Supplementary Figure 1: number of reads for each gene
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Histograms of the total number of reads for each gene for each participant. Vertical dashed line at 20.



Supplementary Figure 2: HLA allele distribution for common alleles
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Number of 2-field HLA alleles of minor allele frequency (MAF) > 0.1% per continental genetic ancestry. The
analysis is limited to the protein-coding genes.



Supplementary Figure 3: HLA allele down sampling analysis.
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To better assess HLA allele distribution in each ancestry, adjusting for large sample size bias, each ancestry's alleles were resampled without
replacement for a total number of alleles equal to the one found in the EAS ancestry (the one with the smallest number of participants). This was
done 10,000 times. Histograms refer to the number of unique alleles found in each iteration. The AMR population consistently shows greater HLA
variability then other ancestries (except at HLA-DPA1). The red vertical dashed bar represents the EAS ancestry (which was not down sampled).
See supplementary table Supplementary Data 28 for full summary statistics of this analysis.



Supplementary Figure 4: Association between concordance and allele frequency.
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Association (and 95% confidence interval) between concordance and allele frequency.



Supplementary Figure 5: LD between genes for each ancestry.
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Mean asymmetric LD per ancestry and genes. Choices of squares were drawn using hierarchical clustering.

Red: MHC Class | genes. Blue: MHC Class Il genes.
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Supplementary Figure 6: allele frequency concordance with the AFND reference cohorts
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The correlation between UKB WES HLA calling allele frequencies (x-axis) and the selected AFND reference cohorts (y-axis). Comparisons are
made separately for each genetic ancestry. The dashed red line shows perfect concordance



Supplementary Figure 7: HLA association studies at 3-field resolution.
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Supplementary Figure 8: HLA allele associations heterogeneity tests

All phenotypes combined

three fields.
10.0
s 75 ]
5
=3
3
T
o
2
bl
a
b3
&
o
0 1 2 3 4
Expected -loga(p}
TID
three fields
100
& 75 [
=
=3
8
5 50
3
g .
3
2
O as
00
0 1 2 3
Expected —l0galp)
Asthma
two fields.
100
a 75
=
=3
&
T
g
o
a
a
s}
0 1 2 3
Expected =log4(p)
Rheumatoid arthritis
two fields.
100
T 75
]
-3
K]
RS Ay AU SV U SRS IED Sy
o 50
B
Z
@
il
F-]
O 25
00
a 1 2 3
Expected —logo(p}
PMRIGCA
amino acids.
100
& 75
=
<3
3
T
g
o
@
a
o
0 1 2 3
Expected =10g14(p)
Ulcerative colitis
aminc acids.
100
w75
]
=3
e
1
o 50
Q
Z
o
3
F-]
O 25

1 2 3
Expected —logsalp)

Asthma
three fields.

Observed —logip{p)

Expacted -logie{p}

Rheumatoid arthritis
three fields.

100

75

o
o

Observed -logg(p}

™
o

240

=y

1 2 3
Expected -logio(p}

PMR/GCA
two fields.

~
o

Observed -1ogo(p)
&
o

r
@

0.0

=
@

1 2
Expected =logso{p}

Ulcerative colitis
two fields.

-
o

Observed -logg(p)
o
b

o
o

00

1 2
Expected ~logyo{p}

Pscriasis
amino acids.

o B
= n

Observed -log;alp)

r
@

0.0

1 2 3
Expected =logo{p}

Crohn's
amino acids

Observed -logg(p)

