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ABSTRACT

GENOMIC TOOLS AND MODELS FOR INVESTIGATING THE ROLE OF
GERMLINE DIVERSITY IN MOUSE ANTIBODY REPERTOIRE

DEVELOPMENT

Justin T. Kos

April 13, 2022
Given the diversity and complexity within immunoglobulin (IG) loci, effective
mouse models first require characterization of intra-strain differences and
construction of high-quality reference assemblies for |G loci in several
representative strains. To understand light chain germline diversity across
biomedically significant mouse strains, we profiled the expressed IGK and IGL
repertoires of 18 commonly used laboratory mouse strains using AIRR-seq. Across
strains, we observed germline IGKV sequences shared by three different IGK
haplotypes and a more conserved IGLV germline repertoire among common
laboratory strains. Pacific Biosciences (PacBio) Single-Molecule Real-Time
(SMRT) sequencing was used to sequence and assemble bacterial artificial

chromosomes (BAC) clones spanning the IGH locus in BALB/cByJ and the IGK



locus in NOD/LtJ, which represented divergent |G haplotypes. We assembled the
BALB/cByJ-IGH assembly into five independent contigs containing 192 functional
and 135 non-functional IGHV genes, 30 IGHD genes, 4 IGHJ genes, and 8 IGHC
genes. The NOD/ShiLtJ-IGK assembly was assembled into two independent
contigs, which contained 82 functional and 31 non-functional IGKV genes. These
data guided construction of congenic strains on a C57BL/6 background that carried
divergent BALB/cByJ or NOD/ShiLtJ IGH or IGK loci from, respectively. In addition,
bulk AIRR-seq data from the BALB/cByJ-IGH congenic strain showed that
divergent IGH haplotype influenced usage frequencies of germline IGKV and IGLV
repertoire. Overall, this work revealed significant unexplored |G haplotype diversity
through AIRR-seq, generated new |G reference assembilies, identified incomplete
germline gene databases that lacked haplotype diversity, and provided evidence
that heavy and light chain pairing frequencies are likely influenced by underlying

IG haplotype variation.
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CHAPTER 1 : INTRODUCTION

Antibodies (Abs), encoded by the immunoglobulin (IG) loci, are critical
components of the immune system that function as cell-surface receptors for
antigens and soluble effector molecules. Antibodies can directly recognize a
virtually unlimited array of molecular patterns on antigens and have many
downstream effector functions?. Abs are formed from two pairs of identical heavy
and light kappa or lambda genes, encoded by genes at three different loci in the
mouse genome'’2. |G loci are among the most diverse and structurally complex
regions of mammalian genomes, with high levels of single nucleotide
polymorphisms (SNPs) and copy number variation (CNV), in both coding and non-
coding regions®*. In mice, genes from the IG heavy chain locus (IGH) are encoded
by genes at a single locus on chromosome 12, whereas |G light chain genes are
either encoded at the IG kappa (IGK; chromosome 6) or IG lambda (IGL;
chromosome 16) locus’-?5. Abs are separated into two domains according to their
function: variable (V) domains that bind antigens, and constant (C) domains with
effector or structural functions such as complement activation and Fc receptor
binding®. V domains are created through a series of complex gene rearrangements

that occur in developing B cells, while C domains are germline encoded. The entire



expressed component of antibodies circulating within an organism is referred to as
the antibody (Ab) repertoire.

IG loci comprise duplicated variable (V), diversity (D, IGH only), joining (J),
and constant (C) genes that recombine in B cells to generate the expressed Ab
repertoire. The IGH locus comprises 97 variable (V), 14 diversity (D; IGH only), 4
joining (J), and 8-9 constant (C) functional/open reading frame genes’. The IGK
locus is similarly complex and spans 3.2 Mb, with 101 functional V segments, 4
functional J segments, and 1 C segment, encoding approximately 95% of the
mouse Ab light chain molecules®®. In contrast, the IGL locus is smaller, containing
only 3 functional V segments, 3 functional J segments, and 3 C segments spanning
240 Kb’. Structurally, genes within the loci are often described by their position
relative to the constant region. Genes opposite the constant region are referred to
as “distal”, whereas as genes closer to the constant region are “proximal”. Besides
the V, (D), and J gene segments throughout the loci, the loci contain many
pseudogenes, allelic variants, copy number variants (CNVs), and structural
variants (SVs) that add to the already complex gene structure'®'’. To better
understand the recombination potential for different V, (D), and J genes throughout
the loci, we must first properly understand the genomic organization of this unique
family of genes and characterize both the coding and regulatory sequences of Ab

heavy and light chain loci.



IMMUNOGLOBULINS — MEMBERS OF A MULTIGENE FAMILY

Immunoglobulins (Igs), members of the immunoglobulin superfamily (IgSF),
are composed of 2 heavy (H) and 2 light (L) chains, where the L chain is either a
kappa or lambda chain'. Both heavy and light chain Ig molecules are composed
of multiple Ig domains, which are compacitly folded regions of protein structure of
approximately 110 amino acids. The L chains contain two Ig domains, while the H
chain contains four. There are five different classes, or isotypes, of Igs: IgM, IgD,
lgG, IgA, and IgE, which are distinguished from each other according to their C
domains. The N-terminal domain of the protein is commonly referred to as the V
region, and the C-terminal domain of the protein, which is used to distinguish
different isotypes, is known as the constant (C) region. H chains contain 3 or 4 C
domains, whereas the L chains contain only 1 C domain. Structures of both B cell
receptors and antibodies are identical, except for the B cell receptor containing a
hydrophobic C domain to anchor the molecule in the plasma membrane of the B
cell.

The gene families encoding for Ab molecules share features with other
multigene families such as the tRNA genes, DNA satellites, and ribosomal RNA"3.
Mammalian germ cells contain at least three families of antibodies, corresponding
to the heavy, kappa, and lambda loci. Hood et al. elegantly described the three
different types of multigene families that exist in the genome’3. First, simple-
sequence families are composed of DNA segments derived from 103 to 107 repeats
of a short fundamental sequence of approximately 6-15 nucleotides'. Second,

multiplicational families are 10-10,000 copies of an 80-1,000 nucleotide gene, with



identical repeats’®. Lastly, informational families can have individual family
members that differ in sequence composition from one another, although they are
homologous and share ancestry’®. Ab genes are members of the informational
multigene families since they have evolved to generate information from multiple
germlines and somatic hypermutation, express this information on each
lymphocyte, and can expand its information through clonal selection and
amplification'®'*. The three different multigene families, including antibodies,
share four characteristics that make them challenging to interrogate: multiplicity,

close linkage, sequence homology, and overlapping functions?3.

VARIABLE REGION GENE FAMILIES

The variable region of an Ab is what gives the Ab its specificity in binding to
antigen. To produce highly variable V regions capable of recognizing a large array
of antigens, the mouse immune system has evolved to house a large number of
highly polymorphic IGHV and IGKV gene segments in its germline. These highly
polymorphic gene segments have been classified into different V-gene families
and V-region protein groups'®. A total of 16 different IGHV families have been
described in the C57BL/6 IGH V region®. The initial gene family groupings were
originally based on amino acid sequence similarity, but later revised to include
classification based on nucleotide sequence similarity'”-2°. The IGHV gene family
known as J558, or commonly known as the IGHV1 subgroup by the International
ImMunoGeneTics information system (IMGT) and Honjo et al., is the largest V

gene family, with 52 V genes, 37 pseudogenes, and it spans approximately 1.53



Mb of the 2.5 Mb mouse IGH locus’?'. The IGHV1 family is encoded in the distal
part of the IGH locus along with the 3609 family, which is also commonly referred
to as the IGHV8 family. The Q52 and 7183 families, or IGHV3 and IGHVS,
respectively, contain fewer genes and are located at the proximal region of the
C57BL/6 IGH locus.

The mouse IGK locus contains 20 different IGKV families, which have been
described by multiple groups throughout the late 1980s and early 1990s%%-2°. Like
the IGHV gene families, IGKV gene families also vary in size. The largest IGKV
gene family, VK4/5, also known as IGKV4, was found to contain 15 germline IGKV
genes?8. IGKV11, IGKV17, and IGKV15 are the smallest VK gene families, each
containing just one IGKV germline gene. Compared to the mouse IGH locus, the
IGK locus appears to lack a defined proximal and distal gene family positional bias.
While the IGKV3 family is the most proximal IGKV gene family, there is still some
order to the location of gene families that is absent from the human IGK locus.
Extending from the IGKV3 family is a clan of related IGKV8, IGKV6, and IGKV7
families, followed by a region with IGKV12 and IGKV5, and then a region of IGKV4
genes. At the distal region of the IGK locus VK genes from different families appear
intermingled with no clear order?’.

Evolutionarily, it has been hypothesized that the mouse variable light chain
repertoire is almost entirely composed of IGKV genes over IGLV genes. This has
been observed directly from serum data, which shows that the peripheral Ab
repertoire is 95% or more IGKV, compared to the approximately 60% IGKV light

chain repertoire in humans?. Seeking to understand this discrepancy,



comparisons of the human and mouse structural IGKV repertoire revealed that the
mouse germline IGKV genes are inherently more diverse than human IGKV
genes?®. Hypervariable loop structural comparisons between mouse and human
IGKV germline genes showed that the mouse IGKV repertoire was capable of
forming more canonical structure classes than human, and that the repertoire was
more structurally diverse. Almagro et al. suggest that this could be a way for the
mouse to compensate for the small size of the IGL locus?®. In fact, phylogenetic
trees comparing the VK germline genes of mice and humans show that the mouse
IGKV repertoire contains more diversity than human because of the small size of
the IGL locus?8. Therefore, the increased structural diversity of the mouse IGKV

repertoire compensates for the smaller mouse IGLV repertoire.

DEVELOPMENT OF A DIVERSE ANTIBODY REPERTOIRE

Many elements contribute to the diversity of the naive and memory V gene
repertoires. First, the mouse IGH locus is structurally complex, consisting of
repeated, highly homologous sets of approximately 97 variable (V), 14 diversity
(D; IGH only), 4 joining (J), and 8-9 constant (C) functional/open reading frame
genes. The IGK locus is also complex, with approximately 94-96 variable (V), 4
joining (J), and 1 constant (C) functional/open reading frame genes. In addition,
the loci contain numerous pseudogenes, allelic variants, copy number variants
(CNVs), and structural variants (SVs) that add to the already complex gene
structure. V(D)J recombination is the process through which the variable region of

antigen receptor genes is constructed from somatic rearrangements of individual



V, D, and J gene segments?®. During this process 1 V gene segment, 1 D gene
segment (only IGH), and 1 J gene segment are somatically rearranged to create a
single V(D)J exon that will code for the Ab V region. DNA sequences termed
recombination signal sequences (RSSs), located 3’ of each V gene segment, 5
and 3’ of each D gene segment, and 5’ of each J gene segment, help drive V(D)J
recombination. RSS sites consist of a highly conserved heptamer, adjacent to the
coding sequence, followed by a 12 or 23 nucleotide spacer, then an AT-rich
nonamer. The length of the spacer sequence defines either the 12-RSS or 23-
RSS3%031. The kappa and lambda loci, which lack D segments, undergo a single
rearrangement that joins a V segment to a J segment.

The overall rearrangement process for the heavy chain locus occurs
sequentially during the pro-B cell stage of B cell development®?, whereas the light
chain loci rearrangements occur at the pre-B cell stage following heavy chain
rearrangement, with the first joining of a D and J segment, followed by the joining
of a V segment to the joined DJ segment. Combinatorial diversity is the process
that tandemly rearranges variable (V), diversity (D; IGH only), and joining (J)
germline gene segments through somatic recombination at the DNA level on one
of two chromosomes in a B cell'. The process is termed combinatorial diversity
since different combinations of gene segments are joined somatically to generate
unique B cell receptors. Further diversity is generated by junctional diversity, where
nucleotides are added or removed at the junctions of the V and D, D and J, or V
and J segments when the segments are joined®3-35. Since an Ab is composed of

two identical heavy and light chains, and these loci are encoded in different regions



of the genome, different heavy and light chain pairings further help increase the
diversity of the repertoire. Lastly, upon encounter with an antigen, a B cell can be
stimulated to undergo somatic hypermutation (SHM), which introduces mutations
within the V region of the Ab®*. Combined, these mechanisms will generate B cells
that express a unique combination of Vi, Dy, and Ju segments as the VuDJH gene
encoding the V region of the heavy chain, and a unique combination of V. and J.
segments as the Vi J. gene encoding the V region of the light chain3"3. The unique
Ab repertoires formed during V(D)J recombination can also be affected by extrinsic
factors, such as pathogens or vaccinations, and by intrinsic factors occurring within
the organism such as aging and autoimmunity®®. While combinatorial and
junctional diversity are often described as random events, studies have shown that
the Ab repertoires generated from these processes are not a result of random

events but rather a result of genetic biases®?.

GENOMIC RESOURCES FOR IG LOCI

Early studies on mouse |G genetics utilized deletion mapping and yeast
artificial chromosome (YAC) contig assembly to map the position of functional V
genes*®#1. While constant, joining, and diversity sequences had already been
identified and sequenced, the mouse IGK locus was the first IG locus to be properly
sequenced, with Zachau et al. identifying 118 IGKV sequences derived from BAC
and YAC clones. They described 18 different IGKV gene families, with 4 of the
families only containing a single sequence, dispersed throughout the 3.2 Mb IGK

locus. In 2006, the C57BL/6 mouse IGH locus was sequenced from BAC clones



and elucidated the presence of IGHV, IGHD, and IGHJ genes spanning 2.5 Mb of
genomic sequence. Johnston and colleagues generated an annotated map of the
IGH locus V region, which included both V genes, pseudogenes, repeats, and
nonrepetitive intergenic sequences’®.

In mice, single nucleotide polymorphism (SNP) studies performed across
the genome have informed us that significant diversity exists within inbred mouse
populations*?43. Presently, the ImMunoGeneTics (IMGT) database contains 114
functional C57BL/6 IGHV genes, which were catalogued by validating sequences
from the 2006 reference genome with functional RSS sequences’. IMGT primarily
contains genes and alleles for C57BL/6, therefore it is unlikely to represent the
immunoglobulin genetic variation documented from SNP studies. Recently, the
Adaptive Immune Receptor Repertoire (AIRR) Community has established a new
database named Open Germline Reference Database (OGRDB)*. This database
was designed to help evaluate inferred allele generated through AIRR-seq
experiments and provide an updated record of affirmed germline sequences. It
currently hosts inferred IGHV germline genes for BALB/c and C57BL/6 generated

from long-read SMRT sequencing of VDJ-C amplicons from F1 hybrid animals*.

GENETIC ORIGINS OF THE LABORATORY MOUSE

The mouse has served as an invaluable model organism in the biomedical
sciences for over a century, used across multiple biomedical disciplines to increase
the quality of human life and help prevent and treat disease*®4’. While mice are

mammals and phylogenetically close to humans, their small size, minimal



maintenance, and short generation time make them very useful in science®.
During the first decade of the twentieth century, the breeding of laboratory mice
gained popularity in the sciences, as researchers such as C. C. Little began
studying coat color inheritance using mouse models*®%. Introduced into the
laboratory over a century ago, the mouse has been used in genetic studies,
random mutagenesis experiments, the development of inbred lines, and the direct
engineering of the genome through knock-in, knockout, and transgenic
techniques*t. These uses have made Mus musculus one of the most well-studied
models in mammalian genetics®'. Though the mouse is invaluable to science, the
origins of the laboratory mouse are complex and point to underlying genetic
diversity in laboratory mice.

Early classifications on the subdivisions of Mus musculus were completed
using biochemical and molecular markers*®. These markers revealed that the
subdivisions of Mus musculus resulted from a radiation that occurred in Northern
India about 0.5 million years ago (MYA)®2. From Northern India, the subdivisions
of Mus musculus migrated into Eurasia, leading to the present sub-species we
have today. M. m. domesticus emigrated to western Europe and the Mediterranean
basin, M. m. musculus to central Europe and northern China, and M. m. castaneus
to southeast Asia. Castaneus and muscuclus subspecies groups also formed a
hybrid subspecies in Japan, molossinus, which still exists today. The domesticus
subspecies group in Western Europe entered the European ‘fancy’ mouse trade,
whereas the musculus and molossnius subspecies groups entered the East Asian

‘fancy’ mouse trade. Therefore, the laboratory mouse we have today results from
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the European and East Asian ‘fancy’ mice, and the radiation of the different
subspecies led to a mosaic evolution of different parts of the mouse genome.

In the late 1960s, work began to better understand the polymorphisms and
genetic heterozygosity present in M. m. musculus and M. m. domesticus
subspecies living in Denmark. The Danish mouse populations were unique since
they existed in a zone of allopatric hybridization yet appeared to have little gene
flow between them. To determine the heterozygosity between the two Danish
subspecies, Selander et al. examined the electrophoretic variation in 36 proteins
controlled by 41 genetic loci®3. They found that 56% of the proteins (20/36) were
monomorphic and identical across sub species. 16 of the 36 proteins (44%) were
polymorphic for two or three alleles in one or more of the samples they tested.
Overall, the frequency of polymorphic loci was higher in M. m. musculus compared
to M. m. domesticus. Although this data was the first of its kind detailing
biochemical differences between the two mouse subspecies, it lacked a detailed
description of the genetic variation due to the lack of high-resolution genomic
data®*. It wasn’t until genome-wide shotgun SNP discovery data from the Mouse
Genome Sequencing Consortium became available that it was possible to
describe the genetic variation among inbred laboratory mouse strains.

The first genome-wide comparisons across different mouse strains were
made possible in the early 2000s when mouse genomic sequences became
available*6-%5. Wade et al. compared assembled genomic sequence from C57BL/6
to genomic sequence generated from other laboratory and wild-derived strains®+%.

The polymorphism rates they calculated ranged from long segments (greater than
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1 Mb) of high polymorphism (40 SNPs per 10 kb) or low polymorphism (0.5 SNPs
per 10 kb). Out of all the strain-to-strain comparisons they made, roughly one third
of the genome fell into long regions of high polymorphism, which was consistent
with previous data on the estimated divergence rates between Mus musculus
domesticus and either M. m. musculus or M. m. castaneus®. Comparison of inbred
laboratory strains to C57BL/6 revealed two-thirds of the genome to have a very
low polymorphism rate, which was indicative of genomic regions in which the two
strains shared a recent common subspecies origin. In contrast, the remaining one-
third of the genome had a much higher polymorphism rate, which suggested that
these regions were areas of the genome in which the two strains inherited the
region from different subspecies. Overall, the bimodal distribution Wade et al.
described represented regions of the genome that had different or similar
subspecies origins and revealed the mosaic model common to mouse haplotype
analyses. However, the lack of available reference databases made it challenging
to assign a subspecies origin to genomic regions of a given laboratory strain.

The mosaic model of mouse genetic variation became more apparent after
whole-genome SNP arrays were used to characterize haplotype diversity. In 2004,
Frazer et al. produced a high-resolution map of genetic variation for 11 classical
strains and 4 wild-derived strains®’. Using an oligonucleotide array they identified
8.27 million SNPs throughout the genome, generating a genome-wide haplotype
map. Their map revealed the genetic contributions for classical strain haplotypes

to be 68%, 6%, 3%, and 10% for M. m. domesticus, M. m. musculus, M. m.
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castaneus, and M. m. molossinus, respectively. The remaining 13% of haplotypes

were of unknown origin.

IG HAPLOTYPE VARIATION IN INBRED MOUSE STRAINS

Laboratory mouse strains are derived from M. musculus, which is a species
with multiple lineages, including three major subspecies, M. m. domesticus, Mus
musculus musculus, and Mus musculus castaneus®?. It was not until researchers
began exploring the genetic basis of Ab diversity in mouse strains that I1G
haplotype diversity became known. Seeking to characterize mouse germline IGHV
genes, Brodeur and Riblet used Southern blot analysis across eighteen inbred
mouse strains to define IGHV gene families, estimate the total number of mouse
IGHV genes, define haplotypes across strains, and compare IGHV polymorphisms
across strains'’. The twenty-four IGHV probes used in their study revealed over
one hundred IGHV genes present in the mouse IGH locus. Genes within one of
the 15 IGHV gene families shared more than 80% sequence homology, whereas
sequence homology between gene families was less than 70%. Brodeur and
Riblet’'s data was the first of its kind to reveal haplotype assignments for the IGHV
region of the IGH locus. They used the IGHV DNA probes from all IGHV gene
families to determine which mouse strains had the same or different IGHV gene.
Their work demonstrated that strains with the same IGHC region haplotype
generally, though not always, shared the same IGHV haplotype. Their work

revealed a total of thirteen different IGHV region haplotypes, with four of the
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thirteen haplotypes represented by more than one strain'”. Though this Southern
blot experiment lacked the level of resolution possible with today’s technology, it
was an early glimpse into IGH locus diversity across mouse strains.

Similar early haplotype RFLP experiments were also performed on the light
chain loci. Thirteen different IGKV probes used to detect RFLP patterns revealed
the presence of seven different IGK haplotypes among 55 inbred mouse strains®.
The largest haplotype group, IGKC®, contained 38 different classical strains,
including BALB/cByJ and C57BL/6N?8. There is also haplotype variation for the

IGL locus, though it is not as diverse as the IGH and IGK loci.

INTERROGATING ADAPTIVE IMMUNE RECEPTOR REPERTOIRES

To effectively study and characterize Ab repertoires, Adaptive Immune
Receptor Repertoire Sequencing (AIRR-seq) was developed utilizing high
throughput sequencing technology. AIRR-seq studies utilize large-scale
sequencing of DNA libraries that are prepared by amplifying either genomic DNA
(gDNA) or mRNA coding for the B-cell receptor (BCR) using PCR%. Library prep
procedures can vary depending on the biological question. 5’ rapid amplification of
cDNA ends (5’RACE) is common in the field since it does not bias the sequencing
library with V segment primers that are specific to V genes or V gene families.
Since BCR sequences are not encoded directly in the genome, the data generated
by AIRR-seq must also be processed differently than standard DNA- or RNA-seq

data. First, the set of V, (D), and J segments used by each BCR must be inferred.
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Second, SHM must be considered, which can change more than 5% of the bases
in BCRs%8. If the goal of the experiment is to infer germline sequences rather than
characterize the Ab repertoire, then the length of the complete library must fall
within the technical limits of the sequencing technology, and the libraries must
have captured the entire recombined V(D)J molecule internal of the amplification

primers®°.

GENOMIC SEQUENCING TECHNOLOGIES

ILLUMINA SHORT READ SEQUENCING

Next generation DNA sequencing technology has made it possible to
interrogate and categorize Ab repertoires. The most prominent sequencing
technology used for AIRR-seq is 5’RACE with 2x300 lllumina sequencing. This
method can accurately sequence molecules up to approximately 500 bp in size
using paired-end sequencing. Currently, commercial kits following a core
methodology are available that can generate sequencing libraries starting directly
from tissue. Briefly, RNA is extracted from the source, which for mouse AIRR-seq
is usually spleen but can also be isolated B cells. Next, 5’RACE converts RNA into
cDNA using a dT primer and reverse transcriptase (RT). This approach uses a
template-switch step, which adds non-templated nucleotides to the end of the
cDNA once the RT reaches the 5’ end of the mRNA template. An oligonucleotide
is added that anneals to the non-templated nucleotides, which functions as a

template for addition of additional nucleotides into the first-strand cDNA. The first-
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strand cDNA is then primed using isotype primers and a universal oligonucleotide
that allows template switching for the reverse transcriptase (RT) reaction. This
method is successful at generating a significant amount of sequence depth for the
library. One potential limitation to the technique, however, is it does not capture
the entire V(D)JC molecule, but rather just the V(D)J portion due to the 2x300
limitation. This method also requires that the paired-end reads be assembled to
generate the complete V(D)J amplicon, which can be challenging when the
lllumina R2 reads can have lower base quality as the read lengths approach 300

bp.

PACIFIC BIOSCIENCES SINGLE MOLECULE REAL-TIME SEQUENCING

Single-molecule real-time (SMRT) sequencing, a third-generation
sequencing technology developed by Pacific Biosciences (PacBio), offers an
alternate method of sequencing that can sequence through complex genomic
regions, which pose a significant challenge to sequencing platforms that rely on
short reads®. SMRT sequencing offers considerable advantages over second-
generation DNA-sequencing technologies like lllumina, such as longer read
lengths for de novo assembly, haplotype detection, and phasing, and higher
consensus accuracy®'. Briefly, the technology works by directly observing a
molecule of DNA polymerase as it synthesizes DNA. The DNA polymerase is
confined in a zero-mode waveguide, and nucleotide base additions are measured

with real-time fluorescence detection. The long reads generated by the PacBio
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platform also makes it a valuable resource for generating new reference
assemblies.

Although lllumina sequencing is very popular for AIRR-seq, Pacific
Biosciences (PacBio) SMRT sequencing has also been used to characterize
mouse Ab repertoires*. Because sequencing on the PacBio platform is not limited
by sequence length, AIRR-seq with PacBio is able to capture the complete V(D)JC
molecule, depending on primer placement. Another advantage of using the PacBio
system is the high-quality data that is generated due to the circular consensus
algorithm used to generate circular consensus reads, which are usually much
higher quality than reads from lllumina. The extremely high read accuracy,
combined with the elucidation of the complete V(D)JC molecule, makes the PacBio
platform ideal for germline gene inference. However, the PacBio platform remains
more expensive than an lllumina MiSeq run, which may be cost prohibitive

depending on the goal of the experiment.

OXFORD NANOPORE TECHNOLOGIES LONG READ SEQUENCING

Oxford Nanopore Technologies (ONT) is another third-generation
sequencing technology that can generate long sequencing reads with high
scalability. This technology relies on the transit of a DNA molecule through a pore,
and the measurement of the change in electric current across the pore®’. Because
this technology does not rely on imaging equipment to detect nucleotides, the

entire system can be scaled down to a much smaller footprint than either lllumina
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or PacBio sequencers®?, In addition, because ONT directly detects the input DNA
without PCR amplification, there is no limit to the length of DNA that can be
sequenced®. The long reads produced by the sequencer can help with de novo
genome assembly, and sequence through genomic regions containing long
stretches of repetitive DNA. A disadvantage to ONT sequencing, however, is the
relatively high error rate compared to short read technology like lllumina. As of
2019, ONT error rates ranged from 5% to 20% depending on input material and
library preparation methods, and the errors included both insertions and
deletions®?. One of the key components to ONT sequencing is the nanopore itself.
The biological nanopore is constructed from modified alpha-hemolysin pore with
an exonuclease attached on the extracellular face of the pore. On the inside
surface of the nanopore there is a covalently attached synthetic cyclodextrin
sensor. The entire system is within a synthetic lipid bilayer so that when DNA is
loaded onto the exonuclease-containing face and voltage is applied, the
exonuclease cleaves off individual nucleotides. Once cleaved, the nucleotides are

detected by the change in current through the nanopore.

AIRR-SEQ ANALYSIS

Many different programs exist for the analysis of AIRR-seq data, but they
all share a similar core of features. During sequencing read pre-processing,
samples that were multiplexed using unique molecular identifiers (UMIs) are

demultiplexed to sets of reads for each sample. Next, read quality is assessed
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using quality control software such as FastQC, with the goal of obtaining Phred-
like scores greater than 30 for the majority of the read, meaning 1 error per 1000
base pairs. At this stage, sequences with low sequence quality can be discarded
from the dataset and excluded from downstream analysis. Then, primer sequences
are masked, and the sequencing reads are assembled with their mate pairs if
sequenced on the lllumina platform. AIRR-seq performed on the PacBio platform
does not require mate pair assembly as the complete V(D)J amplicon is
sequenced. Once the mate pairs are assembled the reads are then collapsed to
remove duplicate sequences and reduce the size of the dataset. Finally, the
collapsed sequences are aligned to a germline gene database that contains either
heavy or light germline IG sequences for the strain of interest. Once germline gene
assignments have been made, clonal clusters can be assigned to the sequences.
The Kleinstein lab has developed and published a suite of tools that can process
AIRR-seq reads from raw data to a refined set of IG repertoire sequences

collapsed by clone, and plotted using their R package Alakazam®3.64,

GERMLINE GENE INFERENCE

Many bioinformatic tools are available to infer germline |G genes from next-
generation sequencing (NGS) data, but they all have a core function of identifying
novel IG germline genes. To accurately examine the expressed Ab repertoires in
mice, AIRR-seq data must be compared to expressed Ab sequences with
reference databases of variable (V) germline genes to calculate metrics like gene

usage, expression frequency, and degree of somatic hypermutation®. Because
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the mouse germline gene databases are mostly incomplete for strains other than
C57BL/6, novel germline genes must be inferred with bioinformatic tools like
TIgGER®® or IgDiscover®s, with IgDiscover best suited to analyze unmutated, naive
germline sequences.

There are four critical steps during germline gene inference. First,
processed sequences must be aligned against a starting gene database that
contains germline 1G sequences for the locus and strain of interest. The initial
alignment of input sequences is performed with IgBLAST®’, and any novel
germline genes are assigned to the most similar database sequence. Next,
sequences are clustered to identify potential germline sequences, with the option
to set different thresholds for the number of supporting sequences per novel
germline sequence cluster. Once potential novel germline sequences have been
clustered, filters are applied to keep only true germline sequences. For example,
IgDiscover employs a germline filter to help remove false positives that may result
from PCR bias. The filter functions by ensuring that true germline sequences
contain an identical V region and are present in multiple unique V(D)J
rearrangements, which is observed by many unique CDR3 sequences.
Sequences that have undergone SHM and that are overrepresented from PCR
bias will be filtered out of the inferred germline gene database. Finally, the
inference process is repeated using the newly constructed germline gene

database.
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SUMMARY

While the research presented in the introduction provides foundational
knowledge necessary to understand the work completed throughout this
dissertation, the research presented in the following chapters will advance the
understanding of how genomic variation within the IGH and IGK loci influence Ab
repertoire diversity and dynamics and address gaps in knowledge due to
incomplete gene databases and reference assemblies for a single 1G haplotype.
In Chapter 2, since germline light chain Ab diversity has not been explored and
characterized, we hypothesized that profiling the germline light chain repertoires
across multiple strains of mice would reveal extensive haplotype diversity. In
Chapter 3, additional IG reference assemblies were added to the
immunogenomics field by sequencing, assembling, and annotating BAC clones
spanning the |G loci of mouse strains containing IG haplotypes divergent from the
current C57BL/6 reference assembly. Finally, in Chapter 4 we constructed
congenic |G mouse lines with controlled |G haplotype diversity and showed that
the germline light chain Ab repertoire can be influenced by haplotype variation in

the heavy chain loci.
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CHAPTER 2 : CHARACTERIZATION OF EXTENSIVE DIVERSITY IN
IMMUNOGLOBULIN LIGHT CHAIN VARIABLE GERMLINE GENES ACROSS

BIOMEDICALLY RELEVANT MOUSE STRAINS

INTRODUCTION

Antibodies (Abs), encoded by the immunoglobulin (IG) loci, are critical
components of the immune system that function as cell-surface and soluble
receptors for antigens'. The process of somatic V(D)J recombination within B cells
governs the formation of a diverse Ab repertoire capable of recognizing a vast
array of antigens through interaction with Ab variable domains®’. Abs are formed
from two pairs of identical heavy and light (kappa or lambda) chains, encoded by
genes at three different loci in the mouse genome. In mice, the IG heavy chain is
encoded by genes at a single locus on chromosome 12 (IGH), whereas |G light
chain genes are encoded at the IG kappa (IGK; chromosome 6) and IG lambda
(IGL; chromosome 16) loci'®. Abs are separated into two functional domains:
variable (V) domains that bind antigen; and constant (C) domains that carry out

effector functions such as complement activation and Fc receptor binding®. The V
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domain is encoded by variable (V), diversity (D, IGH only), and joining (J) genes,
while constant (C) genes encode the C domain. Together, V, D, J, and C genes
somatically recombine in B cells to generate the Ab repertoire, the entire
expressed component of Abs circulating within an organism.

The mouse |G loci are structurally complex and consist of repeated, highly
homologous gene segments” 688, For example, the IGH locus in the C57BL/6
strain comprises 102 variable (V), 9 diversity, 8 of which are unique (D; IGH only),
4 joining (J), and 8-9 constant (C) functional/open reading frame genes’#°. The
IGK locus of C57BL/6 is similarly complex in this strain and spans 3.2 Mb, with 91
functional V segments, 4 functional J segments, and 1 C segment, representing
approximately 95% of the C57BL/6 germline light chain genes®®. In contrast, the
C57BL/6 IGL locus spans 240 kb and includes only 3 functional V segments, 3
functional J segments, and 3 C segments’.

At the genomic level, the mouse IG loci have only been comprehensively
characterized in the C57BL/6 strain. However, the C57BL/6 mouse does not fully
represent variation within the mouse IG loci. In 2007, Retter et al. sequenced and
assembled bacterial artificial chromosome (BAC) clones spanning the IGH
constant region and part of the variable region in the 12951 mouse strain®, which
was predicted by restriction fragment length polymorphism (RFLP) to carry a
divergent IGH haplotype compared to C57BL/6'". They showed that the IGH”
haplotype of the 129S1 strain is genetically different from the IGH® haplotype of
the C57BL/6 strain, containing major germline gene duplications present in the

IGH” haplotype that are absent in the IGH® haplotype. Though the light chain loci
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have only been characterized in C57BL/6, early RFLP experiments reported the
existence of 9 IGK haplotypes in commonly used inbred mouse strains'®, and more
recent Sanger sequencing identified significant IGKV polymorphisms in NOD
mice’®7". In addition, early isoelectric focusing experiments of mouse light chains
highlighted IGK haplotype differences by showing that SWR/J, C3H/HedJ, DBA/1J,
A/J, CBA/J, and C57BL/6J had identical focusing bands, whereas AKR/J and
C58/J had observed differences’?. More recently, genome-wide high-throughput
single nucleotide polymorphism (SNP) studies have revealed inter-strain diversity
across all three |G loci*?43,

The more recent application of high-throughput Adaptive Immune Receptor
Repertoire Sequencing (AIRR-seq) studies has also led to the discovery of
extensive variation in the germline IGHV genes. For example, AIRR-seq studies
of C57BL/6 and BALB/c mice demonstrated that the BALB/c IGHV germline set
consisted of >160 genes, only 4 of which overlapped with those found in C57BL/6.
In a subsequent study of 5 additional inbred strains, including 4 wild-derived strains
representing diverse sub-species origins, we observed significant inter-strain
variation in IGHV germline sequences, and catalogued 247 germline alleles
unaccounted for in existing reference databases*. However, despite evidence of
potentially similar levels of diversity within the IGKV and IGLV coding regions,
these loci have not been comprehensively explored across inbred strains.

In this study, to better understand mouse light chain germline diversity, we
conducted AIRR-seq analysis and germline inference in 18 different inbred mouse

strains, again including 4 wild-derived strains from diverse sub-species origins, as
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well as an additional 14 strains commonly used in biomedical research. Consistent
with our observations in the IGH locus, we observe significant germline sequence
variation between strains. In addition, inferred IGLV genes across the classical and
wild-derived strains reveal the presence of fewer germline genes in classical
strains than wild-derived strains, which may result from the breeding history of
classical laboratory mice. This level of germline diversity is unexplored in the study
of immune phenotypes and unaccounted for in existing gene databases. Despite
the diversity observed, we uncover evidence for the presence of shared germline
IGKV/LV gene sets and haplotypes among subgroups of classical laboratory

strains, indicating that the light chain loci reflect shared sub-species origins.

MATERIALS AND METHODS

AIRR-SEQ LIBRARY PREPARATION AND SEQUENCING

Whole dissected spleens, preserved in RNAlater (Thermofisher, Cat. No.

AM7020; Waltham, MA, USA), were obtained from female mice from Jackson

Laboratories (Bar Harbor, ME, USA; https://www.jax.org) for eighteen inbred

strains [BALB/cByJ (Jax stock #001026), n = 1; NOR/LtJ (Jax stock #002050), n =
1; 129S1/SvimJ (Jax stock #002448), n = 1; MRL/MpJ (Jax stock #000486), n = 1;
A/J (Jax stock #000646), n = 1; AKR/J (Jax stock #000648), n = 1; CBA/J (Jax
stock #000656), n = 1; C3H/HedJ (Jax stock #000659), n = 1; C57BL/6J (Jax stock

#000664), n = 1; DBA/1J (Jax stock #000670), n = 1; DBA/2J (Jax stock #000671),
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n = 1; NZB/BINJ (Jax stock #000684), n = 1; SJL/J (Jax stock #000686), n

CAST/EiJ (Jax stock #000928), n = 1; NOD/ShiLtJ (Jax stock #001976), n

1
N

1]
N

LEWES/EiJ (Jax stock #002798), n = 1; MSM/MsJ (Jax stock #003719), n
PWD/PhJ (Jax stock #004660), n = 1].

We extracted total RNA from 30 mg of spleen tissue using the RNeasy Mini
kit (Qiagen, Cat. No. 74104; Germantown, MD, USA). For each sample, IGK and
IGL 5'RACE AIRR-seq libraries were generated using the SMARTer Mouse BCR
Profiling Kit (Takara Bio, Cat. No. 634422; Mountain View, CA, USA), following the
manufacturer's instructions. Individual indexed IGK and IGL AIRR-seq libraries
were assessed using the Agilent 2100 Bioanalyzer High Sensitivity DNA Assay Kit
(Agilent, Cat. No. 5067-4626) and the Thermofisher Qubit 3.0 Fluorometer dsDNA
High Sensitivity Assay Kit (Thermofisher, Cat. No. Q32851). Libraries were pooled
to 10 nM and sequenced three times on the lllumina MiSeq platform using the 600-
cycle MiSeq Reagent Kit v3 (2x300 bp, paired-end; lllumina, Cat. No. MS-102-

3003); per sample read depth is provided in Table 2.1.

DATA PROCESSING AND GERMLINE GENE INFERENCE

IgDiscover v0.125° was used to construct a germline IGK database for each
strain. Briefly, we combined FASTQ reads from each MiSeq run and processed
using IgDiscover v0.12% using the following parameters: (1) "barcode_consensus"
set to false since samples did not have barcodes; (2) "race_g" set to "true" to

account for the run of G nucleotides present at the start of the sequence; (3)
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"stranded" set to "true" since the forward primer was always at the 5' end of the
sequence; (4) "limit" set to false to process all reads; (5) "merge_program" set to
flash; and (6) "ignore_j" set to "true" to ignore whether a joining (J) gene had been
assigned to an inferred IGKV or IGLV gene. We used IGKV and IGKJ mouse
20sequences downloaded from the ImMunoGeneTics Information System (IMGT)
(downloaded August 2021) as the starting database for IGKV inference.

Germline IGLV sequences were manually inferred using our previously
established procedure*. Briefly, IGL sequences were processed using the
Immcantation Pipeline®3%* with the IMGT IGL gene database serving as the
starting IgBLAST®’ database for germline gene/allele assignment. First, IGL primer
sequences (Supplemental Table 1) were identified using maskPrimers align. Since
primer sequences were not provided with the SMARTer Mouse BCR Profiling Kit,
we manually determined the primer sequences by performing a multiple sequence
alignment of the first 30 base pairs of the lllumina R1 reads. Next, read pairs were
assembled using assemblePairs align, then duplicate reads were collapsed using
collapseSeq, with the duplicate count of each collapsed sequence recorded as
"dupcount". Downstream processing required that all sequences have a dupcount
2 2. Initial assignments to germline IGLV and IGLJ genes were performed using
IgBLAST, with the resulting output parsed with Change-O MakeDb. Clones were
identified by defineClones, with the clonal thresholds determined independently for
each strain using distToNearest function in SHazaM®73. Next, clones were
clustered based on IGLV gene assignment and the percent identity to the nearest

mm10 reference sequence. Finally, we determined consensus IGLV gene
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sequences using CD-HIT (cd-hit-est v4.6.8)"4, requiring that a given cluster
sequence be represented by at least 0.1% of the total number of clones identified
per strain. This process was repeated across all strains to create a unique inferred
germline IGLV gene set for each strain.

We validated our inferred IGKV and IGLV germline sequences using
TIgGER®3%5, Briefly, Presto-processed reads were input into IgBlast®” and
Change-0%3, with our inferred germline IGKV and IGLV sequences as the starting
gene database for IgBLAST®” alignment. Upon generation of a Change-O table for
each strain, the inferGenotype function of TIgGER was performed, and sequences

were considered validated if they were successfully identified.

IGKJ AND IGLJ GERMLINE GENE INFERENCE

J genes were analyzed independently of V genes for IGK and IGL germline
repertoires. First, IgBLAST®” was run on all sequences using the IMGT germline
gene database (release 202209-1; 28 February 2022) for IGK and IGL, and we
passed the resulting IgBLAST output tables to Change-O. Then, we manually
inspected Change-O tables for frequently occurring sequences in the J calls that
were not exact sub-sequences of the IMGT reference J alleles. Sequences present
in a strain at a rate > 1% were added to a new J gene reference database that
included novel J sequences and IMGT database J sequences. We then re-ran
IgBLAST and Change-O’s MakeDb function with the new reference J gene set and

inspected MakeDb output to ensure that no valid reads failed the pipeline due to
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missing J reference alleles. Lastly, we validated our candidate novel J alleles using

OGRDBstats’>.

DATABASE AND INTER-STRAIN COMPARISONS OF GERMLINE GENE SETS

We compared our inferred germline sequences to the existing IMGT gene
database using IMGT HighV-QUEST v1.8.3 (7 May 2021)3*76. We also compared
inferred IGKV and IGLV germline gene sets between strains in a pairwise fashion
using BLAT?7-78, For each inter-strain comparison, the germline set of the strain
with the smallest number of inferred sequences was used as the "query”. For each
sequence in the query set, the best match from the alternate strain was assigned
based on percent identity and match alignment length, requiring a minimum
alignment length of 275 bp. The mean sequence identity of the best matches for
all sequences in the query set was computed and used to express the average
similarity of sequences between two strains. The mean similarity between inferred
sequences across all strains in relation to their predicted SNP haplotypes was

visualized using the Pheatmap’® package in R.

SNP-PREDICTED HAPLOTYPE AND SUB-SPECIES ORIGIN ANALYSIS

Each strain’s SNP-predicted haplotype and sub-species origin were

determined using whole-genome SNP data from the Mouse Phylogeny Viewer.

Data were viewed and downloaded for mouse IGK and IGL loci (IGK,
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chr6:67449994-70709994; IGL, chr16:19055093-19265093) to determine SNP-
predicted haplotypes and sub-species origin. We performed a multiple sequence
alignment of genotypes at SNP positions spanning the IGK and IGL loci to
generate a SNP-predicted haplotype for each strain. We then used the multiple
sequence alignment to construct a neighbor-joining phylogenetic tree to cluster
strains into different shared haplotypes (Figures 2.1, 2.2). To ensure that the SNP-
predicted haplotypes were assigned accurately, we required genotypes to be
present for all strains at all positions for which there was SNP data. For example,
if the SNP array produced an N for a position in a given strain, then the position
was masked across all strains in the multiple sequence alignment to prevent the
Ns from contributing to the topology of the neighbor-joining phylogenetic tree, and
thus biasing the haplotype groupings. In total, we masked 23% (74/324) of SNP
positions for IGK and 39% (12/31) for IGL. Haplotype groups were assigned to
strains that clustered together in the phylogenetic trees, with groupings annotated

in Table 2.1 and Figures 2.1 and 2.2.
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Table 2.1. Subspecies origin and subspecies identity of the immunoglobulin kappa

and lambda loci of classical laboratory and wild-derived mouse strains selected for

IGKV and IGLV germline gene inference.
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PHYLOGENETIC AND SEQUENCE ANALYSIS OF IGHV AND IGKV GENES IN

WILD-DERIVED STRAINS

A phylogenetic analysis of |G variable region genes among wild-derived
strains was performed through a multiple sequence alignment of inferred IGHV*
and IGKV sequences among LEWES/EiJ, CAST/EiJ, MSM/MsJ, and PWD/PhJ.
These strains represented the four major Mus sub-species origins: M. m.
domesticus, M. m. castaneus, M. m. molossinus (a natural hybrid of M. m.
musculus and M. m. castaneus), and M. m. musculus, respectively. Phylogenetic
trees, one for IGHV and one for IGKV, were generated for all sequences inferred
in these strains. Clusters of sequences were identified and grouped across the two
phylogenetic trees using a threshold of 0.1, defined as the fraction of the maximum
branch length. A multiple sequence alignment was used to generate a consensus
sequence for each cluster, the nucleotide divergence of each sequence in a given
cluster was then computed relative to the consensus, with divergence defined as

the fraction of diverged positions in the alignment.
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RESULTS

SELECTING MOUSE STRAINS TO REPRESENT DIVERSE SUB-SPECIES

ORIGINS AND IGK/L HAPLOTYPES

The mouse has been used in genetic studies, random mutagenesis
experiments, the development of inbred lines, and the direct engineering of the
genome through knock-in, knockout, and transgenic techniques for over one
hundred years*®. As a result, many mouse strains are available for use in
biomedical research. For example, C57BL/6, the most common and best-studied
classical laboratory strain today®!, has been a popular model organism in
immunology, with various knockout lines available and its genome sequenced by
the Mouse Genome Sequencing Consortium*®. Another common strain, BALB/c,
served as an early model organism used to induce plasmacytomas and
monoclonal Ab production8?83, Other strains, such as NOD/ShiLtJ, SJL/J, and
MRL/MpJ, are used to model autoimmune disorders such as autoimmune type 1
diabetes, experimental autoimmune encephalomyelitis, and systemic lupus
erythematosus and Sjogren's syndrome?®+8% In addition, wild-derived mouse
strains are often used to incorporate wild mouse genetics into laboratory strains by
creating F1 hybrids*8. Given the diverse breeding history of these strains®':52.57.86
4lwe expected the genetic diversity of the IG light chains to resemble the diversity
observed in the IG heavy chain*#.

To select strains that captured IG light chain germline diversity, we

examined the predicted sub-species origins and SNP-based haplotypes of the
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mouse IG light chain loci*?43 (Table 2.1, Figures 2.1, 2.2) across classical and wild-
derived strains. We leveraged early studies that reported the existence of alternate
IGK and IGL haplotypes across mouse strains'288-9 as well as genome-wide
SNP data available for 62 wild-derived laboratory strains and 100 classical
strains*?. To account for the different Mus subspecies, we included strains with IG
loci predicted to represent the three major Mus subspecies, M. castaneus, M.
domesticus, and M. musculus, which form the genetic background for classical
inbred laboratory mouse strains%4%. In addition, we chose CAST/EiJ, LEWES/EiJ,
MSM/MsJ, and PWD/PhJ to represent wild-derived mouse strains, in which we
have previously inferred germline IGHV, IGHD, and IGHJ genes®. In total, we
sequenced the IGK and IGL repertoires of 18 different mouse strains representing
three SNP-predicted IGK haplotype groups and five SNP-predicted IGL haplotype

groups® (Figures 2.1, 2.2).

MOUSE LIGHT CHAIN VARIABLE GENES ARE UNDERREPRESENTED IN

GERMLINE GENE DATABASES

First, we inferred germline light chain repertoires was performed across our

selected mouse strains (Figure 2.3). We used IgDiscover to infer each strain's

IGKV germline sequences and our previous clustering method* to infer IGLV
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Figure 2.1. IGK haplotype phylogenetic tree generated from SNP data spanning

the IGK locus®9.

Color next to strains reflects the predicted subspecies origin for each strain’s IGK
locus. Boxed clades represent three potential shared IGK haplotypes. Group A
(PWD/PhJ, MSM/MsJ), group B (MRL/MpJ, AKR/J, CAST/EiJ, NORI/LtJ,
NOD/ShiLtJ), and group C (LEWES/EiJ, NZB/BINJ, SJL/J, BALB/cBydJ,

12951/SvimJ, A/J, C3H/Hed, CBA/J, DBA/1J, DBA/2J, C57BL/6J).
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Figure 2.2. IGL haplotype phylogenetic tree generated from SNP data spanning

the IGL locus®,

Color next to strains reflects the predicted subspecies origin for each strain’s IGL

locus. Boxed strains (Group E) represent a potentially shared IGL haplotype.
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Figure 2.3. Experimental overview for IGKV/LV Germline Gene Inference.

Briefly, RNA was extracted from 18 different inbred mouse strains, then 5’RACE
was used to generate IGK and IGL sequencing libraries. Next, libraries were
sequenced on an lllumina MiSeq instrument (2x300 bp PE Sequencing), then the
AIRR-seq reads were assigned to germline genes using either IgDiscover (IGKV)
or our in-house pipeline (IGLV). After gene assignment, AIRR-seq reads were
grouped and clustered according to their identity to genes in the IMGT reference
gene database. Lastly, we visualized how the light chain germline gene repertoires

were shared across strains using UpSet plots.
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germline sequences. All sequences were also validated using TIgGER®®. To
benchmark the performance of our inference approach, we first assessed how well
our C57BL/6J inferences compared to known IMGT C57BL/6 IGKV and IGLV
germline sequences. 91/91 IGKV inferred sequences matched IMGT C57BL/6
IGKV germline sequences with 100% identity. Additionally, our 3 C57BL/6J IGLV
inferences were 100% identical to IMGT IGLV sequences. However, since the
three IMGT IGLV sequences that matched our inferences were derived from
BALB/c’, we also compared these three inferences to the mouse reference
genome, mm10, derived from C57BL/6. The 3 IGLV C57BL6/J inferences matched
mm10 with 100% identity.

Across the 18 mouse strains, 1582 IGKV and 63 IGLV sequences were
inferred, representing 459 and 22 unique IGKV and IGLV sequences, respectively.
The sizes of inferred IGKV germline gene sets varied across strains, from 105 in
NZB/BINJ to 62 in NOD/ShiLtJ (Figure 2.4). In contrast, the numbers of inferred
IGLV germline genes were more conserved across strains. Three IGLV germline
sequences were inferred for all classical laboratory strains and PWD/PhJ.
However, LEWES/EiJ, MSM/MsJ, and CAST/EiJ had > 3 genes inferred from their
repertoire data (Figure 2.5).

Of the 459 and 22 IGKV and IGLV unique sequences inferred across
strains, 67.8% (n=311, IGKV) and 59% (n=13, IGLV) were undocumented in IMGT

(Figures 2.6 A,B).
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Figure 2.4. Inferred IGKV germline sequences present or absent in the IMGT

Gene Database.
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Gene Database.
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Non-redundant Inferred IGKV Non-redundant Inferred IGLV
A Sequences B Sequences

Il 100% ID to IMGT
Il Not Present in IMGT

Il 100% ID to IMGT
Il Not Present in IMGT

n = 459 non-redundant IGKV sequences n = 22 non-redundant IGLV sequences
Inferred IGKV Sequences Inferred IGLV Sequences Not
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Bl 100% ID to NCBI/GenBank Bl Not Present in NCBI/GenBank

Il Not Present in NCBI/GenBank

n =311 IGKV sequences not present in IMGT n = 13 IGLV sequences not present in IMGT

Figure 2.6. Presence and absence of non-redundant IGKV and IGLV inferred
sequences in existing gene databases.

(A and B) Non-redundant IGKV (A) and IGLV (B) sequences present/absent in
IMGT gene database. (C and D) Donut plots depicting the 311 IGKV (C) and 13
IGLV (D) inferences missing from IMGT and their presence/absence in

NCBI/GenBank.
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A fraction of these non-IMGT alleles were identified in NCBI GenBank with 100%
identity: 12% (n=37) of IGKV and 8% (n=1) of IGLV (Figure 2.6 C,D). The number
of undocumented (non-IMGT) alleles varied by strain (Figures 2.4, 2.5). For IGKV,
while a significant fraction of non-IMGT alleles were inferred from wild-derived
strains, there were several biomedically relevant classical strains in which the
majority of sequences are not curated in IMGT (Figure 2.4), likely reflecting
divergence from the C57BL/6 haplotype, as has been previously noted’®. Strains
such as NOD/ShiLtJ, NOR/LtJ, AKR/J, and MRL/MpJ, commonly used to model
autoimmune disorders, have poor IGKV germline representation in IMGT (Figure
2.4)89192  Sequence alignment of these strains’ inferred IGKV germline
sequences to the IMGT database yielded percent identities ranging from 100% to
89.61% for IGKV, and 100% to 93.88% for IGLV (Figures 2.7, 2.8). Alignment
percent identity was strain-dependent, as we observed significant IGKV sequence
variation for the four wild-derived strains, and AKR/J, MRL/MpJ, NOD/ShilLtJ,
NOR/LtJ, and NZB/BINJ. Of all the strains investigated, MSM/MsJ have the fewest
IGKV germline sequences documented in IMGT (5/83), and CAST/EiJ have the
fewest IGLV germline sequences (3/9). Collectively, we observe high levels of
diversity currently unaccounted for in the IMGT gene database.

IGKJ germline inference across strains revealed a novel IGKJ2 allele, with
a single T to C transition shared between PWD/PhJ and MSM/MsJ (Figure 2.9),
strains of M. m. musculus subspecific origin, and members of group A in our IGK

SNP-haplotype phylogeny (Figure 2.1).
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Figure 2.9. Inferred IGKJ novel alleles.

A single IGKJ2 novel allele was inferred for PWD/PhJ and MSM/MsJ (5'-
TGTACACGTTCGGATCGGGGACCAAGCTGGAAATAAAAC-3’). Bolded

position is novel SNP that diverges from IMGT reference sequence.
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Figure 2.10. Inferred IGLJ novel alleles.

Two novel alleles were inferred for IGLJ: Novel IGLJ1 allele (5-
CTGGGTGTTCGGTGGAGGAACCAAATTGACTGTCCTAG-3’) and novel IGLJ2
(5-TTATGTTTTCGGCAGTGGAACCAAGGTCACTGTCCTAG-3). Bolded

positions are novel SNPs that diverge from IMGT reference sequence.
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We inferred two novel IGLJ alleles among the wild-derived strains (Figure 2.10). A
novel IGLJ1 allele was inferred for LEWES/EiJ, and a novel IGLJ2 allele was
inferred for MSM/MsJ. Both novel IGLJ alleles differ from the IMGT reference
sequence by a single nucleotide. Interestingly, we did not infer any IGLJ3 alleles
in MSM/MsJ; all MSM/MsJ J gene usage was restricted to IGLJ1*01 and the novel
IGLJ2 allele. Overall, we found our SNP-haplotype groupings reflected in the IGKJ

and IGLJ allelic variation across strains.

INTER-STRAIN IGKV/IGLV GERMLINE DIVERSITY

We next considered the extent to which inferred IGKV and IGLV sequences
were shared among strains (Figures 2.11 and 2.12). Across IGKV germline gene
sets, the most strain-specific sequences were observed among the wild-derived
strains, CAST/EiJ (n=58), PWD/PhJ (n=57), MSM/MsJ (n=55), and LEWES/EiJ
(n=21), with an additional 19 sequences uniquely common to PWD/PhJ and
MSM/MsJ (Figure 2.11). There were fewer unique sequences in each of the
classical laboratory strains. For example, only 9 unique sequences were seen in
the NOD/ShiLtJ strain, which had the highest number of unique sequences
amongst the classical inbred strains. Instead, we observed large sets of sequences
that were identical across many strains (Figure 2.11). The most extensive shared
sequence set comprised 27 inferred IGKV germline sequences inferred from 11

different strains (SJL/J, CBA/J, LEWES/EiJ, C57BL/6J, 129S1/SvimJ, C3H/HeJ,
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Figure 2.11. IGKV UpSet plot.

Depicts the size of the germline IGKV set from 18 mouse strains and the number
of sequences that were unique to a given strain (dot) or shared among strains

(connected dots).
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Figure 2.12. IGLV UpSet plot.

Depicts the size of the germline IGLV set from 18 mouse strains and the number
of sequences that were unique to a given strain (dot) or shared among strains

(connected dots).
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BALB/cByJ, DBA1/J, DBA2/J, A/J, and NZB/BINJ). This degree of allele sharing
was suggestive of the presence of potentially shared haplotypes. We assessed
our IGK SNP-Predicted haplotype phylogenetic tree (Figure 2.1) and found all 11
strains in Group C. NZB/BINJ was the only strain in Group C predicted to have a
different sub-specific origin for the IGK locus. The Mouse Phylogeny Viewer®
reports a M. m. domesticus and M. m. castaneus sub-specific origin for the
NZB/BINJ IGK locus, which contrasts the other strains” M. m. domesticus 1GK
locus sub-specific origin.

Another group of strains, NOD/ShiLtJ, NOR/LtJ, MRL/Mpd, and AKR/J,
formed a different cluster with 14 shared IGKV germline sequences (Figure 2.11).
These four strains fall into Group B of our SNP-Predicted haplotype phylogenetic
tree (Figure 2.1) and represent an IGK locus sub-specific origin of either
completely M. m. castaneus, or a mixture of M .m. castaneus and M. m.
domesticus. Finally, PWD/PhJ and MSM/MsJ, both wild-derived strains with a M.
m. musculus sub-specific origin, were located in the Group A cluster, with 19
unique IGKV sequences shared between themselves (Figure 2.1, 2.11). We also
examined inter-strain diversity at the level of IGKV gene family by comparing the
number of inferred IGKV sequences for each gene family across strains
(Supplemental Figure 1). Overall, the IGKV4 subfamily was most variable in size
and the most abundant family across strains, whereas IGKV20 was the least
abundant and only inferred in PWD/PhJ, MSM/MsJ, and CAST/EiJ (Supplemental

Figure 1).
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In each of the 14 classical strains, a total of 3 IGLV sequences were
inferred, which is consistent with the number of genes found in the C57BL/6 mm10
genome®. These IGLV inferences were identical across the 14 classical strains
(Figure 2.12), supporting the predicted sub-species origins and SNP-Haplotype
phylogenetic tree clustering (Figure 2.2). In contrast to the classical strains,
additional putative genes were inferred in three of the wild-derived strains,
CAST/EiJ, LEWES/EiJ, and MSM/MsJ, totaling 9, 4, and 5 inferred genes for each
strain respectively. Phylogenetic analysis of inferred IGLV sequences revealed
that inferred genes unique to CAST/EiJ formed an additional outgroup to all other
IGLV1, IGLV2, and IGLV3 gene sequences characterized in the classical strains
(Figure 2.13). In addition to these IGLV paralogs, the IGLV2 sequences inferred in
CAST/EiJ and PWD/PhJ, and the IGLV3 sequences inferred from CAST/EiJ,
PWD/PhJ, and LEWES/EiJ, differed from those characterized in the classical
strains, likely representing allelic variants. Thus, taken together, the majority of
IGLV germline diversity observed in the animals studied here came from wild-
derived strains.

To help validate the relationship between predicted |G haplotypes, sub-
species origin, and the inferred germline sets across strains, we performed all-by-
all pairwise comparisons of inferred IGKV and IGLV sequences across strains to
group strains by sequence similarity. We reasoned that inferred IGKV/IGLV
sequences within strains sharing predicted haplotypes would have higher

sequence similarities. We found that mean pairwise sequence similarities varied
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Figure 2.13. Phylogenetic tree of inferred IGLV germline sequences.

52



considerably. For IGKV, the highest similarity (99.99%) observed was between
C3H/Hed and A/J, whereas the divergent comparison was between NOR/LtJ and
PWD/PhJ (95.30%). We used hierarchical clustering to group strains based on
mean pairwise similarities, and the results corresponded to the three haplotype
groups obtained from our SNP-Haplotype phylogenetic tree (Figure 2.14). IGLV
inferences were much more conserved across strains. The 4 |IGLV germline
sequences inferred for LEWES/EiJ are consistent with Potter et al., who reported

that wild Mus musculus domesticus had at least three IGLV genes®*.

DIVERSIFICATION OF IGHV AND IGKV SEQUENCES AMONG WILD-

DERIVED MOUSE STRAINS

Gene evolution through duplication and diversification events have helped
shape the diversity of the mouse immunoglobulin genes. In mice and humans, light
chain gene rearrangement begins on the kappa chain, but it follows heavy chain
rearrangement. If this initial rearrangement is auto-reactive, then the gene
organization of the kappa chain locus permits additional gene rearrangements
through a process known as receptor editing to form a rearrangement that is not
autoreactive®. While both the heavy and kappa chain repertoires have many V

genes that have evolved through these processes, the kappa chain repertoire
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Figure 2.14. Inferred IGKV germlines pairwise comparison.

Mean percent identities from all-by-all BLAT pairwise comparisons of inferred
IGKV germline genes across strains. Strains cluster according to the assigned

IGK haplotype group from the SNP-Predicted Haplotype phylogeny.
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contains less inherent germline diversity than the heavy chain®. It has been
hypothesized that the reduced germline diversity of the kappa chain repertoire has
evolved to limit self-reactivity, while the heavy chain repertoire has evolved to
increase diversity. Support for this hypothesis stems mainly from human AIRR-seq
data, in which there is some evidence that there is less allelic diversity in IGKV
compare to IGHV®. Others have also suggested that the patterns of diversification
and divergence are potentially different between heavy and light chain
immunoglobulin genes. For example, Schwartz et al. analyzed amino acid
sequences for human germline heavy and light chain genes and concluded that
heavy and lambda V genes had higher diversities compared to kappa V genes®.
Our AIRR-seq dataset provides us with the opportunity to compare diversification
and divergence patterns between germline heavy and light chain gene sets across
multiple mouse strains representing diverse mouse subspecies origins. Therefore,
we hypothesized that the mouse kappa chain Ab repertoire would have decreased
diversity in germline V genes compared to the heavy chain Ab repertoire as a way
to minimize potential auto-reactivity.

One metric that can be used to compare germline sequence evolution of
genes is the edit distance between two sequences, defined as the minimal number
of mutations separating the two sequences®. In 2019, we inferred germline IGHV
genes among wild-derived mouse strains representing the major Mus sub-species
origins*. With the additional germline IGKV genes from the same wild-derived
strains, we compared germline variable gene sequence divergence rates for both

the IGH and IGK loci of the wild-derived strains using phylogenetic trees

95



constructed from multiple sequence alignments of germline IGHV and IGKV
sequences. We observed that the inferences for LEWES/EiJ were more divergent
compared to the other wild-derived strains for both the IGH and IGK loci, whereas
PWD/PhJ had the lowest sequence divergence for both loci (Figures 2.15 and
2.16). Lastly, to estimate germline heavy and kappa chain repertoire diversity
across the wild-derived strains, we compared sequence identity patterns across
the two loci by performing sequence alignments within and between wild-derived
strains, with the goal of detecting sequence variance patterns between the IGH
and IGK loci. Overall, we observed that IGHV sequences had a lower mean
percent identity both within and between strains than IGKV sequences and a
greater variance than the IGK germline repertoire (Figure 2.17). This data suggests
that the mouse IGH locus contains greater inherent germline sequence diversity
than the IGK locus despite having a similar number of germline genes. In addition,
the IGHV sequences had a greater variance than IGKV, indicating that the IGHV
sequences are more variable across the wild-derived strains than the IGKV

sequences.
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Figure 2.15. Germline IGHV gene divergence among wild-derived mouse strains

representing the four major Mus sub-species origins.

Shown are the IGHV sequence divergences for LEWES/EiJ (M. m. domesticus),
PWD/PhJ (M. m. musculus), CAST/EiJ (M. m. castaneus), and MSM/MsJ (M. m.

musculus/M. m. castaneus).
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Figure 2.16. Germline IGKV gene divergence among wild-derived mouse strains

representing the four major Mus sub-species origins.

Shown are the IGKV sequence divergences for LEWES/EiJ (M. m. domesticus),
PWD/PhJ (M. m. musculus), CAST/EiJ (M. m. castaneus), and MSM/MsJ (M. m.

musculus/M. m. castaneus).
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Figure 2.17. Germline gene divergence among wild-derived mouse strains

representing the four major Mus sub-species origins.

Shown are within strain IGH (left panel) and IGK (right panel) germline gene

variance.
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DISCUSSION

This study was performed as a follow-up to our 2019 study in which we used
AIRR-seq to infer IGHV, IGHD, and IGHJ genes of wild-derived strains
representing each of the three major subspecies of the house mouse (CAST/EiJ:
M. m. castaneus; LEWES/EiJ: M. m. domesticus; PWD/PhJ: M. m. musculus) and
the M. m. musculus/M. m. castaneus hybrid strain MSM/MsJ. Overall, we found
little overlap in germline IGHV repertoires among the wild-derived mouse strains
and could not attribute all of the repertoire differences observed to variation in sub-
specific origin. For example, while apparently musculus-derived strains did share
IGHV sequences, many of these sequences were unique to each strain. Most
importantly, the inferences were largely absent in existing gene databases such
as IMGT. The diversity of germline IGHV sequences led us to hypothesize that
extensive germline light chain variable genes would also be present. Therefore, in
addition to sequencing the light chain variable genes for the wild-derived strains
sequenced in 2019, we expanded the number of strains to include various strains
used across the biomedical sciences that represented different SNP-predicted
haplotypes for the light chain loci. The strains encompassed a variety of disease
models to study infection, autoimmunity, diabetes, cancer, and regeneration®'%".

One of the most fundamental tasks in analyzing AIRR-seq data is V, D, and
J gene assignment, which is accomplished by performing alignment of AIRR-seq
reads to germline sequences from a gene database. IMGT is the most commonly
used database that curates the germline repertoires used for sequence alignment

in AIRR-seq analysis. When comparing our inferred light chain germline
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sequences to those curated in IMGT, we observed that many strains' germline
sequences were absent from the database, and few undocumented sequences
were found in NCBI/GenBank (Figures 2.4 and 2.5). In contrast to IGKV, the
majority of genes characterized in IGLV among classical strains are curated in
IMGT, including previously described wild-derived IGLV4 sequences detected in
CASTI/EiJ®,

Critically, many of the inferred germline genes found to be absent from
IMGT showed evidence of significant divergence from the closest curated allele in
the database. For example, 59% (185/311) of non-IMGT IGKV sequences, and
62% (8/13) of non-IMGT IGLV sequences, had <98% identity to their nearest IMGT
IGKV sequence. Thus, we would expect that these missing data could greatly
impact the accuracy of germline gene assignment and somatic hypermutation
(SHM) estimation in studies using these strains. Given that the IGK locus has
similar complexity as the IGH locus, with different combinations of SNP-predicted
sub-species origins and haplotypes, the IGK locus likely contains genetic variation
similar to that observed in IGH between BALB/c, C57BL/6, and 12951987, Qur
inferred IGKV germline sequences supported these three distinct haplotype
clusters (Figures 2.1, 2.9, 2.11). For example, 11 strains shared 27 IGKV germline
sequences, and all 11 strains belonged to Group C in the IGK SNP-Predicted
haplotype phylogeny. We compared these strains to the historic IGK haplotypes
identified using RFLP and observed that 9 of the 11 strains were previously
designated the historical IGK” haplotype?®. We also observed 14 IGKV sequences

shared among 4 strains in our dataset belonging to Group B (Figure 2.1),

62



containing the historical IGKB haplotype?®. Though CAST/EiJ does not share the
14 unique IGKV sequences with NOD/ShiLtJ, NOR/LtJ, MRL/MpJ, and AKR/J, the
SNP-phylogeny data, and additional shared sequences between these strains,
suggest that CAST/EiJ does indeed belong in haplotype Group B. Similar to the
historic IGH” and IGHE haplotypes?*%:68.69.9 our results suggest that the IGK loci of
strains carrying the IGKB haplotype are similar to one another and different from
the loci of strains carrying the IGK” haplotype.

Strain clustering according to the sub-species origin was also apparent after
performing all-by-all pairwise sequence comparisons (Figure 2.14) and validated
our SNP-phylogeny groupings. Of note, the 5 strains in Group B (AKR/J, MRL/MpJ,
NOD/ShiLtd, NOR/LtJ, and CAST/EiJ) exhibited significant sequence divergence
from the IMGT alleles (Figure 2.7), highlighting the lack of representation for strains
sharing this IGK haplotype. However, like the IGH locus, only a single complete
IGK reference is available based on C57BL/6°, illustrating an IGK haplotype not
shared by all strains and only representative of a single sub-species origin.

Our cohort contained 5 SNP-predicted IGL haplotypes (Figure 2.2);
however, only one haplotype had representation by more than one strain. All wild-
derived strains, MSM/MsJ, PWD/PhJ, CAST/EiJ, and LEWES/EiJ were clustered
into single-strain clades according to the SNP-predicted haplotype, while the 14
remaining classical laboratory strains clustered into a single haplotype. Our data
supported the predicted haplotype clustering, with each wild-derived strain
containing at least one unique IGLV allele not shared with other strains and

classical laboratory strains sharing IGLV alleles amongst each other (Figure 2.12).
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Of note, we did infer more than the 3 canonical IGLV germline sequences in
CAST/EiJ, MSM/MsJ, and LEWES/EiJ, which was expected based on previous
data hypothesizing the existence of additional IGLV genes in wild-derived strains®*.
A total of 13 novel sequences were identified among the wild-derived strains, with
an allelic variant of IGLV2*02 shared between CAST/EiJ and PWD/PhJ. Inferred
IGLV germline repertoires in classical strains were more conserved and composed
of 3 IGLV genes.

Although expressed lambda chain genes account for only 3 to 5% of total
serum IG, little is known regarding how the mouse lambda locus reduced in size®*.
Furthermore, though gene deletion events could cause a reduced |G lambda locus
in mice, it is unclear where it occurred in mouse phylogenetic history. The rat IG
loci, similar to the mouse IG loci, have not been extensively explored and
characterized across strains. Reports suggest that the IGL locus in rat only
contains a single IGLV gene and two IGLC genes making the rat IGL locus even
smaller than mouse'®. If we consider the rat and mouse to be distant relatives,
this presents two possible scenarios that may have occurred during rat and mouse
evolution. Either the mouse IGL locus expanded through duplications, or the rat
IGL locus decreased in size through deletions.

Overall, in conjunction with other published studies, the data presented here
demonstrate that the germline heavy and light chain repertoires are not conserved
across biomedically relevant mouse strains*#”. Our phylogenetic analysis of heavy
and kappa germline inferences for wild-derived strains revealed sequence

divergence differences among the four major Mus sub-species origins.
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Furthermore, it showed that the heavy chain locus contained more inherent
germline sequence variability than the kappa chain locus, which had previously
been hypothesized but not explored across multiple strains representing different
subspecies origins. Suppose the function of the kappa chain locus is to limit
inherent germline diversity to prevent B-cell receptor auto-reactivity as
hypothesized. In that case, it is crucial to properly characterize IGK haplotypes for
mouse strains used in autoimmune research. In humans, we know that the light
chain repertoire in autoimmune diseases like Myasthenia Gravis can become
perturbed and result in errors during receptor editing during B-cell development'®'.
Although AIRR-seq data can help build germline gene databases for various
mouse strains used to model complex biomedical diseases, these data lack critical
information on noncoding elements and gene positions that could elucidate gene
expression Although AIRR-seq data can help build germline gene databases for
various mouse strains, this data lacks critical information on noncoding elements
and gene positions that could elucidate gene expression differences between
strains. Additional IG genome assemblies are required that reflect the haplotype

and sub-specific diversity that we have presented in the mouse IG loci.

65



CHAPTER 3 : DEVELOPMENT OF NEW |G GENOMIC ASSEMBLIES TO

STUDY THE EFFECT OF GERMLINE VARIATION ON THE AB REPERTOIRE

INTRODUCTION

One of the overarching goals of this work is to understand how haplotype
variation helps shape the Ab repertoire. In most biomedical research, model
organisms, like mice, allow scientists to study the Ab repertoire in a controlled
manner. Unfortunately, one of the most significant obstacles to accurately and
reliably studying repertoire diversity in the context of genomics is a lack of high-
quality reference assemblies and model organisms. Currently, the C57BL/6 mouse
is the only complete IG haplotype resource that exists, which was originally
published in 2006 by Corcoran et al'®. A partial assembly for the IGHA
haplotypewas generated shortly after by Retter et al., but it is only 1.6 Mb and only
contains about 1/3 of the IGH locus.

As sequencing technology has advanced, high-throughput sequencing
methods are being used for AIRR-seq to interrogate the function of B-cell receptors
in the immune response. These technologies, however, rely on reference gene
databases to make accurate and reliable gene calls. Due to the complex structure

of the 1G loci, the current reference assemblies are incomplete and can be
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misleading. In addition, the assumption is made that IG loci are conserved across
all strains of mice, despite evidence of single nucleotide polymorphisms (SNPs),
structural variants (SVs), and repeats within this region*%%87 To overcome this
obstacle and properly understand the effect of germline haplotype variation in the
mouse Ab repertoire model, alternate reference genomes are necessary that
account for known haplotype diversity existing across biomedically relevant
strains. Given that complete |G haplotypes only exist for C57BL/6, existing
genomic resources do not contain any IG genetic variation. Due to this barrier, no
system exists that allows the research of the genetic mechanisms of repertoire
development. To overcome these obstacles, we have characterized two divergent
IG haplotypes; one for IGH and one for IGK, by selecting, growing, and sequencing
bacterial artificial chromosome (BAC) clones spanning the NOD/ShiLtJ IGK locus
and BALB/cByJ IGH locus. We also annotated functional and open reading frame
V, D (IGH only), and J genes from each assembly. We assembled the BALB/cByJ-
IGH assembly to five non-overlapping contigs containing 192 functional and 135
non-functional IGHV genes, 30 IGHD genes, 4 IGHJ genes, and 8 IGHC genes,
totaling 4.86 Mb. The NOD/ShiLtJ-IGK assembly was assembled into two non-

overlapping contigs containing 82 functional and 31 non-functional IGKV genes.
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MATERIALS AND METHODS

SELECTION OF IGH AND IGK BACTERIAL ARTIFICIAL CHROMOSOME

(BAC) CLONES

To build new reference databases for mouse IG loci we selected, grew, and
sequenced BAC clones that spanned the entire NOD/ShiLtJ IGK and BALB/cByJ
IGH locus. The CHORI-29 NOD/ShiLtd mouse Mus musculus BAC library was
generated from DNA isolated from kidney cells of the NOD/ShiLtJ mouse. 206,971
NOD BACs were viewed in the Ensembl browser and used to select BAC tiling
paths spanning any locus of interest. A total of 37 overlapping CHORI-29
NOD/ShiLtJ clones were selected. The goal in selecting overlapping clones was
to ensure that, once sequenced, the clones could be assembled into large,
continuous contigs that serve as a novel |G reference haplotype.

To resequence the IGH locus in BALB/cByJ, we used the CHORI-28 Mus
musculus BALB/cByJ mouse BAC library. This library was previously constructed
from DNA isolated from kidney cells of a male Mus musculus BALB/cByJ mouse,
that represented an 11-fold genome coverage. However, unlike the NOD/ShilLtJ
BAC library, no BAC-end sequencing had been conducted for this library, thereby
requiring the use of traditional BAC library screening. Using IGHV gene sequences
from BALB/cByJ that spanned the IGHV gene families®”, we designed unique
probes to screen filters of the CHORI-28 library. The probes were end-labeled
using 32p-ATP and T4 Polynucleotide Kinase. BAC filtering was conducted by

performing filter hybridization, washing filters, and then visualizing the hybridized
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filters on a phosphoimager. Hybridization-positive BAC DNA was amplified using
mouse IGH primers designed from C57BL/6 or 129S6 genomic DNA to confirm
that they contained the locus of interest. Given that the BAC clones were on
average approximately 100 Kb, tiling paths for the BALB/c clones were constructed
by designing IGH PCR primers from 129S6 and C57BL/6 that spanned every
100,000 bases of IGH genomic sequence. Primers were tested against the BAC
clones, and the first set of ten positive non-overlapping BAC clones that spanned
the entire IGH locus were sequenced on the PacBio RSII platform. To iteratively
fill gaps in the assembly, new primers were designed off the flanks of newly
sequenced BAC clones that did not overlap with an already sequenced clone. In

total, 71 BALB/cByJ BACs were grown, prepared, and sequenced.

BAC CLONE DNA ISOLATION

Single BAC clones from glycerol stocks were inoculated into starter cultures
of 5 mL LB with 12.5 ug/pL chloramphenicol. 0.5 mL of the starter culture was
inoculated into 100 mL of LB + 12.5 ug/uL chloramphenicol and grown at 37°C for
14 hours with shaking (~250 rpm). Following growth, the 100 mL of culture was
split into two 50 mL conical tubes and centrifuged at 4500 x g for 20 minutes.
Bacterial pellets were resuspended in 10 mL of Qiagen Buffer P1, with RNase A
added to Buffer P1 at 100 pg/mL. Next, 10 mL of Qiagen Buffer P2 was added to
each tube, mixed thoroughly by inverting the tube 4-6 times, then incubated at
room temperature for 5 minutes. Following incubation, 10 mL of chilled Qiagen

Buffer P3 was added to each tube and mixed immediately by inverting 4-6 times.
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Samples were incubated on ice for 15 minutes, then centrifuged at >= 20,000 x g
for 30 minutes at 4°C. Supernatant containing the plasmid DNA was removed
immediately. A QIAGEN-tip 100 was equilibrated by applying 4 mL of Qiagen
Buffer QBT, and allowing the column to empty by gravity flow. Next, BAC
supernatants were applied to the QIAGEN-tips and allowed to enter the resin by
gravity flow. QIAGEN-tips were washed two times with 10 mL of Qiagen Buffer QC
after the BAC supernatants were completely passed through the columns. DNA
was eluted from the columns using five, 1 mL aliquots of prewarmed (65°C) Qiagen
Buffer QF. Next, DNA was precipitated by adding 3.5 mL of room-temperature
isopropanol to eluted DNA. DNA and isopropanol were mixed by gentle swirling,
then immediately centrifuged at >= 15,000 x g for 30 minutes at 4°C. Supernatant
was decanted and the DNA pellet was washed with 2 mL of room-temperature
70% ethanol. Samples were centrifuged at 15,000 x g for 10 minutes, then the
supernatant was decanted without disturbing the DNA pellet. The DNA pellet was
air-dried for approximately five minutes until no longer wet, then redissolved in 100

pL of 10 mM TrisCl, pH 8.5.

BAC CLONE DNA SEQUENCING AND ASSEMBLY

Due to the large sizes of the BAC inserts and the structural complexity of
the IG loci, PacBio long-read sequencing was used to sequence the BAC clones.
Following BAC DNA isolation, individual BAC clones were barcoded, pooled, then
sequenced on a PacBio RS Il, Sequel, or Sequel I, to generate high-quality, long-

read genomic sequences. Isolated BAC gDNA was sheared to 15-20kb using
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Covaris GTubes (SKU: 520079, Covaris, Woburn, MA, USA) upon entering library
prep. The PacBio SMRTbell Express Template Prep Kit 2.0 (PN: 100-938-900)
was used to generate SMRTbell libraries for each BAC clone. Following library
prep, molecules without SMRTbell adapters were removed using the PacBio
Enzyme Clean Up kit (PN: 101-746-400). The concentration of completed libraries
was determined using the Thermofisher Qubit 3.0 Fluorometer dsDNA High
Sensitivity Assay Kit (Thermofisher, Cat. No. Q32851), and sized using the Agilent
High Sensitivity Fragment Analyzer 5200 (Agilent, Santa Clara, CA). A total of 71
BALB/cByJ BAC clones were sequenced that generated 12 Mb of total sequence.
BAC sequences were assembled using the Canu'%? assembler by creating a
contiguous assembly of sequence encompassing the IGHV, IGHD, and IGHJ

genes from overlapping clones.

BALB/cByJ AND NOD/ShiLtJ LONG-READ GDNA SEQUENCING

To facilitate the closure of gap regions that existed between BALB/cByJ and
NOD/ShiLtJ BAC clones, we used Oxford Nanopore Technology’s (ONT) long read
sequencing and PacBio Continuous Long Read (CLR) sequencing to generate
long sequencing reads from gDNA that could serve as linkers between non-
overlapping clones. gDNA from an 8-week-old female BALB/cByJ and NOD/ShilLtJ
mouse was isolated from a freshly harvested kidney using the Qiagen MagAttract
HMW gDNA Kit (Cat. No. 67563). gDNA was assessed using the Thermofisher

Qubit 3.0 Fluorometer dsDNA Broad Range Assay Kit (Thermofisher, Cat. No.
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Q32850) and Agilent High Sensitivity Fragment Analyzer 5200 (Agilent, Santa
Clara, CA).

The Genomic DNA by Ligation ONT protocol (Cat. No. SQK-LSK110) with
adaptive sampling was performed on 4 ug BALB/cByJ and NOD/ShiLtJ input DNA
and sequenced on a MinlON MK1C. FAST5 ONT sequencing output was
converted to high-accuracy FASTQ reads using ONT’s Guppy basecaller software
(v56.0.11) set to high-accuracy (https://community.nanoporetech.com). For
adaptive sampling, a .bed file with the genomic coordinates of the |G loci was
provided to the sequencing software with a FASTA file containing the genomic
sequence of the target regions. Since the BALB/c IGH and NOD/ShiLtJ IGK loci
represented divergent alternate haplotypes that are not currently characterized,
we used sequence from contiguous, assembled BAC clones as a reference
sequence for the adaptive sampling. During adaptive sampling, the software
examined the first few hundred bases of a DNA molecule as it passed through a
pore and determined if the molecule matched sequence provided in the reference
FASTA file. If there was no match, the molecule was rejected from the pore by
reversing the voltage. However, molecules that matched the reference sequence
were retained, sequenced, and basecalled.

PacBio CLR libraries for BALB/cByJ and NOD/ShiLtJ were prepared from 5
Mg of mouse kidney gDNA, then sheared to 30-40kb with Covaris g-TUBE (SKU:
520079, Covaris, Woburn, MA, USA). Sheared DNA was concentrated with
AMPure PB Beads, then assessed with Thermofisher Qubit 3.0 Fluorometer

dsDNA High Sensitivity Assay Kit (Thermofisher, Cat. No. Q32851) and the Agilent
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High Sensitivity Fragment Analyzer 5200 (Agilent, Santa Clara, CA). The PacBio
SMRTbell Express Template Prep Kit 2.0 (PN: 100-938-900) was used to generate
a pooled SMRTbell library for both BALB/cByJ and NOD/ShiLtJ gDNA, followed by

nuclease treatment (V1) (PN: 101-746-400) to remove unligated molecules.

