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Supplemental Figures
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Figure S1. Power (o = 8.3x10™) provided by the Australian adolescent GWAS dataset to detect a

quantitative trait locus (QTL) explaining 0.5% to 2.5% of the total phenotypic variance (h%). Power was

estimated as the proportion of 1,000 datasets simulated with Merlin' under the null hypothesis of no

association with a P < 8.3x10”. Datasets were simulated while preserving the original missingness

patterns and assuming a trait with a total heritability of 75%, and a sibling correlation of 0.4. Eighty

percent power (horizontal line) was achieved for a QTL heritability of 2.1% (vertical line).
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Figure S2. Quantile-quantile (QQ) plots for the six lymphocyte traits tested in the Australian GWAS panel,

before (blue) and after (green) excluding data from the MHC region (chromosome 6, from 25 to 35 Mb).

The upper and lower boundaries of the 95% confidence bands are represented by the red lines. The

corresponding genomic inflation factor (4) is also shown for each trait. Observed P-values were truncated

at 107'°,
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Figure S3. Genome-wide association results for the six lymphocyte phenotypes tested. Results (—log10P)

are shown in chromosomal order for individual SNPs genotyped in 1,089 Australian families. Horizontal

line indicates a P-value of 8.3x10”. SNPs with a P-value < 10 are highlighted in green. NK: natural

killer. Observed P-values were truncated at 1072,
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Figure S4. Association results between the three major T cell phenotypes tested and the MHC region. The
most associated SNP for each trait is shown, as well as the location of the main HLA class [ (HLA-A4, -B
and -C) and class Il (HLA-DR and -DQ) gene clusters. Horizontal line indicates a P-value of 8.3x10”.

SNPs with a P-value < 1x10° are highlighted in green.
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Figure S5. Regional association plot between 17q12 variants and CD56+ NK cell levels. The most
associated SNP (rs1838149, imputed) is shown in blue, and the color of the remaining markers reflects the
linkage disequilibrium (rz) with the top SNP (increasing red hue associated with increasing r2). The most
significant genotyped SNP in this region was rs9916629 (P = 4.7x10™'"). The recombination rate (second y-
axis) is plotted in light blue and is based on the CEU HapMap population. Exons for each gene are

represented by vertical bars, based on all isoforms available from the March 2006 UCSC genome browser

assembly.
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Figure S6. Regional association plots between (A) 4p16 variants and CD4:CD8 T cell ratio and (B) 12q24
variants and CD4 T cell levels. The most associated SNP in each panel is shown in blue, and the color of
the remaining markers reflects the linkage disequilibrium () with the top SNP (increasing red hue
associated with increasing r2). The recombination rate (second y-axis) is plotted in light blue and is based
on the CEU HapMap population. Exons for each gene are represented by vertical bars, based on all

isoforms available from the March 2006 UCSC genome browser assembly.



Supplemental Tables

Table S1. Characteristics of the study participants for the three panels studied that were ascertained from

the general population

Genotyped (& clinical)®

Female sex, %

Mean age (range), years

CD3, 10° cells /L
CD4, 10° cells /L
CDS, 10° cells /L
CD4:CDS ratio
CD19, 10° cells / L
CD56, 10° cells / L

2 parents, 4+ offspring
2 parents, 3 offspring
2 parents, 2 offspring
2 parents, 1 offspring
1 parent, 4 offspring

1 parent, 3 offspring

1 parent, 2 offspring

1 parent, 1 offspring

0 parents, 4+ offspring
0 parents, 3 offspring
0 parents, 2 offspring
0 parents, 1 offspring

Total

Australian GWAS

3,995 (2,538)

52
15 (10-37)

1.76 (0.43 ,0.34-3.46)
1.03 (0.27,0.21-2.53)
0.61 (0.20, 0.08-1.66)
1.79 (0.52, 0.43-4.09)
0.47 (0.17, 0.06-1.31)
0.23 (0.11, 0.03-0.81)

Australian replication

N individuals
978 (592)

Demographics®

48
14 (10-22)

Mean trait levels (SD, range)
1.80 (0.46, 0.58-4.03)

1.04 (0.30, 0.20-2.80)
0.64 (0.22, 0.14-1.69)
1.73 (0.55, 0.32-3.93)
0.51(0.20, 0.13-1.67)
0.24 (0.12, 0.06-0.73)

TwinsUK replication

396 (396)

100
50 (19-80)

0.87 (0.33, 0.39-2.38)
0.46 (0.18, 0.12-1.26)
2.00 (0.84, 0.46-5.70)

