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Figure S1

Alignment to GRCh38 Sequence absent in GRCh38
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Supplementary Figure 1.
IGV screenshot of hifiasm-generated contigs from an AFR sample mapped to the GRCh38 genome assembly. One of the contigs
(one haplotype) has a ~24.7 Kbp insertion between IGKV1D-8 and IGKV3D-7.
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length of contigs mapped to the IGK locus generated by hifiasm and IGenotyper for each sample.

Supplementary Figure 2.



Figure S3

Alignment to custom reference (see Methods)
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Supplementary Figure 3.

IGV screenshot of 100 Kbp in the IGK proximal region with curated assemblies, phased HiFi reads as well as phased contigs
generated by IGenotyper and hifiasm aligned to our custom reference. Purple arrows indicate haplotype (“H1” and “H2”) contigs
selected for curated assembly.

Sample: NA19055



Figure S4 Sample: NA19055

Alignment to custom reference (see Methods)

90 kb
88,970 kb 88,980 kb 88,990 kb 89,000 kb 89,010 kb 89,020 kb 89,030 kb 89,040 kb 89,050 kb
| | | | | | | | | | | | | | | |
genes ] [ ] ] 1 | ] 1 1
IGKV1-6 IGKV3-T IGKV1-8 IGKV1-9 1GKV2-10 1GKV3-11 1GKV1-12 1GKV1-13
Curated o | | L |
assemblies H2| Il T T R 12 T T TR VI (Y R ) TR TR W T RETY R TER AR T N T VTS TR R TR TR T[RRI AR TN TV RN B
hifiasm NTRIIN] (AT TR T A T T AT T T (RN | TN A TR R Y N TER AR A KRT T WIS T TR (RS 5 AT T TR RIS ANNTAT TN A
contigs y e ! ! - =
0 FIT T T
Hap2™ ~ | o o0 LI (Y| RN TR TR
RE—— ' SRR :
Hap1-~" 4 [ I TR TR R LT R S bl I
1 I I S 1 T 1 A S Ry il
IGenotyper - T ee=mTT | o
contigs PRI TN T S 4 N 1 o By b N AT NI TRt T AT R | [RETT E ATRE: YNATTITTE | ATV S
P R T T T _de==m 2" = WL T DT = EE N AT 1= TE I 0 I AWHLIL @ = = = D DRI I 11
VY - - | T 1V G010 —— W LI~ — — — - - - == o
D e | 111113 e s b 3 1L
Hap2g2zg=========--------- 0 N ) VORI DR 110101 Ef——e.707 1 1R
0 DA A 11— s.707 il 1R
[0-117] T
N T T |
¢ B O

HiFi
reads |
2 ," R 1 : AR i i R JUE RN SR ey Hu TR
Blat blue read (contributes to false contig, B Hifi read support for H1 and H2
Figure S4 continued) e e e e T e e e e =

Supplementary Figure 4. ourated g

(A) IGV screenshot showing curated assemblies (H1 and H2), assemblios ™

hifiasm contigs, IGenotyper contigs, and HiFi reads aligned to our contigs

custom reference. Purple arrows indicate contigs selected for

curated assemblies. An IGenotyper contig (orange arrow)

congruent with the “Hap1” contig generated by hifiasm (purple

arrow). The “Hap2” contig generated by hifiasm (purple arrow) is Hifi reads
identified as discontiguous contigs generated by IGenotyper (gray

arrows). The red arrow indicates a group of assemblies that likely

result from mismapped reads. The black arrow indicates a read that

was queried against the GRCh38 genome (continued). (B) IGV

screenshot of curated assemblies, hifiasm contigs, and HiFi reads,

zoomed in to a region containing IGKV1-8 in panel (A). Two SNP : :
patterns in HiFi reads (dashed and solid arrows) are consistent with
hifiasm contigs and curated assemblies.




Figure S4 (continued)

Alignment to custom reference (see Methods)

\ o

(C) IGV screenshot showing the aforementioned
read, which was queried against the GRCh38
genome using BLAT (UCSC Genome Browser).
The best match was to the IGK distal region,
between IGKV1D-8 and IGKV1D-7, and the
second-best match was to the IGK proximal
region, between IGKV3-7 and IGKV1-8.
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Figure S5 Sample: HG03196
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Supplementary Figure 5.

IGV screenshot of the IGK distal region spanning IGKV3D-15 to IGKV3D-7, which includes the IGKV1-13/IGKV1D-13; IGKV1-12/IGKV1D-
12 gene conversion (~16 Kbp region) and structural variant that includes the gene IGKV1-NL1. Shown are curated assemblies (H1 and
H2), hifiasm contigs, |Genotyper contigs, and HiFi reads aligned to our custom GRCh38 reference. Purple arrows indicate hifiasm contigs
selected for curated assemblies; “Hap1” (H1) includes the gene conversion event. IGenotyper-generated contigs corresponding to “Hap1”
and “Hap2” are fragmented across multiple contigs; hifiasm generated uninterrupted contigs for “Hap1” and “Hap2" in this region.