BAC SEQUENCE ANALYSIS AND GENE ANNOTATION

Assembled BAC contigs were checked for quality on a BAC-by-BAC basis
by aligning subread sequences to the assembled BAC contig using unimap'®.
Alignments were manually inspected using the Integrated Genomics Viewer'04.105
(IGV) for evidence of mis-assembly or vector contamination. In addition, SNV
candidates were identified for each BAC clone using whatshap
find_snv_candidates, with the find_snv_candidates output vcf file serving as input
for whatshap genotype. Nucleotides were called as a SNV if there was a significant
basecall discrepancy between the subreads and assembled contig. We estimated
the accuracy of the assembled contigs by dividing the total number of SNVs by the
size of the contig to calculate the percent accuracy of our assembly contigs.

Genes at the loci were annotated by aligning the sequenced BAC c’ones to
the IMGT gene database’ and BALB/cJ germline IGHV sequences**®’. We
classified genes identified in the assembly as either functional or non-functional
according to the presence of internal stop codons in gene exons and a productive
recombination signal sequence (RSS). Sequences were considered functional if

they were encoded in an open reading frame (ORF) without internal stop codons
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and flanked by a productive RSS, whereas sequences with internal stop codons
or a poor RSS were classified as non-functional. L-Part1, L-Part2, V-exon,
heptamer, spacer, and nonamer were also annotated for each V-Gene. To be
considered a functional V gene, the L-Part1, L-Part2, and V-exon were required to
be encoded in an ORF with no internal stop codons. Nonamers, heptamers, and
spacers were also annotated for D (IGH only) and J genes. RSS sequences in the
assemblies were identified using the RSS prediction tool RSSsite'%. The tool
predicts RSS site functionality by calculating the recombination information content
(RIC) for physiological RSSs'%”. Genes in our assemblies were required to have a
“Pass” for the RIC score calculated for the RSS.

Dot plot comparisons to existing IG genome assemblies were generated
with D-GENIES'%8, Phylogenetic comparisons were created with Geneious Prime
2022.0.2 (https://www.geneious.com), and annotated with strain, gene family, and
the assembled BALB/cByJ or NOD/ShiLtJ contig they were derived using
Interactive Tree of Life V5 software'%. Briefly, multiple sequence alignments were
performed on functional IGHV and IGKV sequences from the BALB/cByJ and
NOD/ShiLtJ assemblies, respectively. We restricted phylogenetic comparisons to
functional and ORF sequences, as pseudogenes cannot be confirmed with AIRR-
seq data, and constructed neighbor joining phylogenetic trees from the multiple
sequence alignment with the following parameters: global alignment with cost
matrix identity (1.0/0.0) and the Jukes-Cantor genetic distance model. Sequence

comparisons to pre-existing gene databases were performed using BLATS.
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RESULTS

SEQUENCE ASSEMBLY OF THE BALB/cByJ IGH LOCUS AND NOD/ShilLtJ

IGK LOCUS

Prior to 2006, the mouse IGH locus had been partially assembled by the
Ensembl project’'?, however, the assembly was incomplete, with both large and
small gaps accounting for about 450 kb of genomic sequence. Seeking to close all
gaps and assemble the entire locus, Johnston et al. sequenced and assembled
BAC clones spanning the length o'6the V region of the IGH locus'®. Their data
provided 2.75 Mb of the mouse IGHV region and generated an annotated map of
IGHV genes, pseudogenes, repeats, and nonrepetitive intergenic sequences.
However, this data did not represent the haplotype variation known to exist within
the mouse IGH locus since it only accounted for the IGHE haplotype. Later, Retter
and colleagues sequenced and assembled a portion of the IGHA haplotype for the
12951 strain, but their assembly was incomplete since it only included the proximal
region of the locus containing IGHC, IGHD, IGHJ, and the most proximal IGHV
genes®. Similarly, the IGK locus has only been sequenced in C57BL/6, which only
represents a single IGK haplotype despite AIRR-seq data indicating the presence
of at least three distinct IGK haplotypes among biomedically relevant mouse
strains. We have assembled the BALB/cByJ IGH locus manually using an iterative
method of PCR screening, cloning, and sequencing, but used available BAC end

sequences to identify candidate NOD/ShiLtJ clones spanning the IGK locus.
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In C57BL/6, the IGH locus spans 3.3 Mb on chromosome 12
(chr12:113245000-116045000, GRCh38%111). We assembled 12 Mb of
BALB/cByJ BAC clones (n=73) that spanned the IGH locus into 4.86 Mb of non-
redundant sequence, which captured the complete IGHC, IGHJ, and IGHD
regions, as well as 3.8 Mb of the IGHV region. The 4.86 Mb assembly is distributed
among five non-overlapping contigs with varying sizes. The positions of the five
assembled contigs in relation to the C57BL/6 IGH locus is shown in Figure 3.1.
The largest assembled contig is approximately 2.78 Mb (n=43 BAC clones) and
includes the IGHC, IGHD, IGHJ, and most of the proximal IGHV region, whereas
the smallest contig represents a single BAC clone of 148 kb and is in the distal
region of the IGH locus. Contig 5 is the most distal contig that contains distal IGHV
genes as well as the gene Vipr2''?, which is encoded just outside the mouse IGH
locus. The assembled contigs and their contents are summarized in Table 3.1. A
BALB/cByJ BAC clone tiling path for each contig is shown in Figures 3.2-3.6.

The IGK locus in C57BL/6 spans 3.2 Mb, with 101 functional V segments,
4 functional J segments, and 1 C segment, encoding approximately 95% of the
C57BL/6 Ab light chain molecules®®. While the IGK locus has been sequenced
and assembled in C57BL/62%7-113-115 the assembly only represents a single IGK
haplotype. This is a problem since AIRR-seq data and RFLP experiments have
demonstrated haplotype differences across mouse strains*2¢4%. 32 BAC clones
spanning the NOD/ShiLtJ IGK locus have been sequenced and assembled into
two non-overlapping contigs of 1.87 Mb and 763 kb. Due to clone and end-

sequence availability, as well as the inability to locate additional BAC clones in the
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constant region, we acknowledge that our BACs do not span the complete IGK
locus. The assembled NOD/ShiLtJ contigs and their contents are summarized in
Table 3.2. A NOD/ShiLtJ BAC clone tiling path for each contig is shown in Figures

3.7 and 3.8.
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Table 3.1. Summary of BALB/cByJ Contigs Assembled from BAC Clones

Contig Name Number of BAC Size Location Number of Number of Non-
Clones Functional Genes | Functional Genes
Contig 1 42 2.78 Mb Proximal 232 IGHV, 31]112IGHV
IGHD, 4 IGHJ, 8
IGHC
Contig 2 1 148 Kb Distal 7 IGHV 2 IGHV
Contig 3 4 590 Kb Distal 30 IGHV 12 IGHV
Contig 4 8 401 Kb Distal 18 IGHV 3IGHV
Contig 5 16 938 Kb Distal 37 IGHV 6 IGHV
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Figure 3.1. Assembled BALB/cByJ contigs in relation C57BL/6 IGH locus

(mm10).
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Figure 3.2. BALB/cByJ BAC clone tiling path and gene distribution for Contig 1

(2.8 Mb).

Individual BAC clones are colored black and named. Below the tiling path is a gene
map, showing an approximation of gene content per BAC clone. For clarity, RSS

sequences, introns, and leaders are not marked.
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Figure 3.3. BALB/cByJ BAC clone tiling path and gene distribution for Contig 2

(148 kb).

Each position on the map represents a single gene. For clarity, RSS sequences,

introns, and leaders are not shown.
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Figure 3.4. BALB/cByJ BAC clone tiling path and gene distribution for Contig 3

(590 Kb).

Individual BAC clones are colored black and named. Each position on the map
represents a single gene. For clarity, RSS sequences, introns, and leaders are not

shown.
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Figure 3.5. BALB/cByJ BAC clone tiling path and gene distribution for Contig 4

(401 Kb).
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Each position on the map represents a single gene. For clarity, RSS sequences,

introns, and leaders are not shown.
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Figure 3.6. BALB/cByJ BAC clone tiling path and gene distribution for Contig 5

(938 Kb).

Individual BAC clones are colored black and named. Each position on the map
represents a single gene. For clarity, RSS sequences, introns, and leaders are not

shown.
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Table 3.2. Summary of NOD/ShiLtJ Contigs Assembled from BAC Clones

Contig Name Number of Size Location Number of Genes
BAC Clones
NOD IGK A 22 1.87 Mb Distal 56 IGKV
NOD IGK B 8 763 Kb Proximal 31 IGKV
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Figure 3.7. NOD/ShiLtJ BAC clone tiling path and gene distribution for

NOD IGK A contig (1.87 Mb).

Individual BAC clones are colored black and named. Each position on gene map
represents a single gene. For clarity, RSS sequences, introns, and leaders are not

shown.
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Figure 3.8. NOD/ShiLtJ BAC clone tiling path and gene distribution for NOD IGK

B (763 Kb).
Individual BAC clones are colored black and named. Each position on gene map

represents a single gene. For clarity, RSS sequences, introns, and leaders are not

shown.
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ANNOTATION OF BALB/cBydJ IGHV, IGHD, IGHJ, AND IGHC GENES IN THE

BALB/cByJ IGH ASSEMBLY

327 IGHV genes were annotated from the current BALB/c assembly. Of
these, 192 (52%) are predicted to form functional antibodies, either encoded in
open reading frames (ORFs) or verified by AIRR-seq data. According to the AIRR
community, ORF genes are germline genes that have an open reading frame in
their coding region, but may have altered splicing sites, different recombination
signals or regulatory elements, or changes in conserved amino acids that could
lead to incorrect folding 7-'"6. The remaining 135 IGHV genes are not coded in an
ORF and were classified as pseudogenes. Included with the pseudogenes were
sequences with 100% identity to sequences described by Retter and colleagues
as relics®®. Retter et al. identified these sequences as pseudogenes but could not
assign them to a gene family despite their proximity to IGHV5 sequences. The 327
IGHV sequences were found distributed among the fifteen known gene families,
with the IGHV1 family containing the most annotated functional and pseudogene
sequences, followed by IGHVS, IGHV2, and IGHV8 (Figure 3.9). Gene names
were assigned to annotated assembly sequences by taking the gene family of the
highest similarity IgBLAST alignment to known genes in the IMGT gene database,
and then appending a number according to the gene’s position in the assembly.
The sequences for annotated IGHV genes, L-Part1, L-Part2, and RSS are

provided in Supplemental Table 2.
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IGHV gene families.
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30 Dn genes and their heptamer, spacer, and nonamer sequences were
annotated from the current BALB/cByJ assembly and named according to their
most similar IMGT match (Supplemental Table 3). These sequences were
identified within a 1.6 kb region in the proximal region of a 2.8 Mb assembled contig
(Figure 3.10). Previous reports using AIRR-seq had identified 10 unique IGHD
sequences in BALB/c, and these 10 sequences corresponded to 12 IGHD genes
since IGHD2-2*01 and IGHD2-7*01, and IGHD2-1*01 and IGHD2-8*01 are
identical and have been previously reported®”-'"7. All 12 inferred IGHD sequences
from Collins et al. are present in our assembly with 100% identity. Further
inspection of our sequences reveals that some IGHD genes contain copy number
variation within the assembly. There are 7 copies of IGHD5, 3 copies of IGHD6, 3
copies of IGHD5-1*01, and 2 copies of IGHD2-4*01. Two IGHD genes listed in
IMGT, IGHD1-3*01 and IGHD3-1*01, were not inferred from Collins’ et al. AIRR-
seq data but are present in our assembly with 100% identity and functional RSS
sites®”:1%_ |In addition, Collins et al. did not infer IGHD2-9*01, IGHD2-11*01, and
IGHD4-1*01. While we did not annotate IGHD2-11*01 or IGHD2-9*01 in our
assembly, we did locate IGHD4-1*01. Of note, IGHD1-3*01 was previously
identified in the most distal end of the D region of the IGH” haplotype, but named

DFL16.3°%°.
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Figure 3.10. Portion of BALB/cByJ Contig 1 that spans the immunoglobulin heavy

chain diversity (IGHD) gene locus.

Shown are the IGHD genes (purple) spanning the D-gene region, and numbering

corresponds to position within Contig 1.
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The four mouse IGHJ genes were identified 3’ of the IGHD region but before the
IGHC region (Figure 3.11). The four J4 genes are located within a short 1.3 kb
adjacent to the most proximal IGHD gene, IGHD4-1*01. These sequences are
100% identical to the BALB/c IMGT IGHJ sequences’. In addition to the four IGHJ
genes, we also assembled sequence containing all IGHC exons spanning 169kb
in the BALB/cByJ Proximal and Distal 1 contig, which code for eight different
isotypes of the Ab heavy chain constant region. This includes IGHM, IGHD,

IGHG3, IGHG1, IGHG2B, IGHG2A, IGHE, and IGHA (Supplemental Table 5).

ANNOTATION OF NOD/ShiLtJ IGKV GENES IN THE NOD/ShiLtJ IGK

ASSEMBLY

113 IGKV sequences were annotated in the NOD/ShiLtJ IGK assembly,
with 82 functional sequences present in an open reading frame. While this is fewer
than the 101 functional IGKV genes reported for C57BL/6 mice®, we acknowledge
that our assembly is incomplete at its current state due to the inability to find
additional BAC clones for the most proximal part of the IGK locus. 66% (75/113)
of all annotated sequences were located in the more distal 1.8 Mb NOD/ShilLtJ
Contig 1, with the remaining 38 IGKV sequences in the proximal NOD/ShilLtJ
Contig 2. We predict that 73% (82/113) of all annotated sequences to be functional
since they are in an open reading frame with no internal stop codons. We

annotated the remaining 31 sequences as pseudogenes since they contained
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internal stop codons or had an RSS site predicted to be non-functional according

to RSSsite %,

Z,SZ?,ZSO Z,SZ?,SOO Z,SZ§,7SO Z,SZ@,DOO Z,SZ@,ZSO Z,SZ@,SOO Z,SZ§,750 Z,SZ?,DOO Z,SZ?,ZSO Z,SZ?,SOO
252,991 252,741 252,491 252,241 251,991 251,741 251,491 251,241 250,991 250,741

Z,SZ?,
250,

FEY Proximal_and_Distal_1_BALB_IGH

[ 14 ) [ g |
IGHJ1*01 IGHJ2*01 IGHJ3*01 IGHJ4*01

Figure 3.11. Portion of BALB/cByJ Contig 1 that spans the immunoglobulin heavy
chain diversity (IGHJ) gene locus.

Shown are the IGHJ genes (red) spanning the J-gene region.
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The non-functional sequences were excluded from downstream analyses. The
annotated NOD/ShiLtd IGKV sequences and RSS sites are provided in

Supplementary Table 6.7.

The number of IGKV sequences per family varied. IGKV4 had the largest
representation with 16 functional sequences and 4 non-functional sequences,
followed by IGKV1, IGKVS8, and IGKV12 (Figure 3.12). Only one functional IGKV
sequence was identified for IGKV7, IGKV11, IGKV13, IGKV15, IGKV16, IGKV18,
IGKV19, and IGKV20, with no functional sequences annotated for IGKV3. Despite
the underlying IGK haplotype differences between C57BL/6 and NOD/ShiLtJ, we
used the C57BL/6 IGK reference as a proxy to estimate the completeness of our
assembly. When comparing our NOD/ShiLtJ IGK assembly to the C57BL/6 IGK
locus, no NOD IGKV sequences were inferred in the C57BL/6 genomic region
spanning IGKV8-19 to the constant region, which is approximately 389 Kb.
However, this estimate is based on the C57BL/6 reference, and we know from the
Chapter 2 AIRR-seq data that the NOD IGKYV repertoire is very different from the

C57BL/6 IGKV repertoire.
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Figure 3.12. Distribution of functional and non-functional IGKV sequences among

IGKV gene families.
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COMPARISON OF THE IGHV GENES OF BALB/cByJ TO C57BL/6 AND

EXISTING DATASETS

The polymorphisms in the mouse |G loci have been described as the result
of strong evolutionary pressures on the loci, with IGHV genes subject to divergent
evolution from diversifying selection and evolution''®. To assess how well pre-
existing datasets represent the sequences we identified in our assemblies, we
compared our sequences to pre-existing gene databases using BLAT"8. Our first
comparison was between our inferred functional BALB/cByJ IGHV genes and
functional C57BL/6 IGHV genes inferred by Jackson et al*5, which are now
deposited on the AIRR community’s website OGRDB. We chose this dataset as it
is the most current and complete collection of inferred BALB/c and C57BL/6
germline IGHV sequences. We hypothesized that we would see a strong
divergence between the two IGHV repertoires, like what was previously reported
for BALB/c and C57BL/6 from AIRR-seq data. When Collins et al. performed a
similar comparison in 2015 using inferred BALB/c and C57BL/6 IGHV sequences,
they reported that only five IGHV sequences were common to both strains: IGHV5-
6*01, IGHV1-69*01, IGHV2-3*01, IGHV2-5*01, and IGHV5-2*01%". As expected,
our data displayed a similar relationship between the BALB/cByJ and C57BL/6
germline IGHV repertoires, with only 5 IGHV sequences shared between the two
strains with 100% identity. Our 5 BALB/c IGHV sequences that were shared with
C57BL/6 were identical to Collins et al. except for IGHV1-69*01. BALB/c IGHV1-

62-2*01 was shared with C57BL/6 with 100% identity, whereas our BALB/c IGHV
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sequence IGHV1.47 was 99.32% identical to C57BL/6 IGHV1-69*01. Given that
family 1 IGHV genes are abundant in the distal region of the IGH locus, and that
there are still assembly gaps remaining in this part of the locus, it is likely that the
BALB/c equivalent of IGHV1-69*01 has not been sequenced. The remaining 187
BALB/c IGHV sequences had a wide range of percent identities when compared
to C57BL/6 germline IGHV genes (Figure 3.13). 143 BALB/cByJ IGHV sequences
were less than 98% identical to their nearest C57BL/6 sequence, with the
remaining 44 sequences between 98% and 99.9% identical.

Next, to validate our manually annotated sequences, we compared our
sequences to the inferred BALB/c germline IGHV sequences from Jackson et al.*5
(Figure 3.13). 77% (148/192) of our functional BALB/cByJ IGHV sequences
matched the database sequences with 100% identity. Of the remaining 44 IGHV
sequences, five IGHV sequences had percent identities between 98% and 99.9%,
while 39 BALB/cByJ IGHV sequences had percent identities < 98%. Of the
database sequences that our assembly does not yet capture, the IGHV1 family
was the largest, with 30 sequences absent from the assembly. This was likely due
to the location of the IGHV1 family in the distal part of the IGH locus, which still
contains assembly gaps. The gene family distribution of the remaining OGRDB

BALB/c germline IGHV sequences missing from our
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Figure 3.13. Comparison of functional BALB/cByJ IGH assembly sequences to

OGRDB C57BL/6 and BALB/c germline sequences.
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Table 3.3. Summary of Germline BALB/cByJ IGHV Sequences Absent From
BALB/cByJ-IGH Assembly

Number of IGHV Sequences IGHV Gene Family
30 IGHV1

IGHV6

IGHVS8

IGHV2

IGHV3

IGHV7

IGHV13

[y pEE U N N \SH R H Ne))
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assembly is summarized in Table 3.3. Lastly, since we believe our assembly to be
complete except for the proximal half of the BALB/cByJ IGH locus, we also
compared our sequences against the IGHV sequences published from the 129S6
mouse, which contains the same IGH haplotype as BALB/cByJ. As expected,
100% of the 129S6 sequences are also present in the BALB/cByJ assembly,
further highlighting the IGH haplotype similarity between these two strains.
Finally, we compared each assembled BALB/cByJ-IGH contig to the
C57BL/6 IGH locus by dot plot (Figure 3.14 and 3.15). This plot shows the overall
sequence concordance between the two loci. If the two loci are genetically similar
to one another, then a diagonal line will be visible in the dot plot output.
Frameshifts, direct repeats, and inverted repeats can all alter the topology of the
dotplot. From the dotplots we observed that the proximal end of Contig 1 has a
high similarity match percentage represented by the diagonal green line spanning
approximately 560 Kb into Contig 1 (Figure 3.14). However, the distal region of
Contig 1 contains regions with much lower match percentages, with evidence of
numerous frameshift mutations. Given that the proximal region of the locus
contains the more conserved IGHC and IGHJ genes, we expected this region to

have a higher match percentage compared to the distal region.
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Figure 3.15. Dot plot comparisons of BALB/cByJ assembled contigs to C57BL/6

IGH locus.

Diagonal line represents alignment match, with the color of the line indicating the

quality of the match.
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DIVERSIFICATION OF BALB/cByJ and C57BL/6 IGHV SEQUENCES

To better understand the evolutionary relationships of functional IGHV
genes in C57BL/6 and BALB/cByJ, or simply the evolutionary relationship of the
IGH locus in the IGH” and IGH® haplotypes, we constructed a neighbor joining
phylogenetic tree from a global alignment. The most expanded gene family for
BALB/cByJ strains was IGHV1. However, as the IGHV1 gene family is in the most
distal part of the locus which has remaining assembly gaps, we looked for
additional gene families contained in a single contig that appeared to have been
expanded or contracted in BALB/cBydJ. The IGHV2 family was restricted to a single
assembled contig in the BALB/cByJ-IGH assembly (Contig 1) and consisted of 17
functional IGHV2 genes; C57BL/6 contained 10 functional IGHV2 genes. This
gene expansion was observed within a 680 Kb region in our BALB/cByJ IGH
assembly and was consistent with others that had reported a similar expansion in
129S65°. A dot plot of this expansion in relation to the C57BL/6 IGH reference is

shown in Supplemental Figure 2.
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COMPARISON OF THE IGKV GENES OF NOD/ShiLtJ TO C57BL/6 AND

EXISTING DATASETS

The NOD/ShiLtJ IGKV germline repertoire had not been comprehensively
explored until our AIRR-seq experiment in Chapter 2. In fact, there are no
NOD/ShiLtd IGKV sequences present in the IMGT gene database. The first
comparison we made was between our functional NOD/ShiLtd IGKV assembly
sequences and functional IMGT C57BL/6 IGKV sequences. Our AIRR-seq data in
Chapter 2 informed us that the inferred germline IGKV repertoires between
C57BL/6 and NOD/ShiLtd were divergent, and that NOD/ShiLtd and C57BL/6
represented two distinct IGK haplotypes. Therefore, we hypothesized that we
would see a similar divergence when comparing our NOD/ShiLtd assembly
sequences to C57BL/6 IMGT IGKV sequences. Currently, there are 109 C57BL/6
IGKV sequences in the IMGT gene database. Of these sequences, 63 are
functional or ORF, and the remaining 46 are pseudogenes. We performed a BLAT
of the 82 functional assembly IGKV sequences to the 63 IMGT C57BL/6 functional
and ORF IGKV sequences and observed that only 4 of the 82 functional
NOD/ShiLtd IGKV assembly sequences had a 100% match to an IMGT sequence
(Figure 3.16). 59 of the non-IMGT IGKV sequences had <98% identity to their
nearest IMGT IGKV sequence, whereas 18 sequences had percent identities
between 99.68% and 98.01% (Figure 3.16). Of the 78 IGKV sequences with
<100% identity to the nearest IMGT IGKV sequence, only 4 had a 100% match to

a sequence deposited within NCBI.
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Figure 3.16. Alignment percent identities of NOD/ShiLtJ-IGK assembly IGKV
sequences aligned to the IMGT C57BL/6 IGKV sequences and Chapter 2

NOD/ShiLtJ AIRR-seq IGKV inferences.
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Next, to help validate our assembly sequences, we compared the
NOD/ShiLtJ assembly sequences against the inferred NOD/ShiLtJ IGKV germline
sequences from Chapter 2. The AIRR-seq data from Chapter 2 showed significant
gaps in the IMGT gene database. In that experiment we inferred a total of 62 IGKV
sequences for NOD/ShiLtJ, however, only 12 of those sequences were
documented in IMGT. Because there were fewer NOD/ShiLtJ IGKV inferences
compared to sequences identified in the assembly, we allowed inferences to be
compared against multiple assembly sequences. 46 NOD/ShiLtJ IGKV assembly
sequences have a 100% match to an inference sequence, with 31 NOD/ShilLtJ
IGKV assembly sequences <98% identical to their nearest AIRR-seq inference
(Figure 3.16). It is important to note that assembly sequences with lower percent
identity alignments to inferences are not necessarily incorrect annotations.
Sequences from the NOD/ShiLtJ IGK assembly that did not have a match to an
inference could just be present at very low frequencies in the spleen and were
missed during the AIRR-seq experiment and inference.

We also compared each assembled NOD/ShiLtJ-IGK contig to the C57BL/6
IGK locus by dot plot (Figure 3.17). From the dot plots we observed that the
proximal region contig (NOD IGK B) has a high similarity match percentage to the
proximal region of the C57BL/6 IGK locus, represented by the diagonal green line

spanning approximately the length of the contig. The NOD IGK A contig has much
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greater sequence divergence from the C57BL/6 haplotype, shown by the
numerous frameshift mutations in the dot plot.

Lastly, in 2010, Henry et al. published a set of germline wild-type NOD IGKV
genes they obtained when trying to determine whether insulin-binding B-cells
contain polymorphic V genes. In their analysis they noted polymorphisms
throughout the NOD IGK locus, and that the polymorphisms represented 43
distinct IGKV genes belonging to 14 different IGKV gene families’®. 20 germline
sequences from this study were deposited into GenBank, and we compared these
sequences against our annotated functional NOD/ShiLtJ IGKV sequences. 50%
(10/20) of the GenBank sequences were 100% identical to our NOD/ShiLtJ IGKV
assembly sequences, with the remaining 10 sequences ranging in percent identity
from 99.65% to 91.96%. Although we would have expected greater overlap
between the two gene sets, there are two possible explanations for this
observation. First, our NOD/ShiLtJ assembly is not complete and may be missing
germline genes that Henry et al. had identified. Second, the NOD mouse line that
Henry et al. used in their experiment was not a NOD/ShiLtJ mouse like what our
assembly was generated from, but rather a transgenic line constructed by
introducing IGHV genes related to anti-insulin mab125 into the germline of a wild-

type NOD mice?0.119.120,
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DISCUSSION

The generation of new |G reference assemblies from BAC clones for
divergent mouse IGH and IGK loci has revealed significant diversity when
comparing the new assemblies to those that have already been generated for
C57BL/6. The data generated thus far have supported early RFLP and SNP
hypotheses that multiple 1G haplotypes exist across commonly used mouse
strains. From the comparisons we made to existing databases and to other strains,
it is evident that the IGH and IGK loci from BALB/cByJ and NOD/ShilLtJ,
respectively, diverge significantly from their respective C57BL/6 counterpart in
both their coding and non-coding regions.

One future direction for this work will be the assessment of remaining gaps
in the assembly followed by gap closure. Since these new |G assemblies diverge
significantly from C57BL/6 and include large repetitive regions, we will use Bionano
Saphyr platform (Bionano Genomics, San Diego, CA, USA) optical mapping to
detect variation and genome architectural changes on a larger scale, further
improving the quality of our assemblies. Briefly, Bionano is a scaffolding
technology that can be used to bridge gaps between our individual contigs, ideally
linking all five individual contigs together into a single contig'?'. Optical mapping is
the backbone of the technology, and it works by tagging sequence motifs along
unbroken DNA strands > 100 Kb in length, preserving large structural variations
that exist within the sample'??. Once the DNA is tagged with a fluorophore, the
DNA is linearized, and single molecules are imaged and digitized using the Saphyr

instrument. Finally, the DNA is uniquely identifiable through a distinct distribution
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of sequence motif labels, which are then assembled by pairwise alignment into de
novo genome maps. We will then compare our BALB/cByJ-IGH and NOD/ShiLtJ-
IGK assembled contigs to the Bionano optical maps to correct errors in the
assemblies, determine the size of gaps between contigs, and assess methods to
close gaps depending on size.

Additional work will also be required to examine the non-coding regions of
these assemblies. Studies have shown that the IGH locus contains six conserved
sites that help orchestrate long-range chromosomal interactions'?®. These sites
are critical for chromosomal looping that enables V(D)J recombination, but it is not
known if the sites are conserved across all strains of mice. More importantly, three
of the six sites fall within the distal region of the IGH locus. Our data shows that
the distal region of the BALB/cByJ IGH locus diverges significantly from C57BL/6
when viewed as a dot plot. Therefore, the function and conservation of these sites

in divergent haplotypes remains to be explored.
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CHAPTER 4 : CONGENIC MOUSE MODEL FOR IG HAPLOTYPE VARIATION

INTRODUCTION

Other than infectious diseases, diseases that are under multi-factorial and
multigenic or polygenic control are a significant public health threat in terms of the
number of individuals affected. These diseases can result from the complex and
subtle interactions between genetic and non-genetic factors, and include
arteriosclerosis and hypertension, insulin-dependent diabetes mellitus, rheumatoid
arthritis, asthma, systemic lupus erythematosus, multiple sclerosis, and cancer'?*.
Most autoimmune diseases are under complex genetic control and are subject to
strong interactions between genetics and the environment'?. A key challenge to
understanding the genetic basis of complex autoimmune diseases is the genetic
and clinical heterogeneity that exists in human populations. Inbred mouse strains
are valuable since they can reduce the genetic heterogeneity and have a standard
environment and diet, thus reducing environmental variables. However, as
previously showed in Chapters 2 and 3, considerable undocumented genetic
variation exists within the |G loci of a variety of mouse strains.

The mouse has been an invaluable model organism in the immunogenetics

field. Shortly after C. C. Little generated the first mouse lines in 1910, the mouse
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played a significant role in immunology research, where it was involved in tumor
studies and established the basic principles of tissue transplantation*’2:126, From
there, the mouse model continued to gain traction in the biomedical sciences.
During the mid-1950s, the mouse was used to study Ab-Ag interactions, lymphoid
differentiation, and the response to infectious agents'?’. Inbred, congenic, and
recombinant congenic mice made it possible to determine how the polymorphic
MHC genes regulate the mammalian immune system®. Regulation of V(D)J
recombination has also been studied extensively in mice and has explained basic
molecular mechanisms underlying heavy and light chain IG gene regulation. Since
an Ab is composed of two identical heavy and light chains, and these loci are
encoded in different regions of the genome, various heavy and light chain pairings
help increase the diversity of the Ab repertoire. Despite detailed knowledge of
V(D)J rearrangement and IG loci architecture, this research is limited to C57BL/6
mice, which only represent a single haplotype for the IGH and IGK locus.
Therefore, these models do not represent the IG variation shown to exist across
mouse strains and human populations.

Besides combinatorial diversity, junctional diversity, somatic hypermutation,
and allelic diversity, Ab heavy and light chain pairing is an essential aspect of the
diversification of the Ab repertoire. Unique combinations of the complementarity-
determining regions (CDRs) of the heavy and light chains create the Ag binding
site in the variable domain of the Ab. The supposed random assembly of three
gene segments for the variable heavy chain and two gene segments for the

variable light chain occurs during V(D)J recombination and form the variable
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domain of the Ab. However, not all combinations of V4 and V| are beneficial. Some
combinations of V4 and V. may form autoantibodies, which can be avoided through
secondary rearrangement of the light chain, deletion, or anergy. In human, the light
chain repertoire in autoimmune diseases like Myasthenia Gravis can become
perturbed and result in errors during receptor ed''ng during B-cell
development'®!. Vander Heiden and colleagues noted reduced V-J segment
distance in the light chain repertoire, which suggested decreased receptor editing
during B-cell development'®'. It has been hypothesized that the function of the light
chain is to help limit auto-reactivity, whereas the function of the heavy chain has
evolved to increase repertoire diversity®. By limiting germline diversity in the light
chain repertoire, the immune system may help prevent auto-reactivity that could
arise if both the heavy chain and light chain loci contained significant germline
diversity.

Support for this hypothesis stems from human AIRR-seq data, where most
human IMGT IGKYV alleles have no documented allelic variation, whereas only a
single human IMGT IGHV gene lacked allelic variation®. We observed a similar
trend in mice with diverse subspecific origins, with less inherent germline diversity
in the kappa chain repertoire compared to the heavy chain repertoire (Chapter 2).
While studies using IGHV and IGKV/IGLV transgenic mice have shown that some
IGHV and IGKV/IGLV chain combinations can prevent B-cells from properly
developing in vivo, no studies have comprehensively investigated the effect of

germline variation on heavy and light chain pairing'28.
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Recent high-throughput heavy and light chain repertoire sequencing in
humans has provided insights to several medically and immunologically important
concepts. Since light-chain rearrangements are more limited because of their lack
of a diversity segment and restricted CDR lengths, they are expected to be less
diverse and pair with multiple heavy chains'?®. These repeated light chains, often
referred to as promiscuous light chains, can pair with a wide range of heavy chains,
creating biased gene usage of heavy and light chain pairs in the Ab repertoire.
However, only now with single-cell sequencing is it possible to identify which heavy
chain genes pair with the promiscuous light chain genes in a high throughput
manner. This is important since identification of heavy and light chain pairs can
help identify Abs with broadly neutralizing Ab (bNAb)-like features'®. Existing
research has shown that there is a lack of understanding on the mechanisms that
regulate the heavy and light chain loci, thus hindering our ability to better
understand heavy and light chain pairing biases'3°. For example, while AIRR-seq
studies show that divergent IG haplotypes have different Ab repertoires*4%87_ it is
not possible to discern without single-cell sequencing which heavy chains pair with
a given light chain, and how haplotype variation affects heavy and light chain
pairing and the immune response.

One of the overarching goals of this work was to better understand how
haplotype variation shapes the Ab repertoire. Like most biomedical research, the
use of model organisms, specifically mouse, allows the study of the Ab repertoire
in a controlled manner. Unfortunately, one of the greatest obstacles in accurately

and reliably studying repertoire diversity in genomics is the lack of high-quality
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reference assemblies and model organisms. Until the new BALB/cByJ IGH and
NOD/ShiLtJ IGK assemblies from BAC clones were created, the only full haplotype
IG resource that existed was for C57BL/6 mice, which prevented researchers from
asking questions related to the effect of haplotype diversity on the Ab repertoire™®.
If we are to understand the role of germline haplotype variation in the mouse Ab
repertoire model and pursue research on IG genetic diversity, then we also need
model organisms with controlled haplotype variation for both the heavy and the
light chain loci.

The preexisting C57BL/6 mouse models and genome assembly do not
allow segregation and characterization of the key genomic variants that contribute
to Ab expression and function. While not genetically altering the background
genome or other immunoglobulin loci, we have generated two congenic mouse
lines on a C57BL/6 background genome that contain either a divergent IGH locus
or a divergent IGK locus. Congenic mice are a special type of inbred mouse strain
in which a defined chromosomal segment of one mouse strain is introgressed onto
another by backcrossing a donor mouse strain to a recipient strain. Congenic
strains are beneficial in that they help standardize potential genetic background
effects and allow different haplotypes to be examined in the context of a different
genetic background. Speed congenics can be generated in less time than
traditional congenic lines by positively selecting for the desired chromosomal
segment and selecting against the rest of the donor genome '3'. Therefore, the
animals with the desired chromosomal segment, but little donor-strain genetic

material, are selected for breeding.
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To construct our congenic lines, we identified two mouse strains with
predicted IGH and IGK haplotypes that are divergent from the IGH and IGK
haplotypes for C57BL/6. The C57BL/6 mouse, whose germline |G genes make up
most of the IMGT reference set'®?, is predicted to contain an IGH locus derived
from M. m. musculus, whereas its IGK locus originates from M. m. domesticus*?43.
Therefore, the two strains chosen for the congenic lines must contain a divergent
IGH haplotype with conserved IGK haplotype, and a conserved IGH haplotype with
divergent IGK haplotype. The strain BALB/cByJ contains an IGH haplotype
divergent from C57BL/6 (M. m. domesticus compared to M. m. musculus) but a
shared IGK haplotype (M. m. domesticus). Conversely, the strain NOD/ShilLtJ
contains an IGH haplotype similar to C57BL/6 (M. m. musculus) but a divergent
IGK locus (M. m. castaneus compared to M. m. domesticus) (Figure 4.1). Since
SNP-inferred haplotype studies have suggested that NOD/ShiLtd and C57BL/6
have divergent IGK loci, we have created a NOD/ShiLtJ-IGK congenic line that
contains a C57BL/6 genomic background and a NOD/ShiLtJ IGK locus. Abs made
by these animals that use the IGK locus have a NOD/ShiLtJ light chain IG and a
C57BL/6J heavy chain IG. Conversely, since BALB/cByJ and C57BL/6 are
predicted to be divergent at the IGH locus, we have created a BALB/cByJ-IGH
congenic line that contains a C57BL/6J genomic background and produces Abs
with a BALB/cByJ heavy chain IG and a C57BL/6 light chain IG (Figures 4.2 and
4.3). Our C57BL/6 control mouse for these experiments is the B6(Cg)-Tyr*?//J
mouse, which is a C57BL/6J mouse with a mutation in the tyrosinase gene that

makes the animals’ skin, hair, and eyes absent of pigment'33.
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For this experiment we compared productive and unproductive naive gene
usage frequencies between the BALB/cByJ-IGH congenic line, BALB/cBydJ control
mice, and B6(Cgq)-Tyr*?//J control mice for the naive IGK and IGL germline
repertoire. Since the BALB/cByJ-IGH congenic line and B6(Cg)-Tyr*?/J control
mice are genetically identical except for their IGH locus, initial comparisons were
to investigate the effect of a divergent IGH haplotype on the light chain repertoire.
Subsequent comparisons included the BALB/cByJ control line, which has a
genome that is completely BALB/cByJ.

Sequences were grouped by whether they were predicted to be productive
or unproductive, with productive sequences defined as those with an open reading
frame and no stop codon, no defect in the initiation codon, and proper splicing'34.
The rationale for separately comparing gene usage frequencies for productive and
unproductive sequences was to help identify significant IGKV genes that

contributed to differences in the Ab repertoire. Unproductive sequences would not
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Figure 4.1. Depiction of the three mouse strains used to create congenic IGK and

IGK mouse lines.

The color behind the strain name and of the chromosomes represent each strain’s
background genome. The colors of the IGH and IGK loci correspond to the
predicted subspecific origins of each locus. Finally, haplotype diversity at the Ab-

level is represented by the subspecific origin-colored antibodies.
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Figure 4.2. Generation of congenic mouse model.

Adapted from Kim et al. (2010)73%. Mating of two inbred mouse strains, C57BL/6 x
BALB/cByJ, and C57BL/6 x NOD/ShiLtJ, results in a heterozygous F1 generation.
F1 animals are then backcrossed to the recipient strain, B6(Cg)-Tyr*2//J , and this
cycle is repeated for 6 generations before the Jax Labs genome scan. Mice are
genotyped at each generation to ensure the donor IGH or IGK locus is present in
the region of interest. At the end of congenic line construction, mice heterozygous

for IGH or IGK markers are crossed to produce offspring homozygous for
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BALB/cByJ IGH or NOD/ShiLtJ IGK (depicted at bottom with black donor loci on

recipient strain genomic background).
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Figure 4.3. Congenic BALB/cByJ-IGH and NOD/ShiLtJ-IGK relation to control

B6(Cg)-Tyr*2//J.

The two congenic lines and how their antibodies compare to a B6(Cg)-Tyr>2//J
control mouse background genome (top), IGH and IGK loci subspecific origin, and
Ab haplotype diversity. Both congenic lines will contain a B6(Cg)-Tyre2//J
background genome, which is represented by the grey name and chromosomes,
noting the similarity to the B6(Cg)-Tyrc2/J control mouse (top). However, the
congenic lines will contain either a divergent IGH or IGK locus, which is
represented by the subspecies origin-colored IGH and IGK loci. BALB-IGH
congenic mice will be genetically similar to the control mouse except for the IGH

locus. NOD-IGK congenic mice will be genetically similar to the control mouse
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except for the IGK locus. The colored Ab molecules represent the effect of IG loci

subspecific origin.
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be translated into functional antibodies; therefore, they would not undergo
selection and would not pair with a heavy chain IG molecule. Productive
sequences would be under selection and would be required to pair with a heavy
chain 1G molecule. We hypothesized that the underlying IGH haplotype difference
between the BALB/cByJ-IGH congenic and B6(Cg)-Tyr*2//J control would drive
usage frequency differences of productive sequences but not unproductive
sequences. Using a principal component analysis (PCA) we observed changes in
the IGKV repertoire that were an effect of the divergent IGH locus in the congenic
line, and this effect was still present in the data after refining the dataset to include
only genes with significant usage frequency differences.

The new IGH and IGK assemblies (Chapter 3), combined with these new
congenic IG mouse models, address the lack of genomic resources and models
that account for mouse haplotype diversity in the |G loci. The congenic mouse lines
leveraged the newly characterized genomic haplotype resource, such that future
research can investigate the Ab repertoire in a controlled way. Combined, these
resources and models will enable the field to accurately and reliably investigate

the effects of IG haplotype variants on repertoire development.
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MATERIALS AND METHODS

BREEDING SCHEME

Two different crosses generated congenic mouse lines with controlled 1G
genetic diversity (Figure 4.3). The first cross was a B6(Cg)-Tyr*?//J to a
NOD/ShiLtJ, and the second was a BALB/cByJ to a B6(Cg)-Tyr-2//J.
Nomenclature for the congenic strains is provided in Table 4.1. Strain
abbreviations will be used throughout the remainder of the text. Primers amplified
regions containing known SNPs between the two strains across the two loci,
besides regions upstream and downstream of the loci*?43 (Table 4.1). The UCSC
genome browser in silico PCR tool was used to exclude off target primers'!'. Each
animal was identified and a biopsy taken for genotyping with IGH or IGK SNP
markers, and only heterozygous individuals were selected for breeding. Breeding
continued until the F6 generation, when a complete genome scan at The Jackson
Laboratory'32 was performed using 143 NOD vs. B6 SNP markers (147 BALBc vs.
B6) to determine the background B6 genomic content. At this stage, the congenic
mice with the highest percentage of B6 SNPs, and still maintained the congenic
IGH or IGK locus, were selected for additional breeding. Once animals were
identified that genotyped as homozygous B6 for the markers tested on the genome
scan, a final Jax genome scan was performed. Once the final cohort of animals
were selected, they underwent brother-sister mating to obtain either a homozygous

NOD IGK locus, or homozygous BALBc IGH locus.
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Table 4.1. Nomenclature and abbreviations for mouse strains used in Chapter 4.

Strain Type Abbreviation
B6(Cg)-Tyr*?//J Control | B6
BALB/cByJ Control BALBc
NOD/ShiLtJ Control NOD

B6(Cg)-Tyrc-2J/J. BALB/cByJ-IGH | Congenic | B6™".BALB-IGH
B6(Cg)-Tyr*2//J. NOD/ShiLtJ-IGK | Congenic | B6™".NOD-IGK
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Table 4.2. B6™".BALB-IGH and B6™".NOD-IGK Congenic Mouse Line

Genotyping Primers.
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GENOTYPING

Briefly, mouse tail biopsies were incubated in 100 pyL of DirectPCR Lysis
Reagent plus 1 L of proteinase K (1ug/1mL) (Viagen Biotech, Cat. No. 302-C,
Los Angeles, CA, USA) at 50°C for 9 hours then 45 minutes at 85°C to inactivate
proteinase K. DNA extract (1uL) was used for PCR genotyping. Initial genotyping
used three primer pairs for each congenic strain (Table 4.2). Since the goal of this
project was to introgress the divergent IGH or IGK locus onto the B6 background,
we identified three unique SNP positions for each line that were positioned %’,
within, and 3’ of the IG loci of interest. These positions were generated from the
Mouse Phylogeny Viewer*2136 which is a database of SNP-predicted variation
across a variety of classical and wild-derived mouse strains. After 7 generations of
backcrossing, litters were also genotyped with primers that were internal to the
IGH and IGK locus, which were designed using the BALBc IGH and NOD IGK
reference assemblies (Chapter 3). The Mouse Phylogeny Viewer'®® and the Jax
Genome Scan'® both use the mm9 reference genome. All primer sequences were
designed from this reference. If a sample was genotyped to be heterozygous for
the V(D)J marker, it was then genotyped for the upstream and downstream
markers to ensure it contained the complete IGH or IGK locus from BALBc and
NOD, respectively. After 7 generations of backcrossing, a Jax genome scan was
completed for both lines, which uses a custom SNP panel to confirm the amount
of B6 background present. Since our goal was to have the entire genome B6
except for the IGH or IGK locus in BALBc and NOD, respectively, any SNP

positions revealed to be a genotype other than B6 were eliminated through
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additional backcrossing. A standardized PCR reaction was used for all genotyping,
with 1 pL of crude DNA extract used with Qiagen AllTag Master Mix Kit (Cat. No.
203144; Germantown, MD, USA). DNA was PCR amplified at cycling conditions
of 94°C for 30 seconds, 32 cycles of 94°C for 30 seconds, 60°C for 30 seconds,
and 72°C for 1 minute, and 72°C for 10 minutes. PCR samples were Sanger
sequenced using an ABI PRISM 3130XL Genetic Analyzer and interpreted with

Geneious Prime 2022.0.2 (https://www.geneious.com).

IG LOCI INSERT VALIDATION

To ensure that the complete IG locus was crossed onto the B6 background,
and to estimate how much additional donor strain genome was present, we
designed primers using SNP positions downloaded from the Mouse Phylogeny
Viewer that flanked the loci and localized the crossover key events. Primers were
designed both upstream and downstream of the BALBc IGH (Table 4.3) and NOD

IGK (Table 4.4) loci that were introgressed onto the B6 background.
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Table 4.3. B6™".BALB-IGH Congenic Line Insert Validation Primers.
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Table 4.4. B6™".NOD-IGK Congenic Line Insert Validation Primers.
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We used NCBI Primer BLAST to generate unique primers that would not amplify
multiple regions within our IG reference assemblies and the B6 background
genome. Since the Jax genome scan is not a fine map of the size of the congenic
insert, these primers were used to provide greater resolution to the location of the
crossover event. In addition, since the crossover was not specific to just the IGH
or IGK locus, genes upstream and downstream of the locus were investigated to
determine if they were BALBc, NOD, or B6, and whether those genes would
influence V(D)J recombination or the immune system. To assess which BALBc or
NOD genes were present on the B6 genomic background, the genomic regions

from the insert validation were uploaded to UCSC Table Browser'?”.

BULK AIRR-SEQ LIBRARY PREPARATION AND SEQUENCING OF

CONGENIC IG MOUSE MODELS AND CONTROLS

AIRR-seq was performed on B6™".BALB-IGH to assess the congenic
animals’ light chain Ab repertoire. Experimental samples are summarized in Table
4.5. Spleens were dissected from 10-week-old mice and preserved in RNAlater
(Thermofisher, Cat. No. AM7020; Waltham, MA, USA). Total RNA was extracted
from 30 mg of spleen tissue using the RNeasy Mini kit (Qiagen, Cat. No. 74104;
Germantown, MD, USA). For each sample, IGK and IGL 5 RACE AIRR-seq

libraries were generated using the SMARTer Mouse BCR
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Table 4.5. Experimental samples for bulk IGM, IGK, and IGK Illumina AIRR-seq

on congenic lines.

Sample ID Short Name Strain Sex
CW42_01_BALB-IGH_F2 IGH-F2 B6™" .BALB-IGH F
CwW42_01_BALB-IGH_F3 IGH-F3 B6Tyr.BALB-IGH F
CW42_ 01 _BALB-IGH_F4 IGH-F4 B6TyrBALB-IGH F
CW42_01_BALB-IGH_F5 IGH-F5 B6TyrBALB-IGH F
CW42_01_BALB-IGH_F6 IGH-F6 B6Tyr.BALB-IGH F
CW42_02 BALB-IGH_M1 IGH-M1 B6Tyr.BALB-IGH M
CW42_02_BALB-IGH_M2 IGH-M2 B6Tyr.BALB-IGH M
CW42_02_BALB-IGH_M3 IGH-M3 B6Tyr.BALB-IGH M
CW42_ 02 BALB-IGH_M4 IGH-M4 B6Tyr.BALB-IGH M
CW42_02_BALB-IGH_M5 IGH-M5 B6Tyr.BALB-IGH M
CW42_06_BALB JAX_F1 JAX-F1 BALBc F
CW42_06_BALB JAX F2 JAX-F2 BALBc F
CW42_06_BALB JAX F3 JAX-F3 BALBc F
CW42_06 _BALB JAX F4 JAX-F4 BALBc F
CW42_06_BALB JAX F5 JAX-F5 BALBc F
CW42_07_BALB JAX M1 JAX-M1 BALBc M
CW42_07_BALB JAX_M2 JAX-M2 BALBc M
CW42_07_BALB JAX M4 JAX-M4 BALBc M
CW42_07_BALB JAX M5 JAX-M5 BALBc M
CW42_09 B6 TYR_F5 TYR-F5 B6 F
CW42_08 B6 TYR_M1 TYR-M1 B6 M
CW42_08 B6 TYR_M2 TYR-M2 B6 M
CW42_08 B6 TYR_M3 TYR-M3 B6 M
Light.Chain.B6 LC.B6 B6 F
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Profiling Kit (Takara Bio, Cat. No. 634422; Mountain View, CA, USA), following the
manufacturer’s instructions. Individually indexed IGK and IGL AIRR-seq libraries

were assessed using the Agilent Fragment Analyzer 5200 (Agilent, Part No.
M5310AA; Santa Clara, CA, USA) and the Thermofisher Qubit 3.0 Fluorometer
dsDNA High Sensitivity Assay Kit (Thermofisher, Cat. No. Q32851). Libraries were
pooled to 10 nM and sequenced on the lllumina MiSeq platform using the 600-
cycle MiSeq Reagent Kit v3 (2x300 bp, paired-end; lllumina, Cat. No. MS-102-
3003). Bulk AIRR-seq was only performed for the B6™".BALB-IGH, BALBc, and
B6 because insufficient NOD/ShiLtJ-IGK mice were available. In addition, because
at the time of this writing we are waiting for additional data for B6 samples, we
have included the C57BL/6J IGK and IGL data from Chapter 2 as an additional
sample to increase the number of control samples (noted in Table 4.5). This
additional sample was prepared using the same SMARTer Mouse BCR Profiling
Kit (Takara Bio, Cat. No. 634422; Mountain View, CA, USA), and sequenced on

the lllumina MiSeq platform.

DATA PROCESSING FOR BULK AIRR-seq OF CONGENIC IG MOUSE

MODELS AND CONTROLS

Bulk AIRR-seq reads were processed using the Immcantation®364 suite of
tools to characterize B-cell repertoires, with the IMGT mouse IGK and IGL
reference directory sets'3? serving as the starting IgBLAST® database for germline

gene and allele assignment. First, sequences were filtered to a quality score
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greater than or equal to Q25 using FilterSeq. Next, paired-end reads were
assembled using the align command of AssemblePairs. Then, IGK and IGL primer
sequences (Supplemental Table 1) were identified using a local alignment and cut
from the assembled reads using MaskPrimers align, with a max error rate of 0.2.
Because the primer sequences were not provided with the SMARTer Mouse BCR
Profiling Kit, we manually determined the primer sequences by performing a
multiple sequence alignment of the first 30 base pairs of the lllumina R1 reads.
Next, duplicate reads were collapsed using collapseSeq, with the duplicate count
of each collapsed sequence recorded as “dupcount”. Downstream processing
required that all sequences have a dupcount = 2. Assignments to germline IGKV
and IGLV were performed using IgBLAST®’, with the resulting output parsed with
the Change-O module MakeDb®3. Clones were identified using defineClones, with
clonal thresholds determined independently for each strain using the

distToNearest function in SHazaM®3,

IDENTIFYING DIFFERENTIAL USAGE OF IGKV GENES BETWEEN LINES

We performed a PCA on productive and unproductive sequences to test the
hypothesis that haplotype variation in the IGH locus will affect the light chain
repertoire The built-in R function prcomp was used to calculate the principal
components of the dataset'®®, and the R package factoextra'® was used to
construct PCA plots. In addition, a one-way ANOVA was performed on IGKV and

IGLV gene usage frequency to determine if there were usage frequency
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differences. A principal component analysis was then performed on genes with a
P-value <0.05 to observe if the underlying haplotype variation contributed to the
usage frequency differences. Finally, P-values were adjusted for multiple

comparisons by controlling for false discovery rate.

RESULTS

B6™".BALB-IGH AND B6™".NOD-IGK CONGENIC LINES

The size of the congenic insert varied for each line, and neither line had a
precise introgression of the IG locus of interest. Using PCR primers flanking both
sides of the IGH locus, we estimated the B6™".BALB-IGH congenic insert to extend
from Chr12: 112,276,179 to at least Chr12: 121,005,208; approximately 8.7 Mb
(Figure 4.4). We could not resolve genotypes between the telomere and Chr12:
121,005,208 due to lack of SNPs in that region. For the B6™".NOD-IGK congenic
line, we estimated the congenic insert to be approximately 39 Mb of NOD/ShilLtJ
genome extending from Chr6: 38,230,055 to Chr6: 77,383,011 (Figure 4.5). In the
B6™".BALB-IGH congenic line, we estimate that 89 BALBc genes (Supplemental
Table 7) were introgressed onto the B6 background genome in addition to the IGH
locus. Of the 89 genes, none were enriched for any biological processes as
determined by the GO Enrichment from The Gene Ontology resource'%-142_In the
B6™".NOD-IGK congenic line, 398 genes were introgressed onto the B6

background genome (Supplemental Table 8). Three GO biological processes,
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including cellular responses to copper ion, response to pheromone, and embryonic

skeletal system morphogenesis represented these NOD genes'40-142,
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Figure 4.4. B6™".BALB-IGH congenic insert validation.

Validation of the BALB/cByJ congenic insert was performed using primers flanking
both the 5’ and 3’ regions of the IGH locus. Positions were selected that had SNP-
predicted nucleotide differences between BALB/cByJ and C57BL/6. See Table 6.8

for full list of introgressed BALB/cByJ genes.
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Figure 4.5. B6™".NOD-IGK congenic insert validation.

Validation of the NOD/ShiLtJ congenic insert was performed using primers flanking
both the 5" and 3’ regions of the IGK locus. Positions were selected that had SNP-
predicted nucleotide differences between NOD/ShiLtJ and C57BL/6J. See Table

6.9 for full list of introgressed NOD/ShiLtJ genes.
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EFFECTS OF IGH HAPLOTYPE VARIATION ON LIGHT CHAIN AB

REPERTOIRE — B6™".BALB-IGH VS. B6

One of the key objectives for this experiment was to determine the effect
that haplotype variation has on the Ab repertoire. This initial experiment on the
newly generated congenic lines was to test the hypothesis that, due to heavy and
light chain pairing, haplotype variation within the IGH locus could cause usage
frequency changes in the light chain Ab repertoire. To test this hypothesis, we
leveraged the B6™".BALB-IGH congenic line and the control B6 line. The only
genetic difference between these two lines was the 8.7 Mb introgressed BALBc
donor genome that contained the IGH locus. Therefore, the only difference
between these two animals was that the B6™".BALB-IGH congenic animals would
produce antibodies with a divergent heavy chain |G compared to the B6 control
(Figure 4.2). From my data in chapter 2 and published literature?®, the IGK
haplotype was the same for BALBc and B6. Thus, to determine the effect that the
divergent IGH locus had on the light chain Ab repertoire, comparisons were made
between the sample groups’ germline IGKV repertoires.

We first separated sequences according to whether they were productive

unproductive. The rationale for separating sequences according to their
productivity was because unproductive sequences would not make a functional Ab
and would therefore not undergo selection. Productive sequences, however, would
produce an |G transcript that could be translated into an IG protein, and thus

undergo heavy and light chain pairing to form an Ab that could undergo selection.
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A one-way ANOVA performed on IGKV usage frequencies in the
B6™".BALB-IGH congenic and B6 control animals identified IGKV sequences with
significant usage frequency differences. Only 10 IGKV genes (10/127) had P-
values < 0.05 (Figure 4.6, Table 4.6). A PCA analysis of these 10 significant genes
showed distinct clusters for the B6™".BALB-IGH congenic animals and the B6
control animals (Figure 4.7A). As expected, a PCA of these same 10 genes, but in
unproductive sequences, showed no difference between the B6™".BALB-IGH
congenic and B6 control animals (Figure 4.7B). After adjusting the P-values for
multiple comparisons by applying the method of Benjamini and Hochberg to control
the false discovery rate'3, only IGKV 1.110.01 had a significant usage difference
between B6™".BALB-IGH and B6.

In addition, a PCA calculated according to sex showed that both male and
female samples overlapped, indicating that the IGH haplotype clustering observed
in the data was not influenced by sex (Figure 4.8). Last, we used a PCA biplot to
determine whether particular IGKV sequences could have been overrepresented
in the sequencing data and affected the distribution of the PCA clusters
(Supplemental Figure 3). IGKV8-21 and IGKV8-30 were visible on the biplot,
however, gene usage plots across all groups showed that IGKV8-21 had a greater

variance in the B6 control animals compared to BALBc control and B6Tyr.BALB-
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Table 4.6. IGKV genes with significant usage frequency differences between

B6™".BALB-IGH and B6.

P-values calculated using one-way ANOVA and FDR correction for multiple

comparisons performed using Benjamini, Hochberg, and Yekutieli method 43744,

Gene P-Value FDR-Corrected P-Value
IGKV1.110.01 | 0.00173364 | 0.04403439
IGKV1.99.01 0.00843187 | 0.17847453
IGKV11.106.02 | 0.03890488 | 0.41370267
IGKV3.7.01 0.04309839 | 0.41370267
IGKV3.7.02 0.02595984 | 0.36632217
IGKV4.58.01 0.03410535 | 0.41370267
IGKV4.60.01 0.02083779 | 0.36632217
IGKV5.48.01 0.02329526 | 0.36632217
IGKV6.14.01 0.0472502 | 0.41370267
IGKV6.15.01 0.0435350 | 0.41370267
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Figure 4.6. IGKV genes with significant usage frequency differences between

B6™".BALB-IGH (grey) and B6 (green).
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Figure 4.7. PCA analysis of the 10 IGKV genes with significant usage frequency

differences between B6™".BALB-IGH congenic line and B6 control animals.

A) Productive sequences B) Unproductive sequences.
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Figure 4.8. PCA clustering on productive IGKV sequences according to sex of the

animal.

The sex of the animal does not appear to be responsible for the PCA clustering

observed in the congenic animals.
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IGH congenic animals. Removal of these sequences did not affect PCA clustering.
Thus, we concluded that IGKV8-21 and IGKV8-30 were not responsible for
influencing the observed clustering according to IGH haplotype.

We also examined the effect that a divergent IGH locus has on the germline
IGL repertoire. Since IGKV germline genes account for 95% or more of the mouse
germline light chain repertoire?®, we hypothesized that the haplotype effect
observed for IGKV germline genes would not be as significant for IGLV genes as
it was for IGKV genes. To test this hypothesis, we performed another one-way
ANOVA and PCA analysis, but this time used IGLV genes with P-values < 0.05.
IGLV1 and IGLV2 were significantly different between the B6 control animals and
B6™".BALB-IGH congenic animals (Figure 4.9, Table 4.7). When plotted in a PCA,

B6 and B6™".BALB-IGH formed distinct, non-overlapping clusters (Figure 4.10).

EFFECTS OF BALBc BACKGROUND GENOME ON LIGHT CHAIN AB

REPERTOIRE — B6™".BALB-IGH VS. BALBc

To determine if the genetic background of B6 vs BALBc had an impact on
|G gene usage | compared BALBc to B6™".BALB-IGH. These lines have the same
IGH and IGK locus, thus difference in usage would suggest other regions in the
genome are having an impact. Besides the comparison between B6™".BALB-IGH
and B6, we also performed a one-way ANOVA on IGKV usage frequencies that
compared BALBc to B6™".BALB-IGH. The rationale for this comparison was to see

if there were any significant genes in this comparison that were also significant in
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Figure 4.9. IGLV genes with significant usage frequency differences between

B6™".BALB-IGH (grey) and B6 (green).
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Table 4.7. IGLV genes with significant usage frequency differences between

B6™".BALB-IGH and B6.

P-values calculated using one-way ANOVA and FDR correction for multiple

comparisons performed using Benjamini, Hochberg, and Yekutieli method 43744,

Gene P-Value FDR-Corrected P-Value
IGLV1 0.00335286 | 0.007074139
IGLV2 0.00471609 | 0.007074139
IGLV3 0.24478423 | 0.244784226

155



Individuals - PCA

>

[ [ e e ey e et o i
L]

0.025-

Dim2 (3.3%)

B6_Control
Congenic

0.050 -

[J‘AZ 0’. 1 0.0 UTT
Dim1 (96.7%)

Figure 4.10. PCA analysis of IGLV1 and IGLV2 usage between B6™".BALB-IGH

and B6 (productive sequences).
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the B6™".BALB-IGH congenic vs. B6 control animals comparison. The new
comparison accounted for the difference in the lines’ background genomes. The
B6™".BALB-IGH congenic line is genetically similar to the B6 control line, except
for the IGH locus; its background genome is B6. The BALBc control line, however,
contains a BALBc background genome, but has the same |G loci haplotypes as
the B6™".BALB-IGH congenic line. Therefore, it was expected that would produce
similar naive antibodies. 14 IGKV genes had P-values < 0.05 (Table 4.8, Figure
4.11). A PCA analysis of the 14 significant genes showed distinct clusters formed
by BALBc and B6™".BALB-IGH (Figure 4.12). Interestingly, 2 of the 14 significant
IGKV genes for this group, IGKV5.48.01 and IGKV6.15.01, were also identified as
significant when comparing B6™".BALB-IGH to B6.

Like the B6™".BALB-IGH and B6 comparison, only IGLV1 and IGLV2 had
significantly different usage frequencies. The PCA for the two significant IGLV
usage frequencies clustered like the B6™".BALB-IGH congenic and B6 control

comparison (Figure 4.13).
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Table 4.8. IGKV genes with significant usage frequency differences between

BALBc control line and B6™".BALB-IGH congenic animals.

P-values calculated using one-way ANOVA and FDR correction for multiple

comparisons performed using Benjamini, Hochberg, and Yekutieli method 43744,

Gene P-Value FDR Corrected P-
Value
IGKV1.88.01 0.020759226 | 0.03109692
IGKV13.85.01 | 0.022971004 | 0.03109692
IGKV14.126.01 | 0.002981774 | 0.01569471
IGKV2.112.01 | 0.013392019 | 0.03109692
IGKV4.51.01 0.010201255 | 0.02856351
IGKV4.53.01 0.022468209 | 0.03109692
IGKV4.57.01 0.02715749 | 0.03109692
IGKV4.70.01 0.001666825 | 0.01569471
IGKV4.92.01 0.032646074 | 0.03264607
IGKV5.48.01 0.028660305 | 0.03109692
IGKV6.13.01 0.003363152 | 0.01569471
IGKV6.15.01 0.025348179 | 0.03109692
IGKV8.28.02 0.008836773 | 0.02856351
IGKV9.119.01 | 0.028875713 | 0.03109692
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Figure 4.11. IGKV genes with significant usage frequency differences between

B6™".BALB-IGH (grey) and BALBc (red).
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Figure 4.12. PCA analysis of the 14 IGKV genes with significant usage frequency

differences between B6™".BALB-IGH and BALBc (productive sequences).
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Figure 4.13. PCA analysis of IGLV1 and IGLV2 usage frequency differences

between B6™".BALB-IGH and BALBc (productive sequences).

P-value < 0.05.
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DISCUSSION

The two congenic mouse strains created in this experiment will serve as
valuable models for future experiments investigating the effect of haplotype
diversity on the Ab repertoire. They are the first model organisms with controlled
IG loci haplotype variation on a B6 background. The next experiment will be a
similar bulk AIRR-seq on the B6™".NOD-IGK congenic line once sufficient numbers
are available. An additional future experiment for both congenic lines will be to
decrease the size of the introgressed regions to contain just the IGH or IGK locus
through additional crossing. Currently, the BALBc congenic insert is approximately
9 Mb, and the size of the IGH locus is approximately 2.8 Mb. The NOD congenic
insert, however, is significantly larger at 39 Mb. From the gene ontology analysis
for the B6™".NOD-IGK congenic line, we know that the congenic insert contains
398 genes that are homozygous for NOD/ShiLtJ. Even though the gene ontology
analysis did not predict the non IGH BALBc genes and NOD genes to interact with
the immune system, it is possible that the extra genetic material could disrupt gene
expression through changes in long-range chromosomal conformation.

Chromatin conformation is an important mechanism that regulates gene
expression and recombination'®. During V(D)J rearrangement, over 100
functional V4 genes across the 2.8 Mb mouse IGH locus and 3.2 Mb IGK locus
must recombine with either a rearranged DJu element or a Jk gene. To accomplish
this task, the IGH and IGK locus in pro-B cells contracts to place the distal V4 and

Vk genes next to proximal Dy and Jk segments, which facilitate V(D)J
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recombination. One way that the congenic insert could affect long-range
chromosomal interactions is through disruption of topologically associated
domains (TADs).

TADs are large, megabase-sized local chromatin interaction domains that
are stable across different cell types and highly conserved across species’®.
CCCTC-binding factor (CTCF) sites at sub-TAD boundaries are also involved in
TAD formation and facilitate long-range chromatin looping through interaction with
cohesin'7-149_ A TAD is formed when a pair of CTCF-cohesin dimers move in
opposite directions along DNA, extruding a DNA loop behind them until they reach
a convergent pair of CTCF binding sites'®%'%'. Studies have shown that the mouse
IGH locus is within a 2.9 Mb TAD in pro-B cells, and that this TAD can be divided
into sub-TADs, A, B, and C. sub-TADs A and C correspond to the Dy-proximal
and Dy-distal Vi gene families, and sub-TAD B contains intermediate Vy gene
segments’?®. The IGK TAD structure is not identical to IGH. The IGK locus is
organized into six TADs, commonly referred to as loops 1-6 (L1-L6)'%2. Studies on
mouse IGH TAD structure have helped reveal regulatory elements involved in
forming this architecture of the mouse IGH locus during V(D)J
recombination'231%53.1%4  The B-cell commitment factor Pax5 is one regulatory
element that has been shown to facilitate distal V4-DJn rearrangements by binding
to PAIR elements throughout the loci'®%'%, which induces long-range chromatin
looping 4.

TAD domain regulatory sites across the C57BL/6 IGH locus have shed light

on gene usage patterns, such as why some V gene families have greater usage
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frequencies than others'’. Within the IGK locus, there is a preference for
transcribing VK genes that are proximate to, and oriented away from, CTCF-bound
sites’0.152 While these experiments have provided insights about basic rules
regarding the mechanics of V(D)J rearrangement, they are still limited to C57BL/6
and provide no insight into how the germline variation in our congenic lines could
affect this process.

An additional future experiment on the congenic lines could be the use of
chromosome conformation capture (3C). 5C, a high-throughput derivative of 3C
that involves selective amplification of chromatin interactions captured by proximity
ligation, can examine chromatin interactions at the molecular level in each cell
population and define chromatin structure at the level of single restriction
fragments. Combined, these techniques can define long-range chromatin looping
to reveal large-scale changes in chromatin organization that result from haplotype
variation within the 1G loci. We have observed that |G locus haplotype variation
effects the Ab repertoire. In addition, the congenic lines have shown that haplotype
variation restricted to just the IGH locus affects gene usage frequencies of the light
chain repertoire. Given the complexity of V(D)J recombination and the IG loci, it is
likely that the haplotype variation within the congenic lines causes significant
changes in locus topology. Significant structural variation and polymorphisms in
the NOD IGK and BALBc IGH assemblies are visible in sequence-level
comparisons to B6. This variation can lead to changes in the loci’'s key regulatory
elements such as CTCF sites, PAIR elements, and enhancers, which can cause

changes in |G gene usage. To better understand the mechanisms by which
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haplotype variation within the IGH locus causes changes in the light chain
repertoire, future experiments can examine the chromosomal topological changes

that occur during V(D)J recombination.
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CHAPTER 5 : FUTURE DIRECTIONS

This dissertation research was born out of an interest sparked from a 2015
study that examined the mouse Ab heavy chain repertoire in C57BL/6 and BALB/c
mice and a recently published study on the germline IGHV repertoires between F1
C57BL/6 x BALB/c mice. Those studies demonstrated significant germline IGHV
repertoire divergence between the C57BL/6 and BALB/c mouse strains*>#’. The
striking conclusion from Collins et al. was the observation of only 5 germline IGHV
sequences shared between the two mouse strains. Prior to that experiment,
divergent IGH and IGK haplotypes had been demonstrated using RFLP and large
SNP panels?®5456.57.1%8 = byt none had comprehensively cataloged IGHV
differences between the two strains in a high-throughput manner. Even today, the
mouse IMGT germline gene database is largely comprised of C57BL/6 sequences,
and the only full haplotype IG resource that exists is for C57BL/6 mice. This
prevents us from asking questions related to the effect of genomic diversity on the
Ab repertoire. Fortunately, with new germline gene database resources like
OGRDB from the AIRR Community, updating and sharing germline gene
databases on a strain-by-strain basis will be possible.

The goal of Chapter 2 was to profile the germline light chain Ab repertoires
since the loci are structurally similar to the IGH locus yet largely unexplored. The

findings revealed that the germline IGKV repertoires of the biomedically important
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mouse strains are largely shared by strains within the same IGK haplotype group.
For example, the IGK haplotype of C57BL/6 contains 10 other strains, including
BALB/cByJ. Two additional haplotype groups not present in the IMGT database
were identified in our dataset, with one haplotype containing MRL/MpJ, NOR/LtJ,
and NOD/ShiLtJ. Future experiments related to this work could increase germline
gene databases by inferring |G genes from additional strains to account for
additional IGK haplotypes. In addition, the study could also be expanded to include
the inference of IGHV genes across multiple IGH haplotypes. This would provide
greater resolution to the germline gene differences across haplotype groups, but
also update existing gene databases with new germline genes that can be used
for AIRR-seq analysis.

Although germline gene inferences from AIRR-seq are valuable resources
that shed light on |G haplotype differences across strains, they do not replace the
locus-wide resolution of coding and noncoding elements that is possible with new
IG reference assemblies. The BALB/cByJ-IGH and NOD/ShiLtJ-IGK reference
assemblies from Chapter 3 are new |G reference assemblies for divergent IGH
and IGK haplotypes. Large-scale comparisons of the new assemblies to the
existing C57BL/6 IGH and IGK references show significant structural differences
between the haplotypes. While these assemblies have shown large structural
differences visible by dotplot comparisons, the assemblies are still incomplete and
must be further refined. Currently, the BALB/cByJ-IGH assembly exists as five
separate contigs that vary in size, while the NOD/ShiLtJ-IGK assembly is

composed of two separate contigs. Because we cannot simply align our
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assemblies to C57BL/6 to get an estimate of the size of the gaps, we will use
Bionano optical mapping on gDNA samples for both strains to determine the
correct size of the gaps in the current assembly. Based on the results from the
Bionano optical mapping we will assess the best way to close the remaining gaps
in the assembly, either using additional BAC clones or PacBio HiFi Whole Genome
Sequencing. Given the rapid advancement in whole genome sequencing using the
PacBio platform, it will be possible to sequence and assemble the IG loci of other
strains using HiFi Whole Genome Sequencing to build additional reference
assemblies that account for additional haplotype variation.

The key goal in constructing the congenic animals was to create a resource
so we could determine if the underlying IGH locus had an impact on light chain Ab
gene usage. the animals so that the only genetic differences between the congenic
animal and C57BL/6 control mouse was the IG loci; the congenics would have
either a divergent IGH or IGK locus on a C57BL/6 background. While we were
successful in reducing the B6™".BALB-IGH congenic line to 9 Mb of introgressed
BALBc genome, the B6™".NOD-IGK congenic line still has a much larger 39 Mb
NOD IGK region. The 39 Mb region is predicted to contain at least 298 different
genes, and while GO analysis of these genes did not reveal interactions with the
immune system, we are not able to rule out the effect that these genes could have
on the Ab repertoire given that the I1G loci can participate in long-range chromatin
interactions. In our B6™".BALB-IGH mice, we observed significant changes in
IGKV gene usage frequency compared to B6. This suggests that the composition

of the IGH locus impacts the possible Ab repertoire. The introgressed BALBc
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genome is still approximately 9 Mb, therefore we cannot completely rule out the
effect that these other genes and noncoding elements may be having on the
germline IGKV repertoire. Once the B6™".NOD-IGK congenic insert is refined to a
smaller size, the bulk AIRR-seq will be performed on these animals to assess if
there are IGK haplotype effects on the germline IGHV repertoire. In addition, gene
usage may have also been different since the cells used for bulk AIRR-seq were
B cells from the spleen that had already undergone selection. A future experiment
could investigate gene usage changes that take place during the different stages
of B cell development.

Since our bulk AIRR-seq experiment does not allow for heavy and light
chain pairing information, a significant future experiment is single-cell sequencing.
This is important because it will allow for us to determine which heavy chains are
pairing with a given light chain, and determine whether IGKV and IGHV
genomic/allelic variation leads to IGHV/IGKV repertoire shifts. This is important
because an Ab uses both its heavy chain and light chain variable regions to contact
antigen. Therefore, when a studies identifies a particular IGHV allele that strongly
neutralize an antigen, the light chain V allele must also be considered. Heavy and
light chain pairing combinations can be observed by using the 10X Genomics
Chromium Single Cell VDJ Sequencing platform, which will preserve the heavy
and light chain pairings of the Ab since interactions between heavy and light chains
have been shown to affect the binding kinetics of peptides'?®. We expect that these
experiments will establish heavy and light chain pairing trends for the congenic

lines, and if there are any promiscuous light chain genes that pair with multiple
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heavy chain genes. An alternative approach to the 10X platform could be the
droplet-based single-cell mRNA capture developed by Georgiou and
colleagues™®®.

In conclusion, this study has overcome key obstacles to allow for a greater
understanding of the effect of haplotype variation on the Ab repertoire. First, this
work has overcome the lack of |G reference assemblies for alternate |G haplotypes
by generating new |G reference assemblies for divergent IG loci by sequencing,
assembling, and annotating BAC clones for the BALB/cByJ IGH locus and
NOD/ShiLtJ IGK locus. Another challenge to understanding the effect of haplotype
variation on the Ab repertoire is the incomplete germline gene databases, which
can directly impact the way we use animals to study the immune response. We
overcame this challenge by inferring novel IGKV and IGLV germline genes for 18
biomedically important mouse strains. Lastly, a significant obstacle in the field of
IG genetics is the lack of animal models to study the genetics contributing to
observed repertoire diversity. The congenic mouse lines with divergent IG loci on
a C57BL/6 background directly addresses this problem. Though the sample size
must be increased in future experiments, preliminary AIRR-seq data from these
lines shows that haplotype variation affects the Ab repertoire. Specifically,
changing just the haplotype of the IGH locus affects the usage frequency of light
chain Ab genes. This can have significant consequences for antigen recognition,
as it shows that even if an individual contains a light chain gene capable of
recognizing a specific antigen, the genetics of the heavy chain must also be

considered.
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APPENDIX: SUPPLEMENTAL DATA

Supplemental Table 1. IGKV and IGLV AIRR-seq Primer Sequences.

Name Sequence

IGLC1 AGCTCTTCAGAGGAAGGTGG
IGLC _var1 AGCTCTTCAGGGGAAGGTGG
IGLC2 AGCTCCTCAGAGGAAGGTGG
IGLC3 AGCTCCTCAGGGGAAGGTGG

IGKC GATGGTGGGAAGATGGATAC
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Supplemental Figure 1. IGKV gene subfamily comparison across biomedically

significant mouse strains.
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Supplemental Table 2. Annotated BALB/cByJ IGHV sequences, RSS sites, and

leader sequences.