Core family configuration N families (N individuals) analysed®

42 (256)
154 (771)
519 (2,076)
14 (42)
1(5)
2(8)

14 (42)
1(2)

17 (71)
77 (233)
229 (465)
19 (24)
1,089 (3,995)

3(18)
31 (155)
83 (332)

12 (36)
9 (45)
19 (76)
86 (258)
14 (28)
0
2(6)
11(22)
2Q2)
272 (978)

S O O o o o o o o

0
118 (236)
160 (160)
278 (396)

* For the Australian GWAS and replication panels, parents were not phenotyped for hematology traits but
1,457 (GWAS) and 386 (replication) were genotyped to improve genotype error detection and the power of

association analysis.



b Figures are based on individuals that were both genotyped and clinically tested.

¢ Counts consider founders in a family if genotyped and non-founders if both genotyped and clinically
tested. For a small number of Australian families, data were included from relatives other than those part of
the core family configuration (eg. half-sibs). For this reason, the total number of individuals may differ
from that expected from the main family configuration and number of families with data.



Table S2. Heritabilities® (main diagonal) and cross-trait phenotypic correlations® (below main diagonal) for
the six lymphocyte phenotypes tested in the Australian GWAS panel

CD3+ T cells
CD4+ T cells
CD8+ T cells
CD19+ B cells
CD56+ NK cells
CD4:CD8 ratio

CD3
79%
0.88
0.82
0.51
0.23
-0.11

CD4

80%
0.51
0.51
0.18
0.33

CD8

82%
0.36
0.23
-0.62

CD19 CD56 CD4:CD8

85%
0.15 76%
0.07 -0.07 84%

* Heritabilities were estimated with Merlin” after excluding phenotypic outliers, adjusting for age and sex,
and normalising each trait with an inverse normal transformation. For more detailed heritability analyses
on this dataset please see Evans et al’.

® Cross-trait phenotypic correlations were estimated on a subset of 1,106 unrelated individuals.
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Table S3. Breakdown of SNP and sample filtering during QC of the Australian GWAS panel

SNPs Individuals

N at start of QC 599,011 4,406
N dropped at QC step:

1 BeadStudio GenCall score < 0.7 47,418 -

2 Individuals with call rate < 0.95 - 1

3 SNPs with call rate < 0.95 539 -

4 SNPs with HWE failure P < 107 813 -

5 SNPs with MAF < 0.01 20,520 -

6 Individuals from families with pedigree errors® - 21

7 SNPs with Mendel failure rate in > 0.05 families 0 -

8 Individuals from families with Mendel failure rate in > 0.05 SNPs - 0

9 Population stratification gross outliers” - 88

10 Individuals from families with no available lymphocyte data 301
N at end of QC 529,721 3,995

* We compared self-reported with genotype-inferred family relationships, the latter based on genome-wide
IBS sharing. Forty-eight families with pedigree errors were identified; 21 samples from these families were
excluded to correct errors which could not be resolved.

® We excluded 88 individuals identified as outliers from populations of European descent through the

estimation of genetic ancestry using EIGENSTRAT* and data from eleven populations of the HapMap 3
and five Northern European populations genotyped by the GenomeEUtwin consortium.

11



Table S4. Association analysis of the MHC region in the Australian GWAS panel before and after
conditioning on the the most associated variants for CD4:CD8 ratio

Variant most associated

with CD4:CD8 ratio CD4:CDS8 ratio CDA4 T cell levels CD8 T cell levels

Analysis

SNP, allele Ngegzﬁ Freq Effec® SE # P Effect SE K P Effect SE # P

Unconditional rs2524054,A HLA-B 032 037 0.03 57 2.1x10%® 004 0.03 0.1 026 -0.31 0.03 4.1 6.2x10°%

Conditional on:

1s2524054  1s9270986, A HLA-DRB 0.18 028 0.04 2.4 4.4x10™1 023 0.04 1.4 83x10° -008 004 02 0.06

152524054 &
1s9270986

rs2524054,

1s9270986 & 1s2523946, T HLA-A 0.44 -0.16 0.03 1.4 1.4x107 -0.09 0.03 04 0.006 0.08 0.03 03 0.01
rs2523471

152524054,
1s9270986,
152523471 &
152523946

1s2523471,G MICA 0.10  -027 0.05 1.4 1.5x107 -0.05 0.05 0.1 0.34 0.20 0.05 0.8 8.6x10°

rs1431403,C HLA-DP 0.30 0.16 0.03 1.2 9.1x10” 0.13 0.04 0.7 0.0002 -0.04 0.03 0.1 0.26

