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Figure 4. (A) The overlap of SNPs between the African, Asian and European individuals. A large
proportion of SNPs are unique to each individual. (B) The SNP density in different regions of the IGHV
locus and chromosome 14, revealing a greater density of SNPs in IGHV, particularly in segmental
duplications and genic regions.
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Reads are then partitioned and
assigned to their respective fosmid prior
to assembly. This is done by using
Sanger end-sequences for each of the
fosmids as anchors to recruit fosmid-
specific reads and separate from the
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Technical Impacts

Design - analysis - interpretation
* Genotyping arrays
* Genomic sequencing data
* Antibody RepSeq data

3) Separating and assembling reads into originating fosmids
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Figure 5. Overlap between SNPs called in fosmids and those called as part of the 1000 Genomes

DOWNSTREAM Project reveals low concordance between datasets.
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4) Combining fosmids into haplotypes and calling variants

V genes

Disease

Assembled fosmids are then phased
o Functional
Association

Disgnostia et into haplotypes manually, compared to

Studies and . hg19 and hg38 reference genome
Therapeutic Telomeric assemblies, and annotated with respect

Centromeric
Strategies F id s s e— f——5,743 e e——— .
ot e -y D e pa——— to genes/alleles, as well as locus-wide

contigs: ¥ r -
: : : X . SNPs and SVs.
The human immunoglobulin (IG) gene regions are among the most structurally ™ s + > Deletion

complex and polymorphic regions of the genome. |G genes recombine in B cells ggggtz—f—'-_'—'—w*"
to produce antibodies. (Figure A). The IG heavy chain (IGH) harbors ~50-60

IGHV, 23 IGHD, 6 IGHJ, and 9 IGHC functional/ORF genes, with >250 known

coding alleles (Figure B). It is highly enriched for large complex structural
variations up to 75 Kb in size (Figure B and C). Extreme haplotype diversity
(Figure C) has hindered the use of high-throughput genomic assays in the
region and the lack of the data has had impacts in disease association studies
and functional studies (Figure E). However, targeted studies of IGH variants
have been shown to associate with antibody expression and function, and higher
—level phenotypes in clinical cohortss. (Figure D).
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Table 1. Statistics for fosmids for ABC10, ABC11 and ABC12 libraries
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Problem: A major barrier to genetic & functional studies in IGH is
the current paucity of genomic data in the region.
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Figure 1. Read length distributions for ABC10, ABC11 and ABC12.

Figure 1. Using the sequence haplotypes to build a more effective genotyping assay. Current assays are
inadequate for comprehensively genotyping IGH variants (SNPs and SVs) in a high-throughput manner.
By having more sequence resolved haplotypes, we can build better tools and analysis pipelines for
accurately genotyping the locus. We developed a pilot capture-PacBio sequencing protocol that uses the
NimbleGen SeqCap EZ system combined with PacBio sequencing.

—->The full ~1Mb IGH V, D, and J gene region (excluding IGHC)
has only been sequenced two times2°.

- The current community IGH allele database, IMGT, is known to
be incomplete, and ethnically biased?46.7.8,
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Figure 2. We tested our capture panel on a haploid hydatidiform mole sample, CHM1, the same
individual we previously used to reconstruct the first IGHV locus haplotype from a single chromosome;
this now serves as the representation for IGHV in the hg38 reference assembly. Reads CHM1
sequenced for this experiment were assembled and mapped back to hg38, identifying only 42 SNPs and
4 large INDELs.
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Figure 3. Using the assembled haplotypes in combination with capture data from clinical cohorts, we can
start to link genetics to antibody expression/function and disease.
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Figure 2. Comparing haplotype sequence across the three samples. Colored regions represent identical ‘ : o
tracks of sequences. Across all the samples (“ALL”), the mean length of identical haplotype sequences is
335 bp and the max length is 8,861 bps. Between the European and Asian sample (“EUR x ASN”), the
mean length is 610 bp and the max length is 37,344 bp. Between the African and European sample
(“AFR x EUR”), the mean length is 376 np and the max length is 8,681 bp, and between the African and
Asian sample (“AFR x ASN”), the mean length is 591 bp and the max length is 35,597 bp. The relatively
small blocks of shared haplotypes suggests high levels of haplotype diversity between individuals
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- For fosmid library construction, genomic DNA from each individual was sheared and size

selected; 40 kb fragments were cloned into fosmid vectors®. Sanger sequences generated from
the ends of ~1 million clones per library were mapped to the reference genome assembly,
allowing for compilation of clone tiling paths across IGH. Fosmids are then sequenced using
Pacbio to generate a total of 16 ethnically diverse IGH reference assemblies from this fosmid
resource. Geographic origins of the 8 individuals previously sampled for fosmid library
construction are shown.

Figure 3. Annotation of genes in the IGHV haplotypes across all samples and reference genomes, hg38
and hg19. Each column is the gene and it is color coded by the allele type. The African haplotype (AFR)
has 55 genes, the European haplotype (EUR) has 42 genes, and the Asian haplotype (ASN) has 48
genes. There were 8, 2, and 5 novel alleles in African, Asian, and European haplotypes, respectively.
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