Name

Type

Sequence

388419

RSS

CACAGTGCTGTAACCACATCCAGAGTGTGTCTGAAACCC

IGHV1.6
4

IGHV

CAGGTCCAGCTGCAGCAGTCTGGAGCTGAGCTGGTAAGGCC
TGGGACTTCAGTGAAGGTGTCCTGCAAGGCTTCTGGATACG
CCTTCACTAATTACTTGATAGAGTGGGTAAAGCAGAGGCCTG
GACAGGGCCTTGAGTGGATTGGAGTGATTAATCCTGGAAGT
GGTGGTACTAACTACAATGAGAAGTTCAAGGGCAAGGCAAC
ACTGACTGCAGACAAATCCTCCAGCACTGCCTACATGCAGCT
CAGCAGCCTGACATCTGATGACTCTGCGGTCTATTTCTGTGC
AAGA

IGHV1-
54*01

Leader

GTGTTCACTCC

IGHV1-
54*01

Leader

ATGGAATGGAGCGGAGTCTTTATCTTTCTCCTGTCAGTAACT
GCAG

IGHV1.4
9

IGHV

CAGGTGCAACTGCAGCAGTCTGGGCCTCAGCTGGTTAGGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACCAGCTACTGGATGCACTGGGTGAAGCAGAGGCCTG
GACAAGGTCTTGAGTGGATTGGCATGATTGATCCTTCCGATA
GTGAAACTAGGTTAAATCAGAAGTTCAAGGACAAGGCCACAT
TGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAACTCA
GCAGCCCGACATCTGAGGACTCTGCGGTCTATTACTGTGCA
AGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
69702 3

Leader

ATGGGATGGAGCTGTATCATCCTCTTCTTGGTATCAACAGCT
ACAG

918668

RSS

CACAGTGTTACAACCACATCCTGAGTGTGTCAGTAACCC

IGHV1.7
8

IGHV

CAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCCTCAGTGAAGATTTCCTGCAAAGCTTCTGGCTACGC
ATTCAGTAGCTCTTGGATGAACTGGGTGAAGCAGAGGCCTG
GACAGGGTCTTGAGTGGATTGGACGGATTTATCCTGGAGAT
GGAGATACTAACTACAATGGGAAGTTCAAGGGCAAGGCCAC
ACTGACTGCAGACAAATCCTCCAGCACAGCCTACATGCAGCT
CAGCAGCCTGACCTCTGTGGACTCTGCGGTCTATTTCTGTGC
AAGA

IGHV1-
77012

Leader

GTGTCCATTGC

IGHV1-
82*01

Leader

ATGGGATGGAGCCGGATCTTTCTCTTCCTCCTGTCAATAACT
GCAG

23628

RSS

CACAGTGCTGCAACCACATCCTGAGTGTGTCAGAAACCC
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IGHV1.4
)

IGHV

CAGGTTCAGCTGCAGCAGTCTGGGGCTGAGCTGGTGAGGC
CTGGGTCCTCAGTGAAGATTTCCTGCAAGGCTTCTGGCTATG
CATTCAGTAGCTACTGGATGAACTGGGTGAAGCAGAGGCCT
GGACAGGGTCTTGAGTGGATTGGACAGATTTATCCTGGAGAT
GGTGATACTAACTACAATGGAAAGTTCAAGGGTAAAGCCACA
CTGACTGCAGACAAATCCTCCAGCACAGCCTACATGCAGCTC
AGCAGCCTAACATCTGAGGACTCTGCGGTCTATTTCTGTGCA
AGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
8001

Leader

ATGGAATGGCCTTGTATCTTTCTCTTCCTCCTGTCAGTAACTG
AAG

324511

RSS

CACAGTGTTGCAACCACATCCTGAGAGTGTCTGAAAACC

IGHV1.6

IGHV

CCGGTCCAACTGCAGCAGCCTGGGGCTGAGCTTGTGAAGCC
TGGGGCTTCAGTAAAGCTGTCCTGCAAGGCTTCTGGCTACAC
CTTCACCAGCTACTGGATGCACTGGGTGAAGCAGAGGCCTG
GACGAGGCCTTGAGTGGATTGGAAGGATTGATCCTAATAGT
GGTGGTACTAAGTACAATGAGAAGTTCAAGAGCAAGGCCAC
ACTGACTGTAGACAAACCCTCCAGCACAGCCTACATGCAGCT
CAGCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTAC
AAGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1S
3601

Leader

ATGGGATGGAGCTGTATCATGCTCTTCTTGGCAGCAACAGCT
ACAG

IGHV1.4
2.P

IGHV

CAGGTCCAGTTTCAACAGTCTGGATCTGAGGTGGGGAGGCC

TGGTGCCTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTACAC
ATTCACTAACTACTATATGTATTGATTAAAGCAGAGTCATGGA

GATAGCCTAGAGTCAATTGGATATATTTATCCTGGAAATGTTC
TTGCTAGATATGCCAAGAAGTTCAAAGGCAAGGCCATATTGA

CTGTAGACAATTCAGCCAGCAGAGCTTACATACAGCTCAGCA
GCCTGACATCTGAAGCCTCTGCTGACTATTACTGTGCTAGAC

AAGTG

IGHV1-
60”01

Leader

GTGTCTACTCC

IGHV1-
60”01

Leader

ATGGAATGGAGCTGTATCCTCTCTCTATGTGCAGCATCTACA
GGTA

903413

RSS

CACAGTGATACAACCACATCCTGAGTGTGTCACAAAACC

IGHV1.5
6.P

IGHV

TCTCAGTGAAGATTTCCTGCAAGGGTTCCGGCTACACATTCA

CTGATTATGCTATGCACTGGGTGAAGCAGAGTCATGCAAAGA
GTCTAGAGTGGATTGGAGTTATTAGTACTTACTCTGGTAATAC
AAACTACAACCAGAAGTTTAAGGGCAAGGCCACAATGACTGT
AGACAAATCCTCCAGCACAGCCTATATGGAACTTGCCAGATT

GACATCTGAGGATTCTGCCATCTATTACTGTGCAAGA
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IGHV1S

OV |Leader  |GAGGCCTGGGG

GHVA- | |ATGGGTTGGAGCTGTATCATCTTCTTTCTGGTAGCAACAGCT

67%01 ACAG

42934 |RSS CACATTGTTGTAACCACATCCTGAGTGTGTCAGAAATCT
CAGGTCCAGCTGCAGCAGTCTGGAGATGATCTGGTAAAGCC
TGGGGCCTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTACA
CCTTCACCAGCTACTGGATTAACTGGATAAAACAGAGGCCTG

IGHV1.4 | o, |GACAGGGCCTTGAGTGGATAGGACGTATTGCTCCTGGAAGT

6 GGTAGTACTTACTACAATGAAATGTTCAAGGGCAAGGCAACA
CTGACTGTAGACACATCCTCCAGCACAGCCTACATTCAGCTC
AGCAGCCTGTCATCTGAGGACTCTGCTGTCTATTTCTGTGCA
AGA

'1%%1182 Leader |GTGTCTACTGT

IGHVAS | |ATGGACTGGAGTTGGGTCTTTCTCTTCCTCCTGTCAGTAAAT

132%01 2 GAAG
CAGGTCCAGCTGCAGCAGTCTGGAGCTGAGCTGGTAAGGCC
TGGGACTTCAGTGAAGAAGTCCTGCAAGGTTTCTGGATACAC
CTTCGCTAACTACTGGATAGGTTGGGTAAAGCAGAGGCCTG

GHV1.4 ||~ |GACATGGCCTTGAGTGGATTGGAGATATTTACCCTGGAGAC

3p GGTGTTACTAACTACAATGAGAAGTTCAAGGGCAAGGCCACA
CTGACTGCAGACAAATCCTCCAGCACAGCCTACATGTAGCTC
AGCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTTCG
AGA

'2%*'*8418 Leader |GTGTCCACTCG

GHVA- | |ATGGAATGGAGCGGGGTCTTTATCTTTCTCCTGTCAGTAACT

6302 GCAG

53229 |RSS CACAGTGGTTCAATCACATCCTGAGTGTGTCAGAAACCC
CGGGTCCAGCTGCAGCAGTCTGGGGCTGAGCTGGTGAGGC
CTGGGGTCTCAGTGAAGATTTCCTGCAAGGGTTCTGGCTACA
CATTCACTGATTATGCTATGCACTGGGTGAAGCAGAGTCATT

GHV1.4 |, o,  |TAAAGAGTCTAGAGTGAATTGGAGTTATTAGTCCTTACTATGG

0P TGATACTAGCTACAGTCAGAAGTTCAAAGGCAAGGCCACAAT
GACTGTAGACAAATCCTCCAGCACAGCCTATATGGAACTTGC
CAGATTGACATCTGAGGATTCTGCCGTCTATTACTGTGCAAG
A

'1(:33';')61182 Leader |GTGTGTACTCC

GHVAS | |ATGGGTTGGAGTCGTATCATATTTCTCGTTGCAACAGCTACA

13701 5 GGTA

342358 |RSS CACAGTGTTGCAACCACATCCTGAGTGTGTCAGAAACCC
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IGHV1.6
6

IGHV

CAGGTCCAGCTGCAGCAGTCTGGAGCTGAGCTGGTAAGGCC
TGGGACTTCAGTGAAGATGTCCTGCAAGGCTGCTGGATACA
CCTTCACTAACTACTGGATAGGTTGGGTAAAGCAGAGGCCTG
GACATGGCCTTGAGTGGATTGGAGATATTTACCCTGGAGGT
GGTTATACTAACTACAATGAGAAGTTCAAGGGCAAGGCCACA
CTGACTGCAGACACATCCTCCAGCACAGCCTACATGCAGCT
CAGCAGCCTGACATCTGAGGACTCTGCCATCTATTACTGTGC
AAGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
63*02

Leader

ATGGAATGGAGCGGGGTCTTTATCTTTCTCCTGTCAGTAACT
GCAG

60839

RSS

CAAAGGGTTATAATCTCATCCTGAGTGTGTCAGAATCCC

IGHV1.4
1.P

IGHV

TCCCACATATGTTAACTCTCTGGTTCAGCTGCAGCAGTGTGG
AGGTGAGGTTGTGAGACTCAGTGATGGTGTCCTGCTCAGCTT
CTGTCTACATATTTAGCAACTGCTATGAACTGTATAAAGCAGA
GGCCTGGACAGGCTCTTGAGTGGATTGGATGAATTGATTCTT
GAAGTTTTGGTACTACCTACAATCAGAAGTTCAAAGGCCAGG
CCACATCTACTGTAGACAAATCCTCCAGCACAGCCTACCTGA
AACTAATATCCTGACATCTGAGAACTCTGAAGCCTATTACTGT
GAAGA

IGHV1-
34*02 3

Leader

GTGCCTTTCCC

IGHV1-
34*02 3

Leader

AGGGAATGGAGCTGCATCTTTCTCCTCCTCCTGTCAATAAAA
ACAG

IGHV1.5
0

IGHV

CAGGTCCAACTGCAGCAGCCTGGGGCTGAACTGGTGAAGCC
TGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTACA
CATTCACCAGCTACTGGATGCAATGGGTGAAGCAGAGGCCG
GGACAAGGCCTTGAGTGGATTGGAAATATTAATCCTAATAGT
GGTAGTACTAACTACAATGAGAAGTTCAAGAGCAAGGCCACA
CTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAACTC
AGCAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTACA
AGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1S
17*01

Leader

AAGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCT
ACAG

518355

RSS

CACAGTGTTGCAACCACATCCTGAGAGTGTCAGAAACCC

IGHV1.7
9

IGHV

CAGGTCCAACTGCAGCAGCCTGGGGCTGAGCTGGTGAGGC
CTGGGGCTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTAC
ACGTTCACCAGCTACTGGATGAACTGGGTTAAGCAGAGGCC
TGAGCAAGGCCTTGAGTGGATTGGAAGGATTGATCCTTACGA
TAGTGAAACTCACTACAATCAAAAGTTCAAGGACAAGGCCAT
ATTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAACT
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CAGCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGC
AAGA

'g*Haf' Leader |GTGTCCACTCC

IGHVA- ATGGGATGGAGCTATATCATCCTCTTCTTGTTAGCAACAGCT

* Leader

52+01 ACAT

72694 |RSS CACAGTGTTGCAACCACATCCTGAGAGTGTCAGAAACCC
CAGGTCCAACTGCAGCAGCCTGGGGCTGAGCTTGTGAAGCC
TGGGGCTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTACA
CCTTCACCAGCTACTGGATGCACTGGGTGAAGCAGAGGCCT

IGHV14 |\ GGACAAGGCCTTGAGTGGATCGGAGAGATTGATCCTTCTGA

7 TAGTTATACTAACTACAATCAAAAGTTCAAGGGCAAGGCCAC
ATTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAGCT
CAGCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGC
AAGA

'g*Haf' Leader |GTGTCCACTCC

GHVA- [ |ATGGGATGGAGCTGTATCATCCTCTTCTTGGTATCAACAGCT

69%02 3 ACAG

324511 |RSS CACAGTGTTGCAACCACATCCTGAGAGTGTCTGAAAACC
CAGGTCCAACTGCAGCAGCCTGGGGCTGAACTGGTGAAGCC
TGGGGCTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTACA
CCTTCACCAGCTACTGGATGCACTGGGTGAAGCAGAGGCCT

IGHVA6 |, GGACAAGGCCTTGAGTGGATTGGAGAGATTAATCCTAGCAA

7 CGGTCGTACTAACTACAATGAGAAGTTCAAGAGCAAGGCCAC
ACTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAACT
CAGCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGC
AAGA

'6(:33*'*8;15 Leader |ATGTCCACTCC

IGHV1S ATGGGATGGAGCTATATCATCCTCTTTTTGGTAGCAACAGCT

* Leader

81*02 ACAG

518355 |RSS CACAGTGTTGCAACCACATCCTGAGAGTGTCAGAAACCC
CAGGTCCAACTGCAGCAGCCTGGGGCTGAGCTTGTGAAGCC
TGGGACTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTACAA

IGHVA8 |, CTTCACCAGCTACTGGATAAACTGGGTGAAGCTGAGGCCTG

0

GACAAGGCCTTGAGTGGATTGGAGATATTTATCCTGGTAGTG
GTAGTACTAACTACAATGAGAAGTTCAAGAGCAAGGCCACAC
TGACTGTAGACACATCCTCCAGCACAGCCTACATGCAACTCA
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GCAGCCTGGCATCTGAGGACTCTGCTCTCTATTACTGTGCAA
GA

IGHV1-
14*01

Leader

GTGTCCACTCT

IGHV1-
55*01 2

Leader

ATGGGATGGAGCTATATCATCCTCTTCTTGGTAGCAACAGCT
ACAG

IGHV1.5

IGHV

CAGGTCCAACTGCAGCAGCCTGGGGCTGAGCTGGTGAGGC
CTGGGGCTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTAC
ACATTCACCAGCTACTGGATGCACTGGATTAAGCAGAGGCCT
GGACAAGGTCTTGAGTGGATTGGAACGATTCATCCTTACGAT
AGTGAAACACACTACAATCAAAAGTTCAAGGACAAGGCCACA
TTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAACTC
TGCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGCA
AGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
61*01

Leader

ATGGGATGGAGCTATATCATCCTCTTCTTGGTATCAACAGCT
ACAG

848501

RSS

CACAGTGCTGCAACCACATCCTGAGAGTGTCCGAAAATC

IGHV1.8

IGHV

CAGGTCCAACTGCAGCAGCCTGGGGCTGAACTGGTGAAGCC
TGGGGCTTCAGTGAAGTTGTCCTGCAAGGCTTCTGGCTACAC
CTTCACCAGCTACTGGATGTACTGGGTGAAGCAGAGGCCTG
GACAAGGCCTTGAGAGGATTGGAGAGATTAATCCTAGCAATG
GTGGTACTAACTACAATGAGAAGTTCAAGAGCAAGGCCACAC
TGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAACTCA
GCAGCCTGACATCTGAGGACTCTGTGGTCTATTACTGTACAA
GA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1S
81*02

Leader

ATGGGATGGAGCTATATCATCCTCTTTTTGGTAGCAACAGCT
ACAG

IGHV1.4
4.P

IGHV

CAGATCCAGCTTCCTCAGTCTGGATCTGAGGTGGGGCGGAC
TGGTGCCTCAGTGAAGATGTTCTGCAAGGCTTCTGGCTACAC
ATTCACTAACTACTATATGTATTGATTAAAGCAGAGTCATGGA
GATAGCCTAGAGTGGATTTGATATATTTATCCTGGAAATGGT
CTTACTAGCTATTCCAAGAAGTTCAAAGGCAAGGACTCATTG
ACTATAGACAATTCAGCCAGCACAGCCTACATGCAGCTCAGC
AGCATGACATCTGAAGCCTCTGATGACTATTACTGTGCTAGA
CAAGTG
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IGHV1-
60*01 2

Leader

GTATCTACTCC

IGHV1-
60*01 2

Leader

ATGGAATGGAGCTGTATCCTCTTTCTATGGGCAGCATCTACA
GGTA

164306

RSS

CACAGTGTTGTAACCACATCCTGAGTGTGTCAGAAACCC

IGHV1.6
8

IGHV

CAGGTCCAGCTGCAGCAATCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGCTATAC
CTTCACAAGCTACTATATACACTGGGTGAAGCAGAGGCCTGG
ACAGGGCCTTGAGTGGATTGGATATATTTATCCTAGAGATGG
TAGTACTAATTACAATGAGAAGTTCAAGGGCAAGGCCACACT
GACTGCAGACACATCCTCCAGCACAGCCTACATGCAGCTCA
GCAGCCTGACATCTGAGGACTCTGCAGTCTATTTCTGTGCAA
GA

IGHV1-
777012

Leader

GTGTCCATTGC

IGHV1S
12*01

Leader

ATGGGATGGAGCTGGATCTTTCCCTTCCTCCTGTCAGGAACT
GCAG

IGHV1.5
2

IGHV

CAGGTCCAACTGCAGCAGCCTGGGGCTGAGCTGGTGAGGC
CTGGGGCTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTAC
ACCTTCACCAGCTACTGGATGAACTGGGTGAAGCAGAGGCC
TGGACAAGGCCTTGAATGGATTGGTATGATTGATCCTTCAGA
CAGTGAAACTCACTACAATCAAATGTTCAAGGACAAGGCCAC
ATTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAGCT
CAGCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGC
AAGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
61*01 2

Leader

ATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCT
ACAG

IGHV1.5
3.P

IGHV

TCTCAGTGAAGATTTCCTGCAAGGGTTCTGGCTACACATTCA
CTGATTATGCTATGCACTGGGTGAAGCAGAGTCATGCAAAGA
GTCTAGAGTGGATTGGAGTTATTAGTACTTACTATGGTGATG
CTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACAATGACT
GTAGACAAATCCTCCAGCACAGCCTATATGGAACTTGCCAGA
TTGACATCTGAGGATTCTGCTGTTTATTACTGTGCAAGAAACA
GTGGTTCAACAACATCCTGAATGTGTCACAAAACCTGGAGGA
GAAG

IGHV1S
137*01

Leader

GAGGCCTGGGG

IGHV1-
67701

Leader

ATGGGTTGGAGCTGTATCATCTTCTTTCTGGTAGCAACAGCT
ACAG

817090

RSS

CACAGTGTTGCAACCACATCCTGAGAGTGTCAGAATCCC
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CAGGTCCAAATACAGCAGCCTGGGGCTGAGCTGGTGAGGCC
TGGGGCTTCAGTGAAGATGCCCTGCAAGGCTTCTGGCTATA
CCTTCACCAGCTACAGGATGAACTGGGGGAAGCAGAGGCCT

GHV1.8 |\, | GGACAAGGCCTTGTGTGGATTGGATATATTTATGCTGGTAGT

2 GGTAGTACTGACTACAATGAGAAGTTCAAGAGCAAGGCCACA
CTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAGCTC
AGCAGCCTGACATCTGAGGACTCTGGGATCTATTATTGTGCA
AGA

'1(3*'*841' Leader |GTGTCCACTCC

GHVA- | |ATAGGATGGAGCTATATCATCCTCCTTTTGGTAGCAACAGCT

5501 3 ACAG

570603 |RSS CACATTGACACAGCTTCAGTTTTCAGCTGTACAGTAATT
CAAGTTACTCTAAAAGAGTCTGGCCCTGGGATATTGAAGCCC
TCACAGACCCTCAGTCTGACTTGTTCTTTCTCTGGGTTTTCAC
TGAGCACTTCTGGTATGGGTGTAGGCTGGATTCGTCAGCCTT

GHVB.A |5,  |CAGGGAAGGGTCTGGAGTGGCTGGCACACATTTGGTGGGAT

0 GATGATAAGTACTATAACCCATCCCTGAAGAGCCAGCTCACA
ATCTCCAAGGATACCTCCAGAAACCAGGTATTCCTCAAGATC
ACCAGTGTGGACACTGCAGATACTGCCACTTACTACTGTGCT
CGAAGAG

'8(':’(')*1\/2' Leader |ATGTCTTGTCC

IGHVS- ATGGACAGGCTTACTTCTTCATTCCTGCTGCTGATTGTCCCT

. Leader

801 5 GCAT

134841 |RSS CACAGTGTTCTAACCACATCCTGAGTGTGTCAGAAACCC
CACGTCCAGCTGCAGCAATCTGGACCTGAGCTGGTGAGGCC
TGGGGCTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTATAT
CTTCATCACCTACTGGATGAACTGGGTGAAGCAGAGGCCTG

GHV1.4 | o,  |GACAGGGCCTTGAGTGGATTGGACAGATTTTTCCTGCAAGTG

8 GTAGTACTAACTACAATGAGATGTTCGAGGGCAAGGCCACAT
TGACTGTAGACACATCCTCCAGCACAGCCTACATGCAGCTCA
GCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGCAA
GA

L%*HSTZS Leader |GTGTCCACAGC

IGHV1S ATGGAATGGAGTTGGGTCTTTCTCTICCTCCTGTCATTAACTT

* Leader

40701 CAG

108972 |RSS CACAGTGTTGCAACCACATCCTGAGAGTGTCAGAAACCC
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CAGGTCCAACTGCAGCAGTCTGGGCCTGAGCTGGTGAGGCC
TGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCAGGCTATA
CCTTCACCAGCTACTGGATGCACTGGGTGAAACAGAGGCCT

GHV16 |,y | GGACAAGGCCTTGAGTGGATTGGCATGATTGATCCTTCCAAT

9 AGTGAAACTAGGTTAAATCAGAAGTTCAAGGACAAGGCCACA
TTGAATGTAGACAAATCCTCCAACACAGCCTACATGCAGCTC
AGCAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCA
AGA

'1(3*'*841' Leader |GTGTCCACTCC

GHVAS | |ATGGGATGGAGCTGTATCATCCTCTTCT TGGCAGCAACAGCT

12701 2 ACAG

197154 |RSS CACAGTGTTGTAACCACATCCTGAGTGTGTCAGAAACCC
CAGGTTCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTTAGTGAAGATATCCTGCAAGGCTTCTGGTTACAC
CTTCACAAGCTACGATATAAACTGGGTGAAGCAGAGGCCTG

GHV18 | 5, | GACAGGGACTTGAGTGGATTGGATGGATTTATCCTGGAGAT

3 GGTAGTACTAAGTACAATGAGAAATTCAAGGGCAAGGCCACA
CTGACTGCAGACAAATCCTCCAGCACAGCCTACATGCAGCTC
AGCAGCCTGACTTCTGAGAACTCTGCAGTCTATTTCTGTGCA
AGA

'7(;*”8415 Leader |GTGTCCATTGC

IGHVAS |~ |ATGGGATGGAGATGGATCTTTCTTTICCTCCTGTCAGGAACT

5601 4 GCAG
CAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAGGCC
TGGGACTTCAGTGAAGATATCCTGCAAGGCTTCTGGCTATAC
CTTCCTCACCTACTGGATGAACTGGGTGAAGTAGATGCCTGG

GHV14 ||~ |ACAGGGCCTTGAGTGGATTGGACAGATTTTTCCTGCAAGTGG

5p TAGTACTAACTACAATGAGATGTTCAAGGGCAAGGCCACATT
GACTGTAGACACATCCTCCAGCACAGCCTACATGCAGCTAAG
CAGCCTGACATCTGAGGACTCTGCGGTCTATTTCTGTGCAAG
A

L%*Haf' Leader |GTGTCCACTGC

IGHV1S ATGGAATGCAGCTGGGTCTTTCTCTTCCTCCTGTCATTAACT

. Leader

10*01 GCAG

783838 |RSS CACAGTGGTGCAACCACATCCTGAGTGTGTCACAAAACC
TCTCAGTGAAGATTTCCTGCAAGGGTTCTGGCTACACATTCA
CTGATTATGCTATGCACTGGGTGAAGCAGAGTCATGCAAAGA

GHV15 | 5,  |GTCTAGAGTGGATTGGAGTTATTAGTACTTACTATGGTGATG

7P CTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACAATGACT

GTAGACAAATCCTCCAGCACAGCCTATATGGAACTTGCCAGA
CTGACATCTGAGGATTCTGCCATCTATTACTGTGCAAGA
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164306

RSS

CACAGTGTTGTAACCACATCCTGAGTGTGTCAGAAACCC

IGHV1.7
0

IGHV

CAGGTCCAGCTGCAGCAGTCTGGAGCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGCTGTCCTGCAAGACTTCTGGCTACAC
CTTCACCAGCTACTGGATTCAGTGGGTAAAACAGAGGCCTG
GACAGGGCCTTGGGTGGATTGGAGAGATATTTCCTGGAACT
GGCACTACTTACTACAATGAGAAGTTCAAGGGCAAGGCCACA
CTGACTATAGACACATCCTCCAGCACAGCCTACATGCAGCTC
AGCAGCCTGACCTCTGAGGACTCTGCTGTCTATTTCTGTGCA
AGA

IGHV1S
137*01

Leader

GAGGCCTGGGG

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
67701

Leader

ATGGGTTGGAGCTGTATCATCTTCTTTCTGGTAGCAACAGCT
ACAG

IGHV1S
132*01

Leader

ATGGAATGGAGCTGGGTCTTTCTGTTCCTCCTGTCAGTAACT
TCAG

IGHV1.5
3

IGHV

CAGGTCCAACTGCAGCAGCCTGGGTCTGTGCTGGTGAGGCC
TGGAGCTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTACAC
CTTCACCAGCTACTGGATGCACTGGGCGAAGCAGAGGCCTG

GACAAGGCCTTGAGTGGATTGGAGAGATTCATCCTAATTGTG

GTAATATTAACTACAATGAGAAGTTCAAGGGCAAGGCCACAC

TGACTGTAGACACATCCTCCAGCACAGCCTACGTGGATCTCA
GCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGCAA
GA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
61*013

Leader

ATGGGATGGAGCTCTATCATCCTCTTCTTGGTAGCAACAGCT
ACAG

518355

RSS

CACAGTGTTGCAACCACATCCTGAGAGTGTCAGAAACCC

IGHV1.8
4

IGHV

CAGGTCCAACTGCAGCAGCCTGGGGCTGAGCTGGTGAGGC
CTGGGGTTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTACA
CATTCACCAGCTACTGGATGCACTGGATTAAGCAGAGGCCT
GAGCAAGGCCTTGAGAGGATTGGAGAGATTAATCCTAGCAAT
GGTGGTACTAACTACAATGAGAAGTTCAAGAGCAAGGCCACA
CTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAACTC
AGCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGCA
AGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
61*01 2

Leader

ATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCT
ACAG
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IGHV8.4

IGHV

CAGGTTACTCTGAAAGAGTCTGGCCCTGGGATATTGCAGCC
CTCCCAGACCCTCAGTCTGACTTGTTCTTTCTCTGGGTTTTCA
CTGAGCACTTCTGGTATGAGTGTAGGCTGGATTCGTCAGCCT
TCAGGGAAGGGTCTGGAGTGGCTGGCACACATTTGGTGGAA
TGATGATAAGTACTATAACCCAGCCCTGAAAAGCCGGCTCAC
AATCTCCAAGGATACCTCCAACAACCAGGTATTCCTCAAGAT
CGCCAGTGTGGTCACTGCAGATACTGCCACATACTACTGTGC
TCGAATA

IGHV8-
8*01

Leader

ATGTCCTGTCC

IGHV8-
8*01

Leader

ATGGGCAGGCTTACTTCTTCATTCTTGCTACTGATTGTCCCTG
CAT

751041

RSS

CACAGTGTTGTAACCACATCCTGAGAGTGTCAGAAACCC

IGHV1.8
)

IGHV

CAGGTCCAACTGCAGCAGCCTGGGGCTGAACTGGTGAAGCC
TGGGACTTCAGTGAAAATGTCCTGCAAGGCTTCTGGCTACAC
CTTCACCAGCTACTGGATGCACTGGGTGAAGCAGAGGCCGG

GACAAGGCCTTGAGTGGATTGGAGATATTTATCCTGGTAGTG

ATAGTACTAACTACAATGAGAAGTTCAAGAGCAAGGCCACAC

TGACTGTAGACACATCCTCCAGCACAGCCTACATGCAACTCA
GCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGCAA
GA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
55*01 4

Leader

TTGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCT
ACAG

IGHV1.4
6.P

IGHV

CAGGTCCAGCTGCAGCAGTCTGGAGCTGAGCTGGTAAGGCC
TGGGACTTCAGTGAAGAAGTCCTGCAAGGCTTCTGGATACAC
CTTCGCTAACTACTGGATAGGTTGGGTAAAGCAGAGGCCTG
GACATGGCCTTGAGTGGATTGGAGATATTTACCCTGGAGAC
GGTGTTACTAACTACAATGAGAAGTTCAAGGGCAAGGCCACA
CTGACTGCAGACAAATCCTCCAGCACAGCCTATATGGAGCTT
AGTAGATTGACATCTGAGGACTCTGCAGTCTAATACTGTGCA
A

IGHV1S
11*01

Leader

GTGTCTACTCG

IGHV1-
63*02

Leader

ATGGAATGGAGCGGGGTCTTTATCTTTCTCCTGTCAGTAACT
GCAG

204332

RSS

CACAGTGTTGTAACCACATCCCGAGTGTGTCAGAAACCC

IGHV1.7
1

IGHV

AAGGTCCAGCTGCAGCAGTCTGGAGCTGAGCTGGTGAAACC
CGGGGCATCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTACA
CCTTCACTGAGTATACTATACACTGGGTAAAGCAGAGGTCTG
GACAGGGTCTTGAGTGGATTGGGTGGTTTTACCCTGGAAGT

GGTAGTATAAAGTACAATGAGAAATTCAAGGACAAGGCCACA
TTGACTGCGGACAAATCCTCCAGCACAGTCTATATGGAGCTT
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AGTAGATTGACATCTGAAGACTCTGCGGTCTATTTCTGTGCA
AGACACGAAGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
62-2*01

Leader

ATGGAATGGTGCTGGGTCTTTCTCTTCCTCCTGTCAGTAACT
GCAG

IGHV1.5
4

IGHV

CAGGTGCAACTGCAGCAGCCTGGGGCTGAGCTGGTGAAGC
CTGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGCTACA
CCTTCACCAGCTACTGGATGAACTGGGTGAAGCAGAGGCCT
GGACAAGGCCTTGAGTGGATCGGAGAGATCGATCCTTCTGA
TAGTTATACTAACAACAATCAAAAGTTCAAGGACAAGGCCAC
ATTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAGCT
CAGCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGC
AAGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
12*01

Leader

ATGGGATGGAGTTGTATCATCCTCTTCTTGGTAGCAACAGCT
ACAG

726856

RSS

CACAGTGTTGCAACCACATCCTGAGAGTGGCCGAAAACC

IGHV1.8
6

IGHV

CAGGTCCAACTGCAGCAACCTGGGTCTGAGCTGGTGAGGCC
TGGAGCTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTACAC
ATTCACCAGCTACTGGATGCACTGGGTGAAGCAGAGGCCTG
GACAAGGCCTTGAGTGGATTGGAAATATTTATCCTGGTAGTG
GTAGTACTAACTACGATGAGAAGTTCAAGAGCAAGGCCACAC
TGACTGTAGACACATCCTCCAGCACAGCCTACATGCAGCTCA
GCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTACAA
GA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1S
5*01

Leader

ATGGGATGGAGCTCTATCATCCTCTTCTTGGTAGCAACAGCC
TCAG

IGHV8.9

IGHV

CAGGTTACTCTGAAAGAGTCTGGCCCTGGGATATTGCAGCC
CTCCCAGACCCTCAGTCTGACTTGTTCTTTCTCTGGGTTTTCA
CTGAGCACTTCTGGTATGGGTGTAGGCTGGATTCGTCAGCCT
TCAGGGAAGGGTCTGGAGTGGCTGGCACACATTTGGTGGGA
TGATGACAAGCGCTATAACCCAGCCCTGAAGAGCCGACTGA
CAATCTCCAAGGATACCTCCAGCAACCAGGTATTCCTCAAGA
TCGCCAGTGTGGACACTGCAGATACTGCCACATACTACTGTG
CTCGAATAG
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IGHV8-
8*01

Leader

ATGTCCTGTCC

IGHV8-
8*01

Leader

ATGGGCAGGCTTACTTCTTCATTCTTGCTACTGATTGTCCCTG
CAT

IGHV1.5
)

IGHV

CAGGTCCAACTGCAGCAGCCTGGGGCTGAACTGGTGAAGCC
TGGGGCTTCAGTGAAGTTGTCCTGCAAGGCTTCTGGCTACAC
CTTCACCAGCTACTATATGTACTGGGTGAAGCAGAGGCCTG
GACAAGGCCTTGAGTGGATTGGGGGGATTAATCCTAGCAAT
GGTGGTACTAACTTCAATGAGAAGTTCAAGAGCAAGGCCACA
CTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAACTC
AGCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTACA
AGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1S
81*02

Leader

ATGGGATGGAGCTATATCATCCTCTTTTTGGTAGCAACAGCT
ACAG

485460

RSS

CACATTGTCACAGCCTCAGTTATCAGCTGTACATTAATT

IGHV8.1
1

IGHV

CAGGTTACTCTGAAAGAGTCTGGCCCTGGGATATTGCAGCC
CTCCCAGACCCTCAGTCTGACTTGTTCTTTCTCTGGGTTTTCA
CTGAGCACTTCTGGTATGGGTGTAGGCTGGATTCGTCAGCCT
TCAGGGAAGGGTCTGGAGTGGCTGGCACACATTTGGTGGGA
TGATGATAAGTACTATAACACAGCCCTGAAGAGCGGGCTCAC
AATCTCCAAGGATACCTCCAAAAACCAGGTCTTCCTCAAGAT
CGCCAGTGTGGACACTGCAGATACTGCCACATACTACTGTG
CTCGAATA

IGHV8-
8*01

Leader

ATGTCCTGTCC

L-Part1

Leader

ATGGGCAGACTTACTTCTTCATTCTTGCTACTGATTGTCCCTG
CAT

164306

RSS

CACAGTGTTGTAACCACATCCTGAGTGTGTCAGAAACCC

IGHV1.7
2

IGHV

CAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTACA
CCTTCACAAGCTACTATATACACTGGGTGAAGCAGAGGCCTG
GACAGGGACTTGAGTGGATTGGATGGATTTATCCTGGAGAT
GGTAGTACTAAGTACAATGAGAAGTTCAAGGGCAAGACCACA
CTGACTGCAGACAAATCCTCCAGCACAGCCTACATGTTGCTC
AGCAGCCTGACCTCTGAGGACTCTGCGATCTATTTCTGTGCA
AGG

IGHV1-
77012

Leader

GTGTCCATTGC

IGHV1S
5601 3

Leader

ATGCGATGGAGCTGGATCTTTCTCTTCCTCCTGTCAATAACT
GCAG
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IGHV1.4
7.P

IGHV

ATCTGTCCATCCATAGGTATTCACTCCCAGGTCTAGCTGCAG
CAGTCAGGGGCTGTGAAGATGTCGTTCAAGGTTTCTGGTTAT
ACCTTTACTGAATACTACATGCCCTGGTCAAGCAGAATCATG
GAAAGACCCTTGACTGGATTGGCAATATTAATTCTTACAATG
GTGGCATAACTACAATGAAAATTTCAAGGGCAAGGACACATT
AACTGTAGACAAATCCTCCAGCACAGCCTATATGTTGCTTAG
CAAATTGACATTTGAGGATTCTGTGGTCTATTATTGTGCAAGA

IGHV1-
34*02

Leader

ACATCCATTCT

IGHV1-
34*02

Leader

ATGGGATGGAGCTATATCATCTTCTTCCTTGTAGCAACAGCT
ATAG

693268

RSS

CACATTGTTTTAACCACATCCTGAGTGTGTCAGAAACAC

IGHV1.8
7

IGHV

GAGGTCCAGCTTCAGCAGTCTGGAGCTGAGCTGGGGAGGC
CTGGGTCCTCAGTGAAGCTGTCCTGCAAGACTTCTGGATATA
CATTCACAAGCTATGGTATAAAGTGGGTGAAACAGAGGCCTG
GACAGGGCCTGGAATGGATTGGATATATTTATCCTGGAAATG
GTTATACTGTGTACAATGAGAAGTTCCAGGGCAAGGCCACAC
TGACTTCAGACACATCCTCCAGCACAGCCTACATGCAGCTCA
GAAGCCTGACATCTGAGGACTCTGCAATCTATTTCTGTGCAA
GA

IGHV1-
14*01

Leader

GTGTCCACTCT

IGHV1S
134*01

Leader

ATGGAATGGAGCTGCATCTTTCTCTTCCTCCTGTCAGTAACT
GCAG

150229

RSS

CACAGTGATACAACCACATCCTGAGTGTGTCACAAAACC

IGHV1.5
4.P

IGHV

AATCAGTGAAGATTTCCTGCAAGGGTTCCGGCTACACATTCA

CTGATTATGCTATGCACTGGGTGAAGCAGAGTCATGCAAAGA
GTCTAGAGTGGATTGGAGTTATTAGTATTTACTATGATAATAC

AAACTACAACCAGAAGTTTAAGGGCAAGGCCACAATGACTGT
AGACAAATCCTCCAGCACAGCCTATATGGAACTTGCCAGATT

GACATCTGAGGATTCTGCCATCTATTACTGTGCAAGA

IGHV1S
137*01

Leader

GAGGCCTGGGG

IGHV1-
67701

Leader

ATGGGTTGGAGCTGTATCATCTTCTTTCTGGTAGCAACAGCT
ACAG

IGHV1.4
8.P

IGHV

TTCAGTCCTGGTCAGCTTCTTAATCTGCATTTGTCTGGCAAAC
ACTGCTCTTGACTCTTTCTCAGGCAAAGGAACTGAGCGGGAA
ATAGGAGATGGGGAATACAGGCAAGAGAGAGAGAGAGAGAG
AGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAG
AGATATTTCACAAAGATCAGATGTTTGAGGACAGAACCATAC
TGGATGCAGATATAATGTTCAACACAGCTTGATGGAGCTCAG
CAGCCTGACATTGGAAGGCGCTGTTATCTATTGAAGTGTTAG
G

IGHV1-
81*01

Leader

GTTACTTCTCC
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IGHV1-
81*01

Leader

CTGCTCTGCACAATTATTTTTTTCTGTTCTCTTACTATGTCTAT
AA

674185

RSS

CACATTGTCACAGCCTCAGTTATCAACTGTACATTAATT

IGHV8.1
2

IGHV

CAGGTTACTCTGAAAGAGTCTGGCCCTGGGATATTGCAGCC
CTCCCAGACCCTCAGTCTGACTTGTTCTTTCTCTGGGTTTTCA
CTGAGCACTTCTAATATGGGTGTAGGCTGGATTCGTCAGCCT
TCAGGGAAGGGTCTGGAGTGGCTGTTACACATTTTGTGGAAT
GATAGTAAGTACTATAACCCAGCCCTGAAGAGCCGGCTCACA
ATCTCCAAGGATACCTACAACAACCAGGTATTCCTCAAGATC
GCCAATGTGGACACTGCAGATACTGCCACATACTACTGTGCT
CGAATAG

L-Part2

Leader

ATGTCCTGTGC

L-Part1

Leader

ATGGGCAGGCTTACTTTTTCATTCTTGCTACTGATTGTCCCTG
CAT

IGHV8.5

IGHV

CAGGTTACTCTGAAAGAGTCTGGCCCTGGGATATTGCAGCC
CTCCCAGACCCTCAGTCTGACTTGTTCTTTCTCTGGGTTTTCA
CTGAGCACTTATGGTATAGGAGTAGGCTGGATTCGTCAGCCT
TCAGGGAAGGGTCTGGAGTGGCTGGCACACATTTGGTGGAA
TGATAATAAGTACTATAACACAGCCCTGAAGAGCCGGCTCAC
AATCTCCAAGGATACCTCCAACAACCAGGTATTCCTCAAGAT
CGCCAGTGTGGACACTGCAGATACTGCCACATACTACTGT

IGHV8-
11*01

Leader

ATGTCCTCTCC

IGHV8-
11*01

Leader

ATGGGCAGGCTTACTTCTTCATTCCTGCTACTGATTGTTCCTG
CAT

108972

RSS

CACAGTGTTGCAACCACATCCTGAGAGTGTCAGAAACCC

IGHV1.7
3

IGHV

CAGGTCCAACTGCAGCAGCCTGGGGCTGAGCTTGTGATGCC
TGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTACA
CATTCACTGACTACTGGATGCACTGGGTGAAGCAGAGGCCT
GGACAAGGCCTTGAGTGGATCGGAGCGATTGATACTTCTGA
TAGTTATACTAGCTACAATCAAAAGTTCAAGGGCAAGGCCAC
ATTGACTGTAGACGAATCCTCCAGCACAGCCTACATGCAGCT
CAGCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGC
AAGA

IGHV1-
69701

Leader

GTGTCAACTCC

IGHV1-
69701

Leader

ATGAGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCT
ACAG

RSS
Pass

RSS

CATGGTGACATTGAATGGTACAGAAATA

RSS
Pass

RSS

CACCAAGGTACAGACTCTAGAAGAATCA

108972

RSS

CACAGTGTTGCAACCACATCCTGAGAGTGTCAGAAACCC
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CAGGTCCAACTGCAGCAGCCTGGGGCTGAGCTTGTGAAGCC
TGGGGCTCCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTACA
CCTTCACCAGCTACTGGATGAACTGGGTGAAGCAGAGGCCT

GHVA.7 |, o, | GGACGAGGCCTCGAGTGGATTGGAAGGATTGATCCTTCCGA

4 TAGTGAAACTCACTACAATCAAAAGTTCAAGGACAAGGCCAC
ACTGACTGTAGACAAATCCTCCAGCACAGCCTACATCCAACT
CAGCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGC
AAGA

'1(3*'*841' Leader |GTGTCCACTCC

GHVA- | |ATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCT

61*01 2 ACAG
CAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAGGATATCCTGCAAGGCTTCTGGCTACA
CCTTCACAAGCTACTATATACACTGGGTGAAGCAGAGGCCTG

GHV1.4 |,  |GACAGGGACTTGAGTGGATTGGATGGATTTATCCTGGAGAT

9P GGTAATACTAAGTACAATTGAGAAGTTCAAGAGCAAGACCAC
ACTGACTGCAGACAAATCCTCCAGCACAGCCTACATGCAGCT
CAGCAGCCTGACCTCTGAGGACTCTGCGGTCTATTTCTGTGC
AAGA

ﬁ*“afé Leader | GTGTCCATTGC

GHVA- [ |ATGGGATGGAGCCGGATCTTTCTCTTCCTCCTGTCAATAACT

82*01 GCAG

5?88’8 RSS CACAGTGGTACAGAGGAGTCTCAAATCC

5?88’8 RSS CACGGTGAGAGAGGCATGTACAGAATCC

632346 |RSS CACAGTGTTGTAGCCACATCCTGAGTGTGTCAGAAACAC
CAGGTCCAGTTGCAGCAGTCTGGAGCTGAGCTGGTAAGGCC
TGGGACTTCAGTGAAGATATCCTGCAAGGCTTCTGGATACGC
CTTCACTAACTACTGGCTAGGTTGGGTAAAGCAGAGGCCTG

GHV1.8 |,y  |GACATGGACTTGAGTGGATTGGAGATATTTACCCTGGAAGTG

8 GTAATACTTACTACAATGAGAAGTTCAAGGGCAAAGCCACAC
TGACTGCAGACAAATCCTCGAGCACAGCCTATATGCAGCTCA
GTAGCCTGACATCTGAGGACTCTGCTGTCTATTTCTGTGCAA
GA

'g*Haf' Leader |GTGTCCACTCC

IGHVA- ATGGAATGGAGTGGGGTCTTTATCTITCTCTTGTCAGTAACT

6301

Leader

GCAG
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IGHV1.5
6

IGHV

CAGGTCCAGCTGCAGCAGTCTGGGCCTGAGCTGGTGAGGC
CTGGGGTCTCAGTGAAGATTTCCTGCAAGGGTTCCGGCTAC
ACATTCACTGATTATGCTATGCACTGGGTGAAGCAGAGTCAT
GCAAAGAGTCTAGAGTGGATTGGAGTTATTAGTACTTACTAT
GGTAATACAAACTACAACCAGAAGTTTAAGGGCAAGGCCACA
ATGACTGTAGACAAATCCTCCAGCACAGCCTATATGGAACTT
GCCAGATTGACATCTGAGGATTCTGCCATCTATTACTGTGCA
AGA

IGHV1-
67701

Leader

GTGTGCACTCC

IGHV1-
67701

Leader

ATGGGTTGGAGCTGTATCATCTTCTTTCTGGTAGCAACAGCT
ACAG

620251

RSS

CACAGTGTTTCAACCACATCCTGAGAGTGTCAGAAACCC

IGHV1.8
9

IGHV

CAGGTGCAACTGCAGCAGCCTGGGGCTGAGCTGGTGAAGC
CTGGGGCCTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTAC
ACATTTACCAGTTACAATATGCACTGGGTAAAGCAGACACCT
GGACAGGGCCTGGAATGGATTGGAGCTATTTATCCAGGAAA
TGGTGATACTTCCTACAATCAGAAGTTCAAAGGCAAGGCCAC
ATTGACTGCAGACAAATCCTCCAGCACAGCCTACATGCAGCT
CAGCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGC
AAGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
12*01

Leader

ATGGGATGGAGTTGTATCATCCTCTTCTTGGTAGCAACAGCT
ACAG

388419

RSS

CACAGTGCTGTAACCACATCCAGAGTGTGTCTGAAACCC

IGHV1.7
)

IGHV

CAGGTCCAGTTGCAGCAGTCTGGAGCTGAGCTGGTAAGGCC
TGGGACTTCAGTGAAGGTGTCCTGCAAGGCTTCTGGATACG
CCTTCACTAATTACTTGATAGAGTGGGTAAAGCAGAGGCCTG
GACAGGGCCTTGAGTGGATTGGGGTGATTAATCCTGGAAGT
GGTGGTACTAACTACAATGAGAAGTTCAAGGGCAAGGCAAC
ACTGACTGCAGACAAATCCTCCAGCACTGCCTACATGCAGCT
CAGCAGCCTGACATCTGATGACTCTGCGGTCTATTTCTGTGC
AAGA

IGHV1-
54*01

Leader

GTGTTCACTCC

IGHV1-
54*03

Leader

ATGGAATGGAGCAGAGTCTTTATCTTTCTCCTATCAGTAACTG
CAG

IGHV1.5
7

IGHV

CAGGTCCAACTGCAGCAGCCTGGGGCTGAGCTGGTGAAGC
CTGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTAC
ACCTTCACCAGCTACTGGATGCACTGGGTGAAGCAGAGGCC
TGGACAAGGCCTTGAGTGGATCGGAACGATTGATCCTTCAG
ATAGTTATACTAGCTACAATCAAAAGTTCAAGGGCAAGGCCA
CATTGACTGTAGACACATCCTCCAGCACAGCCTACATGCAGC
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TCAGCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTA
CAAGA

IGHV1-
69701

Leader

GTGTCAACTCC

IGHV1-
69701

Leader

ATGAGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCT
ACAG

607058

RSS

CACAGTGCTGCAACCACATCCTGAGAGTGTCCGAAAACC

IGHV1.9
0

IGHV

CAGGTCCAACTGCAGCAGTCTGGGGCTGAACTGGTGAAGCC
TGGGGCTTCAGTGAAGTTGTCCTGCAAGGCTTCTGGCTACAC
CTTCACCAGCTACTATATGTACTGGGTGAAGCAGAGGCCTG
GACAAGGCCTTGAGTGGATTGGAGAGATTAATCCTAGCAATG
GTGGTACTAACTTCAATGAGAAGTTCAAGAGCAAGGCCACAC
TGACTGTAGACAAATCCTCCAGCACAGCATACATGCAACTCA
GCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTACAA
GA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1S
81*02 5

Leader

ATGGGATGGAGCTATATCATCCTCTTTTTGGTAGCAACAGCA
ACAG

IGHV1.7
6

IGHV

CAGGTCCAACTGCAGCAGCCTGGGGCTGAGCTTGTGAAGCC
TGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTACA
CCTTCACCAGCTACTGGATAACCTGGGTGAAGCAGAGGCCT
GGACAAGGTCTTGAGTGGATTGGAGATATTTATCCTGGTAGT
GGTAGTACTAACTACAATGAGAAATTCAAGAGCAAGGCCACA
CTGACTGTAGACACATCCTCCAGCACAGCCTACATGCAGCTC
AGCAGCCTGACATCTGAGGACTCTGCGGTCTAT

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
55*01

Leader

ATGGGATGGAGCTGTATCATCCTCTTTTTTGGTAGCAGCAGC
TACA

IGHV8.6

IGHV

CAGGTTACTCTGAAAGAGTCTGGCCCTGGGATATTGCAGCC
CTCCCAGACCCTCAGTCTGACTTGTTCTTTCTCTGGGTTTTCA
CTGAGCACTTCTGGTATGGGTGTGAGCTGGATTCGTCAGCCT
TCAGGAAAGGGTCTGGAGTGGCTGGCACACATTTACTGGGA
TGATGACAAGCGCTATAACCCATCCCTGAAGAGCCGGCTCA
CAATCTCCAAGGATACCTCCAGCAACCAGGTATTCCTCAAGA
TCACCAGTGTGGACACTGCAGATACTGCCACATACTACTGTG
CTCGA

IGHV8-
8*01

Leader

ATGTCCTGTCC
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L-Part1

Leader

ATGGACAGGCTTACTTCCTCATTGCTGCTGCTGATTGTCCCT
GCAT

518355

RSS

CACAGTGTTGCAACCACATCCTGAGAGTGTCAGAAACCC

IGHV1.9
1

IGHV

CAGGCCCAAATACAGCAGCCTGGGGCTGAGCTGGTGAGGC
CTGGGGCTTCAGTGAAGATGCCGTGCAAGGCTTCTGGCTAT
ACCTTCACCAGCTACAGGATGAACTGGGGGAAGCAGAGGCC
TGGACAAGGCCTTGAGTGGATTGGATATATTTATGCTGGTAG
TGGTAGTACTGACTACAATGAGAAGTTCAAGAGCAAGGCCAC
ACTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAGCT
CAGCAGCCTGACATCTGAGGACTCTGGGATCTATTATTGTGC
AAGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
5501 3

Leader

ATAGGATGGAGCTATATCATCCTCCTTTTGGTAGCAACAGCT
ACAG

570603

RSS

CACATTGACACAGCTTCAGTTTTCAGCTGTACAGTAATT

IGHV8.1
3

IGHV

CAAGTTACTCTAAAAGAGTCTGGCCCTGGGATATTGAAGCCC
TCACAGACCCTCAGTCTGACTTGTTCTTTCTCTGGGTTTTCAC
TGAGCACTTCTGGTATGGGTGTAGGCTGGATTCGTCAGCCTT
CAGGGAAGGGTCTGGAGTGGCTGGCACACATTTGGTGGGAT
GATGATAAGTACTATAACCCATCCCTGAAGAGCCGGCTCACA
ATCTCCAAGGATACCTCCAGAAACCAGGTATTCCTCAAGATC
ACCAGTGTGGACACTGCAGATACTGCCACTTACTACTGTGCT
CGAAGAG

IGHV8-
8015

Leader

ATGTCTTGTCC

IGHV8-
8015

Leader

ATGGACAGGCTTACTTCTTCATTCCTGCTGCTGATTGTCCCT
GCAT

27263

RSS

CACAGTGTTACAACCATATCCTGAGTGTGTCAGAAACAC

IGHV1.7
7

IGHV

CAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAGGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTCCTGGCTACA
CCTTCACCAGCCACTGGATGCAGTGGGTAAGACAGAGGCCT
GGACAGGGCCTTGAGTGGATTGGAGAGATTTTTCCTGGAAG
TGGTAGTACTTATTATAATGAGAAGTTCAAGGGCAAGGCCAC
ACTGACTTTAGACACATCCTCCAGCACAGCCTACATGCAGCT
CAGCAGCCTGACATCTGAGGACTCTGCGGTCTATTTCTGTGC
AAGA

IGHV1-
56*02

Leader

TGTTCCACTGC

IGHV1-
56*02

Leader

ATGGAATGGAGTTGGGTCTTTCTCTTCCTCCTGTCAGTAACT
GCAG

197154

RSS

CACAGTGTTGTAACCACATCCTGAGTGTGTCAGAAACCC
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CAGGTTCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTTAGTGAAGATATCCTGCAAGGCTTCTGGTTACAC
CTTCACAAGCTACGATATAAACTGGGTGAAGCAGAGGCCTG

IGHV1.9 |, o\, |GACAGGGACTTGAGTGGATTGGATGGATTTATCCTGGAGAT

2 GGTAGTACTAAGTACAATGAGAAATTCAAGGGCAAGGCCACA
CTGACTGCAGACAAATCCTCCAGCACAGCCTACATGCAGCTC
AGCAGCCTGACTTCTGAGAACTCTGCAGTCTATTTCTGTGCA
AGA

'7(;*”8415 Leader | GTGTCCATTGC

IGHVAS | |ATGGGATGGAGATGGATCTTTCTTTICCTCCTGTCAGGAACT

56*01 4 GCAG
CAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAGGCC
TGGGACTTCAGTGAAGATATCCTGCAAGGCTTCTGGCTATAC
CTTCCTCACCTACTGGATGAACTGGGTGAAGTAGAGGCCTG

IGHV15 | o, | SACAGGGCCTTGAGTGGATTGGACAGATTTTTCCTGCAAGTG

0P GTAGTACTAACTACAATGAGATGTTCAAGGGCAAGGCCACAT
TGACTGTAGACACATCCTCCAGCACAGCCTACATGCAGCTAA
GCAGCCTGACATCTGAGGACTCTGCGGTCTATTTCTGTGCAA
GA

L%*ch_ Leader |GTGTCCACTGC

IGHV1S ATGGAATGCAGCTGGGTCTTTCTCTTCCTCCTGTCATTAACT

* Leader

10%01 GCAG

541112 |RSS CACAGTGATACAACCACATCCTGAGTGTGTCACAAAACA
CAGGTCCAGCTGCAGTCTGGGCCTGAGGTGGTGAGGCCTG
GGGTCTCAGTGAAGATTTCCTGCAAGGGTTCCGGCTACACAT

GHVAS TCACTGATTATGCTATGCACTGGGTGAAGCAGAGTCATGCAA

o IGHV | AGAGTCTAGAGGATTGGAGTTATTAGTACTTACAATGGTAATA

: CAAACTACAACCAGAAGTTTAAGGGCACACACAATGACTGTA
GACAAATCCTCCAGCACAGCCTATATGGAACTTGCCAGATTG
ACATCTGAGGATTCTGCCATCTATTACTGTGCAAGA

'5*'*841' Leader |GTGTGCACTCC

GHVA- | |CCATGGGTTGGAGCGTATCATCTTCTTCTGGTAGCAACAGCT

67°015 ACAG
CAGGTCCAACTGCAGCAGCCTGGGTCTGTGCTGGTGAGGCC
TGGAGCTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTACAC
CTTCACCAGCTCCTGGATGCACTGGGCGAAGCAGAGGCCTG

GHV15 |,o, | GACAAGGCCTTGAGTGGATTGGAGAGATTCATCCTAATAGTG

8

GTAATACTAACTACAATGAGAAGTTCAAGGGCAAGGCCACAC
TGACTGTAGACACATCCTCCAGCACAGCCTACGTGGATCTCA
GCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGCAA
GA
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IGHV1-

12*01 Leader GTGTCCACTCC

IGHV1- Leader ATGGGATGGAGCTCTATCATCCTCTTCTTGGTAGCAACAGCT

61*01 3 ACAG
ATAAACATGCATCAGTCTGGGGCTGAGCTGGTGAAGCCTGG
GATCTCTGTGAAGATGTTGTGCAAGGCTTCTGATTATACATTT

IGHV1.5 ACTGAATACTACATGCCCTGGTCAAGCAGAATCATGGAACGA

5p IGHV TCCTTGAGTGGATTGAAAATATTAATATTTACAATTGTGGTAT

: AACTATAATGAAAATTTCAAGGGCAAGGACACATCAACTGTA
GACTATTCCTCCAGTACAGCCTATATGTTGCTTAGCAAATTGA
CATCTGAGGATTCTAAGTTCTATTACTGTGCAAGA

oron |Leader | GAATCCATCTC

IGHV1- AATGTGTGCATACTAAGATCATTCTTAGAAATGGGAATAAAAT

* Leader

34*02 2 ACC

sii RSS CACAGTGAGTGAATGTTACTGTGAGCTCAAACACAAACC
AGCTGGTGGAGTCTGGGGGAGGCTTAGTGCAGCCTGGAGG
GTCCCGGAAACTCTCCTGTGCAGCCTCTGGATTCACTTTCAG

IGHV5.1. TAGCTATGCCATGTCTTGGGTCCGCCAGACTCCGGAGAAGA

P IGHV GGCTGGAGTGGGTCGCAGCCATTAGTACTGATGGTAGTTTC
ATCTACTAACCAGACACTGTAAAAGGCCGATTCACCATCTCC
AGAGACAATGCCAAGAACACCCTGTTTCTGCAAATGAGCAGT
CTAAGGTATGAGGACACGGCCATGTATTACTGTTTGAGACA

L-Part2 |Leader GTGTGAGTTGC

L-Part1 |Leader mGACTGCGGGATCAGCTTGGTTTTCCTTGTCCTTATATTAA

RSS Fail |RSS CACACACACAAACTGCCAAGGGTCCTCCATTTCTCTCAG
GTGTCCTGTCCCAGTTCCAGCTGAAGCAGTCAGGACCTGCC
CTTGTGCCGCCCTCACGGAGCCTGTCCATCACATGCACTGT
CTCTGGGTTCTCATTAACCAGCTGTGGTATAAGCTGGCTTCG

IGHV2.1.IGHV ATGGTCTCCAGGAAACGGAGATAGTGGAATTTTACAACTGTC

P CCATAGGCCTAGAAAACCCAGTCATCACCCCTGTTCCTCTTC
TGCATCCTTACCAATACGTGATCCCCAATCCTTACCCACTATT
CATCAAGTATATTATATTTTGCTACTGTTCCCCATTTATACAG
GACTTGCCAGATC

L-Part1 | Leader ATGACTGTGCTAGAGCTGCTCCTCTGCCTGGTGGCCTTTCCA
AGCT
CAGGTTACTCTGAAAGAGTCTGGCCCTGGAATATTGCAGCG
CTCCCAGACCCTCAGTCTGACTTGTTCTTTCTCTGGGTTTTCA

IGHV8.7 |IGHY CTGAGCACTTCTGGTATGGGTGTAGGCTGGATTCGTCAGCCT

TCAGGAAAGGGTCTAGAGTGGCTGGCAGACATTTGGTGGGA
TGACGATAAGTACTATAACCCATCCCTGAAGAGCCGGCTCAC
AATCTCCAAGGATACCTCCAAAAACCAGGTATTCCTCAAGAT
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CGCCAGTGTGGACACTGCAGATACTGCCACTTACTACTGTGC
TCGAAGAG

IGHV8-
8*01

Leader

ATGTCCTGTCC

IGHV8-
8*01

Leader

ATGGGCAGGCTTACTTCTTCATTCTTGCTACTGATTGTCCCTG
CAT

RSS
Pass

RSS

CACAATGAGCAAAAGTTACTGTGAGCTCAAACTAAAACC

IGHVS5.1

IGHV

GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTAGTGCAGC
CTGGAGAGTCCCTGAAACTCTCCTGTGAATCCAATGAATACG
AATTCCCTTCCCATGACATGTCTTGGGTCCGCAAGACTCCGG
AGAAGAGGCTGGAGTTGGTCGCAGCCATTAATAGTGATGGT
GGTAGCACCTACTATCCAGACACCATGGAGAGACGATTCATC
ATCTCCAGAGACAATACCAAGAAGACCCTGTACCTGCAAATG
AGCAGTCTGAGGTCTGAGGACACAGCCTTGTATTACTGTGCA
AGACA

L-Part2

Leader

TACAGTGT

L-Part1

Leader

ATGGACTTCGGGCTCAGCTTGGTTTTCCTTGTCCTTATTTTAA
AAA

518355

RSS

CACAGTGTTGCAACCACATCCTGAGAGTGTCAGAAACCC

IGHV1.9
3

IGHV

CAGGTCCAACTGCAGCAGCCTGGGGCTGAGCTTGTGATGCC
TGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTACA
CATTCACTGACTACTGGATGCACTGGGTGAAGCAGAGGCCT
GGACAAGGCCTTGAGTGGATCGGAGCGATTGATACTTCTGA
TAGTTATACTAGCTACAATCAAAAGTTCAAGGGCAAGGCCAC
ATTGACTGTAGACGAATCCTCCAGCACAGCCTACATGCAGCT
CAGCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGC
AAGA

IGHV1-
69701

Leader

GTGTCAACTCC

IGHV1-
69701

Leader

ATGAGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCT
ACAG

RSS
Pass

RSS

CACAGTGAGGGAAGTCCATTATGAACTTGAACAAAAATT

IGHV2.1

IGHV

CAGGTGCAGCTGAAGCAGTCAGGACCTGGCCTAGTGCAGCC
CTCACAGAGCCTGTCCATCACCTGCACAGTCTCTGGTTTCTC
ATTAACTAGCTATGGTGTACACTGGGTTCGCCAGTCTCCAGG
AAAGGGTCTGGAGTGGCTGGGAGTGATATGGAGTGGTGGAA
GCACAGACTATAATGCAGCTTTCATATCCAGACTGAGCATCA
GCAAGGACAATTCCAAGAGCCAAGTTTTCTTTAAAATGAACA
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GTCTGCAAGCTAATGACACAGCCATATATTACTGTGCCAGAA
A

L-Part2

Leader

GTGTCCTATCC

L-Part1

Leader

ATGGCTGTCTTGGGGCTGCTCTTCTGCCTGGTGACATTCCCA
AGCT

IGHV5.2.
P

IGHV

CTTTGCTTTGAGGTGTCCAGTGTGAGGTGAAGCTGATAGGGT
CAGTGCAGCCTGGAGGGTCCCTGAAACTCTCCTGTGCAGCC
TCTGGAGTCACTGTGAGTGACTACTGAATGACCTGGGTCCTT
CAGGCTCCAAAGAAGGGGCTGGAGAGGGTGGCAATAATTTT
TAATGGTGGAGGTAGCACCTATTATCCAGAAACCATGAAGGG
CTGATTCACTATCTACAGAGATGATGCCACAAACACACTTTAC
CTGAAAATAAACAGTCTGAGGTCTTAGTACACAGCC

L-Part1

Leader

ATGGACTTTGGGCTCAGCTTTGTTTTCCTTGTCCTTATTTTAA
AAG

RSS
Pass

RSS

CACAATGAGGAAATGTTACTGTGAGCTCAAACTAAAACC

IGHV5.2

IGHV

GAAGTGCAGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGC
CTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCA
CTTTCAGTGACTATTACATGTATTGGGTTCGCCAGACTCCGG
AAAAGAGGCTGGAGTGGGTCGCAACCATTAGTGATGGTGGT
AGTTACACCTACTATCCAGACAGTGTGAAGGGGCGATTCACC
ATCTCCAGAGACAATGCCAAGAACAACCTGTACCTGCAAATG
AGCAGTCTGAAGTCTGAGGACACAGCCATGTATTACTGTGCA
AGAGA

L-Part2

Leader

GTGTCCAGTGT

L-Part1

Leader

ATGAGCACTGAACACGGACCCCTCACCATGAACTTCGGGCT
CAGCTTGATTTTCCTTGTCCTTGTTTTAAAAG

IGHV1.5
1.P

IGHV

CAGGTCCATCTGCAACAATCTGGTCCTGAGATGGTGAGGCT
AGGGGCCTCAGTGAAGATATCCTGCAAGGCTTCTGGAAACA
CATTCACTGACTATGCTATGCACCGGGCAAAACAGTGTCATA
GAAAGAGCCTATAGTAGATTGGCTTTATTAATCCTTACAATGA
TTATACTAGCTACAACCAGAAGTTCAAGGGGAAGGCCACAAA
ATCTGTAGACAAATCCTCCAGCTCAGCCTATATGCAGCTCAG
CAGCCTGACATCTGAGGACTCTGCTGTCTATTACTGTGCAAG
ACACA

IGHV1S
45*01

Leader

GTTTCCACTCC

IGHV1S
45*01

Leader

ATAGGTTGTAGCTGTACCATCCTCTTCCTGGTAGCAATAGGT
ACAG
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IGHV5.3.

P

IGHV

GTGCCCAGTGTGAGGTGAAGCTAGTGGAGTCTAGGGGAGG
CTTAATGCAGCCTGAAAGGTCCGTGATACTCTCCTGTGCTGC
CTCTGGATGCACTGTCAGTGACTACTGGTTGGCCTGGGTTTG
CCAGGCTCCAAAGAAGGGGCTGGATGGGGGGGGGCATTAA
TTTTTCATGGTGGTGGTAGCACCTCCTATGCAGACACCTTGA
AGAAGTGGGCTGGACATAACATATTCAGAATCAATATTTAGA
GATTCTAATCCTTAAAGACATCACTTTGACCAAGTATATATGC
AACATGTTATGGAG

L-Part1

Leader

ATGAACTTTGGGTTCAGCTTGGTTTTCCTTGTCATTATTTGAA
AAG

IGHV1.5
9

IGHV

AAGGTCCAGCTGCAGCAGTCTGGAGCTGAGCTGGTGAAACC
CGGGGCATCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTACA
CCTTCACTGAGTATATTATACACTGGGTAAAGCAGAGGTCTG
GACAGGGTCTTGAGTGGATTGGGTGGTTTTACCCTGGAAGT
GGTAGTATAAAGTACAATGAGAAATTCAAGGACAAGGCCACA
TTGACTGCGGACAAATCCTCCAGCACAGTCTATATGGAGCTT
AGTAGATTGACATCTGAAGACTCTGCGGTCTATTTCTGTGCA
AGACACGAAGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
62-2*01

Leader

ATGGAATGGTGCTGGGTCTTTCTCTTCCTCCTGTCAGTAACT
GCAG

RSS
Pass

RSS

CACAATGAGAGAAGTCCATTGTGAGCATTCACAAATACT

IGHV2.2

IGHV

CAGGTGCAGCTGAAGGAGTCAGGACCTGGCCTGGTGGCGC
CCTCACAGAGCCTGTCCATCACATGCACTGTCTCAGGGTTCT
CATTAACCAGCTATGGTGTAAGCTGGGTTCGCCAGCCTCCA
GGAAAGGGTCTGGAGTGGCTGGGAGTAATATGGGGTGACG
GGAGCACAAATTATCATTCAGCTCTCATATCCAGACTGAGCA
TCAGCAAGGATAACTCCAAGAGCCAAGTTTTCTTAAAACTGA
ACAGTCTGCAAACTGATGACACAGCCACGTACTACTGTGCCA
AACC

L-Part2

Leader

GTGTCCTGTCC

L-Part1

Leader

ATGGCTGTCCTGGCACTGCTCCTCTGCCTGGTGACATTCCCA
AGCT

IGHV5.4.

P

IGHV

GTGTCAAGTGTGAGGTGAAGCTGGTGGAGTCTGTGGGAGGG
TTAGAGCAGCCTGGAGGGTCCCTGAAACTCTCCTGTGCAGC
CTCTGGAGTCACTGTCAGTGAGTACTGAATGACCTGGGTCCT
TCAGGCTCCAAAGAAGGAGCTGGAGAGGGTGGCAATAATTT
TTAATGGTGGAGGTAGCACCTATTATCCAGAAACCATGAAGG
GCCAATTCACCATCTGCAGAGATGATGCCAAAAACATACTTT
ACCTAGAAATAAACACTCTGTGGTCTGAGTA

L-Part1

Leader

ATGGACTTTGGGCTCAGCTTTGTTTTCCTTGTCCTTATTTTAA
AAT

485460

RSS

CACATTGTCACAGCCTCAGTTATCAGCTGTACATTAATT
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IGHVS8.1
4

IGHV

CAGGTTACTCTGAAAGAGTCTGGCCCTGGGATGTTGCAGCC
CTCCCAGACTCTCAGTCTGACTTGTTCTTTCTCTGGGTTTTCA
ATGAGCACTTTTGGTATGGGTGTAGGCTGGATTCATCAGCCT
TCAGGGAAGGGACTGGAGTGGCTGGCAAACATTTGGTGGCA
TGATAATAAGTACTATAACCCAGCCCTGAAGAGCCGGCTCAC
AATCTCCAAGGATACCTCCAAAAACCAGGTATTCCTCAAGAT
CGCCAGTGTGGACACTGCAGATACTGCCACATACTACTGTG
CTCGAATAG

IGHV8-
8*01

Leader

ATGTCCTGTCC

IGHV8-
8*01

Leader

ATGGGCAGGCTTACTTCTTCATTCTTGCTACTGATTGTCCCTG
CAT

IGHVS.2.

P

IGHV

CAGGTTACTCTGAAAGAGTCTGGCCCTGGGATATTGCAGCC
CTCCCAGACCCTCAGTCTGACTTGTTCTTTCTCTGGGTTTTCA
CTGAGTACTTCTGGTATGGGTGTAGGCTGGATTCGTCAGCCT
TCAGGGAAGGGTCTGGAGTGGCTGGCACACATTTGATGGGA
TGATGTCAAGCGCTATAACCCAGCCCTGAAGAGCCGACTGA
CAATCTCCAAGGATACCTCCAGCAGCCAGGTATTCCTCAAGA
TCGCCAGTGTGGACACTGCAGATACTGCCACATACTACTGTG
CTCGAATAG

IGHV8-
8*01

Leader

ATGTCCTGTCC

IGHV8-
8*012

Leader

ATGGGCAGGCTTACTTCTTCATTCCTGCTACTGATTGTCCCT
GCAT

RSS
Pass

RSS

CACAATGAGGAAATGTTACTGTGAGCTCAAACTAAAACC

IGHV5.3

IGHV

GAGGTGCAGCTGGTGGAGTCTGGGGGAGACTTAGTGAAGC
CTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCA
CTTTCAGTAGCTATGGCATGTCTTGGGTTCGCCAGACTCCAG
ACAAGAGGCTGGAGTGGGTCGCAACCATTAGTAGTGGTGGT
AGTTACACCTACTATCCAGACAGTGTGAAGGGGCGATTCACC
ATCTCCAGAGACAATGCCAAGAACACCCTGTACCTGCAAATG
AGCAGTCTGAAGTCTGAGGACACAGCCATGTATTACTGTGCA
AGACA

L-Part2

Leader

GTGTCCAGTGT

L-Part1

Leader

ATGAACTTCGGGCTCAGCTTGATTTTCCTTGCCCTCATTTTAA
AAG

IGHV5.5.

P

IGHV

GTGCCCAGTGGGAGGTGAAGCTGGTGGAGTCTAGGGGAGG
CTTAGTGTAGCCTGGAAGGTCCGTGATATGCTCATGTGCAGC
CTCTGGATTCACTGACAGTGACTAATAGTTGGCCTAGGTTTG
CCAAGTTCCAAAGAAGGAGCTGGAATGGGGGGCATTAATTTT
TCATGGTGGTGGTAGCACCTCCTATGCAGACACCTTGAAGAA
GTGGGTTGGACATAACATATTCAGAATCAATATTTAGAGATTC
TAATCCTTGAAGACATCACTTTTGACCAAGTATATATGCAACA
TGTTACTTAGG

222




IGHV1.5

CAGGTCCATCTGCAACAATCTGGTCCTGAGATGGTGAGACTA
GGGGCCTCAGTGAAGATGTCCTGCAAGGCTTCTGGAAACAC
ATTCACTGACTATGCTATGCACTGGGTGAAACAGTGTCATGG

o IGHV | AAAGAGCCTATAGTAGATTGGCTTTATTAATCCTTACAACGAT

: TATACTAGCTACAACCAGAAGTTCAAGGGGAAGGCCACAAAT
CTGTAGACAAATCCTCCAGCTCAGCCTATATGCAGCTCAGCA
GACTGACATCTGAGGACTCTGCTGTCTATTACTGTGCAAGA

Crartt | Loader ﬁl’\gGACTTTGGGCTCAGCTTGGCTTTACTCGTCCTTATTTTAA

'465*'*8418 Leader |GTTTCCACTCC

GHVAS | |ATGGGTTGTAGCTGTACCATCCTCTTCCTGGTAGCAATAGGT

45%01 3 ACAG
CAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAAGCE
TGGGGCTTCAGTGAGGATATCCTGCAAGGCTTCTGGCTACA
CCTTCACAAGCTACTATATACACTGGGTGAAGCAGAGGCCTG

GHV16 |,y | GACAGGGACTTGAGTGGATTGGATGGATTTATCCTGGAAATG

0 TTAATACTAAGTACAATGAGAAGTTCAAGGGCAAGGCCACAC
TGACTGCAGACAAATCCTCCAGCACAGCCTACATGCAGCTCA
GCAGCCTGACCTCTGAGGACTCTGCGGTCTATTTCTGTGCAA
GA

'7(;*”8415 Leader |GTGTCCATTGC

IGHVAS |~ |ATGGGATGGAGCCGGATCTTTCTCTTCCTCCTGTCAATAATT

5601 2 GCAG

RSS Fail |RSS CACTAAGGGAACTCCCATTTGAGCATAAAAAAAAATTTC
GAATCGTCTCCTACTTGCATATAAAAGAGTGAGGACTTGAAC
TGGTGTAGCCTTCACAGACCCTGCCCCATACCTGCACTGTCT
CTGGCTTCTCATTATTCCAGCTACCATGTGCACTGAGTGTGT

IGHV2.2. | ., |CAGTCTACAGCAAAGGGTCCACAGTGGATGGGAGCAATGTG

P TAGTGGGGAAACACAGCATACGGTTCAGCTCTCAACTCCCAA
CTCGTCATCAATAGGGACACATCTATGGGCAAGTGTTCTTAA
AACTGTACAATCTTCAAAAAGGGAAACAGTGATGTACTACTG
TGCCAGAGACA

partt |Longer | ATGGCTGTCCTGGTGCTGAACCTCTGCCTGGTGACATTTCCA
AGCT

E:sss RSS CACACTGAGGGAAGTCCATTATGAACTTGAACAAAAATT
CAGGTGCAGCTGAAGCAGTCAGGACCTGGCCTAGTGCAGCC
CTCACAGAGCCTGTCCATCACCTGCACAGTCTCTGGTTTCTC

rvas ey |ATTAACTAGCTATGGTGTACACTGGGTTCGCCAGCCTCCAGG

AAAGGGTCTGGAGTGGCTGGGAGTGATATGGAGTGGTGGAA
GCACAGACTATAATGCTGCTTTCATATCCAGACTGAGCATCA
GCAAGGACAACTCCAAGAGCCAAGTTTTCTTTAAAATGAACA
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GTCTGCAAGCTGATGACACAGCCATATACTACTGTGCCAGAA
A

L-Part2

Leader

GTGTCCTATCC

L-Part1

Leader

ATGGCTGTCCTGGTGCTGCTCTTCTGCCTGGTGACATTCCCA
AGCT

187112

RSS

CACAGTGTTGTAACCACATCCTGAGTGTGTCAGAAATCC

IGHV1.9
4

IGHV

CAGGTTCAGCTGCAGCAGTCTGGAGCTGAGCTGGCGAGGC
CCGGGGCTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTAC
ACCTTCACTGACTACTATATAAACTGGGTGAAGCAGAGGACT
GGACAGGGCCTTGAGTGGATTGGAGAGATTTATCCTGGAAG
TGGTAATACTTACTACAATGAGAAGTTCAAGGGCAAGGCCAC
ACTGACTGCAGACAAATCCTCCAGCACAGCCTACATGCAGCT
CAGCAGCCTGACATCTGAGGACTCTGCAGTCTATTTCTGTGC
AAGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
77*01

Leader

ATGGAATGGATCTGGATCTTTCTCTTCATCCTCTCAGGAACT
GCAG

IGHV5.6.

P

IGHV

GTGCCCAGTGTGAGGTGAAGCTGGTGGAGTCTGTGGGAGG
CTTAGTGCAGCCTGGAGGGTCGCTGAAACTCTCCTGGGCAG
CCTCTGGATTAACTCACTGACAACTGAATGACCTGGGTCCTT
CAGGCTCCAAGGAAGGGGCTGGAGAGGGTGGCAATAATTTT
TAGTGGTGGAGGTAGCACCTACTATATAGACGCAATGAAGG
GCCGATTCACCGTCTCCAGAGATGATAACAAAAACACACTTT
ACCTGAAAATAAACAGTCTGAGGTCTGAGTACACAGCC

IGHV1.6
1

IGHV

CAGGTCCAGCTGCAGCAGTCTGGGCCTGAGCTGGTGAGGC
CTGGGGTCTCAGTGAAGATTTCCTGCAAGGGTTCCGGCTAC
ACATTCACTGATTATGCTATGCACTGGGTGAAGCAGAGTCAT
GCAAAGAGTCTAGAGTGGATTGGAGTTATTAGTACTTACTAT
GGTAATACAAACTACAACCAGAAGTTTAAGGGCAAGGCCACA
ATGACTGTAGACAAATCCTCCAGCACAGCCTATATGGAACTT
GCCAGATTGACATCTGAGGATTCTGCCATCTATTACTGTGCA
AGA

IGHV1-
67701

Leader

GTGTGCACTCC

IGHV1-
67701

Leader

ATGGGTTGGAGCTGTATCATCTTCTTTCTGGTAGCAACAGCT
ACAG

RSS
Pass

RSS

CACAGTGAGTGAATGTTACTGTGAGCTCAAACTAAAACC
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IGHV5.4

IGHV

GAAGTGAAGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCC
TGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCG
CTTTCAGTAGCTATGACATGTCTTGGGTTCGCCAGACTCCGG
AGAAGAGGCTGGAGTGGGTCGCAACCATTAGTAGTGGTGGT
AGTTACACCTACTATCCAGACAGTGTGAAGGGCCGATTCACC
ATCTCCAGAGACAATGCCAGGAACACCCTGTACCTGCAAATG
AGCAGTCTGAGGTCTGAGGACACGGCCTTGTATTACTGTGC
AAGACA

438826

RSS

CACAGTGTTCCAACCACATCCTGAGTGTATTAGAAACCG

IGHV1.9
)

IGHV

CAGGTCCAACTGCAGCAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGCTACAC
CTTCACTAGCTATGGTATAAACTGGGTAAAGCAGAGGCCTGG
ACAGGGCCTAGAGTGGATTGGATATATTTATCCTGGAAGTGG
TGGTACTGCCTACAATCAGAAGTTTAAGGGCAAGGCCACACT
GACTGCAGACAAGTCCTCCAGCACTGTCTACATGCAGCTCA
GCAGCCTGACATCTGAGGACTCTGCGATCTATTTCTGTGCAA
GA

L-Part2

Leader

TCCAGTGT

L-Part1

Leader

ATGAACTTTGGGCTGAGCTTGATTTTCCTTGTCCTAATTTTAA
AAG

IGHV1-
777012

Leader

GTGTCCATTGC

IGHV1-
777012

Leader

ATGGGATGGAACTGGATATTTCTCTTCCTCCTGTCAGGAACT
GCAG

IGHV5.7.

P

IGHV

GTGCCCAGTGGGAGGTAAAGCTGGTGGAGTCTAGGGGAGG
CTTAGTGTAGCCTGGAAGGTCCGTGATACGCTCATGTGCAG
CCTCTGGATTCACTGACAGTGACTAATAGTTGGCCTAGGTTT
GCCAAGTTCCAAAGAAGGAGCTGGAATGGGGGGCATTAATT
TTTCATGGTGGTGGTAGCACCTCCTATGCAGACACCTTGAAG
AAGTGGGTTGGACATAACATATTCAGAATCAATATTTAGAGAT
TCTAATCCTTGAAGACATCACTTTTGACCAAGTATATATGCAA
CATGTTACTTAGG

L-Part1

Leader

ATGGACTTTGGGCTCAGCTTGGCTTTCCTTGTCCTTATTTTAA
AAG

425033

RSS

CACAGTGTTGTAACCACATCCTGAGTCTGTCAGAAACCC

IGHV1.9
6

IGHV

CAGGTCCAGCTGAAGCAGTCTGGAGCTGAGCTGGTGAGGCC
TGGGGCTTCAGTGAAGCTGTCCTGCAAGACTTCTGGATACAT
CTTCACCAGCTACTGGATTCACTGGGTAAAACAGAGGTCTGG
ACAGGGCCTTGAGTGGATTGCAAGGATTTATCCTGGAACTG
GTAGTACTTACTACAATGAGAAGTTCAAGGGCAAGGCCACAC
TGACTGCAGACAAATCCTCCAGCACTGCCTACATGCAGCTCA
GCAGCCTGAAATCTGAGGACTCTGCTGTCTATTTCTGTGCAA
GA

IGHV1-
46*01

Leader

GTGTCCACTGC
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IGHV1-
76*01

Leader

ATGGGATGGAGCTGGGTCTTTCTCTTCCTCCTGTCAGGAACT
GCAG

IGHV2.3.

P

IGHV

GAATCGTCTCCTACTTGCATCTGAAAGAGCGAGGACTTGAAC
TGGTGTAGCCTTCACAGACCCTGCCCCATACCTGCACTGTCT
CTGGCTTCTCATTATTCAAGCTACCATGTGCACTGAGTGTGT
CAGTCTACAGCAAAGGGTCCACAGTGGATGGGAGCAATGTG
TAGTGGGGAAACACAGCATACGGTTCAGCTCTCAACTCCCAA
CTCGTCATCAATAGGGACACATCTATGGGCAAGTGTTCTTAA
AACTGAACAATCTTCAAAAAGGAAAACAGTGATGTACTACTGT
GCCAGAGA

RSS
Pass

RSS

CACAGTGAGGGAAGTCCATTATGAACCTGAACAAAAATT

IGHV2.4

IGHV

CAGGTGCAGCTGAAGCAGTCAGGACCTGGCCTAGTGCAGCC
CTCACAGAGCCTGTCCATAACCTGCACAGTCTCTGGTTTCTC
ATTAACTAGCTATGGTGTACACTGGGTTCGCCAGTCTCCAGG
AAAGGGTCTGGAGTGGCTGGGAGTGATATGGAGAGGTGGAA
GCACAGACTACAATGCAGCTTTCATGTCCAGACTGAGCATCA
CCAAGGACAACTCCAAGAGCCAAGTTTTCTTTAAAATGAACA
GTCTGCAAGCTGATGACACTGCCATATACTACTGTGCCAAAA
A

L-Part2

Leader

GTGTCCTGTCC

L-Part1

Leader

ATGGCTGTCCTGGTGCTGCTCCTCTGCCTGGTGACATTCCCA
A

IGHV5.8.

P

IGHV

CTTTGCTTTGAGGTGCCCAGTGTGAGGTGAAGCTGGTAGGG
TCAGGGCAGCCTGGAGGGTCCCTGAAACACTCCTGTGCAGC
CTCTGTAGTCACTGTGAGTGACTACTGAATGACCTGGGTCCT
TCAGGCTCTAAAGAAGGGGCTGGAGAGGGTGGAAATAATTT

TTAATGGTGGAGGTAGCACCTATTATCCAGACACCATGAAGG
GCTGATTCACCATCTACAGAGATGATGCCAGAAACACACTTT
ACCTGAAAATAAACAGTCTGAGGTCTGAGTACACAGCC

L-Part1

Leader

ATGGACTTTGGGCTCAGGTTTGTTTTCCTTGTCCTTATTTTAA
AAG

IGHV1.6
2

IGHV

CAGGTCCAACTGCAGCAGCCTGGGGCTGAGCTGGTGAGGC
CTGGAGCTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTACT
CCTTCACCAGCTACTGGATGAACTGGGTGAAGCAGAGGCCT
GGACAAGGCCTTGAGTGGATTGGCATGATTCATCCTTCCGAT
AGTGAAACTAGGTTAAATCAGAAGTTCAAGGACAAGGCCACA
TTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAACTC
AGCAGCCCGACATCTGAGGACTCTGCGGTCTATTACTGTGC
AAGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
61013

Leader

ATGGGATGGAGCTCTATCATCCTCTTCTTGGTAGCAACAGCT
ACAG

RSS
Pass

RSS

CACAATGAGGAAATGTTACTGTGAGCTCAAACTAAAACC
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IGHV5.5

IGHV

GAAGTGAAGCTGGTGGAGTCTGGGGGAGGCTTAGTGCAGC
CTGGAGGGTCCCTGAAACTCTCCTGTGCAACCTCTGGATTCA
CTTTCAGTGACTATTACATGTATTGGGTTCGCCAGACTCCAG
AGAAGAGGCTGGAGTGGGTCGCATACATTAGTAATGGTGGT
GGTAGCACCTATTATCCAGACACTGTAAAGGGCCGATTCACC
ATCTCCAGAGACAATGCCAAGAACACCCTGTACCTGCAAATG
AGCCGTCTGAAGTCTGAGGACACAGCCATGTATTACTGTGCA
AGACA

L-Part2

Leader

GTGTCCAGTGT

L-Part1

Leader

ATGAACTTGGGGCTCAGCTTGATTTTCCTTGTCCTTGTTTTAA
AAG

Relic.1

IGHV

ATATCACTTTTGACCAAGTATATATGAACCATGTTACTGAGGT
TTATGGAGGTTTGAGTATGTTAGGTCCATGGATAGGGAAAAT
ATTAGGGGATTTTAGGAGTAACTGAGGCTTGTTGTAGGAAGG
ACATCACTGTAGGGGTAGGCTCCGTGTTCCTATCTTCAAGCT
CTACCCAGTGCAGAATAGAGCCCTCTTCTGCCGGCAAGTGG
AAAGAGTTTCTCTTCCTGGCTGCCTTCAATCCAAGTTGTAGAA
TATCAAATCTCCTAACACTATGACTGCGAGCATGCTGACATG
CGTCCCACCATAA

IGHV1.5
2.P

IGHV

CAGGTCCATCTGCAACAATCTGGTCCTGAGATGGTGAGGCT
AGGGGCCTCAGTGAAGATATCCTGCAAGGCTTCTGGAAACA
CATTCACTGACTATGCTATGCACCGGGCAAAACAGTGTCATA
GAAAGAGCCTATAGTAGATTGGCTTTATTAATCCTTACAATGA
TTATACTAGCTACAACCAGAAGTTCAAGGGGAAGGCCACAAA
ATCTGTAGACAAACCCTCCAGCTCAGCCTATATGCAGCTCAG
CAGCCTGACATCTGAGGACTCTGCTGTCTATTACTGTGCAAG
A

IGHV1S
45*01

Leader

GTTTCCACTCC

IGHV1S
45*01

Leader

ATAGGTTGTAGCTGTACCATCCTCTTCCTGGTAGCAATAGGT
ACAG

RSS
Pass

RSS

CACAGTGTGGGAAGTCCAATGTGAGCCTGCACAAATACT

IGHV2.5

IGHV

CAGGTGCAGCTGAAGGAGTCAGGACCTGGCCTGGTGGCGC
CCTCACAGAGCCTGTCCATCACATGCACCGTCTCAGGGTTCT
CATTAACTAGCTATGGTGTACACTGGGTTCGCCAGCCTCCAG
GAAAGGGTCTGGAGTGGCTGGTAGTGATATGGAGTGATGGA
AGCACAACCTATAATTCAGCTCTCAAATCCAGACTGAGCATC
AGCAAGGACAACTCCAAGAGCCAAGTTTTCTTAAAAATGAAC
AGTCTCCAAACTGATGACACAGCCATGTACTACTGTGCCAGA
AA

L-Part2

Leader

GTGTCCTGTCC

L-Part1

Leader

ATGGCTGTCCTGGGGCTGCTTCTCTGCCTGGTGACTTTCCCA
AGCT
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IGHV1.6
3

IGHV

AAGGTCCAGCTGCAGCAGTCTGGAGCTGAGCTGGTGAAACC
CGGGGCATCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTACA
CCTTCACTGAGTATATTATACACTGGGTAAAGCAGAGGTCTG
GACAGGGTCTTGAGTGGATTGGGTGGTTTTACCCTGGAAGT
GGTAGTATAAAGTACAATGAGAAATTCAAGGACAAGGCCACA
TTGACTGCGGACAAATCCTCCAGCACAGTCTATATGGAGCTT
AGTAGATTGACATCTGAAGACTCTGCGGTCTATTTCTGTGCA
AGACACGAAGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
62-2*01

Leader

ATGGAATGGTGCTGGGTCTTTCTCTTCCTCCTGTCAGTAACT
GCAG

375145

RSS

CACAGTGCTGTAACCACATCCAGAGTGTGTCTGAAACCC

IGHV1.9
7

IGHV

CAGGTCCAGCTGCAGCAGTCTGGAGCTGAGCTGGTAAGGCC
TGGGACTTCAGTGAAGGTGTCCTGCAAGGCTTCTGGATACG
CCTTCACTAATTACTTGATAGAGTGGGTAAAGCAGAGGCCTG
GACAGGGCCTTGAGTGGATTGGAGTGATTAATCCTGGAAGT
GGTGGTACTAACTACAATGAGAAGTTCAAGGGCAAGGCAAC
ACTGACTGCAGACAAATCCTCCAGCACTGCCTACATGCAGCT
CAGCAGCCTGACATCTGATGACTCTGCGGTTTATTTCTGTGC
AAGA

IGHV1-
54*01

Leader

GTGTTCACTCC

IGHV1-
54*01

Leader

ATGGAATGGAGCGGAGTCTTTATCTTTCTCCTGTCAGTAACT
GCAG

IGHV5.9.

