGGCCCTCAGGGATTTCTAGTCGCTTCTCTGGCTCCRAGTCTGGCAmCryGRmCWSSMYGRYsATCTCTGGACTCCAGGCTGAGGACGAGGCTCATTACTACTGCT 

FOR225_HK               CTGGTACCAACAACACCCAGGCGAAGTCCCCAAACTCATGATTTATGATGTCAGTAATCGGCCCTCAGGGATCTCCGATCGGTTCTCTGGCTCCAAGACTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTACTGCA 

FOR230_HK               CTGGTACCAACAGCACCCAGACAAGGTCCCCAAACTTATGATTTATGAGGTCCGTTATCGGCCCTCCGGGGTTTCTAATCGCTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAGCCTGAAGACGAGGCTGATTATTACTGCG 

MM102                   CTGGTACCAACAACACCCAGGCAAAGCCCCCAAACTCATGATTTATGATGTCTTTAATCGGCCCTCAGGGGTTTCTAGTCGCTTCTCTGGCTCCAGATCTGCCAACACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTACTGCG 

MM103                   CTGGTACCAACAACACCCGGACACAGCCCCCAAACTCATTATTTATGAGGTCACTAATCGGCCCTCAGGGGTTTTTACTCGCTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGCCTCCAGGGTGAGGACGAGGCTGATTATTACTGCG 

MM126                   CTGGTATCAACAACACCCCGGCAAAGCCCCCAAAGTCATGATTTATGATGTCACTAATCGGGCCTCAGGAGTTTCTGCTCGCTTCTCTGGCTCCAGGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTACTGCA 

MM129                   CTGGTACCAACAACACCCAGACAAAGCCCCCAAGCTCATCATTTATGATGTCGCTAAACGGCCCCCAGGGGTTTCTAGTCACTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGCCTGCAACCTGAGGACGAAGCTGATTACTTCTGCA 

MM130                   CTGGTACCAACATCACCCAGGCAAAGCCCCCATACTCATAATTTATGAGGTCACTAATCGGCCCTCAGGGGTTTCTGATCGCTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGGCGACGAGGCTGATTATTACTGCA 

MM136                   CTGGTACCAACAACACCCAGGCAAAGCCCCCAAACTCTTAATTTTTGATGTCAGTGATAGGCCCTCAGGGGTTTCTGATCGCTTCTCTGGCACCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTACTGCA 

MM147                   CTGGTACCAACACCACCCAGGCAAAGCCCCCAAAGTCCTGATTTATGAGGTCAGTAATCGGCCCTCAGGGGTTTCTAATCGCTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGACGACGAAGCTGATTATTACTGCA 

MM153                   CTGGTACCAACACCGCCCAGGCAAAGCCCCCAAACTCATAATTTATGATGTCACTAATCGGCCCTCAGGGGTTTCTAATCGCTTCTCTGGCTCCAAGTCTGGCAGCACGGCCTCCCTGACCATCTCTGGACTCCAGGCTGAGGACGAGGCTGATTATTACTGCA 

 

 

IGLV2-14_Ensembl        GCTCATATACAAGCAGCAGCACTCTCCACAGTG----------------------------------------------------------------------------------------------------------------------------------- 

IGLV2-14*01_VBase2      GCTCATATACAAGCAGCAGC------------------------------------------------------------------------------------------------------------------------------------------------ 

IGLV2-14*04_VBase2      GCTCATATACAAGCAGCAGC------------------------------------------------------------------------------------------------------------------------------------------------ 

IGLJ1*01_Genbank        ----------------------------TTATGTCTTCGGAACTGGGACCAAGGTCACCGTCCTAG-------------------------------------------------------------------------------------------------- 

IGLJ3/2*01_Genbank      ----------------------------TGTGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTAG-------------------------------------------------------------------------------------------------- 

IGLJ3*02_Genbank        ----------------------------TTGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAG-------------------------------------------------------------------------------------------------- 

IGLC1_Ensembl           -----------------------------------------------------------------NGTCAGCCCAAGGCCAACCCCACTGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTCCAAGCCAACAAGGCCACACTAGTGTGTCTGATCAGTGACTTC 

IGLC2_Ensembl           -----------------------------------------------------------------NGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

IGLC3_Ensembl           -----------------------------------------------------------------NGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

FOR101_H                GCTCTTTTATAAGTTCTAATA-T-TCC-ATATGTCTTCGCAACTGGGACCAWGGTCACCGTCCTGGGTCAGCCCAAGGCCAACCCCACTGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTCCAAGCCAACAAGGCCACACTAGTGTGTCTGATCAGTGACTTC 

FOR122_H                GCTCATTTACAAGCAGTAGCACTGT---CATTCTCTTCGGCGGAGGGACCAAACTGACCGTCTTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGyCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

FOR124_H                GCTCATATACAAGCAGCAGCACTCCTCCTTGGGTTTTTGGCGGAGGGACCAAGGTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

FOR155_H                GCTCATATACAACCAGCAGCAG------TCTCGTGTTCGGCGGAGGGACCAAGTTGACCGTCCTGGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

FOR157_H                GTTCATATACAAGCAGCGGCAC------TGGGGTCTTCGGAASTGGGACCAAGGTCACCGTCCTAGGTCAGCCCAAGGCCAACCCCACTGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTYCAAGCCAACAAGGCCACACTAGTGTGTCTGATCAGTGACTTC 

FOR159_H                GCTCATATACAGCCACCAGCGCTCT---CGGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGyCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

FOR171_H                TCTCATATAATACCGACAGCGGCG---ATTATGTCTTCGGArswGGsACCAAGGTCACCGTCCTAsGTCAGCCCAAGGCCAACCCCwCkGTCACTCTGTTCCsGCCCTCCTCTGAGGAGCTyCAAGyCAACAAGGCCACTyTAGTGTGTCTsATCAGTGACTTC 

FOR173_H                GCTCATATACRAACACCRKSAM------TTATRTCTTSRGAACTGGGACCAWGGTCACCGTCYTAGKTCAGCCCAAGKCCAACCCCACTGTCAYTCTGTTCCCGCCCTCMTCTGAGGAGCTYCAAGYSRWCAAGGSCACACTAGTGTGTCTGATCAGTGACTTC 

FOR196_HTX              GTTCATATGCAAGTGTCGGCGCTTC---TGTGGTCTTCGGCGGAGGGACCAAACTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGYCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

FOR201_H                GCTCATATAGAAGAACCACTCTCG---ACCTGCTTTTTGGCGGAGGGACCAAGCTGACCGTCTTACGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

FOR202_H                GCTCATATACAAGCAGTAGTACTCTCCTTTATGTCTTCGGAACTGGGACCAAGGTCACCGTCCTAGGTCAGCCCAAGGCCAACCCCACTGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTCCAAGCCAACAAGGCCACACTAGTGTGTCTGATCAGTGACTTC 

FOR204_H                GCTCATATACAAGCAGTAGTACTCTCCTTTATGTCTTCGGAACTGGGACCAAGGTCACCGTCCTAGGTCAGCCCAAGGCCAACCCCACTGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTCCAAGCCAACAAGGCCACACTAGTGTGTCTGATCAGTGACTTC 

FOR190_HK               GTTCATATACAAGTAGTGGCACGA---ATGTGGTGTTCGGCGGGGGGACCAAGCTGACGGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

FOR220_HK               CCTCATATACAAACACCAGCAMTCT---CGTCGTCTTCGGCGAGGGGACTATGCTGACCGTCCTGAGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

FOR225_HK               GCTCATATACAAGCACCAATAC—TCC--TTGGGTGTTCGGCGGAGGGACCAwGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

FOR230_HK               GCTCATATACAAGCACCGGCAC------TCTGGTTTTCGGCGGAGGGACCAAAATGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

MM102                   GCTCATATACAGGCACCACCC-T-----TTATGTCTTCGGAGCTGGGACCAAGGTCACCGTCCTAGGTCAGCCCAAGGCCAACCCCACTGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTCCAAGCCAACAAGGCCACACTAGTGTGTCTGATCAGTGACTTC 

MM103                   CCTCATATACCAGAAGTGACAC------CTGGGTGTTCGGCGGAGGGACCAAACTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

MM126                   CTTCATATAGCAGCACCACTTCTCT---CGTGGTCTTCGGCGGAGGGACCAGGCTGACCGTCCTAAGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

MM129                   GTTCATATTCAAGCCGCACCACTCT---CGAAGTCTTCGGCGGAGGGACCAAGCTGACCGTCCTCAGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

MM130                   GCTCATACAGCAGAACCAA---------TTTGCTATTCGGCGGAGGGACCAAATTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

MM136                   GCTCATATGCAATCAGCAGTACGG---ATGTGGTTTTCGGCGGAGGGACAAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

MM147                   GTTCATATACAACCAGCAGCATTT---ATGTGGTATTCGGCGTAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

MM153                   GCTCATATACATCCAAAAATAC------TCCCGTGTTAGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 

 

 

IGLJ1*01_Genbank        TACCCGGGAGCTGTGACAGTGGCCTGGAAGGCAGATGGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCAAACCCTCCAAACAGAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCCGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA 

IGLJ3/2*01_Genbank      TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA 

IGLJ3*02_Genbank        TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCA 

FOR101_H                TACCCGGGAGCTGTGACAGTGGCCTGGAAGGCAGATGGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCAAACCCTCCAAACAGAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCCGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA 

FOR122_H                TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA 

FOR124_H                TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCA 

FOR155_H                TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCA 

FOR157_H                TACCCGGGAGCTGTGACAGTGGCCTGGAAGGCAGATGGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCAAACCCTCCAAACAGAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCCGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA 

FOR159_H                TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAG------ 

FOR171_H                TACCCGGGAGCyGTGACAGTGkCCTGGAAGGCAkATGGCAGCCCCGTCAAGGCGGrAGTGGAGACCACCAAACCCTCCAArCAGAGCAACArCAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCCGAGCAGTGGAAGTCCCACAGAAGCTACAGC----- 

FOR173_H                TACCCGGGAGCTGTGACAGTGGCCTGGAAGGCAGATGGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCAAACCCTCCAAACAGAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCCGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA 

FOR196_HTX              TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA 

FOR201_H                TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAG------ 

FOR202_H                TACCCGGGAGCTGTGACAGTGGCCTGGAAGGCAGATGGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCAAACCCTCCAAACAGAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCCGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA 

FOR204_H                TACCCGGGAGCTGTGACAGTGGCCTGGAAGGCAGATGGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCAAACCCTCCAAACAGAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCCGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA 

FOR190_HK               TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA 

FOR220_HK               TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA 

FOR225_HK               TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCA 

FOR230_HK               TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA 

MM102                   TACCCGGGAGCTGTGACAGTGGCCTGGAAGGCAGATGGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCAAACCCTCCAAACAGAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCCGAGCAGTG--------------------------- 

MM103                   TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGT---------------------- 

MM126                   TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAG--------------- 

MM129                   TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAG-------------------------------- 

MM130                   TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTC--------------------- 

MM136                   TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGG-------------------------- 

MM147                   TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGG-------------------------- 

MM153                   TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCC-------------------- 

 

 

IGLC1_Ensembl           GGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG 

IGLC2_Ensembl           GGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG 

IGLC3_Ensembl           GGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG 

FOR101_H                GGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGA-------------------- 

FOR122_H                GGTCACGCATGAAGGGAGCACCGTGGAGA----------------------------- 

FOR124_H                GGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGA-------------------- 

FOR155_H                GGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGA-------------------- 

FOR157_H                GGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGA-------------------- 

FOR159_H                ---------------------------------------------------------- 

FOR171_H                ---------------------------------------------------------- 

FOR173_H                GGTCACGCATGAAGGGAGCACCGTGA-------------------------------- 

FOR196_HTX              GGTCACGCATGAAGGGAGCACCGTGGA------------------------------- 

FOR201_H                ---------------------------------------------------------- 

FOR202_H                GGTCACGCATGAAGGGAGCACCGTG--------------------------------- 

FOR204_H                GGTCACGCATGAAGGGAGCACCGTG--------------------------------- 

FOR190_HK               GGTCACGCATGAAGGGAGCACCGTGGAG------------------------------ 

FOR220_HK               GGTCACGCATGAAGGGAGCACCGTGGA------------------------------- 

FOR225_HK               GGTCACGCATGAAGGGAGCACCGTGG-------------------------------- 

FOR230_HK               GGTCACGCATGAAGGGAGCACCGTGG-------------------------------- 

MM102                   ---------------------------------------------------------- 

MM103                   ---------------------------------------------------------- 

MM126                   ---------------------------------------------------------- 

MM129                   ---------------------------------------------------------- 

MM130                   ---------------------------------------------------------- 

MM136                   ---------------------------------------------------------- 

MM147                   ---------------------------------------------------------- 

MM153                   ---------------------------------------------------------- 
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Supplementary Information Table 4. Overview of the amino acid percentage of IGLV2-

14 assigned AL amyloidosis and multiple myeloma light chain sequences. MM = multiple 

myeloma patient, _H = AL amyloidosis patient with dominant heart involvement, _HK = AL amyloidosis patient 

with dominant heart and kidney involvement, _HTX = AL amyloidosis patient who received a heart transplant. 

 Amino acid [%] 

Sample A R N D C Q E G H I L K M F P S T W Y V 

FOR101_H 8.0 1.6 5.3 2.7 1.6 4.8 3.7 8.5 1.1 4.3 5.9 5.3 0.0 2.7 7.4 15.4 8.0 1.1 5.3 7.4 

FOR122_H 8.5 1.1 3.2 3.7 1.6 4.3 3.2 8.0 0.0 3.2 8.0 5.3 0.5 2.7 6.9 17.0 9.6 1.1 4.8 7.4 

FOR124_H 8.5 1.1 4.2 3.2 1.6 4.8 3.2 8.5 0.5 3.7 5.8 5.3 0.0 2.6 7.9 17.5 9.0 1.6 4.2 6.9 

FOR155_H 8.0 1.6 3.2 3.7 1.6 4.3 3.2 8.0 1.1 2.7 7.0 4.8 0.5 2.7 7.0 17.1 10.2 1.1 4.8 7.5 

FOR157_H 7.5 1.1 3.2 3.7 1.6 4.8 3.2 9.6 0.5 2.7 5.9 5.9 0.5 2.7 7.0 16.0 9.6 1.1 5.3 8.0 

FOR159_H 9.6 1.1 3.7 3.2 1.6 4.8 3.2 8.5 0.5 2.7 6.9 5.3 0.5 2.1 6.9 17.0 9.0 1.1 5.3 6.9 

FOR196_HTX 9.6 1.1 2.7 3.7 1.6 4.8 3.2 9.0 1.1 2.7 6.4 5.3 0.0 2.7 6.9 17.0 8.0 1.1 4.8 8.5 

FOR202_H 8.5 1.1 2.6 4.8 1.6 4.8 3.2 7.9 0.5 3.7 6.9 5.8 0.5 2.1 6.9 16.9 9.0 1.1 6.3 5.8 

FOR204_H 8.6 1.1 4.3 3.2 1.6 4.8 3.2 8.6 0.5 3.2 7.0 5.3 0.0 2.1 6.4 17.6 9.1 1.1 5.3 7.0 

FOR201_H 9.0 3.2 2.1 4.3 1.6 4.8 3.7 7.4 0.5 3.2 8.0 4.8 0.0 2.7 6.9 16.5 9.0 1.1 4.8 6.4 

FOR190_HK 8.5 1.1 4.3 3.2 1.6 4.8 3.2 9.0 0.0 2.7 6.4 5.3 0.5 2.1 6.9 18.1 9.0 1.1 4.8 7.4 

FOR220_HK 9.0 1.1 5.9 2.1 1.6 4.3 4.3 5.9 1.6 4.3 6.9 4.3 0.5 2.7 6.9 16.0 9.6 1.1 5.3 6.9 

FOR225_HK 8.0 1.1 3.7 4.3 1.6 4.8 3.7 8.0 0.5 3.2 6.4 4.8 0.5 2.1 7.4 15.4 10.1 2.1 5.3 6.9 

FOR230_HK 7.5 1.6 3.2 3.2 1.6 4.8 3.7 9.1 0.5 2.7 6.4 5.3 1.1 2.7 7.5 15.0 10.2 1.1 5.3 7.5 

MM102 9.1 1.6 4.3 3.7 1.6 4.8 3.2 8.0 0.5 3.2 6.4 5.3 0.5 2.7 7.0 14.4 9.6 1.1 5.9 7.0 

MM103 8.6 1.6 3.7 3.7 1.6 4.8 3.7 8.6 0.5 3.7 6.4 4.8 0.0 2.7 7.0 15.0 10.2 1.6 5.3 6.4 

MM126 10.1 2.7 3.2 3.7 1.6 4.8 3.2 6.9 0.5 2.7 6.4 4.3 0.5 2.1 6.4 16.5 10.1 1.1 5.3 8.0 

MM129 8.5 1.1 2.7 3.7 1.6 4.8 3.7 7.4 1.1 3.7 6.9 5.9 0.0 2.7 8.0 17.0 9.0 1.1 4.8 6.4 

MM130 9.1 1.6 3.8 3.2 1.6 4.3 3.2 9.1 1.6 3.8 7.5 4.8 0.0 2.2 7.0 15.6 9.1 1.1 4.8 6.5 

MM136 8.5 1.1 2.7 4.8 1.6 4.8 3.2 8.0 0.5 3.2 6.9 5.3 0.0 3.2 6.9 17.0 9.0 1.1 4.3 8.0 

MM147 8.5 1.1 3.7 3.2 1.6 4.3 3.2 8.0 1.1 3.2 6.4 5.3 0.0 2.1 6.9 17.0 9.0 1.1 5.9 8.5 

MM153 9.1 1.6 3.7 3.2 1.6 4.3 3.2 8.0 0.5 3.7 7.0 5.9 0.0 2.1 7.5 16.6 9.6 1.1 4.8 6.4 
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Supplementary Information Figure 14. Sequence comparison between MM120 IGLV3-1 

assigned light chain sequences generated through a next-generation sequencing and 

Sanger sequencing approach. For the sequence generated by the Sanger sequencing approach only 

dominant signals were used. * = nucleotide position consistent, MM = multiple myeloma patient, NGS = light 

chain sequence generated through next-generation sequencing, Sanger = light chain sequence generated through 

Sanger sequencing. Sequencing was performed using the VLKL3_I_fw_NB and CLKL_A_rv_NB 

oligonucleotides. In the bioinformatic analysis of the bulk RNA sequencing, several sequence sections were given 

– indicated by NGS_A, NGS_B, and NGS_C. Nucleotide signal overlaps in the Sanger sequencing were specified 

accoding to the IUPAC code. The fourth sequence section is not shown as it shows only partial sequence overlap 

with the CDR3 region, but cannot be completely aligned. 

MM120_NGS_A          GATCCATGGCCTCCTTTGCGCTGACTCAGCCACCCTCAGTGTCCGTGTCCCCAGGACAGA 60

MM120_Sanger         -----------------------ACTCAGCCACCCTCAGTGTCCGTGTCCCCAGGACAGA 37

*************************************

MM120_NGS_A          CAGCCAGCATCA------------------------------------------------ 97

MM120_NGS_B          --------------------------------GGAGATACATTGGGGAATAAATATG--- 97

MM120_Sanger         CAGCCAGCATCACCTGCTCTGGAGATAAATTGGGAGATACATTGGGGAATAAATATGTTT 97

************                    *************************   

MM120_NGS_C          -----TATCAGGTGAGGCCAGGCCACTCCCCTGTATTGGTCATCTATCGAGATAGTCAGC 152

MM120_Sanger         CGTGGTATCAGGTGAGGmCAGGCCACTCCCCTGTrTTGGTCATCTATCGAGATAGTCAsC 157

*******************************************************

MM120_NGS_C          GGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGGGACACAGCCACTCTGA 212

MM120_Sanger         GGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGGGACACAGCCACTCTGA 217

************************************************************

MM120_NGS_C          CCATCAGCGGGACCCAGGCTATGGATGAGGCTGACTACTACTGTCAGGCGTGGGACAGCA 272

MM120_Sanger         CCATCAGCGGGACCCAGGCTATGGATGAGGCTGACTACTACTGTCAGGCGTGGGACAGCA 277

************************************************************

MM120_NGS_C          CCTCCTATTATGTCTTCGGGCCTGGGACCACGGTCACTGTCCTAGGTCAGCCCAAGGCCA 332

MM120_Sanger         CCTCCTATTATGTCTTCGGGCCTGGGACCACGGTCACTGTCCTAGGTCAGCCCAAGGCCA 337

************************************************************

MM120_NGS_C          ACCCCACTGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTCCAAGCCAACAAGGCCACAC 392

MM120_Sanger         ACCCCACTGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTCCAAGCCAACAAGGCCACAC 397

************************************************************

MM120_NGS_C          TAGTGTGTCTGATCAGTGACTTCTACCCGGGAGCTGTGACAGTGGCCTGGAAGGCAGATG 452

MM120_Sanger         TAGTGTGTCTGATCArTGACTTCTACCCGGGAGCTGTGACAGTGGCCTGGAAGGCAGATG 457

************************************************************

MM120_NGS_C          GCAGCCCCGTCAAGGCGGGAGTGGAGACCACCAAACCCTCCAAACAGAGCAACAACAAGT 512

MM120_Sanger         GCAGCCCyGTCAAGGCGGGAGTGGAGACCACCAAACCCTCCAAACAGAGCAACAACAAGT 517

************************************************************

MM120_NGS_C          ACGCGGCCAGCAGCTACCTGAGCCTGACGCCCGAGC------------------------ 548

MM120_Sanger         ACGCGGCCAGCAGCTACCTGAGCCTGACGCCCGAGCAGTGGAAGTCCCACAGAAGCTACA 577

************************************                        

MM120_NGS_C          ----------------------------------

MM120_Sanger         GCTGCCAGGTCACGCATGAAGGGAGCACCGTGGA
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Supplementary Information Figure 15. Sequence alignment of IGLV3-1 assigned AL 

amyloidosis and multiple myeloma amino acid light chain sequences. N- and C-terminal 

sequence regions that were excluded in the analysis are highlightet in grey. Bold = reference sequences, 

underlined = CDR regions, red letter = mutation, X and grey highlight = not unambiguously determined amino 

acid, green letter = linker region, MM = multiple myeloma patient, _H = AL amyloidosis patient with dominant 

heart involvement, _HK = AL amyloidosis patient with dominant heart and kidney involvement, _HTX = AL 

amyloidosis patient who received a heart transplant, FOR132 was neglected in the analysis. 

CDR1                           CDR2

IGLV3-1_Ensembl      MAWIPLFLGVLAYCTGSVASYELTQPPSVSVSPGQTASITCSGDKL----GDKYACWYQQKPGQSPVLVIYQDSKRPSGIPERFSGSNSGNTATLTISGTQAMD

IGLV3-1*01_VBase2    -------------------SYELTQPPSVSVSPGQTASITCSGDKL----GDKYACWYQQKPGQSPVLVIYQDSKRPSGIPERFSGSNSGNTATLTISGTQAMD

FOR123_H             --------------------YELTQPPSVSVSPGQTATITCSAHKL----GDKDVCWYQLRPGQSPLLVVYQDVKRPSGIPERFSGSNSGNTATLTISGTQTLD

FOR179_H             ------------------------QPPSVSVSPGQTASIACSGDKL----DDKYVSWLQQKPGQSPFLVIYQDTKRPSDIPERFSGSNSGNTATLTISGTQVMD

FOR130_HTX           -------------------PMSLTQPPSVSVSPGQTASITCSGDIL----GDKYACWYQQRSGQSPVLVIYQDTRRPSGIPERFSGSNSGNTATLTISGTQAMD

FOR161_HTX           -------------------SYELTQPPSVSVSPGQTASITCSGDKL----GDNYASWYQQKPGQSPVLVIYQDSRRPSGIPERFSGSNSGNTATLTISGTQAMD

FOR120_H             -------------------XYELTQPPSVSVSPGQTASITCSGDNL----GNKYTCWYQQKPGQSPVLVIYQDTERPSGIPERFSGSNSGNTATLTISGTQAMD

FOR206_H             -----------------------TQPPSVSVSPGQTATITCSGDKL----GDQNACWYQQKPGQSPVVIIYEDTRRPSGIPERFSGSNSGNTATLTISGTQAMD

FOR215_H             -----------------------TQPPSVSVSPGQTANITCSGDNL----GDKYISWYQQKPGQSPVLVIYQDTKRPSEIPERFSGSNSGNTATLTLSGTQAMD

FOR118_H             --------------------------PSVSVSPGQTASITCSGDKL----GDKYACWYQQKPGQSPVLVIYQDNQRPSGIPERFSGSNSGNTATLTISGAQAMD

FOR134_H             -----------------------------SVSPGQTASITCSGDGL----GDKFACWYQQKPGQSPVLVIYQDTKRPSGIPERFSGSNSGNTATLTISGTQPMD

FOR131_H             --------------------------PSVSVSPGQTASLTCSGDKL----GDKYASWYQQKPGQSPVVVVYQDDKRPSGIPERFSGSNSGNTATLTISGAQAMD

FOR116_H             --------------------------PSVSVSPGQTASITCSGDKL----GDKYACWYQQRPGQSPVLVIYQDNKRPSGIPERFSGSNSGNTATLAISGTQAID

FOR195_H             ------------------------------VSPGQTAIITCSGDTL----GDKFTSWYQQKSGQSPVLVMYQDSKRPSGIPERFSGSNSGNTATLTISGTQAMD

FOR191_HK            -----------------------------SVSPGQTASITCSGDQL----RDEYTCWYQQKVGQSPVLVIYQNNKRPSGIPERFSGSSSGDTATLTISGTQAMD

FOR189_HK            -----------------------------SVSPGQTASITCSGDKL----GDKYVCWYQQKSGQSPVVVIYQDSKRPSGIPERFSGSNSGNTATLTISGTQAMD

FOR132_H --------------------------------------------------------------------------------------SYEPDTATLTISGTQVMD

MM120                -----------------------TQPPSVSVSPGQTASITCSGDKLGDTLGNKYVSWYQVRPGHSPVLVIYRDSQRPSGIPERFSGSNSGDTATLTISGTQAMD

MM139                --------------TGSVASYELTQAPSVSVSPGQAASITCSGDRL----EDKYVSWYQQKPGQSPVLVMYEDNKRPSGIPERFSGSSSGNTATLTISGTQSSD

MM146                --------------TGSVASYELTQPPSVSVSPGQTATITCSGDKL----QHQYTCWYQQKPGQSPLLVIYQDNKRPSGIPERFSGSISGNTATLTISGTQAMD

CDR3

IGLV3-1_Ensembl      EADYYCQAWDSSTAH-----------------------------------------------------------------------------------------

IGLV3-1*01_VBase2    EADYYCQAWDSST-------------------------------------------------------------------------------------------

IGLJ1*01_Genbank     ---------------YVFGTGTKVTVL-----------------------------------------------------------------------------

IGLJ3/J2*01_Genbank  ---------------VVFGGGTKLTVL-----------------------------------------------------------------------------

IGLJ3*02_Genbank     ---------------WVFGGGTKLTVL-----------------------------------------------------------------------------

IGLC1*01_Genbank     ---------------------------GQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPE

IGLC2*01_Genbank     ---------------------------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE

IGLC3*01_Genbank     ---------------------------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGPVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE

FOR123_H             EADYYCQAWDSST--MIFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE

FOR179_H             EADYYCQAWDSTT--IIFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE

FOR130_HTX           EADYYCQAWETSTG-GVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE

FOR161_HTX           EADYYCQAWDSST--GVFGPGTTVTVLGQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPE

FOR120_H             EADYYCQAWDYNTVGFMFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE

FOR206_H             EADYFCQAWDGIT--AVFGGGTKLTVLSQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE

FOR215_H             EADYYCQAWDNSA--AVFGGGTQVTVLGQPKAAPSVTLFPPSSEELQANKATLVCLVSDFYPGAVTVAWKADGSPVKVGVETTKPSKQSNNKYAASSYLSLTPE

FOR118_H             EADYYCQAWDTSIP-YVFGPGTTVTVLGQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVXVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPE

FOR134_H             EADYYCQTWDSNS--YVFGTGTKVTVLGQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPE

FOR131_H             EADYYCQAWDSNT--VVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE

FOR116_H             EADYYCQAWDSGT--AVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE

FOR195_H             EADYYCQAWDSSI--AVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE

FOR191_HK            EADYYCQAWDSST--VVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE

FOR189_HK            EADYYCQAWDSVT--GVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE

FOR132_H EADYYCQTWDSSS--VVFGGGTKLTVLRQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE

MM120                EADYYCQAWDSTSY-YVFGPGTTVTVLGQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPE

MM139                EADYYCQTWDSNI--AVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE

MM146                EADYYCQAWDNNA--GVFGTGTKVTVLRQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPE

IGLC1*01_Genbank     QWKSHRSYSCQVTHEGSTVEKTVAPTECS

IGLC2*01_Genbank     QWKSHRSYSCQVTHEGSTVEKTVAPTECS

IGLC3*01_Genbank     QWKSHKSYSCQVTHEGSTVEKTVAPTECS

FOR123_H             QWKSHRSYSCQVTHEGSTVEKTV------

FOR179_H             Q----------------------------

FOR130_HTX           QWKSHRSY---------------------

FOR161_HTX           QWKSHRSYSCQVTHEGSTVEKTV------

FOR120_H             QWKSHRSYSCQVTHEGSTVEKTV------

FOR206_H             QWKSHRSYSCQVTHEGSTV----------

FOR215_H             QWKSHRSYSCRVTHEGSTV----------

FOR118_H             QWKSHRSYSCQVTHEGSTV----------

FOR134_H             QWKSHRSYSCQVTHEGSTV----------

FOR131_H             QWKSHRSYSCQVTHEGSTV----------

FOR116_H             QWKSHKSYSCQVTH---------------

FOR195_H             QWKSHRSYSCQVTHEGSTV----------

FOR191_HK            QWKSHRSYSCQVTHEGSTV----------

FOR189_HK            QWKSHRSYSCQVTHEGSTV----------

FOR132_H QWKSHRSYSCQVTHEGSTVEKDS------

MM120                QWKSHRSYSCQVTHEGSTV----------

MM139                QWKS-------------------------

MM146                -----------------------------
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Supplementary Information Figure 16. Sequence alignment of IGLV3-1 assigned AL 

amyloidosis and multiple myeloma cDNA light chain sequences. green letter = linker region, 

MM = multiple myeloma patient, _H = AL amyloidosis patient with dominant heart involvement, _HK = AL 

amyloidosis patient. _HTX = AL amyloidosis patient who received a heart transplant. Nucleotide signal overlaps 

in the Sanger sequencing were specified accoding to the IUPAC code. 

IGLV3-1_E nsembl          ATG GCATGG ATCCCT CTCTTC CTCGGC GTCCTT GCTTAC TGCACA GGATCC GTGGCC TCCTAT GAG-CT GACTCA GCCACC CTCAGT GTCCGT GTCCCC AGGACA GACAGC CAGCAT CACCTG CTCTGG AGATAA ATTGGG GGATAA ATATGC TTGCTG GTATC

IGLV3-1*0 1_Vbas e2       --- ------ ------ ------ ------ ------ ------ ------ ------ ------ TCCTAT GAG-CT GACTCA GCCACC CTCAGT GTCCGT GTCCCC AGGACA GACAGC CAGCAT CACCTG CTCTGG AGATAA ATTGGG GGATAA ATATGC TTGCTG GTATC

FOR116_H                --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ --TTCC CTCAGT GTCCGT GTCCCC AGGCCA GACAGC CAGCAT CACCTG CTCTGG AGATAA GTTGGG GGATAA ATATGC TTGCTG GTATC

FOR118_H                --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ---TCC CTCAGT GTCCGT GTCCCC AGGACA GACAGC CAGCAT CACCTG CTCTGG AGATAA ACTGGG GGATAA ATATGC TTGCTG GTATC

FOR120_H                --- ------ ------ ------ ------ ------ ------ ------ ------ ------ YCCTAT GAG-CT GACACA GCCACC CTCAGT GTCCGT GTCCCC AGGACA GACAGC CAGCAT CACCTG CTCTGG AGATAA TTTGGG GAATAA ATATAC TTGCTG GTATC

FOR123_H                --- ------ ------ ------ ------ ------ ------ ------ ------ ------ -CCTAT G-AGCT GACACA GCCACC CTCAGT GTCCGT GTCCCC AGGACA GACAGC CACCAT TACCTG TTCTGC ACATAA ATTGGG CGATAA AGATGT TTGTTG GTATC

FOR130_HT X              --- ------ ------ ------ ------ ------ ------ ------ ------ ------ YCCTAT GAGCCT GACACA GCCACC CTCAGT GTCCGT GTCCCC AGGACA GACAGC CAGCAT CACCTG CTCTGG AGATAT ATTGGG GGATAA GTATGC TTGTTG GTATC

FOR131_H                --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ---TCC CTCAGT GTCCGT GTCCCC AGGACA GACAGC CAGCCT CACCTG CTCTGG AGATAA GTTGGG AGATAA GTATGC TTCTTG GTATC

FOR132_H                --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

FOR134_H                --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -TCCGT GTCCCC AGGACA GACAGC CAGCAT CACCTG CTCTGG AGATGG ATTGGG GGATAA ATTTGC TTGCTG GTATC

FOR161_HT X              --- ------ ------ ------ ------ ------ ------ ------ ------ ------ TCCTAT GAG-CT GACACA GCCACC CTCAGT GTCCGT GTCCCC AGGACA GACAGC CAGCAT CACCTG CTCTGG AGATAA ATTGGG GGATAA TTATGC TTCCTG GTATC

FOR179_H                --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ --CACA GCCACC CTCAGT GTCCGT GTCCCC AGGACA GACAGC CAGCAT CGCCTG CTCTGG AGATAA ATTGGA TGATAA ATATGT TTCCTG GTTGC

FOR195_H                --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ --CCGT GTCCCC AGGACA GACAGC CATCAT CACCTG CTCTGG AGATAC TTTGGG GGATAA ATTTAC TTCCTG GTATC

FOR206_H                --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -ACACA GCCACC CTCAGT GTCCGT CTCCCC AGGACA AACAGC CACCAT CACCTG CTCTGG AGATAA ATTGGG GGATCA AAATGC TTGCTG GTATC

FOR215_H                --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -ACACA GCCACC CTCAGT GTCCGT GTCCCC AGGACA GACAGC CAACAT CACCTG CTCCGG AGATAA TTTGGG TGATAA ATATAT TTCCTG GTATC

FOR189_HK                --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -TCCGT GTCCCC AGGACA GACAGC CAGCAT CACCTG CTCTGG AGATAA ATTGGG GGATAA ATATGT TTGCTG GTATC

FOR191_HK                --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ GTCCGT GTCCCC AGGACA GACAGC CAGCAT CACCTG CTCTGG AGATCA ATTGAG GGATGA ATATAC TTGTTG GTATC

MM120_A                 --- ------ ------ ------ ------ ------ ------ ------ -GATCC ATGGCC TCCTTT GCG-CT GACTCA GCCACC CTCAGT GTCCGT GTCCCC AGGACA GACAGC CAGCAT CA---- ------ ------ ------ ------ ------ ------ -----

MM120_B                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ----GG AGATAC ATTGGG GAATAA ATATG- ------ -----

MM120_C                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -TATC

MM139                   --- ------ ------ ------ ------ ------ ------ --CACA GGATCC GTGGCC TCCTAT GAG-CT GACTCA GGCACC CTCAGT GTCCGT GTCCCC AGGACA GGCAGC CAGCAT CACCTG TTCTGG AGATAG ATTGGA GGATAA ATATGT TTCGTG GTATC

MM146                   --- ------ ------ ------ ------ ------ ------ --CACA GGATCC GTGGCC TCCTAT GAG-CT GACTCA GCCACC CTCAGT CTCCGT GTCCCC AGGACA GACAGC CACCAT CACCTG CTCTGG AGATAA ATTGCA ACATCA ATATAC TTGCTG GTATC

IGLV3-1_E nsembl          AGC AGAAGC CAGGCC AGTCCC CTGTGC TGGTCA TCTATC AAGATA GCAAGC GGCCCT CAGGGA TCCCTG AGCGAT TCTCTG GCTCCA ACTCTG GGAACA CAGCCA CTCTGA CCATCA GCGGGA CCCAGG CTATGG ATGAGG CTGACT ATTACT GTCAGG CGTGG

IGLV3-1*0 1_Vbas e2       AGC AGAAGC CAGGCC AGTCCC CTGTGC TGGTCA TCTATC AAGATA GCAAGC GGCCCT CAGGGA TCCCTG AGCGAT TCTCTG GCTCCA ACTCTG GGAACA CAGCCA CTCTGA CCATCA GCGGGA CCCAGG CTATGG ATGAGG CTGACT ATTACT GTCAGG CGTGG

FOR116_H                AGC AGAGGC CAGGCC AGTCCC CTGTGC TGGTCA TCTATC AAGATA ACAAGC GGCCCT CAGGGA TCCCTG AGCGAT TCTCTG GCTCCA ACTCTG GGAACA CAGCCA CTCTGG CCATCA GCGGGA CCCAGG CTATCG ATGAGG CTGATT ATTACT GTCAGG CGTGG

FOR118_H                AGC AGAAGC CAGGCC AGTCCC CTGTGC TGGTCA TCTATC AAGATA ACCAGC GGCCCT CAGGGA TCCCTG AGCGAT TCTCTG GCTCCA ACTCTG GGAACA CAGCCA CTCTGA CCATCA GCGGGG CACAGG CTATGG ATGAGG CTGACT ATTACT GTCAGG CGTGG

FOR120_H                AGC AGAAGC CAGGCC AGTCCC CTGTAT TGGTCA TCTATC AAGATA CTGAGC GGCCCT CAGGGA TCCCTG AGCGAT TCTCTG GCTCCA ACTCTG GGAACA CAGCCA CTCTGA CCATCA GCGGGA CCCAGG CTATGG ATGAGG CTGACT ATTACT GTCAGG CGTGG

FOR123_H                AAC TGAGGC CAGGCC AGTCCC CTCTTC TGGTCG TGTACC AAGATG TCAAGC GGCCCT CTGGGA TCCCTG AGCGAT TCTCTG GCTCCA ATTCTG GGAACA CAGCCA CTCTGA CCATCA GCGGGA CCCAGA CTTTGG ATGAGG CTGACT ATTATT GTCAGG CGTGG

FOR130_HT X              AAC AGAGGT CAGGCC AGTCCC CTGTGT TGGTCA TCTATC AAGATA CCAGGC GGCCCT CAGGGA TCCCTG AGCGAT TCTCTG GCTCCA ACTCTG GGAACA CAGCCA CTCTGA CCATCA GCGGGA CCCAGG CTATGG ATGAGG CTGACT ATTACT GTCAGG CGTGG

