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Integration of data types 

•  Existing lists of causal genes, known 
associations 

•  Unbiased genome screening data sets 
(e.g. PPI, expression, RNAi) and genome 
annotation data (e.g. TF binding sites, 
epigenetic marks) 

•  Semi-structured Literature  
•  Model organism data  



The challenge 



Use Case I 

•  Using networks to implicate a gene in a 
complex and highly multigenic scenario 

•  Vidal, Barabasi, Gerstein, Hurles, many 
others 





DAPPLE results 



DAPPLE predicts new 
associations 

•  293 genes in CD network and 
expressed in relevant tissues 

•  10/293 predicted CD genes later 
confirmed by GWAS meta analysis 
(p<0.001) 



Use Case II 

•  Establishing causality for non-coding 
DNA variants 



Non-coding annotation 

•  Rapidly growing large body of NC 
annotation  

•  Disruption of these annotations are 
interpretable from a sequence 
perspective 

•  Annotations allow integration of 
information on cell types and tissues 
(epigenome roadmap, ENCODE) 



•  Cis-eQTL study: whole-genome LCL expression 
and 13M SNPS from 210 samples (1000 genomes 
project)	


•  Key example of how non-coding annotation can be 
used to form priors on “causality”.	




The LD “Problem”	
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regulate NOS2 mRNA expression (that is, to function as a cis-acting 
expression quantitative trait locus (cis-eQTL)) as assessed by either 
 microarray (Supplementary Table 6) or qRT-PCR assays (data not 
shown). Although this SNP attained genome-wide significance only 
for PsC in a subphenotype analysis, it also yielded a strong association 
with PsA (OR = 1.23, P = 1 × 10−6; Table 2). Notably similar to inflam-
matory dendritic cells in cutaneous psoriasis, cells infiltrating the 
sub-lining layer of diseased synovium express markedly higher levels 
of iNOS and TNF-  in PsA than in osteoarthritis or traumatic arthri-
tis16. Although Online Mendelian Inheritance in Man (MIM163730) 
lists unconfirmed associations between NOS2 variants and malaria, 
mycetoma, preterm delivery and Parkinson’s disease, this is the first 
description of a genome-wide significant association between NOS2 
and any complex genetic disorder.

The next most significant SNP (rs10782001, combined P = 9 × 10−10, 
replication stage OR = 1.16) mapped to a large region of strong LD on 
chromosome 16p11.2 containing at least 31 genes (Table 1 and Fig. 1). 
Both rs10782001 and rs12924903, which are in strong LD with each other 
(r2 = 1.0 in the phase 2 HapMap European CEU population), attained 
genome-wide significance for PsA but not for PsC, despite the greater 
numbers of individuals with PsC (n = 2,113) relative to PsA (n = 1,361) 

(Table 2). Moreover, SNP rs10782001 was more strongly associated with 
PsA than with PsC at a statistically significant level (OR = 1.12, P = 0.02).  
Although any of the genes in the associated region could be respon-
sible for the observed association signal, POL3S and FBXL19 showed 
the strongest differential expression between psoriatic and normal 
skin (2.66-fold increase for POL3S and a 1.43-fold increase for FBXL19 
in lesional skin compared to control skin; Fig. 1 and Supplementary 
Table 4). POL3S encodes a secreted serine protease about which little 
is known17. FBXL19 is structurally related to FBXL11, an F-box family 
member recently shown to inhibit NF- B (nuclear factor kappa light 
chain enhancer of activated B cells) activity by lysine demethylation18. Of 
the 68 human members of the F-box protein family, only three (FBXL10, 
FBXL11 and FBXL19) have zinc finger, plant homology domain and  
leucine-rich repeats in addition to the F-box19. FBXL10 and FBXL11 con-
tain jumonji C domains known to be required for demethylase activity 
but FBLX19 does not19. Thus, FBXL19 might act as a dominant negative 
inhibitor of demethylase activity, thereby serving to activate NF- B.