P

IGHV

GGTGTTCAGGGTGAGGTAGAGCTGGTGAAGTCTAATAAAGG
CATAGTAATGCCTAAAAGTCCCTGAAACTCTCATGTTAAACCT
CTTGATTCACATTCAGTGATTACTATATAAGTGGGGTCCTCCA
GGCTCTAGGGAAGGGTCTTCAGTGGTGACCATACATTAATG
GAGATAGTTCCATCAACTGTGCTGAAGCCATGAAAAGCCAAT
TCATCATCACCAGAGACAATGCCAAGAACAACCTCTACCTGG
AAATTTGCAGACTGAGAACACAGCCATGTATCATTGTGCAGG
ATA

L-Part1

Leader

ATGAAAACAATATATGCCCTGACCCCTGTATCTCTGGCAGAG
AAGCCAA

363211

RSS

CACAGTGTTGCAACCACATCCTGAGAGTGTCCGAAAACC

IGHV1.9
8

IGHV

CAGGTCCAACTCCAGCAGCCTGGGGCTGAACTGGTGAAGCC
TGGGGCTTCAGTGAAGTTGTCCTGCAAGGCTTCTGGCTACAC
CTTCACCAGCTACTGGATGCACTGGGTGAAGCTGAGGCCTG
GACAAGGCTTTGAGTGGATTGGAGAGATTAATCCTAGCAATG
GTGGTACTAACTACAATGAGAAGTTCAAGAGAAAGGCCACAC
TGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAACTCA
GCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTACAA
TA
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IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV8.8

IGHV

CAGGTTACTCTGAAAGAGTCTGGCCCTGGGATATTGCAGCC
CTCCCAGACCCTCAGTCTGACTTGTTCTTTCTCTGGGTTTTCA
CTGAGCACTTCTGGTATGGGTGTAGGCTGGATTCGTCAGCC
ATCAGGGAAGGGTCTGGAGTGGCTGGCACACATTTGGTGGG
ATGATGTCAAGCGCTATAACCCAGCCCTGAAGAGCCGACTG
ACTATCTCCAAGGATACCTCCAGCAGCCAGGTATTCCTCAAG
ATCGCCAGTGTGGACACTGCAGATACTGCCACATACTACTGT
GCTCGAATAG

IGHV1S
16*01

Leader

ATGGGATGGAGCTATATCATTTTCTTTTTGGTAGCAACAGCTA
CAG

IGHV8-
8*01

Leader

ATGTCCTGTCC

IGHV8-
8*012

Leader

ATGGGCAGGCTTACTTCTTCATTCCTGCTACTGATTGTCCCT
GCAT

RSS
Pass

RSS

CACAATGAGGAAATGTTACTGTGAGCTCAAACTAAAACC

IGHV5.6

IGHV

GAAGTGATGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCC
TGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCAC
TTTCAGTAGCTATGCCATGTCTTGGGTTCGCCAGACTCCGGA
GAAGAGGCTGGAGTGGGTCGCAACCATTAGTAGTGGTGGTA
GTTACACCTACTATCCAGACAGTGTGAAGGGGCGATTCACCA
TCTCCAGAGACAATGCCAAGAACACCCTGTACCTGCAAATGA
GCAGTCTGAGGTCTGAGGACACGGCCATGTATTACTGTGCA
AGACA

L-Part2

Leader

TCCAGTGT

L-Part1

Leader

ATGAACTTCGGGCTCAGCTTGATTTTCCTTGTCCTTGTTTTAA
AAG

Relic.2

IGHV

ATATCACTTTTGACCAAGTATATATGAACCATGTTACTGAGGT

TTATGGAGGTTTGAGTATGTTAGGTCCATGGATAGGGAAAAT

ATTAGGGGATTTTAGGAGTAACTGAGGCTTGTTGTAGGAAGG
ACATCACTGTAGGGGTAGGCTCTGTGTTCCTATCTTCAAGCT

CTACCCAGTGCAGAATAGAGCCCTCTTCTGCCTGCAAGTAGA
AAGACTTTCTCTTCCTGGCTGCCTTCAATCCAAGTTGTAGAAT
ATCAAATCTCCTAACACTATGACTGCGAGCATGCTGCCATGC

GTCCCACCATAA

RSS
Pass

RSS

CACAGTGTGGGAAGTCCAATGTGAGCCTGCACAAATACT

IGHV2.6

IGHV

CAGGTGCAGCTGAAGGAGTCAGGACCTGGCCTGGTGGCGC
CCTCACAGAGCCTGTCCATCACATGCACCATCTCAGGGTTCT
CATTAACCAGCTATGGTGTACACTGGGTTCGCCAGCCTCCAG
GAAAGGGTCTGGAGTGGCTGGTAGTGATATGGAGTGATGGA
AGCACAACCTATAATTCAGCTCTCAAATCCAGACTGAGCATC
AGCAAGGACAACTCCAAGAGCCAAGTTTTCTTAAAAATGAAC
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AGTCTCCAAACTGATGACACAGCCATGTACTACTGTGCCAGA
CA

L-Part2

Leader

GTGTCCTGTCC

L-Part1

Leader

ATGGCTGTCCTGGGGCTGCTTCTCTGCCTGGTGACTTTCCCA
AGCT

RSS
Pass

RSS

CACAGTGAGTGAATGTTACTGTGAGCTCAAACTAAAACC

IGHV5.7

IGHV

GAAGTGAAGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCC
TGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCAC
TTTCAGTAGCTATGGCATGTCTTGGGTTCGCCAGACTCCGGA
GAAGAGGCTGGAGTGGGTCGCAACCATTAGTGGTGGTGGTA
GTTACACCTACTATCCAGACAGTGTGAAGGGGCGATTCACCA
TCTCCAGAGACAATGCCAAGAACAACCTGTACCTGCAAATGA
GCAGTCTGAGGTCTGAGGACACGGCCTTGTATTACTGTGCA
AGACA

L-Part2

Leader

TCCAGTGT

L-Part1

Leader

ATGAACTTCGGGCTCAGCTTGATTTTCCTTGTCCTAATTTTAA
AAG

IGHVS5.1
0.P

IGHV

GTGCCCAGTGGGAGGTGAAGCTGGTGAAGTCTAAGGGGAG
GCTTAGTGTAGCCTGGAAGGTCCATGATACTCTACTGTGCAG
CCTCTGGATTCACTGACAGGGACTAATAGTTTGCCTAGGTTT
GCCAGGCTCCAAAGAAGGGGCTGGAATGGGGGGAATTAATT
TTTCATGGTGGTGGTAGCACCTCCTATGCAGACACCTTGAAG
AAGTGGGTTAGACATAACATATTCAGAATCAATATTTAGAGAT
TCTAATCCATGAAGACATCACTTTTGACCAAGTATATATGCAA
CATGTTACTTAGG

L-Part1

Leader

ATGGACTTTGGGCTCAGCTTGGCTTTCCTTGTCCTTATTTTGA
AAG

327935

RSS

CACAGTATTATAGCCTGACTCTGAAGTATGTCAGAAAAT

IGHV1.6
0.P

IGHV

TTCAGTCCTGGTCAGCTTCTTCCTCTGCATTTTTCTGGCAAAC
TCTGCTCCTGACTCTTTCTCAGGAAAAGGAACTTAGCAGGAA

ATAGGAGATGGGGAATACAGGTGAGAGAGAGAGAGAGAGAG
AGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGATTTC
ACAAAGATCAGAAGTTTGAGGACAGAACCATATTGGATGCAG
ATATAATGTTCAACACAGCTTGATGGAGCTCAGCAGCCTGTC

ATTGGAAGGCGCTGATATCTATTAAAGTGTCAGG

IGHV1-
9*01

Leader

GTTACCTCTCC

IGHV1-
9*01

Leader

CTGCACAATCATTTTTTCTGTTCTCTTACTATGTCTATAATACA
AT
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RSS
Pass

RSS

CACAGTGAGAGAAGTCCATTATGAACCTAAACAAAAATT

IGHV2.4.

P

IGHV

CAGGTGCAGCTGAAGCAGTCAGGACCTGGCCTAGTGCAGCC
CTCACAGAGCCTGTCCATCACCTGCACATTCTCTGGTTTCTG
ATTAACCAGCTATGGTGTACACTGGGAGCGCCATTCTCCAGG
AAAGGGTCTGGAGTGGCTGGGAGTGATATGGAGTGGTGTAC
ACACAGACTATAATGCAGCTTTCATATCCAGATTGAGCATCA
GCAAGGACAACTCCAAGAGCCAAGTTTTCTTTAAAATGAACA
GTCTGCAAGCTGATGACACAGCCATATACTACTGTGCCAGAA
A

L-Part2

Leader

GTGTCCTGTCC

L-Part1

Leader

GCATGGCTGTCCTGGTGCTACTCCTCTGCCTGCTGACTTTCC
CAAGCT

IGHVS5.1
1.P

IGHV

GTGCCCAGTGTGAGGTGAAGCTGGTGGAGTCTGGGGGAGG
CTTAGTGCAGCATGGAGGGTCCCTGAAACTCTCCTGGGCAG
CCTCTGGATTAACTCACTGACAACTAAATGACCTGTGTCATTC
AGGCTCCAAGGAAGGGGCTGGAGAGGGTGGCAATAATTTTT
AATGGTGGAGGTAGCACCTACTATATAGACGCAAAGAAGGG
CCGATTCACCATCTCCAGAGATGATAACAAAAACACACTTTA
CCTGAAAATAAACAGTCTGAGGTCTGAGTACACTGCC

L-Part1

Leader

ATGGACTTTGGGCTCAGCTTTGTTTTCCTTGTCCTAATTTTAA
AAG

305525

RSS

CACATTGACACAGCTTCAGTTTTCAGCTGTACAGTATTT

IGHV8.1
)

IGHV

CAGGTTACTCTGAAAGAGTCTGGCCCTGGGATATTGCAGCC
CTCCCAGACCCTCAGTCTGACTTGTTCTTTCTCTGGGTTTTCA
CTGAGCACTTCTGGTATGGGTGTAGGCTGGATTCGTCAGCCT
TCAGGAGAGGGTCTAGAGTGGCTGGCAGACATTTGGTGGGA
TGACAATAAGTACTATAACCCATCCCTGAAGAGCCGGCTCAC
AATCTCCAAGGATACCTCCAGCAACCAGGTATTCCTCAAGAT
CACCAGTGTGGACACTGCAGATACTGCCACTTACTACTGTGC
TCGAAGA

IGHV8-
8*01

Leader

ATGTCCTGTCC

IGHV8-
8*01

Leader

ATGGGCAGGCTTACTTCTTCATTCTTGCTACTGATTGTCCCTG
CAT

RSS
Pass

RSS

CACAATGAGGAAATGTTACTGTGAGCTCAAACTAAAACC

IGHV5.8

IGHV

GAAGTGCAGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGC
CTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCA
CTTTCAGTAGCTATGCCATGTCTTGGGTTCGCCAGACTCCGG
AGAAGAGGCTGGAGTGGGTCGCAACCATTAGTAGTGGTGGT
AGTTACACCTACTATCCAGACAGTGTGAAGGGTCGATTCACC
ATCTCCAGAGACAATGCCAAGAACACCCTGTACCTGCAAATG
AGCAGTCTGAGGTCTGAGGACACGGCCATGTATTACTGTGC
AAGACA
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L-Part2

Leader

TCCAGTGT

ATGAACTTTGTGCTCAGCTTGATTTTCCTTGCCCTCATTTTAA

L-Part1 Leader AAG

ﬁii RSS CACACTAAGGATACTCCCATTTGAGCATAAAAAAATTTT
GAATCCTCTCCTACTTGCATCTGAAAGAGTGAGGACTTGGAC
TGGTGTAGCCTTCACAGACCCTGCCCCATACCTGCACTGTCT
CTGGCTTCTCATTATTCCAGCTACTATGTGCACTGAGTGTGT

IGHV25. | -\ |CAGTCTACAGCAAAGGGTCCACAGTGGATGGGAGCAATGTG

P TAGTGGGGAAGCACAGCATATGGTTCAGCTCTCAAATCCATA
CTCTTCATCAATAGGGACACATGTATGAGCCAAGTGTTATTAA
AACTGTACAATCTTCAAAAAGGGAAACAGTCATATACTACTGT
GCCAGAGA

rartt | Loader ég?GCTGTCCTGGTGCTGAACCTCTGCCTGGTGAATTTCTGA

§2i RSS CACAGTGAGGGAAGTCCATTATGAACCTAAACAAAAATT
CAGGTGCAGCTGAAGCAGTCAGGACCTGGCCTAGTGCAGCC
CTCACAGAGCCTGTCCATCACCTGCACAGTCTCTGGTTTCTC
ATTAACTAGCTATGGTGTACACTGGGTTCGCCAGTCTCCAGG

var Loy | AAAGGGTCTGGAGTGGCTGGGAGTGATATGGAGTGGTGGAA

: GCACAGACTATAATGCAGCTTTCATATCCAGACTGAGCATCA

GCAAGGACAACTCCAAGAGCCAAGTTTTCTTTAAAATGAACA
GTCTGCAAGCTGATGACACAGCCATATACTACTGTGCCAGAA
A

L-Part2 Leader GTGTCCTATCC

Partt | Loader ﬁg%?CTGTCTTGGGGCTGCTCTTCTGCCTGGTGACATTCCCA
GTGCCCAGTGTGAGGTGAAGCTGGTGGAGTCTGTGGGAGG
CTTAGTACATCATGGAGGGTCCCTGAAACTCTCCTGGGCAG

GHVS CCTCTGGATTAACTCACTGACAACTGAATGACCTGGGTCCTT

Vo1 lIGHY | CAGGCTCCAAGGAAGGGGCTGGAGAGGGTGGCAATAATTTT

: TAGTGGTGGAGGTAGCACCTACTATATAGACGCAATGAAGG
GCCGATTCACCGTCTCCAGAGATGATAACAAAAACACACTTT
ACCTGAAAATAAACAGTCTGAGGTCTGAGTACACAGCC

part | Loader ﬁ;gGACTTTGAGCTCAGCTTTGTTTTCCTTGTCCTAATTTTAA

Eii RSS CACAGTGAGTGAATGTTACTGTGAGCTCAAACTAAAACC
GAAGTGCAGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGC
CTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCA

GHYss ey | CTTTCAGTAGCTATGCCATGTCTTGGGTTCGCCAGTCTCCAG

AGAAGAGGCTGGAGTGGGTCGCAGAAATTAGTAGTGGTGGT
AGTTACACCTACTATCCAGACACTGTGACGGGCCGATTCACC
ATCTCCAGAGACAATGCCAAGAACACCCTGTACCTGGAAATG
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AGCAGTCTGAGGTCTGAGGACACGGCCATGTATTACTGTGC
AAGGGA

L-Part2

Leader

TCCAGTGT

L-Part1

Leader

ATGAACTTCGGGCTCAGCTTGATTTTCCTTGTCCTTATTTTAA
AAG

IGHVS5.1
3.P

IGHV

GTGTCCAGTGTGAGGTAAAGCTGGAGAAGTCTAAGGGGAGG
CTTAGTGCAGCCTGGAAGGTCCATGATACTCTACAGTGCAGC
CTCTGGATTCACTGTCAGTGACGAATGGTTTGCCTGGATTGG
CCAGGCTCCAAAGAAGGGGCTGTGGTGGGGGGGGGCATAA
TTTTTCATGGTTGTGGTAGCCCCTCTTATGCAGACACCTTGAA
GAAGTGGGTTGGACCTAAAATATTCAGAATCAATATTTAAAGA
TTCTAATCCTTGAAGATGTCACTTTTGACCAAGTATATATGAA
ACATGTTACTGA

L-Part1

Leader

ATGGACTTTGTGCTCAGATTGGCTTTCCTTGTCCTTATTTTAA
AAG

271257

RSS

CACAATGGAGCAACCACATCCTGAGTGTGTCAGAAACCC

IGHV1.6
1.P

IGHV

CAGGTCCATCTGCAACAATCTGGTCCTGAGATGGTGAGGCT
AGGGGCCTCAGTGAAGATGTCCTGCAAGGCTTCTGGAAACA
CATTCACTGACTATGCTATGCACTGGGTGAAACAGTGTCATG
GAAAGAGCCTATAGTAGATTGGCTTTATTAACCCTTACAATGA
TTATACTAGCTACAACCAGAAGTTCAAGGGGAAGGCCACAAA
ATCTGTAGACAAATCCTCCAGCTCAGCCTATATGCAGCTCAG
CAACCTGACATCTGAGGACTCTGCTGTCTATTACTGTGCAAG
A

IGHV1S
45*01

Leader

GTTTCCACTCC

IGHV1S
45*01 3

Leader

ATGGGTTGTAGCTGTACCATCCTCTTCCTGGTAGCAATAGGT
ACAG

RSS
Pass

RSS

CACAGTGAGGGAAGTCCAGTGTGAGCCTGCACAAATACT

IGHV2.8

IGHV

CAGGTGCAACTGAAGGAGTCAGGACCTGGCCTGGTGGCGC
CCTCACAGAGCCTGTCCATTACCTGCACTGTCTCTGGGTTCT
CATTAACCAGCTATGATATAAGCTGGATTCGCCAGCCACCAG
GAAAGGGTCTGGAGTGGCTTGGAGTAATATGGACTGGTGGA
GGCACAAATTATAATTCAGCTTTCATGTCCAGACTGAGCATC
AGCAAGGACAACTCCAAGAGCCAAGTTTTCTTAAAAATGAAC
AGTCTGCAAACTGATGACACAGCCATATATTACTGTGTAAGA
GA

L-Part2

Leader

GTACCCTGTCC
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L-Part1

Leader

ATGGCTGTCCTGGCACTACTCCTCTGCCTGGTGGCTTTCCCA
AGCT

RSS Fail

RSS

CACAGTGAGTCCATTATGAACCTGAACAAAAATTTCACT

IGHV2.6.
P

IGHV

CAGGTGCAGCTGAAGGAGTCAGGACCTGGCCTAGTGCAGCC
CTCACAGAGCCTGTCCATCACCTGCACAGTCTCTGGATTCTC
ATTAACTAGCTATGGTGTACACTGGGTTCGCCAGTCTCCAGG
AAAGGGTCTGGAGTGGCTGGGAGTGATATGGAGTGGTGGAA
GCACAGACTACAATGCACCTTTCATATCCAGACTGAGCATCA
GCAAGGACAACTCCAAGAGCCAAATTTTCTTTAAAATGAACA
GTCTGCAAGCTGATGACACTGCCATATACTACTGTGCCAGAA
A

L-Part2

Leader

GTGTCCTTTCC

L-Part1

Leader

ATGGCTGTCCTGGTGCTGCTCTTCTGCCTGGTGACATTCCCA
AGCT

IGHV5.1
4.P

IGHV

CTCTGCTTTGAGGTGTCCAGTGTGAGGTGAAGCTGATAGGG
TCAGTGCAGCCTGGAGAGTCCCTGAAACTCTCCTGTGCGGC
CTCTGGAGGCACTGTCAGTGACTAGTGAAAGACCTGTGTCCT
TCAGGCTCCAAAAAAGGGGCTGGAGAGGGTGGCAATAATTT
TTAATGGTGGAGGTAGCACCTATTATCCAGAAACCATGAAGG
GCTGATTCACCATCTACAGAGATGATAATAAAAACACACTTTA
CCTGAAAATATACAGTCTGAGTTCTGAGTACACAGCC

L-Part1

Leader

ATGGTCTTGGGGCTCAGCTTTGTTTTCCTTGTACTTATTTTAA
AAG

187112

RSS

CACAGTGTTGTAACCACATCCTGAGTGTGTCAGAAATCC

IGHV1.9
9

IGHV

CAGGTTCAGCTGCAGCAGTCTGACGCTGAGTTGGTGAAACC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGCTACAC
CTTCACTGACCATGCTATTCACTGGGTGAAGCAGAAGCCTGA
ACAGGGCCTGGAATGGATTGGATATATTTCTCCCGGAAATGG
TGATATTAAGTACAATGAGAAGTTCAAGGGCAAGGCCACACT
GACTGCAGACAAATCCTCCAGCACTGCCTACATGCAGCTCAA
CAGCCTGACATCTGAGGATTCTGCAGTGTATTTCTGTAAAAG
A

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1S
53*02

Leader

ATGGAATGGAGCTGGGTCTTTCTCTTCTTCCTGTCAGTAACT
ACAG

RSS
Pass

RSS

CACAGTGAGTGAATGTTACTGTGAGCTCAAACTAAAACC

IGHVS5.1
0

IGHV

GACGTGAAGCTCGTGGAGTCTGGGGGAGGCTTAGTGAAGCT
TGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCAC
TTTCAGTAGCTATTACATGTCTTGGGTTCGCCAGACTCCAGA
GAAGAGGCTGGAGTTGGTCGCAGCCATTAATAGTAATGGTG
GTAGCACCTACTATCCAGACACTGTGAAGGGCCGATTCACCA
TCTCCAGAGACAATGCCAAGAACACCCTGTACCTGCAAATGA
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GCAGTCTGAAGTCTGAGGACACAGCCTTGTATTACTGTGCAA
GACA

L-Part2

Leader

GTGTCCTGTGT

L-Part1

Leader

ATGAACTTCGGGCTCAGATTGATTTTCCTTGTCCTTGTTTTAA
AAG

Relic.3

IGHV

ATATCACTTTTGACCAAGTATATATGAACCATGTTACTGAGGT
TTATGGAGGTTTGAGTATGTTAGGTCCATGGATAGGGAAAAT
ATTAGGGGATTTTAGGAGTAACTGAGGCTTGTTGTAGGAAGG
ACATCACTGTAGGGGTAGGCTCCGTGTTCCTATCTTCAAGCT
CTACCCAGTGCAGAATAGAGCCCTCTTCTGCCTGCAAGTGG
AAAGAGTTTCTCTTCCTGGCTGCCTTCAATCCAAGTTGTAGAA
TATCAAATCTCCTAACACTATGACTGCGAGCATGCTGACATG
CGTCCCACCATAA

RSS
Pass

RSS

CACAGTGTGGGAAGTCCAATGTGAGCCTGCACAAATACT

IGHV2.9

IGHV

CAGGTGCAGCTGAAGGAGTCAGGACCTGACCTGGTGGCGC
CCTCACAGAGCCTGTCCATCACATGCACCGTCTCAGGGTTCT
CATTAACCAGCTATGGTGTACACTGGGTTCGCCAGCCTCCAG
GAAAGGGTCTGGAGTGGCTGGTAGTGATATGGAGTGATGGA
AGCACAACCTATAATTCAGCTCTCAAATCCAGACTGAGCATC
AGCAAGGACAACTCCAAGAGCCAAGTTTTCTTAAAAATGAAC
AGTCTCCAAACTGATGACACAGCCATGTACTACTGTGCCAGA
CA

L-Part2

Leader

GTGTCCTGTCC

L-Part1

Leader

ATGGCTGTCCTGGGGCTGCTTCTCTGCCTGGTGACTTTCCCA
AGCT

RSS
Pass

RSS

CACAGTGAGTGAATGTTACTGTGAGCTCAAACTAAAACC

IGHVS5.1
1

IGHV

GAAGTGATGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCC
TGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCAC
TTTCAGTAGCTATACCATGTCTTGGGTTCGCCAGACTCCGGA
GAAGAGGCTGGAGTGGGTCGCAACCATTAGTAGTGGTGGTG
GTAACACCTACTATCCAGACAGTGTGAAGGGTCGATTCACCA
TCTCCAGAGACAATGCCAAGAACAACCTGTACCTGCAAATGA
GCAGTCTGAGGTCTGAGGACACGGCCTTGTATTACTGTGCA
AGATA

L-Part2

Leader

TCCAGTGT

L-Part1

Leader

ATGAACTTTGGGCTGAGCTTGATTTTCCTTGTCCTAATTTTAA
AAG
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IGHVS5.1
5.P

IGHV

GTGCCCAGTGGGAGGTAAAGCTGGTGGAGTCTAGGGGAGG
CTTAGTGTAGCCTGGAAGGTCCGTGATACGCTCATGTGCAG
CCTCTGGATTCACTGACAGTGACTAATAGTTGGCCTAGGTTT
GCCAAGTTCCAAAGAAGGAGCTGGAATGGGGGGCATTAATT
TTTCATGGTGGTGGTAGCACCTCCTATGCAGACACCTTGAAG
AAGTGGGTTGGACATAACATATTCAGAATCAATATTTAGAGAT
TCTAATCCTTGAAGACATCACTTTTGACCAAGTATATATGCAA
CATGTTACTTAGG

L-Part1

Leader

ATGGACTTTGGGCTCAGCTTGGCTTTCCTTGTCCTTATTTTAA
AAG

222855

RSS

CACAGTGTTGTAACCACATCCTGAGTGTGTCAGAAATCG

IGHV1.1
00

IGHV

CAGGTTCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGATACA
CATTCACTGACTATGTTATAAGCTGGGTGAAGCAGAGAACTG
GACAGGGCCTTGAGTGGATTGGAGAGATTTATCCTGGAAGT
GGTAGTACTTACTACAATGAGAAGTTCAAGGGCAAGGCCACA
CTGACTGCAGACAAATCCTCCAACACAGCCTACATGCAGCTC
AGCAGCCTGACATCTGAGGACTCTGCGGTCTATTTCTGTGCA
AGA

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
81*01 2

Leader

ATGGAATGGAGGATCTTTCTCTTCATCCTGTCAGGAACTGCA
GGTA

IGHV2.7.

P

IGHV

GAATCGTCTCCTACTTGCATCTGAAAGAGCGAGGACTTGAAC
TGGTGTAGCCTTCACAGACCCTGCCCCATACCTGCACTGTCT
CTGGCTTCTCATTATTCAAGCTACCATGTGCACTGAGTGTGT
CAGTCTACAGCAAAGGGTCCACAGTGGATGGGAGCAATGTG
TAGTGGGGAAACACAGCATACGGTTCAGCTCTCAACTCCCAA
CTCGTCATCAATAGGGACACATCTATGGGCAAGTGTTCTTAA
AACTGAACAATCTTCAAAAAGGAAAACAGTGATGTACTACTGT
GCCAGAGA

RSS
Pass

RSS

CACAGTGAGGGAAGTCCATTATGAACCTGAACAAAAATT

IGHV2.1
0

IGHV

CAGGTGCAGCTGAAGCAGTCAGGACCTAGCCTAGTGCAGCC
CTCACAGAGCCTGTCCATAACCTGCACAGTCTCTGGTTTCTC
ATTAACTAGCTATGGTGTACACTGGGTTCGCCAGTCTCCAGG
AAAGGGTCTGGAGTGGCTGGGAGTGATATGGAGAGGTGGAA
GCACAGACTACAATGCAGCTTTCATGTCCAGACTGAGCATCA
CCAAGGACAACTCCAAGAGCCAAGTTTTCTTTAAAATGAACA
GTCTGCAAGCTGATGACACTGCCATATACTACTGTGCCAAAA
A

L-Part2

Leader

GTGTCCTGTCC

L-Part1

Leader

ATGGCTGTCCTGGTGCTGCTCCTCTGCCTGGTGACATTCCCA
A
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IGHVS5.1
6.P

IGHV

CTTTGCTTTGAGGTGCCCAGTGTGAGGTGAAGCTGGTAGGG
TCAGGGCAGCCTGGAGGGTCCCTGAAACACTCCTGTGCAGC
CTCTGTAGTCACTGTGAGTGACTACTGAATGACCTGGGTCCT
TCAGGCTCTAAAGAAGGGGCTGGAGAGGGTGGAAATAATTT

TTAATGGTGGAGGTAGCACCTATTATCCAGACACCATGAAGG
GCTGATTCACCATCTACAGAGATGATGCCAGAAACACACTTT
ACCTGAAAATAAACAGTCTGAGGTCTGAGTACACAGCC

L-Part1

Leader

ATGGACTTTGGGCTCAGGTTTGTTTTCCTTGTCCTTATTTTAA
AAG

RSS

CACAGGCAGGTACCAAACCTTGACATTTGTCACTGACAC

RSS
Pass

RSS

CACAATGAGGAAATGTTATTGTGAGCTCAAACTAAAACC

IGHVS5.1
2

IGHV

GAAGTGCAGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGC
CTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTC
GCTTTCAGTAGCTATGACATGTCTTGGGTTCGCCAGACTCCG
GAGAAGAGGCTGGAGTGGGTCGCATACATTAGTAGTGGTGG
TGGTAGCACCTACTATCCAGACACTGTGAAGGGCCGATTCAC
CATCTCCAGAGACAATGCCAAGAACACCCTGTACCTGCAAAT
GAGCAGTCTGAAGTCTGAGGACACAGCCATGTATTACTGTGC
AAGACA

L-Part2

Leader

GTGTGAAGTGT

L-Part1

Leader

ATGAACTTTGGGCTCAGATTGATTTTCCTTGTCCTTACTTTAA
AAG

197154

RSS

CACAGTGTTGTAACCACATCCTGAGTGTGTCAGAAACCC

IGHV1.1
01

IGHV

CAGATCCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGCTACAC
CTTCACTGACTACTATATAAACTGGGTGAAGCAGAAGCCTGG
ACAGGGACTTGAGTGGATTGGATGGATTTATCCTGGAAGCG
GTAATACTAAGTACAATGAGAAGTTCAAGGGCAAGGCCACAT
TGACTGTAGACACATCCTCCAGCACAGCCTACATGCAGCTCA
GCAGCCTGACATCTGAGGACACTGCTGTCTATTTCTGTGCAA
GA

IGHV1-
777012

Leader

GTGTCCATTGC

IGHV1-
84*02

Leader

ATGGGATGGAGCTGGATCTTTCTTTTCCTCCTGTCAGGAACT
GCAG

IGHVS5.1
7.P

IGHV

GTGCCCAATGTGAGGTGAAGCTGGTAGAGACTAGAGGAGGC
TTAGGGTAGCCTGGAAGGTCCATGATACTCTCCTTTGCAGCC
TCTGGAATCACTCACTGTCAGTGACTACTGGTTGGCTTGGGT
TTGCCAGGCTCCAAAGAAGGAGCTGGAATGGGAGGGGGCAT
TAATTTTTCATGGTGGTGGTAGCACCTCCTATGCAGACACCT
TGTAAAAGTGGGTTGGACCTAACATATTCAGAATCAATATTTA
GAGATTCTAATCCTTGAAGACATCACTTTTGACCAAGTATATA
TGCAACATGTT
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L-Part1

Leader

ATGGACTTTGGGCTCAGCTTTGTTTTTCTTGTCCTAATTTTAA
AAG

187112

RSS

CACAGTGTTGTAACCACATCCTGAGTGTGTCAGAAATCC

IGHV1.1
02

IGHV

CAGGTTCAGCTGCAGCAGTCTGGAGCTGAACTGGTAAAGCC
TGGGGCTTCAGTGAAGTTGTCCTGCAAGGCTTCTGGCTACAC
CTTCACAAGCTATGATATAAACTGGGTGAGGCAGAGGCCTGA
ACAGGGACTTGAGTGGATTGGATGGATTTTTCCTGGAGATGG
TAGTACTAAGTACAATGAGAAGTTCAAGGGCAAGGCCACACT
GACTACAGACAAATCCTCCAGCACAGCCTACATGCAGCTCAG
CAGGCTGACATCTGAGGACTCTGCTGTCTATTTCTGTGCAAG
A

IGHV1-
12*01

Leader

GTGTCCACTCC

IGHV1-
46*01

Leader

ATGGGATGGAGCTGGGTCTTTCTCTTCCTCCTGTCAGTAACT
GCAG

RSS
Pass

RSS

CACAATGAGGAAATGTTACTGTGAGCTCAAACTAAAACC

IGHVS5.1
3

IGHV

GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTAGTGCAGC
CTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCA
CTTTCAGTAGCTATGGCATGTCTTGGGTTCGCCAGACTCCAG
ACAAGAGGCTGGAGTTGGTCGCAACCATTAATAGTAATGGTG
GTAGCACCTATTATCCAGACAGTGTGAAGGGCCGATTCACCA
TCTCCAGAGACAATGCCAAGAACACCCTGTACCTGCAAATGA
GCAGTCTGAAGTCTGAGGACACAGCCATGTATTACTGTGCAA
GAGA

L-Part2

Leader

GTGTCCAGTGT

L-Part1

Leader

ATGAACTTAGGGCTCAGCTTCATTTTCCTTGCCCTTATTTTAA
AAG

177616

RSS

CACAGTGCTACAAACACATCCTGAGTGTGTCAGAAACCC

IGHV1.1
03

IGHV

CAGGTCCAGCTGCAGCAGTCTGGGGCTGAGCTGGTGAGGC
CTGGGGCCTCAGTGAAGATTTCCTGCAAGGCTTTTGGCTACA
CCTTCACAAACCATCATATAAACTGGGTGAAGCAGAGGCCTG
GACAGGGCCTGGACTGGATTGGATATATTAATCCTTATAATG
ATTATACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACAT
TGACTGTAGACAAATCCTCCAGCACAGCCTATATGGAGCTTA
GCAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCAA
GA

IGHV1-
67701

Leader

GTGTGCACTCC

IGHV1S
45*01 5

Leader

ATGTGTTGGAGCTGTATCATCCTCTTCCTGTTAGCAACAGCT
GCAC
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Relic.4

IGHV

GACTTCACTTTGACCAAGTATATATGCAACATGTTACTGAGGT
TTGTGTTGGTTTGAGTATGCTTGGTCCATGGAAAGGGAAACT
ATTAGGGGATTTCAGGAGTAAGTGTGGCTGGTTATAGGGAG
GACATCACTGTAGGGGTAGGCTCTGTGGTCCTATGTTTAAGC
TCTACCCAGTGCAGAATAGAGCCCTCTCCTGTCTGCAAGTGG
AAAGAGTTTCTCTTCCTGGCTGCCTTCAATTCAAGTTGTAGAG
TATCAACTCTTCTAACACTAAGACTGTGAGCATGCTGACATG
CTTCCCACCATAG

RSS
Pass

RSS

CACAGTGAGGGAAGCCCAGTGTGAGCCTGCACAAATACT

IGHV2.1
1

IGHV

CAGGTGCAGAATAAGTCAGGACCTGGCCTGGTGGAGCCCTC
ACAGAGCCTTTCCATCACATGCACTGTCTATTGGTTCTCGTTA
ACCAGCTATGGTGTAAGCTGGGTTCGCCAGCCTCCAGGAAA
GGGTCTGAAGTGGCTGGGAGTAATATGGGCTGGTGGAAGCA
CAAATTATAATTCAGCTCTCATATCCAGACTGAGCATCAGCAA
GGACAACTCCAAGAGCCAAGTTTTCTTAAAAATGAACAGTCT
GCAAACTGATGACACAGCCATATACTACTGTGTAAGAGA

L-Part2

Leader

GTGTCCTGTCC

L-Part1

Leader

ATGGCTGACCTGGCTCTGTTCCTCTGCATGCTGACATTCCCA
AACT

RSS Fail

RSS

CAACAAACCGGAATCTTCTGCGGCAAAAGCTTTATTGCT

IGHVS5.1
8.P

IGHV

CTTTGAAGTGTGAGGTGAAGTTGTTGGAGTCTGGAGGAGGG
TTAGTGCAACCTGGAGGATTCCTGAAACACCCCTGTGCAGC
CTCTGGATTCACTGTCAGTGACTACTGGATGACCTGCATCCT
TCAGGCTCTAAAGAAGGGGCTGGAGTGGGTGGCATTATTTTT
TAATTGTAGAGGAAGTACTTATTGACCAGACATTGTAAAGGA
CTGATACACCATCTCCAGAGATGATGCCAAAAACACCCTCTA
CCTGAAAATAAGCAGTCTGAGGTCTGAGTATCTTACACGCAT
TCGCGACCGGCCA

L-Part1

Leader

ATGGACTTTGGGTTCAGCTTGGTTTTCCTTGTTCTTATTTTAA
AAG

IGHVS5.1
9.P

IGHV

GTGTTCAGGGTGAGGTAGAGCTGGTGAAGTCTAGGAAAGGC
ATAGTGATGCCTAAAAGTCCCTGAAACTCTCATGTTAAACCTC
TGGATTCACATTCAGTGATACTATATAAGTGGGGTCCTCCAC
CCTCTAGGGAGGGTCTTCAGTGGTGACCATACATTAATAGAG
ACAGCTCCATCAACTGTGCTGAAGCTATGAAAAGCCAACTTA
CCATCACCAGAGACAATGCCAAGAACAGCCTCTACCTGGAA
GTTTGCAGACTGAGGAATCAGCCATGCATTATTGGGTAGGAT
A

L-Part1

Leader

ATGAAAACAATACGTCCTCTGACCCCTGTATCTCTGGCATAG
GAACCAA

RSS
Pass

RSS

CACAATGAGGAAATGTTACTGTGAGCTCAAACTAAAACC
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IGHV5.1
4

IGHV

GACGTGAAGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGC
CTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCA
CTTTCAGTAGCTATACCATGTCTTGGGTTCGCCAGACTCCGG
AGAAGAGGCTGGAGTGGGTCGCAACCATTAGTAGTGGTGGT
AGTTACACCTACTATCCAGACAGTGTGAAGGGCCGATTCACC
ATCTCCAGAGACAATGCCAAGAACACCCTGTACCTGCAAATG
AGCAGTCTGAAGTCTGAGGACACAGCCATGTATTACTGTACA
AGAGA

L-Part2

Leader

GTGTCCAGTGT

L-Part1

Leader

ATGAACTTCGGGCTCAGATTGATTTTCCTTGTCCTTACTTTAA
AAG

IGHV5.2
0.P

IGHV

GTGCCCAATGTGAGGTGAAGCTGGTGGAGACTAGAGGAGGC
TTAGTGTAGCCTGGAAGGTCCATGATACTCTCCTTTGCAGCC
TCTGGAATCACTCACTGTCAGGGACTACTGGTTGGCTTGGGT
TTGCCAGGCTCCAAAGAAGGAGCTGGAATGGGTGGGGGCAT
TAATTTTTCATGGTGGTGGTAGCACCTCCTATGCAGACACCT
TGTAAAAGTGGGTTGGACCTAACATATTCAGAATCAATATTTA
GAGATTCTAATCCTTGAAGACATCACTTTTGACCAAGGATATA
TGCAACATGTTA

L-Part1

Leader

ATGGACTTTGGGCTCAGCTTTGTTTTTCTTGTCCTAATTTTAA
AAG

RSS
Pass

RSS

CACAATGAGAAAAAGTTACTATGAGCTCAAACTAAAACC

IGHVS5.1
)

IGHV

GAAGTGAAGCTGGTGGAGTCTGGGGGAGGTTTAGTGCAGCC
TGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCAC
TTTCAGTAGCTATACCATGTCTTGGGTTCGCCAGACTCCAGA
GAAGAGGCTGGAGTGGGTCGCATACATTAGTAATGGTGGTG
GTAGCACCTACTATCCAGACACTGTAAAGGGCCGATTCACCA
TCTCCAGAGACAATGCCAAGAACACCCTGTACCTGCAAATGA
GCAGTCTGAAGTCTGAGGACACGGCCATGTATTACTGTGCAA
GACA

L-Part2

Leader

GTGTCCTGTGT

L-Part1

Leader

ATGAATTTCGGGCTCAGCTTGATTTTCCTTGTCCTTGTTTTAA
AAG

IGHV5.2
1.P

IGHV

GTGCCCAGTGGGAGGTGAAGCTGGTGGAGTCTAGGGGAGG
CTTCGTGTAGCCTGGAAGGTCCGTGATATGCTCATGTGCAGC
CTCTGGATTCACTGACAGTGACTAATAGTTGGCCTAGGTTTG
CCAGGTTCCAAAGAAGGAGCTGGAATGGGGGGCATTAATTT
TTCATGGTGGTGGTAGCACCTCCTATGCAGACACCTTGAAGA
AGTGGGTTAGACATAAAATATTCAGAATCAATATTTAGAGATT
CTAATCCTTGAAGACATCACTTTTGACCAAGTATATATGCAAC
ATGTTACTTAGG

L-Part1

Leader

ATGGACTTTGGGCTCAGCTTGGCTTTCCTTGTCCTTATTTTAA
AAG

RSS
Pass

RSS

CACTGTGAGTGAATGTTACTGTGTGCTCAAACTAAAACC
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IGHVS5.1
6

IGHV

GAAGTGAAGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCC
TGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCAC
TTTCAGTAGCTATGCCATGTCTTGGGTTCGCCAGACTCCAGA
GAAGAGGCTGGAGTGGGTCGCATCCATTAGTAGTGGTGGTA
GCACCTACTATCCAGACAGTGTGAAGGGCCGATTCACCATCT
CCAGAGATAATGCCAGGAACATCCTGTACCTGCAAATGAGCA
GTCTGAGGTCTGAGGACACGGCCATGTATTACTGTGCAAGA
GG

L-Part2

Leader

GTGTCCAGTGT

L-Part1

Leader

ATGAACTTCGGGTTCAGCTTGATTTTCCTTGTCCTTGTTTTAA
AAG

IGHV5.2
2.P

IGHV

GTGCCCAGTGTGAGGTGAAGCTGGTGAAGTCTAAGGGGAGG
CTTAGTACAGCCTGGAAGGTCCATGATACTCTACTGTGCAGC
CTCTGGATTCACTGTCAGAGATGACTGGTTTGCCTGGGTTTG
CCAGGCTCCAAAGAAGGGGCTGCAGTGGGGGATGGGAATA
ATTTTTCATGGTTGTGGTAGCCCCTCTTATGCAGACACCTTGA
AGAAGTGGGTTGGACATAACATATTCAGAATCAATATTTAAAG
ATTCTAATCCTTGAATATGTCACTTTTGACCAAGTATATATGC
AAGATGTTTCTG

L-Part1

Leader

ATGGACTTTGTGCTCAGATTGGCTTTCCTTGTCCTTATTTTAA
AAG

RSS
Pass

RSS

CACAGTGAGGGAAGTCCAATGTGAGCCTGCACAAATACC

IGHV2.1
2

IGHV

CAGGTGCAGCTGAAGGAGTCAGGACCTGGCCTGGTGGCAC
CCTCACAGAGCCTGTCCATCACATGCACTGTCTCTGGGTTCT
CATTATCCAGATATAGTGTACACTGGGTTCGCCAGCCTCCAG
GAAAGGGTCTGGAGTGGCTGGGAATGATATGGGGTGGTGGA
AGCACAGACTATAATTCAGCTCTCAAATCCAGACTGAGCATC
AGCAAGGACAACTCCAAGAGCCAAGTTTTCTTAAAAATGAAC
AGTCTGCAAACTGATGACACAGCCATGTACTACTGTGCCAGA
AA

L-Part2

Leader

GTGTCCTGTCC

L-Part1

Leader

ATGGCTGTCCTGGGGCTGCTTCTCTGCCTGGTGACGTTCCC
AAGCT

RSS
Pass

RSS

CACACTAAGGGAACTCCCATTTGAGCATAAAAAAAAATT

IGHV2.8.
P

IGHV

AATTGTCTCCTACTTGCATATAAGAGTGAGGACTTGAACTGG
TGTAGCCTTCACAGACCCTGGCCCATACCTGCACTGTCTCTG
GCTTCTCATTATTCCAGCTACCATGTGCACTGAGTATGTTCGT
CTACAGCAAAGGGTCCACAGTGGATGGGAGCAATGTGTAGT
GGGGAAGCACTGCATACAGTTCAGCTCTCAACTCCCAACTC
GTCATCAATAGGGACACATCTATGGGCAAGTGTTCTTAAAAC
TGAACAATCTTCAAAAAGGGAAACAGTGATGTACTACTGTGC
CAGAGA

L-Part1

Leader

ATGGCTGTCCTGGTGCTGAACCTCTGCCTGGTGACATTTCCA
AGCT
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RSS
Pass

RSS

CACAGTGAGGGAAGTCCATTATGAACTTGAACAAAAATT

IGHV2.1
3

IGHV

CAGGTGCAGATGAAGCAGTCAGGACCTGGCCTAGTGCAGCC
CTCACAGAGCCTGTCCATCACCTGCACAGTCTCTGGTTTCTC
ATTAACTAGCTATGGTGTACACTGGGTTCGCCAGTCTCCAGG
AAAGGGTCTGGAGTGGCTGGGAGTGATATGGAGTGGTGGAA
GCACAGACTATAATGCAGCTTTCATATCCAGACTGAGCATCA
GCAAGGACAATTCCAAGAGCCAAGTTTTCTTTAAAATGAACA
GTCTGCAAGCTGATGACACAGCCATATACTACTGTGTCAGAA
A

L-Part2

Leader

GTGTCCTGTCC

L-Part1

Leader

ATGGCTGTCCTGGAGCTGCTCCTCTCCCTGGTGACATTCCCA
AGCT

IGHV5.2
3.P

IGHV

GTGTCCAGGGAGAGGTGAAGGTGGTGGAGTCTGGGGGACG
CTTAGTGCAACCTGGAGGGTCGCTGAAACTCTCCTGGGCAG
CCTCTGGAATAACTCACTGACAACTGAATGACCTGGGTCCTT
CAGGCTCCAAGGAAGCAGCTGGAGAGGGTGGCAATAATTTT
TAATGGTGGAGGTAGCACCTACTATACAGAAGCAATGAAGG
GCCGATTCACCATCTCCAGAGATGATAACAAAAACACACTTT
ACCTGAAAATAAACAGTCTGAGGTCTGAGTACACAGCC

L-Part1

Leader

ATGGACTTTGGGCTCAGCTTTGTTTTCCTTGTCCTAATTTTAA
AAG

RSS Fail

RSS

CACACTGAGTGAATGTTACTGTGCTGTGAGCTCAAACAA

IGHV5.2
4.P

IGHV

GAAGTGAAGCTGGTGGCGTCTAGGGGAGGCTTAGTGCAGCT
TGGAAGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCAC
TTTCAGTGACGACTGGATGACCTGGGTTTACCAGGCTCCAAA
TAAAGGACTGGAGTGGGTGGCATTATTTTTCCTGGTGGTTGT
AGCACCTACTCTGCGGACACCTTAAAGGGTAGATTCACCATC
TCCAGAGATGATGCCAAGAATAAGGTGTACTTACAAATAACC
AGTCTGGGGTCTGAGGAACCAGCCGTGTATTACTGTGAAAG
ATA

L-Part2

Leader

GTGTCCAGTGT

L-Part1

Leader

ATGGGCTTTGGGCTCAGATTGGTTTTCCTTGTCCTTATTTGAA
AAG

IGHV5.2
5.P

IGHV

GTGTCCAGTGTGAGGTGAAGCTGGTGAAGTCTAAGGGAGGT
TTAGTGCAGCCTGGAAGGTCCGTGATACTCTACTGTGCAGCC
TCGGATCCACTGTCAGTGACGACTGCTTTGCCTGGGTTTGCC
AGGCTCCAAAGAAGGGGCTGAAGGGGGGGCATAATTTTGCA
TGGTTGTGGTAGCCCCTCTTATGCAGATCCCTTGAAGAAGTG
GGTTGGACCTAACATATTCAGAATCTATATTTAGAGTTTCTAA
TCCTTGAAGATGTCACTTTTGACCAAGTATATATGAAACATGT
TACTGAGGTTT

L-Part1

Leader

ATGAGAAACAGAAAAATTGTATTGTTTCTCTATTTTATTTTGTT
1T
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RSS
Pass

RSS

CACAGTGTGGGAAGTCCAATGTGAGCATTCACAAATACT

IGHV2.1
4

IGHV

CAGGTGCAGCTGAAGGAGTCAGGACCTGGCCTGGTGGCGC
CCTCACAGAGCCTGTCCATCACATGCACTGTCTCAGGGTTCT
CATTAACCGACTATGGTGTAAGCTGGATTCGCCAGCCTCCAG
GAAAGGGTCTGGAGTGGCTGGGAGTAATATGGGGTGGTGGA
AGCACATACTATAATTCAGCTCTCAAATCCAGACTGAGCATC
AGCAAGGACAACTCCAAGAGCCAAGTTTTCTTAAAAATGAAC
AGTCTGCAAACTGATGACACAGCCATGTACTACTGTGCCAAA
CA

L-Part2

Leader

GTGTCCTGTCC

L-Part1

Leader

ATGGCTGTCCTGGGGCTGCTTCTCTGCCTGGTGACGTTCCC
AAGCT

RSS
Pass

RSS

CACAGTGAGAGAAGTCCAGTGTGAGCATTCACAAATACT

IGHV2.1
)

IGHV

CAGGTGCAGCTGAAGGAGTCAGGACCTGGCCTCGTTGCGCC
CTCACAGAGCCTGTCCATCACATGCACTGTCTCTGGTTTCTC
ATTAACCAACTCTGGTGTACACTGGGTTCGCCAGTCTCCAGG
AAAGGGTCTGGAGTGGCTGGGAGTAATATGGGGTGATGGAA
GCACAAATTATAATTCAGCTTTCAAATCCAGACTGAGCATCAG
CAAGGACAATTCCAAGAGTCAAGTTTTCTTAAAAATGAACAGT
CTGCAAACTGATGACACAGCCAGGTACTACTGTGCCAAACC

L-Part2

Leader

GTGTCCTGTCC

L-Part1

Leader

ATGGCTGTCCTGGAGCTGCTCCTCTCCCTGGTGACATTCCCA
AGCT

RSS
Pass

RSS

CACAGAGAATGGATGTTGGTGTGGGCTCAGACACAACCA

IGHV5.2
6.P

IGHV

GTGTTCAGGGTGAGGTAGAGCTGCTGAAATACAAGGAAGGC
ATAGTGATGCCTAAAAGTCCCTGAAACTCTCATGTTAAACCTC
TGGATTCACATTCAGTGATACTATATAAGTGGGATCCTCCAG
CCTCTAGGGATGGGTCTTCAGTGGGGAGTATACATTATTAGA
GACAGCTCCATCAACTGTGCTGAAGCCATGAAAAGCCAATTC
ACCATCACCAGAGACAATGCCAAGAACAACCTGTACCTGGAT
ATTTGCAGGCTGAGGACACAGCCATGTTTTCTTGTGCAGGAT
A

L-Part1

Leader

ATGAAAACAATATATGCTCTGACCCCTGTATCTCTGGCAGAG
GGACCAA

RSS Fail

RSS

CAATGAGGAAATGTTATTGTGAGCTCAAAGTAAAACCTG

IGHV5.2
7.P

IGHV

GAAGTGAAGCTCGTGGAGTCTGGGGGAGGCTTAGTGCAGCC
TGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGATTCAC
TTTCAGTAGCTATGCCATGTCTTGGATTCGCCAGACTCCGGA
CAAGAGGCTGGAGTGGGTCGCATCCATTAGTAGTGGTGGTA
GTTACACCTACTATCCAGACAGTGTGAAGGGGCGATTCACCA
TCCCCAGAGACAATACCAAGAACACCCTGTACCTGCAAATGA
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GCAGTCTGAGTTCTAAGGACACAGCCTTGTATTACTGTGCAA
GAGA

L-Part2

Leader

GTGTCCAGTGT

L-Part1

Leader

ATGAACTTCGGGTTCAGCTTGATTTTCCTTGTCCTTGTTTTAA
AAG

IGHV5.2
8.P

IGHV

GTGCCCAGTGTGAGGTGAAGCTGGTGAAGTCTAAGGGAGGT
TTAGTGCAGCCTGGAAGGTCCGTGATACTCTCCTGTGCACCC
TCGGATTCACTGTCAGTGACGACTGGTTTGCCTGGGTTTGCC
AGGCTCCAAAGAAGGGGCTGAAGGGGGGAGGCATAATTTTG
CATGGTTGTGGTAGCCCCTCTTATGCAGATCCCTTGAAGAAG
TGAGTTGGACCTAACATATTCAGAATCAATATTTAGAGTTTCT
AATCCTTGAAGATGTCACTTTTGGCCAAGTATATATGAAATAT
GTTACTGAGGT

L-Part1

Leader

ATGAGAAACAGAAAAATTGTATTGTTTCTCTATTTTATTTTGTT
1T

RSS
Pass

RSS

CACAGTGAGGGAAGTCCAATGTGAGCCTGCACAAATACC

IGHV2.1
6

IGHV

CAGGTGCAGCTGAAGGAGTCAGGACCTGGCCTGGTGGCGC
CCTCACAGAGCCTGTCCATCACATGCACCGTCTCAGGGTTCT
CATTAACCGGCTATGGTGTAAACTGGGTTCGCCAGCCTCCA
GGAAAGGGTCTGGAGTGGCTGGGAATGATATGGGGTGATGG
AAGCACAGACTATAATTCAGCTCTCAAATCCAGACTGAGCAT
CAGCAAGGACAACTCCAAGAGCCAAGTTTTCTTAAAAATGAA
CAGTCTGCAAACTGATGACACAGCCAGGTACTACTGTGCCA
GAGA

L-Part2

Leader

GTATCCTTTCC

L-Part1

Leader

ATGGCTGTCCTGGCATTACTCTTCTGCCTGGTAACATTCCCA
AGCT

IGHV5.2
9.P

IGHV

GAGTCCACTGCGCAGTGCAGCTGGGGGAATCTGGTGGACG
CTTGCTGTAGCCTCAAGAGTCCTTATAATTCTTCTGTACAGCT
TATGGATTCACTTTCAGTGGTTATGTCTTGCATTAGTTCCACA
AGGCTCCAGGAAAAGCCCTGGAGTGGGTCTCATCCATCAGT
AAATGTCATATTAACATAAACTATGCTAATGCCCTGAAGGACA
TATTCACCAACATATTGTCTAGAGACTATAACAGAAAAACCGT
GTATCTTTTACTGATCAGCCTGAAGGCTGAAGACACAGTCAT
GTGTTGCTTTCCAAGAGA

RSS
Pass

RSS

CACAGTGAAAAAAAGTCCAGTGTGAACCTGAACAAAAAC
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IGHV2.9.
P

IGHV

GTGTCCTGTCACAAGTGCAGATGAAGGAGTCAGGACCTGAC
CTTGTGCAGCCATCACAGACTCTGTCTCTCACCTGCACTGTC
TCTGGGTTCTCATTAAGTAGCTATGGTGTACATTGGTTTCGCA
AGCCTCCGAGAAAGGGATTGGGATTGGAATGGTTGGGAGGA
ATATGGTCTGGTGGAAGCATATACTATAATCCAGCTCTCAGT
TCCCGACTAAGTGTCAGCAGGGACATCTCTAAGAGCCAAGTT
TTCTTTAAAATGAGCAGTCTGCAAAGTGAAGACACGGCTGTG
TACCACTGTGCAAGATA

RSS
Pass

RSS

CACAGTGAGTGAATGTTACTGTGAGGACAAGCACAAACT

IGHVS5.1
7

IGHV

GAGGTGAAGCTGGTGGAGTCTGGGGGAGGCTTAGTGCAGC
CTGGAGGGTCCCGGAAACTCTCCTGTGCAGCCTCTGGATTC
ACTTTCAGTGACTACGGAATGGCGTGGGTTCGACAGGCTCC
AGGGAAGGGGCCTGAGTGGGTAGCATTCATTAGTAATTTGG
CATATAGTATCTACTATGCAGACACTGTGACGGGCCGATTCA
CCATCTCTAGAGAGAATGCCAAGAACACCCTGTACCTGGAAA
TGAGCAGTCTGAGGTCTGAGGACACAGCCATGTACTACTGT
GCAAGGGA

L-Part2

Leader

TCCAGTGT

L-Part1

Leader

ATGGACTTCAGGCTCAGCTTACTTATTTTTGTCCTTATTTTAAA
AG

RSS
Pass

RSS

CACAGTGAGGGAATATTATTGTGAGCTCAAACTAAAACC

IGHVS5.1
8

IGHV

GATGTGCAGCTGGTGGAGTCTGGGGGAGGCTTAGTGCAGC
CTGGAGGGTCCCGGAAACTCTCCTGTGCAGCCTCTGGATTC
ACTTTCAGTAGCTTTGGAATGCACTGGGTTCGTCAGGCTCCA
GAGAAGGGGCTGGAGTGGGTCGCATACATTAGTAGTGGCAG
TAGTACCATCTACTATGCAGACACAGTGAAGGGCCGATTCAC
CATCTCCAGAGACAATCCCAAGAACACCCTGTTCCTGCAAAT
GACCAGTCTAAGGTCTGAGGACACGGCCATGTATTACTGTG
CAAGA

L-Part2

Leader

GTGTCCAGTGT

L-Part1

Leader

ATGGACTCCAGGCTCAATTTAGTTTTCCTTGTCCTTATTTTAA
AAG

RSS Fail

RSS

CACCATCTGCACCCAGCAGCTAAGGCTGGTCCACAGCCC

IGHV5.3
0.P

IGHV

GTGTCCAGTGTGAGATGTAGCTGGTGGAGTCTAGGAGAGGC
TTAGGACAACCTGGAAGATCCCTGAACTCTCATGAGTAGCCT
CTGGATTCACTTTTAGTAACTATGCCATGGCCTGGGTCCAAC
AAGCTCCAGAGAAGGGGCTGGAGTGGGTTGTGTACATTAGT
AGTGGCAGTAGTACCTTCTATTATGCAGACACAGTTAAGGGC
CCATTCATCATCTCCAGAGACAATGCCAAGAACACCCTGTTC
CAGCAAATGAGCAGTCTAAGGTCTGAGGACAGAGACAAAAA
GATAAAAATATATGGC

L-Part1

Leader

ATGTACTTCAGGCACAGCTTGGATTTTTCTTGCCCTTATTTTA
AAAG
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RSS Fail

RSS

CACTGAGAAAACTTCAGTCTGAGCCTAAACAAACAAATA

IGHV2.1
0.P

IGHV

TACCCTGTAGAGGTACAACTGAAGTAGTCATGACCTTAACTT

CTGCAATCCTCACAGTCTGTCTCTCATCTGCACTGTCTCTGG

CTTCTCATTAACCATCTATGGTGTAAACTGGGTCCTCCAGCC

ACTAGGAAGGGGATTGCAGAGGATACCAGCAATATGGAGAG
GTGAAAGCACAGAGCAGAATTCAGATCTCAAATCCTGAATCA
GCATCAGTAGGGACACATCCAAGAGTCAACTTTTCTTAAAAC

TGAACAGAATTCAAACTGAGGACATAGCCATCTATGGCCCTG
TCAGAGAAA

RSS
Pass

RSS

CACAGTGAGGGAAGTCCAGTGTGAACTTGCACAAAAACC

IGHV2.1
7

IGHV

CAGGTGCAGCTGAAGGAGTCAGGACCTGGCCTGGTGGCGC
CCTCACAGAGCCTGTCCATCACTTGCACTGTCTCTGGGTTTT
CATTAACCAGCTATGGTGTACACTGGGTTCGCCAGCCTCCAG
GAAAGGGTCTGGAGTGGCTGGGAGTAATATGGGCTGGTGGA
AGCACAAATTATAATTCGGCTCTCATGTCCAGACTGAGCATC
AGCAAAGACAACTCCAAGAGCCAAGTTTTCTTAAAAATGAAC
AGTCTGCAAACTGATGACACAGCCATGTACTACTGTGCCAGA
GA

L-Part2

Leader

GTGTCCTGTCC

L-Part1

Leader

ATGGCTGTCCTGGTGCTGTTCCTCTGCCTGGTTGCATTTCCA
AGCT

RSS Fail

RSS

CACATAATAAGTAAATGTTACTGATAGCTCAGGAAGAAA

IGHV5.3
1.P

IGHV

TGTTGGAGATATCCAGTGTGAGGTGCAGCTGGTGGGGTCCA
GGAGAGTCTTAATGCAGACTAGAAAAACCTTGAAACTCCCCT
CTGCAGCACATGGAATCACCTTCAGCAACTGACATGGTACTC
CAGGCTCCAGGGAAGGGGCTGGAGTGGGATACATTCATTAA
TAGTGAGGGTAGTTACATCAACTATGCCAAAGCTATAAAAGA
ACAATTCACTATCTCCAGAGACAATACCAAGAACACTTTGTAC
CTGGAAATTAGCAGTTTGAAGTCTGAAAACACAGTCATTTATT
ACTGTACAACA

L-Part1

Leader

ATGGCTCCAGGCACCAAGAGTGGACTGGCTGGGGTGGGGEG

RSS
Pass

RSS

CACAGTGAGAGGACGTCATTGTGAGCCCAGACACAAACC

IGHV7.1

IGHV

GAGGTGAAGCTGGTGGAATCTGGAGGAGGCTTGGTACAGCC
TGGGGGTTCTCTGAGACTCTCCTGTGCAACTTCTGGGTTCAC
CTTCAGTGATTTCTACATGGAGTGGGTCCGCCAGCCTCCAG
GGAAGAGACTGGAGTGGATTGCTGCAAGTAGAAACAAAGCT
AATGATTATACAACAGAGTACAGTGCATCTGTGAAGGGTCGG
TTCATCGTCTCCAGAGACACTTCCCAAAGCATCCTCTACCTT
CAGATGAATGCCCTGAGAGCTGAGGACACTGCCATTTATTAC
TGTGCAAGAGATGCA

L-Part2

Leader

GTATCCAGTGT
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ATGAAGTTGTGGTTAAACTGGGTTTTTCTTTTAACACTTTTAC

L-Part1 Leader ATG

RSS Fail |RSS CACACAGTGAGGGTGTGAGCCTTGAAACAAACCTCACTG
GAGGTGAAGCTGGTGGAGTCTGGAGGAGGCTTGGTACAGC
CTGGGGCTTCTCTGAGACTCTCCTGTGCATCTTCTGGGTTCA
CCTTCACTGATTACTACATGAACTGGGTCCACCAGCCTCCAG

IGHVTA. |\ 5y | GGAAGGCACTTGAGTAGTTGGCTTTGATTAGAAACAAAGCTA

P ATGGTTACATAACAGAGTACAGTGCATCTATGAAGGGTCGGT
TCACCATCTCCAGAGATAATTCCCAAAGCATCCTCTATCTTCA
AATGAACACACTGAGCGCACACTGAGGACAGTGCCACTTATT
ACTGTGCAAGAGATA

L-Part2 Leader GTATCCAGTGT

L-Part! |Leader |ATGTTTAACATCATTATCTTCACAGTAACACCTTTAAATG

5?88’8 RSS CACAGTGTTGCAACCACATCCTGAGTGTGTCAGAAACCA
GAGGTTCAGCTGCAGCAGTCTGGGGCTGAGCTTGTGAGGCC
AGGGGCCTTAGTCAAGTTGTCCTGCAAAGCTTCTGGCTTCAA
CATTAAAGACTACTATATGCACTGGGTGAAGCAGAGGCCTGA

GHV14. |1\, |ACAGGGCCTGGAGTGGATTGGATGGATTGATCCTGAGAATG

1 GTAATACTATATATGACCCGAAGTTCCAGGGCAAGGCCAGTA
TAACAGCAGACACATCCTCCAACACAGCCTACCTGCAGCTCA
GCAGCCTGACATCTGAGGACACTGCCGTCTATTACTGTGCTA
GA

L-Part2 Leader GGGTCAATTCA
ATGAAATGCAGCTGGGTCATCTTCTTCCTGATGGCAGTGGTT

L-Part1 Leader
ACAG

5?88’8 RSS CACAGTGAGGAAATCTCAGTTTGTACCCAGACATGAACC
GAGGTGAAGCTTCTCGAGTCTGGAGGTGGCCTGGTGCAGCC
TGGAGGATCCCTGAAACTCTCCTGTGCAGCCTCAGGATTCG
ATTTTAGTAGATACTGGATGAGTTGGGTCCGGCAGGCTCCAG

rvar Loy | GOAAAGGGCTAGAATGGATTGGAGAAATTAATCCAGATAGCA

: GTACGATAAACTATACGCCATCTCTAAAGGATAAATTCATCAT

CTCCAGAGACAACGCCAAAAATACGCTGTACCTGCAAATGAG
CAAAGTGAGATCTGAGGACACAGCCCTTTATTACTGTGCAAG
ACC

L-Part2 |Leader |GGGTCCAGTGT

L-Part! |Leader |ATGGATTTTGGGCTGATTTTTTTTATTGTTGCTCTTTTAAAAG

Eassss RSS CACAGTGTGAGGTCTTTAGTGTGAGCCCAGACATAAACG
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IGHV3.1

IGHV

GATGTGCAGCTTCAGGAGTCAGGACCTGACCTGGTGAAACC
TTCTCAGTCACTTTCACTCACCTGCACTGTCACTGGCTACTC
CATCACCAGTGGTTATAGCTGGCACTGGATCCGGCAGTTTCC
AGGAAACAAACTGGAATGGATGGGCTACATACACTACAGTG
GTAGCACTAACTACAACCCATCTCTCAAAAGTCGAATCTCTAT
CACTCGAGACACATCCAAGAACCAGTTCTTCCTGCAGTTGAA
TTCTGTGACTACTGAGGACACAGCCACATATTACTGTGCAAG
A

L-Part2

Leader

GTATCCTGTCT

L-Part1

Leader

ATGAGAGTGCTGATTCTTTTGTGCCTGTTCACAGCCTTTCCT
G

Relic.5

IGHV

TGTTTTCAGCCATACCATATGAGATACCACTTGTAGAATCTGA
AGGCAGCTTGTTATAGCCTGGAGTGTTCATTAAATTCTCTTCT
GAAGCCACTGGATCCACCTTCAGTGATTACAGGATTCGCCAA
GCCCCAGGGAAGGGGCTAGAGTGGGTCAGCAGATATAAAAT
AATACTGAAGTGTGAAAACTAAGGAGAATCTGTGAAGTATAG
ATTTGCCATCTACAGGAACAATTCTAAGAGCTTATTGTATCTA
CAAATAAACAAATCTAAGAAGTGAGGACAGTGCCATGTGTTA
CTGTGTGAGAGA

RSS
Pass

RSS

CACAATGAATGGACTTCCCTGTGAAACTAGACATAAACC

IGHV11.

1

IGHV

GAAGTGCAGCTGTTGGAGACTGGAGGAGGCTTGGTGCAACC
TGGGGGGTCACGGGGACTCTCTTGTGAAGGCTCAGGGTTCA
CTTTTAGTGGCTTCTGGATGAGCTGGGTTCGACAGACACCTG
GGAAGACCGTGGAGTGGATTGGAGACATTAATTCTGATGGC
AGTGCAATAAACTACGCACCATCCATAAAGGATCGATTCACT
ATCTTCAGAGACAATGACAAGAGCACCCTGTACCTGCAGATG
AGCAATGTGCGATCTGAGGACCCAGCCACGTATTTCTGTATG
AGATA

L-Part2

Leader

ATGTCCAGTGT

L-Part1

Leader

ATGGAGTGGGAACTGGGCTTAATTTTCATTTTTGCTCTTTTAA
AAG

RSS
Pass

RSS

CACAGTGTTGCAACCACATCCTGAGTGTGTCAGAAACCA

IGHV14.

1.P

IGHV

TAGGTTAAGCTGCAGCAGTCTGGGGCAGAGCTTGTGAAGCC
AGGGGCCTCAGTCAAGTTGTCCTGCAAAGCTTCTGGCTTCAA
CATTAAAGACTACTATATGCACTGAGTGAAGCAGAGGCCTGA
ACAGGGCCTGGAGTGGATTGGAAGGATTGATCCTGAGGATG
GTGAAACTAAATATGCCCCGAAGTTCCAGGGCAAGGCCACT
ATAACAGCAGACACATCCTCCAACACAGCCTACCTGCAGCTC
AGCAGCCTGACATCTGAGGACACTGCCGTCTATTACTGTGCT
AGA

L-Part2

Leader

GGGTCAATTCA

L-Part1

Leader

ATGAAATGCAGCTGGGTCATCTTCTTCCTGATGGCAGTGGTT
ACAG
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RSS
Pass

RSS

CACAGTGAGGAAATCTCAGTTTGTACCCAGACATGAACC

IGHV4.2

IGHV

GAGGTGAAGCTTCTCGAGTCTGGAGGTGGCCTGGTGCAGCC
TGGAGGATCCCTGAATCTCTCCTGTGCAGCCTCAGGATTCGA
TTTTAGTAGATACTGGATGAGTTGGGCTCGGCAGGCTCCAG
GGAAAGGGCAGGAATGGATTGGAGAAATTAATCCAGGAAGC
AGTACGATAAACTATACGCCATCTCTAAAGGATAAATTCATCA
TCTCCAGAGACAACGCCAAAAATACGCTGTACCTGCAAATGA
GCAAAGTGAGATCTGAGGACACAGCCCTTTATTACTGTGCAA
GACT

L-Part2

Leader

GGGTCCAGTGT

L-Part1

Leader

ATGGATTTTGGGCTGATTTTTTTTATTGTTGCTCTTTTAAAAG

RSS
Pass

RSS

CACAGTGTGAGGTCTTTAGTGTGAGCCCAGACATAAACC

IGHV3.2

IGHV

GATGTGCAGCTTCAGGAGTCGGGACCTGGCCTGGTGAAACC
TTCTCAGTCTCTGTCCCTCACCTGCACTGTCACTGGCTACTC
AATCACCAGTGATTATGCCTGGAACTGGATCCGGCAGTTTCC
AGGAAACAAACTGGAGTGGATGGGCTACATAAGCTACAGTG
GTAGCACTAGCTACAACCCATCTCTCAAAAGTCGAATCTCTA
TCACTCGAGACACATCCAAGAACCAGTTCTTCCTGCAGTTGA
ATTCTGTGACTACTGAGGACACAGCCACATATTACTGTGCAA
GA

L-Part2

Leader

GTATCCTGTCT

L-Part1

Leader

ATGAGAGTGCTGATTCTTTTGTGGCTGTTCACAGCCTTTCCT
G

Relic.6

IGHV

TGTTTTCAGCCATACCATATGAGATACCACTTGTAGAATCTGA
AGGCAGCTTGTTATAGCCTGGAGTGTTCATTAAATTCTCTTCT
GAAGCCACTGGATCCACCTTCAGTGATTACTGGATTCGCCAA
GCCCCAGGGAAGGGGCTAGAGTGGGTCAGCAGATATAAAAT
AATACTGAAGTGTGAAAACTATGCAGAGTCTGTGAAGGATAG
ATTTGCCATCTACAGGAACAATTCTAAGAGCTTATTGTATCTA
CAAATAAACAAATCTAAGAAGTGAGGACACTGCCATGTGTTA
CTGTGTGAGAGA

RSS
Pass

RSS

CACAATGAATGGACTTCCCTGTGAAACTAGACATAAACC

IGHV11.
2

IGHV

GAAGTGCAGCTGTTGGAGACTGGAGGAGGCTTGGTGCAACC
TGGGGGGTCACGGGGACTCTCTTGTGAAGGCTCAGGGTTTA
CTTTTAGTGGCTTCTGGATGAGCTGGGTTCGACAGACACCTG
GGAAGACCCTGGAGTGGATTGGAGACATTAATTCTGATGGC
AGTGCAATAAACTACGCACCATCCATAAAGGATCGATTCACT
ATCTTCAGAGACAATGACAAGAGCACCCTGTACCTGCAGATG
AGCAATGTGCGATCTGAGGACACAGCCACGTATTTCTGTATG
AGATA

L-Part2

Leader

ATGTCCAGTGT
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L-Part1

Leader

ATGGAGTGGGAACTGAGCTTAATTTTCATTTTTGCTCTTTTAA
AAG

RSS
Pass

RSS

CACAGTGTTGCAACCACATCCTGAGCGTGTCAGAAACCA

IGHV14.

2

IGHV

GAGGTTCAGCTGCAGCAGTCTGGGGCAGAGCTTGTGAAGCC
AGGGGCCTCAGTCAAGTTGTCCTGCACAGCTTCTGGCTTCAA
CATTAAAGACACCTATATGCACTGGGTGAAGCAGAGGCCTGA
ACAGGGCCTGGAGTGGATTGGAAGGATTGATCCTGCGAATG
GTAATACTAAATATGACCCGAAGTTCCAGGGCAAGGCCACTA
TAACAGCAGACACATCCTCCAACACAGCCTACCTGCAGCTCA
GCAGCCTGACATCTGAGGACACTGCCGTCTATTACTGTGCTA
GA

L-Part2

Leader

GGGTCAATTCA

L-Part1

Leader

ATGAAATGCAGCTGGGTTATCTTCTTCCTGATGGCAGTGGTT
ACAG

Relic.7

IGHV

CTTTCAGCTGGTGAAGTATGTAGGTGTTTTATAGATGTCTGCA
GGATCCATGAGACTCACTTGTGAGTCTTCTGCATCCTCATCA
AGTAGCTTTGACAGGCACTGATCAAGGATAATCAAGGGAGG
GACCTGCAGAGAGACTTGGGGACTACTAATGGCAATAGTGA
GTACTAACAGATTCTTTCAATGGCTGACTCGCCATCTGCAAA
GATGAAGAACATTGTGTGTCTGCAAGTGAGAAATCTGAGAAC
TGAGGGCATTGCTGTCCACTACTGTGCAAGACGTCCAG

IGHV8.1.