FOR131_H                AAC AGAAGC CAGGCC AGTCCC CTGTGG TGGTCG TCTATC AAGATG ACAAGC GGCCCT CAGGGA TCCCTG AGCGAT TCTCTG GCTCCA ACTCTG GGAACA CAGCCA CTCTGA CCATCA GCGGGG CCCAGG CTATGG ATGAGG CTGACT ATTACT GTCAGG CGTGG

FOR132_H                --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ --TCCT ATGAGC CTGACA CAGCCA CTCTGA CCATCA GCGGGA CCCAGG TTATGG ATGAGG CTGACT ATTACT GTCAGA CGTGG

FOR134_H                AGC AGAAGC CAGGCC AGTCCC CTGTGT TGGTCA TCTATC AAGATA CTAAGC GGCCCT CAGGGA TCCCTG AGCGAT TCTCTG GCTCCA ACTCTG GGAACA CAGCCA CTCTGA CCATCA GCGGGA CCCAGC CTATGG ATGAGG CTGACT ATTACT GTCAGA CGTGG

FOR161_HT X              AGC AGAAGC CAGGCC AGTCCC CTGTAC TAGTCA TCTATC AAGATA GCAGGC GGCCGT CAGGGA TCCCTG AGCGAT TCTCTG GCTCCA ACTCTG GGAACA CAGCCA CTCTGA CCATCA GCGGGA CCCAGG CCATGG ATGAGG CTGACT ATTACT GTCAGG CGTGG

FOR179_H                AGC AGAAGC CAGGCC AGTCCC CTTTTC TGGTCA TCTATC AAGATA CCAAGC GACCCT CAGATA TCCCTG AGCGAT TCTCAG GCTCCA ACTCTG GGAACA CAGCCA CTCTGA CCATCA GCGGGA CCCAGG TTATGG ATGAGG CTGACT ACTACT GTCAGG CGTGG

FOR195_H                AGC AGAAGT CAGGCC AGTCCC CTGTGC TGGTCA TGTATC AGGATT CCAAGC GGCCCT CAGGGA TCCCTG AGCGCT TCTCTG GCTCCA ATTCTG GGAACA CAGCCA CTCTGA CCATCA GCGGGA CCCAGG CTATGG ATGAGG CTGACT ATTACT GTCAGG CGTGG

FOR206_H                AGC AGAAGC CAGGCC AGTCCC CTGTGG TGATCA TTTATG AAGATA CAAGGC GGCCCT CCGGGA TCCCTG AGCGAT TCTCTG GCTCCA ACTCTG GGAACA CAGCCA CTCTGA CCATCA GCGGGA CCCAGG CTATGG ATGAGG CTGACT ATTTCT GTCAGG CGTGG

FOR215_H                AGC AGAAGC CAGGCC AGTCCC CTGTGT TGGTCA TCTATC AAGATA CCAAGC GGCCCT CAGAGA TCCCTG AGCGAT TCTCTG GCTCCA ACTCTG GGAACA CAGCCA CTCTGA CCCTCA GCGGGA CCCAGG CTATGG ATGAGG CTGATT ATTACT GTCAGG CGTGG

FOR189_HK                AGC AGAAGT CAGGCC AGTCCC CTGTGG TGGTCA TCTATC AAGATA GCAAGC GGCCCT CAGGGA TCCCTG AGCGAT TCTCTG GCTCCA ACTCTG GGAACA CAGCCA CTCTGA CCATCA GCGGGA CCCAGG CTATGG ATGAGG CTGACT ATTACT GTCAGG CGTGG

FOR191_HK                AAC AGAAGG TAGGCC AGTCCC CTGTGC TGGTCA TCTATC AAAATA ACAAGC GGCCCT CAGGGA TCCCTG AGCGAT TCTCTG GCTCCA GCTCTG GGGACA CAGCCA CTCTGA CCATCA GCGGGA CCCAGG CTATGG ATGAGG CTGACT ATTACT GTCAGG CGTGG

MM120_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM120_B                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM120_C                 AGG TGAGGC CAGGCC ACTCCC CTGTAT TGGTCA TCTATC GAGATA GTCAGC GGCCCT CAGGGA TCCCTG AGCGAT TCTCTG GCTCCA ACTCTG GGGACA CAGCCA CTCTGA CCATCA GCGGGA CCCAGG CTATGG ATGAGG CTGACT ACTACT GTCAGG CGTGG

MM139                   AGC AGAAGC CAGGCC AGTCCC CTGTGT TGGTCA TGTATG AAGATA ATAAGC GGCCCT CAGGGA TCCCTG AGCGAT TCTCTG GCTCCA GCTCAG GGAACA CAGCCA CTCTGA CCATCA GCGGGA CCCAGT CTAGCG ATGAGG CTGACT ATTACT GTCAGA CGTGG

MM146                   AGC AGAAGC CAGGCC AGTCCC CTCTTC TGGTCA TCTATC AAGATA ACAAGC GGCCGT CGGGGA TCCCTG AACGAT TCTCTG GCTCCA TTTCTG GGAACA CAGCCA CTCTGA CCATCA GCGGGA CCCAGG CTATGG ATGAGG CTGACT ATTACT GTCAGG CGTGG

IGLV3-1_E nsembl          GAC AGCAGC ACTGCA CACA-- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

IGLV3-1*0 1_Vbas e2       GAC AGCAGC ACT--- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

IGLJ1*01_ Genban k        --- ------ ------ --TTAT GTCTTC GGAACT GGGACC AAGGTC ACCGTC CTAG-- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

IGLJ3/2*0 1_Genb ank      --- ------ ------ --TGTG GTATTC GGCGGA GGGACC AAGCTG ACCGTC CTAG-- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

IGLJ3*02_ Genban k        --- ------ ------ --TTGG GTGTTC GGCGGA GGGACC AAGCTG ACCGTC CTAG-- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

IGLC1_Ens embl           --- ------ ------ ------ ------ ------ ------ ------ ------ ---NGT CAGCCC AAGGCC AACCCC ACTGTC ACTCTG TTCCCG CCCTCC TCTGAG GAGCTC CAAGCC AACAAG GCCACA CTAGTG TGTCTG ATCAGT GACTTC TACCCG GGAGC

IGLC2_Ens embl           --- ------ ------ ------ ------ ------ ------ ------ ------ ---NGT CAGCCC AAGGCT GCCCCC TCGGTC ACTCTG TTCCCG CCCTCC TCTGAG GAGCTT CAAGCC AACAAG GCCACA CTGGTG TGTCTC ATAAGT GACTTC TACCCG GGAGC

IGLC3_Ens embl           --- ------ ------ ------ ------ ------ ------ ------ ------ ---NGT CAGCCC AAGGCT GCCCCC TCGGTC ACTCTG TTCCCA CCCTCC TCTGAG GAGCTT CAAGCC AACAAG GCCACA CTGGTG TGTCTC ATAAGT GACTTC TACCCG GGAGC

FOR116_H                GAC AGCGGC AC---- --TGCG GTGTTC GGCGGA GGGACC AAGCTG ACCGTC CTAGGT CAGCCC AAGGCT GCCCCC TCGGTC ACTCTG TTCCCG CCCTCC TCTGAG GAGCTT CAAGCC AACAAG GCCACA CTGGTG TGTCTC ATAAGT GACTTC TACCCG GGAGC

FOR118_H                GAC ACCAGC ATCCC- --TTAT GTCTTC GGACCT GGGACC ACGGTC ACCGTC YTAGGT CAGCCC AAGGCC AACCCC ACTGTC ACTCTG TTCCCG CCYTCC TCTGAG GAGCTS CAAGCC AACAAG GCCACA CTAGTG TGTCTG ATCAGT GACTTC TACCCG GGAGC

FOR120_H                GAC TATAAC ACTGTT GGTTTC ATGTTC GGCGGA GGGACC AAGTTG ACCGTC CTGGGT CAGCCC AAGGCT GCCCCC TCGGTC ACTCTG TTCCCG CCCTCC TCTGAG GAGCTT CAAGCC AACAAG GCCACA CTGGTG TGTCTC ATAAGT GACTTC TACCCG GGAGC

FOR123_H                GAC AGTTCT AC---- --CATG ATTTTC GGCGGA GGGACC AAGCTG ACCGTC CTAGGT CAGCCC AAGGCT GCCCCC TCGGTC ACTCTG TTCCCG CCCTCC TCTGAG GAGCTT CAAGCC AACAAG GCCACA CTGGTG TGTCTC ATAAGT GACTTC TACCCG GGAGC

FOR130_HT X              GAG ACCAGC ACTGG- --GGGG GTATTC GGCGGA GGGACC AAGCTG ACCGTC CTAGGT CAGCCC AAGGCT GCCCCC TCGGTC ACTCTG TTCCCG CCCTCC TCTGAG GAGCTT CAAGCC AACAAG GCCACA CTGGTG TGTCTC ATAAGT GACTTC TACCCG GGAGC

FOR131_H                GAC AGCAAC AC---- --TGTG GTGTTC GGCGGT GGGACC AAGCTG ACCGTC CTGGGT CAGCCC AAGGCT GCCCCC TCGGTC ACTCTG TTCCCG CCCTCC TCTGAG GAGCTT CAAGCC AACAAG GCCACA CTGGTG TGTCTC ATAAGT GACTTC TACCCG GGAGC

FOR132_H                GAC AGCAGC TC---- --CGTG GTCTTC GGCGGA GGGACC AAGCTG ACCGTC CTACGT CAGCCC AAGGCT GCCCCC TCGGTC ACTCTG TTCCCG CCCTCC TCTGAG GAGCTT CAAGCC AACAAG GCCACA CTGGTG TGTCTC ATAAGT GACTTC TACCCG GGAGC

FOR134_H                GAC AGCAAC TC---- --TTAT GTCTTC GGAACT GGGACC AAGGTC ACCGTC CTAGGT CAGCCC AAGGCC AACCCC ACTGTC ACTCTG TTCCCG CCCTCC TCTGAG GAGCTC CAAGCC AACAAG GCCACA CTAGTG TGTCTG ATCAGT GACTTC TACCCG GGAGC

FOR161_HT X              GAC AGCAGC AC---- --TGGT GTCTTC GGACCT GGGACC ACGGTC ACCGTC CTAGGT CAGCCC AAGGCC AACCCC ACTGTC ACTCTG TTCCCG CCCTCC TCTGAG GAGCTC CAAGCC AACAAG GCCACA CTAGTG TGTCTG ATCAGT GACTTC TACCCG GGAGC

FOR179_H                GAC AGCACC AC---- --TATA ATATTC GGCGGA GGGACC AAGCTG ACCGTC CTAGGT CAGCCC AAGGCT GCCCCC TCGGTC ACTCTG TTCCCG CCCTCC TCTGAG GAGCTT CAAGCC AACAAG GCCACA CTGGTG TGTCTC ATAAGT GACTTC TACCCG GGAGC

FOR195_H                GAC AGCAGC AT---- --TGCG GTATTC GGCGGA GGGACC AAGCTG ACCGTC CTAGGT CAGCCC AAGGCT GCCCCC TCGGTC ACTCTG TTCCCG CCCTCC TCTGAG GAACTT CAAGCC AACAAG GCCACA CTGGTG TGTCTC ATAAGT GACTTC TACCCG GGAGC

FOR206_H                GAC GGCATC AC---- --TGCC GTTTTC GGCGGA GGGACC AAGCTG ACCGTC CTAAGT CAGCCC AAGGCT GCCCCC TCGGTC ACTCTG TTCCCG CCCTCC TCTGAG GAGCTT CAAGCC AACAAG GCCACA CTGGTG TGTCTC ATAAGT GACTTC TACCCG GGAGC

FOR215_H                GAC AATAGC GC---- --TGCT GTGTTC GGAGGA GGCACC CAGGTG ACCGTC CTCGGT CAGCCC AAGGCT GCCCCA TCGGTC ACTCTG TTCCCA CCCTCC TCTGAG GAGCTT CAAGCC AACAAG GCCACA CTGGTG TGTCTC GTAAGT GACTTC TACCCG GGAGC

FOR189_HK                GAC AGCGTC AC---- --TGGG GTATTC GGCGGA GGGACC AAGCTG ACCGTC CTAGGT CAGCCC AAGGCT GCCCCC TCGGTC ACTCTG TTCCCG CCCTCC TCTGAG GAGCTT CAAGCC AACAAG GCCACA CTGGTG TGTCTC ATAAGT GACTTC TACCCG GGAGC

FOR191_HK                GAC AGCAGC AC---- --TGTG GTTTTC GGCGGA GGGACC AAGCTG ACCGTC CTAGGT CAGCCC AAGGCT GCCCCC TCGGTC ACTCTG TTCCCG CCCTCC TCTGAG GAGCTT CAAGCC AACAAG GCCACA CTGGTG TGTCTC ATAAGT GACTTC TACCCG GGAGC

MM120_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM120_B                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM120_C                 GAC AGCACC TCCTA- --TTAT GTCTTC GGGCCT GGGACC ACGGTC ACTGTC CTAGGT CAGCCC AAGGCC AACCCC ACTGTC ACTCTG TTCCCG CCCTCC TCTGAG GAGCTC CAAGCC AACAAG GCCACA CTAGTG TGTCTG ATCAGT GACTTC TACCCG GGAGC

MM139                   GAC AGCAAC AT---- --TGCC GTATTC GGCGGA GGGACC AAGCTG ACCGTC CTAGGT CAGCCC AAGGCT GCCCCC TCGGTC ACTCTG TTCCCG CCCTCC TCTGAG GAGCTT CAAGCC AACAAG GCCACA CTGGTG TGTCTC ATAAGT GACTTC TACCCG GGAGC

MM146                   GAC AATAAC GC---- --TGGA GTCTTC GGAACT GGGACC AAGGTC ACCGTC CTGCGT CAGCCC AAGGCC AACCCC ACTGTC ACTCTG TTCCCG CCCTCC TCTGAG GAGCTC CAAGCC AACAAG GCCACA CTAGTG TGTCTG ATCAGT GACTTC TACCCG GGAGC

IGLC1_Ens embl           TGT GACAGT GGCCTG GAAGGC AGATGG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CAAACC CTCCAA ACAGAG CAACAA CAAGTA CGCGGC CAGCAG CTACCT GAGCCT GACGCC CGAGCA GTGGAA GTCCCA CAGAAG CTACAG CTGCCA GGTCAC GCATG

IGLC2_Ens embl           CGT GACAGT GGCCTG GAAGGC AGATAG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CACACC CTCCAA ACAAAG CAACAA CAAGTA CGCGGC CAGCAG CTATCT GAGCCT GACGCC TGAGCA GTGGAA GTCCCA CAGAAG CTACAG CTGCCA GGTCAC GCATG

IGLC3_Ens embl           CGT GACAGT GGCCTG GAAGGC AGATAG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CACACC CTCCAA ACAAAG CAACAA CAAGTA CGCGGC CAGCAG CTACCT GAGCCT GACGCC TGAGCA GTGGAA GTCCCA CAAAAG CTACAG CTGCCA GGTCAC GCATG

FOR116_H                CGT GACAGT GGCCTG GAAGGC AGATAG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CACACC CTCCAA ACAAAG CAACAA CAAGTA CGCGGC CAGCAG CTACCT GAGCCT GACGCC TGAGCA GTGGAA GTCCCA CAAAAG CTACAG CTGCCA GGTCAC GCATG

FOR118_H                TGT GMCAGT GGCMTG GAAGGC AGATGG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CAAACC CTCCAA ACAGAG CAACAA CAAGTA CGCGGC CAGCAG CTACCT GAGCCT GACGCC CGAGCA GTGGAA GTCCCA CAGAAG CTACAG CTGCCA GGTCAC GCATG

FOR120_H                CGT GACAGT GGCCTG GAAGGC AGATAG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CACACC CTCCAA ACAAAG CAACAA CAAGTA CGCGGC CAGCAG CTACCT GAGCCT GACGCC TGAGCA GTGGAA GTCCCA CAGAAG CTACAG CTGCCA GGTCAC GCATG

FOR123_H                CGT GACAGT GGCCTG GAAGGC AGATAG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CACACC CTCCAA ACAAAG CAACAA CAAGTA CGCGGC CAGCAG CTATCT GAGCCT GACGCC TGAGCA GTGGAA GTCCCA CAGAAG CTACAG CTGCCA GGTCAC GCATG

FOR130_HT X              CGT GACAGT GGCCTG GAAGGC AGATAG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CACACC CTCCAA ACAAAG CAACAA CAAGTA CGCGGC CAGCAG CTATCT GAGCCT GACGCC TGAGCA GTGGAA GTCCCA CAGAAG CTACAG ------ ------ -----

FOR131_H                CGT GACAGT GGCCTG GAAGGC AGATAG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CACACC CTCCAA ACAAAG CAACAA CAAGTA CGCGGC CAGCAG CTATCT GAGCCT GACGCC TGAGCA GTGGAA GTCCCA CAGAAG CTACAG CTGCCA GGTCAC GCATG

FOR132_H                CGT GACAGT GGCCTG GAAGGC AGATAG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CACACC CTCCAA ACAAAG CAACAA CAAGTA CGCGGC CAGCAG CTATCT GAGCCT GACGCC TGAGCA GTGGAA GTCCCA CAGAAG CTACAG CTGCCA GGTCAC GCATG

FOR134_H                TGT GACAGT GGCCTG GAAGGC AGATGG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CAAACC CTCCAA ACAGAG CAACAA CAAGTA CGCGGC CAGCAG CTACCT GAGCCT GACGCC CGAGCA GTGGAA GTCCCA CAGAAG CTACAG CTGCCA GGTCAC GCATG

FOR161_HT X              TGT GACAGT GGCCTG GAAGGC AGATGG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CAAACC CTCCAA ACAGAG CAACAA CAAGTA CGCGGC CAGCAG CTACCT GAGCCT GACGCC CGAGCA GTGGAA GTCCCA CAGAAG CTACAG CTGCCA GGTCAC GCATG

FOR179_H                CGT GACAGT GGCCTG GAAGGC AGATAG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CACACC CTCCAA ACAAAG CAACAA CAAGTA CGCGGC CAGCAG CTATCT GAGCCT GACGCC TGAGCA GT---- ------ ------ ------ ------ ------ -----

FOR195_H                CGT GACAGT GGCCTG GAAGGC AGATAG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CACACC CTCCAA ACAAAG CAACAA CAAGTA CGCGGC CAGCAG CTATCT GAGCCT GACGCC TGAGCA GTGGAA GTCCCA CAGAAG CTACAG CTGCCA GGTCAC GCATG

FOR206_H                CGT GACAGT GGCCTG GAAGGC AGATAG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CACACC CTCCAA ACAAAG CAACAA CAAGTA CGCGGC CAGCAG CTATCT GAGCCT GACGCC TGAGCA GTGGAA GTCCCA CAGAAG CTACAG CTGCCA GGTCAC GCATG

FOR215_H                CGT GACAGT GGCCTG GAAGGC AGATGG CAGCCC CGTCAA GGTGGG AGTGGA GACCAC CAAACC CTCCAA ACAAAG CAACAA CAAGTA TGCGGC CAGCAG CTACCT GAGCCT GACGCC CGAGCA GTGGAA GTCCCA CAGAAG CTACAG CTGCCG GGTCAC GCATG

FOR189_HK                CGT GACAGT GGCCTG GAAGGC AGATAG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CACACC CTCCAA ACAAAG CAACAA CAAGTA CGCGGC CAGCAG CTATCT GAGCCT GACGCC TGAGCA GTGGAA GTCCCA CAGAAG CTACAG CTGCCA GGTCAC GCATG

FOR191_HK                CGT GACAGT GGCCTG GAAGGC AGATAG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CACACC CTCCAA ACAAAG CAACAA CAAGTA CGCGGC CAGCAG CTACCT GAGCCT GACGCC TGAGCA GTGGAA GTCCCA CAGAAG CTACAG CTGCCA GGTCAC GCATG

MM120_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM120_B                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM120_C                 TGT GACAGT GGCCTG GAAGGC AGATGG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CAAACC CTCCAA ACAGAG CAACAA CAAGTA CGCGGC CAGCAG CTACCT GAGCCT GACGCC CGAGC- ------ ------ ------ ------ ------ ------ -----

MM139                   CGT GACAGT GGCCTG GAAGGC AGATAG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CACACC CTCCAA ACAAAG CAACAA CAAGTA CGCGGC CAGCAG CTATCT GAGCCT GACGCC TGAGCA GTGGAA GTCC-- ------ ------ ------ ------ -----

MM146                   TGT GACAGT GGCCTG GAAGGC AGATGG CAGCCC CGTCAA GGCGGG AGTGGA GACCAC CAAACC CTCCAA ACAGAG CAACAA CAAGTA CGCGGC CAGCAG CTACCT GAGCCT GACGCC CGAG-- ------ ------ ------ ------ ------ ------ -----

IGLC1_Ens embl           AAG GGAGCA CCGTGG AGAA-G ACAGTG GCCCCT ACAGAA TGTTCA TAG

IGLC2_Ens embl           AAG GGAGCA CCGTGG AGAA-G ACAGTG GCCCCT ACAGAA TGTTCA TAG

IGLC3_Ens embl           AAG GGAGCA CCGTGG AGAA-G ACAGTG GCCCCT ACAGAA TGTTCA TAG

FOR116_H                A-- ------ ------ ------ ------ ------ ------ ------ ---

FOR118_H                AAG GGAGCA CCGTGG A----- ------ ------ ------ ------ ---

FOR120_H                AAG GGAGCA CCGTGG AGAA-G ACAGTG A----- ------ ------ ---

FOR123_H                AAG GGAGCA CCGTGG AGAA-G ACAGTG ------ ------ ------ ---

FOR130_HT X              --- ------ ------ ------ ------ ------ ------ ------ ---

FOR131_H                AAG GGAGCA CCGTGG A----- ------ ------ ------ ------ ---

FOR132_H                AAG GGAGCA CCGTGG AGAAAG ACAGTG A----- ------ ------ ---

FOR134_H                AAG GGAGCA CCGTGG A----- ------ ------ ------ ------ ---

FOR161_HT X              AAG GGAGCA CCGTGG AGAA-G ACAGTG A----- ------ ------ ---

FOR179_H                --- ------ ------ ------ ------ ------ ------ ------ ---

FOR195_H                AAG GGAGCA CCGTGG------ ------ ------ ------ ------ ---

FOR206_H                AAG GGAGCA CCGTGG------ ------ ------ ------ ------ ---

FOR215_H                AAG GGAGCA CCGTGG A----- ------ ------ ------ ------ ---

FOR189_HK                AAG GGAGCA CCGTGG A----- ------ ------ ------ ------ ---

FOR191_HK                AAG GGAGCA CCGTGG------ ------ ------ ------ ------ ---

MM120_A                 --- ------ ------ ------ ------ ------ ------ ------ ---

MM120_B                 --- ------ ------ ------ ------ ------ ------ ------ ---

MM120_C                 --- ------ ------ ------ ------ ------ ------ ------ ---

MM139                   --- ------ ------ ------ ------ ------ ------ ------ ---

MM146                   --- ------ ------ ------ ------ ------ ------ ------ ---
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Supplementary Information Table 5. Overview absolute the amino acid percentage of 

IGLV3-1 assigned AL amyloidosis and multiple myeloma light chain sequences. 
MM = multiple myeloma patient, _H = AL amyloidosis patient with dominant heart involvement, _HK = AL 

amyloidosis patient with dominant heart and kidney involvement, _HTX = AL amyloidosis patient who received 

a heart transplant. 

 Amino acid [%] 

Sample A R N D C Q E G H I L K M F P S T W Y V 

FOR123_H 8.7 1.7 2.9 4.7 2.3 5.2 3.5 7.6 0.6 2.9 8.1 5.8 0.6 2.3 7.6 12.2 10.5 1.7 4.1 7.0 

FOR179_H 8.7 1.2 2.9 5.8 1.7 5.8 3.5 7.0 0.0 4.1 7.0 6.4 0.6 2.9 7.6 12.8 9.9 1.7 4.1 6.4 

FOR130_HTX 9.2 2.3 2.9 4.0 2.3 5.8 4.0 9.2 0.0 3.5 6.4 4.6 0.6 2.3 6.9 12.7 10.4 1.7 4.6 6.4 

FOR161_HTX 8.7 1.7 4.1 4.7 1.7 5.8 3.5 8.7 0.0 2.9 5.8 5.2 0.6 2.3 8.1 12.8 9.9 1.7 4.7 7.0 

FOR120_H 8.6 1.1 4.6 4.0 2.3 5.7 4.0 8.6 0.0 2.9 6.3 5.2 1.1 2.9 7.5 11.5 10.3 1.7 5.2 6.3 

FOR206_H 9.9 1.7 3.5 4.7 2.3 5.8 4.1 8.1 0.0 4.1 5.8 5.2 0.6 2.9 7.6 11.6 10.5 1.7 3.5 6.4 

FOR215_H 9.3 1.2 4.7 4.7 1.7 6.4 4.1 8.1 0.0 2.3 6.4 5.8 0.6 2.3 7.6 11.6 8.7 1.7 4.7 8.1 

FOR118_H 9.2 1.2 4.0 4.6 2.3 6.4 3.5 8.1 0.0 3.5 5.8 5.8 0.6 2.3 8.7 11.0 9.2 1.7 5.2 6.9 

FOR134_H 7.6 1.2 4.1 4.7 2.3 5.8 3.5 8.7 0.0 2.9 5.8 6.4 0.6 2.9 8.1 11.6 10.5 1.7 4.7 7.0 

FOR132_H 9.9 1.2 3.5 5.2 1.7 5.8 3.5 8.1 0.0 1.7 6.4 6.4 0.6 2.3 7.6 12.8 8.7 1.7 4.7 8.1 

FOR131_H 10.5 1.7 3.5 4.7 2.3 5.8 3.5 8.7 0.0 3.5 6.4 5.8 0.0 2.3 7.6 12.2 8.7 1.7 4.7 6.4 

FOR116_H 9.3 1.2 2.9 4.7 1.7 5.8 3.5 8.1 0.0 3.5 6.4 5.8 1.2 2.9 7.0 14.0 9.9 1.7 4.1 6.4 

FOR195_H 8.7 1.7 2.9 4.7 2.3 6.4 4.1 7.6 0.0 2.9 6.4 5.2 0.6 2.3 7.0 13.4 9.9 1.7 4.7 7.6 

FOR191_HK 8.7 1.2 2.9 4.7 2.3 5.8 3.5 8.7 0.0 2.9 5.8 6.4 0.6 2.3 7.0 13.4 9.3 1.7 4.7 8.1 

FOR189_HK 8.7 1.7 2.9 4.7 2.3 5.2 3.5 7.6 0.6 2.9 8.1 5.8 0.6 2.3 7.6 12.2 10.5 1.7 4.1 7.0 

MM120 7.9 2.3 3.4 5.1 1.7 4.0 3.4 8.5 0.6 2.8 6.2 5.6 0.6 2.3 7.9 12.4 10.2 1.7 5.6 7.9 

MM139 8.7 1.7 3.5 4.7 1.7 5.2 4.7 7.6 0.0 2.9 6.4 5.8 0.6 2.3 7.6 14.5 8.7 1.7 4.7 7.0 

MM146 8.8 1.8 3.5 3.5 2.3 5.8 4.1 8.2 0.0 3.5 6.4 6.4 0.6 2.3 7.6 12.9 8.8 1.8 4.7 7.0 
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Appendix Results: IGLV3-21 

 

Supplementary Information Figure 17. Sequence comparison between MM106 IGLV3-

21 assigned light chain sequences generated through a next-generation sequencing and 

Sanger sequencing approach. For the sequence generated by the Sanger sequencing approach only 

dominant signals were used. * = nucleotide position consistent, MM = multiple myeloma patient, NGS = light 

chain sequence generated through next-generation sequencing, Sanger = light chain sequence generated through 

Sanger sequencing. Sequencing was performed using the VLKL3_A_fw_NB and CLKL_A_rv_NB 

oligonucleotides.  

MM106_NGS             ATGGCCTGGACCGTTCTCCTCCTCGGCCTCCTCTCTCACTGCACAGGCTCTGTGACCTCC

MM106_Sanger          ------------------------------------------------------------

MM106_NGS             TATGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAGGATTACC

MM106_Sanger          ------------CAGCCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAGGATTACC

************************************************

MM106_NGS             TGTGGGGGAAACAACATTGGAAGTAAAAGTGTGCACTGGTATCAGCAGAAGCCAGGCCAG

MM106_Sanger          TGTGGGGGAAACAACATTGGAAGTAAAAGTGTGCACTGGTATCAGCAGAAGCCAGGCCAG

************************************************************

MM106_NGS             GCCCCTGTGCTGGTCGTCTATGATGATAACGACCGGCCCTCAGGGATCCCTGAGCGATTC

MM106_Sanger          GCCCCTGTGCTGGTCGTCTATGATGATAACGACCGGCCCTCAGGGATCCCTGAGCGATTC

************************************************************

MM106_NGS             TCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGGAGGGTCGAAGCCGGGGAT

MM106_Sanger          TCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGGAGGGTCGAAGCCGGGGAT

************************************************************

MM106_NGS             GAGGCCGACTATTACTGTCAGGTGTGGGAGAGTAATAGTGATCATCCGGTATTTGGCGGA

MM106_Sanger          GAGGCCGACTATTACTGTCAGGTGTGGGAGAGTAATAGTGATCATCCGGTATTTGGCGGA

************************************************************

MM106_NGS             GGGACCAAGCTGACCGCCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCG

MM106_Sanger          GGGACCAAGCTGACCGCCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCG

************************************************************

MM106_NGS             CCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC

MM106_Sanger          CCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC

************************************************************

MM106_NGS             TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTG

MM106_Sanger          TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTG

************************************************************

MM106_NGS             GAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGC

MM106_Sanger          GAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGC

************************************************************

MM106_NGS             CTGACGCCTGAGCAGTGGAAGTC-------------------------------------

MM106_Sanger          CTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACGCATGAAGGG

***********************                                     

MM106_NGS             ----------

MM106_Sanger          AGCACCGTGG
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Supplementary Information Figure 18. Sequence comparison between MM111 IGLV3-

21 assigned light chain sequences generated through a next-generation sequencing and 

Sanger sequencing approach. For the sequence generated by the Sanger sequencing approach only 

dominant signals were used. * = nucleotide position consistent, MM = multiple myeloma patient, NGS = light 

chain sequence generated through next-generation sequencing, Sanger = light chain sequence generated through 

Sanger sequencing. Sequencing was performed using the VLKL3_A_fw_NB and CLKL_A_rv_NB 

oligonucleotides.  

MM111_NGS             ATGGCCTGGACCGTTCTCCTCCTCGGCCTCCTCTCTCACTGCACAGGGTCTGTGACCTCC

MM111_Sanger          ------------------------------------------------------------

MM111_NGS             TTTGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAGGTTCACC

MM111_Sanger          ------------CAGCCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAGGTTCACC

************************************************

MM111_NGS             TGTGGGGGAAACAACATTGGAAGTGAAAGTGTGCACTGGTACCAGCAGAAGCCAGGCCAG

MM111_Sanger          TGTGGGGGAAACAACATTGGAAGTGAAAGTGTGCACTGGTACCAGCAGAAGCCAGGCCAG

************************************************************

MM111_NGS             GCCCCTGCGTTGGTCGTCTATGATGACAGCGACCGGCCCTCAGGGATCCCTGAGCGATTC

MM111_Sanger          GCCCCTGCGTTGGTCGTCTATGATGACAGCGACCGGCCCTCAGGGATCCCTGAGCGATTC

************************************************************

MM111_NGS             TCTGGCTCCAGCTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGAT

MM111_Sanger          TCTGGCTCCAGCTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGAT

************************************************************

MM111_NGS             GAGGCCGACTATTTCTGTCAGGTGTGGGATAGTGATGGTGATCATTGGGTGTTCGGCGGA

MM111_Sanger          GAGGCCGACTATTTCTGTCAGGTGTGGGATAGTGATGGTGATCATTGGGTGTTCGGCGGA

************************************************************

MM111_NGS             GGGACCAAGCTGAGCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCA

MM111_Sanger          GGGACCAAGCTGAGCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCA

************************************************************

MM111_NGS             CCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC

MM111_Sanger          CCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC

************************************************************

MM111_NGS             TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTG

MM111_Sanger          TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTG

************************************************************

MM111_NGS             GAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGC

MM111_Sanger          GAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGC

************************************************************

MM111_NGS             CTGACGCCTGAGCAGTGG------------------------------------------

MM111_Sanger          CTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCAGGTCACGCATGAAGGG

******************                                          

MM111_NGS             ---------

MM111_Sanger          AGCACCGTG
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Supplementary Information Figure 19. Sequence comparison between MM111 IGLV3-

21 assigned light chain sequences generated through a next-generation sequencing and 

Sanger sequencing approach. For the sequence generated by the Sanger sequencing approach only 

dominant signals were used. * = nucleotide position consistent, MM = multiple myeloma patient, NGS = light 

chain sequence generated through next-generation sequencing, Sanger = light chain sequence generated through 

Sanger sequencing. Sequencing was performed using the VLKL3_A_fw_NB and CLKL_A_rv_NB 

oligonucleotides. Nucleotide signal overlaps in the Sanger sequencing were specified accoding to the IUPAC code. 

 

 

MM119_NGS         ATGGCCTGGACCGTTCTCCTCCTCGGCCTCCTCTCTCACTGCACAGGGTCTCTGAATTCT 60

MM119_Sanger      ------------------------------------------------------------ 0

MM119_NGS         TATGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAGGATTACC 120

MM119_Sanger      ------------CAGCCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAGGATTACC 48

************************************************

MM119_NGS         TGTGAGGGAAACGACATTGGAGATAAAAGTTTGCAGTGGTACCAGCAGAAGCCAGGCCAG 180

MM119_Sanger      TGTGAGGGAAACGACATTGGArrTAAAAGTdTGCAGTGGTACCAGCAGAAGCCAGGCCAG 108

************************************************************

MM119_NGS         GCCCCTGTGTTGGTCGTCTATGATGATAGCGACCGGCCCTCATGGATCCCTGAGCGATTC 240

MM119_Sanger      GCCCCTGTGTTGGTsrTCTATGAyGATAGCGACCGGCCCTCAkGGATCCCTGAGCGATTC 168

************************************************************

MM119_NGS         TCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGAT 300

MM119_Sanger      TCTGGCTCCArCTCwGGGAmCACGGCCACCyTGACCATCAGCrGGGTCGAAGCCGrGGAT 228

************************************************************

MM119_NGS         GAGGCCGACTATTATTGTCAGTTGTGGGATGGTTATACTCTCAGGGGGGTATTCGGCGGA 360

MM119_Sanger      GAGGCyGACTATTATTGTCAGTyGTsGrATGGywATACTCTCAkGGGGGTATTCGGCGGA 288

************************************************************

MM119_NGS         GGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCAGTCTGTTCCCG 420

MM119_Sanger      GGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCAvTCTGTTCCCG 348

************************************************************

MM119_NGS         CCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC 480

MM119_Sanger      CCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAkTGACTTC 408

************************************************************

MM119_NGS         TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTG 540

MM119_Sanger      TACCCGGrAGCCGTGACAGkGGCCTGGAAGGCArATAGCAGCCCCGTCAAGGCGGGAGTG 468

************************************************************

MM119_NGS         GAGACCACCACACCCTCCAAACAAAGCAATAACAAGTACGCGGCCAGCAGCTA------- 593

MM119_Sanger      GAGACCACCACACCCTCCAAACAAAGCAAyAACAAGTACGCGGCCAGCAGCTAyCTGAGC 528

*****************************************************       

MM119_NGS         --------------------

MM119_Sanger      CTGACGCCTGAGCAGTGGAA
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Supplementary Information Figure 20. Sequence alignment of the Sanger sequence and 

the sequence with the highest percentage in the IGLV3-21 next-generation sequencing 

experiment based on multiplex oligonucleotide PCR samples for FOR136 and FOR177. 
(MP_NGS_PCR) (C) sequence alignment FOR136 (D) sequence alignment FOR177. CDR region = underlined, 

IGLJ segment = blue highlight, linker region = green, sequence deviation = red, * = matching position, 

VLKL3c_huhn = IGLV3 specific forward oligonucleotide, JLHD123_rv = IGLJ segment specific reverse 

oligonucleotide, Sanger = sequence generated by Sanger sequencing, NGS = sequence with the highest percentage 

in the next-generation sequencing experiment. 

 

 

Supplementary Information Figure 21. Sequence alignment of the FOR169 Sanger 

sequence and the sequence with the highest percentage in the IGLV3-21 next-generation 

sequencing experiment based on multiplex oligonucleotide PCR samples. (MP_NGS_PCR). 

CDR region = underlined, IGLJ segment = blue highlight, linker region = green, sequence deviation = red, 

* = matching position, VLKL3c_huhn = IGLV3 specific forward oligonucleotide, JLHD123_rv = IGLJ segment 

specific reverse oligonucleotide, Sanger = sequence generated by Sanger sequencing, NGS = sequence with the 

highest percentage in the next-generation sequencing experiment. 

