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SUPPLEMENTARY NOTE 
 
Examples of genes showing significant eQTL that involve reported GWAS markers for 
three autoimmune conditions highlighted in Figure 6 
 
Ulcerative colitis (UC) 
17.6% of reported GWAS markers for UC from the Catalog of Published Genome-Wide 
Association Studies (www.genome.gov/GWA studies) (accessed 10th September 2011) 
involve significant cis-eQTL (24 genes) of which 54% are monocyte specific.  In monocytes 
these include the transcription factor gene ETS2 rs2836878 (pmono 1.4x10-5) (pGWAS 2x10-22)1, 
an important mediator of inflammation implicated in animal models of colitis2; and LSP1 
rs907611 (pmono 8.9x10-14) (pGWAS 1x10-10)1 which regulates leukocyte recruitment to sites of 
inflammation3. In B-cells, eQTL include FCGR2B rs10800309 (pB-cell 6.6x10-4) (pGWAS 3x10-

9)4 critical to phagocytosis of immune complexes. Shared eQTL include the zinc finger 
protein gene ZFP90 rs3203684 (pB-cell 6.1x10-31) (pmono 1.7x10-24) (r2 1.0 with rs1728785, 
pGWAS 3x10-8)5; DAP encoding death-associated protein rs267939 (pB-cell 4.2x10-8, pmono 
1.5x10-4) (pGWAS 6x10-12)5 previously reported in whole blood6; and a strong eQTL for IRF5 
(interferon regulatory factor 5) rs4728142 (pB-cell 4.1x10-20, pmonocyte 4.4x10-16) (pGWAS 2x10-

8)1 which resolves the weak potential association previously reported in PBMC7 and validates 
the eQTL seen in most LCL datasets8. 
 
Systemic lupus erythematosus (SLE) 
16.4% of reported GWAS markers for SLE associate with significant cis-eQTL (16 genes), 
62.5% are B-cell specific. The latter include rs13277113 for BLK (encoding B lymphoid 
tyrosine kinase) (pB-cell 3.6x10-14); FAM167A (pB-cell 1.3x10-80) (pGWAS1x10-10)70,71 consistent 
with reports in LCLs9; and an intronic SNP in PXK which shows a strong cis-eQTL with 
expression of a flanking gene DNASE1L3 rs6445975 (pB-cell 1.3x10-5) (pGWAS 7x10-9)10 
deficiency of which is associated with SLE in mice11, consistent with a role for DNase in 
removal of DNA from nuclear antigens in sites undergoing cellular proliferation. Shared 
eQTL include IRF5 rs4728142 (pB-cell 7.7x10-24, pmonocyte 1.7x10-20) (pGWAS 8x10-19)12; and 
UBE2L3 (encoding a ubiquitin conjugating enzyme) rs5754217 (pB-cell 6.1x10-6, pmonocyte 
2.9x10-16) (pGWAS 2x10-6)13 which is also associated with several other autoimmune diseases 
and involves a previously validated eQTL14. 
 
Crohn’s disease (CD) 
34.4% of reported GWAS SNPs for CD show significant cis-eQTL (30 genes). Monocyte 
specific eQTL include CARD9 rs4077515 (pmonocyte 1.04x10-24) (pGWAS 1x10-36)15. A B-cell-
specific eQTL for FADS1 (encoding fatty acid desaturase 1) was associated with several 
traits including CD rs102275 (pB-cell 3.7x10-22) (pGWAS 2x10-11)15 consistent with the role of 
dietary fats in CD16 and bowel ulceration in FADS2 knockdown mice16. Shared eQTL include 
ERAP2 rs7719705 (pmonocyte 1.71x10-102, pB-cell 2.99x10-106) (r2 0.94 rs2549794 (pGWAS 1x10-

