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SUPPLEMENTAL FIGURES — CHAPTER 3: BUILDING A SEQUENCE-BASED
CALLER FOR ABO
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Supplemental Figure 3.1: Overview of Blood-Seq targeted capture. Nimblegen oligo probes were
designed to capture 41 blood-group gene regions (~1.5 MB total). Next we used a Covaris shearing
technique to sonicate the DNA into a targeted inset size of ~200 base pair, with a goal of
sequencing paired end 100 BP reads. We prepared the library first by performing end repair, then
attaching poly A tails, adding sample specific bar codes, and finally PCR to amplify the desired
DNA product. We then performed the targeted multiplex capture (24 samples each). We then pulled
down the biotinylated probes with the desired DNA attached, performed a bead clean up and were
left with the targeted capture product readying for lllumina next-generation sequencing. 96 samples
were sequenced per lane with an average of 150X coverage.
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Supplemental Figure 3.2a: Filtering ABO BGMUT allele entries on size. In order to curate the
allelic variation existing in ABO on BGMUT with corresponding FASTA we designated 6 categories
for ABO allelic classification, (1) coding sequence (CDS) n=38, (2) partial CDS n=157, (3) multiple
entries classified to the same allele n=3, (4) No submission n=71, (5) exons 2-7 n=31, and (6) other
size isolate n=16. None of the entries included in BGMUT included the 13.5 kb stretch of sequence
beginning in exon 1 through the end of intron 1. Finally, we converted all qualifying 151 entries
with corresponding FASTA sequence available on Genbank to hg19 coordinates for our BGMUT
coordinate lookup table database.
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Supplemental Figure 3.2b: Percent identity matrix for BGMUT. After deriving ABO haplotypes
composed of criteria qualifying data (i.e., the beginning of exon 2-exon 7 or ~6.5 kb) from 248 ABO
alleles with corresponding BGMUT alleles we analyzed sequence identity (uniqueness) using
Multiple Sequence Comparison by Log- Expectation (MUSCLE). Of the 33 entries that included exon
2 — the end of exon 7, (i.e., the most complete ABO FASTAs available on BGMUT, size= ~6.5 kp),
28 had unique ABO sequence qualifying them as independent alleles. Five of the ~6.5 kb BGMUT
entries had the exact same sequence listed under different accession numbers leaving us with 28
high quality (~6.5 kb) allele entries with unique sequence. Those 28 high quality BGMUT reference
FASTAs were then used as reference haplotypes in our matrix based calling algorithm (i.e., ABO-

Seq).
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Supplemental figure 3.3: Comparing ABO SNVs in the BloodSeq to the ExAC database by exon.
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SUPPLEMENTAL TABLES — CHAPTER 3: BUILDING A SEQUENCE-BASED
CALLER FOR ABO

Supplemental Table 3.1: Blood-Seq annotated ABO SNVs for 1,140 individuals (2,280 ABO
chromosomes) using SeattleSeq.

Refer Sam- Function
-ence ple GVS

DBSNP Position rsID amino acid protein poly-Phen GERP ExAC

C=2/A=
BSNPIZ 436131064 G GA misense 56300333 ARGTRP 3521355 1 103 41/G=5
4483

BSNPIS 136131118 C O misense 369695039 ALATHR 334355 0013 876 |1aps
: A=1/C=
none 136131166 C  CA  missense 0 VALLEU 318355 0024 348 Gl

synonymo 0 none 294/355 unknown -8.76 A=2/G=

none 136131236 G G/A us 121076

A=1/T=
dbSI\;P_" 136131289 C T/C missense 8176748 VAL MET 277/355 1 4.38 31;3%

|

T=1726
136131316 C T missense 41302905 GLY,ARG 268/355 0.99 3.28 /C=105
746

dbSNP_12

7

dbSNP_11 nonym A=2572
M 136131347 G aG Y OUSV © 8176745 none 257/355  unknown  -1.59  2/G=61
360

dbSNP_13 synonymo A=1/T=
s 136131392 C o 376910781 none 242/355  unknown ~ 2.95  1/C=52

us 470
dbs";“ 3 436131407 G G/A Sy""unsymo 201439325 none 237/355  unknown  -0.929 ’_\;g%g

dbSNP_12

9 136131429 C T missense 56116432 GLY,ASP 230/355 1 4.39

C=5058
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|

dbSNP_11 T=1346
S 136131437 C T/C SY”"U"SY’“" 8176742 none 227/355  unknown  -8.65  0/C=43
502

dbSI\SI’P_12 136131469 G G/A missense 56408700 ARG,CYS 217/355 0.037 -9.38 A=B6/G

dbSNP_11 A=1405
S 136131523 G G/A missense 8176739 ARG,CYS 199/355 0.868 28  /G=668
39