P

IGHV

GTGTATATTATGAGTTGCAGCTTATGGAGTCTTGGGGAAGCT
TGTTAAAGCTCCAGGGTTCTGTAAGACATTCTTGTGCAGCCG
CTGGATTCACTTTCAGAGAATACTATATCAGATGGGTCCTGT
AGATTTTAGAAAAAGATCTTGACTCCTTGATTTAATTACAAAC
ACAGCTGGGGGGTGATTACAGAGTATGCTTCCTATGTGAGAA
GGGCACTTCCCATTTCAAGAGATCATACAAAAAAATAAAAATT
CATGCCTCCAAATAAACAGATTGGAGACTTCTTTTTTCCCTGA
GAAGA

RSS
Pass

RSS

CACAGTGTGAAAACCACATCCTGAGGGTGTCAGAAACCA

IGHV9.1

IGHV

CAGATCCAGTTGGTGCAGTCTGGACCTGAGCTGAAGAAGCC
TGGAGAGACAGTCAAGATCTCCTGCAAGGCTTCTGGGTATAC
CTTCACAAACTATGGAATGAACTGGGTGAAGCAGGCTCCAG
GAAAGGGTTTAAAGTGGATGGGCTGGATAAACACCTACACTG
GAGAGCCAACATATGCTGATGACTTCAAGGGACGGTTTGCCT
TCTCTTTGGAAACCTCTGCCAGCACTGCCTATTTGCAGATCA
ACAACCTCAAAAATGAGGACATGGCTACATATTTCTGTGCAA
GA

L-Part2

Leader

GTGCCCAAGCA

L-Part1

Leader

ATGGATTGGCTGTGGAACTTGCTATTCCTGATGGCAGCTGCC
CAAA

RSS
Pass

RSS

CACCGTGAGGGAAATTCAGTGTGACCCCAGACATAAACT
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IGHV12.
1.P

IGHV

CAGATTCAGCTTAAGGAATCAGGACCTGCTGTCATCAAGCCA
TCATAGTCACTATCACTCACCTGCACAGTATCTGGATTCTCCA
TCACTAGTAGTGGTTTTTGCTGGCACTGGATATGCCAGCCCC
CAGGAAAGGGGTTAGAGGGGATGGGGCGCATATGTTATGAA
GGTTCCATATATTATAGTCCATCCCTCAAAAGTCCCAGCACC
ATCTCCAGAGATACATCACTGAATAAATTCTTTATCCAGCTGA
GCACTGTACCTGATGAGGACACAGACATGTACTACTATCCCA
GGGAAAACCA

L-Part2

Leader

GTATTCTGTCC

L-Part1

Leader

ATGAGACTACTAGGGTTTCTCCTGTGCTTGGCAGCAGCTCTG
AAAA

RSS
Pass

RSS

CACAGTGTGAAAACCACATCCTGAGGGTGTCAGAAACCA

IGHV9.2

IGHV

CAGATCCAGTTGGTGCAGTCTGGACCTGAGCTGAAGAAGCC
TGGAGAGACAGTCAAGATCTCCTGCAAGGCTTCTGGCTATAC
CTTCACAAACTATGCAATGCACTGGGTGAAGCAGGCTCCAG
GAAAGGGTTTAAAGTGGATGGGCTGGAAATACACCAACACT
GGAGAGCCAACATATGGTGATGACTTCAAGGGACGGTTTGC
CTTCTCTTTGGAAACCTCTGCCAGCACTGCCTATTTGCAGAT
CAACAACCTCAAAAATGAGGACATGGCTACATATTTCTGTGC
AAGA

L-Part2

Leader

GTGCCCAAGCA

L-Part1

Leader

ATGGATTGGGTGTGGACCTTGCTATTCCTGATGGCAGCTGCC
CAAA

RSS
Pass

RSS

CACAGTGAGGGACCTTTGTTTGAGCCCAGACATAAACTT

IGHV12.
2.P

IGHV

GTGTTCTGTCCTAGATTCAGCTTAAGGAGTCAGGACCTGCTG
TCATCAAGCCATCACAGCCACTGTCTCTCACCTGCACAGTCT
CTGGATTCTCTATCACAAGTAGTAGTTATTGAGTTATTGCTGG
CACTGGATCCGCCAGCCTTCAGTAAAGGGGTTAGAGTGGAT
GGGATGCATATGTTATGAAGTTCAATATACAATAGTCCATCCT
TCAAAACCCACAGCACCATCTCCAGAGACACATCTCTGAACA
AATTCTTTATCCAGCTGAGCTCTGTGACTGATGAGGACACAG
CCATGTACTACTGTTCCAGGGAAAACCA

L-Part1

Leader

ATGAGACTACTAGGGTTACTCCTGTGCTTGGCAGCAGCTCTG
AAA

IGHV3.1.
P

IGHV

CAGGTGCAGCTTCAGGAGTCAGGTCCTTACAGATGAAGCTT
CAGAGTCACTATATTTCACCTACACAATTACTGGTTACTCCAT
CACCAATAACTATGCCTGTACTTGGATCCATCAAAGCCATAG
AAAGGTCCTGTGGTTGATGAGATACATGAATATGGGAGGTAG
TACACAGTACAGACTCTAGAACCAAATATCCATCACTAGAGG
CATGTTTAAAAGGCCTCTTCTTAACACTACTGAGCTACATCAC
CTCTTAGTGCACAGCCATATATTACTGTATAAGATA

RSS
Pass

RSS

CACAGTGTGAAAACCACATCCTGAGGGTGTCAGAAACCA
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IGHV9.3

IGHV

CAGATCCAGTTGGTGCAGTCTGGACCTGAGCTGAAGAAGCC
TGGAGAGACAGTCAAGATCTCCTGCAAGGCTTCTGGGTATAC
CTTCACAAACTATGGAATGAACTGGGTGAAGCAGGCTCCAG
GAAAGGGTTTAAAGTGGATGGGCTGGATAAACACCAACACT
GGAGAGCCAACATATGCTGAAGAGTTCAAGGGACGGTTTGC
CTTCTCTTTGGAAACCTCTGCCAGCACTGCCTATTTGCAGAT
CAACAACCTCAAAAATGAGGACACGGCTACATATTTCTGTGC
AAGA

L-Part2

Leader

GTATCCAAGCA

L-Part1

Leader

ATGGATTGGCTGTGGAACTTGCTATTCCTGATGGCAGCTGCC
CAAA

VH12.a3.
101
Regulato
ry (RSS
Pass)

RSS

CACAGTGAGGGAACTTCATTGTGACCCCAGACATAAACT

IGHV12.
1

IGHV

GTGTTCTGTCCCAGATTCAGCTTAAGGAGTCTGGACCTGCTG
TCATCAAGCCATCACAGTCACTGTCTCTCACCTGCATAGTCT
CTGGATTCTCCATCACAAGTAGTAGTTATTGCTGGCACTGGA
TCCGCCAGCCCCCAGGAAAGGGGTTAGAGTGGATGGGGCG
CATATGTTATGAAGGTTCAATATACTATAGTCCATCCATCAAA
AGCCGCAGCACCATCTCCAGAGACACATCTCTGAACAAATTC
TTTATCCAGCTGAGCTCTGTGACAAATGAGGACACAGCCATG
TACTACTGTTCCAGGGAAAACCA

L-Part1

Leader

ATGAGACTACTAGGGTTTCTCCTGTGCTTGGCAGCAGCTCTA
AAAA

IGHV3.2.
P

IGHV

CCAAGTGTGCTGTTTCAGAGGCAGCTTCAGGAGTCAGGTCC
TGGACAGATGAAGCTTCAGAGACACTATATTTCACCTACTGG
TTACTCCATCACCAACAACTATGTCTGTACCTGGATATATCAA
AGCCATAGAAAGGTCCTATAGTAGATGAGATACATAAATATG
GGAGGAGTGCACAGTACAAACTCAAGAACCAAATATCCATCA
CTAGAGGCATGTTCAAAAGGCCTATACTTAAGACAGCTGAAC
TACATCACCTCTTAGTACACAGCCATATATTACCGGATATGAG
A

RSS
Pass

RSS

CACAGTGTGAAAACCACATCCTGAGGGTGTCAAAAACCA

IGHV9.4

IGHV

CAGATCCAGTTGGTGCAGTCTGGACCTGAGCTGAAGAAGCC
TGGAGAGACAGTCAAGATCTCCTGCAAGGCTTCTGGGTATAC
CTTCACAAACTATGGAATGAACTGGGTGAAGCAGGCTCCAG
GAAAGGGTTTAAAGTGGATGGGCTGGATAAACACCTACACTG
GAGAGCCAACATATGCTGATGACTTCAAGGGACGGTTTGCCT
TCTCTTTGGAAACCTCTGCCAGCACTGCCTATTTGCAGATCA
ACAACCTCAAAAATGAGGACACGGCTACATATTTCTGTGCAA
GA

L-Part2

Leader

GTGCCCAAGCA
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ATGGCTTGGGTGTGGACCTTGCTATTCCTGATGGCAGCTGC

L-Part1 Leader CCAAA

E:sss RSS CACAGTGAGGGAAATTCAGTGTGACCCCAGACATAAACA
GTATTCTGTCCCAGATTCAGCTTAAGGAGTCAGGACCTGCTG
TCATCAAGCCATCACAGTCACTGTCTCTCACCTGCACAGTCT
CTGAATTCTCCATCACAAGTAGTGGTTTTTGCTGGCACAGGA

IGHV12. || | TATGCCAGCCCCCAGGAAAGGGGTTAGAGTGGATGGGGCG

3P CATATGTTATGAAGGTTCCATATATTATAGTCCATCCCTCAAA
AGTCGCAGCACCATCTCCATAGACACATCACTGAATAAAATC
TTTATCCAGCTGAGCTCTGTAACTGATGAGGACACAGACATG
TACTACTATTCCAGGGAAAACCA
ATGAGACTCCTAGGGTTTCTCCTGTGCTTGGCAGCAGCGCT

L-Part1 Leader
GAAAA

E:sss RSS CATAGTGAGGGAACTTTGTGTGACCCCAGACATAAACTT
GTGTTCTGTCCAAGATTTAGCTTAAGAAGTCAGGATCTGCTC
TCATCAAGCCATCACAGCCACTGTCTCTCACCTGCACAGTCT
CTGGATTCTCCATTACAAGTAGTAGTTATTGCTGGCACTGGA

IGHV12. | o, | TCCGCCAGTCCCCAGGAAAGTGGTTAGAATGGATGGGGCAC

4p ATATGTTATGAAGGTTGACTAAACTATAGTCCATCCCTCAAAA
GACGCAGCACCATCTCCAGAGACACATCTCTGAACAAATTCT
TTATCCAGCTGAGCTCTGTGACTGATGAGGACACAGCCATGT
ACTACTGTTCCAGGGAAAACCA

5?88’8 RSS CACAGTGGGAAAACCACATCCTGAGGGTGTCAAAAACCA
CAGATCCAGTTGGTGCAGTCTGGACCTGAGCTGAAGAAGCC
TGGAGAGACAGTCAAGATCTCCTGCAAGGCTTCTGGTTATAC
CTTCACAGACTATTCAATGCACTGGGTGAAGCAGGCTCCAG

rves oy | GAAAGGGTTTAAAGTGGATGGGCTGGATAAACACTGAGACT
GGTGAGCCAACATATGCAGATGACTTCAAGGGACGGTTTGC
CTTCTCTTTGGAAACCTCTGCCAGCACTGCCTATTTGCAGAT
CAACAACCTCAAAAATGAGGACACGGCTACATATTTCTGTGC
TAGA

L-Part2 Leader GTATCCAAGCA
ATGGCTTGGGTGTGGACCTTGCTATTCCTGATGGCAGCTGE

L-Part1 Leader
CCAAA

ﬁ:sss RSS CACAGTGAGGGTACTTCAGTGTGAGCCTAGACACAAACC
GAGGTGAAGCTGGTGGAGTCTGGAGGAGGCTTGGTACAGC
CTGGGGGTTCTCTGAGACTCTCCTGTGCAACTTCTGGGTTCA

Hv72 Loy | CCTTCACTGATTACTACATGAGCTGGGTCCGCCAGCCTCCAG

GAAAGGCACTTGAGTGGTTGGGTTTTATTAGAAACAAAGCTA
ATGGTTACACAACAGAGTACAGTGCATCTGTGAAGGGTCGGT
TCACCATCTCCAGAGATAATTCCCAAAGCATCCTCTATCTTCA
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AATGAACACCCTGAGAGCTGAGGACAGTGCCACTTATTACTG
TGCAAGAGATA

L-Part2

Leader

GTATCCAGTGT

L-Part1

Leader

ATGAAGTTGTGGCTGAACTGGATTTTCCTTGTAACACTTTTAA
ATG

IGHV15.
1.P

IGHV

TTTCTACACATGCTCACTCCATTGTTTAGCTGCAGCAGTCTGA
AGCTGCACTGAGGACTCTTGGAGCTTCAGAATAGGTGCCCTT
CAAATGCTGTGATATGGGTAGCTTTCCTTTTTCCTTTAGGAAT
TGCATGACATAGAACCCTGAATGTAATGGAAACATAGACCCA
AGCATGAGAAGTACACTCTATGGACAGAATTAACAGGGCAGA
GTCACAATGGATGCAGACAAAATGTCCAAAACTGCCTACATG
TAGGTCAATAATCTGACAGCTGAGGACTCTTCTATCACTGCA
GAAGGAAGA

RSS
Pass

RSS

CACAGTGTTGCAACCACATCCTGAGAGTGTCAGAAACCA

IGHV14.
3

IGHV

GAGGTTCAGCTGCAGCAGTCTGGGGCAGAGCTTGTGAGGTC
AGGGGCCTCAGTCAAGTTGTCCTGCACAGCTTCTGGCTTCAA
CATTAAAGACTACTATATGCACTGGGTGAAGCAGAGGCCTGA
ACAGGGCCTGGAGTGGATTGGATGGATTGATCCTGAGAATG
GTGATACTGAATATGCCCCGAAGTTCCAGGGCAAGGCCACT
ATGACTGCAGACACATCCTCCAACACAGCCTACCTGCAGCTC
AGCAGCCTGACATCTGAGGACACTGCCGTCTATTACTGTAAT
GCA

L-Part2

Leader

GAATCAATTCA

L-Part1

Leader

ATGAAATGCAGCTGGGTCATCTTCTTCCTGATGGCAGTGGTT
ATAG

RSS
Pass

RSS

CACAGTGTGGAGTCTTCAGTGTGAGCCCAGACATAAACC

IGHV3.3.
P

IGHV

GATGTGCAGCTTCTGGAGTCAGGACCTAGCCTGGTGAGACC
TTCTCAGACACTCTCCCTTACCTGCACTGTTACTGGCTTCTCC
ATCAACAGTGATTGTTACTGGATCTGAATCCGGCAGTTTCCA
GGAAACAAACTGGAGTACATCGGGAACACATTCTACAGTGGT
ATCACTTACTACAACCCATCTCTCGAAAGTCGAACGTACATAA
CGCGTGACACATCTAAGAACCAGTTCTCACTGAAGTTGAGTT
CTGTGACTACTGAGGACACAGCCACTTACTACTGTGCGAGA
GA

L-Part2

Leader

GTATCCTGTCT

L-Part1

Leader

ATGAGAATGTTGAGTGTTCTGTACCTGTTGTCAGCCCTTCCT
G
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IGHV10.
1.P

IGHV

CCATACCATATATATCATAAAAAGACTAAAAGAGCTAGACAAT
ACTAATTCAAACGCGACAGAAAGACAAAAATAATTTTATAAAA
AAATAAAAGATTCATTCAACAAATGCTTAACCCAGAATCAATG
TCTCTTATTACCAGAGCAATGAAAACTAAGGTCAGAAAGATAT
ATCACCTCATATGTGGATGTATTCAGGATAAGATACGTGTTCA
TGGCTGTGGCTATGTTGGCAGTTACACAAGGTTCCAGGAACA
GACTGATAAATAAGGACACTACCATGTATTTCTGTGTGAGAG
A

IGHV12.
5.P

IGHV

TATCATCTATCACATCATCTTAAGTATACTATCATATCATCTAC
AAATAGTGGTGTTTTTACTTCTTCCTTTCCAACTTATATCCATT
TGAACTCTTTCTACTGTCTTATTTTTCTAACTAGAAATTCAAGT
ACTCCATTGAATAGATAGGGAGAGAGTGAACAGCCTTGTCTA
GTTATTGGTAGGTGGTACACAGCCCAAACTCAAGAACCACAT
CTCCATCATTAAAGGCACATTCAAAGCCCAATTCTTAACACAA
CTGAACTATATCACCACAAAGGACACAGCCATGCATTACTGC

AAAAGA

RSS
Pass

RSS

CACAGTGAGGGTACTTCAGTGTGAGCCTAGACACAAACC

IGHV7.3

IGHV

GAGGTGAAGCTGATGGAGTCTGGAGGAGGCTTGGTACAGCC
TGGGGCTTCTCTGAGACTCTCCTGTGAAGCTTCTGGATTCAC
CTTCACTGATTACTACATGAGCTGGGTCCGCCAGCCTCCAGG
GAAGTCACCTGAGTGGTTGGCTTTGATTAGAAACAAAGCTAA
TGGCTATACAACAGAGTATAGTGCATCTGTTAAGGGTCGGTT
CACCATCTCCAGAGATAATTCTCAAAACATCCTCTATCTTCAA
ATGAACACCCTGAGAGCTGAGGCCAGTGCCACTTATTACTGT
GCAAAAGATGTA

L-Part2

Leader

GTATCCAGTGT

L-Part1

Leader

ATGAAGTTGTGGCTGAACTGGATTCTACTTGTAGCACTTTTAA
ATG

IGHV3.4.
P

IGHV

AATAACCAAGTGTATTTAGTATTCACCCTACTCAATTATGAAG
GCAAAACTCAGACACTGTCCCTCACCTGCACTGTCACTGGGT
ACTCCATCAGCAGCAATAACTACTGGAAATGGATCAGGAATT
CCCTAGAAATAATCTGGAGTGGATGGGGTATATAAGTTATTA
TGATAGCACTGGCTACAAACCATCACTTCAAAGTCAAATTTCC
ATCACTAGAGATAATTCCAAAAACCAGCTCTTCCTTAAGATAA
ACTCTGTGACTATTGAGGACACAGCCACTTATTACTACACAA
GAGA

RSS
Pass

RSS

CACAGTGTTGAGTCTTCAGTGTGAGCCCAGACAAAAACC

IGHV3.3

IGHV

GATGTACAGCTTCAGGAGTCAGGACCTGGCCTGGTGAAGCC
TTCTCAGACAGTGTCCCTCACCTGCACTGTCACTGGCTACTC
TATCACTAATGGTAATCACTGGTGGAACTGGATCCGGCAGGT
TTCAGGAAACAAACTGGAGTGGATGGGGTACATAAGCTCCA
GTGGTAGCACTGACAGCAATCCATCTCTCAAAAGTCAAATCT
CCATCACTAGAGACACTTCCAAGAACCAGTTATTCCTGCAGT
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TGAACTCTGTGACTATTGAAGATATAGCCACATATTACTGTGC
AAGAGA

L-Part2

Leader

GTATACTGTCT

L-Part1

Leader

ATGAGAGTGTTGATTCTTGTGTACCTGTTGACAGTCCTTCCT
G

IGHV10.
2.P

IGHV

AGGGGATAATATCTATATCATATATATCATTAAAAAGATGAAA
AGAGCTAAATAATACTTATTCAAAAGTGACAAAAAGACAAAAG
ATGTTTCTATAAACAAAAAGACTAGGTCAACAAAGGCATAGC
ACAGAATCAATGCCTCTCATTACCACAGCAATGAAAATTAAG
GTCAAAAAGAGATATCACCTCATATGTGGATATATTCAGGATA
AGATATGTGTTCATGGCTGTTGCTGTGTTGACAGTTACACAA
GGTTCCATGAGCAGACTGAGAAATAAGGACACTGCCATGTGT
TACTGTTTGAGAGA

RSS
Pass

RSS

CACAGTGTGGAATCTTCAGTGTGAGCCCAGATGAAAACC

IGHV3.4

IGHV

GATGTGCAGCTTCAGGAGTCAGGACCTGGTCTGGTGAAACC
TTCTCAGACAGTGTCCCTCACCTGCACTGTCACTGGCATCTC
CATCACCACTGGAAATTACAGATGGAGCTGGATCCGGCAGTT
TCCAGGAAACAAACTGGAGTGGATAGGGTACATATACTACAG
TGGTACCATTACCTACAATCCATCTCTCACAAGTCGAACCAC
CATCACTAGAGACACTTCCAAGAACCAATTCTTCCTGGAAAT
GAACTCTTTGACTGCTGAAGACACAGCCACATACTACTGTGC
ACGAGA

L-Part2

Leader

GTATCCTGTCT

L-Part1

Leader

ATGAAAATGTTCACTCTTCTGTACCTGTTGACAGTCGTTCCTG

RSS
Pass

RSS

CACAGTGAGGGATAAACTGTGTGAACCCAAACACAAACC

IGHV13.
1

IGHV

GAGGTACAGCTGGTAGAGACAGGAGGAGGCTTGGTGCAGC
CTGGAAACTCTCTAAAACTTTCCTGTGCCACTTCGGGATACC
CTTTTTATGACTACTGGATGGATTGGGTCCGCCACTTTCCAG
AAAAGGGGCTGGAGTGGGTTGCTCGAATTGCAACAAAAACT
CATAATTATGCAACGTACTATGCAGAGTCTTTGAAAGGCCGA
TTCATCGTCTCAAGAGATGATTCCAAAAGCAGTGCATACATG
CAGATGAACAGCTTAAGAAAGGAAGACACTGCCATTTATTAC
TGGGCAAGAGAGA

L-Part2

Leader

GTATTCACTGT

L-Part1

Leader

ATGGCATTGGGACTGAGTTGGATTTTCCTTGTTTCCCTTTTAA
AGG
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IGHV5.3
2.P

IGHV

TACAAGGTGAGGTGCAGCTGGTAGAATCCGGAGGCAGCTTG
ATTCAGCTGGGGGGTGTGTGTCGATTAATCTCTCTTGTGAAG
CTTCTGGATTCACCTTCAGTAATTACTGGATTTGACAAGCCTC
AAGGAAGGGGTTAGAGTTGTTAGCAAAATCAAGAGGAATTCT
ATTGTCACAGCATTCTGGTGTTGCCCTGCACACAAAGGAGAG
AGATAAAGACCCCACGAAGCCTGATTGTTGAGTTTTTATACA
GTTTTCAGAGCAGCACCCATTAGTAACAATGTTATTGGTAGA
ACAGTGTGACTTT

RSS
Pass

RSS

CACAGTGTGGAGTCTTCACTGTGAGCCCAGACATAAACC

IGHV3.5

IGHV

GATGTACAGCTTCAGGAGTCAGGACCTGGCCTCGTGAAACC
TTCTCAGTCTCTGTCTCTCACCTGCTCTGTCACTGGCTACTC
CATCACCAGTGGTTATTACTGGAACTGGATCCGGCAGTTTCC
AGGAAACAAACTGGAATGGATGGGCTACATAAGCTACGACG
GTAGCAATAACTACAACCCATCTCTCAAAAATCGAATCTCCAT
CACTCGTGACACATCTAAGAACCAGTTTTTCCTGAAGTTGAAT
TCTGTGACTACTGAGGACACAGCTACATATTACTGTGCAAGA
GA

L-Part2

Leader

GTATCCTGTCT

L-Part1

Leader

ATGAAAGTGTTGAGTCTGTTGTACCTGTTGACAGCCATTCCT
G

RSS
Pass

RSS

CACAGTGTGAAAACCACATCCTGAGGGTGTCAGAAACCA

IGHV9.6

IGHV

CAGATCCAGTTGGTGCAGTCTGGACCTGAGCTGAAGAAGCC
TGGAGAGACAGTCAGGATCTCCTGCAAGGCTTCTGGGTATA
CCTTCACAACTGCTGGAATGCAGTGGGTGCAAAAGATGCCA
GGAAAGGGTTTGAAGTGGATTGGCTGGATAAACACCCACTCT
GGAGTGCCAAAATATGCAGAAGACTTCAAGGGACGGTTTGC
CTTCTCTTTGGAAACCTCTGCCAGCACTGCATATTTACAGATA
AGCAACCTCAAAAATGAGGACACGGCTACGTATTTCTGTGCG
AGA

L-Part2

Leader

GTATCCAAGCA

L-Part1

Leader

ATGGAATGGCTGTGGAACTTGCTATTTCTCATGGCAGCAGCT
CAAA

RSS
Pass

RSS

CACAAGGTGGTGTCTTCAGTGTGAGCCCAGAAATAAACC

IGHV3.5.
P

IGHV

GAGGTACAGCTCCAGGAGTCGGGACCTGACCTGGTGAAAAC
TTCTCAGTCACTGTCCTTCACCTGCTCTGTCACTGGCTACTC
CATCACCAGTGGTTATGACTGGAACTGTATCTGGCAGTTTCC
AGGAAACAAACTGTAGTGTATGAGGTACATACACAAGAGTGG
TAGCACTAACTACAACCCATCTCTCAAAAGTCAAGTCTCCATC
ACTGGAGACACTTCCAAGAACCAGTTCTACCTGCAGTTGAAT
TCTGTGACTACTGAGGACACAGCCATATATTACTGTGCAAAT
GA

L-Part2

Leader

GTATCCTATCC
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ATGAGAGTGTTGAGTCTTGTGTACCTGTTGATAGGTGTTCCT

L-part1 Leader G
GGCTGGTGGAATCTGGAGGCAGCTTGATAGAGCATGAAGGG
TACATTCAACTCTTTTGTCAAGCTTCTGGATTCACCCTCAGTG

GHVE.3 GTTACTGGATGCACAGGATTTGCCAAGCCCCAGGGAAGGGG

of IGHV | CCAGAGTGGTTAGCAAATATAAAATTTGATGAGAGTGAAGGG

: TTTATGGGTTATCCCAGATGATTAAAACCTATGCTATGTACTA
CAAAAACAGCTGTGAGAATCTAGGCCTAGGTGCATTGTGGG
GACATGAGAAATACATCCCAGGGATTAATATACG

E:ssé RSS CACAGTGTGGAGTCTTCAGTGTAGGCCCAGACATAAACC
GAGGTGCAGCTTCAGGAGTCAGGACCTAGCCTCGTGAAACC
TTCTCAGACTCTGTCCCTCACCTGTTCTGTCACTGGCGACTC
CATCACCAGTGGTTACTGGAACTGGATCCGGAAATTCCCAG

IGHV3.6 |IGHV | GGAATAAACTTGAGTACATGGGGTACATAAGCTACAGTGGTA
GCACTTACTACAATCCATCTCTCAAAAGTCGAATCTCCATCAC
TCGAGACACATCCAAGAACCAGTACTACCTGCAGTTGAATTC
TGTGACTACTGAGGACACAGCCACATATTACTGTGCAAGATA

L-Part2 Leader GTATCCTGTCA
ATGATGGTGTTAAGTCTTCTGTACCTGTTGACAGCCCTTCCG

L-Part1 Leader G

Eassss RSS CAGAGTGAGGAACATGAACTGTGAACTCAGACACAAAAC
GAGGTTTAGCTTCTAGAATCTGGAGGTTCTTTGATATAGCCT
GGAGGATCCTTTAAACTCTCTTCTAAAGTTGCTGGATTCACCT

GHVEA TCAATGATTACTGGATGTGCTGGTTTTGATAAGGCCCAGGGA

SAVEA-liGHY | ATCGGCTAGAGTGGTTTGCAGATAAAAAATATGTGAAAAGTT
TAAAAAAACATGCAAAGTCTGTGAAGGGCAGATTTGCCACTA
CAGAGACAATTCTAAAAACTTATTTTATCTACAAATGAACAGT
CTGAGAAATGAGGACATTGCCCCTTATTACTCTATGA

LPartz |Leader | GCTTAGAGGAT

RSS Fail | RSS CACATCCTCACTGTGACATAAATC
GTATCCATTTCCAAATCCAACTGCAACAGTCTGGGGCTGACC
TGATTAAACCTGGATCCTCAATGAAGGTGTCTTGCAAGGTTC
CTGGCTACAGTTTCACTAGCTACTATATGACCTGGGTAAAAG

IGHV11. ||y | AGAGTCCTGGACAGGGTCTAGAATAGATTAGAGAAACCACC

P CTAATAGTTGCAGTATAAGTTATGCACAGAAGTTTCAAGGAC
ACATCTCCATAACTAGGGACATATCCTCCAGCATGGCCTACA
TGGAGCTCAGCAGGCTGACCTCTGAGGACATTTCTGTTTATT
GCTGTTTATTGTTATTTATTGTATGT

E:sss RSS CACACTGTGGGGCCATCAATGAGAACCCATACACAAACC
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IGHV13.
2

IGHV

CAGGTGCAGCTTGTAGAGACCGGGGGAGGCTTGGTGAGGC
CTGGAAATTCTCTGAAACTCTCCTGTGTTACCTCGGGATTCA
CTTTCAGTAACTACCGGATGCACTGGCTTCGCCAGCCTCCAG
GGAAGAGGCTGGAGTGGATTGCTGTAATTACAGTCAAATCTG
ATAATTATGGAGCAAATTATGCAGAGTCTGTGAAAGGCAGAT
TCACTATTTCAAGAGATGATTCAAAAAGCAGTGTCTACCTGCA
GATGAACAGATTAAGAGAGGAAGACACTGCCACTTATTATTG
TAGTAGA

L-Part2

Leader

GTGTCCAGTGT

L-Part1

Leader

ATGGAGTTGGGACTGAGCTGGGTATTTCTTGTGGCTCTTTTG
AATG

RSS
Pass

RSS

CACAATGAGAAGATTCCAATGTCAACCCACACACAAACC

IGHV12.
2

IGHV

CAGATGCAGCTTCAGGAGTCAGGACCTGGCCTGGTGAAACC
CTCACAGTCACTCTTCCTCGCCTGCTCTATTACTGGTTTCCC
CATCACCAGTGGTTACTACTGGATCTGGATCCGTCAGTCACC
TGGGAAACCCCTAGAATGGATGGGGTACATCACTCATAGTG
GGGAAACTTTCTACAACCCATCCCTCCAGAGCCCCATCTCCA
TTACTAGAGAAACATCCAAGAACCAGTTCTTTCTGCAATTGAA
CTCTGTGACCACAGAGGACACAGCCATGTATTACTGTGCAG
GAGACAGA

L-Part2

Leader

GTAGCCTGTCT

L-Part1

Leader

ATGAGAGTGCTGGGATTTTTGTGCCTGGTGACAGTCCTTCCT
G

IGHV3.6.
P

IGHV

TTGTGAAAACTCCAGCCTGTGTCAAGTTGACACACAAAACTA
GCCAGTACAGTCACCATCCTTCATCTTCAATGTCACCAGTTC
CTCTATTAGCTGTTGTTACTGGTGAGGTTGGATTCATCAGCA
ACTACAAAAAGGACTGCAGTGGATGGATAAAACTTATTATATA
AGAACCTTCCTGCCATCCAATCCCAAAAAGCCTAATAAATAT
GAAAGTAGGTATATAAAAGAATCAGTTTCCTTTGAGGTTGAG
CTCTGTGATCATTGAGCAATTGGCTGCACATTACTGTGCAAG
AAG

RSS
Pass

RSS

CACAGTGAGAAGTCTTCATTGTGAGTCTAGACACAAACT

IGHV6.1

IGHV

GAAGTGAAGCTTGAGGAGTCTGGAGGAGGCTTGGTGCAACC
TGGAGGATCCATGAAACTCTCCTGTGTTGCCTCTGGATTCAC
TTTCAGTAACTACTGGATGTCCTGGGTCCGCCAGTCTCCAGA
GAAGGGGCTTGAGTGGGTTGCTCAAATAAGATTGAAATCTGA
TAATTATGCAACACATTATGCGGAGTCTGTGAAAGGGAGGTT
CACCATATCAAGAGATGATTCCAAAAGTAGTGTCTACCTGCA
AATGAACAACTTAAGGGCTGAAGACACTGGAATTTATTACTG
CACAGG

L-Part2

Leader

GGGTCCAGAGT

L-Part1

Leader

ATGGACTTGAGACTGAGCTGTGCTTTTATTATTGTTCTTTTAA
AAG

259




RSS
Pass

RSS

CACAGTAAGAAGCCTTCATTGTGAATCTATCCACCAACC

IGHV6.2

IGHV

GATGTGAACCTGGAAGTGTCTGGAGGAGGCTTAGTTAAACCT
GGAGGATCCATGCAACGCTCTTGTGTAGACTCTGGATTTACT
TTTGTAGATGGCTGGATGGACTGGGTCTGCCAGTCTCCAGA
GAAGGGTCTTGAGTGGGTTGCTGAAATTGCAAACAAAGCTAA
TAATTACGCAACATATTATCCCGAGTCTGTGAAAGGCAGATT
CACCATCTCAAGAGATGATTTCAAAAGTCGTGTCTACCTGCA
AAAGAACAGCTTAAGAGCTGAAGATACAGGCATTTATTACTG
TACAAGG

L-Part2

Leader

GTGTCCAGAGT

L-Part1

Leader

ATGTACTTGGAAATGAGCTGTGTTTTCATTGTTGTTCTCTTAA
AAG

RSS
Pass

RSS

CACAGTGAGAAGCCTTCATTGTGAATCTTTCCACAAATC

IGHV6.3

IGHV

GAAGTGAAAATTGAGGAGTCAGGAGGAGGCTTGGTCCAACC
TGGAGGATCCATGAAACTCTCTTGTGCAGCCTCTGGATTCAC
TTTCAGTGATTACAGGATGGACTGGGTCCACCACTCTACAGA
GAATGGGTTGGAGTGGGTTGCTGAAATTAGAAACAAAGCTAG
TAATTATGCAACATATTATGCGGAGTCTGTGAAAGGGAGGTT
CACCATCTCAAGAGATGATTCCAAAAGTAGTGTCTACCTGCA
AATGAACAGCTTAAGAGCTGAAGATACTGGCATTTATTACTGT
AAAAGG

L-Part2

Leader

GTGTCCAGAGT

L-Part1

Leader

ATGGACTTGGAACTGAGCTGTGTTTCATTGTTGTCCTCTTAAA
AG

RSS
Pass

RSS

CACAGTGAGAAGCCTTTATTATGAACCTATCCACAAACC

IGHV6.4

IGHV

GAAGTGAAGCTTGAGGAGTCTGGAGGAGGCTTGGTGCAACC
TGGAGGATCCATGAAACTCTCCTGTGTTGCCTCTGGATTCAC
TTTCAGTAACTACTGGATGAACTGGGTCCGCCAGTCTCCAGA
GAAGGGGCTTGAGTGGGTTGCTGAAATTAGATTGAAATCTAA
TAATTATGCAACACATTATGCGGAGTCTGTGAAAGGGAGGTT
CACCATCTCAAGAGATGATTCCAAAAGTAGTGTCTACCTGCA
AATGAACAACTTAAGAGCTGAAGACACTGGCATTTATTACTGT
ACCAGG

L-Part2

Leader

GTGTCCAGAGT

L-Part1

Leader

ATGTACTTGGGACTGAACTGTGTATTCATAGTTTTTCTCTTAA
AAG

RSS
Pass

RSS

CACAGTGAGAAGTCTTCATTGTGATCCTAGACACAAACC
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GAGGTGAAGCTGGATGAGACTGGAGGAGGCTTGGTGCAACC
TGGGAGGCCCATGAAACTCTCCTGTGTTGCCTCTGGATTCAC
TTTTAGTGACTACTGGATGAACTGGGTCCGCCAGTCTCCAGA
GAAAGGACTGGAGTGGGTAGCACAAATTAGAAACAAACCTTA

IGHVB.5 |IGHV | 1A ATTATGAAACATATTATTCAGATTCTGTGAAAGGCAGATTC
ACCATCTCAAGAGATGATTCCAAAAGTAGTGTCTACCTGCAA
ATGAACAACTTAAGAGCTGAAGACATGGGTATCTATTACTGT
ACATGG

L-Part2 Leader GTGTCCAGTGT
ATGTACTTGGGACTGAGCTGTGTATTCATTGTTTTTCTCTTAA

L-Part1 Leader AAG

5?88’8 RSS CACAGTGGTGCAACCGTGACCCACAGCTGTGCAATATTT
CAGGTTACTCTGAAAGAGTCTGGCCCTGGGATATTGCAGCC
ATCACAGACGCTTAGCCTGGCCTGTACTTTCTCTGGGATTTC
ACTGAGTACTTCTGGTATGGGTTTGAGCTGGCTTCGTAAGCC

crves Loy | CTCAGGGAAGGCTTTAGAGTGGCTGGCAAGCATTTGGAATA
ATGATAACTACTACAACCCATCTTTGAAGAGCCGGCTCACAA
TCTCCAAGGAGACCTCCAACAACCAAGTATTCCTTAAACTCA
CCAGTGTGGACACTGCAGATTCTGCCACATACTACTGTGCTT
GGAGAGAG

L-Partz |Leader |ATGTCCTATCT

partt |Longer | ATGGGCAGACTTACATTCTCATTCCTGCTGCTGCTGCCTGTC
CCTGCAT

5?88’8 RSS CACAGTGTTGTGACCACATCCTGAGTATGTCAGAAAACT
CAGGTTCAGCTCCAGCAGTCTGGGGCTGAGCTGGCAAGACT
TGGGGCTTCAGTGAAGTTGTCCTGCAAGGCTTCTGGCTACAC
CTTTACTAGCTACTGGATGCAGTGGGTAAAACAGAGGCCTG

vt Loy |GACAGGGTCTGGAATGGATTGGGGCTATTTATCCTGGAGAT
GGTGATACTAGGTACACTCAGAAGTTCAAGGGCAAGGCCAC
ATTGACTGCAGATAAATCCTCCAGCACAGCCTACATGCAACT
CAGCAGCTTGGCATCTGAGGACTCTGCGGTCTATTACTGTGC
AAGA

L-Partz |Leader |GTGTCTACTCA

Partt | Loader él’\gGAATGTAACTGGATACTTCCTTTTATTCTGTCAGTAACTT

E:ssé RSS CACAGTGTTGTGACCACATCCTGAGTGTGTCAGAAAACT
GAGGTTCAGCTCCAGCAGTCTGGGACTGTGCTGGCAAGGCC
TGGGGCTTCCGTGAAGATGTCCTGCAAGGCTTCTGGCTACA

ivis oy | GCTTTACCAGCTACTGGATGCACTGGGTAAAACAGAGGCCT

GGACAGGGTCTAGAATGGATTGGTGCTATTTATCCTGGAAAT
AGTGATACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCAAA
CTGACTGCAGTCACATCCGCCAGCACTGCCTACATGGAGCT
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CAGCAGCCTGACAAATGAGGACTCTGCGGTCTATTACTGTAC
AAGA

L-Part2

Leader

GGGTCTACTCA

L-Part1

Leader

ATGGAATGTAACTGGATACTTCCTTTTATTCTGTCGGTAATTT
CAG

RSS
Pass

RSS

CACAGTGTGGAATCTTCAGTGTGAGCCTAGACACAAACC

IGHV10.
1

IGHV

GAGGTGCAGCTTGTTGAGTCTGGTGGAGGATTGGTGCAGCC
TAAAGGATCATTGAAACTCTCATGTGCCGCCTCTGGTTTCAC
CTTCAATACCTATGCCATGCACTGGGTCTGCCAGGCTCCAGG
AAAGGGTTTGGAATGGGTTGCTCGCATAAGAAGTAAAAGTAA
TAATTATGCAACATATTATGCCGATTCAGTGAAAGACAGATTC
ACCATCTCCAGAGATGATTCACAAAGCATGCTCTATCTGCAA
ATGAACAACCTGAAAACTGAGGACACAGCCATGTATTACTGT
GTGAGAGA

L-Part2

Leader

GTGTGCATTGT

L-Part1

Leader

ATGGTGTTGGGGCTGAAGTGGGTTTTCTTTGTTGTTTTTTATC
AAG

RSS
Pass

RSS

CACAGTGGTGCAACCACATCCCGACTGTGTCAGAAACCC

IGHV1.3

IGHV

CAGGTCCAGCTTCAGCAGTCTGGGGCTGAACTGGCAAAACC
TGGGGCCTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTACA
CCTTTACTAGCTACTGGATGCACTGGGTAAAACAGAGGCCTG
GACAGGGTCTGGAATGGATTGGATACATTAATCCTAGCACTG
GTTATACTGAGTACAATCAGAAGTTCAAGGACAAGGCCACAT
TGACTGCAGACAAATCCTCCAGCACAGCCTACATGCAACTGA
GCAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCAA
GA

L-Part2

Leader

GTGTCCACTCC

L-Part1

Leader

ATGGAAAGGCACTGGATCTTTCTCTTCCTGTTTTCAGTAACTG
CAG

IGHV10.
3.P

IGHV

GGTACAGCCTGTTGGGTCTGGTGAAGGATTGGTGCAGCCTA
AAGGGTCACTGAAACACTTTTATTCAGCCTCTGGATTCATCTT
CAATACATATACCATGGAATGGGTCTGCCAGGCTCCAAGAAA
CGGTCTGGAATGGGTTGCATGCATAAGAACTAAAAGTAATAA
TTATGCCACATATACTGATTCAGTGAAAGACAGATTCGCCAT
CTCCAGAGATGATTCTCAAAGCATGGTCAACCTGTAAATGAA
CAATCTGAAAACTGAGGACATAGATATGTATTAATTACAAGAG
A

RSS
Pass

RSS

CACTGTGTTAAAACCACATACTGATTGTGTCAAAAACCC
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IGHV1.4

IGHV

CAGGATCAGCTACATCAGTCTGGAGCTGAGCTGCAGCAACC
TGGGACATCAGTGAAGATGCCCTGCAAGGCTACTGGCTACA
CCTTCACTAAGTATCGAATGCGTTGGGTGAGGCAGAAGCTTG
GACAGGGCCTGGAATGGATTGCATCTGTTGATCCTGGAAATA
GTAATACTGAATACAATCAGAAGTTCAAAGGCAAGACCTCAC
TAACTGAATACAAATCCTCCAGCACAGCCTACATAGAGCTTA
GCAGCCTGACCTCTGAGGACTCTGTGGTCTATTACTGTACAA
GA

L-Part2

Leader

GTGTCCACTCA

L-Part1

Leader

ATGGAAGAGAGTGGTATCTTTCTCTTCCTCTTGTCAGTAACTT

RSS
Pass

RSS

CACAGTGTAACAGCTCATATCTGGAGCATGTCAAAAAGT

IGHV15.
1

IGHV

CAGGTTCACCTACAACAGTCTGGTTCTGAACTGAGGAGTCCT
GGGTCTTCAGTAAAGCTTTCATGCAAGGATTTTGATTCAGAA
GTCTTCCCTATTGCTTATATGAGTTGGGTTAGGCAGAAGCCT
GGGCATGGATTTGAATGGATTGGAGACATACTCCCAAGTATT
GGTAGAACAATCTATGGAGAGAAGTTTGAGGACAAAGCCACA
CTGGATGCAGACACAGTGTCCAACACAGCCTACTTGGAGCT
CAACAGTCTGACATCTGAGGACTCTGCTATCTACTACTGTGC
AAGG

L-Part2

Leader

GTATCCAATCC

L-Part1

Leader

ATGGACTGGATTTGGATCATGCTCCATCTGCTGGCAGCAGCT
ACAG

RSS
Pass

RSS

CACAGTGTTGTAACCACATCCTGAGTGTGTCAGAAACTC

IGHV1.5

IGHV

CAGGTTCAGCTGCAGCAGTCTGGAGCTGAGCTGATGAAGCC
TGGGGCCTCAGTGAAGATATCCTGCAAGGCTACTGGCTACA
CATTCAGTAGCTACTGGATAGAGTGGGTAAAGCAGAGGCCT
GGACATGGCCTTGAGTGGATTGGAGAGATTTTACCTGGAAGT
GGTAGTACTAACTACAATGAGAAGTTCAAGGGCAAGGCCACA
TTCACTGCAGATACATCCTCCAACACAGCCTACATGCAACTC
AGCAGCCTGACATCTGAGGACTCTGCCGTCTATTACTGTGCA
AGA

L-Part2

Leader

GTGTCCACTCC

L-Part1

Leader

ATGGAATGGACCTGGGTCTTTCTCTTCCTCCTGTCAGTAACT
GCAG

IGHV1.2.
P

IGHV

CCGGCCCAGCTGCAGCATTCTGGGGCTGACATGGAGGAGC
CTGGTCCTCAGTGAAGTTTTCCTGCATGGCTTCTGGCTATAC
CTTCACTGACCACTCTATTCATGTGGTAAAACAATGAAACAGA
GGCCTGGATAGGGACTGGAGTGGATTGAATGGGTTGGACCT
ACATGTGGTGGTACTGTATATGCTAGGAAGTTTCAAGGCAAA
GCCACACTGACTGTAGACAAATCAGCCATCACAACCTACATG
CAGCTCAGTAGCCTGACATCTGAAAACTCTGCAGTCTATTAC
TGTGCCATGCAAGGA
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RSS

oS IRsS CACAGTGCTACAACCACATCCTGAGTGTGTCAGAAACCA
CAGATTCAGCTGCAGCAGTCAGGAGCTGAGCTGGCGAGTCC
TGGGGCATCAGTGACACTGTCCTGCAAGGCTTCTGGCTACA
CATTTACTGACCATATTATGAATTGGGTAAAAAAGAGGCCTG

IGHV1.3. | 5y GACAGGGCCTTGAGTGGATTGGAAGGATTTATCCAGTAAGT

P GGTGAAACTAACTACAATCAAAAGTTCATGGGCAAGGCCACA
TTCTCTGTAGACCGGTCCTCCAGCACAGTGTACATGGTGTTG
AACAGCCTGACATCTGAGGACCCTGCTGTCTATTACTGTGGA
AGG

L-Part2 |Leader |GTGCCTCCTCC
ATGGGATGGAGCCAGATCACCCTCTTTCTGGTGGCAGCAATT

L-Part1 Leader
ACAT

ESSSS RSS CACAGTGTTGTGACCACATCCTGCATGTGTCAGAAACCC
CAGGCTTATCTACAGCAGTCTGGGGCTGAGCTGGTGAGGTC
TGGGGCCTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTACA
CATTTACCAGTTACAATATGCACTGGGTAAAGCAGACACCTG

GHV1s |iahy GACAGGGCCTGGAATGGATTGGATATATTTATCCTGGAAATG

: GTGGTACTAACTACAATCAGAAGTTCAAGGGCAAGGCCACAT

TGACTGCAGACACATCCTCCAGCACAGCCTACATGCAGATCA
GCAGCCTGACATCTGAAGACTCTGCGGTCTATTTCTGTGCAA
GA

L-Par2 |Leader |GTGTCCACTCC
ATGGGATTCAGCAGGATCTTTCTCTTCCTCCTGTCAATAACTA

L-Part1 Leader CAG

E:sss RSS CACAGAGTTGAAACCACATCCTGAGTGTGTCAGAAACCC
CAGGTCCAACTTCAGCAGTCTGGACCGGAGCTGGTAATACC
TGGGGCTTCAGTGAAGTTGTCCTGCAAGGCTTCTGGCTACAA
TTTTAATGACTATGAAAATCAATGGGTGAAGCAGAGTCTGAA

IGHV1.4. | 5y GCAGGCACTGGAATGGATTGGAGCTATTCATCCTGAAAATGG

P TGGTATTACCTACAATCAGAAGTTCAAAGGCAAGGCCACATT
TACTGTAGACACATCCTCCAACACAGCCTACATGCAACTCAG
AAGCCTGACATCTGAGGACACTGCTGACTATTATTGTGAGAG
A

L-Part2 |Leader |GCATCCTCTCC
ATGGAATGAAGCTGCATCTTTTCTTCCTCCTGTCAATAACTAT

L-Part1 Leader AG

E:sss RSS CACAGTGTTGTAACCACATCCCGAATGTGTCATAAACCC
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IGHV1.7

IGHV

GAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTGGTAAAGCC
TGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGATACA
CATTCACTAGCTATGTTATGCACTGGGTGAAGCAGAAGCCTG
GGCAGGGCCTTGAGTGGATTGGATATATTAATCCTTACAATG
ATGGTACTAAGTACAATGAGAAGTTCAAAGGCAAGGCCACAC
TGACTTCAGACAAATCCTCCAGCACAGCCTACATGGAGCTCA
GCAGCCTGACCTCTGAGGACTCTGCGGTCTATTACTGTGCAA
GA

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

ATGGAATGGAGTTGGATATTTCTCTTTCTCCTGTCAGGAACT
GCAG

RSS
Pass

RSS

CACAGTGTTGAAACCACATCCTGACTGTGTCAGAAACCC

IGHV1.8

IGHV

CAGGTTCAACTGCAGCAGTCTGGGGCTGAGCTGGTGAGGCC
TGGGGCTTCAGTGAAGCTGTCCTGCAAGGCTTTGGGCTACA
CATTTACTGACTATGAAATGCACTGGGTGAAGCAGACACCTG
TGCATGGCCTGGAATGGATTGGAGCTATTCATCCAGGAAGT
GGTGGTACTGCCTACAATCAGAAGTTCAAGGGCAAGGCCAC
ACTGACTGCAGACAAATCCTCCAGCACAGCCTACATGGAGCT
CAGCAGCCTGACATCTGAGGACTCTGCTGTCTATTACTGTAC
AAGA

L-Part2

Leader

GTGTCCAATCC

L-Part1

Leader

ATGGAATGGAGCTGGGTCTTTCTCTTCCTCCTGTCAGTAACT
GCAG

RSS
Pass

RSS

CACAGTGCTGCAACCACCTCCTGAGTGTGTCAGAAACCC

IGHV1.9

IGHV

GAGGTCCAGCTGCAGCAGTCTGGACCTAAGGTAGTGAATGC
TGGGGCTTCAGTGAAGCTGTCCTGCAAGTCTTCTGGTTACTC
ATTCAGTAGATACAAAATGGAATGTGTGAAACAGAGCCATGT
AAAGAGCCTTGAGTGGATTGAACATATTAATCTTTTCAATGGT
ATTACTAACTACAATGGAAACTTTAAAAGCAAGGCCACATTGA
CTGTAGACATATCCTCTAGCACAGCCTATATGGAACTTAGCA
GATTGACATCTGAAGACTCAGAGGTATATTACTGTGCAAGA

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

ATGGAATGGAGTTGGGTCTTTATTTTATTCCTGTCAGTAACTA
CAG

RSS Fail

RSS

CAGTGTTGTAACCATATTCTTAGAGTGTCAGAAATCCTG

IGHV1.5.
P

IGHV

GAAGTCCACCTGCAGCAGTCTCTACCTAAGGTAGTGAAGGC
TGGGCCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACTGGCTACTACATGCACTGGGTGAAGCAGAGCCATG
GAAAGATCCTTCAAAGGATTGAATATGTTAATCCTTATAATGG
TGGTACTGGCTACAATGAAAAGTTCAAGGACAAGGCCACATT
GACTGCAGACAAATCCTTCAGCACAGCCTATATGCAATTCAG
CAGCCTGACATCTGAGGACTCTCTGGTCTATTACTGTGCAAG
ATA
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L-Part2

Leader

GTGTCAACTCT

L-Part! |Leader |ATGGAGCTGGAACTTTCTCTTCCTCCTTTCAGGAACTACAG

§2i RSS CACAGTGTTGTAACCACAGCCTGAGTGTGTCAGAAAACT
TGAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTATTC
ATTCAGTGACTACTACATGGAATGGGTGAAGCAGAGCCATAG

IGHV16. ||y | AAAGAGTCTTGAATGTATTGGAGAAATTAATCCTTACAATGGT

P GGTACTACCTACAACCAGAAGTTCAAGGGCAAGGCCACATT
GACTGTAGACACATCTTCCAGCACAGCGTACATGGAGCTCC
GCAGCCTGACATCTGAGGACTCTTCGGTCTATTACTGTGCAA
GA

L-Part2 Leader GTGTCCACTC

_Parti | Leader | ATGTCCTCTCCACAGTACCTTAACACACTGACTCTAACCATAA
AATTGAGCTGGATCTTTCTCTTCCTCCTGTCAGGAACTGCAG

§2i RSS CACAGTGCTACAAACACTTCCTGAGTGTGTCAGAAATCC
GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGACTTCTGGATACAC
ATTCACTGAATACACCATGCACTGGGTGAAGCAGAGCCATG

IGHVAA |\ GAAAGAGCCTTGAGTGGATTGGAGGTATTAATCCTAACAATG

0 GTGGTACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACA
TTGACTGTAGACAAGTCCTCCAGCACAGCCTACATGGAGCTC
CGCAGCCTGACATCTGAGGATTCTGCAGTCTATTACTGTGCA
AGA

L-Part2 Leader GTGTCCTCTCT

Partt |Leader | ATGGGATGGAGCTGGATCTTTCTCTTICTCCTGTCAGGAACT
GCAG

Eii RSS CACAGTGTTATAGCCACATCCTTTGTGTGACAGAAAACC
TAAGGTCAAGCTGCAGCAGTCTGGACCTGAGCTGGTGAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGACTTCTAGTTACTC

GHVA7 ATTCACTGGCTACTACATGCACTGGGTGAAGCAGAGCCATTG

OMVITiIGHY | AAAGAGCCTTGAGTGGATTGGACTTATTATTCCTTACAATGGT
GATACTGGCTACAACCAGAAGTTCAAGGAAAAGGCCACATTG
ACTGTAGACTAGTCCTTCAGCACAGCCTACATGGAGCTCCGC
AGCCTGAAATCTTAGGACTCTGTGGTCTATTACTGTGCAAGA

L-Part2 Leader GCATCCACTC

L-Part! |Leader |ACGGAGCTGGCTCTTTCTCTTCCTCCTGTCAGTAAAT

Eii RSS CACAGTGTTGTAACCACATCCTGGAGTGTGTCAGAAAAC
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GAGATCCAGCTGCAGCAGTCTGGACCTGAGCTGATGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACTAGCTACTACATGCACTGGGTGAAGCAGAGCCATGG

GHV11 | oy |AAAGAGCCTTGAGTGGATTGGATATATTGATCCTTTCAATGG

1 TGGTACTAGCTACAACCAGAAATTCAAGGGCAAGGCCACATT
GACTGTAGACAAATCTTCCAGCACAGCCTACATGCATCTCAG
CAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCAAG
A

L-Part2 Leader GTGTCCACTCT
ATGGGATGGAGCTGGATCTTTCTCTTCCTTCTGTCAGGAACT

L-Part1 Leader GCAG

RSS Fail |RSS CAGTGCTGTAACCACATCGTGAGTGTGTCAGTAATCCTG
GAGGTCCACCTGAAGCAGTCTGGACCTAAGGTAGTGAGGGC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC

CHVAS ATTCACTGGCTACTACAGGCACTGGGTGAAGTCCTGTAAAAA

A IGHV | GCCTTCAAAGGATTGGATATATTATTCCTTACAGTGGTGGTAC
TGGCTACAATGAAAAGTTCAAGGGGAAGGCCACATTGACTG
CAGACAAATCCTTCAGCACAGCCTATATGCAATTCAGCAGCC
TGACATCTGAGGACTCTGTGGACTCTTACTGTGCGAGATA

L-Part2 |Leader |GTGTCCATTCT

L Parti | Leader | ATGGAATGGAACTGGTTGAAACTTACTCTTTCTCCTGTCAGG
AACTACAG

E:sss RSS CACAGTGTTGTAACCACAGCCTGAGTGTGTCAGAAAATG
GAGGTCCAACTGCAGCAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACTGGCTACTACATGCACTGGGTGAAGCAAAGTCCTGA

GHV11 || | AAATAGTCTTGAGTGGATTGGAGAGATTAATCCTAGCACTGG

2 GGGTACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACAT
TAACTGTAGATAAATCCTCCAGCACAGCCTACATGCAGCTCA
AGAGCCTGACATCTGAAGAGTCTGCAGTCTATTACTGTACAA
GA

L-Part2 Leader GTGTCCACTCT
ATGGGATGGAGCTGGACCTTTATTTTAATCCTGTCAGTAACTA

L-Part1 Leader CAG

ﬁ:sss RSS CACGGTGCTACAAACACATCCTGTGTGTGTCAGAAACCC
GAGGTCCAACTGCAGCAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACTGTCTACTACATGCACTGGGTGAAGCAGAGCCATGG

IGHV1.9. |, o\, |AAAGAGCCTTGAGTGGACTGGATAAGTTTATCCTTACAATGG

P TGTTTCTAGCTACAACCAGAAATTCAAGGGCAAGGCCACATT

GACTGTAGACAAGTCCTCTATAGCACAGCCTACATGGAGCTC
CACAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCA
AGA
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L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

ATGGAATGGAGGTGGATCTTTCTCTTCCTCCTTTCAGCAACT
ACAG

RSS
Pass

RSS

CAAAGTGCTACAAATACATCCTGAGAGTTTCAGAAATCC

IGHV1.1
0.P

IGHV

GAGGTCCAGCTGCAGCAGTCTTTACCTGACCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
TTTCACTGGCTACTACATGCACTGGGTGAAGCAGAGCCATG
GAAATAGCCTTGAGTGGATTTGATATATTGATCCTTATGATGG
TGTTACTAGCTACAATAGGAAGTTCAAGGGAAAGGCCACATT
GACTGTAGACAAGTCCTCCAGCACAGCCTACATGGAGCTAT
GAAACCTGACATCTGAGGAAACTGCAGTCTATTACTGTGCAA
GA

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

ATGGAATAGAGCTGCATCTTTCTCTTCCTTCTGTCAGTAACTG
CAG

RSS
Pass

RSS

CACAGTGCTACAAACACATCCTGAGTGTGTCAGAAAACT

IGHV1.1
3

IGHV

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATGTCCTGTAAGGCTTCTGGATACAC
ATTCACTGACTACTACATGGACTGGGTGAAGCAGAGCCATG
GAGAAAGCTTTGAGTGGATTGGACGTGTTAATCCTTACAATG
GTGGTACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACA
TTGACTGTTGACAAGTCCTCCAGCACAGCCTACATGGAGCTC
AACAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGCA
AGA

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

ATGGGATGGAGCTGGATCTTTCTCTTCCTCTTGTCAGGAACT
GCAG

RSS

CAGACTGATTTCCAGAGAGGTTGTACAAGCCTGAAATCC

RSS

CACAATGAGATGAACAAACCTATGGATAATAGGAGAAGA

RSS

CACAGGGCTGAAATCAACAAAATAGAAACACAAAAAACT

RSS

CACATTCCTTGCAAGAGGAGAGCTTGCCTGCAGAGAGTT

RSS
Pass

RSS

CACAGTGTTGCAACCACATCCTGAGTGTGTCAGAAATCC

IGHV1.1
1.P

IGHV

GAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAATCC
AGTGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACTGGCTACTACATACACTGGGTGAAGCAGGGTCCTAG
AAAGAGCCTTGAGTGGATTGGATATATTAGTTGTTACAATCGT
GCTACTAGCTACAACCAGAAGTTCAAAGGCAAGGCCATATTT
ACTGTAGACAAATCCTCCAGCACAGCCTACATGCAATTCAAC
AGCCTGACATCTGAGGACTCTGCTGTCTATTACTGTGCAAGA

L-Part2

Leader

GTGTCCACTCT
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L-Part1

Leader

ATGGAGCTGAATCTTTCTCTTCCTCCTGTCAGGAACTGCAG

RSS Fail

RSS

CAAGATACAGTGTTGTAACCACATTCTTAGTGTGTTAGA

IGHV1.1
2.P

IGHV

GAGGTCCACATGCAGCAGTCTGGACCTAAGGTAGTGAAGGC
TGGACTTTCAGTGAAGATATCCTGCAAGGCTTCTGGGTACTC
ATTCACTGACTACTACACTCACTGGGTGAAACAGAGTCCTTT
AAAGAGCCTTCAAAAGTTTGAATATATTAATCCTTATAATTGT
GCTACTGGCTACAATGAAAAGTTCAAGGACAAGGCCACATTG
ACTGTAGACAAATCCTTCAGCACAGCCTATATGCATCTCAGC
AGCCTGACATCTGAGGACTCTGAGGTCTATTACTGTG

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

AGGGAATGGAGCTGGAACTTTCTCTTCCTCTTGTCAGGAACT
ACAG

RSS

CAGAGCGAGGGGTCCATGACTCCAGGGTGATAGAATGGA

RSS
Pass

RSS

CACAGTGTTGTAACCACAGCCTGAGTGTGTCAGAAAACT

IGHV1.1
3.P

IGHV

GAGGTCCAGCTGAAGCAGTCTTGACCTGAGCTGGTGAGCCT
GGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTCA
TTCACTGGCTACATTATGAACTGGGTGAAGCAGAGCCATGGA
AAGAGCCTTGAGTGGATTGGAGAAATTAATCCTTACAAAGGT
GGTACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACATT
GACTGTAGACACATCCTCCAGCACAGCGTACATGGAGCTCA
AGAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCAA
GA

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

ATGGAGCTGGATCTTTCTCTTCCTCCTGTCAGGAACTGAAG

RSS

CACATTGTCTGAAAGATCTCAGGAGTCTAAGTTTATATG

RSS
Pass

RSS

CACAGTGCTACAAACACATCCTGAGTGTGTCAGAAAACT

IGHV1.1
4

IGHV

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACTGGCTACTACATGCACTGGGTGAAGCAAAGCCATGT
AAAGAGCCTTGAGTGGATTGGACGTATTAATCCTTACAATGG
TGCTACTAGCTACAACCAGAATTTCAAGGACAAGGCCAGCTT
GACTGTAGATAAGTCCTCCAGCACAGCCTACATGGAGCTCCA
CAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCAAG
A

L-Part2

Leader

GTGTCCTCTCT

L-Part1

Leader

ATGGGATGGAGCTGGATCTTTCTCTTTCTCCTGTCAGGAACT
GCAG

RSS

CATAGTGTATAATTCAAGTCATGGAACCACACATAAATG

RSS

CACAGTCTGAGACATTAGTCACCATCTCATTATAAAGGA
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RSS
Pass

RSS

CACAGTGAGAAGTCTTCATTGTGAGTCTAGACACAAACT

IGHV6.6

IGHV

GAAGTGAAGCTTGAGGAGTCTGGAGGAGGCTTGGTGCAACC
TGGAGGATCCATGAAACTCTCCTGTGTAGCCTCTGGATTTAC
TTTCAGTAGCTACTGGATGTCTTGGGTCCGCCAGTCTCCAGA
GAAGGGGCTTGAGTGGGTTGCTGAAATTAGATTGAAATCTGA
TAATTATGCAACACATTATGCGGAGTCTGTGAAAGGGAAGTT
CACCATCTCAAGAGATGATTCCAAAAGTCGTCTCTACCTGCA
AATGAACAGCTTAAGAGCTGAAGACACTGGAATTTATTACTG
TACAGA

L-Part2

Leader

GGGTCCAGAGT

L-Part1

Leader

ATGGACTTGAGACTGAGCTGCGCTTTTATTATTGTTCTTTTAA
AAG

RSS

RSS

CACAGTAAGAAGCCTTCATTGTGAATCTATCCACCAACC

IGHV6.7

IGHV

GATGTGAACCTGGAAGTGTCTGGAGGAGGCTTAGTTAAACCT
GGAGGATCCATGCAACTCTCTTGTGTAGCCTCTGGATTTACT
TTTGTAGATGGCTGGATGGACTGGGTCCGCCAGTCTCCAGA
GAAGGGTCTTGAGTGGGTTGCTGAAATTGCAAACAAAGCTAA
TAATTACGCAACATATTATCCCGAGTCTGTGAAAGGCAGATT
CACCATCTCAAGAGATGATTTCAAAAGTCGTGTCTACCTGCA
AAAGAACAGCTTAAGAGCTGAAGATACAGGCATTTATTACTG
TACAAGG

L-Part2

Leader

GTGTCCAGAGT

L-Part1

Leader

ATGTACTTGGAACTGAGCTGTGTTTTCATTGTTGTTTTCTTAA
AAG

RSS

RSS

CACAGTGAGAAGCCTTCATTGTGAATCTATCCACAAACC

IGHV6.8

IGHV

GAAGTGAAAATTGAGGAGTCAAGAGGAGGCTTCATCCAACCT
GGAGGATCCATGAAATTCTCTTGTGCAGCCTCTGGATTCACT
TTCAGTGATTACAGGATGGACTGGGTCCACCACTCTCCAGAG
AATGGGTTGGACTGGGTTGCTGAAATTAGAAACAAAGCTAGT
AATTATGCAACATATTATGTGGAGTCTGTGAAAGGGAGGTTC
ACCATCTCAAGAGATGATTCCAAAAGTAGTGTCTACCTGCAA
ATGAACAGCTTAAGAGCTGAAGATACTGGCATTTATTACTGTA
CAAGG

L-Part2

Leader

GTGTCCAGAGT

L-Part1

Leader

ATGTACTTGGAAATGAGCTGTATTTTCATTGTTGTCCTCTTAA
AAG

RSS
Pass

RSS

CACAGTGAGAAGGCTTTATTATGAACCTATCCACAAAC
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IGHV6.9

IGHV

GAAGTGAAGCTTGAGGAGTCTGGAGGAGGCTTGGTGCAACC
TGGAGGATCCATGAAACTCTCTTGTGCTGCCTCTGGATTCAC
TTTTAGTGACGCCTGGATGGACTGGGTCCGCCAGTCTCCAG
AGAAGGGGCTTGAGTGGGTTGCTGAAATTAGAAGCAAAGCT
AATAATCATGCAACATACTATGCTGAGTCTGTGAAAGGGAGG
TTCACCATCTCAAGAGATGATTCCAAAAGTAGTGTCTACCTG
CAAATGAACAGCTTAAGAGCTGAAGACACTGGCATTTATTAC
TGTACCAGG

L-Part2

Leader

GTGTCCAGAGT

L-Part1

Leader

ATGTACTTGGGACTGAACTATGTATTCATAGTTTTTCTCTTAA
ATG

IGHV6.1
0

IGHV

GAGGAGAAGCTGGATGAGTCTGGAGGAGGCTTGGTGCAACC
TGGGAGGTCCATGAAACTCTCCTGTGTTGCCTTTGGATTCAC
TTTTACTAACTCCTGGATGAACTGGTTCTGCCAGTCTCCAGA
GAAAGGACTGGAGTGGGTAGCACAAATTAAAAGCAAACCTTA
TAATTATGAAACATATTATTCAGATTCTGTGAAAGGCAGATTG
ACCATCTCAAGAGATGATTCCAAAAGTAGTGTATACCTGCAA
ATGAACAACTTAAGAGCTGAAGACACGGGCATCTATTACTGT
ACATGG

L-Part2

Leader

GTGTCCAGTGT

L-Part1

Leader

ATGTACTTGGGACTGAGCTGTGTATTCATTGTTTTTCTCTTAA
AAG

RSS
Pass

RSS

CACAGTGGTGCAACCGTGACCCACAGCTGTGCAATATTT

IGHV8.2

IGHV

CAGGTTACTCTGAAAGTGTCTGGCCCTGGGATATTGCAGCCA
TCACAGACTCTCGGCCTGGCCTGTACTTTCTCTGGGATTTCA
CTGAGTACTTCTGGTATGGGTTTGAGCTGGCTTCGTAAGCCC
TCAGGGAAGGCTTTAGAGTGGCTGGCAAGCATTTGGAATAAT
GATAACTACTACAACCCATCTTTGAAGAGCCGGCTCACAATC
TCCAAGGAGACCTCCAACAACCAAGTATTCCTTAAACTCACC
AGTGTGGACACTGCAGATTCTACCACATACTACTGTGCTTGG
AGAGAG

L-Part2

Leader

ATGTCCTATCT

L-Part1

Leader

ATGGGCAGACTTACATTCTCATTCCTGCTGCTGCTGCCTGTC
CCTGCAT

IGHV1.1
4.P

IGHV

AGCAGTCTGGGCCTGAGCTGGCAAGGCCTTGGGCTTCAGTG
AAGATATCCTGCCAGGCTTTCTACACCTTTTCCAGAAGGGTG
TACTTTGCCATTAGGGATACCAACTACTGGATGCAGTGGGTA
AAACAGAGGCCTGGACAGGGTCTGGAATGGATCGGGGCTAT
TTATCCTGGAAATGGTGATACTAGTTACAATCAGAAGTTCAAG
GGCAAGGCCACATTGACTGCAGACAAATCCTCCAGCACAGC
CTACATGCAACTCAGCAGCCTGACATCTGAGGACTCTGCGG
TCTATTACTGTGCATGA

RSS
Pass

RSS

CACAGTGTGGAATCTTCAGTGTTAGCCTTGACACAAACC
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IGHV10.
2

IGHV

GAGGTGCAGCTTGTTGAGTCTGGTGGAGGATTGGTGCAGCC
TAAAGGGTCATTGAAACTCTCATGTGCAGCCTCTGGATTCAC
CTTCAATACCTACGCCATGAACTGGGTCCGCCAGGCTCCAG
GAAAGGGTTTGGAATGGGTTGCTCGCATAAGAAGTAAAAGTA
ATAATTATGCAACATATTATGCCGATTCAGTGAAAGACAGGTT
CACCATCTCCAGAGATGATTCACAAAGCATGCTCTATCTGCA
AATGAACAACTTGAAAACTGAGGACACAGCCATGTATTACTG
TGTGAGACA

L-Part2

Leader

GTGTGCATTGT

L-Part1

Leader

ATGCTGTTGGGGCTGAAGTGGGTTTTCTTTGTTGTTTTTTATC
AAG

RSS
Pass

RSS

CACAGTGGTGCAACCACATCCCGACTGTGTCACAAACCC

IGHV1.1
)

IGHV

CAGGTCCAGCTGCAGCAGTCTGGGGCTGAACTGGCAAGACC
TGGGGCCTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTACA
CCTTTACTAGCTACACGATGCACTGGGTAAAACAGAGGCCTG
GACAGGGTCTGGAATGGATTGGATACATTAATCCTAGCAGTG
GTTATACTAATTACAATCAGAAGTTCAAGGACAAGGCCACATT
GACTGCAGACAAATCCTCCAGCACAGCCTACATGCAACTGA
GCAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCAA
GA

L-Part2

Leader

GTGTCCACTCC

L-Part1

Leader

ATGGAAAGGCACTGGATCTTTCTACTCCTGTTGTCAGTAACT
GCAG

IGHV10.
4.P

IGHV

GCTTACAGGTGTGCATTGTGAGGTACAGCTTGTTGGGTCTGG
TGAAGGATTGGTGCAGCATAAAGGGTCACTTGTATTCAGCCT
CTGGATTCATCTTCAATACATACACCTTGGAGTGGGTGTGTC
AGACTCCAAGAAAGGGTCTGGAATGGGTTGCATGCATAAGA
ACAAAAAGTAATAATTATGCCACATATACTGATTCAGTGAAAG
ACAGATTCACCATCTCCAGAGATGATTCTCAAAGCATGGTCA
ACCTGCAAATGAACAATTTGAAAACTGAGGACATAGACCTGT
ATTAATTACAAGAGA

RSS
Pass

RSS

CACAGTGTTGTGACCACATCCTGAGTGTGTCAGAAACTT

IGHV1.1
5.P

IGHV

GAGGTTCAGCTCCAGCAGTCTGGGACTGTGCTGGCAAGGCC
TGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTACA
CCTTTACCAGCTACTGGATGCACTGGGTAAAACAGAGGCCT
GGACAGGGTCTGGAATGGATTGGCGTATTTATCCTGGAAATA
GTGATACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCAAA
CTGACTGCAGTCACATCCACCAGCACTGCCTACATGGAGCT
CACAGCCTGACAAATGAGGACTCTGCGGTCTATTACTGTACA
AGA

L-Part2

Leader

GGGTCTACTCA

L-Part1

Leader

ATGGAATGTAACTGGATACTTCCTTTTATTCTGTCGGTACTTC
AG
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IGHV10.
5.P

IGHV

GAGTGCAGCTTGTTGAGACTGTGGAGGATTGTGCAGCCTAA
AGGGTCATTGAAACTCTCATGTGCAGCCTCTGGATTCACCTT
CATACCAATGCCATGAACTGGGTCCGCCAGGCTCCAGGAAA
GGTTGGAATGGGTTGCTCGCATAAGAAGTAAAAGTAATAATT
ATGCAACATATTATGCCGATTCAGTGAAAGACAGGTTCACCA
TCTCCAGAGATGATTCACAAAGCATGCTCTATCTGCAAATGA
ACAACTTGAAAAACTGAGACACAGCCATGTATTACTGTGAGA
A

IGHV1.1
6.P

IGHV

CAGGATCCAGCTGCAGCAGTCTGGAACTGAGTTTGGAAGGC
CTGGAGTCTCAGAGAAGTAGTCCTGCAAGTCTTCTGTTACAA
ATTCACCAACTACTAGATTCACCGGATAGGGCAGAATCGTGG
AAATAGCTAGGCTAGATTGGATATATTTATCGTGGAATTGGC
CATCCTGGCTATGCTCACAACTTCAAGGACAAGACCACACTG
ACTTCAGACAAATCCTCTAGCACAGCCTACATGAATTTCACAT
GCATTACTCCACCAATCTTCTTGGGTATCTCCCCATGACGTA
ACTC

RSS
Pass

RSS

CACAGTGGTGCAACCACATCCCGACTGTGTCAGAAACC

IGHV1.1
6

IGHV

CAGGTCCAGCTGCAGCAGTCTGCAGCTGAACTGGCAAGACC
TGGGGCCTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTACA
CCTTTACTAGCTACACGATGCACTGGGTAAAACAGAGGCCTG
GACAGGGTCTGGAATGGATTGGATACATTAATCCTAGCAGTG
GATATACTGAGTACAATCAGAAGTTCAAGGACAAGACCACAT
TGACTGCAGACAAATCCTCCAGCACAGCCTACATGCAACTGA
GCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGCAA
GA

L-Part2

Leader

GTGTCCACTCC

L-Part1

Leader

AAGGCACTGGATCTTCTCTTCCTGTTGTCAGTAACTGCAGGT
AAGG

IGHV10.
6.P

IGHV

GAGGTACAGCTTGTTGGGTCTGGTGAAGGATTGGTGCAGCC
TAAAGGTCACTGAACACTTGTATTTCAGCCTCTGGATTCATCT
TCATACAATACCATGGAATGGGTCTGCCAGGCTCCAAGAAG
GGTCTGAATGGGTTGCATGCATTAAGAACTAAAAGTAATAATT
ATGCACATATACTGATTCAGTTGAAAGACAGATTGCCCATCT
CCAGAGATGATTCTCAAAGCATGATCAACCTGTAAATGAACA
ATCTGAAAACTGAGGACATAGACATGTATTAATTACAAGAGA

IGHV15.
2.P

IGHV

CAGGTTCACCTACAACAGTCTGGTTTGAACTGAGGAGTCCTG
GGTCTTCAGTAAAGCTGTCATGCAAGGATTTTGATTCAGAAG
TCTTCCCTATTGCTTATATGAGTTGGGTAGGCAGAAGCCTGG
ACATGGATTTGAATGGATTGGAGACATACTCCAAGTATTGTA
GAAGAATCTATGGAGTGAAGTTTGAGGACAAAGCCACACTG
GATGCAGACACAGTGTCCAACACAGCCTACTTGGAGCTCAA
CAGTCTGACATCTGAGGACTCTGCTATCTACTACTGTGCAAG
G

RSS
Pass

RSS

CACAGTGTTATAACCACTTCCTGAGTGTGTTAGAAACTC
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IGHV1.1
7

IGHV

CAGGGTCAGATGCAGCAGTCTGGAGCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGCTGTCCTGCAAGACTTCTGGCTTCAC
CTTCAGCAGTAGCTATATAAGTTGGTTGAAGCAAAAGCCTGG

ACAGAGTCTTGAGTGGATTGCATGGATTTATGCTGGAACTGG
TGGTACTAGCTATAATCAGAAGTTCACAGGCAAGGCCCAACT
GACTGTAGACACATCCTCCAGCACAGCCTACATGCAATTCAG
CAGCCTGACAACTGAGGACTCTGCCATCTATTACTGTGCAAG
ACAC

L-Part2

Leader

GTGTCTATGCC

L-Part1

Leader

ATGGAATGGAACTGGGTCGTTCTCTTCCTCCTGTCATTAACT
GCAG

IGHV1.1
8

IGHV

CAGATCCAGCTGCAACAGTCAGGAGCTGAGCTGGCGAGTCC
TGGGGCATCAGTGACACTGTCCTGCAAGGCTTCTGGCTACA
CATTTACTGACCATATTATGAATTGGGTAAAAAAGAGGCCTG
GACAGGGCCTTGAGTGGATTGGAAGGATTTATCCAGTAAGTT
GTGAAACTAACTACAATCAAAAGTTCATGGGCAAGGCCACAT
TCTCTGTAGACCGGTCCTCCAGCACAGTGTACATGGTGTTGA
ACAGCCTGACATCTGAGGACCCTGCTGTCTATTACTGTGGAA
GG

L-Part2

Leader

GTGCCTACTCC

L-Part1

Leader

ATGGGATGGAGCCAGATCACCCTCTTTCTGGTGGCAGCAATT
ACAT

IGHV1.1
7.P

IGHV

CTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTACACATTTAC
CAGTTACAATATGCACTGGGTAAAGCAGACACCTGGACAGG
GCCTGGAATGGATTGGAGCTATTTATCCAGGAAATGGTGATA
CTTCCTACAATCAGAAGTTCAAGGGCAAGGCCACACTGACTG
TAGACACATCCTCCAGCACAGCGTACATGCAGATCAGCAGC
CTGACATCTGAAGACTCTGCGGAGAAGACTCTGCGGTCTATT
TCTGTGCAAGACACAGTGTTGTGACCA

RSS
Pass

RSS

CACAGTGTTGTAACCACATCCCGAATGTGTCATTAAAC

IGHV1.1
8.P

IGHV

GAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGATACA
CATTCACTGACTATGTTATGCACTGGGTGAAGCAGAAGCCTG
GGCAGGGCCTTGAGTGGATTGGATATATTTATCCTTACAATG
ATGGTACTGAGTACACTGAGAAGTTCAAAGGCAAGGCCACA
CTGACTTTAGACAAATCCTCCAGCACAGCCTACATGGATCTC
AGCAGCCTGACCTCTGAGGACTCTACGGTCTATTACTGTGCA
AGA

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

ATGGAGCTGGATATTTCTCTTCCTCCTGTCAGGAACTGCAG

RSS
Pass

RSS

CACAGTGTTGAAACCACATCCTGACTGTATCAGAAACC
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IGHV1.1
9

IGHV

CAGGTTCAACTGCAGCAGTCTGGGGCTGAGCTGGTGAGGCC
TGGGGCTTCAGTGACGCTGTCCTGCAAGGCTTCGGGCTACA
CATTTACTGACTATGAAATGCACTGGGTGAAGCAGACACCTG
TGCATGGCCTGGAATGGATTGGAGCTATTGATCCTGAAACTG
GTGGTACTGCCTACAATCAGAAGTTCAAGGGCAAGGCCACA
CTGACTGCAGACAAATCCTCCAGCACAGCCTACATGGAGCT
CCGCAGCCTGACATCTGAGGACTCTGCCGTCTATTACTGTAC
AAGA

L-Part2

Leader

GTGTCCAATCC

L-Part1

Leader

ATGGAATGGAGCTGGGTCTTTCTCTTCCTCCTGTCAGTAATT
GCAG

IGHV1.1
9.P

IGHV

GAGGTCCAGCTGCAGCAGTCTGGACCTAAGGTAGTGAATGC
TGGGGCTTCAGTGAAGCTGTCCTGCAAGTCTTCTGGTTACTC
ATTCAGTAGATACAAAACGGAATATGTGAAGCAGAGCCATGT
AAAGAGCCTTGAGTGGATTTAACATATTAATCTTTTCAATGGT
GTTACTAACTACAATGGAAAGTTCAAAAGCAAGGCCACATTG
ACTGTAGACATATCCTCTAGCACAGCCTATATGGAGCTTAGC
AGATTGACATCTGAAGACTCAGAGGTATATTACTGTGCAAGA

IGHV1.2
0.P

IGHV

GAGGTCTACCTGCAGCAGTCTGTACCTAAGGTAGTGAAGGC
TGGGCCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACTGGCTGCTACATGCACTGAGTGAAGCAGAGTCCTTT
AAAGAGACTTCAAAGGATTGAATATATTAATCTTTATAATGGT
GGTACTGGCTACAATGAAAAGTTCAAGGTCAAGGCAACATTG
ACTGCAGACAAATCCTTCAGCACAGCCTATATGCACCTCAGC
GGCCTGACATCTGAGGACTCGGCCTTATATTACCGTGCAAGA

IGHV1.2
0

IGHV

GAAGTCCAGCTGCAGCAGTCAGGACCTGAGCTGGTGAAGCC
TGGCGCTTCAGTGAAGATATCCTGCAAGGCTTCTGATTACTC
ATTCACTGGCTACATCATGAACTGGGTGAAGCAGAGCCATG
GAAAGAGCCTTGAATGGATTGGAGAAATTAATCCTTACAATG
GTGGTACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACA
TTGACTGTAGACACATCCTCCAGCACAGCGTACATGGAGCTC
CACAGCCTGACATCTGAGGACTCTTTGGTCTATTACTGTGCA
AGA

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

ATAAAATGGAGCTGGATCTCTCTCTTCCTCCTGTCAGGAACT
GCAG

RSS
Pass

RSS

CACAGTGCTACAAACACATCCTGAGTGTGTCAGAAACC

IGHV1.2
1

IGHV

GAGGTCCAGCTTCAGCAGTCAGGACCTGAGCTGGTGAAACC
TGGGGCCTCAGTGAAGATATCCTGCAAGGCTTCTGGATACA
CATTCACTGACTACAACATGCACTGGGTGAAGCAGAGCCATG
GAAAGAGCCTTGAGTGGATTGGATATATTTATCCTTACAATG
GTGGTACTGGCTACAACCAGAAGTTCAAGAGCAAGGCCACA
TTGACTGTAGACAATTCCTCCAGCACAGCCTACATGGAGCTC
CGCAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCA
AGA
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L-Part2

Leader

GCGTCCACTCT

L-Part1

Leader

ATGGGATGGAGCTGGATCTTTCTCTTCCTCCTGTCAGGAACT
GCAG

IGHV1.2
1.P

IGHV

AAGGTCACTGAAGCAGTCTGGACCTGAGCTCGTGAGCCTGG
GGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTCATT
CACTAGCTACTAAATGCACTGGGTGAAGCAGAGTCATGGAAA
GAGCCTTGATTGGATTGGACTTATTATTCCTTACAATGGTGAT
ACTGGCTACAACCAGAAGTTCAAAGACAAGGCCACATTGACT
GTAGACTAGTCCTTCAGCACAGCCTACATGGAGCTCCGCAG
CCTGAAATCTTAGGACTCTGTGGTCTATTACTGTGCAAGA

RSS
Pass

RSS

CACAGTGTTGTAACCACATCCTGAGTGTGTCAGAAAAC

IGHV1.2
2

IGHV

GAGATCCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGGTATCCTGCAAGGCTTCTGGTTACTC
ATTCACTGACTACAACATGTACTGGGTGAAGCAGAGCCATGG
AAAGAGCCTTGAGTGGATTGGATATATTGATCCTTACAATGG
TGGTACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACATT
GACTGTTGACAAGTCCTCCAGCACAGCCTTCATGCATCTCAA
CAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCAAG
A

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

ATGGAATGGAGCTGGATCTTTCTCTTCCTCCTGTCAGGAACT
ACAG

IGHV1.2
2.P

IGHV

CCACACAAGTGTCCACTCTGAGGTCCACCTGTAGCAGTCTG
GACCTGAGCTGGTGAAGCCTGGGGATTCAGTGAAGATATCC
TGCAAGGCTTCTGGTTACTCATTCACTGGCTACTACATGCAC
TGAGTGAAGTCCTGTAAAAAGCCTTAAAAGGATTGGATATATT
AATCCAGTGGTGGTACTGGCTACACTGAAAAGTTCAAGGGCA
AGGCCACATTGACTGCAGACAAATCCTTCAGCACAGCCTATA
TGTACTTCAGCAGCCTGACATCTGAGGACTCTGTGGACTCTT
ACTGTGCAAGA

RSS

RSS

CACAGTGTTGTAACCACATCCTGAATGTGTCAGAAACCT

IGHV1.2
3

IGHV

GAGGTCCAGTTGCAGCAGTCTGGACCTGAGCTGGTGAAGAC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACTGACTACTACATGCACTGGGTGAAGCAAAGTCCTGA

AAAGAGTTTTGAGTGGATTGGAGAGATTAATCCTAGCACTGG

TGGTACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACATT
GACTGTAGACAAATCCTCCAGCACAGCCTACATGCAGCTCAA
GAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCAAG
A

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

TGGAGCTGGATCTTTATTTTAATCCTGTCAGTAACTACAGGTA
AGG
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IGHV1.2
4

IGHV

GAGGTTCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACAGGCTACTACATGCACTGGGTGAAGCAGAGCCATG
GAAATAGCCTCGATTGGATTGGATATATTTATCCTTACAATGG
TGTTTCTAGCTACAACCAGAAATTCAAGGGCAAGGCCACATT
GACTGTAGACAAGTCCTCTAGCACAGCCTACATGGAGCTCC
GCAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGAAA
GA

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

ATGGAATGGATCTGGATCTTTCTCTTCCTCCTGTCAGCAACTA
CAG

IGHV1.2
3.P

IGHV

GGTCCAGCTGCAGCAGTCTGGAACTGAGCTGGTGAAGCCTG
GGGCTTCAGTGAAGATATCCCGCAAGACTTCTGGTAAATCTT
TCACTGGCTACTACATGCGCTGGGTGAAGCAGAGCCATGGA
AATAGCCTTGAGTGGATTTGATATATTGATCCTTACGATGGTG
TTACTAGCTACAATAAGAAGTTCAAGAGAAAGGCCACATTGA
CTGTAGAAAAGTCCTCCAGCACAGCCTACATGGAGCTCTGAA
ACCTGACATCTGAGGAAACTGAAGTCTATTACTGTGTAAGA

RSS
Pass

RSS

CACAGTTCTACAAACATGTCCTGAGTGTGTCAGAAAACT

IGHV1.2
)

IGHV

GAGGTCCAGCTGCAACAATCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATGTCCTGTAAGGCTTCTGGATACAC
ATTCACTGACTACTACATGAAGTGGGTGAAGCAGAGTCATGG
AAAGAGCCTTGAGTGGATTGGAGATATTAATCCTAACAATGG
TGGTACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACATT
GACTGTAGACAAATCCTCCAGCACAGCCTACATGCAGCTCAA
CAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCAAG
A

L-Part2

Leader

GTGTCCTCTCT

L-Part1

Leader

ATGGGATGGAGCTGGATCTTTCTCTTCCTCTTGTCAGGAACT
GCAG

IGHV1.2
4.P

IGHV

GAGGTTCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCC
TGGGCTTCAGTGAAGATGTCCTGCAAGCCTTCTGGTTACTCA
TTTACTGACTACTTTATGAACTGGGTGAAGCAGAGCCATGGA
AAGAGCCTTGACTGGATTGGACGTATTAATCCTTACAATGGT
GATACTTTCTACAACCAGAAGTTCAAGGGCAAGGCCACATTG
ACTGTAGACAAATCCTCTAGCACAGCCCACATGGAGCTCCG
GAGCCTGACATCTGAGGACTCTGCAGTCTATTATTGTGCAAG
A

RSS
Pass

RSS

CACAGTGTTGCAACCACATCCTGAGTGTGTCAGAAATC
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IGHV1.2
6

IGHV

GAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTAGTGAAGAC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACTGGTTACTACATGCACTGGGTCAAGCAGAGCCATGG
AAAGAGCCTTGAGTGGATTGGATATATTAGTTGTTACAATGG
TGCTACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACATT
TACTGTAGACACATCCTCCAGCACAGCCTACATGCAGTTCAA
CAGCCTGACATCTGAAGACTCTGCGGTCTATTACTGTGCAAG
A

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

ATGGGATGGATCTGGATCTTTCTCTTCCTCCTGTCAGGAACT
GCAG

IGHV1.2
7

IGHV

GAGGTCCACCTGCAGCAGTCTCTACCTAAGGTAGTGAAGGC
TGGGCCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACTGGCTACTACATGCACTGGGTGAAGCAGAGCCATG
GAAAGATCCTTCAAAGGATTGAATATATTAATCCTTATAATGG
TGGTACTAGCTACAATGAAAAGTTCAAGGACAAGGCCACATT
GACTGCAGATAAATCCTTCAGCACAGCCTACATGCACCTCAG
CGGCCTGACATCTGAGGACTCTCTGGTCTATTACTGTGCAAG
A

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

AGGGAATGGAGCTGGAACTTTCTCTTCCTCCTTTCAGGAACT
ACAG

RSS

RSS

CACAGTGTTGTAACCACAGCCTGAGTGTGTCAGAAAACT

IGHV1.2
8

IGHV

GAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAAGCC
TGGGCCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACTGGCTACTACATGCACTGGGTGAAGCAGAGCCATG
GAAAGAGCCTTGAGTGGATTGGAGAAATTAATCCTTACAATG
GTGGTACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACA
TTGACTGTAGACACATCCTCCAGCACAGCGTACATGGAGCTC
CACAGCCTGACATCTGAGGACTCTTTGGTCTATTACTGTGCA
AGA