1 2 3
Expected ~logio{p}

PMR/GCA
three fields.
10.0
s 15
=
&5
o
"7 5.0 -
B
z
@
b
8
O 25 ~
e
0.0
o 1 2 3
Expected —logiolp)
Ulcerative colitis
three fields.
100
o]
=1
=3
°
1': 5.0
B
<
b
@
8
O 25
0.0
[ 1 2 3
Expected —logiolp)
Psoriasis
two fields.
10.0
= 75
=
&
g
=3 IS Y U DU JEPVN SN P
5.0
g
@
8
2
O 25
0.0
o 1 2 3
Expected -logiolp)
Crohn's
two fields.
100
& 75
=
&
k=]
zly 5.0
B
z
@
&
]
Q 25
0.0
0 1 2 3
Expected —loguotp)
Aute-immune thyroid disorders
amino acids.
10.0
& 78
= -
>
8
1
5.0 o~
3 I
ki)
B
A
O zs
0.0

|
Expected =logqo{p)

2 3 a4

Psoriasis
three fields.
100
= 75
3
>
3
L O S S
- 50
8
=
@
b
8
Q 25
oo
a 1 2 3
Expected —log,a(p}
Crohn's
three fields
100
& 75
3
>
°
0
- 50
3
4
L
3
2
O 25
00
9 1 2 3
Expected ~logialp)
Auto-immune thyroid disorders
two fields.
100
o 75
=
3
8
[ttt alelednheted nlele sheted ke nhndel
5
!
o
&
a
O zs
0o
Q 1 2 3
Expected =log;o(p)
All phenotypes combined
amino acids.
100
@ 75 *
s
&
E=]
1
o
2
@
3
-1
]

a 1 2 3 4 5
Expected —log;o(p)
TiD
amino acids.
100
5 5 -
=
g -
L e e pemmmmmmes
50
e Vs
o
i3
a
0 zs
0o
a 2 K] 4

H
Expected =log;a(p)

Auto—immune thyroid disorders

three fields.
100
g 76
g
&
a
& 50
2 .
@
a
2
S 25
00
o 1 2 3
Expected -log1u(p)
All phenotypes combined
two fields.
100
F 75
=l
>
k<]
i
=
2
o3
E
o

4 1 H 3 4
Expected —logo(p)
T1D
two fields.
10.0
= 75
=
>
8
N I SV A IR PN A AP 1
50
g ]
®
@
2
O 23
00
a 1 2 3
Expected =logg{p)
Asthma
amino acids.
100
T 75
& .
=3
2
|
=
2
@
@
2
[}
o 1 2 3 4
Expected -loge{p)
Rheumatoid arthritis
amino acids.
10.0
& 75
s
>
5
SN RO (R N SO M P P P §
50
2 p
©
@
a
G 23
0.0
[+ 2 a 4

1
Expected =loga(p)



gg-Plots of heterogeneity of association tests across ancestries at a three-field resolution. The vertical dashed
line represents the Bonferroni adjusted threshold for this analysis (p = 0.05/13,576). The only HLA allele
showing some evidence of heterogeneous association is DOB*01:02:01 for type 1 diabetes mellitus (T1D). For
amino acids, multiple residues at DOB, DRB1, DRB5, and DQB1 contributed to the signal for type 1 diabetes
mellitus and auto-immune thyroid disorders. Grey bars represent 95% confidence intervals expected from fully
random results. Full summary statistics can be found in supplementary table Supplementary Data 20.



Supplementary Figure 9: Canonical correlation analysis results.
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The y-axis refers to the percentage of variance in WES HLA called alleles explained by imputed alleles. The x-axis is the allele frequency threshold
in the WES HLA called alleles used for the analysis. Note that due to smaller sample sizes in certain genetic ancestries, CCA calculations were not
always stable enough to be performed (e.g. the analysis was not done for AMR genetic ancestry at all). Also, refer to supplementary table

Supplementary Data 25.



Supplementary Figure 10: Precision-recall curves for each PRS.
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See main text for full explanation of the different PRS. AUC: area under the curve.



Supplementary Figure 11: Negative control phenotypes
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Negative control phenotypes qqg-Plots. Horizontal dashed bars represent the p-value threshold for a significant
association. Grey bars represent 95% confidence intervals expected from fully random results.