Figure S6

Sample: NA21103

Alignment to custom reference (see Methods)
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Supplementary Figure 6.
. IGV screenshot of 46 Kbp in the IGK proximal region with hifiasm-generated
iy contigs, IGenotyper contigs, HiFi reads, and curated assemblies aligned to
stsasmi o S wonst s ST T wonsl o) eossl i our custom reference. A minority of HiFi rgads have s.oft-clilp_ped baseg that
el correspond to the start and end of a deletion present in a hifiasm contig. The
A indicated read with soft-clipped bases (dashed arrow) was queried against
FetSeq genes from 81 » the GRCh38 genome using BLAT; the best match resulted in a split
wokel_iwvart RS MR o 1 Tl G P R R T R ik il alignment, with part of the read matching to a V gene (IGKV2-26) and the
= R = T = e I o remainder of the read mapping to the IGKJ gene region; this is a signature of
il V(D)J recombination in LCLs [7,8], with the presence of reads without soft-

clipping explained by cell line polyclonality [69].
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Figure S7

Alignment to custom reference (see Methods)
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Supplementary Figure 7.

Example of a sample for which V(D)J recombination prohibited allele assignments for one haplotype, indicated as “H2”, for the
genes IGKC and IGKJ1-5. Assemblies of the other haplotype, “H1”, were included in the analysis because reads corresponding to
this haplotype lacked soft-clipping.

Sample: HG02107
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(A) Number of bases in the IGK locus of our custom reference with curated assembly coverage.

(B) Fraction of IGK proximal and distal regions of our custom reference with curated assembly coverage.
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Supplementary Figure 9.

IGV screenshots of novel alleles from the sample HG01887 aligned to the individual’'s IGK-personalized reference (see
Materials and Methods). Also shown are HiFi reads aligned to the individual's IGK-personalized reference. HiFi reads
support (i.e. do not show mismatches with) the contigs selected for diploid IGK assembly. Quantitative assessments of read
support for novel alleles are presented in Table S3.

Sample: HG01887



Figure S9
(continued)
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Figure S9
(continued)
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Sample: HG01887



Figure S9
(continued)
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Figure S9
(continued)
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(continued)
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(continued)
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Supplementary Figure 10.

For each of 67 novel IGKV alleles, plot shows the
number of base-pair mismatches relative to the
closest-matching allele in IMGT. Bar colors
correspond to the substitution type (synonymous,
non-synonymous, frameshift).



Figure S11
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Supplementary Figure 11.
SNV densities for indicated genomic features for 35 samples (data points).
post-hoc test. Comparisons not shown have adjusted P-values > 0.05.

Table indicates adjusted P-values from Tukey’s
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Figure S112
(continued)

Supplementary Figure 12.

(A) Schematic of the GRCh38 assembly and inversion haplotype identified in HG02433.

Shown is a schematic of a read that spans the inversion breakpoints at the IGK proximal gene IGKV1-27 and the IGK distal pseudogene
IGKV1D-27. Sequence towards the gap extending from each breakpoint (blue and purple regions) are inverted on one haplotype of
HG02433 relative to the GRCh38 assembly. (B-C) Shown are curated assemblies (H1 and H2), hifiasm contigs, IGenotyper contigs, and
HiFi reads aligned to our custom GRCh38 reference. White-shaded contig mappings are secondary alignments. Hifiasm-generated contigs
representing the inversion haplotype are indicated with arrows; HiFi reads that span the inversion breakpoints and support these hifiasm
contigs are boxed. The contig spanning the IGKV1-27 breakpoint region mapped as a primary alignment, whereas the contig spanning the
IGKV1D-27 breakpoint mapped as a secondary alignment.
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Figure S13
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Supplementary Figure 13.
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SV genotype

Figure S14
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Supplementary Figure 14.

Bubble plot showing the number of samples from different populations
with each combination of genotypes for the gene conversion and the
structural variant that includes IGKV1-NL1.

Number of
individuals

1

2
3
4
5

Population
AFR
® EAS
® EUR
® SAS



0/0

Figure S15
gene conversion genotype
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SNV Density

Figure S16
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Supplementary Figure 16.

SNV densities in 10 Kbp windows along
the IGK proximal region. Each line
represents an individual. Individuals are
grouped according to population.
Samples are indicated in selected regions
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Figure S17
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Supplementary Figure 17.

Differences in allele frequency distributions among population groups with individuals of AFR ancestry removed. P-values
were determined using a chi-square test; Benjamini-Hochberg adjusted P-values (Padj) are plotted as -log10(Padj) for

each gene. Red points indicate Padj < 0.05.