10)15 encoding an aminopeptidase involved in peptide antigen processing17; SLC22A5 
rs12521868 (pB-cell 2.8x10-10, pmonocyte 2x10-30) (pGWAS 1x10-20)15 encoding a plasma 
membrane transporter protein strongly implicated in intestinal inflammation18,19; and INPP5E 
rs4077515 (pB-cell 4.3x10-32, pmonocyte 1.2x10-31) (pGWAS 1x10-36)15 encoding an inositol 
polyphosphate critical to mobilising intracellular calcium, mutations of this gene are 
associated with ciliopathies20. 
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 Supplementary Figure 1. Cell specificity of cis-eQTL. Manhattan plots denoting cis-associations 
  only that (a) are unique to monocytes, (b) unique to B-cells and (c) shared between datasets. 
 Red line indicates p=1.2x10-9.
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Supplementary Figure 2. Proportion of replicated eQTLs in this study to published 
eQTL studies. (a) Comparison of the study dataset with the publically available eQTL 
datasets. Zeller et al as a human primary monocyte dataset, Fehrmann et al as a human 
primary whole blood cell dataset, Dixon et al as a LCL dataset. The counts of matches in 
the SNP-gene relationships were compared with the study dataset at p< 5x10-8. (b) 
Common eQTLs among our dataset, Zeller and Fehrmann datasets were compared with 
the LCL dataset (Dixon et al). The cutoff of the datasets were p< 5x10-8 in the study data-
set, p< 0.05 in Zeller and Fehrmann datasets).
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Supplementary Figure 3. Real-time PCR validates eQTL findings. Points represent individu-
als selected at random from homozygotes from each allele for validatory real-time PCR. Num-
bers per gene: CD52 n=23; CD40 n=15, CD40 PBMC n=29; BCL2L13 n=16; LITAF n=16; LITAF 
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Significance calculated using Welch’s modified t-test. (a-d & g) Monocyte specific eQTLs. (e,f) 
B-Cell specific eQTLs. (h, i) Cell-directional eQTLs.
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Supplementary Figure 4. Location of cell specific eSNPs with respect to genomic 
landscape. Cell type specificities in SNP positions relative to transcription start sites of 
genes (a) and (b) probes. 
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Supplementary Figure 5. The same locus may associate with expression of 
different genes in alternative cell types. Conversely certain genes are regu-
lated by differing loci in a cell dependent manner  (a) Venn diagrams illustrate 
that cell-specific eSNPs may associate with the expression of a different gene in 
alternative cell type (i) 3600 SNPs form eQTL to different genes at Perm p<0.001 
in both datasets (ii) 133 eSNPs associate with the expression of different genes in 
different cell types at p<5x10-8 in each cell type. (b) Demonstration that the eSNP 
for a given gene may depend upon the cell type under analysis. Here TSPAN3 
forms highly significant eQTL to different SNPs in monocytes and B-cells: 
rs11639079 pmono 4.7 x 10-13, pB-cell 0.016; rs17385059 pmono 0.034, pB-cell 2.6 x 10-22. 
(c) Local association plots for rs738289 to MGAT3 in B-cell and SYNGR1 in mono-
cyte (see figure 2c for boxplots).
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Supplementary Figure 6. Trans eSNPs frequently form cis eSNPs.  
Of a total of 295 trans eSNPs in the B-cell dataset, 82 (28%) additionally form cis-eSNPs in
B-cells. In the monocyte dataset this proportion is markedly different with 1259 (89%) of 
trans-eSNPs also forming cis-eSNP in monocytes. When Chromosome 12 is excluded 
(containing the LYZ  region) this proportion falls to 77% (277/358).
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b

 
Supplementary Figure 7. Quantile-quantile plots for cell-specific multi-loci eSNPs. 
(a) QQ-plot of observed versus expected p-values of probe expression associated to 
rs10784774. Values obtained from monocytes in blue and those from B-cells in green. 
The two points above the observed versus expected line in B-cells correspond to LYZ 
probes. (b) QQ-plot of p-values of probe expression associated to rs10816519, a B-cell
specific eQTL to the transcription factor KLF4. B-cell values depicted in green, monocyte
blue.
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Supplementary Figure 8  rs10816519, a cis-eQTL to KLF4, forms a B-cell specific multi-
loci trans-eSNP

.
 