T=3278
dbSNP_12 136131576 or stop- 55727303 TRPstop  181/355  unknown 456  /C=985
9 gained 28

A=1/C=
dbSI\éP_ﬂ 136131592 G G/C missense 7853989 ARG,GLY 176/355 0.011 -1.09 1G5=993458/

N
N

none 136131604 C C/G missense unknow

(=}

VAL,LEU 172/355 0.308 0.934

|

delT=4
dbSI\SI’P_12 136131621 GT G frameshift 56284703 none NA unknown -8.32 10/ref=
115308

A=139/
200932155 none 161/355 unknown -3.15 G=116
133

dbSNP_13

. 136131635 G G/A SY”""SV”“’

|

synonymo 0 none 157/355 unknown -8.34 A=2/G=

none 136131647 G G/A us 116552

dbSNP_13 nonym A=23/G
S~ 136131740 G A Y "usy ° 201105186 none 126/355  unknown 229  =11552
5

synonymo 0 none 102355  unknown 04112 A=V/G=

none 136132864 G G/A us 122311

synonymo 0 none 88/355 unknown -4.38 T=7/G=

none 136132906 G G/A us 103137
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none 136133490 G G/T missense 0 PRO,GLN 79/355 0.992 2.04 2/G=12

. G=900
dbSNP_83 136135237 A AG coding- 549443 none NA unknown  -2.61  60/A=3
unknown 1798
C=6673
dbSNP_83 136136770 A A/C missense 688976 PHE,VAL 36/355 unknown -3.95 1/A=21
321

T=1/A=
dbSI\SI’P_12 136137547 C C/A missense 55876802 ARG, LEU 18/355 0.001 -2.13 1178;/6%

|

G=2/T=
dbSI\SI’P_12 136137554 C T missense 55917063 ALA, THR 16/355 0.062 -4.6 215/C=
108557

Supplemental Table 3.2: BGMUTABO reference alleles annotated SNVs for (151 ABO reference
alleles total) using SeattleSNPs.

consScoreGER

reference  sampleGen GVSfunction rsID proteinPosi o

DBSNP position Base otype tion

polyPhen genomesExAC

dbSNP_12 13613106

9 3 C T missense 56202119 352/355 0.999 3.2 unknown

dbSNP_12 13613108

9 5 T C missense 56016583 346/355 0.869 3.19 unknown

dbSNP_12 13613112

9 3 C T stop-gained 55788852 332/355 unknown 2.48 T=1/C=114933

dbSNP_12 13613115

9 3 T C missense 55927860 322/355 1 4.38 unknown

none 1361831 7 T C missense 0 314/355 0.999 4.38 unknown

dbSNP_11 13613118

7 8 C T synonymous 8176749 310/355 unknown 1.36 T=14613/C=106423
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none L 361331 21 T C missense 0 302/355 1 1.84 unknown