CDR2

VLKL3c_Huhn        TGGTACCAGCAGAAGCCAGG-----------------------------------------------------------

FOR136_Sanger      TGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGTTGGTCATCTTTTCTGATAGTGACCGGCCCTCAGGGATCCCTGAGCG

FOR136_NGS         --------------------------------------------------TAGTGACCGGCCCTCAGGGATCCCTGAGCG

******************************

FOR136_Sanger      ATTCTCTGGCTCCATCTCTGGGAACACGGCCACCCTGACCATCAGCGGGGTCGAAGCCGGGGATGAGGCCGACTATTACT

FOR136_NGS         ATTCTCTGGCTCCATCTCTGGGAACACGGCCACCCTGACCATCAGCGGGGTCGAAGCCGGGGATGAGGCCGACTATTACT

********************************************************************************

CDR3                     IGLJ

JLHD123_rv         --------------------------------------------GGGACCAAGCTCACCGTCCTAG--------------

FOR136_Sanger      GTCAGCTCTGGGATATTAGTACTGACAATTGCGTGTTCGGCGGTGGGACCAGGCTGACCGTCCTTGGTCAGCCCAAGGCT

FOR136_NGS         GTCAGCTCTGGGATATTAGTACTGACAATTGCGTGTTCGGCGGTGGGACCAAGCTCACCGT-------------------

*************************************************** *** ***** 

CDR2

VLKL3c_Huhn        TGGTACCAGCAGAAGCCAGG------------------------------------------------------------

FOR177_Sanger      TGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTTGTGGTCATGTATTATGATAGTGACCGGCCCTCAGGGATCCCTGAGCG

FOR177_NGS         -----------------------------------------------TGATAGTGACCGGCCCTCAGGGATCCCTGAGCG

*********************************

FOR177_Sanger      ATTCTCTGGGTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCGGGGTCGAGGCCGGGGATGAGGCCGACTACTACT

FOR177_NGS         ATTCTCTGGGTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCGGGGTCGAGGCCGGGGATGAGGCCGACTACTACT

********************************************************************************

CDR3                   IGLJ

JLHD123_rv         -----------------------------------------GGGACCAAGCTCACCGTCCTAG-----------------

FOR177_Sanger      GTCACGTGTGGGACACTAGTGGTGATCGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCC

FOR177_NGS         GTCACGTGTGGGACACTAGTGGTGATCGGGTGTTCGGCGGAGGGACCAAGCTCACCGTC-TAGGACGG------------

**************************************************** ****** **** * * 

A

B

CDR2

VLKL3c_Huhn          TGGTACCAGCAGAAGCCAGG----------------------------------------

FOR169_Sanger        TGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGTTGGTCATCTATGACGATAGCGACCGG

FOR169_NGS -----------------------------------------------------CGACCGG

*******

FOR169_Sanger        CCCTCAGGGATCCCTGCGCGATTCTCTGGCTCCAACTCTGAGAACACGGCCACCCTGACC

FOR169_NGS CCCTCAGGGATCCCTGCGCGATTCTCTGGCTCCAACTCTGAGAACACGGCCACCCTGACC

************************************************************

CDR3

FOR169_Sanger        ATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTCAGGTGTGGGATAATGCT

FOR169_NGS ATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTCAGGTGTGGGATAATGCT

************************************************************

IGLJ

JLHD123_rv           ---------------------------GGGACCAAGCTCACCGTCCTAG-----------

FOR169_Sanger        ACTGATCATCTTTGGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTCGGTCAGCCCAAG

FOR169_NGS           ACTGATCATCTTTGGGTATTCGGCGGAGGGACCAAGCTCACCGTCTAGGAC---------

************************************** ******   * 
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Supplementary Information Figure 22. Sequence alignment of the FOR113, FOR136, 

FOR163 and FOR169 sequences with the highest percentage in the two IGLV3-21 next-

generation sequencing experiments. * = matching position, _A = sequence with the highest percentage 

in the next-generation sequencing experiment; NGS_PCR_MP = sequence generated by the next-generation 

sequencing approach based on multiple forward oligonucleotides, NGS_PCR_N = sequence generated by the 

next-generation sequencing approach based on the VLKL3_A_fw_NB forward oligonucleotide. 

 

 

FOR136_NGS_PCR_MP_sequence_A      ---TAGTGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCATCTCTGGGAACAC

FOR136_NGS_PCR_N_sequence_A       GACAACTGAGAGGCCCTCAGGGATCCCTGACCGATTCTCTGGCTCCAGCTCAGGGACAAT

* ***  ******************* **************** *** ****  * 

FOR136_NGS_PCR_MP_sequence_A      GGCCACCCTGACCATCAGCGGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTCAGCT

FOR136_NGS_PCR_N_sequence_A       AGTCACGCTGACCATCAGTGGGGTCCAGGCTGAAGACGAGGCTGACTATTATTGTCAATC

* *** *********** ****** * ** *  ** ***** ******** *****  

FOR136_NGS_PCR_MP_sequence_A      CTGGGATATTAGTACTGACAATTGCGTGTTCGGCGGTGGGACCAAGCTCACCGT

FOR136_NGS_PCR_N_sequence_A       AGCAGACAGCAGCGGCACTTATCGGGTGTTCGGCGGAGGGACCAAGCTCACCGT

** *  **        ** * *********** *****************

FOR163_NGS_PCR_MP_sequence_A      -----CCGGCCCTCGGGGATCCCTGAGCGATTCTCTGGCGCCAACTCTGGGAACACGGCC

FOR163_NGS_PCR_N_sequence_A       AATGAGAGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAGCTCAGGGACTACAGCC

******* ************************ *** *** ****  ** ***

FOR163_NGS_PCR_MP_sequence_A      ACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTCAGGTGTGG

FOR163_NGS_PCR_N_sequence_A       ACGTTGACCATCAGTGCAGTCCAGCCAGAGGACGAGGCTGACTTCTACTGTCAATCACTT

**  **********    *** *  * * *** ***** ****  ********       

FOR163_NGS_PCR_MP_sequence_A      GATAGCAGTAAGAGTCATCAAATTTTCGGCGGAGGGACCAAGCTCACCGTCTA

FOR163_NGS_PCR_N_sequence_A       GACACCAGTGGCACTTCTGTGGTTTTCGGCGGAGGGACCAAGCTCACCGTCTA

** * ****   * *  *    *******************************

FOR169_NGS_PCR_MP_sequence_A      ----------CGACCGGCCCTCAGGGATCCCTGCGCGATTCTCTGGCTCCAACTCTGAGA

FOR169_NGS_PCR_N_sequence_A       ATAAGGACAGTGAGAGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCACCTCAGGGA

**  ****************** ***************** *** * **

FOR169_NGS_PCR_MP_sequence_A      ACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTC

FOR169_NGS_PCR_N_sequence_A       CAACAGTCACGCTGACCATCAGTGGAGTCCAGGCAGAAGACGAGGCTGACTATTACTGTC

** * *** ***********  * *** * ** *  ** ***** *************

FOR169_NGS_PCR_MP_sequence_A      AGGTGTGGGATAATGCTACTGATCATCTTTGGGTATTCGGCGGAGGGACCAAGCTCACCG

FOR169_NGS_PCR_N_sequence_A       AATCAGCAGAC--AGCGGTGG-AACCCATGTGGTTTTCGGCGGTGGGACCAAGCTCACCG

*       **    **    *     * *  *** ******** ****************

FOR169_NGS_PCR_MP_sequence_A      TCTAGGAC--------

FOR169_NGS_PCR_N_sequence_A       TCTAGGACGGTGAGCT                                 

********        

FOR113_NGS_PCR_MP_sequenceA      TAACAACCGGCCCTCTGGGATCCCTGAGCGATTCTCTGCCTCCAACTCGGGGAACACGGC

FOR113_NGS_PCR_N_sequenceA       -----AGAGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAGTTCAGGGACAATAGC

*  ******* ********************** *****  ** ****  *  **

FOR113_NGS_PCR_MP_sequenceA      CACCCTGACCATCAGCAGAGCCCAAGCCGGGGATGAGGCTGACTATTACTGTCAGGTGTG

FOR113_NGS_PCR_N_sequenceA       CACGTTGACCATCAGTGGAGTCCAGGCAGACGACGAGGCTGTCTATTACTGTCAATCAGC

***  **********  *** *** ** *  ** ******* ************      

FOR113_NGS_PCR_MP_sequenceA      GGACATCAGTATT------GGGGTGTTCGGCGGAGGGACCAAGCTCACCGT---

FOR113_NGS_PCR_N_sequenceA       ATACAACAGTGGTAAATCTTTTGTCTTCGGAACTGGGACCAAGCTCACCGTCTA

*** ****  *         ** *****    *****************   
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Supplementary Information Figure 23. Sequence comparison of the FOR113, FOR136, 

FOR163 and FOR169 sequences with the highest percentage in the N_NGS_PCR approach 

and corresponding sequences in the MP_NGS_PCR approach. * = matching position, 

NGS_PCR_MP = sequence generated by the next-generation sequencing approach based on multipley forward 

oligonucleotides, NGS_PCR_N = sequence generated by the next-generation sequencing approach based on the 

VLKL3_A_fw_NB forward oligonucleotide, next-generation sequencing sequences were designated in 

descending alphabetical order based on the percentage. 

FOR163_NGS_PCR_MP_sequence_D      ----AGCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAGTTTAGGGACAACAGCC

FOR163_NGS_PCR_N_sequence_A       AATGAGAGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAGCTCAGGGACTACAGCC

** ************************************* * ****** ******

FOR163_NGS_PCR_MP_sequence_D      ACGTTGACTATCAGTGAAGTCCAGGCAGAGGACGAGGCTGACTATTACTGTCAATCAGCA

FOR163_NGS_PCR_N_sequence_A       ACGTTGACCATCAGTGCAGTCCAGCCAGAGGACGAGGCTGACTTCTACTGTCAATCACTT

******** ******* ******* ******************  ************   

FOR163_NGS_PCR_MP_sequence_D      GACAACAGTGGTGGTTATGGGGTGGCATTCGGCGGAGGGACCAAGCTCACCGT---

FOR163_NGS_PCR_N_sequence_A       GACACCAGTGGCACTTCT---GTGGTTTTCGGCGGAGGGACCAAGCTCACCGTCTA

**** ******   ** *   **** **************************   

FOR169_NGS_PCR_MP_sequence_B      -----GACAGTGAGAGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAGCTCAGGGA

FOR169_NGS_PCR_MP_sequence_C      ---AAGACAGTGAGAGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCACCTCAGGGG

FOR169_NGS_PCR_MP_sequence_D      ------ACACTGAGAGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCACCTCAGGGA

FOR169_NGS_PCR_N_sequence_A       ATAAGGACAGTGAGAGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCACCTCAGGGA

*** ***************************************** ******* 

FOR169_NGS_PCR_MP_sequence_B      CAACAGTCACGTTGACCATCAGTGGAGTCCAGGCAGAAGACGAGGCTGACTATCACTGTC

FOR169_NGS_PCR_MP_sequence_C      CAACAGCCACGTTGACCATTAGTGGAGTCCGGACAGAAGACGAGGCTGACTATTACTGTC

FOR169_NGS_PCR_MP_sequence_D      CAACAGTCACGTTGACCATCAGTGGAGTCCAGGCAGAAGACGAGGGTGACTATTACTGTC

FOR169_NGS_PCR_N_sequence_A       CAACAGTCACGCTGACCATCAGTGGAGTCCAGGCAGAAGACGAGGCTGACTATTACTGTC

****** **** ******* ********** * ************ ******* ******

FOR169_NGS_PCR_MP_sequence_B      AATCAGCAGACAGCAGTGGTA------CTTATGTGGTATTCGGCGGAGGGACCAAGCTCA

FOR169_NGS_PCR_MP_sequence_C      AATCAGCAGACAGCACTAGTC------CTTATG---TCTTCGGAACTGGGACCAAGCTCA

FOR169_NGS_PCR_MP_sequence_D      AATCAACAGACAACAGTGGTCCTTATCCCTTTGTGGTATTCGGCGGAGGGACCAAGCTCA

FOR169_NGS_PCR_N_sequence_A       AATCAGCAGACAGCGGTGGAA------CCCATGTGGTTTTCGGCGGTGGGACCAAGCTCA

***** ****** *  * *        *  **   * *****    *************

FOR169_NGS_PCR_MP_sequence_B      CCG----------------

FOR169_NGS_PCR_MP_sequence_C      CCGT---------------

FOR169_NGS_PCR_MP_sequence_D      CCGT---------------

FOR169_NGS_PCR_N_sequence_A       CCGTCTAGGACGGTGAGCT

***  

FOR113_NGS_PCR_MP_sequence_C      -------GGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAGCTCAGGGACAACAGTC

FOR113_NGS_PCR_MP_sequence_D      AGTCTGAGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCACCTCAGGGGCAGCAGTC

FOR113_NGS_PCR_MP_sequence_N      ----AGAGGCCCTCAGGGATCCCTGACCGATTCTATGGCTCCAGTTCAGGGACAACAGTC

FOR113_NGS_PCR_N_sequence_A       ----AGAGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAGTTCAGGGACAATAGCC

FOR113_NGS_PCR_N_sequence_C       --TGAGAGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAGTTCAGGGACAATAGCC

******************* ******* ********  ****** **  ** *

FOR113_NGS_PCR_MP_sequence_C      ACATTGACCATCAGTGGAGTCCAGGCAGAGGACGAGGCTGACTATTATTGTCAATCAGCA

FOR113_NGS_PCR_MP_sequence_D      ACGTTGACCATCAGTGGAGTCCAGGCAGAAGACGAGGCTGACTATTACTGTCAATCATCA

FOR113_NGS_PCR_MP_sequence_N      ACATTGACCATCAGTGGAGTCCAGGCAGAAGACGAGGGTGACTACTACTGTCAATCAGCA

FOR113_NGS_PCR_N_sequence_A       ACGTTGACCATCAGTGGAGTCCAGGCAGACGACGAGGCTGTCTATTACTGTCAATCAGCA

FOR113_NGS_PCR_N_sequence_C       ACGTTGACCATCAGTGGAGTCCAGGCAGACGACGAGGCTGTCTATTACTGTCAATCAGCA

** ************************** ******* ** *** ** ********* **

FOR113_NGS_PCR_MP_sequence_C      GACACCATTGGTACTTATCGGGTGTTCGGCGGAGGGACCAAGCTCACCGT----

FOR113_NGS_PCR_MP_sequence_D      GATAGCAGTGGTACATAT---GTCTTCGGAACTGGGACCAAGCTCACCGT----

FOR113_NGS_PCR_MP_sequence_N      GACGCCAGTGGCAATTATGTGGTCTTCGGTATTGGGACCAAGCTCACCGTCTAG

FOR113_NGS_PCR_N_sequence_A       TACAACAGTGGTAAATCTTTTGTCTTCGGAACTGGGACCAAGCTCACCGTCTA-

FOR113_NGS_PCR_N_sequence_C       TACAACAGTGGTAAATCTTTTGTCTTCGGAACTGGGACCAAGCTCACCGT----

*   ** *** *  * *   ** *****   *****************  
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Supplementary Information Figure 24. Sequence alignment of IGLV3-21 assigned AL 

amyloidosis and multiple myeloma amino acid light chain sequences. N- and C-terminal 

sequence regions that were excluded in the analysis are highlightet in grey. Bold = reference sequences, 

underlined = CDR regions, red highlight = discrepancy between the VBase2 and Ensembl IGLV3-21 reference, 

red letter = mutation, X and grey highlight = not unambiguously determined amino acid, green letter = linker 

region, MM = multiple myeloma patient, _H = AL amyloidosis patient with dominant heart involvement, 

_HK = AL amyloidosis patient with dominant heart and kidney involvement. 

CDR1 CDR2                                   CDR3          

IGLV3-21_Ensembl        MAWTVLLLGLLSHCTGSVTSYVLTQPPSVSVAPGQTARITCGGNNIGSKSVHWYQQKPGQAPVLVVYDDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWDSSSDHPT---

IGLV3-21*01_VBase2      -------------------SYVLTQPPSVSVAPGKTARITCGGNNIGSKSVHWYQQKPGQAPVLVIYYDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWDSSS-------

IGLV3-21*02_VBase2      -------------------SYVLTQPPSVSVAPGQTARITCGGNNIGSKSVHWYQQKPGQAPVLVVYDDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWDSSS-------

IGLV3-21*03_VBase2      -------------------SYVLTQPPSVSVAPGKTARITCGGNNIGSKSVHWYQQKPGQAPVLVVYDDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWDSSS-------

IGLJ1*01_Genbank        ---------------------------------------------------------------------------------------------------------------------YVF

IGLJ2/J3*01_Genbank     ---------------------------------------------------------------------------------------------------------------------VVF

IGLJ3*02_Genbank        ---------------------------------------------------------------------------------------------------------------------WVF

FOR104_H                -------------------SYELTQPPSVSVAPGQTANITCG--NIGSESVHWYQQKPGQAPVLVAHDDSDRPSGIPERLSGSNSGNTATLTISRVEAGDEADYYCQVWDFTTDH--LVF

FOR105_H                ----------------------------------------------------WYQQKPGQAPVVVVXDDSDRPSGIPERFSGSNSGNTATITISRVEAXDEXXYYCQXWDSSSDH--VVF

FOR127_H                ----------------------------------------------------XYQQXPXXAPXXVXXYDXXRPSXIXXRXFXSXSGXTXTXTIXRXXAEXEEXXYXXXWDXSSDH--VVF

FOR136_H                ----------------------------------------------------WYQQKPGQAPVLVIFSDSDRPSGIPERFSGSISGNTATLTISGVEAGDEADYYCQLWDISTDN--CVF

FOR162_H                ----------------------------------------------------WYQQXPGXAPXLVVYDDNDRPSGXPXRFXXSNSGXTATXTISXVEAEDEXXYYXQXWDSSSXH--XVF

FOR163_H                ----------------------------------------------------WYQQXPXQAPXXVXYDDNXRPSGIPERFSXSXSGXTATLXIXRVXDEDEXXYYXQSXDSSXXH--VVF

FOR169_H                ----------------------------------------------------WYQQKPGQAPVLVIYDDSDRPSGIPARFSGSNSENTATLTISRVEAGDEADYYCQVWDNATDHL-WVF

FOR177_H                ----------------------------------------------------WYQQKPGQAPVLVVYDDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWETISNHPNWVF

FOR176_H                ----------------------------------------------------WYQQKPGQAPVVMYYDDSDRPSGIPERFSGSNSGNTATLTISGVEAGDEADYYCHVWDTSGD---RVF

FOR187_HK               -------------------SYELTQPPSMSVAPGQTARITCGGSNIGTRSVHWYRQKPGQAPAVVVFDDSDRPSGIXERXSGXNXGNTATXIXNRVEAGDEADYYCQVWETYSDHA-VIF

MM106                   MAWTVLLLGLLSHCTGSVTSYVLTQPPSVSVAPGQTARITCGGNNIGSKSVHWYQQKPGQAPVLVVYDDNDRPSGIPERFSGSNSGNTATLTIRRVEAGDEADYYCQVWESNSDH--PVF

MM108                   MAWTVLLLGLLSHCTGSVTSYVLTQAPSVSVAPGQTARITCGGNNIGSETVHWYQQRPGQAPVLVVYDDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYFCQVWDSSSEH--LVF

MM111                   MAWTVLLLGLLSHCTGSVTSFVLTQPPSVSVAPGQTARFTCGGNNIGSESVHWYQQKPGQAPALVVYDDSDRPSGIPERFSGSSSGNTATLTISRVEAGDEADYFCQVWDSDGDH--WVF

MM119                   MAWTVLLLGLLSHCTGSLNSYVLTQPPSVSVAPGQTARITCEGNDIGDKSLQWYQQKPGQAPVLVVYDDSDRPSWIPERFSGSNSGNTATLTISRVEAGDEADYYCQLWDGYTLR--GVF

MM122                   MAWTVLLLGLLSHCTGSVTSYVLTQAPSVSVAPGQTARITCGGNNIGGKRVHWYQKKPGQAPVVVVYGDSDRPSGISERFSGSNSGSTATLTIGRVEAGDEADYFCQVCDSRSDQ--VVF

MM123                   MAWTVLLLGLLSHCTGSVTSYVLTQPPSVSVAPGQTARITCGANNIGSKNVHWYQQKPGQAPVLVVYNDVDRPSGIPERFSGSNSGDTATLTISRVEAGDEADYYCHVRESGSDR--FVF

MM134                   MAWTVLLLGLLSHCTGSVTSYVLTQPPSVSVAPGETARITCAGDDIGGISVQWYQQKPGQAPVLVLHADSERPAGIPERFSGANSGNTATLTISRVEGGDEAEYFCHVWESRRHYG-GVF

MM138                   MAWTVLLLGLLSHCTGSVTSYVLTQPPSVSVAPGQTARISCGGNKVGRKSVHWYQQKPGQAPVLVIYDDSDRPSGIPERLSGSNSGNTATLTISRVEAGDEADYYCQVWDSSTDH--PVF

MM143                   MAWTVLLLGLLSHCTGSVTSYVLTQPPSVSVAPGQTARITCGGNNIATKSVHWYQQKPGQAPVLVVYYDSDRPSGIPERFSGSNSGNTATLTITRVEAGDEADYYCQVWDFTSDH--VVF

MM144                   MAWTVLLLGLLSHCTGSVTSSVLAQPPSVSVAPGLTARITCGGNNIGSKSVHWYQQKPGQAPLLVVYDDSDRPSKIPERFSGSNSGNTATLTINRVEAGDEADYYCQVWDSSNDHPFVIF

MM150                   MAWTVLLLGLLSHCTDSVTSYVLTQPPSVSVAPGQTARITCGGNNIGRKSVHWYQQKPGQAPVLVVYDDRDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYHCQVWDSSSDH--RVF

IGLJ1*01_Genbank        GTGTKVTVL----------------------------------------------------------------------------------------------------------

IGLJ2/J3*01_Genbank     GGGTKLTVL----------------------------------------------------------------------------------------------------------

IGLJ3*02_Genbank        GGGTKLTVL----------------------------------------------------------------------------------------------------------

IGLC1*01_Genbank        ---------GQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

IGLC2*01_Genbank        ---------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

IGLC3*01_Genbank        ---------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVEKTVAPTECS

FOR104_H                GGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVE---------

FOR105_H                GGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASXYLSLTPEQWKSHXSYSCQVTHEGST-----------

FOR127_H                GGGTKXTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSY---------------------

FOR136_H                GGGTRLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVEKTV------

FOR162_H                GGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSC-------------------

FOR163_H                GGGTKXTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSC-------------------

FOR169_H                GGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVEKTV------

FOR177_H                GGGTELTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVEKTV------

FOR176_H                GGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTV----------

FOR187_HK               GGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETT--------------------------------------------------

MM106                   GGGTKLTALGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWK--------------------------

MM108                   GGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHR-----------------------

MM111                   GGGTKLSVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQW---------------------------

MM119                   GGGTKLTVLGQPKAAPSVSLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASS------------------------------------

MM122                   GGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQW ---------------------------

MM123                   GTGTQVTVLGQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRS----------------------

MM134                   GGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQW ---------------------------

MM138                   GGGTTLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE-----------------------------

MM143                   GGGTKLTALSQPKAAPSVTLFPPSSEELQANMATLVCLISDFYPGAVTVAWKADSSPVKAGVETTAPSKQSNNKYAASSYLSLTPEQW---------------------------

MM144                   GGGTKLTVLSQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWK--------------------------

MM150                   GGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQ----------------------------
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Supplementary Information Figure 25. Sequence alignment of IGLV3-21 assigned AL 

amyloidosis and multiple myeloma cDNA light chain sequences. green letter = linker region, 

MM = multiple myeloma patient, _H = AL amyloidosis patient with dominant heart involvement, _HK = AL 

amyloidosis patient. Nucleotide signal overlaps in the Sanger sequencing were specified accoding to the IUPAC 

code. 

IGLV3-21_Ensembl        ATGGCCTGGACCGTTCTCCTCCTCGGCCTCCTCTCTCACTGCACAGGCTCTGTGACCTCCTATGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAGGATTACCTGTGGGGGAAA---------CAACATTGGAAGTAAAAGTGTGCA

IGLV3-21*01_VBase2      ---------------------------------------------------------TCCTATGTGCTGACTCAGCCACCCTCAGTGTCAGTGGCCCCAGGAAAGACGGCCAGGATTACCTGTGGGGGAAA---------CAACATTGGAAGTAAAAGTGTGCA

IGLV3-21*02_VBase2      ---------------------------------------------------------TCCTATGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAGGATTACCTGTGGGGGAAA---------CAACATTGGAAGTAAAAGTGTGCA

IGLV3-21*03_VBase2      ---------------------------------------------------------TCCTATGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGAAAGACGGCCAGGATTACCTGTGGGGGAAA---------CAACATTGGAAGTAAAAGTGTGCA

FOR104_H                ---------------------------------------------------------TCCTATGAGCTGACACAGCCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAACATTACCTGTGGGA---------------ACATTGGAAGTGAAAGTGTTCA

FOR105_H                --------------------------------------------------------------------------------------------------------------------------------------------------------------------

FOR127_H                --------------------------------------------------------------------------------------------------------------------------------------------------------------------

FOR136_H                --------------------------------------------------------------------------------------------------------------------------------------------------------------------

FOR162_H                --------------------------------------------------------------------------------------------------------------------------------------------------------------------

FOR163_H                --------------------------------------------------------------------------------------------------------------------------------------------------------------------

FOR169_H                --------------------------------------------------------------------------------------------------------------------------------------------------------------------

FOR176_H                --------------------------------------------------------------------------------------------------------------------------------------------------------------------

FOR177_H                --------------------------------------------------------------------GACTCAGSAGCCATCRTTRTCAKTGTCCCCWGGAGGGMCAGTCACMMTCACCTGTGGCTYSAGMTSYGGMTCMRTCTTYRGTAGTCATTAYCCCAR

FOR187_HK               ---------------------------------------------------------TCCTATGAGCTGACACAGCCACCCTCGATGTCAGTGGCCCCCGGACAGACGGCCAGGATTACCTGTGGGGGAAG---------CAATATTGGGACTAGAAGTGTTCA

MM106                   ATGGCCTGGACCGTTCTCCTCCTCGGCCTCCTCTCTCACTGCACAGGCTCTGTGACCTCCTATGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAGGATTACCTGTGGGGGAAA---------CAACATTGGAAGTAAAAGTGTGCA

MM108                   ATGGCCTGGACCGTTCTCCTCCTCGGCCTCCTCTCTCACTGCACAGGCTCTGTGACCTCCTATGTTCTGACTCAGGCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAGGATTACCTGTGGGGGAAA---------CAACATTGGAAGTGAGACTGTGCA

MM111                   ATGGCCTGGACCGTTCTCCTCCTCGGCCTCCTCTCTCACTGCACAGGGTCTGTGACCTCCTTTGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAGGTTCACCTGTGGGGGAA---------ACAACATTGGAAGTGAAAGTGTGCA

MM119                   ATGGCCTGGACCGTTCTCCTCCTCGGCCTCCTCTCTCACTGCACAGGGTCTCTGAATTCTTATGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAGGATTACCTGTGAGGGAAA---------CGACATTGGAGATAAAAGTTTGCA

MM122                   ATGGCCTGGACCGTTCTCCTCCTCGGCCTCCTCTCTCACTGCACAGGCTCTGTGACCTCCTATGTGCTGACTCAGGCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAGGATTACCTGTGGGGGAAA---------CAACATTGGAGGTAAAAGAGTTCA

MM123                   ATGGCCTGGACCGTTCTCCTCCTCGGCCTCCTCTCTCACTGCACAGGTTCTGTGACCTCCTATGTGCTGACTCAGCCACCCTCGGTGTCGGTGGCCCCAGGACAGACGGCCAGGATTACCTGTGGGGCAAA---------CAACATTGGAAGTAAAAATGTGCA

MM134                   ATGGCCTGGACCGTTCTCCTCCTCGGCCTCCTCTCTCACTGCACAGGGTCTGTGACCTCCTATGTGTTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGAGAGACGGCCAGGATTACCTGTGCGGGAGA---------CGACATTGGAGGTATAAGTGTTCA

MM138                   ATGGCCTGGACCGTTCTCCTCCTCGGCCTCCTCTCTCACTGCACAGGCTCTGTCACCTCCTATGTTCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCGGGACAGACGGCCAGGATTTCCTGTGGGGGAAA---------CAAAGTTGGGAGAAAAAGTGTGCA

MM143                   ATGGCCTGGACCGTTCTCCTCCTCGGCCTCCTCTCTCACTGCACAGGCTCAGTGACCTCCTATGTGTTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAGGATTACCTGTGGGGGAAA---------CAACATTGCAACTAAAAGTGTGCA

MM144                   ATGGCCTGGACCGTTCTCCTCCTCGGCCTCCTCTCTCACTGCACAGGCTCTGTGACCTCCTCTGTGCTGGCTCAGCCACCCTCGGTGTCAGTGGCCCCTGGACTGACGGCCAGGATTACCTGTGGGGGAAA---------CAACATTGGAAGTAAAAGTGTGCA

MM150                   ATGGCCTGGACCGTTCTCCTCCTCGGCCTCCTCTCTCACTGCACAGACTCTGTGACCTCCTATGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAGGATTACCTGTGGGGGAAA---------CAATATCGGAAGAAAAAGTGTGCA

IGLV3-21_Ensembl        CTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGCTGGTCGTCTATGATGATAGCGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTC

IGLV3-21*01_VBase2      CTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGCTGGTCATCTATTATGATAGCGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTC

IGLV3-21*02_VBase2      CTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGCTGGTCGTCTATGATGATAGCGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTC

IGLV3-21*03_VBase2      CTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGCTGGTCGTCTATGATGATAGCGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTC

FOR104_H                CTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGCTAGTCGCCCATGACGATAGCGACCGGCCCTCAGGGATCCCTGAGCGACTCTCCGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAGGCCGGGGATGAGGCCGACTATTACTGTC

FOR105_H                TTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGGTGGTCGTsTwTGATGATAGCGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGGAACACGGCCACCATbACCATCAGCAGGGTCGAAGCCGrGGATGAGGmyGAbTATTACTGTC

FOR127_H                TTGkTAbyAGCAGmAGCCrGsACmGGCCCCysynsTGGTsrTCTwTTATGATrAyrACCGsCCsTCAGsGATC-CTsAvCGATTmTTTkGCTCCwmCTCnGGGAvsACGrCCACCwysACCATCAkCAGGGksGrGGCsGAGGAkGAGGAGGAvkATTATTrTy

FOR136_H                TTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGTTGGTCATCTTTTCTGATAGTGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCATCTCTGGGAACACGGCCACCCTGACCATCAGCGGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTC

FOR162_H                TTGGTAbCAGCAGmAGCCAGGvCmGGCCCCTvTkCTsGTCGTCTATGATGATAAyGACCGGCCCTCAGGGrTCCCTGAsCGATTCTsTkGCTCCAACTCyGGsAmCACvGCCACCnTsACCATCAGCAGvGTCGArGCsGAGGATGAGGmyGAbTATTAyTrTC

FOR163_H                TTGGTAsCAGCAGmAGCCAGsvCAGGCCCCTsTGbTGGTCdTCTATGATGAyAACGAsCGGCCCTCAGGGATCCCTGAGCGATTCTCTkGCTCCwvCTCnGGGAmCACvGCCACCTTGAyCATCrGCAGGGTCsAGGCsGAGGATGAGGmbGAmTATTAyTrTC

FOR169_H                TTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGTTGGTCATCTATGACGATAGCGACCGGCCCTCAGGGATCCCTGCGCGATTCTCTGGCTCCAACTCTGAGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTC

FOR176_H                TTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTACTGGTCGTCTATGATGATAGCGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTACTACTGTC

FOR177_H                TTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTTGTGGTCATGTATTATGATAGTGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGGTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCGGGGTCGAGGCCGGGGATGAGGCCGACTACTACTGTC

FOR187_HK               CTGGTACCGGCAGAAGCCAGGCCAGGCCCCTGCGGTGGTCGTCTTTGATGATAGCGACCGGCCCTCAGGsATCCsTGAGCGATTmTCyGGCTyCAACTyyGGGAACACGGCCACCsTGATCmTCAACAGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTC

MM106                   CTGGTATCAGCAGAAGCCAGGCCAGGCCCCTGTGCTGGTCGTCTATGATGATAACGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGGAGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTC

MM108                   CTGGTACCAGCAGAGGCCAGGCCAGGCCCCTGTGTTGGTCGTCTATGATGATAGCGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGTAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTTCTGTC

MM111                   CTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGCGTTGGTCGTCTATGATGACAGCGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAGCTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTTCTGTC

MM119                   GTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGTTGGTCGTCTATGATGATAGCGACCGGCCCTCATGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTATTGTC

MM122                   CTGGTACCAGAAGAAGCCAGGCCAGGCCCCTGTGGTGGTCGTCTATGGTGATAGCGACCGGCCCTCAGGCATCTCCGAGCGATTCTCTGGGTCCAACTCTGGGAGCACGGCCACCCTGACCATCGGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTTCTGTC

MM123                   CTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGCTGGTCGTCTATAATGATGTCGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGGGACACGGCCACCCTGACCATCAGCAGGGTCGAGGCCGGGGATGAGGCCGACTATTACTGTC

MM134                   GTGGTACCAGCAGAAGCCAGGGCAGGCCCCTGTACTGGTCCTCCATGCGGATAGCGAGCGGCCCGCAGGGATCCCTGAGCGATTCTCTGGCGCCAACTCCGGCAACACGGCCACCCTGACCATCAGCAGGGTCGAGGGCGGAGATGAGGCCGAGTATTTTTGCC

MM138                   CTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGTTGGTCATCTATGATGATAGCGACCGGCCCTCAGGGATCCCTGAGCGACTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATTAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTC

MM143                   CTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGTTGGTCGTCTATTATGACAGCGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGAAACACGGCCACCCTGACCATCACCAGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTC

MM144                   CTGGTACCAGCAGAAGCCAGGCCAGGCCCCTTTGCTGGTCGTCTATGATGATAGCGACCGGCCCTCAAAGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGAAACACGGCCACCCTGACCATCAACAGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTC

MM150                   CTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGTTGGTCGTCTATGATGATAGGGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAAGCCGACTATCACTGTC

IGLV3-21_Ensembl        AGGTGTGGGATAGTAGTAGTGATCATCCCACG------------------------------------------------------------------------------------------------------------------------------------

IGLV3-21*01_VBase2      AGGTGTGGGATAGTAGTAGT------------------------------------------------------------------------------------------------------------------------------------------------

IGLV3-21*02_VBase2      AGGTGTGGGATAGTAGTAGT------------------------------------------------------------------------------------------------------------------------------------------------

IGLV3-21*03_VBase2      AGGTGTGGGATAGTAGTAGT------------------------------------------------------------------------------------------------------------------------------------------------

IGLJ1*01_Genbank        -------------------------------TTATGTCTTCGGAACTGGGACCAAGGTCACCGTCCTAG-----------------------------------------------------------------------------------------------

IGLJ3/2*01_Genbank      -------------------------------TGTGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTAG-----------------------------------------------------------------------------------------------

IGLJ3*02_Genbank        -------------------------------TTGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAG-----------------------------------------------------------------------------------------------

IGLC1_Ensembl           --------------------------------------------------------------------NGTCAGCCCAAGGCCAACCCCACTGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTCCAAGCCAACAAGGCCACACTAGTGTGTCTGATCAGTGAC

IGLC2_Ensembl           --------------------------------------------------------------------NGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

IGLC3_Ensembl           --------------------------------------------------------------------NGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

FOR104_H                AGGTGTGGGATTTTACTACTGATCA------TCTCGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

FOR105_H                AGkTGTGGGATAGTAGTAGTGATCA------TGTGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

FOR127_H                AkTnGTGGGATrGnAGTAGTGATCA------TGTGGTrTTCGGCGGAGGGACCAAGsTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

FOR136_H                AGCTCTGGGATATTAGTACTGACAA------TTGCGTGTTCGGCGGTGGGACCAGGCTGACCGTCCTTGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

FOR162_H                AGkbGTGGGAyAGyAGTAGTrATCA------TkkGGTrTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCrCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

FOR163_H                AGTCGTsGGAyAGCAGTrGTrATCA------TGTGGTrTTCGGCGGAGGGACCAAGsTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

FOR169_H                AGGTGTGGGATAATGCTACTGATCATCT---TTGGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTCGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

FOR176_H                AGGTGTGGGAGACTATCAGTAATCATCCCAATTGGGTGTTCGGCGGAGGGACCGAGCTGACCGTCCTGGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

FOR177_H                ACGTGTGGGACACTAGTGGTGA---------TCGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

FOR187_HK               AGGTGTGGGAAACTTATAGTGATCATGC---CGTGATTTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

MM106                   AGGTGTGGGAGAGTAATAGTGATCA------TCCGGTATTTGGCGGAGGGACCAAGCTGACCGCCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

MM108                   AGGTGTGGGATAGTAGTAGTGAACA------TCTGGTCTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

MM111                   AGGTGTGGGATAGTGATGGTGATCA------TTGGGTGTTCGGCGGAGGGACCAAGCTGAGCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

MM119                   AGTTGTGGGATGGTTATACTCTCAG------GGGGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCAGTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

MM122                   AGGTGTGTGATAGTCGTAGTGATCA------AGTGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

MM123                   ACGTGAGGGAAAGTGGTAGTGATCG------TTTTGTCTTCGGCACTGGGACCCAGGTCACCGTCCTAGGTCAGCCCAAGGCCAACCCCACTGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTCCAAGCCAACAAGGCCACACTAGTGTGTCTGATCAGTGAC

MM134                   ACGTGTGGGAAAGTAGAAGACATTATGG---GGGGGTTTTCGGCGGAGGGACCAAGCTGACCGTCCTGGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

MM138                   AGGTGTGGGATAGTAGTACTGATCA------TCCGGTATTCGGCGGAGGGACCACGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

MM143                   AGGTGTGGGATTTTACTAGTGATCA------TGTGGTTTTCGGCGGAGGGACCAAGCTGACCGCCCTAAGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACATGGCCACACTGGTGTGTCTCATAAGTGAC

MM144                   AGGTGTGGGATAGTAGTAATGATCATCCGTTTGTGATATTCGGCGGAGGGACCAAGCTGACCGTCCTAAGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

MM150                   AGGTGTGGGATAGTAGTAGTGATCA------TCGAGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTGGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGAC

IGLC1_Ensembl           TTCTACCCGGGAGCTGTGACAGTGGCCTGGAAGGCAGATGGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCAAACCCTCCAAACAGAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCCGAGCAGTGGAAGTCCCACAGAAGCTACAGCTG

IGLC2_Ensembl           TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTG

IGLC3_Ensembl           TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTG

FOR104_H                TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTG

FOR105_H                TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAkCTAyCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACArAAGCTACAGCTG

FOR127_H                TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAG---

FOR136_H                TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTG

FOR162_H                TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTG

FOR163_H                TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTG

FOR169_H                TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTG

FOR176_H                TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTG

FOR177_H                TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTG

FOR187_HK               TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCA-------------------------------------------------------------------------------------------

MM106                   TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTC------------------

MM108                   TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAA----------

MM111                   TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGG-----------------------

MM119                   TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAATAACAAGTACGCGGCCAGCAGCTA------------------------------------------------

MM122                   TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGA----------------------

MM123                   TTCTACCCGGGAGCTGTGACAGTGGCCTGGAAGGCAGATGGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCAAACCCTCCAAACAGAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCCGAGCAGTGGAAGTCCCACAGAAGC--------

MM134                   TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGA----------------------

MM138                   TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGC----------------------------

MM143                   TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCGCACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGG-----------------------

MM144                   TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAG--------------------

MM150                   TTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTG------------------------

IGLC1_Ensembl           CCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG

IGLC2_Ensembl           CCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG

IGLC3_Ensembl           CCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG

FOR104_H                CCAGGTCACGCATGAAGGGAGCACCGTGGAGA-----------------------------

FOR105_H                CCAGGTCACGCATGAAGGGAGCACC------------------------------------

FOR127_H                -------------------------------------------------------------

FOR136_H                CCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGA--------------------

FOR162_H                C------------------------------------------------------------

FOR163_H                C------------------------------------------------------------

FOR169_H                CCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGA--------------------

FOR176_H                CCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGA--------------------

FOR177_H                CCAGGTCACGCATGAAGGGAGCACCGTG---------------------------------

FOR187_HK               -------------------------------------------------------------

MM106                   -------------------------------------------------------------

MM108                   -------------------------------------------------------------

MM111                   -------------------------------------------------------------

MM119                   -------------------------------------------------------------

MM122                   -------------------------------------------------------------

MM123                   -------------------------------------------------------------

MM134                   -------------------------------------------------------------

MM138                   -------------------------------------------------------------

MM143                   -------------------------------------------------------------

MM144                   -------------------------------------------------------------

MM150                   -------------------------------------------------------------
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Supplementary Information Figure 26. Sequence comparison between MM112 IGLV6-

57 assigned light chain sequences generated through a next-generation sequencing and 

Sanger sequencing approach. For the sequence generated by the Sanger sequencing approach only 

dominant signals were used. * = nucleotide position consistent, MM = multiple myeloma patient, NGS = light 

chain sequence generated through next-generation sequencing, Sanger = light chain sequence generated through 

Sanger sequencing. Sequencing was performed using the VLKL3_A_fw_NB and CLKL_A_rv_NB 

oligonucleotides. 