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

ATAAAATGGAGCTGGATCTTTCTCTTCCTCCTGTCAGGAACT
GCAC

IGHV1.2
5.P

IGHV

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTTGATACAC
ATTCACTGACTACAACATGCACTGGGTGAAGCAGAGCCATG
GAAAGAGCCTTGAGTGGATTGGAGGTATTAATCCTAACAATG
GTGCTACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACTT
TGACTGTAGACAAGTCCTCCAGCACAGCCTACATGGAGCTC
CGCAGCCTGACATCTGAGGATTCTGAAGTCTATTACTGTGCA
AGA

RSS

RSS

CACAGTGCTACAAACACATCCTGAGTGTGTCAGAAACCT
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IGHV1.2
9

IGHV

GAGGTCCAGCTGCAACAGTTTGGAGCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGCTACAC
ATTCACTGACTACAACATGGACTGGGTGAAGCAGAGCCATG
GAAAGAGCCTTGAGTGGATTGGAGATATTAATCCTAACTATG
ATAGTACTAGCTACAACCAGAAGTTCAAGGGAAAGGCCACAT
TGACTGTAGACAAGTCCTCCAGCACAGCCTACATGGAGCTC
CGCAGCCTGACATCTGAGGACACTGCAGTCTATTACTGTGCA
AGA

L-Part2

Leader

GTGTCCTCTCT

L-Part1

Leader

ATGGAATGGAGCTGGATCTTTCTCTTTCTCCTGTCAGGAACT
GCAG

RSS
Pass

RSS

CACAGTGCTACAAACACATCCTGAGTGTGTCAGAAACC

IGHV1.3
0

IGHV

GAGGTCCTGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATACCCTGCAAGGCTTCTGGATACA
CATTCACTGACTACAACATGGACTGGGTGAAGCAGAGCCAT
GGAAAGAGCCTTGAGTGGATTGGAGATATTAATCCTAACAAT
GGTGGTACTATCTACAACCAGAAGTTCAAGGGCAAGGCCAC
ATTGACTGTAGACAAGTCCTCCAGCACAGCCTACATGGAGCT
CCGCAGCCTGACATCTGAGGACACTGCAGTCTATTACTGTGC
AAGA

L-Part2

Leader

GTGTCCTCTCT

L-Part1

Leader

ATGGGATGGAGCTGGATCTTTCTCTTCTTCCTGTCAGGAACT
GCAG

IGHV1.2
6.P

IGHV

AAGGTCACTGAAGCAGTCTGGACCTGAGCTCGTGAGCCTGG
GGCTTCAGTGAAGATATCCTGCAAGGTTCTGGTTACTCATTC
ACTGCTACTAAATGCACTGGGTGAAGCAGAGCATGGAAAGA
GCCTTGATTGGATTGGACTTATTATTCCTTACAATGGTGATAC
TGGCTACAACCAGAAGTTCAAAGACAAGGCCACATTGACTGT
AGACTAGTCCTTCAGCACAGCCTACATGGAGCTCCGCAGCC
TGAAATCTTAGGACTCTGTGGTCTATTACTGTGCAAGA

RSS
Pass

RSS

CACAGTGTTGTAACCACATCCTGAGTGTGTCAGAAAACC

IGHV1.3
1

IGHV

GAGATCCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGGTATCCTGCAAGGCTTCTGGTTATCA
TTCACTGACTACAACATGTACTGGGTGAAGCAGAGCCATGGA
AAGAGCCTTGAGTGGATTGGATATATTGATCCTTACAATGGT
GGTACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACATT
GACTGTTGACAAGTCCTCCAGCACAGCCTTCATGCATCTCAA
CAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCAAG
A

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

ATGGAATGGAGTGGATCTTTCTCTTCCTCCTGTCAGGAACTA
CAG
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IGHV1.2
7.P

IGHV

CCACACAAGTGTCCACTCTGAGGTCCACCTGTAGCAGTCTG
GACCTGAGCTGGTGAAGCCTGGGGATTCAGTGAAGATATCC
TGCAAGGCTTCTGGTTACTCATTCACTGGCTACTACATGCAC
TGAGTGAAGTCCTGTAAAAAGCCTTAAAAGGATTGGATATATT
AATCCAGTGGTGGTACTGGCTACACTGAAAAGTTCAAGGGCA
AGGCCACATTGACTGCAGACAAATCCTTCAGCACAGCCTATA
TGTACTTCAGCAGCCTGACATCTGAGGACTCTGTGGACTCTT
ACTGTGCAAGA

IGHV1.2
8.P

IGHV

GAGGTCCAGTTGCAGCAGTCTGGACCTGAGCTGGTGAAGAC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACTGGCTACTACATGCACTGGGTGAAGCAAAGTCCTGA
AAAGAGTTTTGAGTGAATTGGAGAGATCAATCCTAGCACTGG
TGGTACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACATT
GACTGTAGACAAATCCTCCAGCACAGCCTACATGCAGCTCAA
GAGCCTGACATCTGAAGACTGCAGTCTATTACTGTGCAAGA

IGHV1.2
9.P

IGHV

AAGGTCAAGCTGCAGCAGTCTGGACCTGAGCTGGTGAGCCT

GGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTCATTACTCA

TTCACTGGCTACTACATGTACTGGGTGAAGCAGAGCCATGGA
AATAGCCTTGAGTAGATTGGACTTATTATTCCTTACAATGGTG

ATACTGGCTACAACCAGAAGTTTAAGGGCAAGGCCACATTGA
CTGTAGACTAGTCCTTCAGCACAGCCTACATGGAGCTCCACA
GCCTGAAATCTTAGGACTCTGTGGTCTATTACTGTACAAGA

RSS
Pass

RSS

CACATTGTTGTAACCACATCCTGAGTGTGTCAAAAACCT

IGHV1.3
2

IGHV

GAGGTCCAGCTTCAGCAGTCTGGGCCTGAGCTGGGGAAGC
CTGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACT
CATTCACTGGCTACAACATGTACTGGGTGAAGCAGAGCCATA
GGAAAAGCCTTGAGTGGATTGGATATATTGATCCTTACAATG
GTGGTACTAGCTACAACCAGAAGTCCAAGGGCAAGGCCACA
TTGACTGTAGACAAATCTTCCAGCACAGCCTACATGCATCTC
AACAGCCTGACATCTGAGGACTCTGCAATCTATTACTGTGCA
AGA

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

ATGGAATGGAGCTGGATCTTTCTCTTCCTCCTGTCAGGAACT
GCAG

IGHV1.3
0.P

IGHV

GGTCCAGCTGTAGCAGTCTGGACCTGAGCTGGTGAAGCCTG
GCTCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTCAT

TCACTGGCTACTACATACACTGGGTGAAGTCCTGTAAAAAGC
CTTCAAAGGATTGGATATATTAATCCAGTGGTGGTACTGGCT

ACAATGAAAAGTTCAAGGACAAGGCCACATTGACTGCAAACA
AATCCTTCAGCACAGCCTATATGCAATTCAGCAGCCTGACAT

CTGAGGACTCTGTGGACTCTTACTGTGCAAGA

RSS
Pass

RSS

CACGGTGCTACAAACACATCCTGAGTGTGTCAGAAACCC
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IGHV1.3
3

IGHV

GAGGTTCAGCTGCAGCAGTCTAGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACTGGCTACTACATGCACTGGGTGAAGCAGAGCCATG
GAAAGAGCCTTGAGTGGATTGGATATATTTATCCTTACAATG
GTTTTTCTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACAT
TGACTGTAGACAAGTCCTCTAGCACAGCCTACATGGAGCTCC
GCAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCAA
GA

L-Part2

Leader

GGTTCCACTCT

L-Part1

Leader

ATGGAATGGAGCTGGATCTTTCTTTTCCTCCTGTCAGCAACT
ACAG

IGHV1.3
1.P

IGHV

CCAGCTGCAGCAGTCTGGACCTGAACTGGTGAAGCCTGGGG
CTTCAGTGAAGATACCTGCAAGACTTCTGGTTAATCTTTCACT
GGCTACTACATGCACTGGGTGAAGCAGAGCCATGGAAATAG
CCTTGAGTGGATTTGATATATTGATCCTTACGATGGTGTTACT
AGCTACAATAAGAAGTTCAAGGGAAAGGCCACATTGACTGTA
GACAAGTTCTCCAGCACAGCCTACATGGAGCTCTAAAACCTG
ACATCTGAGAAAACTGCGCTCTATTACTGTGCAAGA

RSS
Pass

RSS

CACAGTGCTACAAACACATCCTTAGTGTGTCAGAAAAC

IGHV1.3
4

IGHV

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGATACA
CCTTCACTGACTACTACATGAAGTGGGTGAAGCAGAGCCATG
GAAAGAGCCTTGAGTGGATTGGAGATATTAATCCTAACAATG
GTGATACTTTCTACAACCAGAAGTTCAAGGGCAAGGCCACAT
TGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAGCTCA
ACAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCAA
GA

L-Part2

Leader

GTGTCCTCTCT

L-Part1

Leader

ATGGGATGGAGCTGGATCTTTCTCTTTCTCTTGTCAGGAACT
GGAG

RSS
Pass

RSS

CACTGTACTACTAACACATCCTTAGTGTGTCAGAAAAC

IGHV1.3
)

IGHV

GAGGTTCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTTACTGGCTACTTTATGAACTGGGTGATGCAGAGCCATGG
AAAGAGCCTTGAGTGGATTGGACGTATTAATCCTTACAATGG
TGATACTTTCTACAACCAGAAGTTCAAGGGCAAGGCCACATT
GACTGTAGACAAATCCTCTAGCACAGCCCACATGGAGCTCC
GGAGCCTGGCATCTGAGGACTCTGCAGTCTATTATTGTGCAA
GA

L-Part2

Leader

GTGTGTTCTCT

L-Part1

Leader

ATGGGATGGAGCTGGATCTTTCTCTTTCTCCTGTCAGTAACT
GCAG
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IGHV1.3
2.P

IGHV

GAGGTCCAGCTGCAACAGTCTGGACCTGAGTTGGTGAAGCC
TGGGCCTTCAGTGAAGATGTCCTGCAAGGCTTCTGGATTCAC
ATTCACTGACTAATACATGCACTGGGTGAAGCAGAGCCATGG
AAAGAGCCTTGAGTGGATTGGACATGTTTATCCTTACAATGG
TGGTACTAGCTACAACCAGAAATTCAAGGGCAAGGCCACATT
GACTGTCGACAATACCTCCAGCACAGCCTACATGGAGCTCG
GCAGCCTGACTTCTGAGGACTCTGTGGTCTATTACTCTGCAA
GA

IGHV1.3
3.P

IGHV

GAGGTCCAGCTGAAGCAGCCTGGCACTGTGGTGGTGAAACC
TGGGGCTTCAGTTAAGATATCCTGCCAGGCTTCTGGTTACTC
ATTTACTGGCTACTACATGCACTGGGTGAAGCAGAGCCATGA
AAAGAGCCTTTAGTGGATTGGACTTATTATTCCTTACAATGGT
GATACTAGCAACAACCAGAAGTTCAAGGGCAAAGCCACATTG
ACTGTAGACAAGTCCTCCAGCACAGCCAACATGGAGCTCTG
CAGCCTGACATCTGAGGACTCTACGGTCTATTACCGTGCAAG
A

RSS
Pass

RSS

CACAGTGCTACAAACACATCCTGAGTGTGTCAGAAAACT

IGHV1.3
6

IGHV

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGCTACAC
ATTCACTGACTACTACATGAACTGGGTGAAGCAGAGCCATGG
AAAGAGCCTTGAGTGGATTGGACTTGTTAATCCTAACAATGG
TGGTACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACATT
GACTGTAGACAAGTCCTCCAGCACAGCCTACATGGAGCTCC
GCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGCAA
GA

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

TGGGGTGGAGTCTGGATCTTTTTCTTCCTCCTGTCAGGAACT
GCAG

RSS
Pass

RSS

CACTGTACTACAAACACATCCTTAGTGTGTCAGAAAAC

IGHV1.3
7

IGHV

GAGGTTCAGCTGCAGCAGTCTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTTACTGGCTACTTTATGAACTGGGTGAAGCAGAGCCATGG
AAAGAGCCTTGAGTGGATTGGACGTATTAATCCTTACAATGG
TGATACTTTCTACAACCAGAAGTTCAAGGGCAAGGCCACATT
GACTGTAGACAAATCCTCTAGCACAGCCCACATGGAGCTCCT
GAGCCTGACATCTGAGGACTCTGCAGTCTATTATTGTGGAAG
A

L-Part2

Leader

GTGTGTTCTCT

L-Part1

Leader

ATGGGATGGAGCTGTATCTTTCTCTTTCTCCTGTCAGTAACTG
TAG
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IGHV1.3
4.P

IGHV

GAGGTCCAGCTGCAGCAGTTTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACCC
ATTCACTGGTTACTACATGCACTGGGTGAAGCAGAGCCATGG
AAAGAGCCTTGAGTAGATTAGACTTATTATTCCTTACGATGGT
GATACTTTCTACAACCAGAAGTTCAAGGGCAAGGCCACATTG

ACTGTAGACTAGTCCTTCAGCACAACCTACATGGAGCTCCGC
AGCCTGAAATCTGAGGACTCTGCGGTCTATTACTCTACAAGA

RSS
Pass

RSS

CACAGTGTTGTAACCACATCCTGAGTGTGTCAGAAAAC

IGHV1.3
8

IGHV

GAGATCCAGCTGCAGCAGACTGGACCTGAGCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTATTC
ATTCACTGACTACATCATGCTCTGGGTGAAGCAGAGCCATGG
AAAGAGCCTTGAGTGGATTGGAAATATTAATCCTTACTATGGT
AGTACTAGCTACAATCTGAAGTTCAAGGGCAAGGCCACATTG
ACTGTAGACAAATCTTCCAGCACAGCCTACATGCAGCTCAAC
AGTCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCAAGA

L-Part2

Leader

GTGCCCACTCT

L-Part1

Leader

ATGGGAGGGATCTGGATCTTTCTCTTCCTCCTGTCAGGAACT
GCAG

IGHV1.3
5.P

IGHV

GAGGTCCAGATGCAGCAGTCTGGATCTAAGGTAGTGAATGC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACTGGCTACTACATGCACTGGGTGAAGCAGAGCCATG
GAAAGAGCCTTGAGTCGATTGGAGATATTAATCTTTCCAATG
GTGGTACTAACTACAATGGAAAGTTCAAAAGCAAGGCCACAT
TGACTGTAGATATATCCTCTAGCACAGCCTATATGGAGCTAG
CATATTGACATCTGAGGTCTCTGCAGTCTCTCACTGTGCAAT
A

RSS
Pass

RSS

CACAGTGTTGTAACCACATCCTGAGTGTGTCAGAAAACC

IGHV1.3
9

IGHV

GAGGTCCAGCTGCAGCAGTCTGGACCTGAGCTGGAGAAGCC
TGGCGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACTGGCTACAACATGAACTGGGTGAAGCAGAGCAATG
GAAAGAGCCTTGAGTGGATTGGAAATATTGATCCTTACTATG
GTGGTACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCACA
TTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAGCTC
AAGAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTGCA
AGA

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

ATGGGATGGACCTGGATCTTTATTTTAATCCTGTCAGTAACTA
CAG

IGHV1.3
6.P

IGHV

GAGGTCCAGCTGCAACAGTCTGGACCTGAGCTGGTGAAGCC
TGGAGCTTCAATGAAGATATCCTGCAAGGCTACTCATTCACT
GGCTACACCATGAACTGGGTGAAGCAGAGCCATGGAAAGAA
CCTTGAGTGGATTGGACTTATTAATCCTTACAATGGTGGTACT
AGCTACAACCAGAAGTTCAAGGGCAAGGCCACATTAACTGTA
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GACAAGTCATCCAGCACAGCCTACATGGAGCTCCTCAGTCT
GACATCTGAGGACTCTGCAGTCTATTACTGTGCAAGA

RSS
Pass

RSS

CACGATGCTACAAATACACCCAGAGTGAGTCAGAAACC

IGHV1.4
0

IGHV

GAGGTCCAGCTGCAGCAGTCTGGACCTGACCTGGTGAAGCC
TGGGGCTTCAGTGAAGATATCCTGCAAGGCTTCTGGTTACTC
ATTCACTGGCTACTACATGCACTGGGTGAAGCAGAGCCATG
GAAAGAGCCTTGAGTGGATTGGACGTGTTAATCCTAACAATG
GTGGTACTAGCTACAACCAGAAGTTCAAGGGCAAGGCCATAT
TAACTGTAGACAAGTCATCCAGCACAGCCTACATGGAGCTCC
GCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTGCAA
GA

L-Part2

Leader

GTGTCCACTCT

L-Part1

Leader

ATGGAATGGAGCTGGGTCTTTCTCTTCCTCCTGTCAGTAACT
ACAG

IGHV1.3
7.P

IGHV

CAGGTCCAGCTGCAGCAGTCTGGGGCTGAAATGGTGAGGCC
TGGGGCCTCAGTGAAAATGTCCTGCAAGGCTTTTGGCTACAC
ATTCACTGACTATGGCATGCATTGGGTGAAGCATAGTCACGG
AAGGCATCCTTGAGAGGATTGGAAATGTTAATACTTACTATG
ACAATACTGGCTACAATGAAAAGTTCAAGGGCAAGTCCAAAT
TGACTGTAGACAAATCCTCCAGCACAGCCTATGTGGAGTTTA
GCAGAATGACATCTGAGGATTCTGTAGTCTATTACTGTGAAA

IGHV1.3
8.P

IGHV

CAGGTTCATATGCAGCAGTCTAGGAGAAGAGGGGATGAAGC
CTGTGTTCTCAGTGAAGATGTCCTGTAAGGGTTCTGGCTACA
GCTTTACCAACTACTATATGCCCTGGGTAAAATAGTGGACTG

GACACAGCCTTGAGTGGATTAGATGGATTCATCCTGGAAATG
GTGATACTTACTACAATCAAAAGTTCAAGGGAAAGGCAACAC

TGACCAAGTACAAATTCTCCAGCACAGCCTACTTACATCACA

ACAGGCTGACATCTGAGCACCCAGTAGTTTATAAATGTGCGA
GA

IGHV1.3
9.P

IGHV

CAGGTCCAGCTGCAGCAGTCTGCAGCTGAGCTGGTGAAGCC
TGGGAGTCCAGTGAAGCTGTCCTGCAAAGCTTCTGGCTACA
CCGTCAATGACAACTATATGGAGCAGGTAAAGCAGAGGCCT
GGACAGAGCATGGAATGGATTGGATAGATTCATTTTGTATAT
GGTGGTACTTAATACAATGAAAAGTTCTAGGGCAAGTCCACA
TTAACTGTAGAAAAATCCTCCAACACAGCCTACATGGAACTC
CACAGCTCAACATCTGAGGTCTCTGCGGTTTATTTCTGTGCA
CGG

RSS
Pass

RSS

CACAGTGTTGTAACCACATCCTGTGTGTGTCAGAAAAC
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IGHV1.4
1

IGHV

CAGGTTCAGCTGCAGCAGTCTGGGGCTGAGCTGGTGAAGCC
TGGGGCCTCAGTGAAGATGTCCTGCAAGGCTTTTGGCTACA
CCTTCACTACCTATCCAATAGAGTGGATGAAGCAGAATCATG
GGAAGAGCCTAGAGTGGATTGGAAATTTTCATCCTTACAATG
ATGATACTAAGTACAATGAAAAATTCAAGGGCAAGGCCAAAT
TGACTGTAGAAAAATCCTCTAGCACAGTCTACTTGGAGCTCA
GCCGATTAACATCTGATGACTCTGCTGTTTATTACTGTGCAAG
G

L-Part2

Leader

GTGTCCACTCC

L-Part1

Leader

ATGGCGTGGATCTCTATCATCCTCTTCCTAGTGGCAACAGCT
ATAG

RSS
Pass

RSS

CACATTGACACAGAGTCAGTTTTCAGCTGTACAATAGTT

IGHV8.3

IGHV

CAGATTACTCTGAAAGAGTCTGGCCCTGGGATAGTGCAGCC
ATCCCAGCCCTTCAGACTTACTTGCACTTTCTCTGGGTTTTCA
CTGAGCACTTCTGGTATAGGTGTAACCTGGATTCGTCAGCCC
TCAGGGAAAGGTCTGGAGTGGCTGGCAACGATTTGGTGGGA
TGATGATAACCGCTACAACCCATCTCTAAAGAGCAGGCTCAC
AGTCTCCAAAGACACCTCCAACAACCAAGCATTCCTGAATAT
CATCACTGTGGAAACTGCAGATACTGCCATATACTACTGTGC
TCAGAGTG

L-Part2

Leader

ATGTTATGTCC

L-Part1

Leader

ATGGGCAGGCTTATGTCTTCATTCCTGCTTCTGGTTGCCCCT
TTAT

RSS
Pass

RSS

CACAGTGTTGTAACCACATCCTGAGTGTGTCAGAAACCC

IGHV1.4
2

IGHV

CAGGTCCAGTTGCAGCAGTCTGGAGCTGAGCTGGTAAGGCC
TGGGACTTCAGTGAAGATATCCTGCAAGGCTTCTGGCTACAC
CTTCACTAACTACTGGCTAGGTTGGGTAAAGCAGAGGCCTG
GACATGGACTTGAGTGGATTGGAGATATTTACCCTGGAGGTG
GTTATACTAACTACAATGAGAAGTTCAAGGGCAAGGCCACAC
TGACTGCAGACACATCCTCCAGCACTGCCTACATGCAGCTCA
GTAGCCTGACATCTGAGGACTCTGCTGTCTATTTCTGTGCAA
GA

L-Part2

Leader

ATGTCCACTCC

L-Part1

Leader

ATGGAATGGAGCGGGGTCTTTATCTTTCTCTTGTCAGTAACT
GCAG

RSS
Pass

RSS

CACAGTGTTGCAACCACATCCTGAGAGTGTCAGAAACCC

IGHV1.4
3

IGHV

CAGGTCCAACTGCAGCAGCCTGGGGCTGAGCTGGTGAGGC
CTGGGGCTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTAC
ACCTTCACCAGCTACTGGATAAACTGGGTGAAGCAGAGGCC
TGGACAAGGCCTTGAGTGGATCGGAAATATTTATCCTTCTGA
TAGTTATACTAACTACAATCAAAAGTTCAAGGACAAGGCCAC
ATTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAGCT
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CAGCAGCCCGACATCTGAGGACTCTGCGGTCTATTACTGTAC
AAGA

L-Part2 |Leader GTGTCCACTCC
ATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCT

L-Part1 Leader
ACAG

ﬁ;i RSS CACAGTGTTGCAACCACATCCTGAGAGTGTCAGAAACCC
CAGGTCCAACTGCAGCAACCTGGGTCTGAGCTGGTGAGGCC
TGGAGCTTCAGTGAAGCTGTCCTGCAAGGCTTCTGGCTACAC
ATTCACCAGCTACTGGATGCACTGGGTGAAGCAGAGGCATG

IGHV1.4 IGHV GACAAGGCCTTGAGTGGATTGGAAATATTTATCCTGGTAGTG

4 GTAGTACTAACTACGATGAGAAGTTCAAGAGCAAGGGCACAC
TGACTGTAGACACATCCTCCAGCACAGCCTACATGCACCTCA
GCAGCCTGACATCTGAGGACTCTGCGGTCTATTACTGTACAA
GA

L-Part2 |Leader GTGTCCACTCC
ATGGGATGGAGCTGTATCATCCTCTTCTTGGTAGCAACAGCT

L-Part1 Leader

ACAG
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Supplemental Table 3. Annotated BALB/cByJ IGHD sequences, heptamers,

and nonamers.

Name Type Length |Sequence
Nonamer |9 ACAAAAACC
Heptamer |7 CACGGTG
IGHD4-1*01 D-Gene 11 CTAACTGGGAC
(DQ52)
Heptamer |7 CACTGTG
Nonamer |9 GTCAAAACC
Nonamer |9 ACCAAAACT
Heptamer |7 CACTGTA
IGHD3-1 D-Gene 16 AGACAGCTCGGGCTAC
(DST4) (3-
2*01)
Heptamer |7 CACTGTG
Nonamer |9 TCAAAATCC
Nonamer |9 CTCAAATCC
Heptamer |7 CACATTG
IGHD5 D-Gene 10 GAATACCTAC
Heptamer |7 CACGGTG
Nonamer |9 ACAGAATCC
Nonamer |9 ACAAAAACC
Heptamer |7 CACAGTG
IGHD2- D-Gene 17 CCTACTATGGTAACTAC
10*01(DSP2.7)
(2-10*01)
Heptamer |7 CACAGTA
Nonamer |9 ACAAAAATC
Nonamer |9 CTCAAATTC
Heptamer |7 CACATTG
IGHD5 D-Gene 10 GAATACCTAC

287




Heptamer |7 CACGGTG
Nonamer |9 ACAGAATCC
Nonamer |9 ACAAAAACC
Heptamer |7 CACAGTG
IGHD2-8 D-Gene 17 CCTAGTATGGTAACTAC
(DSP2.8) (2-
10*02)
Heptamer |7 CACAGTA
Nonamer |9 ACAAAAATC
Nonamer |9 ACAAGAAAG
Heptamer |7 CACAATG
IGHD6 D-Gene 29 AGGCAGCTAGCCTCTGCAGTGCCAC
AACC
Heptamer |7 GAATTCA
Nonamer |9 TTATAGAGG
Nonamer |9 CTCAAATTC
Heptamer |7 CACATTG
IGHD5 D-Gene 10 GAATACCTAC
Heptamer |7 CACGGTG
Nonamer |9 ACAGAATCC
Nonamer |9 ACAAAAACC
Heptamer |7 CACAGTG
IGHD2- D-Gene 17 TCTACTATGATTACGAC
4*01(DSP2.2b)
Heptamer |7 CACAGTA
Nonamer |9 ACAAAAATC
Nonamer |9 ACAAGAAAG
Heptamer |7 CACAATG
IGHD6 D-Gene 29 AGGCAGCTAGCCTCTGCAGTGCCAC
AACC
Heptamer GAATTCA
Nonamer |9 TTATAGAGG
Nonamer |9 CTCAAATTC
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Heptamer |7 CACATTG
IGHD5-6 D-Gene 10 GAATACCTAC
Heptamer CACGGTG
Nonamer ACAGAATCC
Nonamer ACAAAAACC
Heptamer CACAGTG
IGHD2- D-Gene 17 CCTACTATAGGTACGAC
14*01(DSP2.11
)
Heptamer |7 CACAGTA
Nonamer |9 ACAAAAATC
Nonamer |9 CTCAAATTC
Heptamer |7 CACATTG
IGHD5-6 D-Gene 10 GAATACCTAC
Heptamer |7 CACGGTG
Nonamer |9 ACAGAATCC
Nonamer |9 ACAAAAACC
Heptamer |7 CACAGTG
IGHD2- D-Gene 17 TCTACTATGATTACGAC
4*01(DSP2.2a)
Heptamer |7 CACAGTA
Nonamer |9 ACAAAAATC
Nonamer |9 ACAAGAAAG
Heptamer |7 CACAATG
IGHD6 D-Gene 29 AGGCAGCTAGCCTCTGCAGTGCCAC
AACC
Heptamer |7 GAATTCA
Nonamer |9 TTATAGAGG
Nonamer |9 CTCAAATTC
Heptamer |7 CACATTG
IGHD5 D-Gene 10 GAATACCTAC
Heptamer |7 AACGGTG
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Nonamer |9 ACAGAATCC

Nonamer |9 ACAAAAACC

Heptamer CACAGTG
IGHD2-8 D-Gene 17 TCTACTATGGTAACTAC
(DSP2.5)

Heptamer |7 CACAGTA

Nonamer |9 ACAAAAATC

Nonamer |9 ACAAAAACA

Heptamer |7 CACAGTG
IGHD1-2*01 D-Gene 17 TTCATTACTACGGCTAC
(DFL16.2)

Heptamer |7 CACAGTA

Nonamer |9 ACAAAAAGC

Nonamer |9 ACCAAACTG

Heptamer |7 CACTGAA
IGHD3- D-Gene 17 GGGACAGCTAGGGCTGT
3*01(DST4.3)

Heptamer |7 CACTGTG

Nonamer |9 TCAAAATCC

Nonamer |9 CTCAAATCC

Heptamer |7 TACAGTG
IGHD5-1*01 D-Gene 10 GAGTACCTAC
(DMB3)

Heptamer |7 TACAGTG

Nonamer |9 ATAGAATCC

Nonamer |9 ACAAAAACC

Heptamer |7 CACAGTG
IGHD2-7*01/2- |D-Gene 17 TCTACTATGGTTACGAC
2*01 (DSP2.3)

Heptamer |7 CACAGTA

Nonamer |9 ACAAAAATC

Nonamer |9 ACAAGAAAG

Heptamer |7 CACAATG
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IGHD6 D-Gene 29 AGGCAGCTAGTCTCTGCAGTGCCAC
AACC
Heptamer |7 GAATTCA
Nonamer |9 TTATAGAGG
Nonamer |9 CTCAAATCC
Heptamer |7 TACAGTG
IGHD5-1*01 D-Gene 10 GAGTACCTAC
(DMB2)
Heptamer |7 CACAGTG
Nonamer |9 ATAGAATCC
Nonamer |9 ACAAAAACC
Heptamer |7 CACAGTG
IGHD2-3*01 D-Gene 17 TCTATGATGGTTACTAC
(DSP2.9)
Heptamer |7 CACAGTA
Nonamer |9 ACAAAAATC
Nonamer |9 ACAAGAAAG
Heptamer |7 CACAATG
IGHD6 D-Gene 29 AGACAGCTAGCCTCTGCAGTGCCAC
AACC
Heptamer |7 GAATTCA
Nonamer |9 TTATAGAGG
Nonamer |9 GCAAAAACC
Heptamer |7 CACAGTG
IGHD1-1*01 D-Gene 23 TTTATTACTACGGTAGTAGCTAC
(DFL16.1)
Heptamer |7 CACAGTA
Nonamer |9 ACAAAAAGC
Nonamer |9 CAAAACTGC
Heptamer |9 CACTGTAAG
IGHD3-1*01 D-Gene 17 GGCACAGCTCGGGCTAC
(DST4.2)
Heptamer |7 CACTGTG
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Nonamer |9 TCAAAATCC
Nonamer |9 CATGGAAGA
Heptamer |7 CACAGTG
IGHD5 (DMB1) |D-Gene 10 GAGTACCTAC
Heptamer |7 CACAGTG
Nonamer |9 ACTGAATTC
Nonamer |9 GCAAAAGTT
Heptamer |7 CACAATG
IGHD1-3*01 D-Gene 23 TATATAACTAAAGTGGTAGCTCA
(DFL 16.3)
Heptamer |7 CACAGTA
Nonamer |9 TCCAAAAAC
Nonamer |9 ACTGGGATA
Heptamer |7 AAAAGAC
IGHD5 D-Gene 10 GAATACCTAC
Heptamer |7 CTCTGTT
Nonamer |9 CACATATAA
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Supplemental Table 4. Annotated BALB/cByJ IGHJ sequences, heptamers, and

nonamers.

Name Type Length |Sequence
IGHJ4*01 |J-Gene 54 ATTACTATGCTATGGACTACTGGGGTCAA
GGAACCTCAGTCACCGTCTCCTCAG
Heptamer |7 CACAATA
Nonamer |9 CAAAAACCC
IGHJ3*01 |J-Gene 48 CCTGGTTTGCTTACTGGGGCCAAGGGAC
TCTGGTCACTGTCTCTGCAG
Heptamer |7 CACATTG
Nonamer |9 ACAATAAAT
IGHJ2*01 |J-Gene 48 ACTACTTTGACTACTGGGGCCAAGGCAC
CACTCTCACAGTCTCCTCAG
Heptamer |7 CACACTA
Nonamer |9 ACAAAAACC
IGHJ1*01 |J-Gene 53 CTACTGGTACTTCGATGTCTGGGGCGCA
GGGACCACGGTCACCGTCTCCTCAG
Heptamer |7 CACAGTC
Nonamer |9 CTAAAACTC
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Supplemental Table 5. Annotated BALB/cByJ IGHC sequences.

Name

Type

Lengt
h

Sequence

IGHA
Exon 4
of 4

C-Gene

197

AACGTCAAGAGCCACTTTCCTATGTGCTACTGGAC
CAGTCACAAGACATCCTGGAGGAAGAGGCCCCAG
GTGCCAGCCTGTGGCCCACCACTGTGACCTTCCT
CACCCTCTTCCTACTGAGCTTGTTCTACAGCACAG
CACTCACTGTTACAACTGTTCGAGGCCCGTTTGGC
AGCAAAGAGGTCCCCCAGTACTGA

IGHA
Exon 3
of 4

C-Gene

333

TGAACACCTTCCCACCCCAGGTCCACCTGCTACCG
CCGCCGTCGGAGGAGCTGGCCCTGAATGAGCTCT
TGTCCCTGACATGCCTGGTGCGAGCTTTCAACCCT
AAAGAAGTGCTGGTGCGATGGCTGCATGGAAATG
AGGAGCTGTCCCCAGAAAGCTACCTAGTGTTTGAG
CCCCTAAAGGAGCCAGGCGAGGGAGCCACCACCT
ACCTGGTGACAAGCGTGTTGCGTGTATCAGCTGAA
ACCTGGAAACAGGGTGACCAGTACTCCTGCATGG
TGGGCCACGAGGCCTTGCCCATGAACTTCACCCA
GAAGACCATCGACCGTCTGTCGG

IGHA
Exon 2
of 4

C-Gene

336

GTCCTACTCCTCCTCCTCCTATTACTATTCCTTCCT
GCCAGCCCAGCCTGTCACTGCAGCGGCCAGCTCT
TGAGGACCTGCTCCTGGGTTCAGATGCCAGCATC
ACATGTACTCTGAATGGCCTGAGAAATCCTGAGGG
AGCTGTCTTCACCTGGGAGCCCTCCACTGGGAAG
GATGCAGTGCAGAAGAAAGCTGTGCAGAATTCCT
GCGGCTGCTACAGTGTGTCCAGCGTCCTGCCTGG
CTGTGCTGAGCGCTGGAACAGTGGCGCATCATTC
AAGTGCACAGTTACCCATCCTGAGTCTGGCACCTT
AACTGGCACAATTGCCAAAGTCACAG

IGHA
Exon 1
of 4

C-Gene

303

AGTCTGCGAGAAATCCCACCATCTACCCACTGACA
CTCCCACCAGCTCTGTCAAGTGACCCAGTGATAAT
CGGCTGCCTGATTCACGATTACTTCCCTTCCGGCA
CGATGAATGTGACCTGGGGAAAGAGTGGGAAGGA
TATAACCACCGTAAACTTCCCACCTGCCCTGGCCT
CTGGGGGACGGTACACCATGAGCAGCCAGTTGAC
CCTGCCAGCTGTCGAGTGCCCAGAAGGAGAATCC
GTGAAATGTTCCGTGCAACATGACTCTAACCCCGT
CCAAGAATTGGATGTGAATTGCTCTG

IGHE
Exon 6
of 6

C-Gene

84

GTGAAGTGGGTCTTCTCCACACCGATGCAGGATA
CACCCCAGACCTTCCAAGACTATGCCAACATCCTC
CAGACCAGGGCATAG
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IGHE |[C-Gene |134 |AGCTAGACCTCCAGGACCTATGTATTGAAGAGGTG
Exon 5 GAGGGCGAGGAGCTGGAAGAGCTGTGGACCAGT
of 6 ATTTGTGTCTTCATCACCCTGTTCCTGCTCAGTGTG
AGCTATGGGGCCACTGTCACCGTCCTCAAG
IGHE |C-Gene |327 |GCCAGCGCTCAGCCCCCGAGGTATATGTGTTCCC
Exon 3 ACCACCAGAGGAGGAGAGCGAGGACAAACGCACA
of 6 CTCACCTGTTTGATCCAGAACTTCTTCCCTGAGGA
(CH4) TATCTCTGTGCAGTGGCTGGGGGATGGCAAACTG
ATCTCAAACAGCCAGCACAGTACCACAACACCCCT
GAAATCCAATGGCTCCAATCAAGGCTTCTTCATCTT
CAGTCGCCTAGAGGTCGCCAAGACACTCTGGACA
CAGAGAAAACAGTTCACCTGCCAAGTGATCCATGA
GGCACTTCAGAAACCCAGGAAACTGGAGAAAACA
ATATCCACAAGCCTTG
IGHE |C-Gene |321 |ATCATGAGCCACGGGGTGTGATTACCTACCTGATC
Exon 3 CCACCCAGCCCCCTGGACCTGTATCAAAACGGTG
of 6 CTCCCAAGCTTACCTGTCTGGTGGTGGACCTGGAA
(CH3) AGCGAGAAGAATGTCAATGTGACGTGGAACCAAG
AGAAGAAGACTTCAGTCTCAGCATCCCAGTGGTAC
ACTAAGCACCACAATAACGCCACAACTAGTATCAC
CTCCATCCTGCCTGTAGTTGCCAAGGACTGGATTG
AAGGCTACGGCTATCAGTGCATAGTGGACCACCC
TGATTTTCCCAAGCCCATTGTGCGTTCCATCACCA
AGACCCCAG
IGHE |C-Gene |321 |TTCGACCTGTCAACATCACTGAGCCCACCTTGGAG
Exon 2 CTACTCCATTCATCCTGCGACCCCAATGCATTCCA
of 6 CTCCACCATCCAGCTGTACTGCTTCATTTATGGCC
(CH2) ACATCCTAAATGATGTCTCTGTCAGCTGGCTAATG
GACGATCGGGAGATAACTGATACACTTGCACAAAC
TGTTCTAATCAAGGAGGAAGGCAAACTAGCCTCTA
CCTGCAGTAAACTCAACATCACTGAGCAGCAATGG
ATGTCTGAAAGCACCTTCACCTGCAAGGTCACCTC
CCAAGGCGTAGACTATTTGGCCCACACTCGGAGA
TGCCCAG
IGHE |[C-Gene |273 |CCTCTATCAGGAACCCTCAGCTCTACCCCTTGAAG
Exon 1 CCCTGTAAAGGCACTGCTTCCATGACCCTGGGCT
of 6 GCCTGGTAAAGGACTACTTCCCTGGTCCTGTGACT
(CH1) GTGACCTGGTATTCAGACTCCCTGAACATGAGCAC

TGTGAACTTCCCTGCCCTCGGTTCTGAACTCAAGG
TCACCACCAGCCAAGTGACCAGCTGGGGCAAGTC
AGCCAAGAACTTCACATGCCACGTGACACATCCTC
CATCATTCAACGAAAGTAGGACTATCCTAG
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IGHG2 |C-Gene |81 GTAAAGTGGATCTTCTCCTCTGTGGTGGAGCTGAA

A M2 GCAGACGATCTCCCCTGACTACAGAAACATGATTG
GGCAGGGAGCC

IGHG2 |C-Gene | 131 GGCTAGACCTGGATGATGTCTGTGCTGAGGCCCA

A M1 GGACGGGGAGCTGGACGGCCTCTGGACGACCAT
CACCATCTTCATCAGCCTCTTCCTGCTCAGCGTGT
GCTACAGCGCCTCTGTCACACTCTTCAAG

IGHG2 |C-Gene | 320 GGTCAGTAAGAGCTCCACAGGTATATGTCTTGCCT

B CCACCAGAAGAAGAGATGACTAAGAAACAGGTCA

Exon 4 CTCTGACCTGCATGGTCACAGACTTCATGCCTGAA

of 6 GACATTTACGTGGAGTGGACCAACAACGGGAAAA

(CH3) CAGAGCTAAACTACAAGAACACTGAACCAGTCCTG
GACTCTGATGGTTCTTACTTCATGTACAGCAAGCT
GAGAGTGGAAAAGAAGAACTGGGTGGAAAGAAAT
AGCTACTCCTGTTCAGTGGTCCACGAGGGTCTGCA
CAATCACCACACGACTAAGAGCTTCTCCCGGACTC
CGGGTAAA

IGHG2 |C-Gene | 330 CACCTAACCTCTTGGGTGGACCATCCGTCTTCATC

B TTCCCTCCAAAGATCAAGGATGTACTCATGATCTC

Exon 3 CCTGAGCCCCATAGTCACATGTGTGGTGGTGGAT

of 6 GTGAGCGAGGATGACCCAGATGTCCAGATCAGCT

(CH2) GGTTTGTGAACAACGTGGAAGTACACACAGCTCAG
ACACAAACCCATAGAGAGGATTACAACAGTACTCT
CCGGGTGGTCAGTGCCCTCCCCATCCAGCACCAG
GACTGGATGAGTGGCAAGGAGTTCAAATGCAAGG
TCAACAACAAAGACCTCCCAGCGCCCATCGAGAG
AACCATCTCAAAACCCAAAG

IGHG2 |C-Gene |48 AGCCCAGAGGGCCCACAATCAAGCCCTGTCCTCC

B ATGCAAATGCCCAG

Exon 2

of 6

(H)

IGHG2 | C-Gene | 291 CCAAAACAACAGCCCCATCGGTCTATCCACTGGCC

A CCTGTGTGTGGAGATACAACTGGCTCCTCGGTGA

Exon 1 CTCTAGGATGCCTGGTCAAGGGTTATTTCCCTGAG

of 6 CCAGTGACCTTGACCTGGAACTCTGGATCCCTGTC

(CH1) CAGTGGTGTGCACACCTTCCCAGCTGTCCTGCAGT

CTGACCTCTACACCCTCAGCAGCTCAGTGACTGTA
ACCTCGAGCACCTGGCCCAGCCAGTCCATCACCT
GCAATGTGGCCCACCCGGCAAGCAGCACCAAGGT
GGACAAGAAAATTG
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IGHG2

Exon 6
of 6

C-Gene

1433

GTAAAGTGGATCTTCTCCTCAGTGGTGGAGCTGAA
GCAGAAGATCTCCCCTGACTACAGAAACATGATTG
GGCAGGGAGCCTAGGCCACTTCCTCTGGGATCAG
AAGAGCTTCCTAAGTCCTGCAGAAGCCCATCCATC
CTACTGTGCAGCCTAACAGGGAGGCCACACTCTA
GCCCTATGACTCTCTGATCCAGAACTCTCCATGGT
CTCTCCTTTGGAGGACCATGTGCAGAGCAGGCTTT
ACCCCAGACCTAAACACTTCCACAGCAGTTGCCAA
ATAACTAACTGATCAGCGCCAGAATAACCATCTCC
ATCCAAACCAGCACTAGGGGATCTGAGATCTCAGA
ATGTTTGCCTAAGATGAACTGGAAATCCAGGTTTC
CTGAGTTCAGCTGCATTGACATCAGCCCTGGATTT
GGCCTGGACCACACATTTTCATCTGAAATGGATCT
TCCCAGAAAGGGCAATGTTTTCAGATACTTGAATG
GAGACATCTGCTCAGAAGGCCAGGGTCACAATAG
CCCAAAGGTCACTCTGGTATCCTTTGTACCAGCTA
TACTTGGACAGCTTCCTTCCTGGTACTTCTGTGAA
CCCTGGGCTGAGGAAAGGACCTGTGATCCTCAAA
GTGGTGGGATGAGCCCTCTGAAGAAGATGCAGTC
TTCTCTTCCTCCTACCCACTCAAGATGCTGGGTTC
TCAGATACAGAATCCAGTCCACAGACACTGTTGTC
CACAGAACTTCAAGACAAGGCCACTGCCACCTCCA
GAGGCAGAAGGACTGCTTTGTGTAGCCTCACAAA
GCTCTAGCAGGGACAAGTGTATACACCACTGAGTA
CTGGCTAGGTAATCAGGCAGGAAAAGTTCCAGGT
GAGGGCTCTGATGAGAAGATTCCTGTTGGGCTCA
ATAAAATGGGGGTTGGGGAGAGGAGCAATGTGGG
AGAGATGTGAGCACATAGTTAAAAGAAAACCATGG
TGCCACAGGTCTGCTCTGAAGGCCTGGTGTCCAG
ACTGGACCACTCACAGCAGAAAACATCAGTTGCAA
TGGACCTCTAGGTGGACAGATCTAGAATACCAGG
GTGATTTTAGCTAATGAAAAGTAGCCCTGTATCCTT
TCCTCTTCTACCTGCCTAGGACAATAAGAAGCCAG
AGTCTCCAGACAGAAAGAAAGAGCACGCACTTGCT
TTTGCGTTAATGGGTCTGATAGGAAATGTTTAGAG
AACTTGGACACTTAAGAGCTGTGGATTTTTCTAGA
GGTCATGAATGTCTTAAAGTGTTCTCTCTCCCTCTC
TCTCTCTCTCTCAGTGTCTCTTTGTGTGTATGTGTG
TATGTGTGTTTGTGTGCATGTGTGCGTGCACATGC
GGGCGCGCACAGGTGCACACTCATGCATGCTGTT
CTTTTGGAATTTGAAACAATAAAAGATTCTTTTAATA
TTGTG

IGHG2

C-Gene

131

GGCTAGACCTGGATGATATCTGTGCTGAGGCCAA
GGATGGGGAGCTGGACGGCCTCTGGACGACCATC

297




Exon 5 ACCATCTTCATCAGCCTCTTCCTGCTCAGCGTGTG

of 6 CTACAGCGCCTCTGTCACACTCTTCAAG

IGHG2 |C-Gene |315 GGCTAGTCAGAGCTCCACAAGTATACATCTTGCCG

B CCACCAGCAGAGCAGTTGTCCAGGAAAGATGTCA

Exon 4 GTCTCACTTGCCTGGTCGTGGGCTTCAACCCTGGA

of 6 GACATCAGTGTGGAGTGGACCAGCAATGGGCATA
CAGAGGAGAACTACAAGGACACCGCACCAGTCCT
GGACTCTGACGGTTCTTACTTCATATATAGCAAGC
TCAATATGAAAACAAGCAAGTGGGAGAAAACAGAT
TCCTTCTCATGCAACGTGAGACACGAGGGTCTGAA
AAATTACTACCTGAAGAAGACCATCTCCCGGTCTC
CGG

IGHG2 |C-Gene | 330 CTCCTAACCTCGAGGGTGGACCATCCGTCTTCATC

B TTCCCTCCAAATATCAAGGATGTACTCATGATCTCC

Exon 3 CTGACACCCAAGGTCACGTGTGTGGTGGTGGATG

of 6 TGAGCGAGGATGACCCAGACGTCCAGATCAGCTG
GTTTGTGAACAACGTGGAAGTACACACAGCTCAGA
CACAAACCCATAGAGAGGATTACAACAGTACTATC
CGGGTGGTCAGCACCCTCCCCATCCAGCACCAGG
ACTGGATGAGTGGCAAGGAGTTCAAATGCAAGGT
CAACAACAAAGACCTCCCATCACCCATCGAGAGAA
CCATCTCAAAAATTAAAG

IGHG2 |C-Gene |66 AGCCCAGCGGGCCCATTTCAACAATCAACCCCTGT

B CCTCCATGCAAGGAGTGTCACAAATGCCCAG

Exon 2

of 6

IGHG2 | C-Gene | 291 CCAAAACAACACCCCCATCAGTCTATCCACTGGCC

B CCTGGGTGTGGAGATACAACTGGTTCCTCCGTGA

Exon 1 CTCTGGGATGCCTGGTCAAGGGCTACTTCCCTGA

of 6 GTCAGTGACTGTGACTTGGAACTCTGGATCCCTGT

CCAGCAGTGTGCACACCTTCCCAGCTCTCCTGCA
GTCTGGACTCTACACTATGAGCAGCTCAGTGACTG
TCCCCTCCAGCACCTGGCCAAGTCAGACCGTCAC
CTGCAGCGTTGCTCACCCAGCCAGCAGCACCACG
GTGGACAAAAAACTTG
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IGHG1
Exon 6
of 6

C-Gene

1396

GTAAAGTGGATCTTCTCCTCGGTGGTGGAGCTGAA
GCAGACACTGGTTCCTGAATACAAGAACATGATTG
GGCAAGCGCCCTAGGCCACCTCTTGTAATGGCAG
GGGATTTCCCAGGCCCCAAAGGACCCTGTCCAAT
ATGCCAAGCAGCACAACTGAGATCACACTGTCTGC
TCATCTCGCTTTCCTCCGACCCCGAGACTCAGCTA
CTCTCAAATTTTCCCTCTCTGAAGGACCATGTGGA
CATTACATTGCTCCAGGCCACAGCCACCAGGACCT
AAAACACCATCACAGCAGCACCAAAGACACTGGAT
AGACCCACAAGAGCAATAGCTTCCTCAACAGTATA
TCCAAACTGTTGGGACAAACGAGCAATCACTGAAG
AAGTGACAAGTTCCCACAATGTCAGTGTCCAGCTG
AGAAGGGGCAAAAAGTGGTACCAGCCCTGTCCAC
ACCACCTTCTAATTCACAGGAATCCGTGATAGAAG
AGGCAGGTTGTAGATCCGAAAGATGAGACAGATTT
TATCAACTCCAGAAAGAGCTGGGCCCAACTGAATC
TAACTGAATTATTCTAGCGACCTTGGCATTGCCAT
GACCTGCCATGACCTTCCTCCTTAGCACTTCGATG
AACCCTGGGATATGGAAAATGCCTGTGTTTCTCAG
GGTTTGGGAAGAACCATCCATGTTGGGATTCTTGT
GTAGATCCTCCTCCTGGTCACAGATGCAATACACT
GGATTTTCAGGCAAAGGAGCAAATTCACAGACAAC
TCTGGCCCTACAGTCCTCAGACCTAGACACCACCA
TCTCCTTGGAATTATCAAATCTAACACCCGGCACA
CAACAAAGAAGGACTGGGACTTTGAGGCCTTTGTG
TAGCCCTAGAGGGGGCAGAGGCCACTGAGCAGG
GATTGGGTGATCAGCAAGGACCTCCTGGAGAGGG
ACCTGAGGAGCAGGTTCCAATTGGGCCAAAGAAA
GAAGAAGAACAATAGAGGTGAAGGATGCTGGAAA
GAGCCATGGTACAGCAGTCTTGTCCTTCAGACATG
ACTCTTACAGCCCAGGACTCTTACAGTAGCTAGCT
GGAGCAGAAGTCCAAGGGATTACCATGCCCTAGG
GCCACAGGCTACTGGAGGGTGGAGTGAGTCTACT
ACACAGGTCCAATGCCTGTTTCTCCATCGTTTCTC
AGCCAATGAGAAATCAGAGTCTCCAAACAGGAAGA
AAAAGGAAGGCGGAAATGAAAGGTGAGCACCTGC
CTTCCCGTGACTGGCAGAAAGATCTCCACGGACT
CAAGGCTTTGACTTCAAACTTCCCGTAGATCCCTG
ATGTCTTTAAGGACTCTGTCTGTTGGTTTTGTTTGT
TTGTTTTGTACTTTGTCAATAAAACATTTTTCAAATA
TTCTA

IGHG1
Exon 5
of 6

C-Gene

131

GGCTGCAACTGGACGAGACCTGTGCTGAGGCCCA
GGACGGGGAGCTGGACGGGCTCTGGACGACCAT
CACCATCTTCATCAGCCTCTTCCTGCTCAGCGTGT
GCTACAGCGCTGCTGTCACACTCTTCAAG
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IGHG1 [C-Gene |315 |GCAGACCGAAGGCTCCACAGGTGTACACCATTCC

Exon 4 ACCTCCCAAGGAGCAGATGGCCAAGGATAAAGTC

of 6 AGTCTGACCTGCATGATAACAGACTTCTTCCCTGA
AGACATTACTGTGGAGTGGCAGTGGAATGGGCAG
CCAGCGGAGAACTACAAGAACACTCAGCCCATCAT
GGACACAGATGGCTCTTACTTCGTCTACAGCAAGC
TCAATGTGCAGAAGAGCAACTGGGAGGCAGGAAA
TACTTTCACCTGCTCTGTGTTACATGAGGGCCTGC
ACAACCACCATACTGAGAAGAGCCTCTCCCACTCT
CCTG

IGHG1 |C-Gene | 321 TCCCAGAAGTATCATCTGTCTTCATCTTCCCCCCAA

Exon 3 AGCCCAAGGATGTGCTCACCATTACTCTGACTCCT

of 6 AAGGTCACGTGTGTTGTGGTAGACATCAGCAAGG
ATGATCCCGAGGTCCAGTTCAGCTGGTTTGTAGAT
GATGTGGAGGTGCACACAGCTCAGACGCAACCcCcC
GGGAGGAGCAGTTCAACAGCACTTTCCGCTCAGT
CAGTGAACTTCCCATCATGCACCAGGACTGGCTCA
ATGGCAAGGAGTTCAAATGCAGGGTCAACAGTGC
AGCTTTCCCTGCCCCCATCGAGAAAACCATCTCCA
AAACCAAAG

IGHG1 [C-Gene |39 TGCCCAGGGATTGTGGTTGTAAGCCTTGCATATGT

Exon 2 ACAG

of 6

IGHG1 [C-Gene [291 CCAAAACGACACCCCCATCTGTCTATCCACTGGCC

Exon 1 CCTGGATCTGCTGCCCAAACTAACTCCATGGTGAC

of 6 CCTGGGATGCCTGGTCAAGGGCTATTTCCCTGAG
CCAGTGACAGTGACCTGGAACTCTGGATCCCTGTC
CAGCGGTGTGCACACCTTCCCAGCTGTCCTGCAG
TCTGACCTCTACACTCTGAGCAGCTCAGTGACTGT
CCCCTCCAGCACCTGGCCCAGCGAGACCGTCACC
TGCAACGTTGCCCACCCGGCCAGCAGCACCAAGG
TGGACAAGAAAATTG

IGHG3 [C-Gene |84 GTGAAGTGGATCTTCTCCTCAGTGGTGCAGGTGAA

Exon 6 GCAGACGGCCATCCCTGACTACAGGAACATGATT

of 6 GGACAAGGTGCCTAG

(M2)

IGHG3 [C-Gene [ 131 AGCTGGAACTGAATGAGACCTGTGCTGAGGCCCA

Exon 5 GGATGGGGAGCTGGACGGGCTCTGGACGACCAT

of 6 CACCATCTTCATCAGCCTCTTCCTGCTCAGCGTGT

(M1) GCTACAGCGCCTCTGTCACCCTCTTCAAG

IGHG3 [C-Gene |6 GGTAAA

CHS
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IGHG3 [C-Gene |314 |GAAGAGCCCAGACACCTCAAGTATACACCATACCC

Exon 4 CCACCTCGTGAACAAATGTCCAAGAAGAAGGTTAG

of 6 TCTGACCTGCCTGGTCACCAACTTCTTCTCTGAAG

(CH3) CCATCAGTGTGGAGTGGGAAAGGAACGGAGAACT
GGAGCAGGATTACAAGAACACTCCACCCATCCTG
GACTCAGATGGGACCTACTTCCTCTACAGCAAGCT
CACTGTGGATACAGACAGTTGGTTGCAAGGAGAAA
TTTTTACCTGCTCCGTGGTGCATGAGGCTCTCCAT
AACCACCACACACAGAAGAACCTGTCTCGCTCCCC
T

IGHG3 [C-Gene |330 |CTGGTAACATCTTGGGTGGACCATCCGTCTTCATC

Exon 3 TTCCCCCCAAAGCCCAAGGATGCACTCATGATCTC

of 6 CCTAACCCCCAAGGTTACGTGTGTGGTGGTGGAT

(CH2) GTGAGCGAGGATGACCCAGATGTCCATGTCAGCT
GGTTTGTGGACAACAAAGAAGTACACACAGCCTG
GACACAGCCCCGTGAAGCTCAGTACAACAGTACC
TTCCGAGTGGTCAGTGCCCTCCCCATCCAGCACC
AGGACTGGATGAGGGGCAAGGAGTTCAAATGCAA
GGTCAACAACAAAGCCCTCCCAGCCCCCATCGAG
AGAACCATCTCAAAACCCAAAG

IGHG3 [C-Gene |48 AGCCTAGAATACCCAAGCCCAGTACCCCCCCAGG

Exon 2 TTCTTCATGCCCAC

of 6

(H)

IGHG3 [C-Gene 291 CTACAACAACAGCCCCATCTGTCTATCCCTTGGTC

Exon 1 CCTGGCTGCAGTGACACATCTGGATCCTCGGTGA

of 6 CACTGGGATGCCTTGTCAAAGGCTACTTCCCTGAG

(CH1) CCGGTAACTGTAAAATGGAACTATGGAGCCCTGTC

CAGCGGTGTGCGCACAGTCTCATCTGTCCTGCAG
TCTGGGTTCTATTCCCTCAGCAGCTTGGTGACTGT
ACCCTCCAGCACCTGGCCCAGCCAGACTGTCATC
TGCAACGTAGCCCACCCAGCCAGCAAGACTGAGT
TGATCAAGAGAATCG
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129 C
psi
gamm
a0
gene

C-Gene

1722

TGAGGGGCAAGGAATTCAAATGCAAGGTCAAAAGT
GGACCCTTCCCAGTTCTCATTGAGAAAACAATCTG
TAAAGTTGAAGGTGGGGTCCGGGAGTGGGAGGAG
GTAGATGGTTTTGAGACTGTGATGGGCAGAGTGTT
GAGCTTCGCAAATTCTTTCCTTTGGTAGCAACTGC
TATGGCTTCTCTCTCCAACAGGGCATGCCCAGGTG
CCTTGGGAATACACCACAGGCCTCCATCCAGGTA
GCAGATTAACAAGAACAAAGTCAGTCTCACCTGCA
TGGTCATGCTCTTCTATCCTGGAGACATTGATGTA
GAGTGCTATAGTCATGGAGTTCTTTTCTCCATACAA
ATAAGCCACCCAATACTTCCCTGGGACCCAATGAA
AGTGTCTTGGTTCTTTCTGAGGTTACACCAATGTG
GCTAAGTCAATTGCTGTGGAGTCTTTAGTGTCCAA
GTCCATACCATCAGACTCTGAGCATTTATATATATC
TGGCCAGGCCTGAGGTCATCCCTCAACAGGGGAG
GAGGTTTGGTTCAAGGGGCCTTCTCTCATCTTTGC
TTACAATCAGCTGAAGAGTTATGCTGAACTGGGAC
ATCTCCAAATAATCTCCTAAGGAAAGGAACACAGA
GAACATATAAATCCTGACTCTTTCCATCTGTCCCTT
CTTCCTGACCAAGGGTGTCTCTGTGACACTGCAGA
GCCATCTCTAGGCTATGTGTACAATAAGTCATTAA
GGCCAACACACTCAGTGCAGCCTGATTTGCCTGC
CCTTGACTCCACAAGGAATTTGGATGCCTATGTGT
GTGGATATTGCCTATTTATGGGACACTAATTGTGC
CCCAAAGGGACTGAGGCCAGTGTTCTGTCTACCTC
AGAGGAGGGCCTACAAGATACACACCTGATCCATT
AGACCAGTGTACTTAGTATCACTCAGCCAATATGC
AATCTGTACACAGATGTGTAATACATGTACTTGCCT
AATATACTAGGGTCCTTACAGATGCATCTTGCATAA
CACCCACTCCCTGTTGGGTATCAGAATATCCCTAA
CCACCACTTCAATGTTCATATTTGGGTCATCAAAGC
TAAACACAGACCTCACCTTCTGAGGGCACCTGCAC
CCATTTCCCTATACACACAGTTTTTGAGGATCAATA
TGTCTCTGAAGGCCTGTCCTTCTAATCTACACAGC
TGATATTTCCTATAGTTTGTGGCCTGGCCTTCTTGC
TGGTGTGAACCTTCAGTGACATCAAGATATTTCTA
GGCACAACTGTGGCCCTCTGGGCTAGGTGACCGA
AGGACATGTAGAGGGTCAGGCAGACTTCTGAGCC
ACTTCCTATAGGAGAACAGGTCTTTACTTAGATCA
GGTAGACCCAGAACTGAGAGGTAGAGCAGGCATG
GAGGACTCCTGGATAATCTAGGTCATACCATTAGG
TTCAATATGTCTATTGAACCCAGGGACTAAGCCAG
AACAGTTAGAGAAGAGGGCTATTGGCCTAGACAG
GGCAAGAAGCAGAAAGCTGGCCCCAGGATGGGTC
TGCCTGACCAGCTCAGCTGGTTCTTTCTCTTGCAA
CCCCTGATGTCCCACCTTGCCACAAAAGAAATTAC
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CCCCAGCATCTCCTTGTTGGAAAAGACACTGACTG
CTCCTCTCTGTGTAGAGCTGGAATTGGATGGTACC
TGGGGGGAGCTGGACGAACTCTGGATGACCATCA
CAATCTTCA

IGHD |[C-Gene |6 GTGAAG

Exon 5

(M2)

IGHD |[C-Gene |158 |GCATAGTCAACACCATCCAACACTCGTGTATCATG

Exon 4 GATGAGCAAAGTGACAGCTACATGGACTTAGAGG

(M1) AGGAGAACGGCCTGTGGCCCACAATGTGCACCTT
CGTGGCCCTCTTCCTGCTCACACTGCTCTACAGTG
GCTTCGTCACCTTCATCAAG

IGHD |[C-Gene 321 GGGCCATGGCACCCAGCAACCTCACTGTGAACAT

Exon 3 CCTGACCACATCCACCCATCCTGAGATGTCATCTT

(CH3) GGCTCCTGTGTGAAGTATCTGGCTTCTTCCCGGAA

AATATCCACCTCATGTGGCTGAGTGTCCACAGTAA
AATGAAGTCTACAAACTTTGTCACTGCAAACCCCA
CCGCCCAGCCTGGGGGCACATTCCAGACCTGGAG
TGTCCTGAGACTACCAGTCGCTCTGAGCTCATCAC
TTGACACTTACACATGTGTGGTGGAACATGAGGCC
TCAAAGACAAAGCTTAATGCCAGCAAGAGCCTAGC
AATTAGTG
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IGHD |[C-Gene 105 |AGTCATGGGATTCCCAGTCCTCTAAGAGAGTCACT

Exon 2 CCAACTCTCCAAGCAAAGAATCACTCCACAGAAGC

(H) CACCAAAGCTATTACCACCAAAAAGGACATAGAAG

IGHD |[C-Gene |282 |GTGATAAAAAGGAACCTGACATGTTCCTCCTCTCA

Exon 1 GAGTGCAAAGCCCCAGAGGAAAATGAAAAGATAAA

(CH1) CCTGGGCTGTTTAGTAATTGGAAGTCAGCCACTGA
AAATCAGCTGGGAGCCAAAGAAGTCAAGTATAGTT
GAACATGTCTTCCCCTCTGAAATGAGAAATGGCAA
TTATACAATGGTCCTCCAGGTCACTGTGCTGGCCT
CAGAACTGAACCTCAACCACACTTGCACCATAAAT
AAACCCAAAAGGAAAGAAAAACCTTTCAAGTTTCC
TG

IGHM |[C-Gene |6 GTGAAA

Exon 6

of 6

(M2)

IGHM [C-Gene |116 |AGGGGGAGGTGAATGCTGAGGAGGAAGGCTTTGA

Exon 5 GAACCTGTGGACCACTGCCTCCACCTTCATCGTCC

of 6 TCTTCCTCCTGAGCCTCTTCTACAGCACCACCGTC

(M1) ACCCTGTTCAAG

IGHM |[C-Gene |60 GGTAAACCCACACTGTACAATGTCTCCCTGATCAT

CHS GTCTGACACAGGCGGCACCTGCTAT

IGHM |[C-Gene |332 |AGGTGCACAAACATCCACCTGCTGTGTACCTGCTG

Exon 4 CCACCAGCTCGTGAGCAACTGAACCTGAGGGAGT

of 6 CAGCCACAGTCACCTGCCTGGTGAAGGGCTTCTC

(CH4) TCCTGCAGACATCAGTGTGCAGTGGCTTCAGAGA
GGGCAACTCTTGCCCCAAGAGAAGTATGTGACCA
GTGCCCCGATGCCAGAGCCTGGGGCCCCAGGCTT
CTACTTTACCCACAGCATCCTGACTGTGACAGAGG
AGGAATGGAACTCCGGAGAGACCTATACCTGTGTT
GTAGGCCACGAGGCCCTGCCACACCTGGTGACCG
AGAGGACCGTGGACAAGTCCACT

IGHM [C-Gene |318 |GTCCCTCCACAGACATCCTAACCTTCACCATCCCC

Exon 3 CCCTCCTTTGCCGACATCTTCCTCAGCAAGTCCGC

of 6 TAACCTGACCTGTCTGGTCTCAAACCTGGCAACCT

(CH3) ATGAAACCCTGAATATCTCCTGGGCTTCTCAAAGT

GGTGAACCACTGGAAACCAAAATTAAAATCATGGA
AAGCCATCCCAATGGCACCTTCAGTGCTAAGGGT
GTGGCTAGTGTTTGTGTGGAAGACTGGAATAACAG
GAAGGAATTTGTGTGTACTGTGACTCACAGGGATC
TGCCTTCACCACAGAAGAAATTCATCTCAAAACCC
AATG
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IGHM |C-Gene |339 |CTGTCGCAGAGATGAACCCCAATGTAAATGTGTTC
Exon 2 GTCCCACCACGGGATGGCTTCTCTGGCCCTGCAC
of 6 CACGCAAGTCTAAACTCATCTGCGAGGCCACGAA
(CH2) CTTCACTCCAAAACCGATCACAGTATCCTGGCTAA
AGGATGGGAAGCTCGTGGAATCTGGCTTCACCAC
AGATCCGGTGACCATCGAGAACAAAGGATCCACA
CCCCAAACCTACAAGGTCATAAGCACACTTACCAT
CTCTGAAATCGACTGGCTGAACCTGAATGTGTACA
CCTGCCGTGTGGATCACAGGGGTCTCACCTTCTTG
AAGAACGTGTCCTCCACATGTGCTGCCA
IGHM [C-Gene |315 |AGAGTCAGTCCTTCCCAAATGTCTTCCCCCTCGTC
Exon 1 TCCTGCGAGAGCCCCCTGTCTGATAAGAATCTGGT
of 6 GGCCATGGGCTGCCTGGCCCGGGACTTCCTGCCC
(CH1) AGCACCATTTCCTTCACCTGGAACTACCAGAACAA

CACTGAAGTCATCCAGGGTATCAGAACCTTCCCAA
CACTGAGGACAGGGGGCAAGTACCTAGCCACCTC
GCAGGTGTTGCTGTCTCCCAAGAGCATCCTTGAAG
GTTCAGATGAATACCTGGTATGCAAAATCCACTAC
GGAGGCAAAAACAGAGATCTGCATGTGCCCATTC
CAG
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Supplemental Table 6. Annotated NOD/ShiLtJ assembly IGKV sequences, RSS,

and leader sequences.

Contig Name Type Sequence Start End

gOD'rng' 144118 |Rss  |CACAGTGATTCAAGCC 45574 | 35397

. ;_'DBG on ATGACATAAACC
GACATCCAGATGACTC
AGTCTCCAGCCTCCCT
ATCTGTATCTGTGGGA
GAAACTGTCACCATCA
CATGTCGAGCAAGTGA
GAATATTTACAGTAATT
TAGCATGGTATCAGCA

S;pBerCon IGKV12.1 | V-Gene ATGCTGCAACAAACTTA 35398 |35684

’ GCAGATGGTGTTCCAT
CAAGGTTCAGTGGCAG
TGGATCAGGCACACAG
TATTCCCTCAAGATCAA
CAGCCTGCAGTCTGAA
GATTTTGGGAGTTATTA
CTGTCAACATTTTTGGG
GTACTCCTCC

NOD.IGK.

SuperCon | L-Part2 Leader |ATGCCAGATGT 35685 |35695

tig.B

oo

tSigl]J.pBercon L-Part1 Leader gCTGCTGTGGCTTACA 35819 |35867

NOD.IGK.
CACAGTGATGCAGACC

tSigtlj.pl?’erCon 100090 RSS ATAGCAAAAATC 46415 (46442
GATATTGTGCTAACTCA
GTCTCCAGCCACCCTG
TCTGTGACTCCAGGAG

NOD.IGK. ATAGAGTCAGTCTTTCC

SuperCon | IGKV5.1 |V-Gene | TGCAGGGCCAGCCAAA 46443 (46729

tig.B GTATTAGCAACTACCTA
CACTGGTATCAACAAAA
ATCACATGAGTCTCCAA
GGCTTCTCATCAAGTAT
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GCTTCCCAGTCCATCT

CTGGGATCCCCTCCAG
GTTCAGTGGCAGTGGA
TCAGGGACAGATTTCA
CTCTCAGTATCAACAGT
GTGGAGACTGAAGATT
TTGGAATGTATTTCTGT
CAACAGAGTAACAGCT
GGCCTCA

NOD.IGK.

SuperCon | L-Part2 Leader |CCTCCAGAGGT 46730 |[46740

tig.B

NOD.IGK. ATGGTTTTCACACCTCA

SuperCon | L-Part1 Leader |GATTCTTGGACTTATGC (46951 |46999

tig.B TTTTCTGGATTTCAG

NOD.IGK.
CACAGTGATTCAAGCC

?;.pBerCon 144118 RSS ATGACATAAACC 91319 |91346
GACATCCAGATGACTC
AGTCTCCAGCCTCCCT
ATCTGCATCTGTGGGA
GAAACTGTCACCATCA
CATGTCGAGCAAGTGA
GAATATTTACAGTTATT
TAGCATGGTATCAGCA

NOD.IGK. CeTeRaToRTGaTCT

?;.pBerCon IGKV12.2 | V-Gene ATAATGCAAAAACCTTA 91347 91633
GCAGAAGGTGTGCCAT
CAAGGTTCAGTGGCAG
TGGATCAGGCACACAG
TTTTCTCTGAAGATCAA
CAGCCTGCAGCCTGAA
GATTTTGGGAGTTATTA
CTGTCAACATCATTATG
GTACTCCTCC

NOD.IGK.

SuperCon | L-Part2 Leader |GTGCCAGATGT 91634 (91644

tig.B

TeTeooRee

S;.pBerCon L-Part1 Leader gCTGCTGTGGCTTACA 91768 |91816

NOD.IGK.
ATGAGGTGCCTAGCTG

%{;\percont L-Part1 Leader AGTTCCTGGGGCTGCT 95997 |96045
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TGTGCTCTGGATCCCT
G

NOD.IGK.
Supercont
igA

L-Part2

Leader

GAGCCATTGGG

96265

96275

NOD.IGK.
Supercont
igA

IGKV2.1

V-Gene

GATATTGTGATGACTCA
GGCTGCACCCTCTGTA
CCTGTCACTCCTGGAG
AGTCAGTATCCATCTCC
TGCAGGTCTAGTACGA
GTCTCCTGCACAGTAG
TGGCAAGCATAGGTTG
TATTGGTTCCTACAGAG
GCCAGGCCAGTCTCCT
CAGCTCCTGATATATTA
TATGTCCAACCTTGCCT
CAGGAGTCCCAGACAG
GTTCAGTGGCAGTGGG
TCAGGAACTGATTTCAC
ACTGAGAATCAGTAGA
GTGGAGGCTGAGGATT
TTGGTGTTTATTATTGT
ATGCAAAGTCTAGAATA
TCCTCT

96276

96577

NOD.IGK.
Supercont
igA

96605

RSS

CACAGTGATACAGCCC
TGAACAAAAACC

96578

96605

NOD.IGK.
SuperCon
tig.B

100090

RSS

CACAGTGATGCAGACC
ATAGCAAAAATC

100090

100117

NOD.IGK.
SuperCon
tig.B

IGKV5.2

V-Gene

GATATTGTGCTAACTCA
GTCTCCAGCCACCCTG
TCTGTGACTCCAGGAG
ATAGCGTCAGTCTTTCC
TGCAGGGCCAGCCAAA
GTATTAGCAACAACCTA
CACTGGTATCAACAAAA
ATCACATGAGTCTCCAA
GGCTTCTCATCAAGTAT
GCTTCCCAGTCCATCT
CTGGGATCCCCTCCAA
GTTCAGTGGCAGTGGA
TCAGGGACAGATTTCA
CTCTCAGTATCAACAGT
GTGGAGACTGAAGATT
TTGGAATGTATTTCTGT

100118

100404
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CAACAGAGTAACAGCT
GGCCTCA

NOD.IGK.

SuperCon | L-Part2 Leader |CCTCCAGAGGT 100405 | 100415

tig.B

NOD.IGK. ATGGTTTTCACACCTCA

SuperCon | L-Part1 Leader |GATTCTTGGACTTATGC |[100626 | 100674

tig.B TTTTCTGGATTTCAG

s

%l;\percont L-Part1 Leader 'I(;GTGCTCTGGATCCCT 109647 | 109695

NOD.IGK.

Supercont | L-Part2 Leader |GAGCCATTGGG 109915 | 109925

igA
GATATTGTGATGACTCA
GGCTGCACCCTCTGTA
CCTGTCACTCCTGGAG
AGTCAGTATCCATCTCC
TGCAGGTCTAGTAAGA
GTCTCCTGCATAGTAAT
GGCAACACTTACTTGTA
TTGGTTCCTACAGAGG

NOD.IGK. CCTGGCCAGTCTCCTC

Supercont | IGKV2.2 |V-Gene |AGCTCCTGATATATCG |109926 |110227

igA GATGTCCAACCTTGCC
TCAGGAGTCCCAGACA
GGTTCAGTGGCAGTGG
GTCAGGAACTGCTTTC
ACACTGAGAATCAGTA
GAGTCGAGGCTGAGGA
TGTGGGTGTTTATTACT
GTATGCAACATCTAGA
GTATCCTTT

NOD.IGK.
CACAGTGATACAGCCC

%l;\percont 110255 RSS TGAACAAAATCC 110228 | 110255

NOD.IGK.
CACAGTGATTCAGTCC

tSigl]J.pBercon 117248 RSS ATGATATAAGTA 117248 | 117275
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NOD.IGK.
SuperCon
tig.B

IGKV12.3

V-Gene

GACATTCAGATGACTCA
GTCTCCAGCCTCCCTA
TCTGCATCGCTGGGAG
AAAGTGTCACCATCACA
TGTCAAGCAAGTGAGA
ATATTTACAAGTATTTA
ACATGGTATCAGCAAAA
ACCAGGGACATCTCTC
CATCTCCTCATTTATGG
TGCAACCAGCTTGGCC
GGTTCAGTGGCATTGG
ATCTGGCACACGGTAT
TCTGTAAAGATTAACAG
TTTGCAGCCTGAAGAT
GTTGCAACTTATTACTG
TCAAATTGCTTTAAATA
CCCCTTC

117276

117546

NOD.IGK.
SuperCon
tig.B

L-Part2

Leader

ATGCCAGATGT

117547

117557

NOD.IGK.
SuperCon
tig.B

L-Part1

Leader

AGGAGTGTGCCCACTC
AGCTCCTGGGGTTGCT
GCTGCTGTGGCTTACA
G

117681

117729

NOD.IGK.
Supercont
igA

L-Part2

Leader

AATCCAGGGCA

119254

119264

NOD.IGK.
Supercont
igA

IGKV17.1.
P

V-Gene

GAAACAACTGTGACCC
AGTCTCCAGCATCCAT
GTCCATGGCTTCATGA
GAAAAAGTCCCTATCA
GTTGTATCACCAGCAC
CAATATTGATGATGATA
TGAACTGGTACCCGCA
GAAACCAGGAGAAGCT
CCTAAGCTCCTTATTTC
AGAAGGCAATACTCTTC
GTCCTGGAGTCCCATC
CTGGTTCTCCAGCAGT
GGCTATGGCACAGATT
TTGTATTTACAGTTGAA
AACATGCTCTCAGGAG
ATGCTGCAGATTATTAC
TGTCAGTGAAGTGATAA
ATTGCCTCT

119265

119551
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NOD.IGK.

CACGGTGCTATATCCT

%l;\percont 119579 RSS CTTACAGACACC 119552 | 119579

NOD.IGK. ATGAGGGCCCCTGCCT

Supercont | L-Part1 Leader |[TGTTTCTTGGCATCTTG |[136396 | 136444

igA TTGCTCTGGTTTCCAG

NOD.IGK.

Supercont | L-Part2 Leader |GTGCCAGATGT 136559 | 136569

igA
GACATCCAGATGACCC
AGTCTCCATCCTCCATG
TCTGCCTCTCTGGGAG
AAAGAGTCAGTCTCACT
TGCCGGGCCAGTCAGG
GCATTAACGGTAATTTA
CACTGGTTTCAGCAGA

TeASSTeeTeT,

%l;\percont IGKV9.1 | V-Gene CCACGTCCAATTTAGAT 136570 | 136856
TCTGGTGTTCCATCAAG
GTTCAGTGGCAGCGGG
TCTGGGTCAGATTATTC
TCTCACCATCAGCAGC
CTGGAGTCTGAAGATTT
TGCAATCTATTACTATC
TACAGTATGATGAACAT
CCTCC

NOD.IGK.
CACAGTGATACAAGTTA

%l;\percont 136884 RSS TAACATAAGCC 136857 | 136884

NOD.IGK.
CACAGTGATTCAAGCC

tSigl]JIpBerCon 144118 RSS ATGACATAAACC 144118 | 144145
GACATCCAGATGACTC
AGTCTCCAGCCTCCCT
ATCTGCATCTGTGGGA
GAAACTGTCACCATCA
CATGTCGAGCAAGTGA

NOD.IGK. GAATATTTACAGTAATT

SuperCon | IGKV12.4 |V-Gene | TAGCATGGTATCAGCA |144146 | 144432

tig.B GAAACAGGGAAAATCT
CCTCAGCTCCTGGTCT
ATGCTGCAACAAATTTA
GCAGATGGTGTGCCAT
CAAGGTTCAGTGGCAG
TGGATCAGGCACACAG
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TTTTCTCTGAAGATCAA

CAGCCTGCAGCCTGAA
GATTTTGGGAGTTATTA
CTGTCAACATTTTTATG
GTACTCCTCC

NOD.IGK.

SuperCon | L-Part2 Leader |GTGCCAGATGT 144433 | 144443

tig.B

NOD.IGK AGGTOCTGGGGTTECT

S;.pBerCon L-Part1 Leader gCTGCTGTGGCTTACA 144567 | 144615

NOD.IGK.
CACAGTGATGCAGACC

tSigl]J.pBercon 100090 RSS ATAGCAAAAATC 155001 | 155028
GATATTGTGCTAACTCA
GTCTCCAGCCACCCTG
TCTGTGACTCCAGGAG
ATAGAGTCAGTCTTTCC
TGCAGGGCCAGCCAAA
GTATTAGCAACTACCTA
CACTGGTATCAACAAAA

NOD.IGK GGCTTCTOATCAAGTAT

tSigl]J.pBercon IGKV5.3 |V-Gene GCTTCCCAGTCCATCT 155029 | 155315
CTGGGATCCCCTCCAG
GTTCAGTGGCAGTGGA
TCAGGGACAGATTTCA
CTCTCAGTATCAACAGT
GTGGAGACTGAAGATT
TTGGAATGTATTTCTGT
CAACAGAGTAACAGCT
GGCCTCA

NOD.IGK.

SuperCon | L-part2 Leader |CCTCCAGAGGT 155316 | 155326

tig.B

NOD.IGK. ATGGTTTTCACACCTCA

SuperCon | L-Part1 Leader |GATTCTTGGACTTATGC |155537 | 155585

tig.B TTTTCTGGATTTCAG

NOD.IGK. ATGATGAGTCCTGCCC

Supercont | L-Part1 Leader |AGTTCCTGTTTCTGCTA |173213 | 173261

igA GTGCTCTCGATTCAGG
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NOD.IGK.
Supercont
igA

L-Part2

Leader

AAACCAATGGT

173664

173674

NOD.IGK.
Supercont
igA

IGKV1.1

V-Gene

GATGTTGTGATGACCC
AGACTCCACTGTCTTTG
TCGGTTACCATTGGAC
AACCAGCCTCCATCTCT
TGCAAGTCAAGTCAGA
GCCTCTTACATAGTGAT
GGAAAGACATATTTGAA
TTGGTTATTACAGAGGC
CAGGCCAGTCTCCAAA
GCTCCTAATCTATCTGG
TGTCTAAACTGGAATCT
GGCATCCCTGACAGGT
TCAGTGGCAGTGGATC
AGGGACAGATTTCACA
CTGAAAATCAGCAGAG
TGGAGGTTGAGGATTT
GGGAGTTTATTACTGCT
TGCAACATACACATTTT
CCTCA

173675

173976

NOD.IGK.
Supercont
igA

174004

RSS

CACAGTGATTCAGACC
TGAACAAAAACT

173977

174004

NOD.IGK.
SuperCon
tig.B

144118

RSS

CACAGTGATTCAAGCC
ATGACATAAACC

186344

186371

NOD.IGK.
SuperCon
tig.B

IGKV12.5

V-Gene

GATATCCAGATGACTCA
GTCTCCAGCCTCCCTA
TCTGCATCTGTGGGAG
AAACTGTCACCATCACA
TGTCGAGCAAGTGGGA
ATATTCACAATTATTTA
GCATGGTATCAGCAGA
AACAGGGAAAATCTCC
TCAGCTCCTGGTCTATA
ATGCAAAAACCTTAGC
GGAAGGTGTGCCATCA
AGGTTCAGTGGCAGTG
GATCAGGAACACAATAT
TCTCTCAAGATCAACAG
CCTGCAGCCTGAGGAT
TTTGGGAGTTATTACTG
TCATCATTATTATAGTA
CTCCTCC

186372

186658
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NOD.IGK.