The third associated SNP (rs12586317, combined P = 2 × 10−8, repli-
cation stage OR = 1.15; Table 1) mapped to the vicinity of NFKBIA, 
PSMA6 and KIAA0391. Imputation based on the 1000 Genomes 
Project led us to select this SNP for typing and revealed that the 
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Figure 1 Evidence for psoriasis association in four genomic regions including the three new loci attaining genome-wide significance and the confirmed 
RNF114 region. The upper portion of each plot depicts association P values for a meta-analysis of the CASP and Kiel discovery GWAS using 1000 
Genomes Project–based imputation and the lower portion depicts RefSeq genes and LD plots from the phase 2 HapMap CEU sample. For each region, 
the most strongly associated replicated SNP is highlighted in red, as are its P values for the discovery, replication and combined samples.
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regulate NOS2 mRNA expression (that is, to function as a cis-acting 
expression quantitative trait locus (cis-eQTL)) as assessed by either 
 microarray (Supplementary Table 6) or qRT-PCR assays (data not 
shown). Although this SNP attained genome-wide significance only 
for PsC in a subphenotype analysis, it also yielded a strong association 
with PsA (OR = 1.23, P = 1 × 10−6; Table 2). Notably similar to inflam-
matory dendritic cells in cutaneous psoriasis, cells infiltrating the 
sub-lining layer of diseased synovium express markedly higher levels 
of iNOS and TNF-  in PsA than in osteoarthritis or traumatic arthri-
tis16. Although Online Mendelian Inheritance in Man (MIM163730) 
lists unconfirmed associations between NOS2 variants and malaria, 
mycetoma, preterm delivery and Parkinson’s disease, this is the first 
description of a genome-wide significant association between NOS2 
and any complex genetic disorder.

The next most significant SNP (rs10782001, combined P = 9 × 10−10, 
replication stage OR = 1.16) mapped to a large region of strong LD on 
chromosome 16p11.2 containing at least 31 genes (Table 1 and Fig. 1). 
Both rs10782001 and rs12924903, which are in strong LD with each other 
(r2 = 1.0 in the phase 2 HapMap European CEU population), attained 
genome-wide significance for PsA but not for PsC, despite the greater 
numbers of individuals with PsC (n = 2,113) relative to PsA (n = 1,361) 

(Table 2). Moreover, SNP rs10782001 was more strongly associated with 
PsA than with PsC at a statistically significant level (OR = 1.12, P = 0.02).  
Although any of the genes in the associated region could be respon-
sible for the observed association signal, POL3S and FBXL19 showed 
the strongest differential expression between psoriatic and normal 
skin (2.66-fold increase for POL3S and a 1.43-fold increase for FBXL19 
in lesional skin compared to control skin; Fig. 1 and Supplementary 
Table 4). POL3S encodes a secreted serine protease about which little 
is known17. FBXL19 is structurally related to FBXL11, an F-box family 
member recently shown to inhibit NF- B (nuclear factor kappa light 
chain enhancer of activated B cells) activity by lysine demethylation18. Of 
the 68 human members of the F-box protein family, only three (FBXL10, 
FBXL11 and FBXL19) have zinc finger, plant homology domain and  
leucine-rich repeats in addition to the F-box19. FBXL10 and FBXL11 con-
tain jumonji C domains known to be required for demethylase activity 
but FBLX19 does not19. Thus, FBXL19 might act as a dominant negative 
inhibitor of demethylase activity, thereby serving to activate NF- B.

The third associated SNP (rs12586317, combined P = 2 × 10−8, repli-
cation stage OR = 1.15; Table 1) mapped to the vicinity of NFKBIA, 
PSMA6 and KIAA0391. Imputation based on the 1000 Genomes 
Project led us to select this SNP for typing and revealed that the 
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Figure 1 Evidence for psoriasis association in four genomic regions including the three new loci attaining genome-wide significance and the confirmed 
RNF114 region. The upper portion of each plot depicts association P values for a meta-analysis of the CASP and Kiel discovery GWAS using 1000 
Genomes Project–based imputation and the lower portion depicts RefSeq genes and LD plots from the phase 2 HapMap CEU sample. For each region, 
the most strongly associated replicated SNP is highlighted in red, as are its P values for the discovery, replication and combined samples.
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regulate NOS2 mRNA expression (that is, to function as a cis-acting 
expression quantitative trait locus (cis-eQTL)) as assessed by either 
 microarray (Supplementary Table 6) or qRT-PCR assays (data not 
shown). Although this SNP attained genome-wide significance only 
for PsC in a subphenotype analysis, it also yielded a strong association 
with PsA (OR = 1.23, P = 1 × 10−6; Table 2). Notably similar to inflam-
matory dendritic cells in cutaneous psoriasis, cells infiltrating the 
sub-lining layer of diseased synovium express markedly higher levels 
of iNOS and TNF-  in PsA than in osteoarthritis or traumatic arthri-
tis16. Although Online Mendelian Inheritance in Man (MIM163730) 
lists unconfirmed associations between NOS2 variants and malaria, 
mycetoma, preterm delivery and Parkinson’s disease, this is the first 
description of a genome-wide significant association between NOS2 
and any complex genetic disorder.