a) Heterozygotes at rs10816519 have a significantly increased expression of KLF4 in B-cells
only (CT vs. TT; PB-cell= 0.00011, Pmonocyte= 0.327, Kruskal-Wallis non-parametric ANOVA)
b) Linkage disequilibrium plots of markers associated with expression at KLF4, upper panel-
B-cells, lower panel - monocytes. Plotted using LocusZoom using hg18 and HapMap CEU for
recombination. 
c) Plots of the three most significantly associated loci in trans to rs10816519 (i) PLAUR has
previously been demonstrated to be downregulated in KLF4 knockout mice and has a KLF4
binding site in it’s promoter. Of note, the expression of 3 separate probes mapping to 
MS4A6A, a gene encoding a four-transmembrane protein associated with Factor VII levels 
and Alzheimer’s susceptibility, was associated to rs10816519. (ii) Linkage disequilibrium
plots for these three genes- as per (b). (iii) B-cell KLF4 expression is significantly associated 
with expression of these genes across the cohort (Spearman’s rho KLF~PLAUR =0.46, 
KLF~CD93 =0.48, KLF~MS4A6A=0.50, P<2.2x10-16 all three tests).
d) Boxplots demonstrating expression of all 46 genes with expression values associated
to rs10816519. Where more than 1 probe is found per gene, the most significant is plotted.
e) Imputation of KLF4 locus using 1000 Genome data (EUR Nov. 2010) demonstrates a 
more significant association to KLF4 expression at rs61414050, a SNP 5’ to the gene (i)
Similarly, this locus again demonstrates significance with the expression of trans associated 
probes as depicted in this local association plot for the gene CYP1B1 to the region (ii) Again
these associations are exclusive to B-cells.
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Supplementary Figure 9. Absence of trans-association in B-cells to rs10784774. 
Regional association plots for the most significantly associated genes in trans to the LYZ
locus. It is apparent that whilst there is significant association in monocytes, there is none
in B-cells.
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Supplementary Figure 10. Genes with regulation of expression in trans to rs10784774. 
A total of 72 probes demonstrate association in trans to rs10784774 at the significance 
threshold. This figure illustrates 56 of their corresponding genes.
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Supplementary Figure 11. Linkage-disequilibrium plot of LYZ expression locus. 
 

Plot illustrates both genotyped (diamonds) and imputed (circles) markers associated with
expression of LYZ. The most significant SNP is rs10784774 and is in complete linkage
disequilibrium with 3 other SNPs across LYZ. This haplotype is separately associated to 
the trans expression of 67 further genes. 
r2 scale: >0.8, red; 0.5-0.8, orange; 0.2-0.5, yellow (genotyped), grey (imputed); <0.2 white.
Mapped using genome build hg18. Recombination rate from CEU HapMap data.  
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Supplementary Figure 12. Expression of p300 regulates the expression of LYZ in an allele
specific manner. (a) UCSC screenshot indicating sites of p300 binding across the LYZ promoter
from ChIP-seq datasets. Note multiple p300 binding sites, including one overlying rs10784774. 
(b) Linear regression of basal LYZ expression vs. p300 expression according to rs10784774
genotype. Increasing expression of p300 is associated with a significant inhibition of LYZ 
expression in individuals carrying the ancestral A allele for rs10784774 only. 
AA: r2 0.41 p=4.4x10-8, AG: r2 0.22 p=1.4x10-9 , GG: r2 0.02 p=0.11
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Supplementary Figure 13. Validation of imputation on HLA types.  PPV: positive 
predicted value. CT: cutoff threshold. (a) HLA DRB 2-digit imputation. (b) HLA DQA 4-digit 
imputation.
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Supplementary Figure 14. HLA imputation is informative for MHC cis associations. Primers 
designed to anneal to SNP free regions, non-overlapping with probe annealing site, were used to 
amplify HLA-C from PBMC derived cDNA (a) Local association plot showing cis-eQTL with previously 
reported eSNP rs9264942. The strongest association we observe is with rs10484554. (b) Imputation 
demonstrates that the minor allele of rs10484554 is only found in association with carriage of either 
C*0602 or C*1203. Carriage of C*0602 or C*1203 is associated with increased expression of HLA-C 
(C*0602, P=2.5x10-14, C*1203, P=0.008, C*0602/*1203, P<2.2x10-16, one-way ANOVA). (c) In B-cells 
and monocytes according to the array data carriage of C*0602 or C*1203 is also associated with 
increased expression of HLA-C (PB-cell=1.3x10-13, Pmonocyte=3.2x10-12, one-way ANOVA).
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Supplementary Figure 15. Cell specific cis-eQTL involving SNP markers associated with disease. 
Genes showing significant cis-eQTL that involve SNPs reported at genome-wide significance (p < 
5x10-8) in the Catalog of Published Genome-Wide Association Studies (www.genome.gov/GWA stud-
ies) (accessed 10th September 2011) or proxy SNPs identified for these disease markers from the 1000 
Genomes Project (CEU cohort, r2 > 0.8) are shown. (a) Examples of genes showing eQTL involving 
SNPs associated with multiple GWAS traits. (b) List of genes with shared cis-eQTL/GWAS SNPs for 
disease traits grouped by cell type and excluding HLA genes.  
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