SuperCon | L-Part2 Leader |ATGCCAGATGT 186659 | 186669
tig.B
NOD.IGK ATGAGTGTGCCCACTC
' ' AGGTCCTGGCATTGCT
S;pBerCon L-Part1 Leader GCTGCTGTGGCTTACA 186791 | 186839
’ G
NOD.IGK.
CACAGTGATTCAAGCC
S;pBerCon 144118 RSS ATGACATAAACC 207597 | 207624
GACATCCAGATGACTC
AGTCTCCAGCTTCCCT
GTCTGCATCTGTGGGA
GAAACTGTCACCATCA
CATGTCGAGCAAGTGA
GAATATTGACAGTTATT
TAGCATGGTATCAGCA
NOD.IGK GAAACAGGGAAAATCT
: : CCTCAGCTCCTGGTCT
SupBerCon IGKV12.6 | V-Gene ATGCTGCAACACTCTTA 207625 | 207911
9. GCAGATGGTGTGCCAT
CAAGGTTCAGTGGCAG
TGGATCAGGCACACAG
TATTCTCTCAAGATCAA
CAGCCTGCAGTCTGAA
GATGTTGCGAGATATTA
CTGTCAACATTATTATA
GTACTCCTCC
NOD.IGK.
SuperCon | L-Part2 Leader |ATGCCAGATGT 207912 207922
tig.B
NOD.IGK ATGAGTGTGCCCACTC
' ' AGCTCCTGGGGTTGCT
?;%erCon L-Part1 Leader GCTGCTGTGGCTTACA 208045 | 208093
) G
NOD.IGK.
CACAGTGCTATGTCCT
%l;\percont 230551 RSS CTTACAGAAACC 230524 | 230551
GAAATAACTGTGACCC
AGTCTCCAGCATCCCT
NOD.IGK ATCCATGGCTACAGGA
) " IGKV17.2. GAAAAAGTCACTATCAG
iSL,JA\percont P V-Gene ACGCATAACACTGATAT 230552 | 230834
9 TGATGATGAAATGAACT
AGTACCAGCAGAAGCC
AGGGGAACCTCCTAAG
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CTCCTTATTTCAGAAGG

CAATACTCTCCATCCTG
GAGTCCCATCCCAGTT
CTCCAGCAGTGGCTAT
GGCACAGATTTTGTTTT
TACAATTGAAAACATGC
TCTCAGAAGATGTTGCA
GATTACTACTGTTTGCA
AAGTGGTAACATGCCT
CT

NOD.IGK.

Supercont | L-Part2 Leader |ATTCTAGGGCA 230835 | 230845

igA

NOD.IGK. AGTTOTTCTCCTCAGOT

%l;\percont L-Part1 Leader TTCTTCTCCTCTGTGTC 230994 | 231048
ACTG

NOD.IGK.
CACAATGATGCAGACC

tSigtlj.pl?’erCon 231694 RSS ATAGCAAAAACC 231694 | 231721
GACATTGTGATGACTCA
GTCTCCAGCCACCCTG
TCTGTGACTCCAGGAG
ATAGGGTCTCTCTTTCC
TGCAGGGCCAGTCAGA
GTATTAGCGACTACTTA
CACTGGTATCAACAAAA

AToACATeASTCTOo

S;.pBerCon IGKV5.4 |V-Gene GCTTCCCAATCCATCTC 231722 | 232008
TGGGATCCCCTCCAGG
TTCAGTGGCAGTGGAT
CAGGGTCAGATTTCAC
TCTCAGTATCAACAGTG
TGGAACCTGAAGATGT
TGGAGTGTATTACTGTC
AAAATGGTCACAGCTTT
CCTCC

NOD.IGK.

SuperCon | L-Part2 Leader |CCTCCAGATGT 232009 | 232019

tig.B

NOD.IGK. ATGGTGCCCACTTCTC

SuperCon | L-Part1 Leader |AGCTCCTTGGATTTTTG |232227 |232275

tig.B CTTTTCTGGACTTCAG
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NOD.IGK. ATGATGAGTCCTGCCC

Supercont | L-Part1 Leader |AGTTCCTGTTTCTGCTA |234669 |234717

igA GTGCTCTGGATTCAGA

NOD.IGK.

Supercont | L-Part2 Leader |AAACCAACGGT 235104 (235114

igA
GATGTTGTGATGACCC
AGACTCCACTCACTTTG
TCTGTTACCATTGGACA
GCCAGCTTCCATTTCTT
GCAAGTCAAGTCAGAG
CCTCTTATATAGTGATG
GAAAAACCTATTTGAAT
TGGTTATTACAGAGTCC

NOD.IGK. AGGCCAGTCTCCAAAG

Supercont | IGKV1.2 |V-Gene |CTCCTAATCTATCTGGT |235115 (235416

igA GTCTAAACTGGAATCTG
GAGTCCCTGACAGATT
CAGTGGCAGTGGATCA
GGGACAGATTTTACACT
GAAAATCAGCAGAGTG
GAGGCTGAGGATTTGG
GAGTTTATTACTGCGTG
CAAGGTACACATTTCCC
TCA

NOD.IGK.
CACAGTGATACAGACT

%l;\percont 235444 RSS CTATCAAAAACT 235417 | 235444

NOD.IGK. ATGATGAGTCCTGCCC

Supercont | L-Part1 Leader |AGTTCCTGTTTCTGCTA |257329 |257377

igA GTGCTCTCGATTCAGG

NOD.IGK.

Supercont | L-Part2 Leader |AAACCAACGGT 257778 | 257788

igA
GATGTTGTGATGACTCA
GACCCCACTCACTTTGT
CGGTTACCATTGGACA
ACCAGCCTCCATCTCTT

NOD.IGK. COTCTTACATAGTAATG

%l;\percont IGKV1.3 |V-Gene GAAAGACATATTTGAAT 257789 | 258090
TGGTTATTACAGAGGC
CAGGCCAGTCTCCAAA
GCTCCTAATCTATCTGG
TGTCTAAACTGGAATCT
GGAGTCCCTGACAGGT
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TCAGTGGCAGTGGATC

AGGGACAGATTTCACA
CTGAAAATCAGCAGAG
TGGAGGCTGAGGATTT
GGGAGTTTATTACTGCT
TGCAAGCTACACATTTT
CCTCA

NOD.IGK.
CACAGTGATTCAGACC

%l;\percont 174004 RSS TGAACAAAAACT 258091 258118

NOD.IGK.
CACAGTGATTCAAGCC

S;.pBerCon 144118 RSS ATGACATAAACC 278139 (278166
GACATCCAGATGACTC
AGTCTCCAGCCTCCCT
GGCTGCATCTGTGGGA
GAAACCATCACCATCA
CATGTCAAGCAAGTGA
GAACATTTACTTCAGTT
TAGCATGGTATCAGCA

NOD.IGK CCTOAGCTCCTGATCTA

?;.pBerCon IGKV12.7 | V-Gene TAATGCAAACAGCTTG 278167 | 278453
GAAGATGGTGTCCCAT
CGAGGTTCAGTGGCAG
TGGATCTGGGACACAG
TATTCTATGAAGATCAA
CAGCATGCAGCCTGAA
GATACTGCAACTTATTT
CTGTAAACAGGCTTATG
ACTTTCCTCC

NOD.IGK.

SuperCon | L-Part2 Leader |ACGCAGGATGT 278454 | 278464

tig.B

NOD.IGK AGCTCCTGRGGTTGCT

?;.pBerCon L-Part1 Leader gCTGCTGTGGCTTACA 278581 | 278629

NOD.IGK.
CACAGTGATGCAGACC

S;.pBerCon 294842 RSS ATAGCAAAAACC 294842 | 294869

318




NOD.IGK.
SuperCon
tig.B

IGKV5.5

V-Gene

GACATCCTGATGACCC
AGTCTCCAGCCACCCT
GTCTGTGACTCCAGGA
GAAACAGTCAGTCTTTC
CTGTAGGGCCAGCCAG
AATACTTACAAGAACCT
ACACTGGTATCAACAG
AAATCACATGGGACTC
CAAAGCTTCTCATCAAG
TATGCATCTGATCCCAT
CTCTGGGATCCCCTCC
AGGTTCACTGGCAGTG
GATCAGGGACAGATTA
CACTCTCAGTATCAACA
GTGTGAAGCCCGAAGA
TGAAGGAATATATTACT
GTCTTCAAGGTTACAG
CATGCCTCC

294870

295156

NOD.IGK.
SuperCon
tig.B

L-Part2

Leader

CCTCCACAGGT

295157

295167

NOD.IGK.
SuperCon
tig.B

L-Part1

Leader

ATGGTATTCACACCTCA
TATCCTTGGACTTCTGC
TTTTCTGGATTTCAG

295371

295419

NOD.IGK.
Supercont
igA

230551

RSS

CACAGTGCTATGTCCT
CTTACAGAAACC

311257

311284

NOD.IGK.
Supercont
igA

IGKV17.1

V-Gene

GAAATAACTGTGACCC
AGTCTCCAGCATCCCT
ATCCATGGCTACAGGA
GAAAAAGTCACTATCAG
ACGCATAACACTGATAT
TGATGATGAAATGCACT
AGTACCAGCAGAAGCC
AGGGGAACCTCCTAAG
CTCCTTATTTCAGAAGG
CAATACTCTCCATCCTG
GAGTCCCATCCCAGTT
CTCCAGCAGTGGCTAT
GGCACAGATTTTGTTTT
TACAATTGAAAACATGC
TCTCAGAAGATGTTGCA
GATTATTACTGTTTGCA
AAGTGGTAACATGCCT
CT

311285

311567
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NOD.IGK.

Supercont | L-Part2 Leader [ATTCTAGGGCA 311568 | 311578

igA

eIy

%l;\percont L-Part1 Leader TTCTTCTCCTCTGTGTC 311727 | 311781
ACTG

NOD.IGK. ATGATGAGTCCTGCCC

Supercont | L-Part1 Leader |AGTTCCTGTTTCTGTTA |315618 | 315666

igA GTGCTCTGGATTCAGG

NOD.IGK.

Supercont | L-Part2 Leader |AAACCAACGGT 316053 | 316063

igA
GATGTTGTGATGACCC
AGACTCCACTCACTTTG
TCAGTTACCATTGGACA
ACCAGCCTCTATCTCTT
GCAAGTCAAGTCAGAG
CCTCTTATATAGTAATG
GAAAAACCTATTTGAAC
TGGTTATTACAGAGGC

NOD.IGK. CAGGCCAGTCTCCAAA

Supercont | IGKV1.4 |V-Gene |GCGCCTAATCTATCTG |316064 |316365

igA GTGTCTAAACTGGACT
CTGGAGTCCCTGACAG
GTTCACTGGCAGTGGA
TCAGGAACAGATTTTAC
ACTGAAAATCAGCAGA
GTGGAGGCTGAGGATT
TGGGAGTTTATTACTGC
GTGCAAGGTACACATTT
TCCTCA

NOD.IGK.
CACAGTGATACAGACT

%l;\percont 235444 RSS CTATCAAAAACT 316366 | 316393

NOD.IGK.
CACAGTGATTCAACATG

S;.pBerCon 326735 RSS TCACAAAAACC 326735 | 326762
ACTGGAGAAACAACAC
AGTCTCCAGCTTCTCTG

NOD.IGK. AACAGCAACACTGTCAT

?;.pBerCon IGKV18.1 | V-Gene GCAGGTCCAGTGAGAG 326763 | 327049
TGTTGGCAGCTACTTA
GCCTGGTACCAGCAGA
AAGCAGAGCAAGTTCC
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CCGGCTCCTTATCCATA

GTGCCTCCACTAGGGC
CGGTGGTGTCCCAGTC
CGATTCAGTGGCACTG
GGTCTGGGACAGACTT
CACTCTCACCATCAGC
AGTCTAGAACCTGAAG
ATGCTGCAGTTTACTAC
TGTCAACCTTTCAAAAG
TTGGTCATA

NOD.IGK.

SuperCon | L-Part2 Leader |TCTCAGCTGTC 327050 | 327060

tig.B

NOD.IGK. ATGGAAACTCCAGCTT

SuperCon | L-Part1 Leader |CATTTCTTTGCCTCCTT |327223 |327271

tig.B TTACTGTGGACCACGG

NOD.IGK.
CACAGTGATATAGACA

S;.pBerCon 346032 RSS CTTAAAAAAATT 346032 | 346059
GACATTGTGATGACCC
AGACTCCACTCACTTTA
TCAGCTACCATTGGAC
AATCAGCCTCCATCTCT
TGCAGGTCAAGTCAGA
GTCTCTTACATAGTAAT
GGAAACACATACTTGAA
TTGGTTTCTACAGAGG

NOD.IGK. CCAGGCCAATCTCCAC

SuperCon |IGKV1.12 |V-Gene |AGCTTCTGATTTATGGG | 346060 | 346361

tig.B GTGTTTGAACGGGAAT
CTGGGGTTCCTGACAG
GTTCAGTGGCAGTGGG
TCAGGAACAGATTTCAC
ACTCAAGATCAGCAGA
GTGGAGGCTGAGGATT
TGGGAGTTTATTACTGC
ATGCAAGCTACCTATGA
ACCTCC

NOD.IGK.

SuperCon | L-Part2 Leader |TCAGTGGT 346362 | 346369

tig.B

NOD.IGK. ATGATGAGTCCTGTCC

SuperCon | L-Part1 Leader |ACTCCATATTTATATTG |346736 | 346784

tig.B TTGCTTTGGATTGTGG
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NOD.IGK.
Supercont
igA

L-Part1

Leader

ATGATGAGTCCTGTCC
AGTTCCTGTTTCTGTTA
ATGCTCTGGATTCAGG

353241

353289

NOD.IGK.
Supercont
igA

L-Part2

Leader

AAACCAATGGT

353642

353652

NOD.IGK.
Supercont
igA

IGKV1.5

V-Gene

GATGTTGTGATGACCC
AGACTCCACTGTCTTTG
TCGGTTACCATTGGAC
AACCAGCCTCTATCTCT
TGCAAGTCAAGTCAGA
GCCTCTTATATAGTGAT
GGAAAGACATATTTGAA
TTGGTTACAACAGAGG
CCAGGCCAGTCTCCAA
AGCGCCTAATGTATCA
GGTGTCCAAACTGGAC
CCTGGCATCCCTGACA
GGTTCAGTGGCAGTGG
ATCAGAGACAGATTTTA
CACTTAAAATCAGCAGA
GTGGAGGCTGAGGATT
TGGGAGTTTATTACTGC
TTGCAAGGTACATATTA
TCCTCA

353653

353954

NOD.IGK.
Supercont
igA

353982

RSS

CACAGTGATACAGACC
CTAACAAAAACT

353955

353982

NOD.IGK.
Supercont
igA

IGKV1.6

V-Gene

GATGTTGTGATGACCC
AGCCTCCACTGTCTTTG
TCGGTTACCATTGGAC
AACCAGCCTCTATCTCT
TGCAAGTCAAGTCAGA
GCCTCTTACATAGTAAT
GGAAAGACATATTTGAA
CTGGTTATTACAGAGG
CCAGGCCAGTCTCCAA
AGCGCCTATTCTATCTG
GTATCCAAACTGGACC
CTGGCATCCCTGACAG
TTTCAGTGGCAGTGGA
TCAGAGACAGATTTTAC
ACTGAAAATCAGCAGA
GTGGAGGCTGAAGATT
TGGGAGTTTATTACTGC

359586

359887
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GTGCAAGGTACACATTT
TCCTCT

NOD.IGK.

Supercont | L-Part2 Leader |AAACCAACGGT 359888 | 359898

igA

NOD.IGK AGTTCCTGTTTCTGOTA

%l;\percont L-Part1 Leader ATGCTCTGGATTCAGG 360268 | 360322
GTAAGG

NOD.IGK.
CACAGTGCTTTAGCCTT

tSigt]J.pBerCon 374170 RSS CTACACAAACC 374170 | 374197
GACATTTTGATGACTCA
GTCTCCATCCTCCCTG
ACTGTGTCAGCAGGAG
AGAAGGTCACTATGAG
CTGCAAGTCCAGTCAG
AGTCTTTTAGCTAGTGC
CAACCAAAATAACTACT
TGGCCTGGCACCAGCA

NOD.IGK. GAAACCAGGACGATCT

SuperCon | IGKV8.1 |V-Gene |CCTAAAATGCTGATAAT |374198 | 374502

tig.B TTGGGCATCCACTAGG
GTATCTGGAGTCCCTG
ATCGCTTCATAGGCAG
TGGATCTGGGACGGAT
TTCACTCTGACCATCAA
CAGTGTGCAGGCTGAA
GATCTGGCTGTTTATTA
CTGTCAGCAGTCCTAC
AGCGCTCCTAC

NOD.IGK.

SuperCon | L-Part2 Leader |GTACCTGTGGA 374503 (374513

tig.B

ATeaeece

tSigl]J.pBercon L-Part1 Leader gCTGCTATCGGTATCT 374716 | 374764
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NOD.IGK.
Supercont
igA

L-Part1

Leader

ATGGACATGAGGGCTC
CTGCTCAGTTTCTTGG
GATCTTGTTGCTCTGGT
TCCCAG

384641

384695

NOD.IGK.
Supercont
igA

L-Part2

Leader

CCAGATGT

384812

384819

NOD.IGK.
Supercont
igA

IGKV14.1

V-Gene

GAAATCCAGATGACCC
AGTCTCCATCCTCTATG
TCTGCATCTCTGGGAG
ACAGAATAACCATCACT
TGCCAGGCAACTCAAG
ACATTGTTAAGAATTTA
AACTGGTATCAGCAGA
AACCAGGGAAACCCCC
TTCATTCCTGATCTATT
ATGCAACTGAACTGGC
AGAAGGGGTCCCATCA
AGGTTCAGTGGCAGTG
GGTCTGGGTCAGACTA
TTCTCTGACAATCAGCA
ACCTGGAGTCTGAAGA
TTTTGCAGACTATTACT
GTCTACAGTTTTATGAG
TTTCCTCC

384820

385106

NOD.IGK.
Supercont
igA

385134

RSS

CACAGTGATACAAGTC
ATAACATAAACC

385107

385134

NOD.IGK.
SuperCon
tig.B

394023

RSS

CACAGTGCTTCAGCCT
CCTACACAAACC

394023

394050

NOD.IGK.
SuperCon
tig.B

IGKV7.1

V-Gene

GACATTGTGATGACTCA
GTCTCCAACTTTCCTTG
CTGTGACAGCAAGTAA
GAAGGTCACCATTAGTT
GCACGGCCAGTGAGAG
CCTTTATTCAAGCAAAC
ACAAGGTGAACTACTTA
GCTTGGTACCAGAAGA
AACCAGAGCAATCTCC
TAAACTGCTGATTTATG
GGGCATCCAACCGATT
CACTGGGGTCCCTGAT
CGCTTCACAGGCAGTG
GATCTGGGACAGATTT
CACTCTGACCATCAGC

394051

394355
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AGTGTGCAGGCTGAAG

ACCTCACACATTATTAC
TGTGCACAGTTTTACAG
CTATCCTCT

NOD.IGK.

SuperCon | L-Part2 Leader |CCTGTGCA 394356 | 394363

tig.B

NOD.IGK ATGGAGTTTCAGACCC

: . AGGTACTCATGTCCCT
S;pBerCon L-Part1 Leader GCTGCTCTGCGTGTCT 394570 | 394618
) G

NOD.IGK.
CACAGTGCTTCAGCCT

tSigtljpl?’erCon 394023 RSS CCTACACAAACC 410653 | 410680
AGTATTGTGATGACCCA
GACTCCCAAATTCCTG
CCTGTATCAGCAGGAG
ACAGGGTTACCATGAC
CTGCAAGGCCAGTCAG
AGTGTGGGTAATAATGT
AGCCTGGTACCAACAG

NOD.IGK AAGCCAGGACAGTCTC

: : CTAAACTGCTGATATAC

tSiupl?’erCon IGKV6.1 |V-Gene TATGCATCCAATCGCTA 410681 | 410967

9. CACTGGAGTCCCTGAT
CGCTTCACTGGCAGTG
GATCTGGGACAGATTT
CACTTTCACCATCAGCA
GTGTGCAGGTTGAAGA
CCTGGCAGTTTATTTCT
GTCAGCAGCATTATAG
CTCTCCTCC

NOD.IGK.

SuperCon | L-Part2 Leader |GTGCTCATGGG 410968 (410978

tig.B

NOD.IGK. ATGAAGTCACAGACCC

SuperCon | L-part1 Leader |AGGTCTTCATATTTCTA |411194 |411242

tig.B CTGCTCTGTGTGTCTG

NOD.IGK.
ATGGACATGAGGGCTC

%l;\percont L-Part1 Leader CTGCTCAGGTTTTTGG 432584 | 432638
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CTTCTTGTTGCTCTGGT
TTCCAG

NOD.IGK.
Supercont
igA

L-Part2

Leader

CCAGATGT

432763

432770

NOD.IGK.
Supercont
igA

IGKV9.2

V-Gene

GACATCCAGATGACCC
AGTCTCCATCCTCCTTA
TCTGCCTCTCTGGGAG
AAAGAGTCAGTCTCACT
TGCCGGGCAAGTCAGG
ACATTCATGGTTATTTA
AACTTGTTTCAGCAGAA
ACCAGGTGGAACTATT
AAACACCTGATCTATGA
AACATCCAATTTAGATT
CTGGTGTCCCAAAAAG
GTTCAGTGGCAGTAGG
TCTGGGTCAGATTATTC
TCTCATTATCAGCAGCC
TTGAGTCTGAAGATTTT
GCAGACTATTACTGTCT
ACAATATGCTAGTTATC
CTCC

432771

433057

NOD.IGK.
Supercont
igA

433085

RSS

CACAGTGATACAAATCA
CAACATAAACC

433058

433085

NOD.IGK.
SuperCon
tig.B

394023

RSS

CACAGTGCTTCAGCCT
CCTACACAAACC

435517

435544

NOD.IGK.
SuperCon
tig.B

IGKV8.1.

P

V-Gene

GACATTGTGATGTCACA
GTCTCCATCCGCCCTA
GCTGTGTCAGTTGGAG
AGAAGGTCACTATGAG
CTGCAAGTCCAGTCAG
AGCCTTTTAATAGTAGA
ATCAAAGAACTACTTGG
CTGGTACCAGCAGAAA
CCAGGGCAGTCTCCTA
AACTGTTAATCTACTGG
GCATCCACTAGGGAAT
CTGGGGTCCCTGACCG
CTTCACAGGCAGTAGA
TCAGGGACAGATTTCA
CTCTCACCATCAGCAG
TGTGCAGGCTGAAGAC
CTGGCCGTTTATTACTG

435545

435842
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CAAGCAATCTTATAATC
TTCC

NOD.IGK.

SuperCon | L-Part2 Leader |GTACCTGTGGG 435843 [435853

tig.B

NOD.IGK. ATGGATTCACAGGCCC

SuperCon | L-Part1 Leader |AGGTTCTTATTTGCTGC |436050 |436097

tig.B TGCTATGGGTATCTG

NOD.IGK CTGOTCAGTTTCTTGS.

%l;\percont L-Part1 Leader GATCTTGTTGCTCTGGT 440197 440251
TTCCAG

NOD.IGK.

Supercont | L-Part2 Leader |GTGCCAGATGT 440365 [ 440375

igA
GACATCTGGATGACTC
AGTCTCCATCGTCCAT
GTTTGGCTCTCTGGGA
GACAGAGTCAGTCTCA
CTTGCCAGGCTAGTCA
GAGCATTAGAGTTTATT
TAAGCTGGTATCAGCA

%l;\percont IGKV9.3 |V-Gene CTCTACATCCAAATTAG 440376 |440662
ATTCTGGTGTCCCATCA
AGGTTCAGTGGCAGTG
GGTCTTGGTCAGATTAT
TCTCTCACCATCAACAG
CCTAGAGTCTGAAGAT
GTAGCAATTTATTACTG
TCTACAACATGCTAGTT
CTCCTCC

NOD.IGK.
CACAGTGATTCAAATCA

%l;\percont 440690 RSS TAACATAAACG 440663 (440690

NOD.IGK.
ATGACCATGCTCTCACT

%l;\percont L-Part1 Leader AGCTCCTCTCCTCAGC 453848 (453902
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CTTCTTCTCCTCTGTGT
CTCTG

NOD.IGK.
Supercont
igA

L-Part2

Leader

ATTCTAGGGCA

454051

454061

NOD.IGK.
Supercont
igA

IGKV17.2

V-Gene

GAAACAACTGTGACCC
AGTCTCCAGCATCCCT
GTCCGTGGCTACAGGA
GAAAAAGTCACTATCAG
ATGCATAACCAACACTG
ATATTGATGATGATATG
AACTGGTACCAGCAGA
AGCCAGGGGAACCTCC
TAAGCTCCTTATTTCAG
AAGGCAATACTCTTCGT
CCTGGAGTCCCATCCC
GATTCTCCAGCAGTGG
CTATGGCACAGATTTTG
TTTTTACAATTGAAAAC
ACGCTCTCAGAAGATG
TTGCAGATTACTACTGT
TTGCAAAGTGATAACAT
GCCTCT

454062

454348

NOD.IGK.
Supercont
igA

230551

RSS

CACAGTGCTATGTCCT
CTTACAGAAACC

454349

454376

NOD.IGK.
SuperCon
tig.B

394023

RSS

CACAGTGCTTCAGCCT
CCTACACAAACC

457033

457060

NOD.IGK.
SuperCon
tig.B

IGKV8.2

V-Gene

GACATTGTGATGACAC
AGTCTCCATCCTCCCT
GAGTGTGTCAGCAGGA
GATAAGGTCACTATGA
GCTGCAAGTCCAGTCA
GAGTCTGTTAAACAGTA
GAAACCAAAAGAACTA
CTTGGCCTGGTACCAG
CAGAAACCATGGCAGC
CTCCTAAACTGCTGATC
TACGGGGCATCCACTA
GGGAATCTGGGGTCCC
TGATCGCTTCACAGGC
AGTGGATCTGGAACAG
ATTTCACTCTCACCATC
AGCAGTGTGCAGGCTG
AAGACCTGGCAGTTTAT

457061

457365
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TACTGTCAGAATGATTA

TAGTTATCCTCC
NOD.IGK.
SuperCon | L-Part2 Leader |GTACCTGTGGG 457366 [457376
tig.B
NOD.IGK ATGGAATCACAGACTC
' ' AGGTCCTCATGTCCCT
S;pBerCon L-Part1 Leader GCTGCTCTGGGTATCT 457581 | 457629
) G
NOD.IGK ATGGACATGAGGGCCC
: . CTGCTCAGTTTTTTGGG
iSl'i\percont L-Part1 Leader ATCTTGTTGCTCTGGTT 485437 | 485491
9 TCCAG
NOD.IGK.
Supercont | L-Part2 Leader |GTATCAGATGT 485605 (485615
igA
GACATCAAGATGACCC
AGTCTCCATCCTCCATG
TATGCATCGCTGGGAG
AGAGAGTCACTATCACT
TGCAAGGCGAGTCAGG
ACATTAAAAGCTATTTA
AGCTGGTACCAGCAGA
NOD.IGK AACCATGGAAATCTCCT
' ) AAGACCCTGATCTATTA
iSl'i\percont IGKV14.2 | V-Gene TGCAACAAGCTTGGCA 485616 | 485902
9 GATGGGGTCCCATCAA
GATTCAGTGGCAGTGG
ATCTGGGCAAGATTATT
CTCTAACCATCAGCAG
CCTGGAGTCTGACGAT
ACAGCAACTTATTACTG
TCTACAGCATGGTGAG
AGCCCTCC
NOD.IGK.
CACGTTGATACAAGTAA
%t;\percont 485930 RSS TAACATAAACC 485903 | 485930
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NOD.IGK. ATGGAATCACAGACCC

SuperCon | L-part1 Leader |ATGTCCTCATGTTCTTG [492015 [492063

tig.B CTGCTTTGGGTATCTG

NOD.IGK.

SuperCon | L-Part2 Leader |ATACCTGTGGG 492262 (492272

tig.B
GACATTGTGATGATCCA
GTCTCCATCCTCCCTG
GCTGTGACAGCAGGAG
AGAAGGTCACTATGAG
ATGCAAGTCCAGTCAG
AGTCTTTTGTGGAGTGT
AAACCAAAAGAACTACT
TGTCCTGGTACCAGCA

NOD.IGK. GAAACAAGGGCAGCCT

SuperCon | IGKV8.3 |V-Gene |CCTAAACTGCTTATCTA |492273 |492582

tig.B TGGGGCATCCATTAGA
GAATCTTGGGTCCCTG
ATCGATTCACAGGAAG
TGGATCTGGGACAGAC
TTCACTCTCACCATTAG
CAATGTGCATGCTGAA
GACCTAGCAGTTTATTA
CTGTCAGCACAATCAT
GGCAGCTTTCTCCCCC

NOD.IGK.
CACAGAGCTTCAGCTG

?;.pBerCon 492583 RSS CCTACACAAAGC 492583 | 492610

oo

S;.pBerCon L-Part1 Leader gATGCCCTGAGTACCA 499211 [ 499259

NOD.IGK.

SuperCon | L-Part2 Leader |GCTCTACTGGG 499502 [ 499512

tig.B
GACATTGTGCTGACCC
AGACTTCAGCTTGTTTT
GTTGTGTCTCTGGGAC
AAAGAGACAACATATCC

NOD.IGK. IGKV3.1 TGCAAGTCCTGTGAGA

SuperCon P " |V-Gene |GCGTCACTGACACACT (499513 |499814

tig.B GTGCAACAACAGTATG
CAGTGGTATCAGCAGA
ACCCAGAACAGCTTCC
CATAGTCCTGATTTATG
AAGCATACAGTGTAGA
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GTCTGGTGTTTATGTCA

GATTCTGTGGTAGCTG
GTGTGAGACAGATTTC
AAACTCACAGTTTATCC
TGTAGAGGACAGCAAT
GCTGCAAGCTATTATTG
TCAGCAGAGTAAGGAA
TTTTTTCA

NOD.IGK.
CACAGTTTTCTATGTCT

S;.pBerCon 499815 RSS AAGCAAGAAAT 499815 [ 499842

e aeseees

%l;\percont L-Part1 Leader GTTCCTGTTGCTCTGGT 509292 509346
TTTTAG

NOD.IGK.

Supercont | L-Part2 Leader |GTGCCAGATGT 509474 (509484

igA
GATGTCCAGATGATTCA
GTCTCCATCCTCCCTGT
CTGCATCTTTGGGAGA
CATAGTCACCATGACTT
GCCAGGCAAGTCAGGG
CACTAGCATTAATTTAA
ACTGGTTTCAGCAAAAA

NOD.IGK AGCTCCTGATCTATGGT

%l;\percont IGKV11.1 | V-Gene GCAAGCAACTTGGAAG 509485 (509771
ATGGGGTCCCATCAAG
GTTCAGTGGCAGTAGA
TATGGGACAGATTTCAC
TCTCACCATCAGCAGC
CTGGAGGATGAAGATA
TGGCAACTTATTTCTGT
CTACAGCATAGTTATCT
CCCTCC

NOD.IGK.
CACAGTGATACAAGTC

%l;\percont 385134 RSS ATAACATAAACC 509772 | 509799

NOD.IGK. ATGGAGTCACAGATTC

SuperCon | L-Part1 Leader |AGGTCTTTGTATTCGTG 511351 [511399

tig.B TTTCTCTGGTTGTCTG

NOD.IGK.

SuperCon | L-Part2 Leader |[GTGT 511578 [ 511581

tig.B
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NOD.IGK.
SuperCon
tig.B

IGKV6.1.
P

V-Gene

TGCATTGTGATGACCC
AGTCTCACAAATTCATG
TCCACATCAGTAGGAG
ACAGGGTCAGCATCAC
CTGCAAGGCCAGTCAG
GATGTGAGTACTGCTG
TAGCCTGGTATCAACAA
AAACCAGGGCAATCTC
CTAAACTACTGATTTAC
TGGGCATCCACCCGGC
ACACTGGAGTCCCTGA
TCGCTTCACAGGCAGT
GGATCTGGGACAGATT
TCACTCTTACCATCAGC
AGTGTGCAGGCTGAAG
ACCTGGCACTTTATTAC
TGTCAGCAACATTATAG
CACTCCTCC

511582

511868

NOD.IGK.
SuperCon
tig.B

511869

RSS

CACAGTGCTTCAGCCT
TCTACATAAACC

511869

511896

NOD.IGK.
SuperCon
tig.B

511869

RSS

CACAGTGCTTCAGCCT
TCTACATAAACC

512741

512768

NOD.IGK.
SuperCon
tig.B

IGKV8.4

V-Gene

GACATTGTGATGACAC
AGTCTCCATCCTCCCT
GGCTATGTCAGTAGGA
CAGAAGGTCACTATGA
GCTGCAAGTCCAGTCA
GAGCCTTTTAAGTAGTA
GCAATCAAAAGAACTAT
TTGGCCTGGTACCAGC
AGAAACCAGGACAGTC
TCCTAAACTTCTGGTAT
ACTTTGCATCCACTAGG
GAATCTGGGGTCCCTG
ATCGCTTCATAGGCAG
TGGATCTGGGACAGAT
TTCACTCTTACCATCAG
CAGTGTGCAGGCTGAA
GACCTGGCACTTTATTA
CTGTCAGCAACATTATA
GCACTCCTCC

512769

513073

NOD.IGK.
SuperCon
tig.B

L-Part2

Leader

GTGCCTGTGCA

513074

513084
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NOD.IGK. ATGGAATCACAGACCC

SuperCon | L-Part1 Leader |GGGTCCTCATGTTTCTT [513284 |513332

tig.B CTGCTCTGGGTATCTG

NOD.IGK.
CACAGTGCTTCAGCCT

tSigl]J.pBercon 394023 RSS CCTACACAAACC 536689 | 536716
GAAATTGTGTTGACACA
GTCTATACCATCCCTGA
CTGTGTCAGCAGGAGA
GAGGGTCACTATCAGC
TGCAAATCCAATCAGAA
TCTTTTATGGAGTGGAA
ACCAACGGTACTGTTT
GGTCTGGCACCAGTGG

NOD.IGK. IGKV8.2 AAACCAGGGCAAACTC

SuperCon P " |V-Gene |CTACACCGTTGATCAC |536717 |537022

tig.B CTGGACATCTGATAGG
ATACTCTGGAGTCCCT
GATCGTTTCATAGGCA
GTGGATCTGTGACAGA
TTTCACTCTGACCATCA
GCAGTGTGCAGGATGA
AGATGTGGCAGTTTATT
TCTGTCAGCAGCATTTA
CACATTCCTCC

NOD.IGK.

SuperCon | L-Part2 Leader |GTGCTTGTGGG 537023 | 537033

tig.B

NOD.IGK. ATGGTATCAGAGACCC

SuperCon | L-Part1 Leader |ATGTCCTCATATTTTTG |537236 |537284

tig.B CTGCTATGGGTGTCTG

NOD.IGK.
CACAGTGATACAAATCA

%l;\percont 545070 RSS TAACATAAACG 545043 545070
GACATCCAGATGACCC
AGTCTCCATCCTCCTTA
TCTGCCTCTCTGGGAG
AAAGAGTCAGTCTCACT

STesssomeTONSS

%l;\percont IGKV9.4 |V-Gene AGCTGGCTTCAGCAGA 545071 | 545357
AACCAGATGGAACTATT
AAACGCCTGATCTACA
GCACATCCACTTTAGAT
TCTGGTGTCCCAAAAA
GGTTCAGTGGCAGTAG

333




GTCTGGGTCAGATTATT

CTCTCACCATCAGCAG
CCTTGAGTCTGAAGATT
TTGCAGACTATTACTGT
CTACAATATGCTAGTTC
TCCTCC

NOD.IGK.

Supercont | L-Part2 Leader |GTGCCAGATGT 545358 | 545368

igA

NOD.IGK. CTGOTCACGTTTTTGRE

%l;\percont L-Part1 Leader TTCTTGTTGTTCTGGTT 545490 | 545544
TCCAG

NOD.IGK.
CACACTACACTACACTA

tSigl]J.pBercon 555769 RSS ATGGTAAATAT 555769 | 555796
GACATTGTGATGACCC
AGTTCAAAAAATTTATG
TCCACTTCAGTAGGAG
AGAGGGTCAGCATCAC
TTGCAAGGCCAGTCAG
AATGTGGGCACTGCTG
TAGCCTGGTATCAACA
GAAACCAGGGCAGTCT

NOD.IGK. | 5,01 5 CTGGGCATCCAACTGG

tSigl]J.pBercon P V-Gene TACACTGGAGTCCCTG 555797 | 556120
ATCGCTTCACAGGCAG
TGGATCTGGAGAAAAT
ATGATGTTTGAATTGTT
AACAACATAATTGATCT
AGGCTTACTATTCTTAG
GCCATATCTGCCTGTG
CTTTCTTCTCATTTACTT
CCCAATGAAGAGACTG
TGATACCTCATTC

NOD.IGK.

SuperCon | L-Part2 Leader |GTGTTGATGGA 556121 [ 556131

tig.B

NOD.IGK. ATGCTCAGATTCTGTGT

SuperCon | L-Part1 Leader |ATTGAACATAACAAATT [556411 |556460

tig.B TACCTTTTTCTATGTG
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NOD.IGK.
SuperCon
tig.B

556650

RSS

CACAGTGCTTCAGCCT
CCTACATAAACC

556650

556677

NOD.IGK.
SuperCon
tig.B

IGKV6.3.

P

V-Gene

GACATTGTGATGACCC
AGTCTCAAAAATTCATG
TCCACATCAGTAGGAG
ACAGGGTCAGCGTCAC
CTGCAAGGCCAGTCAG
TATGTGGGTACTTATGT
AGCCTGGTATCAACAG
AAACCAGGACAATCTC
CTAAAGCACTGATTTAC
TCGGCATCCACCCGGT
CACACTGGAGTCCCTG
ATCGCTTCACAGGCAG
TGGATCTGGGACAGAT
TTCACTCTCACCATTAG
CAATGTGCAGTCTGAA
GACTTGGCAGAGTATTT
CTGTGAGCAATACAGC
AGCTCTCCTCT

556678

556965

NOD.IGK.
SuperCon
tig.B

L-Part2

Leader

GTGTTGATGGA

556966

556976

NOD.IGK.
SuperCon
tig.B

L-part1

Leader

ATGGAGACACATTCTCA
GGTCTTTGTATACATGT
TGCTGTGGTTGTCTG

557155

557203

NOD.IGK.
Supercont
igA

545070

RSS

CACAGTGATACAAATCA
TAACATAAACC

563622

563649

NOD.IGK.
Supercont
igA

IGKV9.5

V-Gene

GACATCCAGATGATTCA
GTCTCCATCGTCCATGT
TTGGCTCTCTGGGAGA
CAGAGTCAGTCTCTCTT
GCCGGGCTAGTCAGGG
CATTAGAGGTAATTTAG
ACTGGTATCAGCAGAA
ACCAGGTGGAACTATT
AAACTCCTGATCTACTC
CACATCCAATTTAAATT
CTGGTGTCCCATCAAG
GTTCAGTGGCAGTGGG
TCTGGGTCAGATTATTC
TCTCACCATCAGCAGC
CTAGAGTCTGAAGATTT
TGCAGACTATTACTGTC

563650

563936
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TACAGCGTAATGCGTAT
CCTCT

NOD.IGK.

Supercont | L-Part2 Leader |GTGCCAGATGT 563937 (563947

igA

oA o ac:

%l;\percont L-Part1 Leader ATCTTGTTGCTCTGGTT 564058 564112
TCCAG

NOD.IGK.
CACAGTGCTTCACCTC

tSigl]J.pBercon 579577 RSS CTACACAGACCT 579577 | 579604
GACATTGTAATGTCTCA
GTCTCCATCCTCCCCG
ACTATGTCAGCAGGAA
AGAAGGTTACTATGAG
CTGCAAGTCCAGCCAG
AGCCTTTTAGCTAGTG
GCAACCAAAAGAACTA
CTTGGCCTGGTACCAG

NOD.IGK. IGKVS.3 CAAAAACCAGGATAGT

SuperCon P " |V-Gene |CTCCTAACCTGGTGAT |[579605 |579914

tig.B CTACTATGCATCCACTA
GAGTACCTGATCTGTG
GTACCTGATTGCTTTAT
AGGCAATGGATTTAGG
ACAGATTTCACTCTGAC
CATCAGAAGTATGCTG
GCTGAAGACCTGACAG
TTTATTACTGTCAACAA
CATTTTAGCTTTCCTAC

NOD.IGK.

SuperCon | L-Part2 Leader |GTACCTGTGGG 579915 | 579925

tig.B

oA

?;.pBerCon L-Part1 Leader gCTGCTATGGGTATCT 580125 580173
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NOD.IGK.
SuperCon
tig.B

394023

RSS

CACAGTGCTTCAGCCT
CCTACACAAACC

590801

590828

NOD.IGK.
SuperCon
tig.B

IGKV8.5

V-Gene

GACATTGTGATGTCACA
GTCTCCATCCGCCCTA
GCTGTGTCAGTTGGAG
AGAAGGTCACTATGAG
CTGCAAGTCCAGTCAG
AGCCTTTTATATAGTAG
CAATCAAAAGAACTACT
TGGCCTGGTACCAGCA
GAAACCAGGGCAGTCT
CCTAAACTGTTAATCTA
CTGGGCATCCACTAGG
GAATCTGGGGTCCCTG
ACCGCTTCACAGGCAG
TAGATCAGGGACAGAT
TTCACTCTCACCATCAG
CAGTGTGCAGGCTGAA
GACCTGGCCGTTTATTA
CTGCAAGCAATCTTATA
ATCTTCC

590829

591130

NOD.IGK.
SuperCon
tig.B

L-Part2

Leader

GTACCTGTGGG

591131

591141

NOD.IGK.
SuperCon
tig.B

L-Part1

Leader

ATGGATTCACAGGCCC
AGGTTCTTATGTTGCTG
CTGCTATGGGTATCTG

591338

591386

NOD.IGK.
SuperCon
tig.B

612516

RSS

CACAGTGCTTCAGCCT
CCTACATAAACA

612516

612543

NOD.IGK.
SuperCon
tig.B

IGKV6.2

V-Gene

AACATTGTAATGACCCA
ATCTCCCAAATCCATGT
CCATGTCAGTAGGAGA
GAGGGTCACCTTGAGC
TGCAAGGCCAGTGAGA
ATGTGGGTACTTATGTA
TCCTGGTATCAACAGAA
ACCAGAGCAGTCTCCT
AAACTGCTGATATACG
GGGCATCCAACCGGTA
CACTGGGGTCCCCGAT
CGCTTCACAGGCAGTG
GATCTGCAACAGATTTC
ACTCTGACCATCAGCA
GTGTGCAGGCTGAAGA

612544

612830
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CCTTGCAGATTATTACT

GTGGACAGAGTTACAG
CTATCCTCC

NOD.IGK.

SuperCon | L-Part2 Leader |GTGCTGATGGG 612831 (612841

tig.B

NOD.IGK. ATGGAATCACAGACTCT

SuperCon | L-Part1 Leader |GGTCTTCATATCCATAC |613125 [613173

tig.B TGCTCTGGTTATATG

NOD.IGK.
CACAGTGCTTCAGCCT

?;.pBerCon 394023 RSS CCTACACAAACC 617609 | 617636
GACATTGTGATGACAC
AGTCTCCATCCTCCCT
GACTGTGACAGCAGGA
GAGAAGGTCACTATGA
GCTGCAAGTCCAGTCA
GAGTCTGTTAAACAGT
GGAAATCAAAAGAACTA
CTTGACCTGGTACCAG

NOD.IGK. CAGAAACCAGGGCAGC

SuperCon | IGKV8.6 |V-Gene |CTCCTAAACTGTTGATC |617637 |617941

tig.B TACTGGGCATCCACTA
GGGAATCTGGGGTCCC
TGATCGCTTCACAGGC
AGTGGATCTGGAACAG
ATTTCACTCTCACCATC
AGCAGTGTGCAGGCTG
AAGACCTGGCAGTTTAT
TACTGTCAGAATGATTA
TAGTTATCCTCC

NOD.IGK.

SuperCon | L-Part2 Leader |GTACCTGTGGG 617942 (617952

tig.B

oo

S;.pBerCon L-Part1 Leader gCTGTTCTGGGTATCT 618161 618209

NOD.IGK. ATGGAATCACAGACCC

SuperCon | L-Part1 Leader |ATGTCCTCATGTTCTTG |632596 | 632644

tig.B CTGCTTTGGGTATCTG
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NOD.IGK.
SuperCon
tig.B

L-Part2

Leader

ATAGCTGTGGG

632842

632852

NOD.IGK.
SuperCon
tig.B

IGKV8.7

V-Gene

GACATTGTGATGACCC
AGTCTCCATCCTCCCT
GGCTGTGACAGCAGGA
GAGAAGGTCACTATGA
GATGCAAGTCCAGTCA
GAGTCTTTTGTGGAGT
GTAAACCAAAAGAACTA
CTTATCCTGGTACCAG
CAGAAACAAGGGCAGC
CTCCTAAACTGCTTATC
TATGGGGCATCCATTA
GAGAATCTTGGGTCCC
TGATCGATTCACAGGA
AGTGGATCTGGGACAG
ACTTCACTCTCACCATT
AGCAATGTGCATGCTG
AAGACCTAGCAGTTTAT
TACTGTCAGCACAATCA
TGGCAGCTTTCTCCCC
C

632853

633162

NOD.IGK.
SuperCon
tig.B

492583

RSS

CACAGAGCTTCAGCTG
CCTACACAAACC

633163

633190

NOD.IGK.
Supercont
igA

L-Part1

Leader

ATGAAGTTGCCTGTTAG
GTTGTTGGTGCTGTTGT
TCTGGATTCCTG

633183

633228

NOD.IGK.
Supercont
igA

L-Part2

Leader

CTTCCAGCAGT

633601

633611

NOD.IGK.
Supercont
igA

IGKV1.7

V-Gene

GATGCTGTGATGACCC
AAACTCCACTCTCCCTG
CCTGTCAGTCTTGGAG
ATCAAGCCTCCATCTCT
TGCAGGTCTAGTCAGA
GCCTTGAAAACAGTAAT
GGAAACACCTATTTGAA
CTGGTACCTCCAGAAA
CCAGGCCAGTCTCCAC
AGCTCCTGATCTACAG
GGTTTCCAACCGATTTT
CTGGGGTCCTAGACAG
GTTCAGTGGCAGTGGT
TCAGGGACAGATTTCA

633612

633913
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CACTCAAGATCAGCAG

AGTGGAGGCTGAGGAT
TTGGGAGTTTATTTCTG
CCTCCAAGTTACACATG
TCCCTCC

NOD.IGK.
CACAGTGATGCAGACC

%t;\percont 633941 RSS CTAACAAAAACA 633914 | 633941

NOD.IGK. ATGGAGTCACAGATTC

SuperCon | L-Part1 Leader |AGGTCTTTGTATTCGTG [648186 |648234

tig.B TTTCTCTGGTTGTCTG

NOD.IGK.

SuperCon | L-Part2 Leader |GTGTTGAAGGA 648413 | 648423

tig.B
GACATTGTGATGACCC
AGTCTCACAAATTCATG
TCCACATCAGTAGGAG
ACAGGGTCAGCATCAC
CTGCAAGGCCAGTCAG
GATGTGGGTACTGCTG
TAGCCTGGTATCAACA

AR

tSigl]J.pBercon IGKV6.3 |V-Gene CTGGGCATCCACCCGG 648424 (648710
CACACTGGAGTCCCTG
ATCCCTTCACAGGCAG
TGGATCTGGGACAGAT
TTCACTCTCACCATCAG
CAGTGTGCAGGCTGAA
GACCTGGCAGTTTATTA
CTGTCAGCAAGATTATA
GCACTCCTCC

NOD.IGK.
CACAGTGCTTCAGCCT

S;.pBerCon 394023 RSS CCTACACAAACC 648711 | 648738

NOD.IGK.
CACAGTGCTTCAGCCT

S;.pBerCon 394023 RSS CCTACACAAACC 670669 | 670696
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GAAATTGTGTTGACACA

GTCTATACCATCCCTGA
CTGTGTCAGCAGGAGA
GAGGGTCACTATCAGC
TGCAAATCCAATCAGAA
TCTTTTATGGAGTGGAA
ACCAACGGTACTGTTT
GGTCTGGCACCAGTGG

NOD.IGK. AAACCAGGGCAAACTC

SuperCon | IGKV8.8 |V-Gene |CTACACCGTTGATCAC |670698 |[671001

tig.B CTGGACATCTGATAGG
TACTCTGGAGTCCCTG
ATCGTTTCATAGGCAGT
GGATCTGTGACAGATTT
CACTCTGACCATCAGC
AGTGTGCAGGATGAAG
ATGTGGCAGTTTATTTC
TGTCAGCAGCATTTACA
CATTCCTC

NOD.IGK.

SuperCon | L-Part1 Leader |GTGCTTGTGGG 671002 (671012

tig.B

NOD.IGK. ATGGTATCAGAGACCC

SuperCon | L-Part1 Leader |ATGTCCTCATATTTTTG (671215 |671263

tig.B CTGCTATGGGTGTCTG

NODIGK. CTGCACAGGTTTTTGE

%l;\percont L-Part1 Leader CTTCTTGTTGCTCTTGT 682342 | 682396
TTCCAG

NOD.IGK.

Supercont | L-Part2 Leader |GTGCCAGATGT 682518 | 682528

igA
GACATCCAGATGACCC
AGTCTCCATCCTCCTTA
TCTGCCTCTCTGGGAG
AAAGAATCAGTCTCACT
TGCCGGGCAAGTCAGG

NOD.IGK. AACTGGTTTCAGCAGA.

%l;\percont IGKV9.6 |V-Gene AACCAGATGGAACTATT 682529 (682815
AAACTCCTGATCTACG
GCACATCCAGTTTAGAT
TCTGGTGTCCCCAAAA
GGTTCAGTGGCAGTAG
GTCTGGGTCAGATTATT

CTCTCACCATCAGCAG
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CCTTGAGTCTGAAGATT

TTGCAGACTATTACTGT
CTACAATATGCTAGTTC
TCCTCC

NOD.IGK.
CACAGTGATAAAAATCA

%l;\percont 682843 RSS TAACATAAACC 682816 | 682843

NOD IGK ATGGACATGCGGACCC

: : CTGCTCAGTTTCTTGG

iSl'i\percont L-Part1 Leader GATCTTGTTGCTCTGGT 688696 | 688750

9 TTCCAG

NOD.IGK.

Supercont | L-Part2 Leader |GTGCCAGATGT 688864 | 688874

igA
GACATCCGGATGACTC
AGTCTCCATCGTCTATG
TTTGCCTCTCTGGGAG
ACAGAGTCAGTCTCAC
TTGAAGGGGTAGTCAG
AGCATTAGAGTTTATTT
AAGCTGGTATCAGCAG

NOD IGK AAACCAGGTGGAACTA

: " IGKV9.1. TTAAACTCCTGATCTAC

iSL,JA\percont P V-Gene TCCACATCCATATTAGA 688875 | 689161

9 TTCTGGTGTCGCATCAA
GGTTCAGGGGCAGTGG
GACTGGGTCAGATTATT
CTCTCACCATCAACAG
CCTAGAGTCTGAAGAT
GTGGCAATTTATTACTC
TCTACAATATGCTAGTT
CTCCTCC

NOD.IGK.
CACAGTGATACAAATCA

%l;\percont 433085 RSS CAACATAAACC 689162 | 689189

NOD.IGK.
CACAGTGCTTCAGCCT

S;pBerCon 556650 RSS CCTACATAAAGC 690388 | 690415
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NOD.IGK.
SuperCon
tig.B

IGKV6.4.

P

V-Gene

GACATTGTGATGACCC
AGTCTCAAAATTCATGT
CCACATCAGTAGGAGA
CAGGGTCAGCGTCACC
TGCAAGGCCAGTCAGA
ATGTGGGTACTATGTA
GCCTGGTATCAACAGA
AACCAGGCAATCTCCT
AAAGCACTGATTTACTG
GCATCCACCGGTCACT
GGAGTCCCTGATCGCT
TCACAGGCAGTGGATC
TGGGACAGATTTCACT
CTCACCATTAGCAATGT
GCAGTCTGAAGACTTG
GCAGATATTTCTGTGAG
CAATACAGCAGCTCTC
CTCT

690416

690695

NOD.IGK.
SuperCon
tig.B

L-Part2

Leader

GTGTTGATGGA

690696

690706

NOD.IGK.
SuperCon
tig.B

L-Part1

Leader

ATGAAGACACATTCTCA
GGTCTTTGTATACATGT
TGCTGTGGTTGTCTG

690881

690929

NOD.IGK.
SuperCon
tig.B

579577

RSS

CACAGTGCTTCACCTC
CTACACAGACCT

713137

713164

NOD.IGK.
SuperCon
tig.B

IGKV8.4.

P

V-Gene

GACATTGTAATGTCTCA
GTCTCCATCCTCCCCG
ACTATGTCAGCAGGAA
AGAAGGTTACTATGAG
CTGCAAGTCCAGCCAG
AGCCTTTTAGCTAGTG
GCAACCAAAAGAACTA
CTTGGCCTGGTACCAG
CAAAAACCAGGATAGT
CTCCTAACCTGGTGAT
CTACTATGCATCCACTA
GAGTACCTGATCTGTG
GTACCTGATTGCTTTAT
AGGCAATGGATTTAGG
ACAGATTTCACTCTGAC
CATCAGAAGTATGCTG
GCTGAAGACCTGACAG
TTTATTACTGTCAACAA
CATTTTAGCTTTCCTAC

713165

713474

343




NOD.IGK.

SuperCon | L-Part2 Leader |GTACCTGTGGG 713475 | 713485

tig.B

R

tSigl]J.pBercon L-Part1 Leader gCTGCTATGGGTATCT 713685 [ 713733

NOD.IGK.
CACAGTGCTTCAGCCT

tSigtlj.pl?’erCon 394023 RSS CCTACACAAACC 724350 | 724377
GACATTGTGATGTCACA
GTCTCCATCCGCCCTA
GCTGTGTCAGTTGGAG
AGAAGGTCACTATGAG
CTGCAAGTCCAGTCAG
AGCCTTTTATATAGTAG
CAATCAAAAGAACTACT
TGGCCTGGTACCAGCA

NOD.IGK. GAAACCAGGGCAGTCT

SuperCon | IGKV8.9 |V-Gene |[CCTAAACTGTTAATCTA |724378 | 724679

tig.B CTGGGCATCCACTAGG
GAATCTGGGGTCCCTG
ACCGCTTCACAGGCAG
TAGATCAGGGACAGAT
TTCACTCTCACCATCAG
CAGTGTGCAGGCTGAA
GACCTGGCCGTTTATTA
CTGCAAGCAATCTTATA
ATCTTCC

NOD.IGK.

SuperCon | L-Part2 Leader |GTACCTGTGGG 724680 | 724690

tig.B

NOD.IGK. ATGGATTCACAGGCCC

SuperCon | L-Part1 Leader |AGGTTCTTATGTTGCTG |724887 | 724935

tig.B CTGCTATGGGTATCTG

NOD.IGK. ATGAATTTGCCTGGTAG

Supercont | L-Part1 Leader |GCTGTTGGTGTTGTTGT |729421 | 729466

igA TCTGGATTTCAG

NOD.IGK.

Supercont | L-Part2 Leader |CTTCCAGAGGT 729855 | 729865

igA
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NOD.IGK.
Supercont
igA

IGKV1.1.
P

V-Gene

GGTGTTGTGGTGACAC
AAACTCCAGTCTCCCT
GACTGTCAGCCTTGGA
GATCAAGCCTCTATCTC
TTGCAGGTCTAGTCAAA
GCCTTGTACACAAAAAA
TGGAAATACCTATTTGA
AATGGTTCGTGCAGAA
GCCTGGCCAGTCTCCA
CAGCTCCTCATCTATGA
GATTTCCAGCCGATTTT
CTGGGGTCCCAGACAG
GTTCAGCGGCAGTGGT
CCAAGGACAGATTTCA
CACTTAAGATCAACAGA
GTGGAGCTTGAAGAAC
TGGGCGTTTATTACTGC
TTCCAAGGTACACATTT
ACCTCC

729866

730168

NOD.IGK.
Supercont
igA

1071654

RSS

CACAGTGATGCAGACC
CTAACAAAAATG

730169

730196

NOD.IGK.
SuperCon
tig.B

612516

RSS

CACAGTGCTTCAGCCT
CCTACATAAACA

746046

746073

NOD.IGK.
SuperCon
tig.B

IGKV6.4

V-Gene

AACATTGTAATGACCCA
ATCTCCCAAATCCATGT
CCATGTCAGTAGGAGA
GAGGGTCACCTTGAGC
TGCAAGGCCAGTGAGA
ATGTGGGTACTTATGTA
TCCTGGTATCAACAGAA
ACCAGAGCAGTCTCCT
AAACTGCTGATATACG
GGGCATCCAACCGGTA
CACTGGGGTCCCCGAT
CGCTTCACAGGCAGTG
GATCTGCAACAGATTTC
ACTCTGACCATCAGCA
GTGTGCAGGCTGAAGA
CCTTGCAGATTATTACT
GTGGACAGAGTTACAG
CTATCCTCC

746074

746360

NOD.IGK.
SuperCon
tig.B

L-Part2

Leader

GTGCTGATGGG

746361

746371
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NOD.IGK. ATGGAATCACAGACTCT

SuperCon | L-Part1 Leader |GGTCTTCATATCCATAC |746654 | 746702

tig.B TGCTCTGGTTATATG

NOD.IGK. ATGAAGTTGCCTGTTAG

Supercont | L-Part1 Leader |GCTGTTGGTGCTGATG |748683 |748728

igA TTCTGGATTCCTG

NOD.IGK.

Supercont | L-Part2 Leader |CTTCCAGCAGT 749115 | 749125

igA
GATGTTGTGATGACCC
AAACTCCACTCTCCCTG
CCTGTCAGTCTTGGAG
ATCAAGCCTCCATCTCT
TGCAGATCTAGTCAGA
GCATTGTACATAGTAAT
GGAAACACCTATTTAGA
ATGGTACCTGCAGAAG

NOD.IGK. CCAGGCCAGTCTCCAA

Supercont | IGKV1.8 |V-Gene |AGCTCCTGATCTACAAA |749126 | 749427

igA GTTTCCAACCGATTTTC
TGGGGTCCCAGACAGG
TTCAGTGGCAGTGGAT
CAGGGACAGATTTCAC
ACTCAAGATCAGCAGA
GTGGAGGCTGAGGATC
TGGGAGTTTATTACTGC
TTTCAAGGTTCACATGT
TCCTCA

NOD.IGK.
CACAGTGATACAGACC

%l;\percont 749455 RSS CTAACAAAAATA 749428 | 749455

NOD.IGK.
CACAGTGCTTCAGCCT

tSigl]J.pBercon 394023 RSS CCTACACAAACC 751129 | 751156
GACATTGTGATGACAC
AGTCTCCATCCTCCCT
GACTGTGACAGCAGGA
GAGAAGGTCACTATGA

NOD.IGK GAGTOTGTTAMACAGT

S;.pBerCon IGKV8.10 | V-Gene GGAAATCAAAAGAACTA 751157 | 751461
CTTGACCTGGTACCAG
CAGAAACCAGGGCAGC
CTCCTAAACTGTTGATC
TACTGGGCATCCACTA
GGGAATCTGGGGTCCC
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TGATCGCTTCACAGGC

AGTGGATCTGGAACAG
ATTTCACTCTCACCATC
AGCAGTGTGCAGGCTG
AAGACCTGGCAGTTTAT
TACTGTCAGAATGATTA
TAGTTATCCTCC

NOD.IGK.

SuperCon | L-Part2 Leader |GTACCTGTGGG 751462 | 751472

tig.B

NOD.IGK AGGTCCTCATGTOCGT

tSigl]J.pBercon L-Part1 Leader gCTGTTCTGGGTATCT 751681 (751729

NOD.IGK. ATGAGGTTCTCTGCTCA

Supercont | L-Part1 Leader |GCTTCTGGGGCTGCTT |[771577 |771625

igA GTGCTCTGGATCCCTG

NOD.IGK.

Supercont | L-Part2 Leader |GATCCACTGCA 771991 | 772001

igA
GATATTGTGATGACGC
AGGCTGCATTCTCCAAT
CCAGTCACTCTTGGAA
CGTCAGCTTCCATCTC
CTGCAGGTCTAGTAAG
AGTCTCCTACATAGTGA
TGGCATCACTTATTTGT
ATTGGTATCTGCAGAG

NOD.IGK. GCCAGGCCAGTCTCCT

Supercont | IGKV2.3 |V-Gene |CAGCTCCTGATATATCG |772002 |772303

igA GATGTCCAACCTTGCC
TCAGGAGTCCCAGACA
GGTTCAGTGGCAGTGG
GTCAGGAACTGATTTCA
CACTGAGAATCAGCAG
AGTGGAGGCTGAGGAT
GTGGGTGTTTATTACTG
TGCTCAAATGCTAGAAT
TCCCTCC

NOD.IGK.
CACACTGATACAGCCC

%l;\percont 772331 RSS TGAACAAAAACA 772304 (772331
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NOD.IGK. ATGAGGTGCTCTCTTCA

Supercont | L-Part1 Leader |GTTCTTGGGGATGCTT [810273 |810321

igA ATGTTCTGGATCTCTG

NOD.IGK.

Supercont | L-Part2 Leader |GAGTCAGTGGG 810687 | 810697

igA
GATATTGTGATAACCCA
GGATGAACTCTCCAAT
CCTGTCACTTCTGGAG
AATCAGTTTCCATCTCC
TGCAGGTCTAGTAAGA
GTCTCCTATATAAGGAT
GGGAAGACATACTTGA
ATTGGTTTCTGCAGAG

NOD.IGK. GCCAGGACAGTCTCCT

Supercont | IGKV2.4 |V-Gene |[CAGCTCCTGGTCTATT |810698 |810998

igA GGATGTCCACCCGTGC
ATCAGGAGTCTCAGAC
CGGTTTAGTGGCAGTG
GGTCAGGAACAGATTT
CACACTGGAAATCAGT
AGAGTGAAGGCTGAGG
ATGTCGGTGTGTATTAC
TGTCAACAAGTTGTAGA
GTATCCTC

NOD.IGK.
CACAGTGCTAGAGCCC

%l;\percont 811026 RSS TGAACAAAAACC 810999 | 811026

e onoreonoes

%l;\percont L-Part1 Leader GATCTTGTTGCTCTGGT 825327 | 825381
TTCCAG

NOD.IGK.

Supercont | L-Part2 Leader |GTATCAACTGT 825495 | 825505

igA
GACATCAAGATGACCC
AGTCTCCATCTTCCATG
TATGCATCTCTAGGAGA
GAGAGTCACTATCACTT

NOD.IGK. GCAAGGCGAGTCAGGA

Supercont | IGKV14.3 |V-Gene |CATTAATAGCTATTTAC |825506 |825792

igA GCTGGTACCAGCAGAA
ACCAGGAAAATCTCCTA
AGACCCTGATCTATGG
TGCAAACAGCTTGGTA
GATGGGGTCCCATCAA
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GGTTCAGTGGCAGTGG

ATCTGGGCAAGATTATT
CTCTCACCATCAGCAG
TCTGGAGTATGAAGATA
TGGGAATTTATTATTGT
CTACAGTATGATGAGTT
TCCTCC

NOD.IGK.
CACAGTGATACAAGTC

%t;\percont 385134 RSS ATAACATAAACC 825793 | 825820

NOD.IGK. ATGAAGTTGCCTGTTAG

Supercont | L-Part1 Leader |GTTGTTGGTGCTGTTGT | 839595 | 839640

igA TCTGGATTCCTG

NOD.IGK.

Supercont | L-Part2 Leader |CTTCCAGCAGT 840027 | 840037

igA
GATGTTGTGATGACCC
AAACTCCACTCTCCCTG
CCTGTCAGTCTTGGAG
ATCAAGCTTCCATCTCT
TGCAGATCTAGTCAGA
GCCTTGTACACAGCAA
TGGAAACACCTATTTAT
ATTGGTACCTGCAGAA

NOD.IGK. GCCAGGCCAGTCTCCA

Supercont | IGKV1.9 |V-Gene |[AAGCTCCTGATCTACA |840038 |840339

igA GGGTTTCCAACCGATTT
TCTGGGGTCCCAGACA
GGTTCAGTGGCAGTGG
ATCAGGGACAGATTTC
ACACTCAAGATCAGCA
GAGTGGAGGCTGAGGA
TCTGGGAGTTTATTTCT
GCTTTCAAGGTACACAT
GTTCCTCA

NOD.IGK.
CACAGTGATACAGACC

%t;\percont 749455 RSS CTAACAAAAATA 840340 | 840367

NOD.IGK. ATGAGGTTCTCTGCTCA

Supercont | L-Part1 Leader |GCTTCTGGGGCTGCTT |852076 | 852124

igA GTGCTCTGGATCCCTG

NOD.IGK.

Supercont | L-Part2 Leader |GATCCACTGCA 852492 (852502

igA
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NOD.IGK.
Supercont
igA

IGKV2.5

V-Gene

GATATTGTGATGACGC
AGGCTGCATTCTCCAAT
CCAGTCACTCTTGGAA
CATCAGCTTCCATCTCT
TGCAGTTCTAGTAAGA
GTCTCCTACATAGTAAT
GGCATCACTTATTTGTA
TTGGTATCTGCAGAGG
CCAGGCCAGTCTCCTC
AGCTCCTGATATATCG
GATGTCCAACCTTGCC
TCAGGAGTCCCAGACA
GGTTCAGTGGCAGTGG
GTCAGGAACTGATTTCA
CACTGAGAATCAGCAG
AGTGGAGGCTGAGGAT
GTGGGTGTTTATTACTG
TGCTCAAATGCTAGAAC
GCCCTCC

852503

852804

NOD.IGK.
Supercont
igA

772331

RSS

CACACTGATACAGCCC
TGAACAAAAACA

852805

852832

NOD.IGK.
Supercont
igA

IGKV1.2.

P

V-Gene

TCTAGTCAGAGCCTTGT
ACACAGTAATGGAAATT
CCTATTTGGAATGGCA
CCTGCAGAAGCCAGGC
CAGTCTCTACAACTCCT
GATCTATGAGGTTTCCA
AACGACATTCTGGGGT
TCCAGACAGGTTCAGT
GGCAGTGGATCAGGGA
CAGATTTCACACTTAAG
ATCAGCAGAGTATAGC
CTGAGGATTTGGGAGT
TTATTACTGCTTCCAAG
GTACACATTTACCTCA

861827

862056

NOD.IGK.
Supercont
igA

862084

RSS

CACAGTGATGCAGACC
TTAACAAAAATG

862057

862084

NOD.IGK.
Supercont
igA

IGKV1.3.

P

V-Gene

TCTAGTCAGAGTCTTGT
ACACAGTAATGGAAATT
CCTATTTGGATTGGCAC
CTGCAGAAGCCAGACC

AGTCTCTACAACTCCTG
ATCTATGAGGTTTCCAA
ACGAAATTCTGGGGTT

867564

867793
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CCAGACAGGTTCAGTG

GCAGTGGATCAGGAAC
AGATTTCACACTTAAGA
TCAGCAGAGTAGAGCC
TGAGGATTTGGGAGTT
TATTACTGCTTCCAACG
TACACATTTACCTCC

NOD.IGK.
CACAGTGATGCAGACC

%l;\percont 862084 RSS TTAACAAAAATG 867794 | 867821

NOD.IGK. ATGAGAACCCTGCTCC

Supercont | L-Part1 Leader |TTTCCTTGGGCTCCTGT |903462 | 903509

igA TATTCTGTTTTCTAG

NOD.IGK.

Supercont | L-Part2 Leader |GTGTCAGATGT 903631 | 903641

igA
GATGTTCAAATGACCCA
GTCTCCATCCTCCCTGT
CTGCATCTTTGGGAGA
AAGAGTCTCCCTGACC
TGCCAGGCAAGTCAGA
GCATTAGCAATTATTTA
AACTGGTATCAGCAAA

NODIGK | 11| | SACTASSERAGETC

%l;\percont P V-Gene GTGCAAGCAAATTGGA 903642 [ 903928
AGATGGGGTCCCTTCA
AGGTTCAGTGGAACTG
GATATGGGACAGATTT
CACTTTCACCATCAGCA
GCCAGGAGGAAGAAGA
TGTGGCAACTTATTTCT
GTCTACAGCATAGGTAT
CTCCCTCC

NOD.IGK.
CACAATGATACAAGTAA

%l;\percont 903956 RSS TAACATAAACC 903929 | 903956

NOD.IGK. ATGAGTTACTCTCTTCA

Supercont | L-Part1 Leader |GCTCCTGAGGATGCTT |910642 [910690

igA GTGCTCTGGATTCCTG

NOD.IGK.

Supercont | L-Part2 Leader |GAATCAGTAAA 911063 (911073

igA
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NOD.IGK.
Supercont
igA

IGKV2.1.
P

V-Gene

GTTATTGTGATGACACA
GGGTGCACTGTCCAAT
CCTTTCACTTCTGTAGA
GTCAGCTTCCATCTCTT
GCAGGTCTAGTAAGAG
TCTCCTACTTAAGGATG
GGAAGGCATACTTGGA
TTGGTTTCTGCAAAGG
CCCGGACACCCTACTT
GGCTCCTGATCCATTT
GATGCCAACCTGTGCC
TCAGGAGTCTCAGACA
AGTTTAGTGACAGTGG
GTCAGGAACAGATTTC
ACACTGAAAAATCAGTA
AAGTGGAGGTTGAGGA
TGTGGGTGTGCATTAC
TGTCAGCAAGTTGTAG
AGTATATTC

911074

911375

NOD.IGK.
Supercont
igA

911403

RSS

CACAGTGATACAGCTC
TGAACAAAATCC

911376

911403

NOD.IGK.
Supercont
igA

L-Part1

Leader

ATGAGGTTCCAGGTTC

AGGTTCTGGGGCTCCT
TCTGCTCTGGATACCA

G

960427

960475

NOD.IGK.
Supercont
igA

L-Part2

Leader

GTGCCCAGTGT

960599

960609

NOD.IGK.
Supercont
igA

IGKV16.1

V-Gene

GATGTCCAGATAACCC
AGTCTCCATCTTATCTT
GCTGCATCTCCTGGAG
AAACCATTACTATTAAT
TGCAGGGCAAGTAAGA
GCATTAGCAAATATTTA
GCCTGGTATCAAGAGA
AACCTGGGAAAACTAAT
AAGCTTCTTATCTACTC
TGGATCCACTTTGCAAT
CTGGAATTCCATCAAG
GTTCAGTGGCAGTGGA
TCTGGTACAGATTTCAC
TCTCACCATCAGTAGC
CTGGAGCCTGAAGATT
TTGCAATGTATTACTGT

960610

960897
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CAACAGCATAATGAATC
CCCGTAC

NOD.IGK.
CACAGTGATACAAGTTA

%l;\percont 960925 RSS TAACAAAAACG 960898 | 960925

NOD.IGK. ATGAAACTCCTTGCTGA

Supercont | L-Part1 Leader |GCTCCTGGGGCTGCTG [971068 971116

igA CTGTTCTGCTTTTTAG

NOD.IGK.

Supercont | L-Part2 Leader |GTGTGAGATGT 971228 | 971238

igA
GACATCCAGATGAACC
AGTCTCCATCCAGTCT
GTCTGCATCCCTCGGA
GACACAATTACCATCAC
TTGCCGTGCCAGTCAG
AACATTAATATTTGGTT
AAGCTGGTACCAGCAG

S CASSTATTCC

%l;\percont IGKV15.1 | V-Gene AGGCTTCCAACTTGCA 971239 | 971525
CACAGGCGTCCCATCA
AGGTTTAGTGGCAGTG
GATCTGGAACAGATTTC
ACATTAACCATCAGCAG
TCTGCAGCCTGAAGAC
ATTGCCACTTACTACTG
TCTACAGGGTCAAAGTT
ATCCTCT

NOD.IGK.
CACAGTGATATAAGTCA

%l;\percont 971553 RSS TAACACAAACC 971526 | 971553

NOD.IGK.
CACAGTGATACAAGTC

%l;\percont 994491 RSS ATAACACAAACA 994464 | 994491
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NOD.IGK.
Supercont
igA

IGKV15.1.
P

V-Gene

GATACCTAGATGAACC
AGTCTCCATGCACTCTA
TCTGCATCAATTAGAGA
ATGAATAGTTATCAATT
ATCATACCAGTGAGAAA
GTTAATACTTGGTTATC
CTGTAATCAGTAGAAAC
TAGGGAATTATCCTAAA
CTACTGATCTATAACAC
ATCCAACTTGCATACTG
GGGTCCCATCAAGGTT
AAGTGGCAGTAGATCT
GGGACAGATTACTCTC
TCTTCATCAGCAGCCT
GCAGCTTGAAGATATT
GCCACTTACTACTGTGT
ACAGTCTAGCAGTCTTT
CTCT

994492

994778

NOD.IGK.
Supercont
igA

L-Part2

Leader

GTACGACATGT

994779

994789

NOD.IGK.
Supercont
igA

L-Part1

Leader

ATGGCTCTCGTTCAGC
TCCTAGGGCTGCTGAT
GCTCTGGCTCCAAG

100315
0

1003195

NOD.IGK.
Supercont
igA

L-Part2

Leader

GCATGAGCTGT

100330
4

1003314

NOD.IGK.
Supercont
igA

IGKV20.1

V-Gene

AATATCCAGGTGATCCA
GTCACCATTTCTGTCTG
CATCTGTGGGAGAGAG
GGTCACAATCAGCTGC
AAGACACATCAGCATAT
TAACAGTTCCATAGCCT
GGTACCAGCAAAAAGT
TGGAAAAGCTCCCAAA
CTCCTGATAAGAGATG
CAAGTTTTTCTCTAACA
GACACCCCATCAAGGT
TCACTGGGAATGGATTT
GGCACAGATTTCACAC
TCAGCATCAGCAGTAT
GCAGCCTGAAGATGGT
GCCACATACTTCTGCC
AGCAGCATTTTAACTAT
TAC

100331
5

1003596
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NOD.IGK.
Supercont
igA

1003624

RSS

CACAGTGATATAAGTCA
TAACATAACCC

100359
7

1003624

NOD.IGK.
Supercont
igA

IGKV15.2.
P

V-Gene

AATACCCAGATGAACC
AGCCTCCATCCACTCTA
TCTGCATCTAGCGGAG
AACAAGTAATTATCAAT
TGTTGAGCCAGTGAGA
ACATTAATAGTTGGTCT
TCCTGGCACCAGCAGA
AACCAGGGAATGCTCC
TCAAATATTGATCTATA
AGGCATCCACCTTGCG
TACTTGGGTCCCATCAA
GGTTCAGTGGCGTTGA
TCCGGGGCAGATTACT
CTCTCATCAGCAGCAG
CCTGCAGCCTGAAGAC
ATTGCTACTTACTATTG
TGTACAGACTAAGAATT
TTCCCCT

100996
1

1010246

NOD.IGK.
Supercont
igA

L-Part2

Leader

GTGTAAGATGT

101024
7

1010257

NOD.IGK.
Supercont
igA

L-Part1

Leader

ATGGACATGAGGGTCC
TTGCTCAGTTTCTTGCA
TTCTTGTTGCTTTGGTT
TCCAG

104826
2

1048316

NOD.IGK.
Supercont
igA

L-Part2

Leader

CAAGATGT

104843
3

1048440

NOD.IGK.
Supercont
igA

IGKV14.4

V-Gene

GACATCCTGATGACCC
AATCTCCATCCTCCATG
TCTGTATCTCTGGGAG
ACACAGTCAGCATCAC
TTGCCATGCAAGTCAG
GGCATTAGCAGTAATAT
AGGGTGGTTGCAGCAG
AAACCAGGGAAATCATT
TAAGGGCCTGATCTAT
CATGCAACCAACTTGG
AAGATGGAGTTCCATC
AAGGTTCAGTGGCAGT
GGATCTGGAGCAGATT
ATTCTCTCACCATCAGC
AGCCTGGAATCTGAAG

104844
1

1048727

355




ATTTTGCAGACTATTAC

TGTGTACAGTATGCTCA
GTTTCCTCC
NOD.IGK.
CACAGTGATTCAAGTCA [ 104872
%l;\percont 1048755 |RSS TAACATAAACG 8 1048755
NOD.IGK. ATGAAGCTGCCTGTTCT 107086
Supercont | L-Part1 Leader |GCTGGTGGTGCTGCTA 5 1070910
igA TTGTTCATGAGTCCAG
NOD.IGK. 107131
Supercont | L-Part2 Leader |CAAGCAGT 7 1071324
igA
GATGTTGTTCTGACCCA
AACTCCACTCTCTCTGC
CTGTCAATATTGGAGAT
CAAGCCTCTATCTCTTG
CAAGTCTACTAAGAGC
CTTCTGAATAGTGATGG
ATTCACTTATTTGGGCT
GGTACCTGCAGAAGCC
NOD.IGK. AGGCCAGTCTCCACAG 107132
Supercont | IGKV1.10 |V-Gene |CTCCTAATATATTTGGT 5 1071626
igA TTCTAATCGATTTTCTG
GAGTTCCAGACAGGTT
CAGTGGTAGTGGGTCA
GGGACAGATTTCACCC
TCAAGATCAGCAGAGT
GGAGGCTGAGGATTTG
GGAGTTTATTATTGCTT
CCAGAGTAACTATCTTC
CTCT
NOD.IGK.
CACAGTGATGCAGACC |107162
%t;\percont 1071654 |RSS CTAACAAAAATG 7 1071654
NOD.IGK. ATGAACATGCTCACTCA 110035
Supercont | L-Part1 Leader |GCTCCTGGGATTACTG 5 1100403
igA GTGCTCTGGTTTGCAG
NOD.IGK. 110053
Supercont | L-Part2 Leader |GTGGTAAATGT 0 1100540
igA
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NOD.IGK.
Supercont
igA

IGKV12.1.
P

V-Gene

GACATTCAGATGACCC
AGTCTCCTGCCTCCTA
GTCTGCATCTCTGGGA
GAAAGTGTCACCATCA
CATGCCTGGCAAGTCA
GACCATTGATACATGGT
TAGCATGGTATCAGCA
GAAACCAGGGAAATCT
CCTCAGCTCCTGATTTA
TGCTGCAACCAGCTTG
GCAGATGGGGTCCCAT
CAAGGTTCAGTGGTAG
TGGATCTGGCACAAAG
TTTTCTTTCAAGATCAG
CAGCCTACAGGCTGAA
GATTTTGCAAGTTATTA
CTGTCAACAACATTACA
GTACTCCTCT

110054
1

1100827

NOD.IGK.
Supercont
igA

1100855

RSS

CACAGTGATTCAAGCC
ATAACATAAACC

110082
8

1100855

NOD.IGK.
Supercont
igA

1151733

RSS

CACAATGATATAAGTCA
TAACATAAACC

115170
6

1151733

NOD.IGK.
Supercont
igA

IGKV10.1

V-Gene

GATATCCAGATGACAC
AGACTACATCCTCCCT
GTCTGCCTCTCTGGGA
GACAGAGTCACCATCA
GTTGCAGGGCAAGTCA
GGACATTAGCAATTATT
TAAACTGGTATCAGCA
GAAACCAGATGGAACT
GTTAAACTCCTGATCTA
CTACACATCAAGATTAC
ACTCAGGAGTCCCATC
AAGGTTCAGTGGCAGT
GGGTCTGGGACAGATT
ATTCTCTCACTATTAGC
AACCTGGAACAAGAAG
ATATTGCCACTTACTTT
TGCCAACAGGATAGTA
AGCATCCTCC

115173
4

1152020

NOD.IGK.
Supercont
igA

L-Part1

Leader

GTACCAGATGT

115202
1

1152031
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NOD.IGK.