The next most significant SNP (rs10782001, combined P = 9 × 10−10, 
replication stage OR = 1.16) mapped to a large region of strong LD on 
chromosome 16p11.2 containing at least 31 genes (Table 1 and Fig. 1). 
Both rs10782001 and rs12924903, which are in strong LD with each other 
(r2 = 1.0 in the phase 2 HapMap European CEU population), attained 
genome-wide significance for PsA but not for PsC, despite the greater 
numbers of individuals with PsC (n = 2,113) relative to PsA (n = 1,361) 

(Table 2). Moreover, SNP rs10782001 was more strongly associated with 
PsA than with PsC at a statistically significant level (OR = 1.12, P = 0.02).  
Although any of the genes in the associated region could be respon-
sible for the observed association signal, POL3S and FBXL19 showed 
the strongest differential expression between psoriatic and normal 
skin (2.66-fold increase for POL3S and a 1.43-fold increase for FBXL19 
in lesional skin compared to control skin; Fig. 1 and Supplementary 
Table 4). POL3S encodes a secreted serine protease about which little 
is known17. FBXL19 is structurally related to FBXL11, an F-box family 
member recently shown to inhibit NF- B (nuclear factor kappa light 
chain enhancer of activated B cells) activity by lysine demethylation18. Of 
the 68 human members of the F-box protein family, only three (FBXL10, 
FBXL11 and FBXL19) have zinc finger, plant homology domain and  
leucine-rich repeats in addition to the F-box19. FBXL10 and FBXL11 con-
tain jumonji C domains known to be required for demethylase activity 
but FBLX19 does not19. Thus, FBXL19 might act as a dominant negative 
inhibitor of demethylase activity, thereby serving to activate NF- B.

The third associated SNP (rs12586317, combined P = 2 × 10−8, repli-
cation stage OR = 1.15; Table 1) mapped to the vicinity of NFKBIA, 
PSMA6 and KIAA0391. Imputation based on the 1000 Genomes 
Project led us to select this SNP for typing and revealed that the 
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Figure 1 Evidence for psoriasis association in four genomic regions including the three new loci attaining genome-wide significance and the confirmed 
RNF114 region. The upper portion of each plot depicts association P values for a meta-analysis of the CASP and Kiel discovery GWAS using 1000 
Genomes Project–based imputation and the lower portion depicts RefSeq genes and LD plots from the phase 2 HapMap CEU sample. For each region, 
the most strongly associated replicated SNP is highlighted in red, as are its P values for the discovery, replication and combined samples.
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regulate NOS2 mRNA expression (that is, to function as a cis-acting 
expression quantitative trait locus (cis-eQTL)) as assessed by either 
 microarray (Supplementary Table 6) or qRT-PCR assays (data not 
shown). Although this SNP attained genome-wide significance only 
for PsC in a subphenotype analysis, it also yielded a strong association 
with PsA (OR = 1.23, P = 1 × 10−6; Table 2). Notably similar to inflam-
matory dendritic cells in cutaneous psoriasis, cells infiltrating the 
sub-lining layer of diseased synovium express markedly higher levels 
of iNOS and TNF-  in PsA than in osteoarthritis or traumatic arthri-
tis16. Although Online Mendelian Inheritance in Man (MIM163730) 
lists unconfirmed associations between NOS2 variants and malaria, 
mycetoma, preterm delivery and Parkinson’s disease, this is the first 
description of a genome-wide significant association between NOS2 
and any complex genetic disorder.

The next most significant SNP (rs10782001, combined P = 9 × 10−10, 
replication stage OR = 1.16) mapped to a large region of strong LD on 
chromosome 16p11.2 containing at least 31 genes (Table 1 and Fig. 1). 
Both rs10782001 and rs12924903, which are in strong LD with each other 
(r2 = 1.0 in the phase 2 HapMap European CEU population), attained 
genome-wide significance for PsA but not for PsC, despite the greater 
numbers of individuals with PsC (n = 2,113) relative to PsA (n = 1,361) 

(Table 2). Moreover, SNP rs10782001 was more strongly associated with 
PsA than with PsC at a statistically significant level (OR = 1.12, P = 0.02).  
Although any of the genes in the associated region could be respon-
sible for the observed association signal, POL3S and FBXL19 showed 
the strongest differential expression between psoriatic and normal 
skin (2.66-fold increase for POL3S and a 1.43-fold increase for FBXL19 
in lesional skin compared to control skin; Fig. 1 and Supplementary 
Table 4). POL3S encodes a secreted serine protease about which little 
is known17. FBXL19 is structurally related to FBXL11, an F-box family 
member recently shown to inhibit NF- B (nuclear factor kappa light 
chain enhancer of activated B cells) activity by lysine demethylation18. Of 
the 68 human members of the F-box protein family, only three (FBXL10, 
FBXL11 and FBXL19) have zinc finger, plant homology domain and  
leucine-rich repeats in addition to the F-box19. FBXL10 and FBXL11 con-
tain jumonji C domains known to be required for demethylase activity 
but FBLX19 does not19. Thus, FBXL19 might act as a dominant negative 
inhibitor of demethylase activity, thereby serving to activate NF- B.