MM112_NGS         ATGGCCTGGGCTCCACTACTTCTCACCCTCCTCGCTCACTGCACAGGTTCTTGGGCCAAT 60

MM112_Sanger      ------------------------------------------------------------ 0

MM112_NGS         TTTATGCTGACTCAGCCGCACTCTGTGTCGGAGTCTCCGGGGAAGACGGTGACCATCTCC 120

MM112_Sanger      ------------------------GTGTCGGAGTCTCCGGGGAAGACGGTGACCATCTCC 36

************************************

MM112_NGS         TGCACCCGCAGCAGTGGCAACATTGCCAGCAACTATGTGCAGTGGTACCAGCAGCGCCCG 180

MM112_Sanger      TGCACCCGCAGCAGTGGCAACATTGCCAGCAACTATGTGCAGTGGTACCAGCAGCGCCCG 96

************************************************************

MM112_NGS         GGCAGTGCCCCCACCACTGTGATCTATGAGGATAATCAAAGACCCTCTGGGGTCCCTGAT 240

MM112_Sanger      GGCAGTGCCCCCACCACTGTGATCTATGAGGATAATCAAAGACCCTCTGGGGTCCCTGAT 156

************************************************************

MM112_NGS         CGGTTCTCTGGCTCCATCGACAGGTCCTCCAAGTCTGCCTCCCTCACCATCTCTCGACTG 300

MM112_Sanger      CGGTTCTCTGGCTCCATCGACAGGTCCTCCAAGTCTGCCTCCCTCACCATCTCTCGACTG 216

************************************************************

MM112_NGS         AAGACTGAGGACGAGGCTGACTACTACTGTCAGTCTTATGATGACAACAATCTTTGGGTG 360

MM112_Sanger      AAGACTGAGGACGAGGCTGACTACTACTGTCAGTCTTATGATGACAACAATCTTTGGGTG 276

************************************************************

MM112_NGS         TTCGGCGGAGGGACCAAGCTGACCGTCCTGAGTCAGCCCAAGGCTGCCCCCTCGGTCACT 420

MM112_Sanger      TTCGGCGGAGGGACCAAGCTGACCGTCCTGAGTCAGCCCAAGGCTGCCCCCTCGGTCACT 336

************************************************************

MM112_NGS         CTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATA 480

MM112_Sanger      CTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATA 396

************************************************************

MM112_NGS         AGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAG 540

MM112_Sanger      AGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAG 456

************************************************************

MM112_NGS         GCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACACGGCCAGCAGC 600

MM112_Sanger      GCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACACGGCCAGCAGC 516

************************************************************

MM112_NGS         TACCTGAGCCTGACGCCTGAGCAGT----------------------------------- 625

MM112_Sanger      TACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCAGGTCACG 576

*************************                                   

MM112_NGS         -------------------

MM112_Sanger      CATGAAGGGAGCACCGTGG
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Supplementary Information Figure 27. Alignment of sequence sections given by the 

bioinformatic analysis of the bulk RNA sequencing approach of M107. * = nucleotide position 

consistent, MM = multiple myeloma patient. The two different sequence sections are indicated by _A and _B. 

MM107_A      ------------------------------------------------------------

MM107_B      GGGTCACAAGAGGCAGCGCTCTCGGGACGTCTCCACCATGGCCTGGGCTCTGCTGCTCCT

MM107_A      ------------------------------------------------------------

MM107_B      CACTCTCCTCACTCAGGACACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGCCTC

MM107_A      ------------------------------------------------------------

MM107_B      CGTGTCTGGGTCTCTTGGACAGTCGGTCACCATCTCCTGCTCTGGATCCAACGGTGATGT

MM107_A      ------------------------------------------------------------

MM107_B      TGGGACTTATAACCTTGTCTCTTGGTATCAACACCACCCAGGCGAAGCCCCCAAACTCGT

MM107_A      ------------------------------------------------------------

MM107_B      GGTTTATGAGGGCAGTAAGCGGCCCTCCGGGGTTTCTTGGCGCTTCTCTGGCTCCAAGTC

MM107_A      ------------------------------------------------------------

MM107_B      TGGCAACACGGCCTCCCTGGAAATTTTTGACCTCCAGGCTGAGGACGAGGCCGATTATTA

MM107_A      ------------------------------------------------------------

MM107_B      CTGCTGCTCCTATGCAGGTAGTAGTACTTTGATTTTCGGCGGAGGGACCAAAGTGACCGT

MM107_A      ---------------------------------------CCCGCCCTCCTCTGAGGCAAA

MM107_B      CCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCT

*****************    

MM107_A      GGGG----ATAAGA-----CAG--------------------------------------

MM107_B      TCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGAC

* ***      * *                                      

MM107_A      ------------------------------------------------------------

MM107_B      AGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACTCCCTC

MM107_A      ------------------------------------------------------------

MM107_B      CAAACAGAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTG

MM107_A      ---

MM107_B      GAA
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Supplementary Information Figure 28. Alignment of sequence sections given by the 

bioinformatic analysis of the bulk RNA sequencing approach of M132. * = nucleotide position 

consistent, MM = multiple myeloma patient. The two different sequence sections are indicated by _A and _B. 

MM132_A      ------------------------------------------------------------ 0

MM132_B      CTGGGGTCACAAGAGGCAGCGCTCTCGGGACGTCTCCACCATGGCCTGGGCTCTGCTGCT 60

MM132_A      ------------------------------------------------------------ 0

MM132_B      CCTCACCCTCCTCACTCAGGACACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGC 120

MM132_A      ------------------------------------------------------------ 0

MM132_B      CTCCGTGTCTGCTTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCGGTGA 180

MM132_A      ------------------------------------------------------------ 0

MM132_B      TATTGGGAGTTTTAGCCTTGTCTCCTGGTACCAACAACACCCAGGCAGAGCCCCCAAACT 240

MM132_A      ------------------------------------------------------------ 0

MM132_B      CATGATTTACGAGGTCCATAAGCGGCCCTCAGGGGTTTCTACTCGCTTCTCTGGCTCCAA 300

MM132_A      ------------------------------------------------------------ 0

MM132_B      GTCTGACAACACGGCCTCCCTGACAATCTCTGGGCTCCAGGCTGACGACGAGGCTGATTA 360

MM132_A      ------------------------------------------------------------ 0

MM132_B      TTACTGCTTCTCATATGCAGGTAGAGGCACTTCGGGAGTCTTCGGCGGAGGGACCAGGCT 420 

MM132_A      -----------------------------------------TGTTCCCGCCCTCCTCTGA 19

MM132_B      GACCGTCCTAAGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGA 480

*******************

MM132_A      GG---------------------------------------------------------- 21

MM132_B      GGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGC 540

**                                                          

MM132_A      ------------------------------------------------------------ 21

MM132_B      CGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCAC 600

MM132_A      ------------------------------------------------------------ 21

MM132_B      ACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGA 660

MM132_A      ---------

MM132_B      GCAGTGGAA
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Supplementary Information Figure 29. Sequence alignment of IGLV6-57 assigned AL 

amyloidosis and multiple myeloma amino acid light chain sequences. N- and C-terminal 

sequence regions that were excluded in the analysis are highlightet in grey. Bold = reference sequences, 

underlined = CDR regions, red highlight = discrepancy between the VBase2 and Ensembl IGLV6-57 reference, 

red letter = mutation, X and grey highlight = not unambiguously determined amino acid, green letter = linker 

region, MM = multiple myeloma patient, _H = AL amyloidosis patient with dominant heart involvement, 

_HK = AL amyloidosis patient with dominant heart and kidney involvement, _HTX = AL amyloidosis patient 

who received a heart transplant. 

 

                                                                 CDR1                        CDR2                                     CDR3       

IGLV6-57_Ensembl        MAWAPLLLTLLAHCTGSWANFMLTQPHSVSESPGKTVTISCTGSSGSIASNYVQWYQQRPGSAPTTVIYEDNQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDSSN--- 

IGLV6-57*01_VBase2      -------------------NFMLTQPHSVSESPGKTVTISCTRSSGSIASNYVQWYQQRPGSSPTTVIYEDNQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDSSN--- 

IGLJ3/2*01_Genbank      -----------------------------------------------------------------------------------------------------------------------V 

IGLJ3*02_Genbank        -----------------------------------------------------------------------------------------------------------------------W 

FOR150_HK               ----------------------------VSESPGKTVTISCTRSSGSIVSNYVQWYQQRPGSSPTTVIYEDEQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSFDSANH-W 

FOR152_HK               ----------------------------VSESPGKTVTISCTGSGGSIASNYVQWYQQRPGSAPTTVIYEDNLTPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCLSYDSSH--W 

FOR153_HK               ----------------------------VSESPGKTVTISCTRSSGSIVSKFVQWYQQRPGSAPTTVIYEDDLRPSGVPDRFSGSVDSSSNSASLTISGLKTEDEADYYCQSYDTNN--W 

FOR154_HK               ----------------------------VSESPGKTVTISCTRSSGRIASNYVQWYQQRPGSSPTTLIYEDNQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDARD--V 

FOR188_HK               ----------------------------VSESPGKTVTISCTRSSGYIASNYVQWYQQRPGSSPTTVIHEHFKRPSGVPDRFSGSIDYSSNSASLTISGLTTEDEADYYCQSFDRTS--W 

FOR185_HK               ------------------------------ESPGKTVTISCTGSSGSIASNYVQWYQQRPGSAPTTVIFEDNQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDTSSG-V 

FOR222_HK               ----------------------------VSQSPGKTVTISCTGTGGSIARNYVQWFQQRPGSAPTTVIYEDNQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSFDGSNH-I 

FOR228_HK               -----------------------------SESPGKTVTISCTRSSGRIASNFVQWYQQRPGSAPTTVIYDDKQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSHDSSN--V 

FOR117_HTX              -----------------------------SESPGKTVTISCTRSSDSIATNYVQWYQQRPGSAPTTVIYEDNERPSGVPDRFSGSIDRSSNSASLTISGLKTEDEADYYCQSYDSSN--V 

FOR126_H                ----------------------------VSESPGKTVTISCTGSSGSIASNYVQWYQQRPGSAPTTVIYEDNQRPSGVPDRFSGSIDSSSNSASLTITGLKTEDEADYYCQSYDNNNG-G 

FOR133_H                ----------------------------VSESPGKTVTISCTVSGGSXXTXYVXWYQQRPGSAPTTXIYXDXXRXSGVXDRFSGSIDXSSNSASLTISGLKXEDEADYYCQSYXDNT--X 

FOR140_HTX              -----------------------------SESPGKTVTISCTRSSGSIASDYVQWYQQRPGSAPTTVIFENDQRPSGVPARFSGSIDSSSDSASLTISGLTTEDEADYYCQSYDSSAF-W 

FOR144_H                ----------------------------VSESPGKTITISCTRSSGDIASNFVQWYQQRPGSSPSTLIYEDNQRPSGVPDRFSGSIDRSSNSASLTISGLQTEDEADYYCQSYDSAN--V 

FOR192_H                -----------------------------SESPGKTVTISCTGSSDSIASNYVQWYQQRPGSAPTTVIYEDNRRPSGVPDRFSGSIDRSSKSASLTISGLKTEDEAVYYCQSFDSTN--V 

FOR194_H                ----------------------------VSESPGKTVTISCTRSGGSIASYYVQWYQQRPGSSPITVIYEDNQRPSGVPDRFSGSIDSSSNSASLTISGLQTEDEADYYCQSYDFNNYSW 

FOR197_HTX              ------------------------------------------RSSGSIADNYVQWFQQRPXSAPTTVIFEDNQRPSGVPDRFSGSIDSSSNSASLTISRLQTDDEADYYCXSYDSITS-V 

FOR205_H                ----------------------------VSESPGKTVTISCSRSSGSIASNYVQWYQQRPGSGPTSVIYEDRQRPSGVPDRFSGSIDRSSNSASLTISGLKTDDEADYFCHSHDDSNHWE 

FOR214_HTX              ----------------------------VSESPGKTVTISCTRSSGSIASNHVQWFQQRPGSAPITVIFEDNQRPSGVPDRFSGSIDSSSNSASLIISGLQTEDEADYYCQSYDSSD--Q 

MM112                   MAWAPLLLTLLAHCTGSWANFMLTQPHSVSESPGKTVTISCTRSSGNIASNYVQWYQQRPGSAPTTVIYEDNQRPSGVPDRFSGSIDRSSKSASLTISRLKTEDEADYYCQSYDDNNL-W 

 

 

IGLJ3/2*01_Genbank      VFGGGTKLTVL---------------------------------------------------------------------------------------------------------- 

IGLJ3*02_Genbank        VFGGGTKLTVL---------------------------------------------------------------------------------------------------------- 

IGLC2*01_Genbank        -----------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS 

IGLC3*01_Genbank        -----------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVEKTVAPTECS 

FOR150_HK               VFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTV---------- 

FOR152_HK               VFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTV---------- 

FOR153_HK               VFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTV---------- 

FOR154_HK               VFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTV---------- 

FOR188_HK               VFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTV---------- 

FOR185_HK               VFGGGTRLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTV---------- 

FOR222_HK               LFGGGTKLTVVGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTV---------- 

FOR228_HK               VFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTV---------- 

FOR117_HTX              IFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTV---------- 

FOR126_H                VFGGGTRLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVE--------- 

FOR133_H                VFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVE--------- 

FOR140_HTX              VFGGGTRLTVLSQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVE--------- 

FOR144_H                IFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETSTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTV---------- 

FOR192_H                VFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTV---------- 

FOR194_H                VFGGGTKVTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKNYSCQVTHEGSTV---------- 

FOR197_HTX              VFGGGTKXTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVEKTV------ 

FOR205_H                VFGGGTRLTVLSQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGST----------- 

FOR214_HTX              VFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTV---------- 

MM112                   VFGGGTKLTVLSQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYTASSYLSLTPEQ---------------------------- 



Appendix  Natalie Berghaus 
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Supplementary Information Figure 30. Sequence alignment of IGLV6-57 assigned AL 

amyloidosis and multiple myeloma cDNA light chain sequences. N- and C-terminal sequence 

regions that were excluded in the analysis are highlightet in grey. Bold = reference sequences, underlined = CDR 

regions, red letter = mutation, X and grey highlight = not unambiguously determined amino acid, green 

letter = linker region, MM = multiple myeloma patient. Nucleotide signal overlaps in the Sanger sequencing were 

specified accoding to the IUPAC code. 

 

IGLV6-57_Ensembl        ATGGCCTGGGCTCCACTACTTCTCACCCTCCTCGCTCACTGCACAGGTTCTTGGGCCAATTTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACGGTAACCATCTCCTGCACCGGCAGCAGTGGCAGCATTGCCAGCAACTATGTGCAGTG

IGLV6-57*01_VBase2      ---------------------------------------------------------AATTTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACGGTAACCATCTCCTGCACCCGCAGCAGTGGCAGCATTGCCAGCAACTATGTGCAGTG

FOR117_HTX              ---------------------------------------------------------------------------------------TCGGAGTCTCCGGGGAAGACGGTAACCATCTCCTGCACCCGCAGCAGTGACAGCATTGCCACCAACTATGTGCAGTG

FOR126_H                ----------------------------------------------------------------------------------CTGTGTCGGAGTCTCCGGGGAAGACGGTAACCATCTCCTGCACCGGCAGCAGTGGCAGCATTGCCAGCAACTATGTGCAGTG

FOR140_HTX              --------------------------------------------------------------------------------------GTCGGAGTCTCCGGGGAAGACGGTCACCATCTCCTGTACTCGCAGCAGTGGCAGCATTGCCAGCGACTATGTGCAGTG

FOR144_H                ------------------------------------------------------------------------------------GTGTCGGAGTCTCCGGGGAAGACGATAACCATCTCCTGCACCCGCAGCAGTGGCGACATTGCCAGCAACTTTGTGCAGTG

FOR192_H                -------------------------------------------------------------------------------------TGTCGGAGTCTCCGGGGAAGACGGTGACCATCTCCTGCACCGGCAGTAGTGACAGCATTGCCAGCAACTATGTGCAGTG

FOR194_H                -----------------------------------------------------------------------------------TGTGTCGGAGTCTCCGGGGAAGACGGTAACCATCTCCTGCACCCGCAGCGGTGGCAGCATTGCCAGCTACTATGTGCAGTG

FOR197_HTX              -----------------------------------------------------------------------------------------------------------------------------CCGCAGCAGTGGCAGCATTGCCGACAACTATGTGCAGTG

FOR205_H                -----------------------------------------------------------------------------------TGTGTCGGAGTCTCCGGGGAAGACGGTAACCATATCATGCAGCCGCAGCAGTGGCAGCATTGCCAGCAACTATGTGCAGTG

FOR214_HTX              -----------------------------------------------------------------------------------TGTGTCGGAGTCTCCGGGGAAGACGGTAACCATCTCCTGCACCCGCAGCAGTGGCAGCATTGCCAGCAACCATGTGCAGTG

FOR150_HK               -----------------------------------------------------------------------------------TGTGTCGGAATCTCCGGGGAAGACGGTAACCATCTCCTGCACCCGCAGCAGTGGCAGCATTGTCAGCAACTATGTGCAGTG

FOR152_HK               ------------------------------------------------------------------------------------GTGTCGGAGTCTCCGGGGAAGACGGTAACCATCTCCTGCACCGGCAGCGGTGGCAGCATTGCCAGCAACTATGTGCAATG

FOR153_HK               -----------------------------------------------------------------------------------TGTGTCGGAGTCTCCGGGGAAGACGGTCACCATCTCCTGCACCCGCAGCAGTGGCAGCATTGTCAGCAAATTTGTGCAGTG

FOR154_HK               -----------------------------------------------------------------------------------TGTGTCGGAGTCTCCGGGGAAGACGGTTACCATCTCCTGCACCCGCAGCAGTGGCCGCATTGCCAGCAACTATGTGCAGTG

FOR188_HK               -----------------------------------------------------------------------------------TGTGTCGGAGTCTCCGGGGAAGACGGTAACCATCTCCTGCACCCGCAGCAGTGGCTACATTGCCAGTAACTATGTGCAGTG

FOR185_HK               -------------------------------------------------------------------------------------TGTCGGAGTCTCCGGGGAAGACGGTAACCATCTCCTGCACCGGCAGCAGTGGCAGCATTGCCAGCAACTATGTGCAGTG

FOR222_HK               -----------------------------------------------------------------------------------TGTGTCGCAGTCTCCGGGGAAGACGGTAACCATCTCCTGCACCGGCACCGGTGGCAGCATTGCCCGCAACTATGTGCAGTG

FOR228_HK               --------------------------------------------------------------------------------------GTCGGAGTCTCCGGGGAAGACGGTTACCATCTCCTGCACCCGCAGCAGTGGCCGCATTGCCAGCAACTTTGTGCAGTG

MM112                   ATGGCCTGGGCTCCACTACTTCTCACCCTCCTCGCTCACTGCACAGGTTCTTGGGCCAATTTTATGCTGACTCAGCCGCACTCTGTGTCGGAGTCTCCGGGGAAGACGGTGACCATCTCCTGCACCCGCAGCAGTGGCAACATTGCCAGCAACTATGTGCAGTG

IGLV6-57_Ensembl        GTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTATGAGGATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGACAGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGACGAGGCTGACTACTACT

IGLV6-57*01_VBase2      GTACCAGCAGCGCCCGGGCAGTTCCCCCACCACTGTGATCTATGAGGATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGACAGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGACGAGGCTGACTACTACT

FOR117_HTX              GTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTATGAGGATAACGAAAGACCCTCTGGGGTCCCTGATCGATTCTCTGGCTCCATCGACAGGTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGACGAGGCTGACTACTACT

FOR126_H                GTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTATGAGGATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGACAGCTCCTCCAACTCTGCCTCCCTCACCATCACTGGACTTAAGACTGAGGACGAGGCTGACTACTATT

FOR140_HTX              GTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTTTGAGAATGACCAAAGACCCTCTGGGGTCCCTGCTCGGTTCTCTGGCTCCATCGACAGCTCCTCCGACTCTGCCTCCCTCACCATCTCTGGTCTGACGACTGAGGACGAGGCTGACTATTACT

FOR144_H                GTACCAGCAGCGCCCGGGCAGTTCCCCCAGCACTTTGATATATGAGGATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGACAGATCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGCAGACTGAGGACGAGGCTGACTATTATT

FOR192_H                GTATCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTATGAGGATAACCGAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGACAGGTCCTCCAAGTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGACGAGGCTGTCTACTACT

FOR194_H                GTACCAGCAGCGCCCGGGCAGTTCCCCCATCACTGTGATTTATGAGGATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGACAGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGCAGACTGAGGACGAGGCTGACTACTACT

FOR197_HTX              GTTCCAGCAGCGCCCGGRCAGTGCCCCCACCACTGTGATCTTTGAGGATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGACAGCTCCTCCAACTCTGCCTCCCTCACCATCTCTAGACTGCAGACTGACGACGAGGCTGACTACTACT

FOR205_H                GTATCAGCAGCGCCCGGGCAGTGGCCCCACCAGTGTCATCTATGAGGATAGGCAAAGACCATCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGACAGGTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGACGACGAGGCTGACTACTTCT

FOR214_HTX              GTTCCAGCAGCGCCCGGGCAGTGCCCCAATCACTGTAATCTTTGAGGATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGACAGCTCCTCCAACTCTGCCTCACTCATCATCTCTGGACTGCAGACTGAGGACGAGGCTGACTACTACT

FOR150_HK               GTACCAGCAGCGCCCGGGCAGTTCCCCCACCACTGTGATCTATGAGGATGAGCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGACAGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGACGAGGCTGACTACTACT

FOR152_HK               GTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTATGAGGATAACCTAACACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGACAGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGACGAGGCTGACTACTACT

FOR153_HK               GTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTAATCTATGAGGATGACCTAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCGTCGACAGCTCCTCCAACTCTGCCTCCCTCACCATCTCGGGACTGAAGACTGAGGACGAGGCTGACTACTACT

FOR154_HK               GTACCAGCAGCGCCCGGGCAGTTCCCCCACCACTCTGATCTATGAGGATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGACAGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAAGACGAGGCTGACTACTACT

FOR188_HK               GTACCAGCAGCGCCCGGGCAGTTCACCCACCACTGTGATCCATGAGCATTTTAAGCGGCCGTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGACTACTCCTCCAACTCTGCCTCCCTCACCATCTCGGGGCTGACGACTGAGGACGAGGCTGACTATTACT

FOR185_HK               GTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTTTGAGGACAATCAGAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGACAGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGACGAGGCTGACTACTACT

FOR222_HK               GTTCCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTATGAGGATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGACAGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGACGAGGCTGACTACTACT

FOR228_HK               GTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTATGACGATAAGCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGACAGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGACGAGGCTGACTACTACT

MM112                   GTACCAGCAGCGCCCGGGCAGTGCCCCCACCACTGTGATCTATGAGGATAATCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGCTCCATCGACAGGTCCTCCAAGTCTGCCTCCCTCACCATCTCTCGACTGAAGACTGAGGACGAGGCTGACTACTACT

IGLV6-57_Ensembl        GTCAGTCTTATGATAGCAGCAATCA-------------------------------------------------------------------------------------------------------------------------------------------

IGLV6-57*01_VBase2      GTCAGTCTTATGATAGCAGCAAT---------------------------------------------------------------------------------------------------------------------------------------------

IGLJ3/2*01_Genbank      ----------------------------TGTGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTAG--------------------------------------------------------------------------------------------------

IGLJ3*02_Genbank        ----------------------------TTGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAG--------------------------------------------------------------------------------------------------

IGLC2_Ensembl           -----------------------------------------------------------------NGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC

IGLC3_Ensembl           -----------------------------------------------------------------NGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC

FOR117_HTX              GTCAGTCTTATGATAGCAGCA-------TGTGATATTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

FOR126_H                GTCAGTCTTATGATAACAACAATGG---GGGGGTGTTCGGCGGAGGGACCAGGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

FOR140_HTX              GTCAGTCTTATGACAGCAGCGCTTT---TTGGGTGTTCGGCGGAGGGACCCGGCTGACCGTCCTAAGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

FOR144_H                GTCAGTCTTATGATAGCGCCAA------TGTGATATTCGGCGGAGGGACCAAGCTGACCGTCTTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

FOR192_H                GTCAATCTTTTGATAGCACCAA------TGTGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

FOR194_H                GTCAGTCTTATGATTTCAATAATTATTCTTGGGTGTTCGGCGGAGGGACCAAGGTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

FOR197_HTX              GTCAKTCTTATGATAGCATCACCTC---TGTGGTTTTCGGCGGAGGGACCAAGSTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

FOR205_H                GTCACTCTCATGATGACAGTAATCACTGGGAGGTGTTCGGCGGAGGGACCAGGCTGACCGTCCTGAGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

FOR214_HTX              GTCAGTCTTATGATAGCAGCGA------TCAGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

FOR150_HK               GTCAGTCTTTTGATAGTGCCAATCA---TTGGGTCTTCGGCGGGGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

FOR152_HK               GTCTGTCTTATGATAGCAGCCA------TTGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

FOR153_HK               GTCAGTCTTATGATACCAACAA------TTGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

FOR154_HK               GTCAGTCTTATGATGCCCGCGA------TGTGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

FOR188_HK               GTCAGTCCTTTGATAGGACCTC------TTGGGTGTTCGGCGGAGGGACCAAACTGACCGTCCTGGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

FOR185_HK               GTCAGTCTTATGATACCAGCAGCGG---TGTGGTATTCGGCGGAGGGACCAGGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

FOR222_HK               GTCAGTCTTTTGATGGCAGCAATCA---TATTTTATTCGGCGGGGGGACCAAGCTGACCGTCGTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

FOR228_HK               GTCAGTCTCATGATAGCAGCAA------TGTGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

MM112                   GTCAGTCTTATGATGACAACAATCT---TTGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTGAGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCA TAAGTGACTTC

IGLC2_Ensembl           TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA

IGLC3_Ensembl           TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCA

FOR117_HTX              TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA

FOR126_H                TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA

FOR140_HTX              TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA

FOR144_H                TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCTCCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA

FOR192_H                TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA

FOR194_H                TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAACTACAGCTGCCA

FOR197_HTX              TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACKCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCA

FOR205_H                TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCA

FOR214_HTX              TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCA

FOR150_HK               TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA

FOR152_HK               TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCA

FOR153_HK               TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCA

FOR154_HK               TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA

FOR188_HK               TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCA

FOR185_HK               TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA

FOR222_HK               TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA

FOR228_HK               TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA

MM112                   TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACACGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGT----------------------------

IGLC2_Ensembl           GGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG

IGLC3_Ensembl           GGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG

FOR117_HTX              GGTCACGCATGAAGGGAGCACCGTGGA-------------------------------

FOR126_H                GGTCACGCATGAAGGGAGCACCGTGGAGA-----------------------------

FOR140_HTX              GGTCACGCATGAAGGGAGCACCGTGGAG------------------------------

FOR144_H                GGTCACGCATGAAGGGAGCACCGTG---------------------------------

FOR192_H                GGTCACGCATGAAGGGAGCACCGTG---------------------------------

FOR194_H                GGTCACGCATGAAGGGAGCACCGTGG--------------------------------

FOR197_HTX              GGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTG---------------------

FOR205_H                GGTCACGCATGAAGGGAGCACCGT----------------------------------

FOR214_HTX              GGTCACGCATGAAGGGAGCACCGTGG--------------------------------

FOR150_HK               GGTCACGCATGAAGGGAGCACCGTGGA-------------------------------

FOR152_HK               GGTCACGCATGAAGGGAGCACCGTG---------------------------------

FOR153_HK               GGTCACGCATGAAGGGAGCACCGTGGA-------------------------------

FOR154_HK               GGTCACGCATGAAGGGAGCACCGTGGA-------------------------------

FOR188_HK               GGTCACGCATGAAGGGAGCACCGTGG--------------------------------

FOR185_HK               GGTCACGCATGAAGGGAGCACCGTGG--------------------------------

FOR222_HK               GGTCACGCATGAAGGGAGCACCGTG---------------------------------

FOR228_HK               GGTCACGCATGAAGGGAGCACCGTGGA-------------------------------

MM112                   ----------------------------------------------------------
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Supplementary Information Figure 31. Sequence alignment of IGLV2-23 assigned 

multiple myeloma amino acid light chain sequences. N- and C-terminal sequence regions that were 

excluded in the analysis are highlightet in grey. Bold = reference sequences, underlined = CDR regions, red 

letter = mutation, X and grey highlight = not unambiguously determined amino acid, green letter = linker region, 

MM = multiple myeloma patient. 

 

CDR1                         CDR2                                   CDR3       

IGLV2-23_Ensembl           MAWALLLLTLLTQDTGSWAQSALTQPASVSGSPGQSITISCTGTSSDVGSYNLVSWYQQHPGKAPKLMIYEGSKRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCCSYA-------

IGLV2-23*01/03_VBase2      -------------------QSALTQPASVSGSPGQSITISCTGTSSDVGSYNLVSWYQQHPGKAPKLMIYEGSKRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCCSYAGSS----

IGLJ2/3*01_Genbank         ----------------------------------------------------------------------------------------------------------------------VV

IGLJ3*02_Genbank           ----------------------------------------------------------------------------------------------------------------------WV

IGLC2*01_Genbank           ------------------------------------------------------------------------------------------------------------------------

IGLC3*01_Genbank           ------------------------------------------------------------------------------------------------------------------------

MM107                      MAWALLLLTLLTQDTGSWAQSALTQPASVSGSLGQSVTISCSGSNGDVGTYNLVSWYQHHPGEAPKLVVYEGSKRPSGVSWRFSGSKSGNTASLEIFDLQAEDEADYYCCSYAGSST-LI

MM114                      MAWALLLLTLLTQDTGSWAQSALTQPASVSGSPGQSITISCTGTNSDFGGSDLVSWYQQHPGKAPKLIIYEGNARPSGVPNRFSGSTSGNTASLTISGLQAEDEADYYCCSYADG---WV

MM117                      MAWALLLLTLLTQDTGSWAQSALTQPASESGSPGQSITISCTGTNNDVGSYNLVSWYQQLPGKAPKLLIYEVYKRPSGLSNRFSGSKSGNTASLTISGLQPEDEGDYYCCSYAGSYT-VI

MM125                      MAWALLLLTLLTQDTGSWAQSALTQPASVSGSPGQSITISCTGASSDVGSYNLVSWYQHHPDKVPKLIIYGVSERPSGISNRFSGSKSGNTASLTISGLQAEDEADYFCCSYAGSLT-WV

MM132                      MAWALLLLTLLTQDTGSWAQSALTQPASVSASPGQSITISCTGTSGDIGSFSLVSWYQQHPGRAPKLMIYEVHKRPSGVSTRFSGSKSDNTASLTISGLQADDEADYYCFSYAGRGTSGV

MM133                      MAWALLLLTLLTQDTGSWAQSALTQPASVSGSPGQSITISCTGTSSDIGTFNIVSWYQQHPGKGPKLMIYDATKRPSGISNRFSGSKSGNTASLTIFGLQAEDEADYYCCSYAGTNT-WV

MM135                      MAWALLLLTLLTQDTGSWAQSALTQPASVSGSPGQSITISCSGTSSDVGNSNLVSWYQQHPGKAPKLMIYEVSKRPSGVSDRFSGSKSGNTASLTISGLQAEDETNYYCCSYVDGYT-VL

MM149                      MAWALLLLTLLTQDTGSWAQSALTQPASVSGSPGQSITISCTGTSSDIGGYNLVSWFQQHPGKAPKLMIYETTRRPSGVSNRFSGSKSGNTASLTISGLQADDEADYYCCSYAAATT-RV

IGLJ2/3*01_Genbank         FGGGTKLTVL----------------------------------------------------------------------------------------------------------

IGLJ3*02_Genbank           FGGGTKLTVL----------------------------------------------------------------------------------------------------------

IGLC2*01_Genbank           ----------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

IGLC3*01_Genbank           ----------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVEKTVAPTECS

MM107                      FGGGTKVTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQW---------------------------

MM114                      FGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSL--------------------------------

MM117                      FGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWK--------------------------

MM125                      FGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQW---------------------------

MM132                      FGGGTRLTVLSQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQW---------------------------

MM133                      FGGGTRLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE-----------------------------

MM135                      FGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTP------------------------------

MM149                      FGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQ----------------------------

not used for IGLV6-57 comparison
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Supplementary Information Figure 32. Sequence alignment of IGLV2-23 assigned 

multiple myeloma cDNA light chain sequences. N- and C-terminal sequence regions that were 

excluded in the analysis are highlightet in grey. Bold = reference sequences, underlined = CDR regions, red 

letter = mutation, X and grey highlight = not unambiguously determined amino acid, green letter = linker region, 

MM = multiple myeloma patient. Nucleotide signal overlaps in the Sanger sequencing were specified accoding to 

the IUPAC code. 

 

 

 

 

 

IGLV2-23_Ensembl           ATGGCCTGGGCTCTGCTGCTCCTCACTCTCCTCACTCAGGACACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCA

IGLV2-23*03/01_VBase2      ---------------------------------------------------------CAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCA

MM107                      ATGGCCTGGGCTCTGCTGCTCCTCACTCTCCTCACTCAGGACACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCTTGGACAGTCGGTCACCATCTCCTGCT

MM114                      ATGGCCTGGGCTCTGCTGCTCCTCACTCTCCTCACTCAGGACACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCA

MM117                      ATGGCCTGGGCTCTGCTGCTCCTCACTCTCCTCACTCAGGACACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAACCTGCCTCCGAGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCA

MM125                      ATGGCCTGGGCTCTGCTGCTCCTCACCCTCCTCACTCAGGACACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGTTCTCCTGGACAGTCGATCACCATCTCCTGCA

MM132                      ATGGCCTGGGCTCTGCTGCTCCTCACCCTCCTCACTCAGGACACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGCTTCTCCTGGACAGTCGATCACCATCTCCTGCA

MM133                      ATGGCCTGGGCTCTGCTGCTCCTCACCCTCCTCACTCAGGACACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCA

MM135                      ATGGCCTGGGCTCTGCTGCTCCTCACCCTCCTCACTCAGGACACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCT

MM149                      ATGGCCTGGGCTCTGCTGCTCCTCACTCTCCTCACTCAGGACACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCA

IGLV2-23_Ensembl           CTGGAACCAGCAGTGATGTTGGGAGTTATAACCTTGTCTCCTGGTACCAACAGCACCCAGGCAAAGCCCCCAAACTCATGATTTATGAGGGCAGTAAGCGGCCCTCAGGGGTTTCTAATCGCTT

IGLV2-23*03/01_VBase2      CTGGAACCAGCAGTGATGTTGGGAGTTATAACCTTGTCTCCTGGTACCAACAGCACCCAGGCAAAGCCCCCAAACTCATGATTTATGAGGGCAGTAAGCGGCCCTCAGGGGTTTCTAATCGCTT

MM107                      CTGGATCCAACGGTGATGTTGGGACTTATAACCTTGTCTCTTGGTATCAACACCACCCAGGCGAAGCCCCCAAACTCGTGGTTTATGAGGGCAGTAAGCGGCCCTCCGGGGTTTCTTGGCGCTT

MM114                      CTGGAACCAACAGTGATTTTGGGGGTAGTGATCTTGTCTCCTGGTATCAACAGCACCCCGGCAAGGCCCCCAAACTCATCATTTATGAGGGCAATGCGCGGCCCTCAGGGGTTCCTAATCGCTT

MM117                      CTGGAACCAACAATGATGTTGGGAGTTATAACCTTGTCTCCTGGTACCAACAACTCCCAGGCAAAGCCCCCAAACTCTTGATTTATGAAGTCTATAAGCGGCCCTCAGGACTTTCTAACCGCTT

MM125                      CTGGAGCCAGCAGTGATGTTGGAAGTTATAACCTTGTCTCCTGGTACCAACACCACCCAGACAAAGTCCCCAAACTCATCATTTATGGGGTCAGTGAGCGGCCCTCAGGGATTTCTAATCGCTT

MM132                      CTGGAACCAGCGGTGATATTGGGAGTTTTAGCCTTGTCTCCTGGTACCAACAACACCCAGGCAGAGCCCCCAAACTCATGATTTACGAGGTCCATAAGCGGCCCTCAGGGGTTTCTACTCGCTT

MM133                      CCGGAACCAGCAGTGATATTGGGACTTTTAATATTGTCTCCTGGTACCAACAACACCCAGGCAAAGGCCCCAAACTCATGATTTATGACGCCACTAAGCGGCCCTCAGGTATTTCTAATCGCTT

MM135                      CTGGAACCAGCAGTGATGTTGGAAATTCTAACCTTGTCTCCTGGTACCAACAGCACCCAGGCAAAGCCCCCAAACTCATGATTTATGAGGTCAGTAAGCGGCCCTCAGGGGTTTCTGATCGCTT

MM149                      CTGGAACCAGCAGTGATATTGGGGGTTATAACCTTGTCTCCTGGTTCCAGCAACACCCAGGCAAAGCCCCCAAACTCATGATTTATGAAACCACTAGGCGGCCCTCAGGGGTTTCTAATCGCTT

IGLV2-23_Ensembl           CTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACAATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTACTGCTGCTCATATGCAG--------------------------------

IGLV2-23*03/01_VBase2      CTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACAATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTACTGCTGCTCATATGCAGGTAGTAGC ------------------------

IGLJ3/2*01_Genbank         ---------------------------------------------------------------------------------------------------------TGTGGTATTCGGCGGAGGG

IGLJ3*02_Genbank           ---------------------------------------------------------------------------------------------------------TTGGGTGTTCGGCGGAGGG

MM107                      CTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGGAAATTTTTGACCTCCAGGCTGAGGACGAGGCCGATTATTACTGCTGCTCCTATGCAGGTAGTAGTAC---TTTGATTTTCGGCGGAGGG

MM114                      CTCTGGCTCCACGTCTGGCAACACGGCCTCCCTGACAATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTACTACTGCTGCTCATATGCAGATGG---------CTGGGTGTTCGGCGGAGGG

MM117                      CTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACAATCTCTGGGCTCCAGCCTGAGGACGAGGGTGATTATTACTGCTGCTCATATGCAGGTTCTTATAC---TGTGATTTTCGGCGGGGGA

MM125                      CTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACAATCTCTGGACTCCAGGCTGAGGACGAGGCTGATTATTTCTGCTGCTCATATGCAGGTAGTCTCAC---TTGGGTGTTCGGCGGAGGG

MM132                      CTCTGGCTCCAAGTCTGACAACACGGCCTCCCTGACAATCTCTGGGCTCCAGGCTGACGACGAGGCTGATTATTACTGCTTCTCATATGCAGGTAGAGGCACTTCGGGAGTCTTCGGCGGAGGG

MM133                      CTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACAATCTTTGGGCTCCAGGCTGAGGACGAGGCTGATTATTACTGCTGCTCATATGCAGGCACTAACAC---TTGGGTTTTCGGCGGAGGG

MM135                      CTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACAATCTCTGGGCTCCAGGCTGAGGACGAGACTAATTATTACTGCTGCTCATATGTAGATGGTTACAC---TGTGCTTTTCGGCGGAGGG

MM149                      CTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACAATCTCTGGGCTCCAGGCTGACGACGAGGCTGATTATTACTGCTGCTCATATGCAGCTGCTACCAC---CCGGGTATTCGGCGGAGGG

IGLJ3/2*01_Genbank         ACCAAGCTGACCGTCCTAG---------------------------------------------------------------------------------------------------------

IGLJ3*02_Genbank           ACCAAGCTGACCGTCCTAG---------------------------------------------------------------------------------------------------------

IGLC2_Ensembl              ------------------NGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGG

IGLC3_Ensembl              ------------------NGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGG

MM107                      ACCAAAGTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGG

MM114                      ACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGG

MM117                      ACCAAGCTGACCGTCCTCGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGG

MM125                      ACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGG

MM132                      ACCAGGCTGACCGTCCTAAGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGG

MM133                      ACCAGGTTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGG

MM135                      ACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGG

MM149                      ACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGG

IGLC2_Ensembl              GAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGA

IGLC3_Ensembl              GAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGA

MM107                      GAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACTCCCTCCAAACAGAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGA

MM114                      GAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGAC------

MM117                      GAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGA

MM125                      GAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGA

MM132                      GAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGA

MM133                      GAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGA

MM135                      GAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGA

MM149                      GAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGA

IGLC2_Ensembl              GCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG

IGLC3_Ensembl              GCAGTGGAAGTCCCACAAAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG

MM107                      GCAGTGGAA----------------------------------------------------------------------------------

MM114                      -------------------------------------------------------------------------------------------

MM117                      GCAGTGGAAG---------------------------------------------------------------------------------

MM125                      GCAGTGG------------------------------------------------------------------------------------

MM132                      GCAGTGGAA----------------------------------------------------------------------------------

MM133                      GC-----------------------------------------------------------------------------------------

MM135                      -------------------------------------------------------------------------------------------

MM149                      GCAGT--------------------------------------------------------------------------------------
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Supplementary Information Table 6. Overview absolute the amino acid percentage of 

IGLV6-57 assigned AL amyloidosis and multiple myeloma light chain sequences. 
MM = multiple myeloma patient, _H = AL amyloidosis patient with dominant heart involvement, _HK = AL 

amyloidosis patient with dominant heart and kidney involvement, _HTX = AL amyloidosis patient who received 

a heart transplant. For comparison, the median amino acid percentage of all detected IGLJ-IGLC combinations 

and the VBase2 IGLV6-57 reference sequence was calculated.  