ATGATGTCCTCTGCTCA

Supercont |L-Part1 | Leader |GTTCCTTGGTCTCCTGT ;15215 1152201

igA TGCTCTGTTTTCAAG

gOD"GK't 1151733 |Rss | CACAATGATATAAGTCA | 119208 | 10,00

i g‘/‘)\pemo” TAACATAAACC 1
GATATCCAGATGACAC
AGACTACATCCTCCCT
GTCTGCCTCTCTGGGA
GACAGAGTCACCATCA
GTTGCAGGGCAAGTCA
GGATATTAGCAATTATT
TAAACTGGTATCAGCA

NOD.IGK. CTTARACTCCTGATCTA | 119208

%l;\percont IGKV10.2 | V-Gene CTACACATCAAGATTAC |9 1192345
ACTCAGGAGTCCCATC
AAGGTTCAGTGGCAGT
GGGTCTGGGACAGATT
ATTCTCTCACCATCAGC
AACCTGGAACCTGAAG
ATATTGCCACTTACTAT
TGTCAGCAGTATAGTAA
GCTTCCTCC

NOD.IGK. 119234

Supercont | L-Part2 Leader |GTACCAGATGT 6 1192356

igA

NOD.IGK. ATGATGTCCTCTGCTCA [ o010

Supercont | L-Part1 Leader |[GTTCCTTGGTCTCCTGT 1 1192529

igA TGCTCTGTTTTCAAG

gOD'r'Gft 1236495 |Rss | CACAGTGATACAAATCA 123646 | 1)ass0c

ig‘/‘fe co TAACAAAAACC 8
GACATCCAGATGACAC
AGTCTCCATCCTCACTG
TCTGCATCTCTGGGAG
GCAAAGTCACCATCAC
TTGCAAGGCAAGCCAA

NOD.IGK. GACATTAACAAGAATAT | oo

Supercont | IGKV19.1 |V-Gene | AGCTTGGTACCAACAC | ¢ 1236782

igA AAGCCTGGAAAAGGTC
CTAGGCTGCTCATATG
GTACACATCTACATTAC
AGCCAGGCATCCCATC
AAGGTTCAGTGGAAGT
GGGTCTGGGAGAGATT
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ATTCCTTCAGCATCAGC

AACCTGGAGCCTGAAG
ATATTGCAACTTATTAC
TGTCTACAGTATGATAA
TCTTCCACC

NOD.IGK. 193678

Supercont | L-Part2 Leader |CTCAGTGT 3 1236790

igA

NOD.IGK. ATGAGACCCTCCATTCA oo

Supercont |L-Part!  |Leader |GTTCCTGGGGCTCTTG |, 1236963

igA TTGTTCTGGCTTCATG

gOD"GK't 1254300 |Rss | CACAGTGCTACAGACT |125427 | 1 ocpn

ig‘/‘ferco” GGAACAAAATGC 3
GAAATGGTTCTCACCC
AGTCTCCAGTATCCATA
ACTGCATCTCGAGGGG
AGAAGATCACCATCAC
CTGCCGTGCCAGCTCA
AGTATAAGTTCCAATTA
CTTACACTGGTACCAG

NOD.IGK. CAGAAGCCAGGATCCT

Supercont | IGKV4.1 | V-Gene CCCCTAAACTITIGATT 1125430 1254591

) TATAGGACATCCATCCT |1
GGCATCTGGAGTCCTA
GACAACTTCAGTGGCA
GTGGGTCTGAGAGCTC
TTACACTCTGACAATCA
GCTGCATGCAGGACGA
TGTTGCTGCCACTTACT
ACTGTCAGCAGGGGAG
TAGTAGCCCACCA

NOD.IGK. 125459

Supercont |L-Part2  |Leader |TGTCAAAGAGA 5 1254602

igA

NOD.IGK. ATGGATATGTGGGTGC |op e

Supercont |L-Part! |Leader |AGATTTTCAGCTTACTG |g 1254856

igA CTAATCTGTGTCACAG

gOD"GK't 1276225 |Rsg | CACCATGCTACAGACT [127619 |,

ig‘/‘fercon AGAACAAGAACT 8
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NOD.IGK.
Supercont
igA

IGKV4.2

V-Gene

GAAATTGTGCTTACCCA
GTCTCCAACCACCATG
GCTGCATCTCCTGGGG
AGAAGGTCACCATCAC
CTGCAGTGCCAGCTCA
AGTATAAGTTCCAATTA
CTTGCACTGGTATCAG
CAGAAGCCAGGATTCC
CTCCTAAACTCTTGATA
TATAGGACATCCAATCT
GGCTTCTGGAGTCCCA
GCTCGCTTCAGTGGCA
GTGGGTCTGGGACCTC
TTACTCTCTCACAATTG
GCACCATGGAGGCTGA
AGGTGCTGCCACTTATT
ACTGCCAGCATGGTAG
TAGTTTACTACGCA

127622
6

1276517

NOD.IGK.
Supercont
igA

L-Part2

Leader

TGTCTAATGGA

127651
8

1276528

NOD.IGK.
Supercont
igA

L-Part1

Leader

ATGGATTTTCAGATGCA
GATTATCAGCTTGCTGC
TAATCAGTGTCACAG

127670
8

1276756

NOD.IGK.
Supercont
igA

1300219

RSS

CACAGTGATTCAAGCC
ATGACATAAATC

130019
2

1300219

NOD.IGK.
Supercont
igA

IGKV12.2.
P

V-Gene

GACATCCAGATGACTC
AGTCTCCAGCTTCACT
GTCTGCATCTGTGGGA
GAAACTGTCACCATCA
CATGTGGAGCAAGTGA
GAATATTTACGGTGCTT
TAAATTGGTATCAGCAG
AAACAGGGAAAATCTC
CTCAGCTCCTGATCTAT
GGTGCAACCAACTTGG
CAGATGGAATTCATCG
AGGTTCAGTGGCAGTG
GATCTGGTAGACAGTA
TTCTCTCAAGATCAGTA
GCCTGCATCCTGACGA
TGTTGCAACGTATTACT
GTCAAAATGTGTTAAGT
ACCCCTCC

130022
0

1300505
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NOD.IGK.

Supercont |L-Part2 | Leader |TCAGATGT (1330050 1300513

igA

%{;\percont L-Part1 Leader gCTGCTGTGGCTTACC 1 1300689

NOD.IGK.
CACAGTGATTTATACCC | 132000

%t;\percont 1320029 |RSS CAACAAAAACT 5 1320029
GATGTTGTGGTGACTC
AAACTCCACTCTCCCTG
CCTGTCAGCTTTGGAG
ATCAAGTTTCTATCTCT
TGCAGGTCTAGTCAGA
GTCTTGCAAACAGTTAT
GGGAACACCTATTTGT
CTTGGTACCTGCACAA

NOD.IGK. GCCTGGCCAGTCTCCA 132003

Supercont | IGKV1.11 |V-Gene |CAGCTCCTCATCTATG 0 1320331

igA GGATTTCCAACAGATTT
TCCGGGGTGCCAGACA
GGTTCAGTGGCAGTGG
TTCAGGGACAGATTTCA
CACTCAAGATCAGCAC
AATAAAGCCTGAGGAC
TTGGGAATGTATTACTG
CTTACAAGGTACACATC
AGCCTCC

NOD.IGK. 132033

Supercont | L-Part2 Leader |CTTCCAGAGGT 2 1320342

igA

NOD.IGK. ATGAATTTGCCTGTTCA 132074

Supercont | L-Part1 Leader |[TCTCTTGGTGCTTCTGT 6 1320794

igA TGTTCTGGATTCCTG

gOD'lGK't 1335504 |RSS CACAGTGATATAAGTCA | 133547 1335504

ig‘/‘fercon TAATATAAACC 7
GACATCCAAATGACCC
AGTCCTCATCATTTCTC

NOD.IGK ATCATCTTACAATCAAC |133650

%l;\percont IGKV14.5 | V-Gene TGCAGGGCCAGTAAGG |5 1335791
ATATTAACAAGTATTTT
GCTTGGGTTCAACAGA

AGCCAGGGAAGGCTCC
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AAGGATGTTGATTCATT

TTGCTTCCACCTTGCTA
CCTGGGGTTCCAGAAA
AGTTCAGTGGGAGTGG
ATCTGGGACAGATTTTT
CTCTCACTATCAGAAAC
ATAGAGTCTGAAGATAT
TGCAATGTATTACTGTC
TACAGTATTCTGAGCAT
CCTCC

NOD.IGK. 133579

Supercont | L-Part2 Leader |GTGTATTGTGT 2 1335802

igA

NOD.IGK. ATGAGAATTCGTGGTC

Supercont | L-Part1 Leader AGCTCTTGGGGCTACT 1133592 1335975

igA gGTGCTCTGGATCACA 7

NOD.IGK.
CACAGTGATACAGACT |[136563

%l;\percont 1365663 |RSS GGAACAAAAACT 6 1365663
GAAATTGTGCTCACTCA
GTCTCCAGCCATCACA
GCTGCATCTCTGGGGC
AAAAGGTCACCATCAC
CTGCAGTGCCAGCTCA
AGTGTAAGTTACATGCA
CTGGTACCAGCAGAAG

NOD.IGK. AACOATOGATTTATGAA | 136566

%l;\percont IGKV4.3 |V-Gene ATATCCAAACTGGCTTC |4 1365946
TGGAGTCCCAGCTCGC
TTCAGTGGCAGTGGGT
CTGGGACCTCTTACTCT
CTCACAATCAGCAGCA
TGGAGGCTGAAGATGC
TGCCATTTATTACTGCC
AGCAGTGGAATTATCC
ACTTA

NOD.IGK. 136594

Supercont | L-Part2 Leader |CCAGAGGA 7 1365954

igA

NOD.IGK. ATGGACTTTCGGGTGC 136614

Supercont | L-Part1 Leader [AGATTTTCAGCTTCCTG 3 1366191

igA CTAATCAGTGTCACAG
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NOD.IGK.
Supercont
igA

L-Part1

Leader

ATGAAGTTTCCTTTTCA
ACTTCTGCTCTTCCTGC
TGTTCGGAATCCCAG

139008
0

1390128

NOD.IGK.
Supercont
igA

L-Part2

Leader

GCATGATATGT

139024
8

1390258

NOD.IGK.
Supercont
igA

IGKV13.1

V-Gene

GACATCCAGATGACAC
AATCTTCATCCTCCTTG
TCTGTATCTCTAGGAGA
CAGAGTCACCATTACTT
GCAAGGCAAGTGAGCA
CATTAATAGTTGGTTAG
CCTGGTATCAGCAAAA
ACCAGGAAATGCTCCT
AGGCTCTTAATATCTGG
TGCAACCAGTTTGGAA
ACTGGGGTTCCTTCAA
GATTCAGTGGCAGTGC
ATCTGGAAAGGATTACA
CTCTCAGCATTACTAGT
CTTCAGACTGAAGATGT
TGCTACTTATTACTGTC
AACAGTATTGGGGTAC
TCCTCC

139025
9

1390545

NOD.IGK.
Supercont
igA

1390573

RSS

CACAGTGATACAAGCC
ATGACATAAACC

139054
6

1390573

NOD.IGK.
Supercont
igA

1410559

RSS

CACAGTGATACAGACT
AGAACAAAAACT

141053
2

1410559

NOD.IGK.
Supercont
igA

IGKV4.1.
P

V-Gene

GGAATTGTGCTCACCC
AATCTCCAACAACCATG
ACTGCATTTCCAGGGG
AAAATGTCACCATCACC
TGCAGTGCCAGCTCAA
GTATAAATTACATTCAC
TGGTACCAGCAGAAGT
CAGGAACTACCCCCAA
ACAATGAATTTATAAGA
CATCCAACCTGCCTTCT
GGAGTCCCAGCTCTCT
TCAGTGGCAGTGGGTC
TGGGACCTCTTACTCTC
TCACAATCAGCAGTGT
GGAGGCTGAAGATGCT
GCCACTTATTACTGCCA

141056
0

1410845
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GCAGTGGAGTGGTTAC
TAACCCA

NOD.IGK. 141084
Supercont | L-Part2 Leader |TATCCAGTGGA 6 1410856
igA
NOD.IGK. GTGCAGATTTTCAGGTT 141115
Supercont | L-Part1 Leader |CCTGCTAATCAGTGTCA 7 1411193
igA CAG
NOD.IGK. ATGATGTCTCCCTCTCA 142233
Supercont | L-Part1 Leader |GCTTCTGCTTATCTTAC 8 1422386
igA TATTCTGATTCTAAG
NOD.IGK. 142250
Supercont | L-Part2 Leader |GCCTAATATGT 7 1422517
igA
GACATCCAAATGGCAT
AATCTTCATCCTCCTTG
TCTTCATCTCTAGGAGA
CAGAGTCACCATTACTT
GCAGGCCAGATGAAGG
TATTAATGATTGGTGAT
CCTGGTATCAGCAGAA
NOD .IGK. ACCAGGGAATGTTCCT
Supercont IGKV12.2. V-Gene AAACTCCTAATATACCA | 142251 1422803
igA P TTGTACCAGTGTTGAAT |8
CTGGAGTTTCTTCAAG
GTTCAGTGGCAGTGAA
TATGGGAAAGATTTTAC
TCTTGCTGTTAGCAATC
TGCAGCATGAAAATATT
GCTACTTATTACTGTCA
ACACTATTTAGTATACC
TAC
NOD.IGK.
CACAATGAAACAAGCC |142280
%L;\percont 1422831 |RSS ATGACAAAAACT 4 1422831
NOD.IGK.
CACAGTGATACAGACT 143469
%l;\percont 1434717 |RSS GGAACAAAAACC 0 1434717
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NOD.IGK.
Supercont
igA

IGKV4.4

V-Gene

GAAAATGTGCTGACCC
AGTCTCCAGCAATCAT
GGCTGCATCTCCAGGG
GAGAAGGTCACCATGA
CCTGCAGTGCCAGCTC
AAGTGTAAGTTCTGGTA
ACTTTCACTGGTACCAG
CAGAAGCCAGGCACTT
CTCCCAAACTCTGGATT
TATAGGACATCCAACCT
GGCTTCTGGAGTCCCC
GCTCGCTTCAGTGGCA
GTGGGTCTGGGACCTC
TTACTCTCTTACAATCA
GCAGCATGGAGGCCGA
AGATGCTGCCACTTATT
ACTGCCAGCAGTGGAG
TGGTTACCCACCCA

143471
8

1435009

NOD.IGK.
Supercont
igA

L-Part2

Leader

TCTTAATGTCCAGAGGA

143501
0

1435026

NOD.IGK.
Supercont
igA

L-Part1

Leader

ATGGATTTTCAGGTGCA
GATTTTCAGCTTCCTGT
TAATCAGTGTCTCAG

143520
7

1435255

NOD.IGK.
Supercont
igA

1455190

RSS

CACAGTGATACAGACA
AGAACAAAAACC

145516
3

1455190

NOD.IGK.
Supercont
igA

IGKV4.5

V-Gene

CAAATTGTTCTCACCCA
GTCTCCAGCAATCATGT
CTGCATCTCTAGGGGA
GGAGATCACCCTAACC
TGCAGTGCCAGCTCGA
GTGTAAGTTACATGCAC
TGGTTCCAGCAGAAGT
CAGGCACTTCTCCCAA
ACTCTTGATTTATAGCA
CATCCAACCTGGCTTCT
GGAGTCCCTTCTCGCT
TCAGTGGCAGTGGGTC
TGGGACCTTTTATTCTC
TCACAATCAGCAGTGT
GGAGGCTGAAGATGCT
GCCGATTATTACTGCCA
TCAGTGGAGTAGTTATC
CA

145519
1

1455472
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NOD.IGK.

Supercont | L-Part2 Leader I\CATAATGTCCAGAGG :1345547 1455489

igA

NOD.IGK. ATGGATTTTCAGGTGCA 145567

Supercont | L-Part1 Leader |GATTTTCAGCTTCCTGC 1 1455719

igA TAATCAGTGCCTCAG

gOD'JGﬁ't 1434717 |RSS CACAGTGATACAGACT (147063 1470658

ig‘/‘fe co GGAACAAAAACC 1
CAAATTGTTCTCACCCA
GTCTCCAGCAATCATGT
CTGCATCTCCAGGGCA
GAAAGTCACCATAACCT
GCAGTGCCAGCTCAAG
TGTAAATTACATGCACT
GGTACCAGCAGAAGCT

NOD.IGK. CTOTGGATTTATGAGAC | 147065

%l;\percont IGKV4.6 |V-Gene ATCCAAACTGGCTCCT |9 1470944
GGAGTCCCTGCTCGCT
TCAGTGGCAGTGGGTC
TGGGACCTCTTACTCTC
TCACAATCAGCAGCAT
GGAGGCTGAAGATGCT
GCCTCTTATTTCTGCCA
TCAGTGGAGTAGTTAC
CCACCCA

NOD.IGK.

Supercont | L-Part2 Leader I\CATAATGTCCAGAGG ;47094 1470961

igA

NOD.IGK. ATGGATTTTCAGGTGCA 147113

Supercont | L-part1 Leader |GATTTTCAGCTTCCTGC 9 1471187

igA TAATCAGTGCCTCAG

ROIOR | 67008 |Res | CACAGTGCTACAGACT (148788 | oo

ig‘/‘fercon AGAACAAAAACC 2
CAAATTGTTCTCACCCA
GTCTCCAGCAATCATGT
CTGCATCTCCTGGGGA

NOD.IGK TGCAGTGCCAGCTCAA | 148791

%l;\percont IGKV4.7 |V-Gene GTGTAAGTTCCAGCTA |0 1488199
CTTGTACTGGTACCAG
CAGAAGCCAGGATCCT
CCCCAAACTATGGATTT
ATAGCACATCCAACCT
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GGCTTCTGGAGTCCCT

GCTCGCTTCAGTGGCA

GTGGGTCTGGGACCTC
TTATTCTCTCACAATCA
GCAGCATGGAGGCTGA
AGATGCTGCCACTTATT
ACTGCCAGCAGTACAG
TGGTTACCATCCA

NOD.IGK.

Supercont | L-Part2 Leader I\CATAATGTCCAGAGG 848820 1488216

igA

NOD.IGK. ATGGATTTTCAGGTGCA | 0040

Supercont [L-Part1 |Leader |GATTTTCAGCTTCCTGC |, 1488439

igA TAATCAGTGCCTCAG

NOD.IGK. ATGATGTCTCCCTCTCA [, -,

Supercont [L-Part1  |Leader |ACATCTGCTGATCTTAC |g 1507797

igA TATTCTGATTCCTAG

NOD.IGK. 150791

Supercont | L-Part2 Leader |GCCTGATATGT 8 1507928

igA
GACATCCAGATGACAC
AATCTCCATCCTCCTTG
TCTGTATCTCTAGGAGA
CAGAGTTACCATTTCTT
GCAGGCCAGATGTGAG
TATTAATGATTGGTGAC
CCTGATTTCAGTAGAAA

NOD.IGK. CCAGGGAATGCTCATA

Supercont :DGKVB'Z V-Gene |AACACCTAATATACCAT ;50792 1508210

igA TCTACCAGTGTGGAAT
CTGGAGTTCCTTCAAG
GTTCAGTGGCAGTGAA
TTTGGGAAAGATTTTAC
TCTGTTAACAAACTGAA
GTGTGAAAATATTGCTA
CTTATTACTGTCAACAG
TATTTTTTATAACTAC

gOD"GK't 1508238 |RSs | CACAATGAAACAAGTCA | 150821 | 4 iooa0

ig‘/‘)\pemo” TGACAAAAATT 1

NOD.IGK.
CACAGTGATACAGACT |153029

%l;\percont 1530322 |RSS | X s CAAAAAGE c 1530322
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NOD.IGK.
Supercont
igA

IGKV4.2.
P

V-Gene

AAAAATGTGCTGACCC
AGTCTCCGGCAATCAT
GGCTACATCTCCAGGG
GAGAAGGTCACCATGA
CCTGCAGTGCTAGCTC
AAATGTAAGTTCTGGTA
AGTTGCACTGGTAAAA
GCAGTAGTCAGGCACT
TCTCCCAAACTCTGGAT
TTATAGCACATTCAACC
TGGCTTCTGGAGTTCC
AGCTCGCTTCAGTGGC
AGTGGGTCTGGGACCT
CTTACTCTCTCACAATC
AGCAGCATGGAGGCTG
AAGATGATGCCAATTAT
TACTGCCAGAAGTGGA
GTGGTTACCCACCCA

153032
3

1530614

NOD.IGK.
Supercont
igA

L-Part2

Leader

TCATAATATCCAGAGG
G

153061
5

1530631

NOD.IGK.
Supercont
igA

L-Part1

Leader

ATGGATTTTCAGGTGCA
GATTTTTCAAATTCCTG
TTAATCAGTGTCTCAG

153081
5

1530864

NOD.IGK.
Supercont
igA

1568979

RSS

CACAATGATACAGACT
GGAACAAAAACC

156895
2

1568979

NOD.IGK.
Supercont
igA

IGKV4.8

V-Gene

CAGATTGTTCTCACCCA
GTCTCCAGCAATCATGT
CTGCATCTCCAGGGGA
GAAGGTCACCATGACC
TGCAGGGCCAGCTCAA
GTGTAAGTTCCAGTTAC
TTGCACTGGTACCAGC
AGAAGCCAGGATCTTC
CCCCAAACTCTGGATTT
ATAGCACATCCAACCT
GGCTTCAGGAGTCCCA
GCTCGCTTCAGTGGCA
GTGGGTCTGGGACCTC
TTACTCTCTCACAATCA
GCAGTGTGGAGGCTGA
GGATGCTGCCACTTATT
ACTGCCAGCAGTATGA
TAGTTCCCCATCCA

156898
0

1569271
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NOD.IGK.

Supercont | L-Part2 Leader I\CATAATGTCCAGAGG ;56927 1569288

igA

NOD.IGK. ATGGATTCTCAAGTGCA 156946

Supercont | L-Part1 Leader |GATTTTCAGCTTCCTTC 4 1569512

igA TAATCAGTGCCTTAG

NOD.IGK.
CACAGTGGCACAAGCA [160157

%t;\percont 1601602 |RSS ATGACATAAACC 5 1601602
GACATCCAGATGCCTC
AGTGTCCAGCCACCCC
TTTCTGAATCTCTGGGA
GAAAGTGTCACCATCA
CATGTCAAGCAAGTGA
GAATATTGACAATTATT
TATCATGGTATCAGCAA

NOD.IGK. AAACCAAGGAAATCTC

Supercont IGKV12.3. V-Gene CTCAGCCCCTGATCAA |[160160 1601890

igA P TTATACAACCAGCTTGG |3
CAGATGGGGTTCCATC
AAGGTCTAGTGGCAGT
GGATCAGGCACACAGT
TTTCTCTCAAGATCAAC
AACTTGCAAACAGAAG
ATGTTGCAAGTTACTAT
TGTCAACATCATTATTG
TACTCCTCC

NOD.IGK. 160189

Supercont | L-Part2 Leader |ATGCCAGATGT 1 1601901

igA

NOD.IGK. ATGAGAACTTCTTCACA 160209

Supercont | L-Part1 Leader |AAAGATCACACCCTGT 5 1602138

igA GCTGGAGTCAG

NOD.IGK.
CACAGTAGTACAAGCA (161160

%t;\percont 1611629 |RSS ATGACATAAACC 2 1611629
GACATCCAGATAACTCA
GTCTCCAGTCACCCATT
TCTGCATCTCTGGGAG

NOD.IGK. AAAGTGTCACCATCACA

Supercont IGKV12.4. V-Gene TGTCAAGCAAGTGAGA |161163 1611917

igA P ATATTGACAATTATTTAT |0
CATGGTATCAGCAAAAA
CCAAGGAAATCTCCTC
AGCCCCTGATCAATTAT
ACAACCAGCTTGGCAG
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ATGGGGTTCCAAAAAG

GTCTAGTGGCAGTGGA
TCAGGCACACAGTTTTC
TCTCAAGATCAACAGC
CTACAACCAGAAGATG
TTGCAAGTCATTACTGT
CAACATCATTATAGTAC
TCCTCC

NOD.IGK. 161191

Supercont | L-Part2 Leader | TCTCAGATGACAGATGT 3 1611934

igA

NOD.IGK.
CACAGGGATACAGACA |161951

%l;\percont 1619546 |RSS AGAACAAGAAGCC 9 1619546
GAAATTGTGCTCATTAA
GTCTTCAACAATCATGG
CTGCATCTCCAGGGGA
GAAGGTCACTATCACC
TGCAGTGTCAGCTCAA
GTGTAAGTTCCAGCTA
CTAGCACTGGTACCAG

NODIGK. | 5kva 3 COGCOAMCTOTGGAT | 161954

%{;\percont P V-Gene TTATGGCTCATTCAACC |7 1619838
TGGCTTCTGAAGTTCCA
GCTCACTTCAGTGGTA
GTGGGTCTGGGACCTC
TTGCTCTCTCACAATCA
GCAGCATGGAAGCTGA
AGGTGCTGCCACTTATT
ACTGCCAGCAGGTTAC
TTGTTCCCTACCCA

NOD.IGK.

Supercont | L-Part2 Leader I\CATAGGGTCCAGTGG ;61983 1619855

igA

NOD.IGK. ATGAATTTTCATGTGCA 162003

Supercont | L-Part1 Leader |GATTTTCAGCTTCATGC 1 1620079

igA TTATCAGTGTCACAG

NOD.IGK. 164010

Supercont | L-part2 Leader |GCCTGATATGT 7 1640117

igA

NOD.IGK.
CACAGTGATACAGACT [165470

%l;\percont 1654732 |RSS GGAACAAAAAAC 5 1654732
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NOD.IGK.
Supercont
igA

IGKV4.9

V-Gene

GAAAATGTTCTCACCCA
GTCTCCAGCAATCATGT
CTGCATCTCCAGGGGA
GAAGGTCACCATGACC
TTCAGTGCCAGCTCAA
GTGTAAGTTACATGCAC
TGGTACCAGCAGAAGT
CAGGCACCTCCCCAAA
ACTCTGGATTTATGACA
CATCCAAACTGGCTTCT
GGAGTCCCAGGTATCT
TCAGTGGCAGTGGGTC
TGGAAACTCTTACTCTC
TCACGATCAGCAGCAT
GGAGGCTGAAGATGTT
GCCACTTATTACTGCTT
TCAGGGGAGTGGGTAC
CCACTCA

165473
3

1655018

NOD.IGK.
Supercont
igA

L-Part2

Leader

TCATAATGTCCAGAGG
A

165501
9

1655035

NOD.IGK.
Supercont
igA

L-Part1

Leader

ATGGATTTTCAGGTGCA
GATTTTCAGCTTCCTGC
TAATCAGTGCCTCAG

165521
3

1655261

NOD.IGK.
Supercont
igA

1434717

RSS

CACAGTGATACAGACT
GGAACAAAAACC

167847
0

1678497

NOD.IGK.
Supercont
igA

IGKV4 4.
P

V-Gene

CAAATTGTTCTCACCCA
GTCTCCAGCAATCATGT
CTGCATCTCCAGGGGA
GAAGGTCACCATGACC
TGCAGTGCCAGCTCAA
GTGTAAGTTACATGTAC
TGGTACCAGCAGAAGC
CATGATCCTCCCCCAG
ACTCTGGATTTATGACA
CATCCAACCTGGCTTCT
GGAGTCCCTGCTCGCT
TCAGTGGCAGTGTGTC
TGGGACGTCTTATTCTC
TCACAATCAGCAGCAT
GGAGGCTGAAGATGCT
GCCACTTATTACTGCCA
GCAGTGGAGTAGTAAC
CAACCCA

167849
8

1678783
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NOD.IGK.

Supercont |L-Part2 | Leader | “ATACTCTCCAGAGS 1767878 14674800

igA

NOD.IGK. ATGGATTTTCAAGTGCA | e

Supercont |L-Part! | Leader |GATTTTCAGCTTCCTGC || 1679024

A TAATCAGTGCCTCAG

gOD"GK't 1434717 |Rgg |CACAGTGATACAGACT |169436 | 0 oo

ig‘/‘femo” GGAACAAAAACC 2
CAAATTGTTCTCACCCA
GTCTCCAGCAATCATGT
CTGCCTCTCCAGGGGA
GAAGGTCACCATGACC
TGCAGTGCCAGCTCAA
GTGTAAGTTCCAGGTA
CTTGCACTGGTACCAG

NOD.IGK. gé%ééﬂ%?c?ﬁggg 169439

%l;\percont IGKV4.10 | V-Gene TTATGGCACATCCAACC | 0 1694681
TGGCTTCTGGAGTCCC
TGCTCGCTTCAGTGGC
AGTGGGTCTGGGACCT
CTTACTCTCTCACAATC
AGCAGCGTGGAGGCTG
AAGATGCTGCCACTTAT
TACTGCCAGCAGTATC
ATAGTGACCCACCCA

NOD.IGK.

Supercont |L-Part2 | Leader XCATAATGACCAGAGG ;69468 1694698

igA

NOD.IGK. ATGGATTTTCAAGTGCA | o as

Supercont | L-Part1 Leader |[GATTTTCAGCTTCTTGC 5 1694933

oA TGATCAGTGCCTCAG

gOD"GK't 71166 |Rss | CACAGTGGTACAAGCA 171413 | . .

ig‘/‘fercon ATGACATAAATC 9
GACATCCAGATGACTC
AGTCTCCAGCCTCCCC
TATATGCATCTCTGGGA

NOD.IGK. GAAAGTGTCACCATCA

Sumaroont |IBKV125.|\, . | CATGTCAAGCAAGTGA | 171416 | 121y

o P GAATATTGACAATTATT |7
TATCATGGTATCAGCAA
AAACCAAGGAAATCTC
CTCAGCCCCTGATCAA
TTATACAACCAGCTTGG
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CAGATGGGGTTCCATC

AAGGTCTAGTGGCAGT
GGATCAGGCACACAGT
TTTCTCTCAAGATTAAC
AACCTGCAAACAGAAG
AAGTTATTACTGTCAAC
ATCATTATAGTACTCCT
CcC

NOD.IGK. 171444

Supercont | L-part2 Leader |ATGCCAGATGT 8 1714458

igA

NOD.IGK. ATGAGTTTACCCACTCA 171458

Supercont | L-Part1 Leader |ACTCCAGGGGTTGCTG 5 1714630

igA CTGCTGTGGCTTACAG

OO | 210 |Rss | CACAGGGATACAGACT |172818 | oo o

ig‘/‘fe co AGAGCAAGAACC 3
GAAATTGTGCTCATTCA
GTCTTCAACAATCATGG
CTGCATCTCCAGGGGA
AAAGGTCACCATGACC
TGCAGTGCGAGCTCAA
GTGTAAGTTCCAGCTA
CTTGCACTTGTACCAG

NOD.IGK. TCCCCAARTTCTGGATT | 17262

%l;\percont IGKV4.11 | V-Gene TATGGCATATCCAACCT | 1 1728502
GGCTTCTGGAGTCCCT
GTTCGCTTCAATGGCA
GTGGGTCTGGGACCTC
TTACTCTCTCACAATCA
GCAGCATGGAGGCTGA
AGATGCTGCCTCTTATT
ACTGCCAGCAGGTTAC
TAGTTCCCTACCCA

NOD.IGK.

Supercont | L-Part2 Leader I\CATAGGGTCCAGTGG :1372850 1728519

igA

NOD.IGK. ATGAATTTTCATGTGCA 172869

Supercont | L-Part1 Leader |GATTTTCAGCTTCATGC 5 1728743

igA TTATCAGTGTCACAG

NOD.IGK. 175693

Supercont | L-Part2 Leader |GCTTTATATGT 1 1756941

igA
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NOD.IGK.
Supercont
igA

IGKV13.3.
P

V-Gene

GACATCCAGATGACAC
AATCTCCATCCTCCTTG
TCTGTATCTCTAGGAGA
CAGAGTCACCATTTCTT
GCAGGCCAGATGAGGG
TATTAATGATTGGTGAG
CCTGATTTCAGTAGAAA
CCAGGGAATGTTCCTA
AACTCCTAATATACCAT
TCTATAAGTGTGAAATC
TGGAGTTCCTTCAAGG
TTCAGTGGCAGTGAATT
TGGGAAAGATTTTACTC
TTACTGTTAACAAACTG
CAGTGTGAAAATATTGC
TACTTATTACTGACAAC
AGTATTTTTGTATAACT
AC

175694
2

1757228

NOD.IGK.
Supercont
igA

1422831

RSS

CACAATGAAACAAGCC
ATGACAAAAACT

175722
9

1757256

NOD.IGK.
Supercont
igA

1365663

RSS

CACAGTGATACAGACT
GGAACAAAAACT

177800
2

1778029

NOD.IGK.
Supercont
igA

IGKV4.12

V-Gene

CAAATTGTTCTCACCCA
GTCTCCAGCAATCATGT
CTGCATCTCCAGGGGA
GAAGGTCACCATGACC
TGCAGTGCCAGCTCAA
GTGTAAGTTACATGTAC
TGGTACCAGCAGAAGC
CAGGATCCTCCCCCAG
ACTCTGGATTTATGACA
CATCCAACCTGGCTTCT
GGAGTCCCCGCTCGCT
TCAGTGGCAGTAGGTC
TGGGACCTCTTATTCTC
TCACAATCAGCAGCAT
GGAGGCTGAAGATGCT
GCCACTTATTACTGCCA
TCAGCGGAGTAGTTAC
CCA

177803
0

1778311

NOD.IGK.
Supercont
igA

L-Part2

Leader

TCATACTGTCCAGAGG
A

177831
2

1778328
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NOD.IGK.

ATGGATTTTCAAGTGCA

Supercont|L-Part! | Leader |GATTTTCAGCTTCCTGC ;77850 1778553

igA TAATCAGTGCCTCAG

g'OD'r'Gft 1530320 |Rsg | CACAGTGATACAGACT |179191 | 0.0~

ig‘/‘fe co AGAACAAAAACC 5
CAAATTGTTCTCACCCA
GTCTCCAGCAATCATGT
CTGCATCTCCAGGGGA
GAAGGTCACCATGACA
TGCAGTGCCAGCTCAA
GTGTAAGTTACATGCAC
TGGTACCAGCAGAAGT

NOD.IGK. ACOATGGATTTATOAMA | 170104

%l;\percont IGKV4.13 | V-Gene TATCCAAACTGGCTTCT |3 1792224
GGAGTCCCAGCTCGCT
TCAGTGGCAGTGGGTC
TGGGACCTCTTATTCTC
TCACAATCTGCAGCAT
GGAGGCTGAAGATGCT
GCCACTTATTACTGCTA
TCAGTGGAGTAGTTAC
CCA

NOD.IGK.

Supercont |L-Part2 | Leader /ICATACTGTCCAGAGG ;79222 1792241

igA

NOD.IGK. ATGGATTTTCAAGTGCA | -

Supercont |L-Part! | Leader |GATTTTCAGCTTCCTGC | 1792465

oA TAATCAGTGCCTCAG

gOD'r'Gft 1530320 |Rss | CACAGTGATACAGACT (180952 | oo

ig‘/‘fe co AGAACAAAAACC 8
CAAATTGTTCTCACCCA
GTCTCCAGCAATCATGT
CTGCATCTCCAGGGGA
GAAGGTCACCATGACA
TGCAGTGCCAGCTCAA

NOD.IGK. GTGTAAGTTACATGCAC | (o0

Supercont | IGKV4.14 |V-Gene | TGGTACCAGCAGAAGT 6 1809837

igA CAGGCACCTCCCCCAA
AAGATGGATTTATGACA
CATCCAAACTGGATTCT
GGAGTCCCTGCTCGCT
TCAGTGGCAGTGGGTC
TGGGACCTCTTATTCTC
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TCACAATCAGCAGCAT

GGAGGCTGAAGATGCT
GCCACTTATTACTGCTA
TCAGTGGAGTAGTTAC
CCA

NOD.IGK.

Supercont | L-Part2 Leader I\CATAATGTCCAGAGG ;80983 1809854

igA

NOD.IGK. ATGGATTTTCAAGTGCA 181003

Supercont | L-Part1 Leader |GATTTTCAGCTTCCTGA 2 1810080

igA TAATCAGTGCCTCAG

gOD'rlGﬁ't 1410559 |RSS CACAGTGATACAGACT (182709 1827126

ig‘/‘fe co AGAACAAAAACT 9
GAAATTGTGCTCACCC
AGTCTCCAGCACTCAT
GGCTGCATCTCCAGGG
GAGAAGGTCACCATCA
CCTGCAGTGTCAGCTC
AAGTATAAGTTCCAGCA
ACTTACACTGGTACCA

NOD.IGK TOCCCCAACCOTGGA | 182712

%l;\percont IGKV4.15 | V-Gene TTTATGGCACATCCAAC |7 1827418
CTTGCTTCTGGAGTCC
CTGTTCGCTTCAGTGG
CAGTGGATCTGGGACC
TCTTATTCTCTCACAAT
CAGCAGCATGGAGGCT
GAAGATGCTGCCACTT
ATTACTGTCAACAGTGG
AGTAGTTACCCACCCA

NOD.IGK. 182741

Supercont | L-Part2 Leader | TCATATTGTCCAGTGGA 9 1827435

igA

NOD.IGK. ATGGATTTTCATGTGCA 182760

Supercont | L-Part1 Leader |GATTTTCAGCTTCATGC 9 1827657

igA TAATCAGTGTCACAG

gOD'r'Gft 1434717 |rss | CACAGTGATACAGACT |185670 | o o

i g‘/‘fe co GGAACAAAAACC 9
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NOD.IGK.
Supercont
igA

IGKV4.16

V-Gene

GAAATTGTGCTCACCC
AGTCTCCAGCACTCAT
GGCTGCATCTCCAGGG
GAGAAGGTCACCATGA
CCTGCAGTGCCAGCTC
AAGTGTAGGTTCCAGTT
ACTTGCACTGGTACCA
GCAGAAGTCAGGAGCC
TCCCCCAAACTCTGGA
TTTACGGCACATCCAAC
CTGGCTTCTGGAGTCC
CTGCTTGCTTCAGTGG
CAGTGGGTCTGGGACC
TCTTACTCTCTCACAAT
CAGCAGCGTGGAGGCT
GAAGATGATGCAACTTA
TTACTGCCAGCAGGGG
TGGGATTACCCACCCA

185673
7

1857028

NOD.IGK.
Supercont
igA

L-Part2

Leader

TCGTAATGTCCAGAGG
A

185702
9

1857045

NOD.IGK.
Supercont
igA

L-Part1

Leader

ATGGATTTACAGGTGC
AGATTATCAGCTTCCTA
CTAATCAGTGCCTCAG

185722
1

1857269
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Supplemental Table 7. BALB/cByJ genes present in BALB/cByJ-IGH congenic

line.

mm9 mm9 Gene Symbol |Gene Description

Chromosome |Chromosome

12 Start 12 End

Position Position

112278008 112351597 Rcor1 REST corepressor 1

112404758 112505359 Traf3 TNF receptor-associated
factor 3 isoform a

112509321 112514637 Amn protein amnionless precursor

112522972 112532199 AK039023 Mus musculus adult male
diencephalon cDNA, RIKEN
full-length enriched library,
clone:9330195H18
product:unclassifiable, full
insert sequence.

112531182 112615929 Cdc42bpb serine/threonine-protein kinase
MRCK beta

112531182 112533527 mKIAA1124 Mus musculus mRNA for
mKIAA1124 protein.

112645019 112650288 A230065H16Rik | hypothetical protein
LOC380787

112655640 112669394 1200009106Rik |SECG6-like protein C140rf73
homolog

112680871 112693229 Tnfaip2 tumor necrosis factor alpha-
induced protein 2

112688615 112737833 AK080484 Mus musculus 7 days neonate
cerebellum cDNA, RIKEN full-
length enriched library,
clone:A730046110
product:tumor necrosis factor,
alpha-induced protein 2, full
insert sequence.

112722819 112724034 Gm266 hypothetical protein
LOC212539

112776311 112784964 Eif5 eukaryotic translation initiation

factor 5
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112779156

112779277

Snora28

Mus musculus small nucleolar
RNA, H/ACA box 28
(Snora28), small nucleolar
RNA.

112810531

112812613

AK012841

Mus musculus 10, 11 days
embryo whole body cDNA,
RIKEN full-length enriched
library, clone:2810029C07
product:unclassifiable, full

insert sequence.

112812720

112894438

Mark3

MAP/microtubule affinity-
regulating kinase 3

112907565

112910549

Ckb

creatine kinase B-type

112916315

112922113

Trmt61a

tRNA (adenine-N(1)-)-
methyltransferase catalytic

112947703

112951467

Bagb

BAG family molecular
chaperone regulator 5

112951479

112972435

2810002N0O1Rik

apoptogenic 1 isoform 2

112997059

113044986

Klc1

kinesin light chain 1 isoform
1D

113041403

113052052

Xrcc3

DNA repair protein XRCC3

113052480

113066287

Zfyve21

zinc finger FYVE domain-
containing protein 21

113066668

113146266

Ppp1r13b

apoptosis-stimulating of p53
protein 1

113180201

113182693

5033406009Rik

Mus musculus 11 days
pregnant adult female ovary
and uterus cDNA, RIKEN full-
length enriched library,
clone:5033406009
product:unclassifiable, full
insert sequence.

113199586

113205188

2010107E04Rik

6.8 kDa mitochondrial
proteolipid

113209769

113307065

Tdrd9

putative ATP-dependent RNA
helicase TDRD9

113217533

113219066

BC048943

hypothetical protein
LOC217874

113344893

113365784

Aspg

60 kDa lysophospholipase
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113347448

113347533

Mir3073

Mus musculus microRNA 3073
(Mir3073), microRNA.

113369090

113369166

Mir203

Mus musculus microRNA 203
(Mir203), microRNA.

113384418

113419958

Kif26a

kinesin-like protein KIF26A

113629736

113644023

AK054515

Mus musculus 2 days
pregnant adult female ovary
cDNA, RIKEN full-length
enriched library,
clone:E330021B06
product:unclassifiable, full
insert sequence.

113649233

113661409

A730018C14Rik

Mus musculus 7 days neonate
cerebellum cDNA, RIKEN full-
length enriched library,
clone:A730018C14
product:hypothetical protein,
full insert sequence.

113727658

113738138

A530016L24Rik

transmembrane protein
C140rf180 homolog

113738394

113749371

Tmem179

transmembrane protein 179

113826994

113853768

Inf2

inverted formin-2

113858257

113879566

Adssl1

adenylosuccinate synthetase
isozyme 1

113883038

113887363

Siva1

apoptosis regulatory protein
Siva isoform 1

113892031

113912487

Akt1

RAC-alpha serine/threonine-
protein kinase

113917050

113920958

Zbtb42

zinc finger and BTB domain-
containing protein

113960384

113984802

AW555464

hypothetical protein
LOC217882

113998865

114007197

Pld4

phospholipase D4

114010404

114013851

Ahnak2

SubName: Full=AHNAK
nucleoprotein 2; SubName:
Full=Putative uncharacterized
protein;
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114023208 114040868 Ahnak2 SubName: Full=Putative
uncharacterized protein; Flags:
Fragment;

114047185 114054456 BC022687 hypothetical protein
LOC217887

114058445 114067600 Cdca4 cell division cycle-associated
protein 4

114089086 114099127 Gpr132 probable G-protein coupled
receptor 132

114146800 114167706 Jag?2 protein jagged-2 precursor

114172943 114180329 Nudt14 uridine diphosphate glucose
pyrophosphatase

114198072 114238832 Brf1 transcription factor I111B 90 kDa
subunit

114214773 114217151 Btbd6 BTB/POZ domain-containing
protein 6 isoform 1

114252718 114312612 Pacs2 phosphofurin acidic cluster
sorting protein 2

114312712 114327125 Tex22 testis expressed gene 22

114336488 114375417 Mta1 metastasis-associated protein
MTA1

114378446 114383717 Crip2 cysteine-rich protein 2

114390222 114392090 Crip1 cysteine-rich protein 1

114394631 114403669 4930427A07Rik | hypothetical protein
LOC104732

114424113 114427733 Tmem121 transmembrane protein 121

114493109 114666777 Igh-A (1g2) RecName: Full=lg alpha chain
C region;

114498399 117248164 abParts Parts of antibodies, mostly
variable regions.

114509390 114511358 J00476 RecName: Full=Ilg epsilon
chain C region;

114525497 114667344 Igh RecName: Full=lg gamma-2A

chain C region secreted form;
AltName: Full=B allele;
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114563456

114577593

Ighg1

RecName: Full=Ilg gamma-1
chain C region, membrane-
bound form;

114594433

114604628

Al324046

SubName: Full=MFLJ00385
protein; Flags: Fragment;

114727775

114730046

Adam6b

a disintegrin and
metalloproteinase domain

114782118

114784625

Adamb6a

a disintegrin and
metalloprotease domain 6

115693838

115694294

Igh

Mus musculus immunoglobulin
heavy chain complex, mRNA
(cDNA clone MGC:68276
IMAGE:3489841), complete
cds.

115802787

115803099

U39293

Mus musculus clone H246
monoclonal autoantibody
heavy chain variable region
mMRNA, partial cds.

116960143

116960166

AB345949

AB345949

117285934

117299062

Zfp386

zinc finger protein 386
(Kruppel-like) isoform

117316195

117384734

Vipr2

vasoactive intestinal
polypeptide receptor 2

117341264

117377121

AK080151

Mus musculus mRNA for
Bmh1 transcript.

117445522

117501498

Wdr60

WD repeat-containing protein
60

117519694

117611571

Esyt2

extended synaptotagmin-2

117640419

117643634

D430020J02Rik

Mus musculus 13 days
embryo lung cDNA, RIKEN
full-length enriched library,
clone:D430020J02
product:similar to ENVELOPE
PROTEIN (FRAGMENT)
[Friend spleen focus-forming
virus], full insert sequence.

117643874

117702004

Ncapg?2

condensin-2 complex subunit
G2
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117724192

118516640

Ptprn2

receptor-type tyrosine-protein
phosphatase N2

117980520

117995690

AKO076914

Mus musculus adult male
testis cDNA, RIKEN full-length
enriched library,
clone:4930550J05
product:unclassifiable, full
insert sequence.

118382995

118389742

Gm10421

Mus musculus adult male
hypothalamus cDNA, RIKEN
full-length enriched library,
clone:A230083A21
product:hypothetical protein,
full insert sequence.

118489289

118489358

Mir153

Mus musculus microRNA 153
(Mir153), microRNA.

118521065

118575495

AK039060

Mus musculus adult male
hypothalamus cDNA, RIKEN
full-length enriched library,
clone:A230091C17
product:unclassifiable, full
insert sequence.

118754951

118995451

Rapgef5

rap guanine nucleotide
exchange factor 5

119082333

119117179

Cdca7l

cell division cycle-associated
7-like protein

119116454

119437516

Dnahc11

dynein, axonemal, heavy chain
11

119473405

119539913

Sp4

transcription factor Sp4
isoform 1

120084801

120091051

Sp8

transcription factor Sp8

120106296

120204894

Abcb5

ATP-binding cassette, sub-
family B (MDR/TAP),

120401275

120476749

ltgb8

integrin beta-8

120681882

120705405

Macc1

metastasis associated in colon
cancer 1
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Supplemental Table 8. NOD/ShiLtJ genes present in NOD/ShiLtJ-IGK congenic

line.

mm9 mm9 Gene Symbol Gene Description

Chromoso |[Chromoso

me 6 Start |me 6 End

Position Position

38237393 (38249259 |Zc3hav1l zinc finger CCCH-type
antiviral protein 1-like

38249034 38253791 |AK137583 Mus musculus adult male
bone cDNA, RIKEN full-
length enriched library,
clone:9830147F01
product:unclassifiable, full
insert sequence.

38260496 38304603 |Zc3hav1 zinc finger CCCH-type
antiviral protein 1

38331523 38377647 |Ttc26 tetratricopeptide repeat
protein 26

38383037 38383783 |BC099561 Mus musculus adult male
testis cDNA, RIKEN full-
length enriched library,
clone:1700021L22
product:unclassifiable, full
insert sequence.

38383924 (38462763 |Ubn2 ubinuclein-2

38484860 (38489449 |1110001J03Rik formation of mitochondrial
complexes 1 homolog

38501443 (38559470 |Luc7I12 putative RNA-binding
protein Luc7-like 2 isoform

38502518 38504037 |AK015545 Mus musculus adult male
testis cDNA, RIKEN full-
length enriched library,
clone:4930471C18
product:unclassifiable, full
insert sequence.

38576659 38587239 |Klrg2 killer cell lectin-like receptor

subfamily G
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38613068

38630864

Clec2|

C-type lectin domain family
2 member L

38647838

38826189

Hipk2

homeodomain-interacting
protein kinase 2 isoform

38668833

38692699

AKO076827

Mus musculus adult male
testis cDNA, RIKEN full-
length enriched library,
clone:4930417C18
product:unclassifiable, full
insert sequence.

38868984

39034578

Tbxas1

thromboxane-A synthase

39036410

39068348

Parp12

poly [ADP-ribose]
polymerase 12

39068471

39098311

AK016417

Mus musculus adult male
testis cDNA, RIKEN full-
length enriched library,
clone:4930599N23
product:hypothetical
protein, full insert
sequence.

39086618

39156772

Jhdm1d

lysine-specific demethylase
7

39284769

39327706

Slc37a3

sugar phosphate
exchanger 3

39331426

39340378

Rab19

ras-related protein Rab-19

39347819

39370368

Mkrn1

E3 ubiquitin-protein ligase
makorin-1

39370376

39371293

AnMKRN1

Mus musculus AnMKRN1
mRNA for hypothetical
protein, complete cds.

39412376

39507833

Dennd2a

DENN domain-containing
protein 2A

39477520

39494484

AK047163

Mus musculus 10 days
neonate cerebellum cDNA,
RIKEN full-length enriched
library, clone:B930030E13
product:unclassifiable, full
insert sequence.

39523874

39538768

Adck2

aarF domain containing
kinase 2
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39542581 |39549470 |Ndufb2 NADH dehydrogenase
[ubiquinone] 1 beta

39553236 39675462 |Braf serine/threonine-protein
kinase B-raf

39751806 39760935 |Mrps33 28S ribosomal protein S33,
mitochondrial isoform

40060251 40198352 |Gm5567 hypothetical protein
LOC434008

40275476 |40346761 |Agk acylglycerol kinase,
mitochondrial precursor

40357496 40386132 |E330009J07Rik protein LCHN

40392861 [40416814 |Wee2 wee1-like protein kinase 2

40421413 |40428586 |Ssbp1 single-stranded DNA-
binding protein,

40441236 |40442238 |Tas2r137 taste receptor type 2
member 3

40443590 [40444484 |Tas2r108 taste receptor type 2
member 4

40464822 40469507 |Prss37 probable inactive serine
protease 37 precursor

40494034 (40494976 |Olfr461 olfactory receptor 461

40521386 40522331 |Olfr460 olfactory receptor 460

40524896 40535804 |[Clecba C-type lectin domain family
5 member A isoform

40562313 |40563309 |Tas2r138 taste receptor type 2
member 38

40578829 40719122 |[Mgam maltase-glucoamylase

40828792 40837493 |Moxd2 DBH-like monooxygenase
protein 2 precursor

40841227 |40841886 |AF479018 RecName: Full=T-cell
receptor beta chain V
region E1; Flags:
Precursor;

40845260 (40850386 |[BC048599 putative trypsin-X3
precursor

40870458 |40890556 [1700074P13Rik trypsin X5
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40914770

40918426

1810009J06Rik

RIKEN cDNA 1810009J06

40945820

40949478

Gm2663

trypsinogen 4

40980266

40985508

2210010C04Rik

trypsinogen 7

40997338

40997994

TCRB

Mus musculus T-cell
receptor beta chain (TCRB)
mMRNA, partial cds.

40998296

40998823

TCRB

Mus musculus T-cell
receptor beta chain (TCRB)
mMRNA, partial cds.

41009392

41009878

TCR
BV10S1A2Dbeta1Jbet
a2.1

Mus musculus T cell
receptor beta chain (TCR
BV10S1A2Dbeta1Jbeta2.1)
mMRNA, partial cds.

41012342

41013101

TCRB5-2

RecName: Full=T-cell
receptor beta chain V
region A20.2.25; Flags:
Precursor;

41063548

41064066

TRB

Mus musculus clone
TCRB12-1-1lung T-cell
receptor beta chain mRNA,
partial cds.

41066008

41066461

TCRB13-1-1

Mus musculus clone 14511
T cell receptor beta V-D-J
region mRNA, partial cds.

41068862

41071846

TCRBVbetab.1/Jbeta1.
)

SubName: Full=Beta-chain;
Flags: Precursor;
Fragment;

41080145

41080583

TCRB13-3-3

RecName: Full=T-cell
receptor beta chain V
region C5; Flags:

Precursor; Fragment;

41085165

41085609

Terb

Mus musculus T cell
receptor V13D2J2.5 beta
chain mRNA, partial cds.

41089320

41483908

TCRB

Mus musculus clone
114908252830411G T-cell
receptor beta chain (TCRB)
mMRNA, partial cds.

41091186

41091661

BV12S511J2S3

Mus musculus T-cell
receptor beta chain VJ
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region (BV12S11J2S3)
mMRNA, partial cds.

41093745

41493500

212226

M.musculus rearranged T-
cell receptor beta chain
Vbeta8 repertoire (VDJ).

41101172

41102227

TCR-beta chain

RecName: Full=T-cell
receptor beta chain V
region CTL-F3; Flags:
Precursor;

41113060

41113551

TCRB

Mus musculus T cell
receptor Vb9 chain mRNA,
partial cds.

41128744

41497103

TCR-beta chain

RecName: Full=T-cell
receptor beta-1 chain C
region;

41138277

41138976

TRB

Mus musculus clone MR3.3
T-cell receptor beta chain
mMRNA, partial cds.

41168089

41168557

u07657

Mouse T-cell beta-chain
receptor variable region V-
beta-17.

41174067

41493405

TCRB

Mus musculus clone
115255110649604F T-cell
receptor beta chain (TCRB)
mMRNA, partial cds.

41177694

41488591

H4

RecName: Full=T-cell
receptor beta-1 chain C
region;

41221423

41221873

TRB

RecName: Full=T-cell
receptor beta chain V
region PHDS203; Flags:
Precursor; Fragment;

41231394

41231984

TCRB

Mus musculus T-cell
receptor beta chain (TCRB)
mMRNA, partial cds.

41252270

41255532

trypsin 4

41261230

41264709

trypsin 5

41304103

41307943

trypsin 10

41323757

41327612

mesotrypsin
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41342354 (41347255 |Gmb5771 trypsinogen 12

41365305 (41369592 |Gm5409 Try10-like trypsinogen

41392212 41396096 |Gm10334 mesotrypsin-like

41408928 41413785 |Prss1 protease, serine, 1

41471774 41475078 |Prss2 anionic trypsin-2 precursor

41483110 |41483210 |TCRB Mus musculus T-cell
receptor beta chain mRNA,
partial sequence.

41483862 (41487582 |H4 Mus musculus T cell
receptor beta chain, minor
H4 antigen graft infiltrating
CDRa3 region B6.19 u2,
mMRNA, partial cds.

41492087 41493270 |TCR-beta chain Mus musculus TCR-beta
chain mRNA for T cell
receptor beta chain,
complete cds.

41507696 [41508364 |Gm16809 SubName: Full=V-beta 14
segment; Flags: Precursor;
Fragment;

41555480 |41570506 |Ephb6 ephrin type-B receptor 6

41570617 |41586404 |Trpv6 transient receptor potential
cation channel

41602768 41630722 |Trpvd transient receptor potential
cation channel

41634429 (41635716 |1700034015Rik hypothetical protein
LOC76606 precursor

41636328 (41654324 |Kel kell blood group
glycoprotein homolog

41721351 [41722296 |OIfr459 olfactory receptor 459

41797547 41802061 Pip prolactin-inducible protein
homolog precursor

41810337 |41814321 |Sval2 seminal vesicle antigen-like
2

41901626 (41906097 |Svall seminal vesicle antigen-like

1
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41918138 41923089 |Sval3 seminal vesicle antigen-like
3

41988392 41992850 |Sva seminal vesicle antigen

42090934 42091894 |Tas2r139 taste receptor type 2
member 39

42165326 |42166286 |Tas2r144 taste receptor type 2
member 40

42195933 42200440 |Gstk1 glutathione S-transferase
kappa 1

42211968 42214554 |Tmem139 transmembrane protein 139

42215037 42232495 |Casp2 caspase-2

42236683 42264655 |(Clcn1 chloride channel protein 1

42265310 [42274639 |Fam131b hypothetical protein
LOC76156 isoform a

42278711 42300861 |AK081414 Mus musculus 16 days
embryo head cDNA, RIKEN
full-length enriched library,
clone:C130015E19
product:unclassifiable, full
insert sequence.

42299826 42308394 |Zyx zyxin

42308485 42323267 |Epha1 ephrin type-A receptor 1
precursor

42320669 (42330554 |AK008560 Mus musculus adult male
small intestine cDNA,
RIKEN full-length enriched
library, clone:2010310C07
product:unclassifiable, full
insert sequence.

42350236 42351118 |Tas2r143 taste receptor type 2
member 143

42355527 42356493 |Tas2r135 taste receptor type 2
member 135

42384533 42385460 |Tas2r126 taste receptor type 2
member 41

42410074 42411016 |OIfr458 olfactory receptor 458

42421233 (42422175 |Olfr4d57 olfactory receptor 457
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42436161 42437213 | OIfr456 olfactory receptor 456

42488065 (42489019 |OIfr455 olfactory receptor 455,
pseudogene 1

42537211 42547371 Fam115e experimental autoimmune
prostatitis antigen 2

42573041 42595040 |Fam115c hypothetical protein
LOC232748

42622545 42643058 |Fam115a hypothetical protein
LOC77574

42694037 42694991 |OIfr453 olfactory receptor 453

42712052 42713006 |OIfr38 olfactory receptor 38

42740039 (42740993 |OIfr452 olfactory receptor 452

42767471 42768404 | OIfr450 olfactory receptor 450

42787881 42788817 |OIfr449 olfactory receptor 449

42846451 42847384 |OIfr448 olfactory receptor 448

42861523 42862456 |OIlfrd47 olfactory receptor 447

42877231 42878158 |OIlfr446 olfactory receptor 446

42905498 42906431 Olfr444 olfactory receptor 444

43017306 43045581 |Olfr446 Mus musculus olfactory
receptor 446, mRNA (cDNA
clone IMAGE:30251255),
complete cds.

43031513 43031707 |IgK Mus musculus 375.3
monoclonal anti-DNA IgM
kappa-chain variable region
mMRNA, partial cds.

43031714 |43031818 |IgK Mus musculus 375.3
monoclonal anti-DNA IgM
kappa-chain variable region
mMRNA, partial cds.

43065742 43066675 |Olfr441 olfactory receptor 441

43103305 (43104238 |OlIfr237-ps1 olfactory receptor 438

43112452 43122315 |AK006308 Mus musculus adult male

testis cDNA, RIKEN full-
length enriched library,
clone:1700024N05
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product:unclassifiable, full
insert sequence.

43117058

43117991

Olfr437

olfactory receptor 437

43123986

43124919

OIfr13

olfactory receptor 13

43151644

43152586

OIfr435

olfactory receptor 435

43166913

43167879

Olfr434

olfactory receptor 434

43185608

43186574

Olfr47

olfactory receptor 47

43215642

43239319

Arhgef5

Rho guanine nucleotide
exchange factor (GEF) 5

43253672

43259553

Nobox

homeobox protein NOBOX

43295005

43616174

Tpk1

thiamin pyrophosphokinase
1

45010059

47251370

Cntnap2

contactin-associated
protein-like 2 isoform a

47092053

47095304

AK018905

Mus musculus adult male
testis cDNA, RIKEN full-
length enriched library,
clone:1700083J10
product:unclassifiable, full
insert sequence.

47110742

47114232

AK018905

Mus musculus adult male
testis cDNA, RIKEN full-
length enriched library,
clone:1700083J10
product:unclassifiable, full
insert sequence.

47381782

47382132

AK211659

Mus musculus cDNA,
clone:Y2G0122H09,
strand:plus,
reference:ENSEMBL:Mous
e-Transcript-
ENST:ENSMUST00000023
813, based on BLAT
search.

47404322

47476138

Cul1

cullin-1

47480272

47545029

Ezh2

histone-lysine N-
methyltransferase EZH2
isoform
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47604919 47702924 |Rn4.5s Mus musculus 0 day
neonate thymus cDNA,
RIKEN full-length enriched
library, clone:A430093118
product:4.5S RNA, full
insert sequence.

47746139 |47763511 Pdiad protein disulfide-isomerase
A4

47753574 |47753651 Mir704 Mus musculus microRNA
704 (Mir704), microRNA.

47769264 (47780504 |Zfp786 zinc finger protein 786

47785659 (47818256 |Zfp398 zinc finger protein 398
isoform 1

47827553 (47858483 |Zfp282 zinc finger protein 282

47870566 (47882636 |Zfp212 Zinc finger protein 212
isoform 1

47893173 47898145 |Zfp783 SubName: Full=Putative
uncharacterized protein
ENSMUSP00000110236;

47903388 (47915298 |Zfp956 hypothetical protein
LOC101197

47974186 [47998113 |Zfp777 zinc finger protein 777

48012393 48036592 |Zfp746 zinc finger protein 746

48080904 (48345407 |AK158926 Mus musculus 7 days
neonate cerebellum cDNA,
RIKEN full-length enriched
library, clone:A730086M21
product:unclassifiable, full
insert sequence.

48345584 48369854 |Krba protein KRBA1

48363334 48369854 |Krbat protein KRBA1

48386611 (48395824 |Zfp467 zinc finger protein 467
isoform a

48414787 48451249 |Sspo SCO-spondin

48454337 48484831 |Zfp862 Mus musculus 10 days

neonate skin cDNA, RIKEN
full-length enriched library,
clone:4732460K03
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product:unclassifiable, full
insert sequence.

48487567

48491799

Atp6v0e2

V-type proton ATPase
subunit e 2

48504797

48520721

Lrrc61

leucine-rich repeat-
containing protein 61

48519696

48522669

Rarres2

retinoic acid receptor
responder protein 2

48539443

48540583

Gm5111

hypothetical protein
LOC330305

48543881

48549081

Repin1

replication initiator 1

48563176

48573226

Zfp775

zinc finger protein 775

48578165

48583687

Al854703

Mus musculus adult male
hypothalamus cDNA,
RIKEN full-length enriched
library, clone:A230078L20
product:weakly similar to
ZNF74=KRUPPEL-TYPE
ZINC FINGER (22
KRUPPEL-RELATED ZINC
FINGER PROTEIN)
(FRAGMENT) [Homo
sapiens], full insert
sequence.

48597359

48610874

Gimap8

GTPase IMAP family
member 8

48626133

48628703

Gimap9

GTPase, IMAP family
member 9

48634576

48642061

Gimap4

GTPase IMAP family
member 4 isoform a

48651581

48658243

Gimap6

GTPase IMAP family
member 6

48668619

48674635

Gimap7

GTPase, IMAP family
member 7

48689045

48693794

Gimap1

GTPase IMAP family
member 1

48696195

48704199

Gimap5

GTPase IMAP family
member 5
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48714462 48720850 |Gimap3 GTPase IMAP family
member 3

48783810 (48791373 |Tmem176b transmembrane protein
176B

48791654 48795512 |Tmem176a transmembrane protein
176A

48810327 |48816082 |Gm7932 SubName: Full=Putative
uncharacterized protein;

48845253 48859186 |Abp1 amiloride-sensitive amine
oxidase

48879894 48883686 |1600015110Rik diamine oxidase-like
protein 1

48925141 48928744 |DoxI2 diamine oxidase-like
protein 2

48936859 (48941723 |Svs1 seminal vesicle-secreted
protein | precursor

48986516 49008181 Gpnmb transmembrane
glycoprotein NMB
precursor

49023793 (49034716 |2410003K15Rik hypothetical protein
LOC75593

49035216 |49164953 |Igf2bp3 insulin-like growth factor 2
mRNA-binding

49193919 49214051 |Tra2a transformer-2 protein
homolog alpha

49269351 (49291580 |[Ccdc126 coiled-coil domain-
containing protein 126

49317737 49339903 |D330028D13Rik hypothetical protein
LOC231946 isoform 1

49345602 49419501 |Stk31 serine/threonine-protein
kinase 31

49772727 |49779504 |Npy neuropeptide Y precursor

50060239 |50148597 |Mpp6 MAGUK p55 subfamily
member 6 isoform a

50157401 |50211916 |Dfnab non-syndromic hearing

impairment protein 5
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50243325

50332836

Osbpl3

oxysterol-binding protein-
related protein 3

50512561

50516473

Cycs

cytochrome c, somatic

50516641

50544864

5430402013Rik

Mus musculus 6 days
neonate head cDNA,
RIKEN full-length enriched
library, clone:5430402013
product:unclassifiable, full
insert sequence.

50523302

50546589

4921507P07Rik

hypothetical protein
LOC70821

50600869

50604392

Npvf

FMRFamide-related
peptides precursor

50726113

50764893

AK043004

Mus musculus 7 days
neonate cerebellum cDNA,
RIKEN full-length enriched
library, clone:A730047D12
product:unclassifiable, full
insert sequence.

50798985

50828078

AK145307

Mus musculus mammary
gland RCB-0527 Jyg-
MC(B) cDNA, RIKEN full-
length enriched library,
clone:G930045G22
product:hypothetical
protein, full insert
sequence.

51219810

51219909

Mir148a

Mus musculus microRNA
148a (Mir148a), microRNA.

51350964

51352218

AK002748

Mus musculus adult male
kidney cDNA, RIKEN full-
length enriched library,
clone:0610033M10
product:unclassifiable, full
insert sequence.

51382668

51408767

Nfe2l3

nuclear factor erythroid 2-
related factor 3

51410433

51419893

Hnrnpa2b1

heterogeneous nuclear
ribonucleoproteins A2/B1

51420614

51433703

Cbx3

chromobox protein
homolog 3
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51473901 51540669 |Snx10 sorting nexin-10
51809163 (51962548 |Skap2 src kinase-associated
phosphoprotein 2
52105365 (52108316 |Hoxa1 homeobox protein Hox-A1
52112509 52114830 |Hoxa2 homeobox protein Hox-A2
52115672 |52119450 |5730446D14Rik SubName:
Full=5730446D14Rik
protein; SubName:
Full=MCG121171;
52119060 |52163066 |Hoxa3 homeobox protein Hox-A3
52122879 52124051 |AK142386 Mus musculus 13 days
embryo lung cDNA, RIKEN
full-length enriched library,
clone:D430032P18
product:unclassifiable, full
insert sequence.
52125215 52143019 |AK039882 Mus musculus 0 day
neonate thymus cDNA,
RIKEN full-length enriched
library, clone:A430025B13
product:unclassifiable, full
insert sequence.
52139685 |52141702 |Hoxa4 homeobox protein Hox-A4
52151122 |52163596 |2700086A05Rik Mus musculus 11 days
embryo whole body cDNA,
RIKEN full-length enriched
library, clone:2700086A05
product:unclassifiable, full
insert sequence.
52151752 52154586 |Hoxab homeobox protein Hox-A5
52156363 52158623 |Hoxab homeobox protein Hox-A6
52165622 52168572 |Hoxa7 homeobox protein Hox-A7
52174052 (52177369 |Hoxa9 homeobox protein Hox-A9
52180079 52180164 |Mir196b Mus musculus adult female

vagina cDNA, RIKEN full-
length enriched library,
clone:9930038K12
product:unclassifiable, full
insert sequence.
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52181195

52184938

Hoxa10

homeobox protein Hox-A10
isoform a

52192104

52195766

Hoxa11

homeobox protein Hox-A11

52195983

52199768

Hoxa11as

Mus musculus 8 days
embryo whole body cDNA,
RIKEN full-length enriched
library, clone:5730529017
product:homeo box A11,
opposite strand transcript,
full insert sequence.

52195983

52199768

Hoxa11as

Mus musculus 8 days
embryo whole body cDNA,
RIKEN full-length enriched
library, clone:5730529017
product:homeo box A11,
opposite strand transcript,
full insert sequence.

52208851

52210874

Hoxa13

homeobox protein Hox-A13

52212777

52217597

AK033508

Mus musculus adult male
colon cDNA, RIKEN full-
length enriched library,
clone:9030414G15
product:hypothetical
protein, full insert
sequence.

52258382

52264826

AK031498

Mus musculus 8 days
embryo whole body cDNA,
RIKEN full-length enriched
library, clone:5730457N03
product:unclassifiable, full
insert sequence.

52263491

52268372

Evx1

homeobox even-skipped
homolog protein 1

52496223

52590294

Hibadh

3-hydroxyisobutyrate
dehydrogenase,

52663722

52716773

Tax1bp1

tax1-binding protein 1
homolog

52718061

53018618

Jazf1

juxtaposed with another
zinc finger protein 1
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53171795

53176593

AK043311

Mus musculus 7 days
neonate cerebellum cDNA,
RIKEN full-length enriched
library, clone:A730083G08
product:unclassifiable, full
insert sequence.

53523367

53645826

Creb5

cyclic AMP-responsive
element-binding protein 5

53765461

53770819

Tril

TLR4 interactor with
leucine rich repeats

53768736

53818175

AK039090

Mus musculus adult male
hypothalamus cDNA,
RIKEN full-length enriched
library, clone:A230094J03
product:unclassifiable, full
insert sequence.

53823374

53928656

Cpvl

probable serine
carboxypeptidase CPVL
precursor

53928684

53968024

AKO076597

Mus musculus adult male
testis cDNA, RIKEN full-
length enriched library,
clone:4930590G02
product:unclassifiable, full
insert sequence.

53989925

54251806

Chn2

beta-chimaerin isoform 2

54096880

54100933

AK020588

Mus musculus adult male
urinary bladder cDNA,
RIKEN full-length enriched
library, clone:9530036M11
product:unclassifiable, full
insert sequence.

54195735

54229070

AK080009

Mus musculus adult male
aorta and vein cDNA,
RIKEN full-length enriched
library, clone:A530046H22
product:unclassifiable, full
insert sequence.

54219674

54380215

9130019P16Rik

Mus musculus adult male
cecum cDNA, RIKEN full-
length enriched library,
clone:9130019P16
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product:hypothetical
protein, full insert

sequence.
54277005 54280194 |Prr15 proline-rich protein 15
54402876 |54453762 |Wipf3 WAS/WASL-interacting
protein family member 3
54458809 54516376 |Scrn1 secernin-1
54501512 |54504443 |AK029418 Mus musculus 0 day
neonate head cDNA,
RIKEN full-length enriched
library, clone:4833432119
product:unclassifiable, full
insert sequence.
54527598 54543122 |Fkbp14 peptidyl-prolyl cis-trans
isomerase FKBP14
54545104 |54595816 |Plekha8 pleckstrin homology
domain-containing family A
54631765 |54650400 |2410066E13Rik hypothetical protein
LOC68235
54766909 (54840218 |Znrf2 E3 ubiquitin-protein ligase
ZNRF2
54873935 |54921655 |Nod1 nucleotide-binding
oligomerization
54935088 54942861 |Ggct gamma-
glutamylcyclotransferase
54987994 |55029498 |Gars glycyl-tRNA synthetase
55040041 |55082966 |Crhr2 corticotropin-releasing
factor receptor 2
55120620 55124984 |Inmt indolethylamine N-
methyltransferase
55153376 |55270216 |Fam188b hypothetical protein
LOC330323 isoform 1
55286292 55298549 |Aqgp1 aquaporin-1
55326288 55338524 |Ghrhr growth hormone-releasing
hormone receptor
55401973 |55451449 |Adcyapiri pituitary adenylate cyclase-

activating
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55627812 |55631257 |Neurod6 neurogenic differentiation
factor 6

55634564 55644568 |AK038589 Mus musculus adult male
hypothalamus cDNA,
RIKEN full-length enriched
library, clone:A230048G09
product:unclassifiable, full
insert sequence.

55787011 55928592 |Ccdc129 coiled-coil domain-
containing protein 129

55967508 |55982682 |Gsbs G-substrate

56019797 |56312386 |Pdeilc calcium/calmodulin-
dependent 3',5'-cyclic

56319698 |56321936 |AK076685 Mus musculus adult male
testis cDNA, RIKEN full-
length enriched library,
clone:4930414C11
product:unclassifiable, full
insert sequence.

56651056 |56654693 |Lsmb U6 snRNA-associated Sm-
like protein LSm5

56664898 56711905 |AvI9 late secretory pathway
protein AVL9 homolog

56727518 56747807 |Kbtbd2 kelch repeat and BTB
(POZ) domain containing 2

56782052 56829354 |Fkbp9 FK506 binding protein 9

56832394 |56873926 |[Nt5c3 cytosolic 5'-nucleotidase 3

56906506 56907400 |[Vmn1ird vomeronasal 1 receptor 4

56935335 56936283 |Vmn1r5 vomeronasal 1 receptor,
C19

56952348 56953260 |[Vmn1r6 vomeronasal 1 receptor 6

56974331 56975267 |Vmn1r7 vomeronasal 1 receptor 7

56985906 (56987119 |[Vmn1r8 vomeronasal 1 receptor,
C32

57020888 57021939 |Vmn1r9 vomeronasal 1 receptor,
C30

57063418 |57064354 |Vmn1ir10 vomeronasal 1 receptor, C1
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57087346 |57088246 |Vmn1ri1 vomeronasal 1 receptor, C3
57108913 57109837 |Vmn1r12 vomeronasal 1 receptor 12
57159851 |57160754 |Vmn1r13 vomeronasal 1 receptor, C5
57183432 (57184344 |Vmn1ir14 vomeronasal 1 receptor, C7
57208142 57209042 |Vmn1ir15 vomeronasal 1 receptor, C6
57272717 |57273629 |Vmn1r16 vomeronasal 1 receptor,
C29
57310460 57311372 |Vmn1ir17 vomeronasal 1 receptor 17
57339661 57340561 |Vmn1r18 vomeronasal 1 receptor 18
57354457 |57355384 |Vmn1r19 vomeronasal 1 receptor 19
57381684 57382596 |Vmn1r20 vomeronasal 1 receptor 20
57456495 57485420 |Ppm1ik protein phosphatase 1K,
mitochondrial precursor
57530985 57615130 |Herc6 hect domain and RLD 5
57634732 |57642072 |Pigy protein preY, mitochondrial
precursor
57652448 57689443 |Lancl2 lanC-like protein 2
57702257 |57775119 |Vopp1 EGFR-coamplified and
overexpressed protein
57793557 57794451 Vmn1r21 vomeronasal 1 receptor 21
57850075 57850984 |Vmn1r22 vomeronasal 1 receptor 22
57875876 |57876785 |Vmn1r23 vomeronasal 1 receptor 23
57905634 57906525 |Vmn1r24 vomeronasal 1 receptor,
c18
57928387 [57929296 |Vmn1r25 vomeronasal 1 receptor, C8
57958176 |57959196 |Vmn1r26 vomeronasal 1 receptor 26
58051720 58051773 |DQ701874 DQ701874
58165099 58166011 |Vmn1r27 vomeronasal 1 receptor 27
58215167 |58216076 |Vmn1r28 vomeronasal 1 receptor 28
58257290 58258202 |Vmn1r29 vomeronasal 1 receptor 29
58384930 58385839 |Vmn1r30 vomeronasal 1 receptor 30
58421960 58422872 |Vmn1r31 vomeronasal 1 receptor 31
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58534520

58536554

AK015257

Mus musculus adult male
testis cDNA, RIKEN full-
length enriched library,
clone:4930430M16
product:unclassifiable, full
insert sequence.

58546665

58642445

Abcg?2

ATP-binding cassette sub-
family G member 2

58783693

58870390

Herc3

hect domain and RLD 3

58855226

58857120

Nap115

nucleosome assembly
protein 1-like 5

58883529

58974496

Fam13a

family with sequence
similarity 13, member A1

59158863

59162027

Tigd2

tigger transposable
element-derived protein 2

59302454

59376284

Gprin3

G protein-regulated inducer
of neurite outgrowth

60346342

60353701

A530053G22Rik

Mus musculus adult male
aorta and vein cDNA,
RIKEN full-length enriched
library, clone:A530001F19
product:unclassifiable, full
insert sequence.

60681566

60778990

Snca

alpha-synuclein

60894310

60939372

Mmrn1

multimerin-1 isoform a

61125597

61130264

AK158619

Mus musculus 10 days
neonate cortex cDNA,
RIKEN full-length enriched
library, clone:A830012A11
product:unclassifiable, full
insert sequence.

61130318

62332857

Fam190a

hypothetical protein
LOC232035

63206850

64616273

Grid2

glutamate receptor delta-2
subunit precursor

63274665

63278435

AK029641

Mus musculus adult male
testis cDNA, RIKEN full-
length enriched library,
clone:4930419F23
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product:unclassifiable, full
insert sequence.

64679139 64681229 |Atoh1 protein atonal homolog 1
64992660 |65066043 |Smarcad1 SWI/SNF-related matrix-
associated
65067286 (65094724 |Hpgds hematopoietic
prostaglandin D synthase
65331287 |65408144 |C130060K24Rik hypothetical protein
LOC243407
65540391 |65584034 |Tnip3 RIKEN cDNA 9030611K07
65621604 65656924 |A930038CO7Rik fibronectin type-Ill domain-
containing protein
65728955 |65886371 |Prdm5 PR domain zinc finger
protein 5
65902564 |65904008 |[4930544G11Rik ras homolog gene family,
member A
66485461 66490985 |Mad2l1 mitotic spindle assembly
checkpoint protein
66502176 66509702 |Vmn1r32 vomeronasal 1 receptor 32
66561644 |66562562 |Vmn1r33 vomeronasal 1 receptor 33
66586816 66587746 |Vmn1r34 vomeronasal 1 receptor 34
66628787 66629678 |Vmn1r35 vomeronasal 1 receptor 35
66665965 |66666883 |Vmn1r36 vomeronasal 1 receptor 36
66681385 |66682294 |Vmn1r37 vomeronasal 1 receptor 37
66726215 (66727124 |Vmn1r38 vomeronasal 1 receptor 38
66754408 |66755326 |Vmn1r39 vomeronasal 1 receptor 39
66844637 |66846515 |AK087755 Mus musculus adult male
testis cDNA, RIKEN full-
length enriched library,
clone:4930597021
product:unclassifiable, full
insert sequence.
66846390 (66971355 |Gng12 guanine nucleotide-binding
protein
66985089 (66987401 |Gadd45a growth arrest and DNA

damage-inducible protein
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66986592

67030646

AK054076

Mus musculus 0 day
neonate head cDNA,
RIKEN full-length enriched
library, clone:4833443G20
product:growth arrest and
DNA-damage-inducible 45
alpha, full insert sequence.

67065666

67118420

AK039826

Mus musculus 0 day
neonate thymus cDNA,
RIKEN full-length enriched
library, clone:A430010J10
product:unclassifiable, full
insert sequence.

67216972

67239296

Serbp1

plasminogen activator
inhibitor 1 RNA-binding

67242011

67326131

1112rb2

interleukin-12 receptor
subunit beta-2

67372925

67441849

1123r

interleukin-23 receptor

67484052

67485816

Tacstd2

tumor-associated calcium
signal transducer 2

67505629

70676960

abParts

Parts of antibodies, mostly
variable regions.

67515227

67515693

4930515G16Rik

Mus musculus adult male
testis cDNA, RIKEN full-
length enriched library,
clone:4930515G16
product:similar to
1810047J07RIK PROTEIN
[Mus musculus], full insert
sequence.

67892067

70408032

abParts

Parts of antibodies, mostly
variable regions.

68169933

68170698

M19910

Mouse Ig rearranged
kappa-chain mRNA, clone
ANO5K.

69276676

69277511

Rprl1

Mus musculus ribonuclease
P RNA-like 1 (Rpri1),
RNase P RNA.

70715713

70742169

Rpia

ribose-5-phosphate
isomerase
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70794520 |70855234 |Eif2ak3 eukaryotic translation
initiation factor 2-alpha

70863082 70868916 |1700011FO3Rik protein TSC21

70906599 (70911060 |Foxi3 forkhead box protein 13

71078391 71094370 |Thnsl2 threonine synthase-like 2

71149881 71155017 |Fabp1 fatty acid-binding protein,
liver

71163933 |71212275 |Smyd1 SET and MYND domain-
containing protein 1 isoform

71222012 71235313 |Krcc1 lysine-rich coiled-coil
protein 1

71243758 71252712 |Gm1070 SubName: Full=Gm1070
protein; SubName:
Full=Putative
uncharacterized protein;

71272805 (71287445 |Cd8b1 T-cell surface glycoprotein
CD8 beta chain

71307142 71310823 |AK042210 Mus musculus 3 days
neonate thymus cDNA,
RIKEN full-length enriched
library, clone:A630071F18
product:unclassifiable, full
insert sequence.

71323420 (71329165 |Cd8a T-cell surface glycoprotein
CD8 alpha chain

71338627 |71390631 |Rmndba protein RMDS5 homolog A

71443887 |71460875 |Rnf103 E3 ubiquitin-protein ligase
RNF103

71493847 |71531568 |Vps24 charged multivesicular
body protein 3

71538965 71582680 |Kdm3a lysine-specific demethylase
3A

71657853 |71760696 |Reep1 receptor expression-
enhancing protein 1

71762990 (71773778 |Mrpl35 39S ribosomal protein L35,
mitochondrial

71781324 (71825260 |Immt mitochondrial inner

membrane protein
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71830631

71858756

Ptcd3

pentatricopeptide repeat-
containing protein 3,

71859046

71930261

Polr1a

DNA-directed RNA
polymerase | subunit RPA1

72047606

72104564

St3gal5

lactosylceramide alpha-2,3-
sialyltransferase

72070206

72072940

AK016225

Mus musculus adult male
testis cDNA, RIKEN full-
length enriched library,
clone:4930565C19
product:unclassifiable, full
insert sequence.

72112842

72117701

AK039589

Mus musculus adult male
spinal cord cDNA, RIKEN
full-length enriched library,
clone:A330068C15
product:unclassifiable, full
insert sequence.

72156171

72185571

Atoh8

protein atonal homolog 8

72253241

72264364

Sftpb

pulmonary surfactant-
associated protein B

72268669

72295169

Usp39

U4/U6.U5 tri-snRNP-
associated protein 2

72297022

72298452

BC054353

Mus musculus cDNA clone
IMAGE:3962411, partial
cds.

72297310

72303154

0610030E20Rik

hypothetical protein
LOC68364

72305476

72309756

Tmem150a

transmembrane protein
150A precursor

72309707

72312375

Rnf181

E3 ubiquitin-protein ligase
RNF181

72318042

72330462

Vamp5

vesicle-associated
membrane protein 5

72335214

72340661

Vamp8

vesicle-associated
membrane protein 8

72364326

72380701

Ggcex

vitamin K-dependent
gamma-carboxylase
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72382792

72389552

Mat2a

S-adenosylmethionine
synthase isoform type-2

72463645

72470621

Sh2d6

SubName: Full=Putative
uncharacterized protein
Sh2d6;

72494432

72512974

Capg

macrophage-capping
protein isoform 1

72515920

72548336

Elmod3

ELMO domain-containing
protein 3

72548621

72557482

Retsat

all-trans-retinol 13,14-
reductase precursor

72558414

72566994

Tgoln2

trans-Golgi network integral
membrane protein 2

72576373

72738950

Tcf71

transcription factor 7-like 1
isoform 1

72586246

72587711

AK131839

Mus musculus 10 day old
male pancreas cDNA,
RIKEN full-length enriched
library, clone:1810035C01
product:hypothetical
protein, full insert
sequence.

72649207

72655084

AK053994

Mus musculus 2 days
pregnant adult female
oviduct cDNA, RIKEN full-
length enriched library,
clone:E230011F03
product:unclassifiable, full
insert sequence.

72791107

72849973

Kemf1

E3 ubiquitin-protein ligase
KCMF1

72907340

72908477

Tmsb10

thymosin beta-10

72967600

73171625

Dnahc6

axonemal dynein heavy
chain

73198498

73226901

Suclg1

succinyl-CoA ligase [GDP-
forming] subunit alpha,

73386958

73421015

AK006896

Mus musculus adult male
testis cDNA, RIKEN full-
length enriched library,
clone:1700065L07
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product:unclassifiable, full
insert sequence.

73418575

73419661

4931417E11Rik

hypothetical protein
LOC66740

75246831

75246892

AK219219

Mus musculus cDNA,
clone:Y2G0101J20,
strand:minus,
reference:ENSEMBL:Mous
e-Transcript-
ENST:ENSMUSTO00000015
800, based on BLAT
search.

76831630

77929661

Ctnna2

catenin alpha-2 isoform 2

77192710

77195511

Lrrtm1

leucine-rich repeat
transmembrane neuronal
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Supplemental Figure 3. Examination of potential IGKV outlier genes.

A) PCA biplot showing potential outlier genes. B and C) Gene usage plots of

potential outlier genes indicated by PCA biplot.
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