The third associated SNP (rs12586317, combined P = 2 × 10−8, repli-
cation stage OR = 1.15; Table 1) mapped to the vicinity of NFKBIA, 
PSMA6 and KIAA0391. Imputation based on the 1000 Genomes 
Project led us to select this SNP for typing and revealed that the 
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Figure 1 Evidence for psoriasis association in four genomic regions including the three new loci attaining genome-wide significance and the confirmed 
RNF114 region. The upper portion of each plot depicts association P values for a meta-analysis of the CASP and Kiel discovery GWAS using 1000 
Genomes Project–based imputation and the lower portion depicts RefSeq genes and LD plots from the phase 2 HapMap CEU sample. For each region, 
the most strongly associated replicated SNP is highlighted in red, as are its P values for the discovery, replication and combined samples.
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regulate NOS2 mRNA expression (that is, to function as a cis-acting 
expression quantitative trait locus (cis-eQTL)) as assessed by either 
 microarray (Supplementary Table 6) or qRT-PCR assays (data not 
shown). Although this SNP attained genome-wide significance only 
for PsC in a subphenotype analysis, it also yielded a strong association 
with PsA (OR = 1.23, P = 1 × 10−6; Table 2). Notably similar to inflam-
matory dendritic cells in cutaneous psoriasis, cells infiltrating the 
sub-lining layer of diseased synovium express markedly higher levels 
of iNOS and TNF-  in PsA than in osteoarthritis or traumatic arthri-
tis16. Although Online Mendelian Inheritance in Man (MIM163730) 
lists unconfirmed associations between NOS2 variants and malaria, 
mycetoma, preterm delivery and Parkinson’s disease, this is the first 
description of a genome-wide significant association between NOS2 
and any complex genetic disorder.

The next most significant SNP (rs10782001, combined P = 9 × 10−10, 
replication stage OR = 1.16) mapped to a large region of strong LD on 
chromosome 16p11.2 containing at least 31 genes (Table 1 and Fig. 1). 
Both rs10782001 and rs12924903, which are in strong LD with each other 
(r2 = 1.0 in the phase 2 HapMap European CEU population), attained 
genome-wide significance for PsA but not for PsC, despite the greater 
numbers of individuals with PsC (n = 2,113) relative to PsA (n = 1,361) 

(Table 2). Moreover, SNP rs10782001 was more strongly associated with 
PsA than with PsC at a statistically significant level (OR = 1.12, P = 0.02).  
Although any of the genes in the associated region could be respon-
sible for the observed association signal, POL3S and FBXL19 showed 
the strongest differential expression between psoriatic and normal 
skin (2.66-fold increase for POL3S and a 1.43-fold increase for FBXL19 
in lesional skin compared to control skin; Fig. 1 and Supplementary 
Table 4). POL3S encodes a secreted serine protease about which little 
is known17. FBXL19 is structurally related to FBXL11, an F-box family 
member recently shown to inhibit NF- B (nuclear factor kappa light 
chain enhancer of activated B cells) activity by lysine demethylation18. Of 
the 68 human members of the F-box protein family, only three (FBXL10, 
FBXL11 and FBXL19) have zinc finger, plant homology domain and  
leucine-rich repeats in addition to the F-box19. FBXL10 and FBXL11 con-
tain jumonji C domains known to be required for demethylase activity 
but FBLX19 does not19. Thus, FBXL19 might act as a dominant negative 
inhibitor of demethylase activity, thereby serving to activate NF- B.