 Amino acid [%] 

Sample A R N D C Q E G H I L K M F P S T W Y V 

FOR150_HK 7.8 2.4 3.6 4.8 1.2 5.4 4.8 6.6 0.6 3.0 6.0 4.8 0.0 3.0 7.2 16.9 7.8 1.8 4.8 7.8 

FOR152_HK 8.5 1.2 3.6 4.8 1.2 4.2 4.2 7.9 0.6 3.0 7.3 4.8 0.0 2.4 7.3 16.4 8.5 1.8 5.5 8.5 

FOR153_HK 7.9 2.4 3.6 5.5 1.2 4.8 4.2 6.7 0.0 2.4 6.7 5.5 0.0 3.0 7.3 15.8 8.5 1.8 4.8 7.9 

FOR154_HK 8.5 3.6 3.6 5.5 1.2 5.5 4.2 6.7 0.0 3.0 6.7 4.8 0.0 2.4 7.3 15.8 7.9 1.2 5.5 8.5 

FOR188_HK 7.9 3.0 3.0 4.2 1.2 4.8 4.2 6.7 1.2 3.0 6.1 4.8 0.0 3.6 7.3 15.8 9.1 1.8 5.5 7.9 

FOR185_HK 8.4 2.4 3.6 4.8 1.2 5.4 4.2 7.8 0.0 3.0 6.0 4.2 0.0 3.0 7.2 16.9 8.4 1.2 4.8 8.4 

FOR222_HK 8.4 2.4 4.2 4.8 1.2 5.4 4.2 8.4 0.6 3.6 6.0 4.8 0.0 3.6 7.2 14.5 8.4 1.2 4.2 8.4 

FOR228_HK 8.5 3.0 3.6 5.5 1.2 5.5 3.6 6.7 0.6 3.0 6.1 5.5 0.0 3.0 7.3 16.4 7.9 1.2 4.2 8.5 

FOR117_HTX 8.5 3.0 4.2 5.5 1.2 4.8 4.8 6.1 0.0 3.6 6.1 4.8 0.0 2.4 7.3 15.8 8.5 1.2 5.5 8.5 

FOR126_H 8.4 2.4 5.4 4.8 1.2 5.4 4.2 8.4 0.0 3.0 6.0 4.2 0.0 2.4 7.2 15.1 8.4 1.2 5.4 8.4 

FOR140_HTX 9.6 3.0 2.4 5.4 1.2 5.4 4.2 6.0 0.0 3.0 6.0 3.6 0.0 3.6 7.2 17.5 8.4 1.8 4.8 9.6 

FOR144_H 8.5 3.0 4.2 5.5 1.2 6.1 4.2 6.7 0.0 3.6 6.7 4.2 0.0 3.0 7.3 17.0 6.7 1.2 4.8 8.5 

FOR192_H 8.5 3.0 3.6 4.8 1.2 4.8 4.2 6.7 0.0 3.0 6.1 5.5 0.0 3.0 7.3 15.8 8.5 1.2 4.8 8.5 

FOR194_H 7.8 2.4 4.2 4.8 1.2 6.0 4.2 7.2 0.0 3.6 5.4 4.2 0.0 3.0 7.2 16.2 7.2 1.8 6.6 7.8 

FOR197_HTX 8.4 3.0 3.6 6.0 1.2 6.0 3.6 6.0 0.0 3.6 6.0 4.2 0.0 3.6 7.2 16.3 8.4 1.2 4.2 8.4 

FOR205_H 7.8 4.2 3.6 6.0 1.2 4.8 4.2 6.6 1.8 3.0 6.0 4.2 0.0 3.0 7.2 16.8 7.2 1.8 4.2 7.8 

FOR214_HTX 8.5 2.4 3.6 5.5 1.2 6.7 4.2 6.7 0.6 4.2 6.1 4.2 0.0 3.6 7.3 17.0 6.7 1.2 3.6 8.5 

MM112 7.8 3.6 4.8 5.4 1.2 5.4 4.2 5.4 0.0 3.0 6.6 5.4 0.0 2.4 7.2 15.1 8.4 1.8 5.4 7.8 

Reference 7.9 2.4 4.2 4.8 1.2 5.5 4.2 6.7 0.0 3.0 6.0 4.8 0.0 2.4 7.3 17.6 7.9 1.2 5.5 7.3 

 

Supplementary Information Table 7. Overview absolute the amino acid percentage of 

IGLV2-23 assigned multiple myeloma light chain sequences. MM = multiple myeloma patient. 

For a comparison, the median amino acid percentage of all detected IGLJ-IGLC combinations and the VBase2 

IGLV2-23 reference sequence was calculated.  

 Amino acid [%] 

Sample A R N D C Q E G H I L K M F P S T W Y V 

MM107 9.2 1.1 3.3 3.3 2.2 4.3 4.3 9.2 1.1 2.2 7.6 5.4 0.0 2.7 6.0 16.3 7.1 1.6 4.9 8.2 

MM114 9.9 1.1 3.8 3.8 2.2 4.9 3.3 9.9 0.5 3.3 7.1 4.9 0.0 2.7 7.1 14.8 8.2 1.6 4.4 6.0 

MM117 8.2 1.1 4.3 2.7 2.2 4.9 3.8 9.2 0.0 3.3 8.7 6.0 0.0 2.2 7.1 15.2 8.2 1.1 6.0 6.0 

MM125 9.2 1.1 3.3 3.3 2.2 4.3 3.3 8.7 1.1 3.8 7.6 5.4 0.0 2.7 6.5 16.8 7.6 1.6 4.3 7.1 

MM132 9.7 2.7 2.2 3.8 1.6 4.9 2.7 8.6 1.1 3.2 7.0 4.9 0.5 3.2 6.5 16.8 8.6 1.1 4.3 6.5 

MM133 9.2 1.6 3.8 3.3 2.2 4.9 2.7 9.2 0.5 4.3 6.5 5.4 0.5 3.3 6.5 14.7 9.8 1.6 4.3 5.4 

MM135 8.2 1.1 3.8 3.3 2.2 4.9 3.3 8.7 0.5 2.7 7.6 6.0 0.5 2.2 6.5 16.8 8.2 1.1 4.9 7.6 

MM149 10.3 2.2 3.3 3.3 2.2 4.9 2.7 8.7 0.5 3.3 7.1 5.4 0.5 2.7 6.5 15.2 9.8 1.1 4.3 6.0 

Reference 9.3 1.1 3.3 2.7 2.2 4.9 3.3 9.3 0.5 2.7 7.1 6.0 0.5 2.2 6.6 17.5 7.7 1.4 4.9 6.9 
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Appendix Results: Rare IGLV Subfamilies 

 

Supplementary Information Figure 33. Sequence alignment of IGLV1-40 assigned AL 

amyloidosis and multiple myeloma amino acid light chain sequences. Bold = reference 

sequences, underlined = CDR regions, red letter = mutation, green letter = linker region, MM = multiple myeloma 

patient, _H = AL amyloidosis patient with dominant heart involvement. 

 

CDR1                         CDR2

IGLV1-40_Ensembl         MAWSPLLLTLLAHCTGSWAQSVLTQPPSVSGAPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYGNSNRPSGVPDR

IGLV1-40*01_VBase2       -------------------QSVLTQPPSVSGAPGQRVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYGNSNRPSGVPDR

FOR138_H                 -------------------QSVLTQPPSVSGAPGQRVIISCTGTSSNIGAGYDVHWYQQLPGTAPKIVIYGNNNRPSGVPDR

MM104_A                  MAWSPLLLTP------------------------------------------------------------------------

MM104_B -----------RTVPGSWAQSVLTQPPSVSGAPGQRVTISCTGSSSNIGAGFDLHWYQQLPGTAPKLLIYGNTNRPSGVPDR

MM140                    MAWSPLLLTLLAHCTGSWAQSVLTQPPSVSGAPGQRVTITCSGSSSNIGADYDVQWYLQLPGTAPKLLIYANTNRPSGVPDR

CDR3

IGLV1-40_Ensembl         FSGSKSGTSASLAITGLQAEDEADYYCQSYDSSLSG----------------------------------------------

IGLV1-40*01_VBase2       FSGSKSGTSASLAITGLQAEDEADYYCQSYDSSL------------------------------------------------

IGLJ1*01_Genbank         -------------------------------------YVFGTGTKVTVL---------------------------------

IGLJ2/J3*01_Genbank      -------------------------------------VVFGGGTKLTVL---------------------------------

IGLC1*01_Genbank         -------------------------------------------------GQPKANPTVTLFPPSSEELQANKATLVCLISDF

IGLC2*01_Genbank         -------------------------------------------------GQPKAAPSVTLFPPSSEELQANKATLVCLISDF

FOR138_AL_H              FSGSKSGTSASLAITGLQAEDEADYYCHSYERGLSGEGVFGTGTKVTVLSQPKANPTVTLFPPSSEELQANKATLVCLISDF

MM104                    FSGSKSGTSASLVITGLQAEDEADYYCQSFDSSLSG-VIFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDF

MM140                    FSGSKSGTSASLAITGLQAEDEADYFCQSYDSSLSG-VIFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDF

IGLC1*01_Genbank         YPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

IGLC2*01_Genbank         YPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

FOR138_AL_H              YPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTV------

MM104                    YPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQ----------------------------

MM140                    YPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRS----------------------
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Supplementary Information Figure 34. Sequence alignment of IGLV1-40 assigned AL 

amyloidosis and multiple myeloma cDNA light chain sequences. Bold = reference sequences, 

green letter = linker region, MM = multiple myeloma patient. _H = AL amyloidosis patient with dominant heart 

involvement. In the bioinformatic analysis of the bulk RNA sequencing, several sequence sections were given – 

indicated by _A and _B. Nucleotide signal overlaps in the Sanger sequencing were specified accoding to the 

IUPAC code. 

 

IGLV1-40_Ensembl        ATGGCCTGGTCTCCTCTCCTCCTCACTCTCCTCGCTCACTGCACAGGGTCCTGGGCCCAGTCTGTGCTGACGCAGCCGCCCTCAGTGTCTGGGGCCCCAGG

IGLV1-40*01_VBase2      ---------------------------------------------------------CAGTCTGTGCTGACGCAGCCGCCCTCAGTGTCTGGGGCCCCAGG

FOR138_H                ---------------------------------------------TGGTCCTGGGCTCAGTCTGTGCTGACGCAGCCGCCCTCAGTGTCTGGGGCCCCAGG

MM104_A                 ATGGCCTGGTCTCCTCTCCTCCTCACTC-------------------------------------------------------------------------

MM104_B                 ------------------------------CTCGCACAGT-TCCAGGGTCCTGGGCCCAGTCTGTGCTGACGCAGCCGCCCTCAGTGTCTGGGGCCCCAGG

MM140                   ATGGCCTGGTCTCCTCTCCTCCTCACTCTCCTCGCTCACTGCACAGGGTCCTGGGCCCAGTCTGTGCTGACGCAGCCGCCCTCAGTATCTGGGGCCCCAGG

IGLV1-40_Ensembl        GCAGAGGGTCACCATCTCCTGCACTGGGAGCAGCTCCAACATCGGGGCAGGTTATGATGTACACTGGTACCAGCAGCTTCCAGGAACAGCCCCCAAACTCC

IGLV1-40*01_VBase2      GCAGAGGGTCACCATCTCCTGCACTGGGAGCAGCTCCAACATCGGGGCAGGTTATGATGTACACTGGTACCAGCAGCTTCCAGGAACAGCCCCCAAACTCC

FOR138_H                GCAGAGGGTCATCATCTCCTGCACTGGGACCAGCTCCAACATCGGGGCAGGTTATGATGTACACTGGTACCAGCAGCTTCCAGGAACAGCCCCCAAAATCG

MM104_B                 GCAGAGGGTCACCATCTCCTGCACTGGGAGCAGCTCCAACATCGGGGCAGGTTTTGATTTACACTGGTACCAGCAACTTCCAGGAACAGCCCCCAAACTCC

MM140                   TCAGAGGGTCACCATCACCTGCAGTGGGAGCAGCTCCAACATCGGGGCGGATTATGATGTACAGTGGTACCTACAACTTCCAGGAACAGCCCCCAAACTCC

IGLV1-40_Ensembl        TCATCTATGGTAACAGCAATCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGCCATCACTGGGCTCCAGGCT

IGLV1-40*01_VBase2      TCATCTATGGTAACAGCAATCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGCCATCACTGGGCTCCAGGCT

FOR138_H                TCATCTATGGTAACAACAATCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGCCATCACTGGGCTCCAGGCT

MM104_B                 TCATCTATGGTAACACCAATCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGTCATCACTGGGCTCCAGGCT

MM140                   TCATCTATGCTAATACCAATCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGCCATCACTGGGCTCCAGGCT

IGLV1-40_Ensembl        GAGGATGAGGCTGATTATTACTGCCAGTCCTATGACAGCAGCCTGAGTGGTTC------------------------------------------------

IGLV1-40*01_VBase2      GAGGATGAGGCTGATTATTACTGCCAGTCCTATGACAGCAGCCTG--------------------------------------------------------

IGLJ3/2*01_Genbank      -----------------------------------------------------TGTGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTAG----------

IGLJ3*02_Genbank        -----------------------------------------------------TTGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAG----------

IGLC2_Ensembl           ------------------------------------------------------------------------------------------NGTCAGCCCAA

IGLC3_Ensembl           ------------------------------------------------------------------------------------------NGTCAGCCCAA

FOR138_H                GAGGATGAGGCTGATTATTATTGCCACTCCTATGAAAGGGGTCTGAGTGGTGAGGGTGTCTTCGGAACTGGGACCAAGGTCACCGTCCTAAGTCAGCCCAA

MM104_B                 GAGGATGAGGCTGATTATTACTGCCAGTCTTTTGACAGCAGCCTGAGTGG---TGTGATATTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAA

MM140                   GAGGATGAGGCTGATTATTTCTGCCAGTCCTATGACAGCAGTCTGAGTGG---TGTGATTTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAA

IGLC2_Ensembl           GGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCG

IGLC3_Ensembl           GGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCG

FOR138_H                GGCCAACCCCACTGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTCCAAGCCAACAAGGCCACACTAGTGTGTCTGATCAGTGACTTCTACCCGGGAGCTG

MM104_B                 GGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCG

MM140                   GGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCG

IGLC2_Ensembl           TGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTAT

IGLC3_Ensembl           TGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTAC

FOR138_H                TGACAGTGGCCTGGAAGGCAGATGGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCAAACCCTCCAAACAGAGCAACAACAAGTACGCGGCCAGCAGCTAC

MM104_B                 TGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTAT

MM140                   TGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTAT

IGLC2_Ensembl           CTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATG

IGLC3_Ensembl           CTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATG

FOR138_H                CTGAGCCTGACGCCCGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGA -------------

MM104_B                 CTGAGCCTGACGCCTGAGCAGTG------------------------------------------------------------------------------

MM140                   CTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCT-------------------------------------------------------------

IGLC2_Ensembl           TTCATAG

IGLC3_Ensembl           TTCATAG

FOR138_H                -------

MM104_B                 -------

MM140                   -------
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Supplementary Information Figure 35. Sequence comparison between MM104 IGLV1-

40 assigned light chain sequences generated through a next-generation sequencing and 

Sanger sequencing approach. For the sequence generated by the Sanger sequencing approach only 

dominant signals were used. * = nucleotide position consistent, MM = multiple myeloma patient, NGS = light 

chain sequence generated through next-generation sequencing, Sanger = light chain sequence generated through 

Sanger sequencing. Sequencing was performed using the VLKL12a_Huhn and CLKL_A_rv_NB 

oligonucleotides. In the bioinformatic analysis of the bulk RNA sequencing, several sequence sections were given 

– indicated by _A and _B. 

MM104_NGS_A         ATGGCCTGGTCTCCTCTCCTCCTCACTC--------------------------------

MM104_NGS_B         ----------------------------CTCGCACAGTTCCAGGGTCCTGGGCCCAGTCT

MM104_Sanger        -----------------------------------------------------TCAGTCT

******

MM104_NGS_B         GTGCTGACGCAGCCGCCCTCAGTGTCTGGGGCCCCAGGGCAGAGGGTCACCATCTCCTGC

MM104_Sanger        GTGCTGACGCAGCCGCCCTCAGTGTCTGGGGCCCCAGGGCAGAGGGTCACCATCTCCTGC

************************************************************

MM104_NGS_B         ACTGGGAGCAGCTCCAACATCGGGGCAGGTTTTGATTTACACTGGTACCAGCAACTTCCA

MM104_Sanger        ACTGGGAGCAGCTCCAACATCGGGGCAGGTTTTGATTTACACTGGTACCAGCAACTTCCA

************************************************************

MM104_NGS_B         GGAACAGCCCCCAAACTCCTCATCTATGGTAACACCAATCGGCCCTCAGGGGTCCCTGAC

MM104_Sanger        GGAACAGCCCCCAAACTCCTCATCTATGGTAACACCAATCGGCCCTCAGGGGTCCCTGAC

************************************************************

MM104_NGS_B         CGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGTCATCACTGGGCTCCAGGCT

MM104_Sanger        CGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGTCATCACTGGGCTCCAGGCT

************************************************************

MM104_NGS_B         GAGGATGAGGCTGATTATTACTGCCAGTCTTTTGACAGCAGCCTGAGTGGTGTGATATTC

MM104_Sanger        GAGGATGAGGCTGATTATTACTGCCAGTCTTTTGACAGCAGCCTGAGTGGTGTGATATTC

************************************************************

MM104_NGS_B         GGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTG

MM104_Sanger        GGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTG

************************************************************

MM104_NGS_B         TTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGT

MM104_Sanger        TTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGT

************************************************************

MM104_NGS_B         GACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCG

MM104_Sanger        GACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCG

************************************************************

MM104_NGS_B         GGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTAT

MM104_Sanger        GGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTAT

************************************************************

MM104_NGS_B CTGAGCCTGACGCCTGAGCAGTG-------------------------------------

MM104_Sanger        CTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACGCAT

***********************                                     

MM104_NGS_B         --------------

MM104_Sanger        GAAGGGAGCACCGT
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Supplementary Information Figure 36. Sequence Alignment of IGLV1-44 assigned 

multiple myeloma light chain sequences with an additional sequence in the bioinformatic 

analysis of the bulk RNA sequencing approach. Sequence_A = sequence with the highest percentage 

>1 %, sequence_B = sequence with the second highest percentage >1 %. In the bioinformatic analysis of the bulk 

RNA sequencing, several sequence sections were given – indicated by _A, _B and _C. 

 

MM109_sequenceA      ------------------------------------------------------------

MM109_sequenceB_A    MASFPLLLTLLT------------------------------------------------

MM109_sequenceB_B    ------------SWAQSVLTQPPSASGTPGQRVIISCSGTSSNIESYPVNWYQQLPGSAP

MM109_sequenceA      ----------PSGVPDRFSGSKSGSSASLAITGLQSEDESDYYCASWDETLNGPVFGGGT

MM109_sequenceB_B    KLLIYETNQRPSGVPDRFSGSKSGSSASLAITGLQSEDESDYYCASWDETLNGPVFGGGT

**************************************************

MM109_sequenceA      KLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVET

MM109_sequenceB_B    KLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVET

************************************************************

MM109_sequenceA      TTPSKQSNNKYAASSYLSLTPEQ

MM109_sequenceB_B    -----------------------

MM115_sequenceA_A    MASFPLLLT---------------------------------------------------

MM115_sequenceA_B    ---------SWAQSVLTQSPSASGTPGQRVTISCSGSSSNIGSTTVNWYQHLPGTAPKLL

MM115_sequenceB_A    MASFPLLL----------------------------------------------------

MM115_sequenceB_B    ---------SWAQSVLTQSPSASGTPGQRVTISCSGSSSNIGSTTVNWYQHLPGTAPKLL

*******  ***************************************************

MM115_sequenceA_B    IYSNTYRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAWDDSLNGPVFGGGTKVT

MM115_sequenceB_B    IYSNTYRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAWDDSLNGPVFGGGTKVT

************************************************************

MM115_sequenceA_B    VLSQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTP

MM115_sequenceB_B    VLSQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTP

************************************************************

MM115_sequenceA_B    SKQSNNKYAASSYLSLTPEQW

MM115_sequenceB_B    SKQSN----------------

*****                

MM116_sequenceA_A    -----------------------GQTVTISCSGGPSNIGTNSVTWYQQLPGASPKVL---

MM116_sequenceA_B    ------------------------------------------------------------

MM116_sequenceB_A    LTLLTH------------------------------------------------------

MM116_sequenceB_B    ------SWAQSVLTQPPSASGTPGQTVTISCSGGPSNIGTNSVTWYQQLPGASPKVLIFL

**********************************   

MM116_sequenceA_B    ---RPSGVPDRFSGSKSATSASLAISGLQSEDEADYYCAAWDDSLTGPVFGGGTKLTVLG

MM116_sequenceB_B    TSHRPSGVPDRFSGSKSATSASLAISGLQSEDEADYYCAAWDDSLTGPVFGGGTKLTVLG

*********************************************************

MM116_sequenceA_B    QPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQ

MM116_sequenceB_B    QPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVET------

******************************************************      

MM116_sequenceA_B    SNNKYAASSYLSLTPEQ

MM116_sequenceB_B    -----------------

MM118_sequenceA_A    -------------------------------------------WYQHLPGT---------

MM118_sequenceA_B    ------------------------------------------------------------

MM118_sequenceB_A    MASFP-------------------------------------------------------

MM118_sequenceB_B    -----SWAQSVLTQPPSASGTPGQRVTISCSGSSSNIGSNLVTWYQHLPGTAPKLLIYSQ

********

MM118_sequenceA_B    --RPSGVPDRFSASKSGTSASLAITGLQSEDEADYFCAAWDDSLNGPVFGGGTKLTVLGQ

MM118_sequenceB_B    NRRPSGVPDRFSASKSGTSASLAITGLQSEDEADYFCAAWDDSLNGPVFGGGTKLTVLGQ

**********************************************************

MM118_sequenceA_B    PKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQS

MM118_sequenceB_B    PKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVET-------

*****************************************************       

MM118_sequenceA_B    NNKYAASSYLSLTPEQW

MM118_sequenceB_B    -----------------

MM121_sequenceA      SWAQSVLTQPPSASGTPGQRVTISCSGSSSNIGSDPVDWYQQLPGTAPKLLIYTNNQRPS

MM121_sequenceB_A    -WAQSVLTQPPSASGTPGQRVTISCSGSSSNIG---------------------------

MM121_sequenceB_B    ------------------------------------VDWYQQLPGTAPK-----------

MM121_sequenceB_C    -----------------------------------------------------------S

********************************   *************          *

MM121_sequenceA      GVPDRFSGSKSGTSASLAISGLQSEDEGDYYCAAWDDSLGAVVFGGGTKLTVLGQPKAAP

MM121_sequenceB_C    GVPDRFSGSKSGTSASLAISGLQSEDEGDYYCAAWDDSLGAVVFGGGTKLTVLGQPKAAP

************************************************************

MM121_sequenceA      SVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYA

MM121_sequenceB_C    SVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYA

************************************************************

MM121_sequenceA      ASSYLSLTP---

MM121_sequenceB_C    ASSYLSLTPEQW

*********   

MM137_sequenceA      ------------------------------------------------------------

MM137_sequenceB_A    MASFPLLL----------------------------------------------------

MM137_sequenceB_B    --------SWAQSVLTQPPSASGTPGQRVTISCSGSRSNVGSNTVSWYQHLPGTAPKLLI

MM137_sequenceA      --------GVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWDDGLNDPVFGEGTKLTV

MM137_sequenceB_B    YTNNQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWDDGLNDPVFGEGTKLTV

****************************************************

MM137_sequenceA      LGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPS

MM137_sequenceB_B    LGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVET----

********************************************************    

MM137_sequenceA      KQSNNKYAASSYLSLTPEQWKS

MM137_sequenceB_B    ----------------------

MM141_sequenceA_A    --------------------------QRVTISCSGATSNIGDNPVNWYQLLPGKA-----

MM141_sequenceA_B    ------------------------------------------------------------

MM141_sequenceB_A    MASFPLLL----------------------------------------------------

MM141_sequenceB_B    --------SWAQPVLTQPPSVSGTPGQRVTISCSGATSNIGDNPVNWYQLLPGTAPKLLI

*************************** *     

MM141_sequenceA_B    ------PSGVPARFSGSKSGTSASLAIGGLQSEDEAEYYCASWDDSLIRYVFGTGTKVTV

MM141_sequenceB_B    YNINQRPSGVPARFSGSKSGTSASLAIGGLQSEDEAEYYCASWDDSLIRYVFGTGTKVTV

******************************************************

MM141_sequenceA_B    LGQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPS

MM141_sequenceB_B    LGQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKA--------

****************************************************        

MM141_sequenceA_B    KQSNNKYAASSYLSLTPEQ

MM141_sequenceB_B    -------------------

MM152_sequenceA_A    ---------------------------------SGNSSNIGSNAVNWYQQLPGTAP----

MM152_sequenceA_B    ------------------------------------------------------------

MM152_sequenceB_A    MASFPLLL----------------------------------------------------

MM152_sequenceB_B    --------SWAQSVLTQPPSASGTPGQRVTISCSGNSSNIGSNAVNWYQQLPGTAPKLLI

***********************    

MM152_sequenceA_B    --------GVPDRFSGSKSGTSASLAISGLQSEDEADYYCGTWDDSLNAYVLFGGGTKLT

MM152_sequenceB_B    YSNDHRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCGTWDDSLNAYVLFGGGTKLT

****************************************************

MM152_sequenceA_B    VLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTP

MM152_sequenceB_B    VLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGV-----

*******************************************************     

MM152_sequenceA_B    SKQSNNKYAASSYLSLTPEQW

MM152_sequenceB_B    ---------------------
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Supplementary Information Figure 37. Sequence comparison between MM116 IGLV1-

44 assigned light chain sequences generated through a next-generation sequencing and 

Sanger sequencing approach. For the sequence generated by the Sanger sequencing approach only 

dominant signals were used. * = nucleotide position consistent, MM = multiple myeloma patient, NGS = light 

chain sequence generated through next-generation sequencing, Sanger = light chain sequence generated through a 

Sanger sequencing approach. Sequence_A = sequence with the highest percentage >1 %, sequence_B = sequence 

with the second highest percentage >1 %. In the bioinformatic analysis of the bulk RNA sequencing, several 

sequence sections were given – indicated by _A, _B and _C. Sequencing was performed using the VLKL12a_Huhn 

and CLKL_A_rv_NB oligonucleotides. Nucleotide signal overlaps in the Sanger sequencing were specified 

accoding to the IUPAC code. 

MM116_NGS_sequenceB CCTCACCCTCCTCACCCACCGGTCCTGGGCCCAGTCCGTGCTGACTCAGCCACCCTCAGC

MM116_NGS_sequenceA_A ------------------------------------------------------------

MM116_NGS_sequenceA_B ------------------------------------------------------------

MM116_Sanger -------------------TGGTCCTGGGCTCAGTCTGTGCTGACTCAGCCACCCTCAGC

****************************************

MM116_NGS_sequenceB GTCTGGGACCCCCGGGCAGACGGTCACCATCTCTTGTTCTGGAGGCCCCTCCAACATCGG

MM116_NGS_sequenceA_A ------------CGGGCAGACGGTCACCATCTCTTGTTCTGGAGGCCCCTCCAACATCGG

MM116_NGS_sequenceA_B ------------------------------------------------------------

MM116_Sanger GTCTGGGACCCCCGGGCAGACGGTCACCATCTCTTGTTCTGGAGGCCCCTCCAACATCGG

************************************************

MM116_NGS_sequenceB AACTAATTCAGTAACCTGGTACCAGCAACTCCCAGGAGCGTCGCCCAAGGTCCTCATCTT

MM116_NGS_sequenceA_A AACTAATTCAGTAACCTGGTACCAGCAACTCCCAGGAGCGTCGCCCAAGGTCCTCA----

MM116_NGS_sequenceA_B ------------------------------------------------------------

MM116_Sanger AACTAATTCAGTAACCTGGTACCAGCAACTCCCAGGAGCGTCGCCCAAGGTCCTCATCTT

************************************************************

MM116_NGS_sequenceB TCTCACTAGTCATCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTCCAAGTCTGCCAC

MM116_NGS_sequenceA_B -------------CGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTCCAAGTCTGCCAC

MM116_Sanger TCTCAmTAGTCATCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTCCAAGTCTGCCAC

************************************************************

MM116_NGS_sequenceB CTCAGCCTCCCTGGCCATCAGTGGTCTCCAGTCTGAGGATGAGGCTGATTATTACTGTGC

MM116_NGS_sequenceA_B CTCAGCCTCCCTGGCCATCAGTGGTCTCCAGTCTGAGGATGAGGCTGATTATTACTGTGC

MM116_Sanger CTCAGCCTCCCTGGCCTGsTCykGksyTCAGTCTGAGGATGAGGCTGATTATTACTGTGC

**************** * ****** ********************************

MM116_NGS_sequenceB AGCATGGGATGACAGCCTGACTGGTCCGGTGTTCGGCGGAGGGACCAAGTTGACCGTCCT

MM116_NGS_sequenceA_B AGCATGGGATGACAGCCTGACTGGTCCGGTGTTCGGCGGAGGGACCAAGTTGACCGTCCT

MM116_Sanger AGCATGGGATGACAGCCTGACTGGTCCGGTGTTCGGCGGAGGGACCAAGTTGACCGTCCT

************************************************************

MM116_NGS_sequenceB AGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCA

MM116_NGS_sequenceA_B AGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCA

MM116_Sanger AGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCA

************************************************************

MM116_NGS_sequenceB AGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGT

MM116_NGS_sequenceA_B AGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGT

MM116_Sanger AGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGT

************************************************************

MM116_NGS_sequenceB GGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCAC------------

MM116_NGS_sequenceA_B GGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAA

MM116_Sanger GGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAA

************************************************

MM116_NGS_sequenceB ------------------------------------------------------------

MM116_NGS_sequenceA_B ACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTG---

MM116_Sanger ACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAA

MM116_NGS_sequenceB ------------------

MM116_NGS_sequenceA_B ------------------

MM116_Sanger GTCCCACAAAAGCTACAG



Appendix  Natalie Berghaus 

~ 218 ~ 

 

Supplementary Information Figure 38. Sequence comparison between MM119 IGLV1-

44 assigned light chain sequences generated through a next-generation sequencing and 

Sanger sequencing approach. For the sequence generated by the Sanger sequencing approach only 

dominant signals were used. * = nucleotide position consistent, MM = multiple myeloma patient, NGS = light 

chain sequence generated through next-generation sequencing, Sanger = light chain sequence generated through a 

Sanger sequencing approach. Sequence_A = sequence with the highest percentage >1 %, sequence_B = sequence 

with the second highest percentage >1 %. In the bioinformatic analysis of the bulk RNA sequencing, several 

sequence sections were given – indicated by _A, _B and _C. Sequencing was performed using the VLKL12a_Huhn 

and CLKL_A_rv_NB oligonucleotides. 

MM119_NGS_sequenceB_A     ATGGCCAGCTTCCCTCTCCTCCTCACCCTCCTCAC-------------------------

MM119_NGS_sequenceB_B     -----------------------------------GTCCTGGGCCCAGTCTGTCCTGACT

MM119_NGS_sequenceA       ------------------------------------------------------------

MM119_Sanger              ---------------------------------------------CAGTCTGTCCTGACT

MM119_NGS_sequenceB_B     CAGCCACCCTCAGCGTCTGGGACCCCCGGGCAGAGGGTCATCATTTCTTGTTCTGGAACC

MM119_NGS_sequenceA       ------------------------------------------------------------

MM119_Sanger              CAGCCACCCTCAGCGTCTGGGACCCCCGGGCAGAGGGTCATCATTTCTTGTTCTGGAACC

MM119_NGS_sequenceB_B    AGCTCCAACATCGAAAGTTATCCTGTAAATTGGTATCAGCAGCTCCCGGGATCCGCCCCC

MM119_NGS_sequenceA      ------------------------------------------------------------

MM119_Sanger             AGCTCCAACATCGAAAGTTATCCTGTAAATTGGTATCAGCAGCTCCCGGGATCCGCCCCC

MM119_NGS_sequenceB_B    AAACTCCTCATCTATGAAACTAATCAGCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGC

MM119_NGS_sequenceA      ------------------------------CCCTCAGGGGTCCCTGACCGATTCTCTGGC

MM119_Sanger             AAACTCCTCATCTATGAAACTAATCAGCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGC

******************************

MM119_NGS_sequenceB_B    TCCAAGTCTGGCAGCTCAGCCTCCCTGGCCATCACTGGTCTCCAGTCTGAAGATGAGTCT

MM119_NGS_sequenceA      TCCAAGTCTGGCAGCTCAGCCTCCCTGGCCATCACTGGTCTCCAGTCTGAAGATGAGTCT

MM119_Sanger             TCCAAGTCTGGCAGCTCAGCCTCCCTGGCCATCACTGGTCTCCAGTCTGAAGATGAGTCT

************************************************************

MM119_NGS_sequenceB_B    GATTATTACTGTGCTTCATGGGATGAAACCCTGAATGGTCCGGTATTCGGCGGAGGGACC

MM119_NGS_sequenceA      GATTATTACTGTGCTTCATGGGATGAAACCCTGAATGGTCCGGTATTCGGCGGAGGGACC

MM119_Sanger             GATTATTACTGTGCTTCATGGGATGAAACCCTGAATGGTCCGGTATTCGGCGGAGGGACC

************************************************************

MM119_NGS_sequenceB_B    AAGCTGACCGTCCTGGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCC

MM119_NGS_sequenceA      AAGCTGACCGTCCTGGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCC

MM119_Sanger             AAGCTGACCGTCCTGGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCC

************************************************************

MM119_NGS_sequenceB_B    TCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCG

MM119_NGS_sequenceA      TCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCG

MM119_Sanger             TCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCG

************************************************************

MM119_NGS_sequenceB_B    GGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACC

MM119_NGS_sequenceA      GGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACC

MM119_Sanger             GGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACC

************************************************************

MM119_NGS_sequenceB_B    ------------------------------------------------------------

MM119_NGS_sequenceA      ACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACG

MM119_Sanger             ACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACG

MM119_NGS_sequenceB_B    ------------------------------------------------------------

MM119_NGS_sequenceA      CCTGAGCAGTG-------------------------------------------------

MM119_Sanger             CCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACC

MM119_NGS_sequenceB_B    ----

MM119_NGS_sequenceA      ----

MM119_Sanger             GTGG
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Supplementary Information Figure 39. Sequence comparison between MM137 IGLV1-

44 assigned light chain sequences generated through a next-generation sequencing and 

Sanger sequencing approach. For the sequence generated by the Sanger sequencing approach only 

dominant signals were used. * = nucleotide position consistent, MM = multiple myeloma patient, NGS = light 

chain sequence generated through next-generation sequencing, Sanger = light chain sequence generated through a 

Sanger sequencing approach. Sequence_A = sequence with the highest percentage >1 %, sequence_B = sequence 

with the second highest percentage >1 %. In the bioinformatic analysis of the bulk RNA sequencing, several 

sequence sections were given – indicated by _A, _B and _C. Sequencing was performed using the VLKL12a_Huhn 

and CLKL_A_rv_NB oligonucleotides. Nucleotide signal overlaps in the Sanger sequencing were specified 

accoding to the IUPAC code. 