dbSNP_12 13613122

9 5 G A missense 55783488 298/355 0.999 3.46 unknown

dbSNP_12 13613124

9 5 G C missense 56355240 291/355 1 3.47 A=1/G=121025

dbSNP_12 13613125

9 5 A C missense 55805279 288/355 0.995 4.38 unknown

none L 361031 3 A T missense 0 270/355 1 4.2 unknown

dbSNP_12 13613131

7 6 C T missense 41302905 268/355 0.99 3.28 T=1726/C=105746

dbSNP_12 13613134

9 0 C T missense 56323007 260/355 0.976 -1.85 T=1/C=90659

dbSNP_11 13613134

7 7 G A synonymous 8176745 257/355 unknown -1.59 A=25722/G=61360

dbSNP_12 13613135

9 1 A G missense 55751228 256/355 1 4.38 unknown

none L 361631 37 G A missense 0 248/355 0.997 3.46 unknown

dbSNP_12 13613139

9 7 G A missense 55951833 241/355 1 3.44 A=6/G=51626

dbSNP_12 13613142

9 3 A G missense 55739900 232/355 1 4.39 unknown

none 13616“43 C G missense 0 230/355 1 4.39 unknown

dbSNP_12 13613144

9 9 C A missense 56159791 223/355 1 3.48 unknown

dbSNP_12 13613146

9 9 G A missense 56408700 217/355 0.037 -9.38 A=86/G=58342

dbSNP_12 13613147

9 7 A C missense 55827808 214/355 1 4.69 unknown

dbSNP_13 13613151 c G coding- 37469885

203/355 unknown 1.72 T=5/C=64639
8 1 unknown 0

none ! 3616“ 53 G C missense 0 196/355 0.996 -9.38 unknown

none L 361331 54 A G missense 0 192/355 0.993 4.69 unknown
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none L 361931 55 G A missense 0 187/355 1 1.46 unknown

none L 361431 56 G A missense 0 185/355 0.92 3.79 unknown

dbSNP_12 13613157

9 0 T C missense 56089890 183/355 0.995 4.56 unknown

dbSNP_12 13613157

9 9 C T missense 56258249 180/355 0.171 3.66 T=1/C=102671

dbSNP_12 13613158 C T missense 55687199 177/355 0.048 -6.69 T=96/C=107234

9 9
dbs'}""*" 3 6123 159 G ¢ missense 7853989 176/355 0.011 -1.09 A=1/C=1 529235/ G=948

none L 361531 o1 C A missense 0 168/355 1 2.83 unknown

dbSNP_86 136113165

G A missense 1053878 156/355 0.95 3.77 A=10390/G=106232

none ! 361231 69 C G missense 0 142/355 1 3.77 unknown

dbSNP_12 13613171

9 1 G A missense 55658842 136/355 1 4.95 A=6/G=116318

dbSNP_12 13613281

9 9 C T synonymous 55748923 117/355 -0.779 ABO unknown

none 136133282 A G missense 0 116/355 0.611 3.16 G=1/A=122321

dbSNP_11 13613285

7 2 G A synonymous 8176721 106/355 unknown -3.12 A=1601/G=120723

dbSh;PJ 1 1 36183290 T TC frameshift 8176719 NA unknown 4.2 insC=4573é)/ref=75 72

dbSNP_83 13613350 A G missense 512770 74/355 unknown 2.04 G=92871/A=29225

|

13613523 coding-

dbSNP_83 A G 549443 63/355 unknown -2.61 G=90060/A=31798
unknown

|

dbSNP_83 13613677 A C missense 688976 36/355 unknown -3.95 C=66731/A=21321

|

none L 36155060 T C missense 0 1/355 0.059 0.72 unknown
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Supplemental Table 3.3: Overlap in identification of ABO in variants in blood-Seq and BGMUT
using VCFtools compare command.

CHROM POST POS2 IN_FILE REF1 REF2 ALT1 ALT2
9 136131056 136131056 B AC CG A C

9 136131064 136131064 B G G AC A

9 136131109 136131109 B T T C C

9 136131166 136131166 B C C T A

9 136131188 136131188 B C C T T

9 136131247 136131247 B C C T T
9 136131289 136131289 B C C T T
9 136131315 136131315 B C C G G
9 136131316 136131316 B C C T T

@
O
O
—
—

9 136131322 136131322
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~

9 136131347 136131347 B

O
O
>
>

9 136131350 136131350 B

O
O
—
—

9 136131397 136131397

@
O
O
>
>

9 136131415 136131415

9 136131429 136131429

9 136131437 136131437 B C C T T
9 136131461 136131461 B G G A A
9 136131469 136131469 B G G A A
9 136131472 136131472 B A A T T

9 136131539 136131539 B A A G G

@
@
@
—
=

@
@
@
—
=
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Blood-Seq phased (PHASE 2.2.1) ABO haplotypes for 1,140

Supplemental Table 3.4

haplotypes total from 2,280 ABO chromosomes.
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Supplemental Table 3.4.1: Blood-Seq phased ABO haplo-
types for 1,140 individuals (2,280 ABO chromosomes).
Color code legend. ABO active site loci are high-

lighted in yellow with corresponding amino acids

substitutions.