* Effect corresponds to standard deviation units for the transformed phenotype.
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Table S5. Gene expression results from Dixon et al’ for two peak MHC variants associated with CD4:CD8
ratio (cf. Table S4)

Probe ID*  Related gene  Beta h? P

MHC class I peak (rs6457374, C)°

209698 _at CCHCRI 0.63 16.0 1.9x10™"
AVG CCHCR1  CCHCRI 0.54 11.7 1.6x107
211911 x_at HLA-B -0.53 11.3 2.5x107

MHC class Il peak (rs9267992, G)

209480 at HLA-DOBI 0.94 20.1 8.6x107'%
238900 at HLA-DRBI 0.88 17.8 1.9x10™"
211654 x at  HLA-DQBI 0.88 18.0 2.3x10°"°
212999 x at  HLA-DQOBI 0.86 16.8 1.6x10"
213831 at HLA-DQAI 0.81 15.1 1.1x107™"
236203 _at HLA-DOAI 0.76 13.2 9.2x10"?
204670 x at  HLA-DRBI  -0.68 10.6 9.1x10™°

* The table shows all gene expression probes with >10% phenotypic variance (k*) explained by rs6457374
or rs9267992. Data were extracted using the mRNA by SNP Browser v1.0.1°.

® The variants most associated with CD4:CD8 ratio (MHC class I: 1s2524054; class II: rs9270986) were

not present in the mRNA by SNP Browser v1.0.1 database and so results are reported for the best available
proxy for each (class I: rs6457374, r* = 0.96; class II: rs9267992, r* = 0.92).

13



Table S6. Two-locus (MHC class I x MHC class II) genotypic means for CD4:CD8 ratio, and single-locus
genotypic means for CD4:CD8, CD4 and CDS cell levels, based on a subset of 1,058 unrelated individuals

MHC class I
Two-locus analysis® (rs9270986) CD4:CD8® CD4 cD8

AA AC CC

s AA Mean 192 222 210 2.13 1.06 0.52
g
<
o
wv
(o]
%
— AC Mean 193 198 1.73 1.83 1.05 0.61
a
©
IS
O
T
2 CC Mean 189 1.83 1.62 1.67 1.04 0.65

CD4:CD8” Mean 191 197  1.69

CD4 Mean 1.15 1.10 1.02

CD8  Mean 063 058 063

* A 4-df interaction test (for the parameters rs2524054 additive*rs9270986 additive,
152524054 additive*rs9270986 dominant, rs2524054 dominant*rs9270986 additive and
1s2524054 dominant*rs9270986 dominant) was not significant (P = 0.29).

b Significant dominance deviation for the effect of r$2524054 (P = 0.037) and rs9270986 (P = 0.002) on
CD4:CDS ratio.
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Table S7. Association results between the two MHC variants with major effects on basal lymphocyte
levels and disease

MHC class | (rs2524054, A) MHC class Il (rs9270986, A)
Allele frequency OR p Allele frequency OR P
Cases  Controls Cases Controls
WTCCC disease cohort:*
Type 1 diabetes 0.34 0.28 133 3.3x107 001  0.15 0.04 1.0x10™%
Rheumatoid arthritis 0.26 0.28 0.92 0.08 0.10  0.15 0.60 2.7x107"
Crohn's disease 0.26 0.28 0.87 0.01 0.13  0.15 0.81 0.001
Type-2 diabetes 0.26 0.28 0.9 0.02 0.14  0.15 0.92 0.16
Coronary artery disease 0.26 0.28 0.91 0.05 0.15 0.15 0.96 0.46
Hypertension 0.26 0.28 0.90 0.03 0.13  0.15 0.85 0.01
Bipolar disease 0.28 0.28 0.97 0.58 0.17  0.15 1.11 0.07
HIV+ cohort:®
Host control of HIV 0.13 0.26 032  9.1x10™" 0.10  0.14 0.72 0.036
HLA-DQB1*0602 (1.00), HLA-
HLA alleles tagged® (%) HLA-C*0702 (.67), HLA-B*0702 (.50) DRBI1*1501 (1.00), HLA-DQA1*0102
(0.95)

* The MHC variant rs2524054 was not present in the Affymetrix 500K chip used by the WTCCC® and so
was imputed using PLINK as described previously®. The SNP was imputed with high confidence
(information score 0.94).