MM137_NGS_sequenceA        ------------------------------------------------------------

MM137_NGS_sequenceB_A      ATGGCCAGCTTCCCTCTCCTCCTCAC----------------------------------

MM137_NGS_sequenceB_B      --------------------------GTCCTGGGCCCAGTCTGTGCTGACTCAGCCACCT

MM137_Sanger               -------------------------------------AGTCTGTGCTGACTCAGCCACCT

***********************

MM137_NGS_sequenceA        ------------------------------------------------------------

MM137_NGS_sequenceB_B      TCAGCGTCTGGGACCCCCGGGCAGAGGGTCACCATCTCTTGTTCTGGCAGCAGGTCCAAC

MM137_Sanger               TCAGCGTCTGGGACCCCCGGGCAGAGGGTCACCATCTCTTGTTCTGGCAGCAGGTCCAAC

************************************************************      

MM137_NGS_sequenceA        ------------------------------------------------------------

MM137_NGS_sequenceB_B      GTCGGAAGTAACACTGTAAGTTGGTACCAGCACCTCCCGGGAACGGCCCCCAAACTCCTC

MM137_Sanger               GTCGGAAGTAACACTGTAAGTTGGTACCAGCACCTCCCGGGAACGGCCsCCAAACTCCTC

************************************************************      

MM137_NGS_sequenceA        --------------------------AGGGGTCCCTGACCGATTCTCCGGCTCCAAGTCT

MM137_NGS_sequenceB_B      ATCTATACTAATAATCAGCGGCCCTCAGGGGTCCCTGACCGATTCTCCGGCTCCAAGTCT

MM137_Sanger               ATCTATACTAATAATCAGCGGCCCTCAGGGGTCCCTGACCGATTCTCCGGCTCCAAGTCT

************************************************************      

MM137_NGS_sequenceA        GGCACCTCAGCCTCTCTGGCCATCAGTGGGCTCCGGTCTGAGGATGAGGCTGACTATTAC

MM137_NGS_sequenceB_B      GGCACCTCAGCCTCTCTGGCCATCAGTGGGCTCCGGTCTGAGGATGAGGCTGACTATTAC

MM137_Sanger               GGCACCTCAGCCTCTCTGGCCATCAGTGGGCTCCGGTCTGAGGATGAGGCTGACTATTAC

************************************************************      

MM137_NGS_sequenceA        TGTGCAGCATGGGATGACGGCCTGAATGATCCCGTTTTCGGCGAAGGGACCAAGCTGACC

MM137_NGS_sequenceB_B      TGTGCAGCATGGGATGACGGCCTGAATGATCCCGTTTTCGGCGAAGGGACCAAGCTGACC

MM137_Sanger               TGTGCAGCATGGGATGACGGCCTGAATGATCCCGTTTTCGGCGAAGGGACCAAGCTGACC

************************************************************      

MM137_NGS_sequenceA        GTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAG

MM137_NGS_sequenceB_B      GTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAG

MM137_Sanger               GTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAG

************************************************************      

MM137_NGS_sequenceA        CTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTG

MM137_NGS_sequenceB_B      CTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTG

MM137_Sanger               CTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTG

************************************************************      

MM137_NGS_sequenceA        ACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCC

MM137_NGS_sequenceB_B      ACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCAC-------

MM137_Sanger               ACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAkTGGAGACCACCACACCC

************************************************************      

MM137_NGS_sequenceA        TCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAG

MM137_NGS_sequenceB_B      ------------------------------------------------------------

MM137_Sanger               TCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAG

************************************************************      

MM137_NGS_sequenceA        TGGAAGTCC----------------------------------------------

MM137_NGS_sequenceB_B      -------------------------------------------------------

MM137_Sanger               TGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGG

*********
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Supplementary Information Figure 40. Sequence comparison between MM141 IGLV1-

44 assigned light chain sequences generated through a next-generation sequencing and 

Sanger sequencing approach. For the sequence generated by the Sanger sequencing approach only 

dominant signals were used. * = nucleotide position consistent, MM = multiple myeloma patient, NGS = light 

chain sequence generated through next-generation sequencing, Sanger = light chain sequence generated through a 

Sanger sequencing approach. Sequence_A = sequence with the highest percentage >1 %, sequence_B = sequence 

with the second highest percentage >1 %. In the bioinformatic analysis of the bulk RNA sequencing, several 

sequence sections were given – indicated by _A, _B and _C. Sequencing was performed using the VLKL12a_Huhn 

and CLKL_A_rv_NB oligonucleotides.  

MM141_NGS_sequenceB_A  ATGGCCAGCTTCCCTCTCCTCCTCATGGCCAGCTTCCCTCTCCTCCTC------------

MM141_NGS_sequenceB_B  ------------------------------------------------GGTCCTGGGCCC

MM141_NGS_sequenceA_A  ------------------------------------------------------------

MM141_NGS_sequenceA_B  ------------------------------------------------------------

MM141_Sanger           ------------------------------------------------------------

MM141_NGS_sequenceB_B  AGCCTGTGCTGACTCAGCCACCCTCAGTGTCTGGGACCCCCGGCCAGAGGGTCACCATCT

MM141_NGS_sequenceA_A  ------------------------------------------GCCAGAGGGTCACCATCT

MM141_Sanger           AGTCTGTGCTGACTCAGCCACCCTCAGTGTCTGGGACCCCCGGCCAGAGGGTCACCATCT

******************

MM141_NGS_sequenceB_B  CTTGTTCTGGAGCCACTTCCAACATCGGCGACAACCCTGTTAACTGGTACCAGCTGCTCC

MM141_NGS_sequenceA_A  CTTGTTCTGGAGCCACTTCCAACATCGGCGACAACCCTGTTAACTGGTACCAGCTGCTCC

MM141_NGS_sequenceA_B  ------------------------------------------------------------

MM141_Sanger           CTTGTTCTGGAGCCACTTCCAACATCGGCGACAACCCTGTTAACTGGTACCAGCTGCTCC

************************************************************

MM141_NGS_sequenceB_B  CAGGGACGGCCCCCAAGTTACTCATCTATAATATTAATCAGCGGCCCTCAGGGGTCCCTG

MM141_NGS_sequenceA_A  CAGGGAAGGCCCCCAA--------------------------------------------

MM141_NGS_sequenceA_B  ----------------------------------------------CTCAGGGGTCCCTG

MM141_Sanger           CAGGGACGGCCCCCAAGTTACTCATCTATAATATTAATCAGCGGCCCTCAGGGGTCCCTG

****** *****************************************************

MM141_NGS_sequenceB_B  CCCGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGCCATCGGTGGGCTCCAGT

MM141_NGS_sequenceA_B  CCCGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGCCATCGGTGGGCTCCAGT

MM141_Sanger           CCCGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGCCATCGGTGGGCTCCAGT

************************************************************

MM141_NGS_sequenceB_B  CTGAGGATGAGGCTGAGTATTACTGTGCATCATGGGATGACAGCCTGATTCGTTATGTCT

MM141_NGS_sequenceA_B  CTGAGGATGAGGCTGAGTATTACTGTGCATCATGGGATGACAGCCTGATTCGTTATGTCT

MM141_Sanger           CTGAGGATGAGGCTGAGTATTACTGTGCATCATGGGATGACAGCCTGATTCGTTATGTCT

************************************************************

MM141_NGS_sequenceB_B  TCGGAACTGGGACCAAGGTCACCGTCCTAGGTCAGCCCAAGGCCAACCCCACTGTCACTC

MM141_NGS_sequenceA_B  TCGGAACTGGGACCAAGGTCACCGTCCTAGGTCAGCCCAAGGCCAACCCCACTGTCACTC

MM141_Sanger           TCGGAACTGGGACCAAGGTCACCGTCCTAGGTCAGCCCAAGGCCAACCCCACTGTCACTC

************************************************************

MM141_NGS_sequenceB_B  TGTTCCCGCCCTCCTCTGAGGAGCTCCAAGCCAACAAGGCCACACTAGTGTGTCTGATCA

MM141_NGS_sequenceA_B  TGTTCCCGCCCTCCTCTGAGGAGCTCCAAGCCAACAAGGCCACACTAGTGTGTCTGATCA

MM141_Sanger           TGTTCCCGCCCTCCTCTGAGGAGCTCCAAGCCAACAAGGCCACACTAGTGTGTCTGATCA

************************************************************

MM141_NGS_sequenceB_B  GTGACTTCTACCCGGGAGCTGTGACAGTGGCCTGGAAGGCAGATGGCAGCCCCGTCAAGG

MM141_NGS_sequenceA_B  GTGACTTCTACCCGGGAGCTGTGACAGTGGCCTGGAAGGCAGATGGCAGCCCCGTCAAGG

MM141_Sanger           GTGACTTCTACCCGGGAGCTGTGACAGTGGCCTGGAAGGCAGATGGCAGCCCCGTCAAGG

************************************************************

MM141_NGS_sequenceB_B  CGGG--------------------------------------------------------

MM141_NGS_sequenceA_B  CGGGAGTGGAGACCACCAAACCCTCCAAACAGAGCAACAACAAGTACGCGGCCAGCAGCT

MM141_Sanger           CGGGAGTGGAGACCACCAAACCCTCCAAACAGAGCAACAACAAGTACGCGGCCAGCAGCT

************************************************************  

MM141_NGS_sequenceB_B  ------------------------------------------------------------

MM141_NGS_sequenceA_B  ACCTGAGCCTGACGCCCGAGCAGT------------------------------------

MM141_Sanger           ACCTGAGCCTGACGCCCGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACGC

************************                                      

MM141_NGS_sequenceB_B  ----------------

MM141_NGS_sequenceA_B ----------------

MM141_Sanger           ATGAAGGGAGCACCGT
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Supplementary Information Table 8. Mutation and light chain composition analysis of 

IGLV1-44 assigned AL amyloidosis and multiple myeloma light chain sequences. 
MM = multiple myeloma patient, _H = AL amyloidosis patient with dominant heart involvement.  
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mutations IGLV segment 9 7 11 8 9 15 5 15 9 5 8 11 15 6 

mutations IGLJ segment 2 1 2 0 1 1 2 1 1 0 2 0 1 0 

mutations IGLC segment 1 1 0 0 0 0 1 0 0 0 0 1 1 0 

IGLJ family 1 3 7/3 3 3 2 3 3 3 2 2/3 1 2/3 2 

IGLC family 1 3 2 2 2 2/3 2/3 3 2 2/3 2/3 1 3 2 

 

 

Supplementary Information Figure 41. Sequence alignment of IGLV1-44 assigned AL 

amyloidosis and multiple myeloma amino acid light chain sequences. Bold = reference 

sequences, underlined = CDR regions, red letter = mutation, green letter = linker region, MM = multiple myeloma 

patient, _H = AL amyloidosis patient with dominant heart involvement. In the bioinformatic analysis of the bulk 

RNA sequencing, several sequence sections were given – section A is framed. The sequence with the second 

highest percentage in the overall analysis was used for alignment and analysis of the IGLV1-44 multiple myeloma 

sequences (sequence_B).  

 

CDR1               CDR2                                   CDR3

IGLV1-44_Ensembl         MASFPLLLTLLTHCAGSWAQSVLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTAPKLLIYSNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAWDDSLNGP--------

IGLV1-44*01_VBase2       -------------------QSVLTQPPSASGTPGQRVTISCSGSSSNIGSNTVNWYQQLPGTAPKLLIYSNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAWDDSL-----------

IGLJ1*01_Genbank         ----------------------------------------------------------------------------------------------------------------------YVFGTGTK

IGLJ2/J3*01_Genbank      ----------------------------------------------------------------------------------------------------------------------VVFGGGTK

IGLJ3*02_Genbank         ----------------------------------------------------------------------------------------------------------------------WVFGGGTK

FOR102_H                 ---------------WSWAQSVLTQPPSASGTPGQRVIISCSGSSSNIGSNTVSWYLHLPGTAPKLLIYTNTQRPSGVGDRFSGSKSGTSASLAISGLQSGDEADYYCAAWDDSLRG-PVFGSGTK

FOR110_H                 ---------------WSWAQSVLTQPPSASGTPGQRVTISCSGSSSNIGSNTVXWYQHLPGAAPKLLIYSNNQWPSGVPDRFSGSKSGTSASLAISGLQSDDEADYYCTTWDDSLNG-PVFGGGTK

FOR106_H                 ---------------WSWAQSVLTQPPSASGTPGQRVTISCSGSNSNIGTNTVSWYRQVPGTAPKLLIYSNDYRPSGVPDRFSASKSGTSASLAISGLQSEDESAYYCAAWDDSLNG-PVFGGGTH

FOR147_H                 ---------------WSWAQSVLTQPPSASGTPGRGVTISCSGGSSNIGINTVTWYQQVPGGAPKLLIYSNNQRSSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAWEDTLNG-WVFGGGTK

FOR128_H                 ------------------------------------VTISCSGGSSNIGSNSVTWYQQLPGTAPKLLMYITNQRPSGVPDRFSGSKSGTSASLAISGLHSEDEADYYCAAWDNSLNG-PVFGGGTK

MM109                    MASFPLLLT-------SWAQSVLTQPPSASGTPGQRVIISCSGTSSNIESYPVNWYQQLPGSAPKLLIYETNQRPSGVPDRFSGSKSGSSASLAITGLQSEDESDYYCASWDETLNG-PVFGGGTK

MM121                    MASFPLLLT---------AQSVLTQSPSASGTPGQRVTISCSGSSSNIGSTTVNWYQHLPGTAPKLLIYSNTYRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCAAWDDSLNG-PVFGGGTK

MM141                    ----------------SWAQSVLTQPPSASGTPGQTVTISCSGGPSNIGTNSVTWYQQLPGASPKVLIFLTSHRPSGVPDRFSGSKSATSASLAISGLQSEDEADYYCAAWDDSLTG-PVFGGGTK

MM148                    MASFPR----------SWAQSVLTQPPSASGTPGQRVTISCSGSSSNIGSNLVTWYQHLPGTAPKLLIYSQNRRPSGVPDRFSASKSGTSASLAITGLQSEDEADYFCAAWDDSLNG-PVFGGGTK

MM116                    ------------------AQSVLTQPPSASGTPGQRVTISCSGSSSNIGSDPVDWYQQLPGTAPKLLIYTNNQRPSGVPDRFSGSKSGTSASLAISGLQSEDEGDYYCAAWDDSLGA-VVFGGGTK

MM118                    MASFPLLLT-------SWAQSVLTQPPSASGTPGQRVTISCSGSRSNVGSNTVSWYQHLPGTAPKLLIYTNNQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWDDGLND-PVFGEGTK

MM152                    ----------------SWAQPVLTQPPSVSGTPGQRVTISCSGATSNIGDNPVNWYQLLPGTAPKLLIYNINQRPSGVPARFSGSKSGTSASLAIGGLQSEDEAEYYCASWDDSLIR-YVFGTGTK

MM115                    MASFPLLLTLLT-------------PPSVSGTPGQRVTISCSGSSSNIAINPVNWYQHLPGKAPKFLIFNNDRRPSGVPDRFSGSKSATSASLSISGLQSEDEADYYCATWDDTLNG-AVFGGGTK

MM137                    ----------------SWAQSVLTQPPSASGTPGQRVTISCSGNSSNIGSNAVNWYQQLPGTAPKLLIYSNDHRPSGVPDRFSGSKSGTSASLAISGLQSEDEADYYCGTWDDSLNAYVLFGGGTK

IGLJ1*01_Genbank         VTVL--------------------------------------------------------------------------------------------------- -------

IGLJ2/J3*01_Genbank      LTVL----------------------------------------------------------------------------------------------------------

IGLJ3*02_Genbank         LTVL----------------------------------------------------------------------------------------------------------

IGLC1*01_Genbank         ----GQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

IGLC2*01_Genbank         ----GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

IGLC3*01_Genbank         ----GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVEKTVAPTECS

FOR102_H                 VTVLGQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTV------

FOR110_H                 LTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVE---------

FOR106_H                 LTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQ----------------------------

FOR147_H                 LTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTV------

FOR128_H                 LTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTV----------

MM109                    LTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQ----------------------------

MM121                    VTVLSQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQW---------------------------

MM141                    LTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQ----------------------------

MM148                    LTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQW---------------------------

MM116                    LTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTP------------------------------

MM118                    LTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKS-------------------------

MM152                    VTVLGQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSYLSLTPEQ----------------------------

MM115                    LTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVRAGVQTTTPSKQSNNKYAASSYLSLTPE-----------------------------

MM137                    LTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQW---------------------------

section_A
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Supplementary Information Figure 42. Sequence alignment of IGLV1-44 assigned AL 

amyloidosis and multiple myeloma cDNA light chain sequences. Bold = reference sequences, 

green letter = linker region, MM = multiple myeloma patient, _H = AL amyloidosis patient with dominant heart 

involvement. In the bioinformatic analysis of the bulk RNA sequencing, several sequence sections were given – 

indicated by _A, _B, and _C. Nucleotide signal overlaps in the Sanger sequencing were specified according to the 

IUPAC code. The sequence with the second highest percentage in the overall analysis was used for alignment und 

analysis of the IGLV1-44 multiple myeloma sequences (sequence_B). 

IGLV1-44* 01_VBa se2      --- ------ ------ ------ ------ ------ ------ ------ ------ ------ CAGTCT GTGCTG ACTCAG CCACCC TCAGCG TCTGGG ACCCCC GGGCAG AGGGTC ACCATC TCTTGT TCTGGA AGCAGC TCCAAC ATCGGA AGTAAT ACTGTA AACTG

IGLV1-44_ Ensemb l        ATG GCCAGC TTCCCT CTCCTC CTCACC CTCCTC ACTCAC TGTGCA GGGTCC TGGGCC CAGTCT GTGCTG ACTCAG CCACCC TCAGCG TCTGGG ACCCCC GGGCAG AGGGTC ACCATC TCTTGT TCTGGA AGCAGC TCCAAC ATCGGA AGTAAT ACTGTA AACTG

FOR102_H                --- ------ ------ ------ ------ ------ ------ ------ TGGTCC TGGGCT CAGTCT GTGCTG ACTCAG CCACCC TCAGCG TCTGGG ACCCCC GGGCAG AGGGTC ATCATC TCTTGT TCTGGA AGCAGC TCCAAC ATCGGA AGTAAT ACTGTC AGCTG

FOR106_H                --- ------ ------ ------ ------ ------ ------ ------ TGGTCC TGGGCT CAGTCT GTCCTG ACTCAG CCGCCC TCAGCG TCTGGG ACCCCC GGGCAG CGGGTC ACCATC TCTTGT TCTGGA AGCAGT TCCAAC ATCGGA AGTAAT ACTGTT AAYTG

FOR110_H                --- ------ ------ ------ ------ ------ ------ ------ TGGTCC TGGGCT CAGTCT GTGCTG ACTCAG CCACCC TCAGCG TCTGGG ACCCCC GGGCAG AGGGTC ACCATC TCTTGT TCTGGA AGCAAC TCCAAC ATCGGA ACTAAT ACTGTA AGTTG

FOR128_H                --- ------ ------ ------ ------ ------ ------ ------ TGGTCC TGGGCT CAGTCT GTGCTG ACTCAG CCACCC TCAGCG TCTGGG ACCCCC GGGCGG GGGGTC ACCATC TCTTGT TCTGGA GGCAGC TCCAAC ATCGGA ATTAAT ACTGTG ACCTG

FOR147_H                --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ --GGTC ACCATC TCTTGT TCTGGA GGCAGC TCCAAC ATCGGA AGTAAC AGTGTA ACCTG

MM109_A                 ATG GCCAGC TTCCCT CTCCTC CTCACC CTCCTC AC---- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM109_B                 --- ------ ------ ------ ------ ------ ------ ------ --GTCC TGGGCC CAGTCT GTCCTG ACTCAG CCACCC TCAGCG TCTGGG ACCCCC GGGCAG AGGGTC ATCATT TCTTGT TCTGGA ACCAGC TCCAAC ATCGAA AGTTAT CCTGTA AATTG

MM115_A                 ATG GCCAGC TTCCCT CTCCTC CTCAC- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM115_B                 --- ------ ------ ------ ------ ------ ------ ------ --GTCC TGGGCC CAGTCT GTGCTG ACTCAG TCACCC TCAGCG TCTGGG ACCCCC GGGCAG AGGGTC ACCATC TCTTGC TCTGGA AGCAGC TCCAAC ATCGGA AGTACT ACTGTA AATTG

MM116_A                 --- ------ ------ -----C CTCACC CTCCTC ACCCAC C----- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM116_B                 --- ------ ------ ------ ------ ------ ------ ------ -GGTCC TGGGCC CAGTCC GTGCTG ACTCAG CCACCC TCAGCG TCTGGG ACCCCC GGGCAG ACGGTC ACCATC TCTTGT TCTGGA GGCCCC TCCAAC ATCGGA ACTAAT TCAGTA ACCTG

MM118_A                 ATG GCCAGC TTCCCT C----- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM118_B                 --- ------ ------ ------ ------ ------ ------ ------ -GGTCC TGGGCC CAGTCT GTGCTG ACTCAG CCGCCC TCTGCG TCTGGG ACCCCC GGGCAG AGGGTC ACCATC TCTTGT TCTGGA AGCAGC TCCAAC ATCGGA AGTAAT CTTGTG ACCTG

MM121_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ TGGGCC CAGTCT GTGCTG ACTCAG CCACCC TCAGCG TCTGGG ACCCCC GGGCAG AGGGTC ACCATC TCTTGT TCTGGA AGCAGC TCCAAC ATCGGA A----- ------ -----

MM121_B                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ --TGTA GACTG

MM121_C                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM137_A                 ATG GCCAGC TTCCCT CTCCTC CTCAC- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM137_B                 --- ------ ------ ------ ------ ------ ------ ------ --GTCC TGGGCC CAGTCT GTGCTG ACTCAG CCACCT TCAGCG TCTGGG ACCCCC GGGCAG AGGGTC ACCATC TCTTGT TCTGGC AGCAGG TCCAAC GTCGGA AGTAAC ACTGTA AGTTG

MM141_A                 ATG GCCAGC TTCCCT CTCCTC CTC--- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM141_B                 ATG GCCAGC TTCCCT CTCCTC CT---- ------ ------ ------ CGGTCC TGGGCC CAGCCT GTGCTG ACTCAG CCACCC TCAGTG TCTGGG ACCCCC GGCCAG AGGGTC ACCATC TCTTGT TCTGGA GCCACT TCCAAC ATCGGC GACAAC CCTGTT AACTG

MM148_A                 ATG GCCAGC TTCCCT CTCCTC CTC--- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM148_B                 --- ------ ------ ------ ------ ------ ------ ------ -GGTCC TGGGCC CAGTCT CTGCTG TCTCAG CCACCC TCAGTG TCTGGG ACCCCC GGGCAG AGGGTA ACCATC TCTTGT TCTGGA AGCAGT TCCAAC ATCGCA ATTAAT CCTGTA AATTG

MM152_A                 ATG GCCAGC TTCCCT CTCCTC CTC--- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM152_B                 --- ------ ------ ------ ------ ------ ------ ------ --GTCC TGGGCC CAGTCT GTGTTG ACTCAG CCACCC TCAGCG TCTGGG ACCCCC GGGCAG AGGGTC ACCATC TCTTGT TCTGGA AACAGC TCCAAC ATCGGA AGTAAT GCTGTA AACTG

IGLV1-44* 01_VBa se2      GTA CCAGCA GCTCCC AGGAAC GGCCCC CAAACT CCTCAT CTATAG TAATAA TCAGCG GCCCTC AGGGGT CCCTGA CCGATT CTCTGG CTCCAA GTCTGG CACCTC AGCCTC CCTGGC CATCAG TGGGCT CCAGTC TGAGGA TGAGGC TGATTA TTACTG TGCAG

IGLV1-44_ Ensemb l        GTA CCAGCA GCTCCC AGGAAC GGCCCC CAAACT CCTCAT CTATAG TAATAA TCAGCG GCCCTC AGGGGT CCCTGA CCGATT CTCTGG CTCCAA GTCTGG CACCTC AGCCTC CCTGGC CATCAG TGGGCT CCAGTC TGAGGA TGAGGC TGATTA TTACTG TGCAG

FOR102_H                GTA CCTGCA CCTCCC AGGAAC GGCCCC CAAACT CCTCAT CTATAC TAATAC TCAGCG GCCCTC AGGGGT CGGTGA CCGATT CTCTGG CTCCAA GTCTGG CACCTC AGCCTC CCTGGC CATCAG TGGGCT CCAGTC TGGGGA TGAGGC TGATTA TTACTG TGCAG

FOR106_H                GTA CCAGCA CCTCCC AGGAGC GGCCCC CAAACT CCTCAT CTATAG TAATAA TCAGTG GCCCTC AGGGGT CCCTGA CCGATT CTCTGG CTCCAA GTCTGG CACCTC AGCCTC CCTGGC CATCAG TGGACT CCAGTC TGACGA TGAGGC TGATTA TTACTG TACAA

FOR110_H                GTA CCGGCA GGTCCC AGGAAC GGCCCC CAAACT CCTCAT TTACAG TAATGA TTACCG GCCCTC GGGGGT CCCTGA CCGATT CTCTGC CTCCAA GTCTGG CACCTC AGCCTC CCTGGC CATCAG TGGGCT CCAGTC TGAGGA TGAGTC TGCTTA CTACTG TGCAG

FOR128_H                GTA CCAGCA GGTCCC AGGAGG GGCCCC CAAACT CCTCAT CTATAG TAATAA TCAGCG GTCCTC AGGGGT CCCAGA CCGATT CTCTGG CTCCAA GTCTGG CACCTC AGCCTC CCTGGC CATCAG TGGACT CCAGTC TGAGGA TGAGGC TGATTA TTACTG TGCAG

FOR147_H                GTA CCAGCA GCTCCC GGGGAC GGCCCC CAAACT CCTCAT GTACAT TACTAA TCAGCG ACCCTC AGGGGT CCCTGA CCGATT CTCTGG CTCCAA GTCTGG CACCTC AGCCTC CCTGGC CATCAG TGGGCT CCACTC TGAGGA TGAGGC TGATTA TTATTG TGCAG

MM109_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM109_B                 GTA TCAGCA GCTCCC GGGATC CGCCCC CAAACT CCTCAT CTATGA AACTAA TCAGCG GCCCTC AGGGGT CCCTGA CCGATT CTCTGG CTCCAA GTCTGG CAGCTC AGCCTC CCTGGC CATCAC TGGTCT CCAGTC TGAAGA TGAGTC TGATTA TTACTG TGCTT

MM115_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM115_B                 GTA CCAGCA CCTCCC AGGAAC GGCCCC CAAACT CCTCAT CTATAG TAATAC TTACCG GCCCTC AGGGGT CCCTGA CCGATT CTCTGG CTCCAA GTCTGG CACCTC CGCCTC CCTGGC CATCAG TGGGCT CCAGTC TGAGGA TGAGGC TGATTA TTACTG TGCGG

MM116_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM116_B                 GTA CCAGCA ACTCCC AGGAGC GTCGCC CAAGGT CCTCAT CTTTCT CACTAG TCATCG GCCCTC AGGGGT CCCTGA CCGATT CTCTGG CTCCAA GTCTGC CACCTC AGCCTC CCTGGC CATCAG TGGTCT CCAGTC TGAGGA TGAGGC TGATTA TTACTG TGCAG

MM118_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM118_B                 GTA TCAGCA CCTTCC AGGGAC GGCCCC CAAACT CCTCAT CTATAG TCAAAA TCGTCG GCCCTC AGGGGT CCCTGA CCGATT CTCTGC CTCCAA GTCTGG CACCTC AGCCTC CCTGGC CATCAC TGGACT CCAGTC TGAGGA TGAGGC TGATTA TTTCTG TGCAG

MM121_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM121_B                 GTA CCAGCA GCTCCC AGGGAC GGCCCC CAAA-- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM121_C                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ---CTC AGGGGT CCCTGA CCGATT CTCTGG CTCCAA GTCTGG CACCTC AGCCTC CCTGGC CATCAG TGGGCT CCAGTC TGAGGA TGAGGG TGATTA TTACTG TGCAG

MM137_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM137_B                 GTA CCAGCA CCTCCC GGGAAC GGCCCC CAAACT CCTCAT CTATAC TAATAA TCAGCG GCCCTC AGGGGT CCCTGA CCGATT CTCCGG CTCCAA GTCTGG CACCTC AGCCTC TCTGGC CATCAG TGGGCT CCGGTC TGAGGA TGAGGC TGACTA TTACTG TGCAG

MM141_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM141_B                 GTA CCAGCT GCTCCC AGGGAC GGCCCC CAAGTT ACTCAT CTATAA TATTAA TCAGCG GCCCTC AGGGGT CCCTGC CCGATT CTCTGG CTCCAA GTCTGG CACCTC AGCCTC CCTGGC CATCGG TGGGCT CCAGTC TGAGGA TGAGGC TGAGTA TTACTG TGCAT

MM148_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM148_B                 GTA TCAGCA TCTCCC AGGAAA GGCCCC CAAATT CCTCAT CTTTAA TAATGA TCGGCG GCCCTC AGGGGT CCCTGA CCGATT CTCTGG CTCCAA GTCTGC CACCTC AGCCTC CCTGTC CATCAG TGGTCT CCAGTC TGAGGA TGAGGC TGATTA TTACTG TGCTA

MM152_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM152_B                 GTA TCAGCA GCTCCC AGGAAC GGCCCC CAAACT CCTCAT CTACAG TAATGA TCACCG GCCCTC AGGGGT CCCTGA CCGATT CTCTGG CTCCAA GTCTGG CACCTC AGCCTC CCTGGC CATCAG TGGGCT CCAGTC TGAGGA TGAGGC TGATTA TTACTG TGGAA

IGLV1-44* 01_VBa se2      CAT GGGATG ACAGCC TG---- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

IGLV1-44_ Ensemb l        CAT GGGATG ACAGCC TGAATG GTCC-- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

IGLJ1*01_ Genban k        --- ------ ------ ------ ----TT ATGTCT TCGGAA CTGGGA CCAAGG TCACCG TCCTAG ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

IGLJ2*01_ Genban k        --- ------ ------ ------ ----TG TGGTAT TCGGCG GAGGGA CCAAGC TGACCG TCCTAG ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

IGLJ3*02_ Genban k        --- ------ ------ ------ ----TT GGGTGT TCGGCG GAGGGA CCAAGC TGACCG TCCTAG ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

IGLJ7*01_ Genban k        --- ------ ------ ------ ----TG CTGTGT TCGGAG GAGGCA CCCAGC TGACCG TCCTCG ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

IGLC1_Ens embl           --- ------ ------ ------ ------ ------ ------ ------ ------ ------ -----N GTCAGC CCAAGG CCAACC CCACTG TCACTC TGTTCC CGCCCT CCTCTG AGGAGC TCCAAG CCAACA AGGCCA CACTAG TGTGTC TGATCA GTGACT TCTAC

IGLC2_Ens embl           --- ------ ------ ------ ------ ------ ------ ------ ------ ------ -----N GTCAGC CCAAGG CTGCCC CCTCGG TCACTC TGTTCC CGCCCT CCTCTG AGGAGC TTCAAG CCAACA AGGCCA CACTGG TGTGTC TCATAA GTGACT TCTAC

IGLC3_Ens embl           --- ------ ------ ------ ------ ------ ------ ------ ------ ------ -----N GTCAGC CCAAGG CTGCCC CCTCGG TCACTC TGTTCC CACCCT CCTCTG AGGAGC TTCAAG CCAACA AGGCCA CACTGG TGTGTC TCATAA GTGACT TCTAC

FOR102_H                CAT GGGATG ACAGCC TGCGTG G---TC CAGTCT TCGGAT CTGGGA CCAAGG TCACCG TCCTGG GTCAGC CCAAGG CCAACC CCACTG TCACTC TGTTCC CGCCCT CCTCTG AGGAGC TCCAAG CCAACA AGGCCA CACTAG TGTGTC TGATCA GTGACT TCTAC

FOR106_H                CAT GGGATG ACAGCC TGAATG G---TC CGGTGT TCGGCG GAGGGA CCAAGC TGACCG TCCTAG GTCAGC CCAAGG CTGCCC CCTCGG TCACTC TGTTCC CGCCCT CCTCTG AGGAGC TTCAAG CCAACA AGGCCA CACTGG TGTGTC TCATAA GTGACT TCTAC

FOR110_H                CGT GGGATG ACAGCC TGAACG G---TC CGGTGT TCGGCG GAGGGA CCCACC TGACCG TCCTCG GTCAGC CCAAGG CTGCCC CCTCGG TCACTC TGTTCC CGCCCT CCTCTG AGGAGC TTCAAG CCAACA AGGCCA CACTGG TGTGTC TCATAA GTGACT TCTAC

FOR128_H                CAT GGGAAG ACACTT TGAATG G---TT GGGTGT TCGGCG GAGGGA CCAAGC TGACCG TCCTAG GTCAGC CCAAGG CTGCCC CCTCGG TCACTC TGTTCC CGCCCT CCTCTG AGGAGC TTCAAG CCAACA AGGCCA CACTGG TGTGTC TCATAA GTGACT TCTAC

FOR147_H                CAT GGGATA ACAGCC TGAATG G---TC CGGTGT TCGGCG GAGGGA CGAAGC TGACCG TCCTAG GTCAGC CCAAGG CTGCCC CCTCGG TCACTC TGTTCC CGCCCT CCTCTG AGGAGC TTCAAG CCAACA AGGCCA CACTGG TGTGTC TCATAA GTGACT TCTAC

MM109_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM109_B                 CAT GGGATG AAACCC TGAATG G---TC CGGTAT TCGGCG GAGGGA CCAAGC TGACCG TCCTGG GTCAGC CCAAGG CTGCCC CCTCGG TCACTC TGTTCC CGCCCT CCTCTG AGGAGC TTCAAG CCAACA AGGCCA CACTGG TGTGTC TCATAA GTGACT TCTAC

MM115_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM115_B                 CAT GGGATG ACAGTT TGAATG G---TC CGGTGT TCGGCG GAGGGA CCAAGG TGACCG TCCTAA GTCAGC CCAAGG CTGCCC CCTCGG TCACTC TGTTCC CGCCCT CCTCTG AGGAGC TTCAAG CCAACA AGGCCA CACTGG TGTGTC TCATAA GTGACT TCTAC

MM116_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM116_B                 CAT GGGATG ACAGCC TGACTG G---TC CGGTGT TCGGCG GAGGGA CCAAGT TGACCG TCCTAG GTCAGC CCAAGG CTGCCC CCTCGG TCACTC TGTTCC CACCCT CCTCTG AGGAGC TTCAAG CCAACA AGGCCA CACTGG TGTGTC TCATAA GTGACT TCTAC

MM118_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM118_B                 CTT GGGATG ACAGCC TGAATG G---TC CGGTGT TCGGCG GAGGGA CCAAGT TGACCG TCCTAG GTCAGC CCAAGG CTGCCC CCTCGG TCACTC TGTTCC CGCCCT CCTCTG AGGAGC TTCAAG CCAACA AGGCCA CACTGG TGTGTC TCATAA GTGACT TCTAC

MM121_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM121_B                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM121_C                 CCT GGGATG ACAGCC TGGGTG C---TG TGGTAT TCGGCG GAGGGA CCAAGC TGACCG TCCTAG GTCAGC CCAAGG CTGCCC CCTCGG TCACTC TGTTCC CGCCCT CCTCTG AGGAGC TTCAAG CCAACA AGGCCA CACTGG TGTGTC TCATAA GTGACT TCTAC

MM137_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM137_B                 CAT GGGATG ACGGCC TGAATG A---TC CCGTTT TCGGCG AAGGGA CCAAGC TGACCG TCCTAG GTCAGC CCAAGG CTGCCC CCTCGG TCACTC TGTTCC CGCCCT CCTCTG AGGAGC TTCAAG CCAACA AGGCCA CACTGG TGTGTC TCATAA GTGACT TCTAC

MM141_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM141_B                 CAT GGGATG ACAGCC TGATTC G---TT ATGTCT TCGGAA CTGGGA CCAAGG TCACCG TCCTAG GTCAGC CCAAGG CCAACC CCACTG TCACTC TGTTCC CGCCCT CCTCTG AGGAGC TCCAAG CCAACA AGGCCA CACTAG TGTGTC TGATCA GTGACT TCTAC

MM148_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM148_B                 CAT GGGATG ACACCC TGAACG G---CG CCGTGT TCGGCG GAGGGA CCAAGC TGACCG TCCTGG GTCAGC CCAAGG CTGCCC CCTCGG TCACTC TGTTCC CGCCCT CCTCTG AGGAGC TTCAAG CCAACA AGGCCA CACTGG TGTGTC TCATAA GTGACT TCTAC

MM152_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM152_B                 CAT GGGATG ACAGCC TGAATG CCTATG TGCTAT TCGGCG GAGGGA CCAAGC TGACCG TCCTGG GTCAGC CCAAGG CTGCCC CCTCGG TCACTC TGTTCC CGCCCT CCTCTG AGGAGC TTCAAG CCAACA AGGCCA CACTGG TGTGTC TCATAA GTGACT TCTAC

IGLC1_Ens embl           CCG GGAGCT GTGACA GTGGCC TGGAAG GCAGAT GGCAGC CCCGTC AAGGCG GGAGTG GAGACC ACCAAA CCCTCC AAACAG AGCAAC AACAAG TACGCG GCCAGC AGCTAC CTGAGC CTGACG CCCGAG CAGTGG AAGTCC CACAGA AGCTAC AGCTGC CAGGT

IGLC2_Ens embl           CCG GGAGCC GTGACA GTGGCC TGGAAG GCAGAT AGCAGC CCCGTC AAGGCG GGAGTG GAGACC ACCACA CCCTCC AAACAA AGCAAC AACAAG TACGCG GCCAGC AGCTAT CTGAGC CTGACG CCTGAG CAGTGG AAGTCC CACAGA AGCTAC AGCTGC CAGGT