Putative sero

Cis-AB

haplotypes (n)

A weak hai 2 44

chrm (n)

2

Non-del O hap

Possible recombinant

(LOF)
Total

15

2280

Supplemental Table 3.5: ABO-Seq haplotype/subtype calls for training set 2. Calls
for 467 individuals included in the Blood-Seq dataset with corresponding serology.

Samples highlighted in yellow are discorant.
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102718 25 28 O A A A
107327 1 28 O A A A
113320 25 25 O O O A
102675 30 51 A B AB AB
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SUPPLEMENTAL FIGURES — CHAPTER 4: ANALYSIS OF EXOME-SEQUENCING
DATASETS REVEALS STRUCTURAL VARIATION IN THE CODING REGION OF
ABO IN INDIVIDUALS OF AFRICAN ANCESTRY

3 _
o2
g Calculated TagMan
i Predicted XHMM
§ 1 - . Predicted CONIFER
0

a b c d

Supplemental Figure 4.1: rtPCR validation of structural variation in ABO exon 7. Vertical black
lines indicate rtPCR error. (a) A control predicted to have two copies of the ABO gene by XHMM
and CoNIFER. (b) An individual predicted by both XHMM and CoNIFER to have an ABO [E5-7]
deletion confirmed by TagMan. (c) An individual predicted by XHMM to have a deletion of only
exons 5 and 6. However, manual curation in IGV indicated exon 7 was likely deleted, which was
confirmed by TagMan; (d) An individual predicted by XHMM to have a putative duplication of ABO
[E5-7]. However, TagMan detected two copies of ABO, indicating a false positive duplication call.
These validation data highlight the importance of a combined call-set to robustly predict SVs in the
ABO gene. In total we validated 16 of the 32 subjects predicted to have an ABO [E5-7] deletion.
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Supplemental Figure 4.2: Putative SVs discovered in ABO in 6,432 exomes using XHMM and
CoNIFER (singletons). ABO is a negative strand gene and is shown in negative strand orientation to
reflect its spatial relationship with neighboring OBP2B. Putative SV discovered in ABO and
neighboring downstream gene OBP2B using two read depth methods are shown. Each gray box
represents intact diploid versions of 1-7 exons in the ABO and OBP2B gene. Dotted boxes represent
ABO singleton deletions identified using CoNIFER (two events). Black boxes represent ABO
duplications identified using XHMM (eight events). Cross-hatched boxes represent exons predicted
to be deleted using XHMM (three events).
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Supplemental Figure 4.3: Detection of a ~5,800 bp ABO deletion in AA samples. Using a long-
range Takara PCR strategy spanning the predicted ABO deletion (products shown on a 1% agarose
gel), we demonstrate the presence of the predicted wild type amplified PCR product (~8,000 bp) in
our control samples (columns 2 and 4) and the presence of both the ~8,000bp product and a
<3,000 bp product in samples with a predicted partial ABO gene deletion (column 3, 5, and 6). This
is consistent with heterozygosity for a >4,800 bp deletion and validates the presence of ABO SV.
Primer set sequence :  Forward: 5 TTCAGTGGCTCCCATGTCAC 3’ and Reverse: 5’
GGCTAGGCAGCTACTTGTCA 3’
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SUPPLEMENTAL TABLE — CHAPTER 4: ANALYSIS OF EXOME-SEQUENCING
DATASETS REVEALS STRUCTURAL VARIATION IN THE CODING REGION OF
ABO IN INDIVIDUALS OF AFRICAN ANCESTRY

Supplemental Table 4.1: Summary of ABO SV discovery using multiple read-depth based algo-
rithms. Discovery of ABO SV using CoNIFER and XHMM read depth algorithms (n= number of
chromosomes/events; 2+ indicates a SV found in two or more individuals). For each SV, the number
of samples with validated SVs / number of samples tested for the SV is shown. Each dash (-)
indicates SV for which no validation was attempted.

ABO Duplications

ABO Deletions

SV Prevalence/Method Number Validated Number Validated
Singleton (XHMM) 8 - 3 -
Singleton (CoNIFER) 0 - 2 -

2+ Individuals (XHMM) 1 (n=2) 0/1 4 (n=32) 16/16

2+ Individuals (CoNIFER) 0 - 1 (n=5) 5/5
Intersection (XHMM + CoNIFER) | O - 1 (n=5) 5/5