® The HIV cohort comprised 445 HIV controllers (cases) of European descent which were compared to 733
individuals with progressive HIV disease (controls), also of European descent. HIV Controllers are
individuals who naturally control HIV plasma viral load to extremely low or undetectable levels without
medications. The 152524054 and rs9270986 SNPs were imputed in all samples using PLINK with high
confidence (information score >0.92). Both SNPs were tested for association to HIV controller status using
a logistic regression model, correcting for population structure by including EIGENSTRAT principal
components as covariates.

¢ The classic HLA alleles were imputed in the HapMap (release 2) CEU population using PLINK and the
set of proxies for each HLA allele identified by de Bakker et al’. The linkage disequilibrium (+%) was then
estimated between the HLA alleles and both r$2524054 and rs9270986, and the best tagged HL A alleles
identified.

15



Table S8. Characteristics of the HIV study participants®

HIV controllers HIV progressors
Genotyped (& clinical) 400 (293-400) 733 (0)
Female sex, % 16 9
Mean age (range), years 47 (23-80) 39 (17-77)

Mean lymphocyte levels (SD, range):

CD4, 10° cells / L 0.75 (0.29, 0.12-2.17) -
CD8, 10° cells / L 0.92 (0.41, 0.20-2.97) -
CD4:CDS ratio 0.94 (0.47, 0.14-2.94) -

*A cohort of 445 HIV-1 controllers and 733 HIV-1 chronically infected individuals (“progressors™) of
European descent was ascertained through The International HIV Controllers Study. HIV-1 controllers are
individuals who naturally control virus replication to levels below 2000 copies/mL in the absence of
antiretroviral therapy. The HIV-1 progressors were from AIDS Clinical Trials Group (ACTG) protocols
A384, A5095 and A5142 who provided DNA under ACTG protocol A5128'. Clinical data were collected
longitudinally over the course of routine HIV monitoring visits and were provided by the collaborating
physicians and research centers. Patients are typically seen every three months. A subset of the HIV
controllers had longitudinal CD4 (N = 400), CD8 and derived CD4:CD8 ratio (N = 293) measurements
available (median 8 measurements per person; IQR 4-14). The average of all measurements was taken.
Measurements > 5 SD above the mean were excluded and an inverse-normal transformation was applied.
Genotyping was performed on the Illumina HumanHap650Y and 1M Duo platforms in two phases. Only
samples with a genotyping call rate > 95% were included. SNPs having a call rate < 0.95, Hardy-Weinberg
P <10, minor allele frequency < 0.01, non-random missingness P < 10 and differential missingness
between cases and controls P < 10” were excluded. To test for European ancestry, multidimensional
scaling plots were drawn using all HapMap phase 3 reference populations. Samples that were gross
outliers from the CEU and TSI populations were excluded.
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Table S9. Association between the two peak MHC variants® and lymphocyte levels in HIV Controllers of
European descent

MHC class | (rs2524054, A) MHC class Il (rs9270986, A)
Allele Allele
Power” Effect* SE K> P N  Frequenc Power Effect SE W P
Frequency y

CD4:CD8 ratio 293 0.18 099 0.08 0.16 0.0 0.64 293 0.16 0.76 -0.19 0.13 0.0 0.17
CD4 levels 400 0.16 - 022 0.14 0.1 0.11 400 0.13 053 -0.10 0.14 0.0 048
CDS8 levels 292 0.18 094 024 0.16 0.1 0.14 292 0.16 - 0.03 0.14 0.0 0.1

* SNPs 152524054 and rs9270986 were imputed in all samples using PLINK with HapMap release 22 CEU
founder haplotypes as reference. Both SNPs were imputed with high confidence (information score 0.95
and 1.02, respectively). Association tests for rs2524054 and rs9270986 with CD4 count, CDS8 count and
CD4:CD8 ratio were performed in PLINK using linear regression. In order to control for the effects of
population stratification the first ten EIGENSTRAT principal components were included as covariates in
the model. We also adjusted for the effects of age, sex, duration of HIV infection and degree of viremia
(undetectable vs. HIV plasma virus load <2000 copies/mL), but the results remained essentially unchanged
when these covariates were excluded. In a separate genome-wide association study we are currently
testing the hypothesis that host genetic factors are associated with durable suppression of virus replication
in 445 HIV controllers as compared to 733 HIV progressors of European descent
(www.hivcontrollers.org). Results of the complete study will be presented in greater detail elsewhere.

® Theoretical power (o= 0.05) to detect the effect size estimated in the Australian GWAS panel (cf Table 1
in the main text and Table S4).

¢ Effect corresponds to standard deviation units for the transformed phenotype.
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