IGLC3_Ens embl           CCG GGAGCC GTGACA GTGGCC TGGAAG GCAGAT AGCAGC CCCGTC AAGGCG GGAGTG GAGACC ACCACA CCCTCC AAACAA AGCAAC AACAAG TACGCG GCCAGC AGCTAC CTGAGC CTGACG CCTGAG CAGTGG AAGTCC CACAAA AGCTAC AGCTGC CAGGT

FOR102_H                CCG GGAGCT GTGACA GTGGCC TGGAAG GCAGAT GGCAGC CCCGTC AAGGCG GGAGTG GAGACC ACCAAA CCCTCC AAACAG AGCAAC AACAAG TACGCG GCCAGC AGCTAC CTGAGC CTGACG CCCGAG CAGTGG AAGTCC CACAGA AGCTAC AGCTGC CAGGT

FOR106_H                CCG GGAGCC GTGACA GTGGCC TGGAAG GCAGAT AGCAGC CCCGTC AAGGCG GGAGTG GAGACC ACCACA CCCTCC AAACAA AGCAAC AACAAG TACGCG GCCAGC AGCTAC CTGAGC CTGACG CCTGAG CAGTGG AAGTCC CACAAA AGCTAC AGCTGC CAGGT

FOR110_H                CCG GGAGCC GTGACA GTGGCC TGGAAG GCAGAT AGCAGC CCCGTC AAGGCG GGAGTG GAGACC ACCACA CCCTCC AAACAA AGCAAC AACAAG TACGCG GCCAGC AGCTAT CTGAGC CTGACG CCTGAG CAG--- ------ ------ ------ ------ -----

FOR128_H                CCG GGAGCC GTGACA GTGGCC TGGAAG GCAGAT AGCAGC CCCGTC AAGGCG GGAGTG GAGACC ACCACA CCCTCC AAACAA AGCAAC AACAAG TACGCG GCCAGC AGCTAT CTGAGC CTGACG CCTGAG CAGTGG AAGTCC CACAGA AGCTAC AGCTGC CAGGT

FOR147_H                CCG GGAGCC GTGACA GTGGCC TGGAAG GCAGAT AGCAGC CCCGTC AAGGCG GGAGTG GAGACC ACCACA CCCTCC AAACAA AGCAAC AACAAG TACGCG GCCAGC AGCTAC CTGAGC CTGACG CCTGAG CAGTGG AAGTCC CACAGA AGCTAC AGCTGC CAGGT

MM109_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM109_B                 CCG GGAGCC GTGACA GTGGCC TGGAAG GCAGAT AGCAGC CCCGTC AAGGCG GGAGTG GAGACC ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM115_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM115_B                 CCG GGAGCC GTGACA GTGGCC TGGAAG GCAGAT AGCAGC CCCGTC AAGGCG GGAGTG GAGACC ACCACA CCCTCC AAACAA AGCAAC ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM116_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM116_B                 CCG GGAGCC GTGACA GTGGCC TGGAAG GCAGAT AGCAGC CCCGTC AAGGCG GGAGTG GAGACC AC---- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM118_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM118_B                 CCG GGAGCC GTGACA GTGGCC TGGAAG GCAGAT AGCAGC CCCGTC AAGGCG GGAGTG GAGACC ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM121_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM121_B                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM121_C                 CCG GGAGCC GTGACA GTGGCC TGGAAG GCAGAT AGCAGC CCCGTC AAGGCG GGAGTG GAGACC ACCACA CCCTCC AAACAA AGCAAC AACAAG TACGCG GCCAGC AGCTAC CTGAGC CTGACG CCTGAG CAGTGG A----- ------ ------ ------ -----

MM137_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM137_B                 CCG GGAGCC GTGACA GTGGCC TGGAAG GCAGAT AGCAGC CCCGTC AAGGCG GGAGTG GAGACC AC---- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM141_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM141_B                 CCG GGAGCT GTGACA GTGGCC TGGAAG GCAGAT GGCAGC CCCGTC AAGGCG GG---- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM148_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM148_B                 CCG GGAGCC GTGACA GTGGCC TGGAAG GCAGAT AGCAGC CCCGTC AGGGCG GGAGTG CAGACC ACCACA CCCTCC AA---- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM152_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

MM152_B                 CCG GGAGCC GTGACA GTGGCC TGGAAG GCAGAT AGCAGC CCCGTC AAGGCG GGAGTG G----- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

IGLC1_Ens embl           CAC GCATGA AGGGAG CACCGT GGAGAA GACAGT GGCCCC TACAGA ATGTTC ATAG

IGLC2_Ens embl           CAC GCATGA AGGGAG CACCGT GGAGAA GACAGT GGCCCC TACAGA ATGTTC ATAG

IGLC3_Ens embl           CAC GCATGA AGGGAG CACCGT GGAGAA GACAGT GGCCCC TACAGA ATGTTC ATAG

FOR102_H                CAC GCATGA AGGGAG CACCGT GGAGAA GACAGT GA---- ------ ------ ----

FOR106_H                CAC GCATGA AGGGAG CACCGT GGAGA- ------ ------ ------ ------ ----

FOR110_H                --- ------ ------ ------ ------ ------ ------ ------ ------ ----

FOR128_H                CAC GCATGA AGGGAG CACCGT GGAGAA GACAGT GA---- ------ ------ ----

FOR147_H                CAC GCATGA AGGGAG CACCGT G----- ------ ------ ------ ------ ----

MM109_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM109_B                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM115_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM115_B                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM116_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM116_B                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM118_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM118_B                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM121_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM121_B                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM121_C                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM137_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM137_B                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM141_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM141_B                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM148_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM148_B                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM152_A                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----

MM152_B                 --- ------ ------ ------ ------ ------ ------ ------ ------ ----
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Supplementary Information Figure 43. Sequence alignment of IGLV1-47 assigned AL 

amyloidosis and multiple myeloma amino acid light chain sequences. Bold = reference 

sequences, underlined = CDR regions, red letter = mutation, green letter = linker region, MM = multiple myeloma 

patient, _HK = AL amyloidosis patient with dominant heart and kidney involvement. In the bioinformatic analysis 

of the bulk RNA sequencing, several sequence sections were given – indicated by _A and _B. 

 

 

Supplementary Information Figure 44. Sequence alignment of IGLV1-47 assigned AL 

amyloidosis and multiple myeloma cDNA light chain sequences. Bold = reference sequences, 

green letter = linker region, MM = multiple myeloma patient, _HK = AL amyloidosis patient with dominant heart 

and kidney involvement. In the bioinformatic analysis of the bulk RNA sequencing, several sequence sections 

were given – indicated by _A and _B. Nucleotide signal overlaps in the Sanger sequencing were specified accoding 

to the IUPAC code. 

 

CDR1                        C

IGLV1-47*01_VBase2      -------------------QSVLTQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYR

IGLV1-47_Ensembl        MAGFPLLLTLLTHCAGSWAQSVLTQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKLLIYS

FOR186_AL_HK            -------------------QSVLTQPPSASETPGQRVTISCSGSSSNIGTNYVYWYQQLPGTAPKLLIYL

MM151_A                 MAGFPLLL--------------------------------------------------------------

MM151_B                 ----------------SWAQSVLTQPPSASGTPGQRVTISCSGSTSNIGSNYVYWYQQFPGTAPKLLIYR

DR2                                   CDR3

IGLV1-47*01_VBase2      NNQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSL-------------------------

IGLV1-47_Ensembl        NNQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWDDSLSG-----------------------

IGLJ3*02_Genbank        ------------------------------------------------WVFGGGTKLTVL----------

IGLC3*01_Genbank        ------------------------------------------------------------GQPKAAPSVT

FOR186_AL_HK            NNQRPSGVPDRFSGSKSGTSGSLAISGLRSEDEADYYCAAWDDSLSG-PVFGGGTKVTVLSQPKAAPSVT

MM15_B                  NDQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYHCATWDDTLSGPWVFGGGTKLTVLGQPKAAPSVT

IGLC3*01_Genbank        LFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWK

FOR186_AL_HK            LFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWK

MM151_B                 LFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQ—

IGLC3*01_Genbank        SHKSYSCQVTHEGSTVEKTVAPTECS

FOR186_AL_HK            SHKSYSCQVTHEGSTVEKTV------

MM151_B                 --------------------------

IGLV1-47_Ensembl        ATGGCCGGCTTCCCTCTCCTCCTCACCCTCCTCACTCACTGTGCAGGGTCCTGGGCCCAGTCTGTGCTGACTCAGCCACCCTCAGCGTCTGGGACCCCCGGGCAGAGGGTCACCATCTCTTGTTCTG

IGLV1-47*01_VBase2      ---------------------------------------------------------CAGTCTGTGCTGACTCAGCCACCCTCAGCGTCTGGGACCCCCGGGCAGAGGGTCACCATCTCTTGTTCTG

FOR186_HK               ---------------------------------------------TGGTCCTGGGCTCAGTCTGTGCTGACTCAGCCACCCTCAGCGTCTGAGACCCCCGGGCAGAGGGTCACCATCTCTTGTTCTG

MM151_A                 ATGGCCGGCTTCCCTCTCCTCCTC-------------------------------------------------------------------------------------------------------

MM151_B                 -----------------------------------------------GTCCTGGGCCCAGTCTGTGCTGACTCAGCCACCCTCAGCGTCTGGGACCCCCGGGCAGAGGGTCACCATCTCTTGTTCTG

IGLV1-47_Ensembl        GAAGCAGCTCCAACATCGGAAGTAATTATGTATACTGGTACCAGCAGCTCCCAGGAACGGCCCCCAAACTCCTCATCTATAGTAATAATCAGCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTC

IGLV1-47*01_VBase2      GAAGCAGCTCCAACATCGGAAGTAATTATGTATACTGGTACCAGCAGCTCCCAGGAACGGCCCCCAAACTCCTCATCTATAGGAATAATCAGCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTC

FOR186_HK               GAAGCAGCTCCAACATCGGAACTAATTATGTATACTGGTACCAACAGCTCCCAGGAACGGCCCCCAAACTCCTCATCTACTTGAATAATCAACGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTC

MM151_B                 GAAGCACCTCCAACATCGGAAGTAATTATGTATACTGGTACCAGCAGTTCCCTGGAACGGCCCCCAAGCTCCTCATCTATAGGAATGATCAGCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTC

IGLV1-47_Ensembl        CAAGTCTGGCACCTCAGCCTCCCTGGCCATCAGTGGGCTCCGGTCCGAGGATGAGGCTGATTATTACTGTGCAGCATGGGATGACAGCCTGAGTGGT ------------------------------

IGLV1-47*01_VBase2      CAAGTCTGGCACCTCAGCCTCCCTGGCCATCAGTGGGCTCCGGTCCGAGGATGAGGCTGATTATTACTGTGCAGCATGGGATGACAGCCTG------------------------------------

IGLJ3*02_Genbank        ---------------------------------------------------------------------------------------------------TTGGGTGTTCGGCGGAGGGACCAAGCTG

FOR186_HK               CAAGTCTGGCACCTCAGGCTCCCTGGCCATCAGTGGGCTCCGGTCCGAGGATGAGGCTGATTATTATTGTGCAGCATGGGATGACAGCCTGAGTGG---TCCGGTGTTCGGCGGAGGGACCAAGGTG

MM151_B                 CAAGTCTGGCACCTCAGCCTCCCTGGCCATCAGCGGGCTCCGGTCCGAGGATGAGGCTGATTATCACTGTGCAACATGGGATGACACCCTGAGTGGTCCCTGGGTGTTCGGCGGAGGGACCAAGTTG

IGLJ3*02_Genbank        ACCGTCCTAG---------------------------------------------------------------------------------------------------------------------

IGLC3_Ensembl           ---------NGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAG

FOR186_HK               ACCGTCCTAAGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAG

MM151_B                 ACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAG

IGLC3_Ensembl           TGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCA

FOR186_HK               TGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCA

MM151_B                 TGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTG---------

IGLC3_Ensembl           CAAAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG

FOR186_HK               CAAAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTG---------------------

MM151_B                 ----------------------------------------------------------------------------
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Supplementary Information Figure 45. Sequence alignment of IGLV1-51 assigned AL 

amyloidosis and multiple myeloma amino acid light chain sequences. Bold = reference 

sequences, underlined = CDR regions, red letter = mutation, green letter = linker region, MM = multiple myeloma 

patient, _HK = AL amyloidosis patient with dominant heart and kidney involvement, _H = AL amyloidosis patient 

with dominant heart involvement, X and grey highlight = not unambiguously determined amino acid.  

 

CDR1                        CDR2

IGLV1-51*01_VBase2      -------------------QSVLTQPPSVSAAPGQKVTISCSGSSSNIGNNYVSWYQQLPGTAPKLLIYDNNKRPSGIPDRFSGSKSGTSATLGITGLQTG

IGLV1-51_Ensembl        MTCSPLLLTLLIHCTGSWAQSVLTQPPSVSAAPGQKVTISCSGSSSNIGNNYVSWYQQLPGTAPKLLIYDNNKRPSGIPDRFSGSKSGTSATLGITGLQTG

FOR193_H                -------------------QSVLTQPPSVSAAPGQKVSISCSGSSPNIGKNFVSWYQHLPGTPPKLVIYENDERPSGIPDRFSGSKSGMSATLGITGLQTG

FOR149_HK               ---------------WSWAQSVLTQPPSVSAAPGQKVTISCSGNSSNIGNNYVSXYQQVPGXAPKLLIYDNDKRPSGIPDRFSASKSGTSATLGITGXQTG

MM110                   MTCSPLLLTLLIHCTGSWAQSVLTQPPSVSAAPGQKVTISCSGSSSNIGQNYVSWFQQLPGTAPKLLIYENDKRPSGIPARFSGSRSGTSATLGITGLQTG

MM131                   MTCSPLLLTLLIHCTGSWAQSILTQPPSVSAAPGQKVTISCSGSSSNIGNNYVSWYQQLPGTAPKLLIFENNKRRPGIPDRFSGSKSGTSATLGITGLQTG

CDR3

IGLV1-51*01_VBase2      DEADYYCGTWDSSL---------------------------------------------------------------------------------------

IGLV1-51_Ensembl        DEADYYCGTWDSSLSA-------------------------------------------------------------------------------------

IGLJ3/2*01_Genbank      -----------------VVFGGGTKLTVL------------------------------------------------------------------------

IGLJ3*02_Genbank        -----------------WVFGGGTKLTVL------------------------------------------------------------------------

IGLJ7*01_Genbank        -----------------AVFGGGTQLTVL------------------------------------------------------------------------

IGLC2*01_Genbank        -----------------------------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYL

IGLC3*01_Genbank        -----------------------------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYL

IGLC7*02_Genbank        -----------------------------GQPKAAPSVTLFPPSSEELQANKATLVCLVSDFYPGAVTVAWKADGSPVKVGVETTKPSKQSNNKYAASSYL

FOR193_H                DEADYYCGAWDSSLNT-WVFGGGSKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYL

FOR149_HK               DEADYYCGTRDSSXSV-GVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYL

MM110                   DEADYYCGTWDTSLSA-VVFGGGTRLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLVSDFYPGAVTVAWKADGSPVKVGVETTKPSKQSNNKYAASSYL

MM131                   DEADYFCGTWDSSLSAGLVFGEGTKLIVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYL

IGLC2*01_Genbank        SLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

IGLC3*01_Genbank        SLTPEQWKSHKSYSCQVTHEGSTVEKTVAPTECS

IGLC7*02_Genbank        SLTPEQWKSHRSYSCRVTHEGSTVEKTVAPAECS

FOR193_H                SLTPEQWKSHKSYSCQVTHEGSTV----------

FOR149_HK               SLTPEQWKSHKSYSCQVTHEGSTVEK--------

MM110                   SLTPEQWKSHRS----------------------

MM131                   SLTPEQWKSH------------------------
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Supplementary Information Figure 46. Sequence alignment of IGLV1-51 assigned AL 

amyloidosis and multiple myeloma cDNA light chain sequences. Bold = reference sequences, 

green letter = linker region, MM = multiple myeloma patient, _HK = AL amyloidosis patient with dominant heart 

and kidney involvement, _H = AL amyloidosis patient with dominant heart involvement Nucleotide signal 

overlaps in the Sanger sequencing were specified accoding to the IUPAC code. 

 

 

Supplementary Information Figure 47. Sequence alignment of IGLV2-8 assigned AL 

amyloidosis amino acid light chain sequences. Bold = reference sequences, underlined = CDR 

regions, red letter = mutation, green letter = linker region, _HK = AL amyloidosis patient with dominant heart and 

kidney involvement, _H = AL amyloidosis patient with dominant heart involvement. 

IGLV1-51_Ensembl        ATGACCTGCTCCCCTCTCCTCCTCACCCTTCTCATTCACTGCACAGGGTCCTGGGCCCAGTCTGTGTTGACGCAGCCGCCCTCAGTGTCTGCGGCCCCAGGACAGAAGGTCACCATCTCCTGCTCTG

IGLV1-51*01_VBase2      ---------------------------------------------------------CAGTCTGTGTTGACGCAGCCGCCCTCAGTGTCTGCGGCCCCAGGACAGAAGGTCACCATCTCCTGCTCTG

FOR193_H                --------------------------------------------------------TCAGTCTGTGTTGACGCAGCCGCCCTCAGTGTCTGCGGCCCCAGGACAGAAGGTCAGTATCTCCTGCTCTG

FOR149_HK               ---------------------------------------------TGGTCCTGGGCTCAGTCTGTGTTGACGCAGCCGCCCTCAGTGTCTGCGGCCCCAGGACAGAAGGTCACCATCTCCTGCTCTG

MM110                   ATGACCTGCTCCCCTCTCCTCCTCACCCTTCTCATTCACTGCACAGGGTCCTGGGCCCAGTCTGTCTTGACGCAGCCGCCCTCAGTGTCTGCGGCCCCAGGACAGAAGGTCACCATCTCCTGCTCTG

MM131                   ATGACCTGCTCCCCTCTCCTCCTCACCCTTCTCATTCACTGCACAGGGTCCTGGGCCCAGTCTATTTTGACGCAGCCGCCCTCAGTGTCTGCGGCCCCAGGACAGAAGGTCACCATCTCCTGCTCTG                                                                                    

IGLV1-51_Ensembl        GAAGCAGCTCCAACATTGGGAATAATTATGTATCCTGGTACCAGCAGCTCCCAGGAACAGCCCCCAAACTCCTCATTTATGACAATAATAAGCGACCCTCAGGGATTCCTGACCGATTCTCTGGCTC

IGLV1-51*01_VBase2      GAAGCAGCTCCAACATTGGGAATAATTATGTATCCTGGTACCAGCAGCTCCCAGGAACAGCCCCCAAACTCCTCATTTATGACAATAATAAGCGACCCTCAGGGATTCCTGACCGATTCTCTGGCTC

FOR193_H                GGAGCAGCCCCAACATTGGGAAGAATTTTGTATCCTGGTATCAGCACCTCCCAGGAACACCCCCCAAACTCGTCATTTATGAGAATGATGAGCGACCCTCAGGGATTCCTGACCGATTCTCTGGCTC

FOR149_HK               GAAACAGCTCCAACATTGGGAATAATTATGTTTCYkGGTATCARCAAGTCCCAGGAMCAGCCCCCAAACTCCTCATTTATGACAATGATAAGCGACCCTCGGGGATTCCTGACCGGTTCTCTGCCTC

MM110                   GAAGCAGCTCCAACATTGGGCAAAATTATGTATCCTGGTTCCAGCAGCTCCCAGGAACAGCCCCCAAACTCCTCATCTATGAAAATGATAAGCGACCCTCAGGGATTCCTGCCCGATTCTCTGGCTC

MM131                   GAAGCAGCTCCAACATTGGGAATAATTATGTATCCTGGTACCAGCAGCTCCCAGGAACAGCCCCCAAACTCCTCATCTTTGAAAATAATAAGCGACGCCCAGGGATTCCTGACCGATTCTCTGGCTC

IGLV1-51_Ensembl        CAAGTCTGGCACGTCAGCCACCCTGGGCATCACCGGACTCCAGACTGGGGACGAGGCCGATTATTACTGCGGAACATGGGATAGCAGCCTGAGTGCTGG ----------------------------

IGLV1-51*01_VBase2      CAAGTCTGGCACGTCAGCCACCCTGGGCATCACCGGACTCCAGACTGGGGACGAGGCCGATTATTACTGCGGAACATGGGATAGCAGCCTG------------------------------------

IGLJ3/2*01_Genbank      ---------------------------------------------------------------------------------------------------TGTGGTATTCGGCGGAGGGACCAAGCTG

IGLJ3*02_Genbank        ---------------------------------------------------------------------------------------------------TTGGGTGTTCGGCGGAGGGACCAAGCTG

IGLJ7*01_Genbank        --------------------------------------------------------------------------------------------------- TGCTGTGTTCGGAGGAGGCACCCAGCTG

FOR193_H                CAAGTCCGGCATGTCAGCCACCCTGGGCATCACTGGGCTCCAGACTGGGGACGAGGCCGATTATTACTGCGGAGCATGGGATTCCAGCCTGAACAC---TTGGGTGTTCGGCGGAGGGAGCAAGCTG

FOR149_HK               CAAGTCTGGCACGTCAGCCACCCTGGGCATCACCGGASTCCAGACTGGGGACGAGGCCGATTATTACTGCGGAACAAGGGATAGCAGCMTGAGTGT---TGGGGTGTTCGGCGGAGGGACCAAGCTG

MM110                   CAGGTCTGGCACGTCAGCCACCCTGGGCATCACCGGACTCCAGACTGGGGACGAGGCCGATTATTACTGCGGAACATGGGATACCAGCCTGAGTGC---TGTTGTGTTCGGGGGAGGCACCCGGTTG

MM131                   CAAGTCTGGCACGTCAGCCACCCTGGGCATCACCGGACTCCAGACTGGGGACGAGGCCGATTATTTCTGCGGAACATGGGATAGCAGCCTGAGTGCTGGCCTGGTATTCGGCGAGGGGACCAAGTTA

IGLJ3/2*01_Genbank      ACCGTCCTAG---------------------------------------------------------------------------------------------------------------------

IGLJ3*02_Genbank        ACCGTCCTAG---------------------------------------------------------------------------------------------------------------------

IGLJ7*01_Genbank        ACCGTCCTCG---------------------------------------------------------------------------------------------------------------------

IGLC2_Ensembl           ---------NGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAG

IGLC3_Ensembl           ---------NGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAG

IGLC7_Ensembl           ---------NGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCGTAAGTGACTTCAACCCGGGAGCCGTGACAG

FOR193_H                ACCGTCCTGGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAG

FOR149_HK               ACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAG

MM110                   ACCGTCCTCGGTCAGCCCAAGGCTGCCCCATCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCGTAAGTGACTTCTACCCGGGAGCCGTGACAG

MM131                   ATCGTCCTTGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAG

IGLC2_Ensembl           TGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCA

IGLC3_Ensembl           TGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCA

IGLC7_Ensembl           TGGCCTGGAAGGCAGATGGCAGCCCCGTCAAGGTGGGAGTGGAGACCACCAAACCCTCCAAACAAAGCAACAACAAGTATGCGGCCAGCAGCTACCTGAGCCTGACGCCCGAGCAGTGGAAGTCCCA

FOR193_H                TGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAACAGTGGAAGTCCCA

FOR149_HK               TGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACArAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCA

MM110                   TGGCCTGGAAGGCAGATGGCAGCCCCGTCAAGGTGGGAGTGGAGACCACCAAACCCTCCAAACAAAGCAACAACAAGTATGCGGCCAGCAGCTACCTGAGCCTGACGCCCGAGCAGTGGAAGTCCCA

MM131                   TGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCA

IGLC2_Ensembl           CAAAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG

IGLC3_Ensembl           CAAAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG

IGLC7_Ensembl           CAGAAGCTACAGCTGCCGGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTGCAGAATGCTCTTAG

FOR193_H                CAAAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTG---------------------------------

FOR149_HK               CAAAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAA---------------------------

MM110                   CAGAAGCT--------------------------------------------------------------------

MM131                   CA--------------------------------------------------------------------------

CDR1                         CDR2
IGLV2-8*01_VBase2        -------------------QSALTQPPSASGSPGQSVTISCTGTSSDVGGYNYVSWYQQHPGKAPKLMIYEVSKRPSGVPDRFSGSKSGNTASLTVSGLQ

IGLV2-8_Ensembl          MAWALLLLTLLTQGTGSWAQSALTQPPSASGSPGQSVTISCTGTSSDVGGYNYVSWYQQHPGKAPKLMIYEVSKRPSGVPDRFSGSKSGNTASLTVSGLQ

FOR182_H                 -------------------QSALTQPPSASGSPGQSVSISCTGTSRNVGGYNYVSWYQQHPGKAPKLIIYEVGKRPSGVPDRFSGSRSGDTASLTVSSLQ

FOR164_HK                ---------------WSWGQSALTQPPSASGSPGQSVTISCTXTSNDVGGYNYVSWYQQHPGKAPKVIMYEVTKRPSGVPDRFSGSKSGNTASLTVXGLQ

CDR3

IGLV2-8*01_VBase2        AEDEADYYCSSYAGSN------------------------------------------------------------------------------------

IGLV2-8_Ensembl          AEDEADYYCSSYAGSNNF----------------------------------------------------------------------------------

IGLJ1*01_Genbank         -----------------YVFGTGTKVTVL-----------------------------------------------------------------------

IGLJ2/J3*01_Genbank      -----------------VVFGGGTKLTVL-----------------------------------------------------------------------

IGLC1*01_Genbank         -----------------------------GQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVKAGVETTKPSKQSNNKYAASSY

IGLC2*01_Genbank         -----------------------------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSY

FOR182_H                 AEDEADYYCSSYGGSNNVLFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSY

FOR164_HK                AEDEADYYCSSYAAVNNYVFGXGTKVTVLGQPKANPXXTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADXSPVKAGVETTXPSKQSNNKYAASSY

IGLC1*01_Genbank         LSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

IGLC2*01_Genbank         LSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

FOR182_H                 LSLTPEQWKSHRSYSCQVTHEGSTV----------

FOR164_HK                LSLTPEQWKSHRSYSCQVTHEGSTVEKTV------
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Supplementary Information Figure 48. Sequence alignment of IGLV2-8 assigned AL 

amyloidosis cDNA light chain sequences. Bold = reference sequences, green letter = linker region, 

_HK = AL amyloidosis patient with dominant heart and kidney involvement, _H = AL amyloidosis patient with 

dominant heart involvement Nucleotide signal overlaps in the Sanger sequencing were specified accoding to the 

IUPAC code. 

 

 
Supplementary Information Figure 49. Sequence alignment of the IGLV2-11 assigned 

MM127 multiple myeloma amino acid light chain sequence. Bold = reference sequences, 

underlined = CDR regions, red letter = mutation, MM = multiple myeloma patient, green letter = linker region, X 

and grey highlight = not unambiguously determined amino acid.  

 

IGLV2-8*01_VBase2       ---------------------------------------------------------CAGTCTGCCCTGACTCAGCCTCCCTCCGCGTCCGGGTCTCCTGGACAGTCAGTCACCATCTCCTGCACTG

IGLV2-8_Ensembl         ATGGCCTGGGCTCTGCTCCTCCTCACCCTCCTCACTCAGGGCACAGGGTCCTGGGCCCAGTCTGCCCTGACTCAGCCTCCCTCCGCGTCCGGGTCTCCTGGACAGTCAGTCACCATCTCCTGCACTG

FOR182_H                --------------------------------------------------------TCAGTCTGCCCTGACTCAGCCTCCCTCCGCGTCCGGGTCTCCTGGACAGTCAGTCAGCATTTCCTGCACTG

FOR164_HK               ---------------------------------------------TGGTCCTGGGGTCAGTCTGCCCTGACTCAGCCTCCCTCCGCGTCCGGGTCTCCTGGACAGTCAGTCACCATCTCCTGCACTG

IGLV2-8*01_VBase2       GAACCAGCAGTGACGTTGGTGGTTATAACTATGTCTCCTGGTACCAACAGCACCCAGGCAAAGCCCCCAAACTCATGATTTATGAGGTCAGTAAGCGGCCCTCAGGGGTCCCTGATCGCTTCTCTGG

IGLV2-8_Ensembl         GAACCAGCAGTGACGTTGGTGGTTATAACTATGTCTCCTGGTACCAACAGCACCCAGGCAAAGCCCCCAAACTCATGATTTATGAGGTCAGTAAGCGGCCCTCAGGGGTCCCTGATCGCTTCTCTGG

FOR182_H                GAACCAGCAGGAACGTTGGTGGTTATAATTATGTCTCCTGGTACCAACAACACCCAGGCAAAGCCCCCAAACTCATCATTTATGAGGTCGGTAAGCGGCCCTCAGGGGTCCCTGATCGCTTCTCTGG

FOR164_HK               kAACCAGCAATGACGTTGGTGGTTATAACTATGTCTCTTGGTATCAACAACACCCAGGCAAAGCCCCCAAAGTCATAATGTATGAGGTCACTAAGCGGCCCTCAGGGGTCCCTGACCGCTTCTCTGG

IGLV2-8*01_VBase2       CTCCAAGTCTGGCAACACGGCCTCCCTGACCGTCTCTGGGCTCCAGGCTGAGGATGAGGCTGATTATTACTGCAGCTCATATGCAGGCAGCAAC---------------------------------

IGLV2-8_Ensembl         CTCCAAGTCTGGCAACACGGCCTCCCTGACCGTCTCTGGGCTCCAGGCTGAGGATGAGGCTGATTATTACTGCAGCTCATATGCAGGCAGCAACAATTTC---------------------------

IGLJ1*01_Genbank        ------------------------------------------------------------------------------------------------TTATGTCTTCGGAACTGGGACCAAGGTCACC

IGLJ3/2*01_Genbank      ------------------------------------------------------------------------------------------------TGTGGTATTCGGCGGAGGGACCAAGCTGACC

FOR182_H                CTCCAGGTCTGGCGACACGGCCTCCCTGACCGTCTCTAGTCTCCAGGCTGAGGATGAGGCTGATTATTACTGCAGCTCATATGGAGGCAGCAACAATGTGCTTTTCGGCGGAGGGACCAAGCTGACC

FOR164_HK               CTCCAAGTCTGGCAACACGGCCTCCCTGACsGTCTSTGGACTCCAGGCTGAGGATGAGGCTGATTATTACTGCAGCTCATATGCAGCCGTCAAT AATTAKGTCTTCGGAAGKGGGACCAAGGTCACC

IGLJ1*01_Genbank        GTCCTAG------------------------------------------------------------------------------------------------------------------------

IGLJ3/2*01_Genbank      GTCCTAG------------------------------------------------------------------------------------------------------------------------

IGLC1_Ensembl           ------NGTCAGCCCAAGGCCAACCCCACTGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTCCAAGCCAACAAGGCCACACTAGTGTGTCTGATCAGTGACTTCTACCCGGGAGCTGTGACAGTGG

IGLC2_Ensembl           ------NGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGG

FOR182_H                GTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGG

FOR164_HK               GTCCTAGGTCAGCCCAAGGCCAACCCCWCTGKCACTCTGTTCCCGCCCTCCTCTGAGGAGCTYCAAGCCAACAAGGCCACACTAGTGTGTCTGATCAGTGACTTCTACCCGGGAGCTGTGACAGTGG

IGLC1_Ensembl           CCTGGAAGGCAGATGGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCAAACCCTCCAAACAGAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCCGAGCAGTGGAAGTCCCACAG

IGLC2_Ensembl           CCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAG

FOR182_H                CCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAG

FOR164_HK               CCTGGAAGGCAGATRGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCAMACCCTCCAAACAGAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCCGAGCAGTGGAAGTCCCACAG

IGLC1_Ensembl           AAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG

IGLC2_Ensembl           AAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG

FOR182_H                AAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTG---------------------------------

FOR164_HK               AAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGA--------------------

CDR1                         CDR2           

IGLV2-11_Ensembl       MAWALLLLSLLTQGTGSWAQSALTQPRSVSGSPGQSVTISCTGTSSDVGGYNYVSWYQQHPGKAPKLMIYDVSKRPSGVPDRFS

IGLV2-11*01_VBase2     -------------------QSALTQPRSVSGSPGQSVTISCTGTSSDVGGYNYVSWYQQHPGKAPKLMIYDVSKRPSGVPDRFS

MM127                  MAWALLLLSLLTQGTGSWAQSALTQPRSVSGSPGQSVTISCTGTSSDVGGYNYVSWYQQHPGKAPKLMIYDVTKRPSGVPDRFS

CDR3                                                       

IGLV2-11_Ensembl       GSKSGNTASLTISGLQAEDEADYYCCSYAGSYTFH-------------------------------------------------

IGLV2-11*01_VBase2     GSKSGNTASLTISGLQAEDEADYYCCSYAGSY----------------------------------------------------

IGLJ2/J3*01_Genbank    ----------------------------------VVFGGGTKLTVL--------------------------------------

IGLC2*01_Genbank       ----------------------------------------------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAV

IGLC3*01_Genbank       ----------------------------------------------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAV

MM127                  GSKSGTTASLTISGLQAEDEADYYCCSYAGIDIFVLFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAV

IGLC2*01_Genbank       TVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

IGLC3*01_Genbank       TVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVEKTVAPTECS

MM127                  TVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQW---------------------------
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Supplementary Information Figure 50. Sequence alignment of the IGLV2-11 assigned 

MM127 multiple myeloma cDNA light chain sequence. Bold = reference sequences, MM = multiple 

myeloma patient, green letter = linker region. 

 

IGLV2-11_Ensembl        ATGGCCTGGGCTCTGCTCCTCCTCAGCCTCCTCACTCAGGGCACAGGATCCTGGGCTCAGTCTGCCCTGACTCAGCCTCGCTCAGTGTCCGGGTCTCCTGGACA GTCAGTCACCATCTCCTGCACTG

IGLV2-11*01_VBase2      ---------------------------------------------------------CAGTCTGCCCTGACTCAGCCTCGCTCAGTGTCCGGGTCTCCTGGACAGTCAGTCACCATCTCCTGCACTG

MM127                   ATGGCCTGGGCTCTGCTCCTCCTCAGCCTCCTCACTCAGGGCACAGGATCCTGGGCTCAGTCTGCCCTGACTCAGCCTCGCTCAGTGTCCGGGTCTCCTGG ACAGTCAGTCACCATCTCCTGCACTG

IGLV2-11_Ensembl        GAACCAGCAGTGATGTTGGTGGTTATAACTATGTCTCCTGGTACCAACAGCACCCAGGCAAAGCCCCCAAACTCATGATTTATGATGTCAGTAAGCGGCCCTCA GGGGTCCCTGATCGCTTCTCTGG

IGLV2-11*01_VBase2      GAACCAGCAGTGATGTTGGTGGTTATAACTATGTCTCCTGGTACCAACAGCACCCAGGCAAAGCCCCCAAACTCATGATTTATGATGTCAGTAAGCGGCCCTCA GGGGTCCCTGATCGCTTCTCTGG

MM127                   GAACCAGCAGTGATGTTGGTGGTTATAACTATGTCTCCTGGTACCAACAGCACCCAGGTAAAGCCCCCAAACTCATGATTTATGATGTCACTAAGCGGCCC TCAGGGGTCCCTGATCGCTTCTCTGG

IGLV2-11_Ensembl        CTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGAGGATGAGGCTGATTATTACTGCTGCTCATATGCAGGCAGCTACACTTTCCACA-----------------------

IGLV2-11*01_VBase2      CTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGAGGATGAGGCTGATTATTACTGCTGCTCATATGCAGGCAGCTAC---------------------------------

IGLJ2*01_Genbank        --------------------------------------------------------------------------------------------------- TGTGGTATTCGGCGGAGGGACCAAGCTG

MM127                   CTCCAAGTCTGGCACCACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGAAGATGAGGCTGATTATTACTGCTGCTCATATGCGGGCATAGATATTTTTGTGCTATTCGGCGGAGGGACCAAGCTG

IGLJ2*01_Genbank        ACCGTCCTAG---------------------------------------------------------------------------------------------- -----------------------

IGLC2_Ensembl           ---------NGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAG

IGLC3_Ensemb1           ---------NGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAG

MM127                   ACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATA AGTGACTTCTACCCGGGAGCCGTGACAG

IGLC2_Ensembl           TGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGC CTGACGCCTGAGCAGTGGAAGTCCCA

IGLC3_Ensemb1           TGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGC CTGACGCCTGAGCAGTGGAAGTCCCA

MM127                   TGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTATGCGGCCAGCAGCTACCTGAGC CTGACGCCTGAGCAGTGGA-------

IGLC2_Ensembl           CAGAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG

IGLC3_Ensemb1           CAAAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG

MM127                   ----------------------------------------------------------------------------
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Supplementary Information Figure 51. Sequence comparison between MM127 IGLV2-

11 assigned light chain sequences generated through a next-generation sequencing and 

Sanger sequencing approach. For the sequence generated by the Sanger sequencing approach only 

dominant signals were used. * = nucleotide position consistent, MM = multiple myeloma patient, NGS = light 

chain sequence generated through next-generation sequencing, Sanger = light chain sequence generated through a 

Sanger sequencing approach. Sequencing was performed using the VLKL12a_Huhn and CLKL_A_rv_NB 

oligonucleotides.  

MM127_NGS            ATGGCCTGGGCTCTGCTCCTCCTCAGCCTCCTCACTCAGGGCACAGGATCCTGGGCTCAG

MM127_Sanger         ---------------------------------------------------------CAG

***

MM127_NGS            TCTGCCCTGACTCAGCCTCGCTCAGTGTCCGGGTCTCCTGGACAGTCAGTCACCATCTCC

MM127_Sanger         TCTGCCCTGACTCAGCCTCGCTCAGTGTCCGGGTCTCCTGGACAGTCAGTCACCATCTCC

************************************************************

MM127_NGS            TGCACTGGAACCAGCAGTGATGTTGGTGGTTATAACTATGTCTCCTGGTACCAACAGCAC

MM127_Sanger         TGCACTGGAACCAGCAGTGATGTTGGTGGTTATAACTATGTCTCCTGGTACCAACAGCAC

************************************************************

MM127_NGS            CCAGGTAAAGCCCCCAAACTCATGATTTATGATGTCACTAAGCGGCCCTCAGGGGTCCCT

MM127_Sanger         CCAGGTAAAGCCCCCAAACTCATGATTTATGATGTCACTAAGCGGCCCTCAGGGGTCCCT

************************************************************

MM127_NGS            GATCGCTTCTCTGGCTCCAAGTCTGGCACCACGGCCTCCCTGACCATCTCTGGGCTCCAG

MM127_Sanger         GATCGCTTCTCTGGCTCCAAGTCTGGCACCryGGmswmsmyGryCATCTCTGGGCTCCAG

************************************************************

MM127_NGS            GCTGAAGATGAGGCTGATTATTACTGCTGCTCATATGCGGGCATAGATATTTTTGTGCTA

MM127_Sanger         GCTGAAGATGAGGCTGATTATTACTGCTGCTCATATGCGGGCATAGATATTTTTGTGCTA

************************************************************

MM127_NGS            TTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACT

MM127_Sanger         TTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACT

************************************************************

MM127_NGS            CTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATA

MM127_Sanger         CTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATA

************************************************************

MM127_NGS            AGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAG

MM127_Sanger         AGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAG

************************************************************

MM127_NGS            GCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTATGCGGCCAGCAGC

MM127_Sanger         GCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTATGCGGCCAGCAGC

************************************************************

MM127_NGS            TACCTGAGCCTGACGCCTGAGCAGTGGA--------------------------------

MM127_Sanger         TACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACG

****************************                                

MM127_NGS            -------------------

MM127_Sanger         CATGAAGGGAGCACCGTGG
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Supplementary Information Figure 52. Sequence alignment of IGLV3-19 assigned AL 

amyloidosis and multiple myeloma amino acid light chain sequences. Bold = reference 

sequences, underlined = CDR regions, red letter = mutation, green letter = linker region, MM = multiple myeloma 

patient, _H = AL amyloidosis patient with dominant heart involvement, X and grey highlight = not unambiguously 

determined amino acid.  

 

CDR1                      CDR2

IGLV3-19*01_VBase2      -------------------SSELTQDPAVSVALGQTVRITCQGDSLRSYYASWYQQKPGQAPVLVIYGKNNRPSGIPDRFSGS

IGLV3-19_Ensembl        MAWTPLWLTLLTLCIGSVVSSELTQDPAVSVALGQTVRITCQGDSLRSYYASWYQQKPGQAPVLVIYGKNNRPSGIPDRFSGS

IGLJ2/J3*01_Genbank     -----------------------------------------------------------------------------------

IGLC2*01_Genbank        -----------------------------------------------------------------------------------

FOR103_H                --------------------------PAVSVALGQTVRITCQGDSLRSYYASWYQQKSGQAPVLVIYSYNNRPSGIPDRFSGS

FOR148_H                ---------------------------AXSXAXGQTXXITCQGDSLRSYYASWYQQKPGQAPVLVIYGKNNRPSGIPDRFSGS

FOR216_H                --------------------------PAVSVALGQTVTITCHGDSLRSYYASWFQHKPGQAPVLVIYPRNGRPSGIPDRFSGS

MM128                   MAWTPLWLTLLTLSIDSVVSSEVTQDPAVSVALGQTVRITCQGDSLRKFYASWYQQKPGQAPVLVVYDKNKRPSGTPDRFSGS

MM145                   MAWTPLWLTLLTLCIGSVVSSELTQDPAVSVALGQTVRITCQGDSLRNYYASWHQQKPGQAPVLVIYGKNNRPSGIPDRFSGS

CDR3

IGLV3-19*01_VBase2      SSGNTASLTITGAQAEDEADYYCNSRDSSG-----------------------------------------------------

IGLV3-19_Ensembl        SSGNTASLTITGAQAEDEADYYCNSRDSS------------------------------------------------------

IGLJ2/J3*01_Genbank     --------------------------------VVFGGGTKLTVL---------------------------------------

IGLC2*01_Genbank        --------------------------------------------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVT

FOR103_H                NSGNTASLTITGAQAEDEADYYCNSRDSSGHHLVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVT

FOR148_H                SSGNTASLTITGAQAEDEADYYCNSRDSSGNHXXFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVT

FOR216_H                NSGNTASLTITGAQAEDEADYYCNSRDSXGNHVVLGGGTKLTVLGQPXAAPSVTLFPPSXEEXQANKATXVCLISDFYPGAVT

MM128                   TSGNTASLTITGAQAEDEADYYCNSRDRSGDLVVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVT

MM145                   TSGNTASLTITGARAEDEAVYYCNSRDNSVNHLLFGGGTKLAVLSQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVT

IGLV3-19*01_VBase2      -------------------------------------------------------------------

IGLV3-19_Ensembl        -------------------------------------------------------------------

IGLJ2/J3*01_Genbank     -------------------------------------------------------------------

IGLC2*01_Genbank        VAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

FOR103_H                VAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTV------

FOR148_H                VAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYXCXVTHEGSTXE---------

FOR216_H                XAXKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTV----------

MM128                   VAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPE-----------------------------

MM145                   VAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKS-------------------------
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Supplementary Information Figure 53. Sequence alignment of IGLV3-19 assigned AL 

amyloidosis and multiple myeloma cDNA light chain sequences. green letter = linker region, 

MM = multiple myeloma patient, _H = AL amyloidosis patient with dominant heart involvement.  

 

IGLV3-19_Ensembl        ATGGCCTGGACCCCTCTCTGGCTCACTCTCCTCACTCTTTGCATAGGTTCTGTGGTTTCTTCTGAGCTGACTCAGGACCCTGCTGTGTCTGTGGCCTTGGG

IGLV3-19*01_VBase2      ---------------------------------------------------------TCTTCTGAGCTGACTCAGGACCCTGCTGTGTCTGTGGCCTTGGG

FOR103_H                ----------------------------------------------------------------------------ACCCTGCTGTGTCTGTGGCCTTGGG

FOR148_H                --------------------------------------------------------------------------------TGCTGYGTCKGYGGCSKTGGG

FOR216_H                ----------------------------------------------------------------------------ACCCTGCTGTGTCTGTGGCCCTGGG

MM128                   ATGGCCTGGACCCCTCTCTGGCTCACTCTCCTCACTCTTAGCATAGATTCTGTGGTTTCTTCTGAGGTGACTCAGGACCCTGCTGTGTCTGTGGCCTTGGG

MM145                   ATGGCCTGGACCCCTCTCTGGCTCACTCTCCTCACTCTTTGCATAGGTTCTGTGGTTTCTTCTGAGCTGACTCAGGACCCTGCTGTGTCTGTGGCCTTGGG

IGLV3-19_Ensembl        ACAGACAGTCAGGATCACATGCCAAGGAGACAGCCTCAGAAGCTATTATGCAAGCTGGTACCAGCAGAAGCCAGGACAGGCCCCTGTACTTGTCATCTATG

IGLV3-19*01_VBase2      ACAGACAGTCAGGATCACATGCCAAGGAGACAGCCTCAGAAGCTATTATGCAAGCTGGTACCAGCAGAAGCCAGGACAGGCCCCTGTACTTGTCATCTATG

FOR103_H                ACAGACAGTCAGGATCACATGCCAAGGAGACAGCCTCAGAAGCTATTATGCAAGCTGGTACCAGCAGAAGTCAGGACAGGCCCCTGTACTTGTCATCTATA

FOR148_H                ACAGACARTCAKGATCACATGCCAAGGAGACAGCCTCAGAAGCTATTATGCAAGCTGGTACCAGCAGAAGCCAGGACAGGCCCCTGTACTTGTCATCTATG

FOR216_H                ACAGACAGTCACGATCACTTGCCACGGAGACAGCCTCAGAAGCTATTATGCAAGCTGGTTCCAGCACAAGCCAGGACAGGCCCCTGTGCTTGTCATCTATC

MM128                   ACAGACAGTCAGGATCACATGCCAAGGAGACAGCCTCAGAAAGTTTTATGCAAGTTGGTACCAGCAGAAGCCAGGGCAGGCCCCTGTACTTGTCGTCTATG

MM145                   ACAGACAGTCAGGATCACATGCCAAGGAGACAGCCTCAGAAACTATTATGCAAGCTGGCACCAGCAGAAGCCAGGACAGGCCCCTGTACTTGTCATCTATG

IGLV3-19_Ensembl        GTAAAAACAACCGGCCCTCAGGGATCCCAGACCGATTCTCTGGCTCCAGCTCAGGAAACACAGCTTCCTTGACCATCACTGGGGCTCAGGCGGAAGATGAG

IGLV3-19*01_VBase2      GTAAAAACAACCGGCCCTCAGGGATCCCAGACCGATTCTCTGGCTCCAGCTCAGGAAACACAGCTTCCTTGACCATCACTGGGGCTCAGGCGGAAGATGAG

FOR103_H                GTTACAACAACCGGCCCTCAGGGATCCCAGACCGATTCTCTGGCTCCAACTCAGGAAACACAGCTTCCTTGACCATCACTGGGGCTCAGGCGGAAGATGAG

FOR148_H                GTAAAAACAACCGGCCCTCAGGGATCCCAGACCGATTCTCTGGCTCCAGCTCAGGAAACACAGCTTCCTTGACCATCACTGGGGCTCAGGCGGAAGATGAG

FOR216_H                CTAGAAATGGCAGGCCCTCAGGGATCCCAGATCGATTCTCTGGCTCCAACTCAGGAAACACAGCTTCCCTGACCATCACTGGGGCTCAGGCGGAAGATGAG

MM128                   ATAAGAACAAGCGACCCTCAGGGACCCCAGACCGATTCTCTGGCTCCACCTCAGGAAACACAGCTTCCTTGACCATCACTGGGGCTCAGGCGGAAGATGAG

MM145                   GTAAAAACAACCGACCCTCAGGGATCCCAGACCGATTCTCTGGCTCCACCTCAGGAAACACAGCTTCCTTGACCATCACTGGGGCTCGGGCGGAAGATGAG

IGLV3-19_Ensembl        GCTGACTATTACTGTAACTCCCGGGACAGCAGTG-------------------------------------------------------------------

IGLV3-19*01_VBase2      GCTGACTATTACTGTAACTCCCGGGACAGCAGTGGT-----------------------------------------------------------------

IGLJ3/2*01_Genbank      -----------------------------------------TGTGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTAG----------------------

IGLC2_Ensembl           ------------------------------------------------------------------------------NGTCAGCCCAAGGCTGCCCCCTC

FOR103_H                GCTGACTATTATTGTAACTCCCGGGACAGCAGTGGTCACCATCTGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTC

FOR148_H                GCTGACTATTACTGTAACTCCCGGGACAGCAGTGGTAACCATSTGKTVTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTC

FOR216_H                GCTGACTATTACTGTAACTCCCGGGACAGTAGnGGTAATCATGTGGTACTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAWGGCTGCCCCYTC

MM128                   GCTGACTATTACTGTAACTCCCGGGACAGAAGTGGTGACCTTGTGGTTTTCGGCGGAGGGACCAAGTTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTC

MM145                   GCTGTCTATTACTGTAACTCCCGGGACAACAGTGTTAACCATCTGCTTTTCGGCGGAGGGACCAAGCTGGCCGTCCTAAGTCAGCCCAAGGCTGCCCCCTC

IGLC2_Ensembl           GGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGGCCT

FOR103_H                GGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGGCCT

FOR148_H                GGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGGCCT

FOR216_H                GGTCACTCTGTTCCCGCCCTCCTSTGAGGAGSTTCAAGCCAACAAGGCCACASTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGYGGCCY

MM128                   GGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGGCCT

MM145                   GGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGGCCT

IGLC2_Ensembl           GGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACG

FOR103_H                GGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACG

FOR148_H                GGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACG

FOR216_H                GGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACG

MM128                   GGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACG

MM145                   GGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACG

IGLC2_Ensembl           CCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG

FOR103_H                CCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACGCATGAAGGTAGCACCGTGGAGAAGACAGTGA--------------------

FOR148_H                CCTGAGCAGTGGAAGTCCCACAGAAGCTACWGCTGCCRSGTCACGCATGAAGGGAGCACCGWGGAGA-----------------------------

FOR216_H                CCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGG--------------------------------

MM128                   CCTGAG------------------------------------------------------------------------------------------

MM145                   CCTGAGCAGTGGAAGTCCC-----------------------------------------------------------------------------
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Supplementary Information Figure 54. Sequence comparison between MM128 IGLV3-

19 assigned light chain sequences generated through a next-generation sequencing and 

Sanger sequencing approach. For the sequence generated by the Sanger sequencing approach only 

dominant signals were used. * = nucleotide position consistent, MM = multiple myeloma patient, NGS = light 

chain sequence generated through next-generation sequencing, Sanger = light chain sequence generated through a 

Sanger sequencing approach. Sequencing was performed using the VLKL3_H_fw_NB and CLKL_A_rv_NB 

oligonucleotides. 

MM128_NGS                 ATGGCCTGGACCCCTCTCTGGCTCACTCTCCTCACTCTTAGCATAGATTCTGTGGTTTCT

MM128_Sanger              ------------------------------------------------------------

MM128_NGS                 TCTGAGGTGACTCAGGACCCTGCTGTGTCTGTGGCCTTGGGACAGACAGTCAGGATCACA

MM128_Sanger              -----------------CCCTGCTGTGTCTGTGGCCTTGGGACAGACAGTCAGGATCACA

*******************************************

MM128_NGS                 TGCCAAGGAGACAGCCTCAGAAAGTTTTATGCAAGTTGGTACCAGCAGAAGCCAGGGCAG

MM128_Sanger              TGCCAAGGAGACAGCCTCAGAAAGTTTTATGCAAGTTGGTACCAGCAGAAGCCAGGGCAG

************************************************************

MM128_NGS                 GCCCCTGTACTTGTCGTCTATGATAAGAACAAGCGACCCTCAGGGACCCCAGACCGATTC

MM128_Sanger              GCCCCTGTACTTGTCGTCTATGATAAGAACAAGCGACCCTCAGGGACCCCAGACCGATTC

************************************************************

MM128_NGS                 TCTGGCTCCACCTCAGGAAACACAGCTTCCTTGACCATCACTGGGGCTCAGGCGGAAGAT

MM128_Sanger              TCTGGCTCCACCTCAGGAAACACAGCTTCCTTGACCATCACTGGGGCTCAGGCGGAAGAT

************************************************************

MM128_NGS                 GAGGCTGACTATTACTGTAACTCCCGGGACAGAAGTGGTGACCTTGTGGTTTTCGGCGGA

MM128_Sanger              GAGGCTGACTATTACTGTAACTCCCGGGACAGAAGTGGTGACCTTGTGGTTTTCGGCGGA

************************************************************

MM128_NGS                 GGGACCAAGTTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCG

MM128_Sanger              GGGACCAAGTTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCG

************************************************************

MM128_NGS                 CCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC

MM128_Sanger              CCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTC

************************************************************

MM128_NGS                 TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTG

MM128_Sanger              TACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTG

************************************************************

MM128_NGS                 GAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGC

MM128_Sanger              GAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGC

************************************************************

MM128_NGS                 CTGACGCCTGAG------------------------------------------------

MM128_Sanger              CTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACGCATGAAGGG

************                                                

MM128_NGS                 -----------

MM128_Sanger              AGCACCGTGGA



Appendix  Natalie Berghaus 

~ 232 ~ 

 

Supplementary Information Figure 55. Sequence alignment of the IGLV3-25 assigned AL 

amyloidosis and multiple myeloma amino acid light chain sequence. Bold = reference 

sequences, underlined = CDR regions, red letter = mutation, green letter = linker region, MM = multiple myeloma 

patient, _H = AL amyloidosis patient with dominant heart involvement, X and grey highlight = not unambiguously 

determined amino acid. 

 

 

Supplementary Information Figure 56. Sequence alignment of the IGLV3-25 assigned AL 

amyloidosis and multiple myeloma cDNA light chain sequence. MM = multiple myeloma patient, 

_H = AL amyloidosis patient with dominant heart involvement, green letter = linker region. Nucleotide signal 

overlaps in the Sanger sequencing were specified according to the IUPAC code. 

 

CDR1 CDR2

IGLV3-25_Ensembl      MAWIPLLLPLLTLCTGSEASYELTQPPSVSVSPGQTARITCSGDALPKQYAYWYQQKPGQAPVLVIYKDSERPSGIPERFSGSSS

IGLV3-25*02/3_VBase2  -------------------SYELTQPPSVSVSPGQTARITCSGDALPKQYAYWYQQKPGQAPVLVIYKDSERPSGIPERFSGSSS

FOR111_H              ----------------------------------------------------WYQQKPGQAPVLVIYXDXXRPSGIPERFSGSSS

MM105                 MAWIPLLLPLLTLCTGSEASYELTQSPSVSVSPGQTARITCSGDALPNQMAYWYQQKPGQAPLLVIYKDHERPSEIPERFSGSFS

CDR3

IGLV3-25_Ensembl      GTTVTLTISGVQAEDEADYYCQSADSS----------------------------------------------------------

IGLV3-25_VBase2       GTTVTLTISGVQAEDEADYYCQSADSSG---------------------------------------------------------

IGLJ2/J3*01_Genbank   ------------------------------VVFGGGTKLTVL-------------------------------------------

IGLJ3*02_Genbank      ------------------------------WVFGGGTKLTVL-------------------------------------------

IGLC2*01_Genbank      ------------------------------------------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWK

FOR111_H GXTAXLTISGVQAEDEXDYYCXSXDSSGNHXVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWK

MM105                 GTTITLTISAVQAEDEADYYCQSADSNSSYVVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWK

IGLC2*01_Genbank ADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

FOR111_H ADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSH------------------------

MM105                 ADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQW---------------------------

IGLV3-25_Ensembl      ATGGCCTGGATCCCTCTACTTCTCCCCCTCCTCACTCTCTGCACAGGCTCTGAGGCCTCCTATGAGCTGACACAGCCACCCTCGGTGTCAGTGTCCCCAGGACAGACGGCCAGGATCACCTGCTCTGGA

IGLV3-25*02/3_VBase2  ---------------------------------------------------------TCCTATGAGCTGACACAGCCACCCTCGGTGTCAGTGTCCCCAGGACAGACGGCCAGGATCACCTGCTCTGGA

FOR111_H              ---------------------------------------------------------------------------------------------------------------------------------

MM105                 ATGGCCTGGATCCCTCTACTTCTCCCCCTCCTCACTCTCTGCACAGGCTCTGAGGCCTCCTATGAGCTGACACAGTCACCCTCGGTGTCAGTGTCCCCAGGACAGACGGCCAGGATCACCTGCTCTGGA

IGLV3-25_Ensembl      GATGCATTGCCAAAGCAATATGCTTATTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGCTGGTGATATATAAAGACAGTGAGAGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAGCTCAGGG

IGLV3-25*02/3_VBase2  GATGCATTGCCAAAGCAATATGCTTATTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGCTGGTGATATATAAAGACAGTGAGAGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAGCTCAGGG

FOR111_H              --------------------------TTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGCTGGTCATATATwATGACArCrAbmGGCCCTCAGGGATCCCwGAGCGATTCTCTGGCTCCAGCTCAGGG

MM105                 GATGCATTGCCAAACCAAATGGCTTATTGGTACCAGCAGAAGCCAGGCCAGGCCCCTTTACTGGTAATCTATAAAGACCATGAGAGGCCCTCAGAGATCCCTGAGCGATTCTCTGGCTCCTTCTCAGGG

IGLV3-25_Ensembl      ACAACAGTCACGTTGACCATCAGTGGAGTCCAGGCAGAAGACGAGGCTGACTATTACTGTCAATCAGCAGACAGCAGTG--------------------------------------------------

IGLV3-25*02/3_VBase2  ACAACAGTCACGTTGACCATCAGTGGAGTCCAGGCAGAAGACGAGGCTGACTATTACTGTCAATCAGCAGACAGCAGTGGT------------------------------------------------

IGLJ2/3*01_Genbank    --------------------------------------------------------------------------------------TGTGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTAG-----

IGLJ3*02_Genbank      --------------------------------------------------------------------------------------TTGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAG-----

IGLC2_Ensembl         ---------------------------------------------------------------------------------------------------------------------------NGTCAG

FOR111_H              AmmACrGCCmCCTTGACCATCAGCGGGGTyCAGGCAGArGATGAGGmTGACTATTAyTGTCAnTCrbGGGACAGCAGTGGTAATCATkkGGTrTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAG

MM105                 ACAACAATAACGTTGACCATCAGTGCGGTCCAGGCAGAAGACGAGGCTGACTATTATTGTCAGTCCGCAGACAGCAATAGTTCTTATGTGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTTGGTCAG

IGLC2_Ensembl         CCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGAT

FOR111_H              CCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTAGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGAT

MM105                 CCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGCAGAT

IGLC2_Ensembl         AGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAG

FOR111_H              AGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTAyCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAG----------------

MM105                 AGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAA-------------------------

IGLC2_Ensembl         GTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG

FOR111_H              ---------------------------------------------------------

MM105                 ---------------------------------------------------------
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Supplementary Information Figure 57. Sequence alignment of the IGLV7-46 assigned 

MM113 multiple myeloma amino acid light chain sequence. Bold = reference sequences, 

underlined = CDR regions, red letter = mutation, MM = multiple myeloma patient, * = nucleotide position 

consistent. In the bioinformatic analysis of the bulk RNA sequencing, several sequence sections were given – 

indicated by _A and _B. 

 

 

Supplementary Information Figure 58. Sequence alignment of the IGLV7-46 assigned 

MM113 multiple myeloma cDNA light chain sequence. Bold = reference sequences, MM = multiple 

myeloma patient. * = nucleotide position consistent. In the bioinformatic analysis of the bulk RNA sequencing, 

several sequence sections were given – indicated by _A and _B. Nucleotide signal overlaps in the Sanger 

sequencing were specified according to the IUPAC code. 

CDR1                         CDR2

IGLV7-46_Ensembl       MAWTPLFLFLLTCCPGSNSQAVVTQEPSLTVSPGGTVTLTCGSSTGAVTSGHYPYWFQQKPGQAPRTLIYDTSNKHSWTPARFS

IGLV7-46*01_VBase2     -------------------QAVVTQEPSLTVSPGGTVTLTCGSSTGAVTSGHYPYWFQQKPGQAPRTLIYDTSNKHSWTPARFS

MM113_A                --------------PLRAESSIGDKEPS--------------------------------------------------------

MM113_B                MAWTPLFLFLLTCCPGSNSQAVVTQEPSLTVSPGGTVTLTCGSDTGAVTSGHYPYWFQQKPGQAPRALFYDTDKRHPWTPARFS

*          ***

CDR3

IGLV7-46_Ensembl       GSLLGGKAALTLLGAQPEDEAEYYCLLSYSGAR---------------------------------------------------

IGLV7-46*01_VBase2     GSLLGGKAALTLSGAQPEDEAEYYCLLSYSGA----------------------------------------------------

IGLJ2/J3*01_Genbank    --------------------------------VVFGGGTKLTVL----------------------------------------

IGLC2*01_Genbank       --------------------------------------------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTV

IGLC3*01_Genbank       --------------------------------------------GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTV

MM113_B                GSLIGGKGALTLSGAQVDDEADYYCLVAYSGAVVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTV

IGLC2*01_Genbank       AWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

IGLC3*01_Genbank       AWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVEKTVAPTECS

MM113_B                AWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQ----------------------------

IGLV7-46*01_VBase2     ---------------------------------------------------------CAGGCTGTGGTGACTCAGGAGCCCTCACTGACTGTGTCCCCAGGA 

IGLV7-46_Ensembl       ATGGCCTGGACTCCTCTCTTTCTGTTCCTCCTCACTTGCTGCCCAGGGTCCAATTCCCAGGCTGTGGTGACTCAGGAGCCCTCACTGACTGTGTCCCCAGGA 

MM113_A                ----------------------------------------------------------------------------TGCCCCTCCGTGCGGAGA-------- 

MM113_B                ATGGCCTGGACTCCTCTCTTTCTGTTCCTCCTCACTTGCTGCCCAGGGTCCAATTCCCAGGCTGTGGTGACTCAGGAGCCCTCACTGACTGTGTCCCCAGGA 

                                                                                                    ****   *   * * * 

 

IGLV7-46*01_VBase2     GGGACAGTCACTCTCACCTGTGGCTCCAGCACTGGAGCTGTCACCAGTGGTCATTATCCCTACTGGTTCCAGCAGAAGCCTGGCCAAGCCCCCAGGACACTG 

IGLV7-46_Ensembl       GGGACAGTCACTCTCACCTGTGGCTCCAGCACTGGAGCTGTCACCAGTGGTCATTATCCCTACTGGTTCCAGCAGAAGCCTGGCCAAGCCCCCAGGACACTG 

MM113_A                ------------------------------------------------------------------------------------------------------ 

MM113_B                GGGACAGTCACTCTCACCTGTGGCTCCGACACTGGAGCCGTCACCAGTGGTCATTATCCCTACTGGTTCCAGCAGAAGCCTGGCCAAGCCCCCAGGGCACTA 

 

 

IGLV7-46*01_VBase2     ATTTATGATACAAGCAACAAACACTCCTGGACACCTGCCCGGTTCTCAGGCTCCCTCCTTGGGGGCAAAGCTGCCCTGACCCTTTCGGGTGCGCAGCCTGAG 

IGLV7-46_Ensembl       ATTTATGATACAAGCAACAAACACTCCTGGACACCTGCCCGGTTCTCAGGCTCCCTCCTTGGGGGCAAAGCTGCCCTGACCCTTTTGGGTGCGCAGCCTGAG 

MM113_A                -----------------------------------------------------GCTCAATAGGAGATAAAGAGCC--------------------------- 

MM113_B                TTTTATGATACAGACAAAAGACACCCTTGGACTCCTGCCCGGTTCTCAGGCTCCCTCATTGGGGGCAAGGGTGCCCTGACCCTTTCGGGCGCACAAGTTGAC 

                                                                            **** * ** *  *  * ***                             

 

IGLV7-46*01_VBase2     GATGAGGCTGAGTATTACTGCTTGCTCTCCTATAGTGGTGCT------------------------------------------------------------ 

IGLV7-46_Ensembl       GATGAGGCTGAGTATTACTGCTTGCTCTCCTATAGTGGTGCTCGG--------------------------------------------------------- 

IGLJ3/2*01_Genbank     -----------------------------------------TGTGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTAG----------------------- 

IGLC2_Ensembl          ------------------------------------------------------------------------------NGTCAGCCCAAGGCTGCCCCCTCG 

IGLC3_Ensembl          ------------------------------------------------------------------------------NGTCAGCCCAAGGCTGCCCCCTCG 

MM113_A                ------------------------------------------------------------------------------------------------------ 

MM113_B                GATGAGGCTGATTATTACTGCTTGGTCGCCTACAGTGGTGCCGTGGTTTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAGGCTGCCCCCTCG 

 

 

IGLC2_Ensembl          GTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGG 

IGLC3_Ensembl          GTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGG 

MM113_A                ---------------------------------------ATCA----------------------------------------------------------- 

MM113_B                GTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGG 

                                                              * **                                                            

 

IGLC2_Ensembl          AAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCT 

IGLC3_Ensembl          AAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCCTGACGCCT 

MM113_A                ------------------------------------------------------------------------------------------------------ 

MM113_B                AAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCTGACGCCT 

 

 

IGLC2_Ensembl          GAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG 

IGLC3_Ensembl          GAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCATAG 

MM113_A                --------------------------------------------------------------------------------------------- 

MM113_B                GAGCAGT-------------------------------------------------------------------------------------- 
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Supplementary Information Figure 59. Sequence alignment of the IGLV8-61 assigned 

FOR229 AL amyloidosis amino acid light chain sequence. Bold = reference sequences, 

underlined = CDR regions, red letter = mutation, _HK = AL amyloidosis patient with dominant heart and kidney 

involvement. 

 

 

Supplementary Information Figure 60. Sequence alignment of the IGLV8-61 assigned 

FOR229 AL amyloidosis cDNA light chain sequence. Bold = reference sequences, 

underlined = CDR regions, red letter = mutation, _HK = AL amyloidosis patient with dominant heart and kidney 

involvement. Nucleotide signal overlaps in the Sanger sequencing were specified according to the IUPAC code. 

 

 

CDR1  

IGLV8-61_Ensembl        MSVPTMAWMMLLLGLLAYGSGVDSQTVVTQEPSFSVSPGGTVTLTCGLSSGSVSTSYYPSWYQQTPGQAP

IGLV8-61*01_VBase2      ------------------------QTVVTQEPSFSVSPGGTVTLTCGLSSGSVSTSYYPSWYQQTPGQAP

FOR229_HK               ----------------------------TQEPSLSVSPGGTVTLTCGLRSGSVSSNYHPSWHQQIPGQVP

CDR2                                   CDR3

IGLV8-61_Ensembl        RTLIYSTNTRSSGVPDRFSGSILGNKAALTITGAQADDESDYYCVLYMGSGI------------------

IGLV8-61*01_VBase2      RTLIYSTNTRSSGVPDRFSGSILGNKAALTITGAQADDESDYYCVLYMGSG-------------------

IGLJ3*02_Genbank        ----------------------------------------------------WVFGGGTKLTVL------

IGLC3*01_Genbank        ----------------------------------------------------------------GQPKAA

FOR229_HK               RTLIYSTNIRSSGVPHRFSGSIVGKKAALTITGAQADDESDYYCMLYLGSGVSVFGGGTKLTVLGQPKAA

IGLC3*01_Genbank        PSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTP

FOR229_HK               PSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTP

IGLC3*01_Genbank        EQWKSHKSYSCQVTHEGSTVEKTVAPTECS

FOR229_HK               EQWKSHKSYSCQVTHEGSTV----------

IGLV8-61_Ensembl        ATGAGTGTCCCCACCATGGCCTGGATGATGCTTCTCCTCGGACTCCTTGCTTATGGATCAGGAGTGGATTCTCAGACTGTGGTGACCCAGGAGCCATCGTT

IGLV8-61*01_VBase2      ------------------------------------------------------------------------CAGACTGTGGTGACCCAGGAGCCATCGTT

FOR229_HK               ----------------------------------------------------------------------------------TGACTCAGGAGCCATCGTT

IGLV8-61_Ensembl        CTCAGTGTCCCCTGGAGGGACAGTCACACTCACTTGTGGCTTGAGCTCTGGCTCAGTCTCTACTAGTTACTACCCCAGCTGGTACCAGCAGACCCCAGGCC

IGLV8-61*01_VBase2      CTCAGTGTCCCCTGGAGGGACAGTCACACTCACTTGTGGCTTGAGCTCTGGCTCAGTCTCTACTAGTTACTACCCCAGCTGGTACCAGCAGACCCCAGGCC

FOR229_HK               GTCAGTGTCCCCTGGAGGGACAGTCACACTCACTTGTGGCTTGAGGTCTGGATCAGTCTCAAGTAATTACCACCCCAGCTGGCACCAGCAGATCCCAGGCC

IGLV8-61_Ensembl        AGGCTCCACGCACGCTCATCTACAGCACAAACACTCGCTCTTCTGGGGTCCCTGATCGCTTCTCTGGCTCCATCCTTGGGAACAAAGCTGCCCTCACCATC

IGLV8-61*01_VBase2      AGGCTCCACGCACGCTCATCTACAGCACAAACACTCGCTCTTCTGGGGTCCCTGATCGCTTCTCTGGCTCCATCCTTGGGAACAAAGCTGCCCTCACCATC

FOR229_HK               AGGTTCCACGCACCCTCATCTACAGCACAAATATTCGCTCTTCTGGGGTCCCTCATCGCTTCTCTGGCTCCATCGTTGGGAAAAAGGCTGCACTCACCATC

IGLV8-61_Ensembl        ACGGGGGCCCAGGCAGATGATGAATCTGATTATTACTGTGTGCTGTATATGGGTAGT--------------------------------------------

IGLV8-61*01_VBase2      ACGGGGGCCCAGGCAGATGATGAATCTGATTATTACTGTGTGCTGTATATGGGTAGTGGCGGCATTTC---------------------------------

IGLJ3*02_Genbank        --------------------------------------------------------------TTGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAG-

IGLC3_Ensembl           ---------------------------------------------------------------------------------------------------NG

FOR229_HK               ACGGGGGCCCAGGCAGATGATGAATCTGATTATTATTGTATGCTGTATTTGGGTAGTGGCGTTTCGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTGGG

IGLC3_Ensembl           TCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACC

FOR229_HK               TCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACC

IGLC3_Ensembl           CGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCC

FOR229_HK               CGGGAGCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCC

IGLC3_Ensembl           AGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCC

FOR229_HK               AGCAGCTACCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAAAAGCTACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGG----------------

IGLC3_Ensembl           TACAGAATGTTCATAG

FOR229_HK               ----------------



Curriculum Vitae  Natalie Berghaus 

~ 235 ~ 

Curriculum Vitae 

 

Personal Details 

Surname and forename  Berghaus, Natalie 

Date of birth    24.11.1994 

Place of birth    Wiesbaden, Germany 

Nationality   German 

 

School History 

Secondary school: Max-Planck-Schule, Rüsselsheim 

Secondary school: Fürst-Johann-Ludwig Schule, Hadamar 

Abitur: Fürst-Johann-Ludwig Schule, Hadamar (12.06.2013) 

 

Academic History 

since 12.2022  Scientific Employee  

University Hospital Heidelberg 

Department of Neuropathology, Prof. Dr. Andreas von Deimling  

Section of Molecular Neuropathology, Prof. Dr. Dr. Felix Sahm 

 

since 09.2019  PhD Position Dr. sc. hum. 

University Hospital Heidelberg – supervisor: Prof. Stefan O. Schönland 

“Biological and clinical impact of the immunoglobulin light chain 

sequence diversity in patients with dominant heart AL amyloidosis” 

 

10.2016 – 04.2019 Master Molecular Biology – grade: 1.5  

Goethe University Frankfurt am Main – supervisor: Prof. Helge Bode 

″Investigation of the Fabclavine-Biosynthesis″ 

 

10.2013 – 08.2016 Bachelor Biology – grade: 1.9  

Goethe University Frankfurt am Main – supervisor: Prof. Volker Müller 

″Investigation on the acetaldehyde-metabolism of the acetogenic 

bacterium Acetobacterium woodii″ 

 

Experiences and Awards 

2022   - oral presentation at the “International symposium on Amyloidosis” 

   - DGAK Young Investigator Award 

2020 - successful grand application as lead proposer (Stiftungsmittel 

  Universitätsklinikum Heidelberg; 4000 €) 

2018 - poster presentation at the VAAM Workshop: “Biology of bacteria 

  producing natural products”  



Danksagung  Natalie Berghaus 

~ 236 ~ 

Danksagung 

Zu aller erst möchte ich mich bei allen Patienten und Patientinnen bedanken! 

Ich möchte mich bei Prof. Dr. Stefan Schönland, Prof. Dr. Ute Hegenbart und Dr. Stefanie 

Huhn für die Überlassung des Themas bedanken. Ich möchte mich auch bei ihnen dafür 

bedanken, dass sie immer hilfsbereit waren und mich unterstützt haben – trotz ihrer hohen 

Belastung in Klinik und Forschung. Ich habe den größten Respekt vor ihnen.  

Herrn Prof. Dr. Stefan Schönland möchte ich darüber hinaus dafür danken, dass er sich die Zeit 

genommen hat, mit mir meine Forschung zu diskutieren und mich immer gefördert und 

gefordert hat. Sein Bestreben, diese Erkrankung weiter zu erforschen und schlussendlich ihre 

Ursache aufzuklären, hat mich sehr beeindruckt. Frau Prof. Dr. Ute Hegenbart möchte ich 

herzlichst für die Beantwortung aller fachlichen Fragen danken und bewundere sie sehr für ihre 

Hingabe ihren Patienten und Patientinnen gegenüber. Ich möchte mich auch dafür bedanken, 

dass sie trotz ihrer hohen Arbeitsbelastung immer ein Lächeln oder ein nettes Wort übrighatte. 

Ebenso möchte ich Frau Dr. Stefanie Huhn dafür danken, dass sie immer hinter mir stand, sich 

meine Ideen angehört hat und mit mir daran gearbeitete hat, sie umzusetzen. Ich möchte mich 

auch dafür bedanken, dass sie mir zugehört hat und wir immer eine offene Kommunikation 

führen konnten. 

Natürlich möchte ich mich auch bei dem ganzen Molekularbiologischen Labor bedanken, für 

das zusammensitzen, lachen und dafür, dass sie immer ein offenes Ohr hatten. Bei Dr. Philipp 

Reichert möchte ich mich dafür bedanken, dass er immer sofort zur Stelle war und versucht hat 

bei allen Problemen und Herausforderungen zu helfen. 

Im Besonderen möchte ich meiner Kollegin Sarah Schreiner danken, für alle gemeinsam 

durchlebten Höhen und Tiefen, in denen wir es geschafft haben, immer aufeinander Rücksicht 

zu nehmen und uns gegenseitig zu unterstützen. Wir waren immer Mitarbeiterinnen des Monats, 

haben uns mehr gesehen als jede andere Person und alles geteilt von Gefühlen über ein Zimmer 

bis hin zu Wein. Wir haben das zusammen durchgestanden und das werde ich nie vergessen. 

Ich möchte auch all meinen Freunden danken und im Besondern Gina, da sie die Geduld hatte, 

diese Arbeit zu lesen und alle meine Kommafehler und sprachlichen Irrwege zu korrigieren. 

Besonderer Dank gilt meinen Eltern, die mich immer bedingungslos unterstützt haben und mir 

ermöglicht haben, meiner Leidenschaft für die Biologie nachzugehen. Ich möchte mich auch 

bei Philippe bedanken, für das Zuhören, den Versuch zu verstehen, an was ich forsche, seine 

Wertschätzung und Liebe. 



Eidesstattliche Versicherung  Natalie Berghaus 

~ 237 ~ 

Eidesstattliche Versicherung 

 

1. Bei der eingereichten Dissertation zu dem Thema 

 

„Biological and clinical impact of the immunoglobulin light chain sequence 

diversity in patients with dominant heart AL amyloidosis“ 

 

handelt es sich um meine eigenständig erbrachte Leistung.  

 

2. Ich habe nur die angegebenen Quellen und Hilfsmittel benutzt und mich keiner 

unzulässigen Hilfe Dritter bedient. Insbesondere habe ich wörtlich oder sinngemäß aus 

anderen Werken übernommene Inhalte als solche kenntlich gemacht.  

 

3. Die Arbeit oder Teile davon habe ich bislang nicht an einer Hochschule des In- oder 

Auslands als Bestandteil einer Prüfungs- oder Qualifikationsleistung vorgelegt. 

 

4.  Die Richtigkeit der vorstehenden Erklärungen bestätige ich.  

 

5. Die Bedeutung der eidesstattlichen Versicherung und die strafrechtlichen Folgen einer 

unrichtigen oder unvollständigen eidesstattlichen Versicherung sind mir bekannt. Ich 

versichere an Eides statt, dass ich nach bestem Wissen die reine Wahrheit erklärt und 

nichts verschwiegen habe.  

 

 

 

____________________________                                ____________________________ 

Ort und Datum       Unterschrift  

 