The third associated SNP (rs12586317, combined P = 2 × 10−8, repli-
cation stage OR = 1.15; Table 1) mapped to the vicinity of NFKBIA, 
PSMA6 and KIAA0391. Imputation based on the 1000 Genomes 
Project led us to select this SNP for typing and revealed that the 
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Figure 1 Evidence for psoriasis association in four genomic regions including the three new loci attaining genome-wide significance and the confirmed 
RNF114 region. The upper portion of each plot depicts association P values for a meta-analysis of the CASP and Kiel discovery GWAS using 1000 
Genomes Project–based imputation and the lower portion depicts RefSeq genes and LD plots from the phase 2 HapMap CEU sample. For each region, 
the most strongly associated replicated SNP is highlighted in red, as are its P values for the discovery, replication and combined samples.
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regulate NOS2 mRNA expression (that is, to function as a cis-acting 
expression quantitative trait locus (cis-eQTL)) as assessed by either 
 microarray (Supplementary Table 6) or qRT-PCR assays (data not 
shown). Although this SNP attained genome-wide significance only 
for PsC in a subphenotype analysis, it also yielded a strong association 
with PsA (OR = 1.23, P = 1 × 10−6; Table 2). Notably similar to inflam-
matory dendritic cells in cutaneous psoriasis, cells infiltrating the 
sub-lining layer of diseased synovium express markedly higher levels 
of iNOS and TNF-  in PsA than in osteoarthritis or traumatic arthri-
tis16. Although Online Mendelian Inheritance in Man (MIM163730) 
lists unconfirmed associations between NOS2 variants and malaria, 
mycetoma, preterm delivery and Parkinson’s disease, this is the first 
description of a genome-wide significant association between NOS2 
and any complex genetic disorder.

The next most significant SNP (rs10782001, combined P = 9 × 10−10, 
replication stage OR = 1.16) mapped to a large region of strong LD on 
chromosome 16p11.2 containing at least 31 genes (Table 1 and Fig. 1). 
Both rs10782001 and rs12924903, which are in strong LD with each other 
(r2 = 1.0 in the phase 2 HapMap European CEU population), attained 
genome-wide significance for PsA but not for PsC, despite the greater 
numbers of individuals with PsC (n = 2,113) relative to PsA (n = 1,361) 

(Table 2). Moreover, SNP rs10782001 was more strongly associated with 
PsA than with PsC at a statistically significant level (OR = 1.12, P = 0.02).  
Although any of the genes in the associated region could be respon-
sible for the observed association signal, POL3S and FBXL19 showed 
the strongest differential expression between psoriatic and normal 
skin (2.66-fold increase for POL3S and a 1.43-fold increase for FBXL19 
in lesional skin compared to control skin; Fig. 1 and Supplementary 
Table 4). POL3S encodes a secreted serine protease about which little 
is known17. FBXL19 is structurally related to FBXL11, an F-box family 
member recently shown to inhibit NF- B (nuclear factor kappa light 
chain enhancer of activated B cells) activity by lysine demethylation18. Of 
the 68 human members of the F-box protein family, only three (FBXL10, 
FBXL11 and FBXL19) have zinc finger, plant homology domain and  
leucine-rich repeats in addition to the F-box19. FBXL10 and FBXL11 con-
tain jumonji C domains known to be required for demethylase activity 
but FBLX19 does not19. Thus, FBXL19 might act as a dominant negative 
inhibitor of demethylase activity, thereby serving to activate NF- B.

The third associated SNP (rs12586317, combined P = 2 × 10−8, repli-
cation stage OR = 1.15; Table 1) mapped to the vicinity of NFKBIA, 
PSMA6 and KIAA0391. Imputation based on the 1000 Genomes 
Project led us to select this SNP for typing and revealed that the 
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Figure 1 Evidence for psoriasis association in four genomic regions including the three new loci attaining genome-wide significance and the confirmed 
RNF114 region. The upper portion of each plot depicts association P values for a meta-analysis of the CASP and Kiel discovery GWAS using 1000 
Genomes Project–based imputation and the lower portion depicts RefSeq genes and LD plots from the phase 2 HapMap CEU sample. For each region, 
the most strongly associated replicated SNP is highlighted in red, as are its P values for the discovery, replication and combined samples.
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regulate NOS2 mRNA expression (that is, to function as a cis-acting 
expression quantitative trait locus (cis-eQTL)) as assessed by either 
 microarray (Supplementary Table 6) or qRT-PCR assays (data not 
shown). Although this SNP attained genome-wide significance only 
for PsC in a subphenotype analysis, it also yielded a strong association 
with PsA (OR = 1.23, P = 1 × 10−6; Table 2). Notably similar to inflam-
matory dendritic cells in cutaneous psoriasis, cells infiltrating the 
sub-lining layer of diseased synovium express markedly higher levels 
of iNOS and TNF-  in PsA than in osteoarthritis or traumatic arthri-
tis16. Although Online Mendelian Inheritance in Man (MIM163730) 
lists unconfirmed associations between NOS2 variants and malaria, 
mycetoma, preterm delivery and Parkinson’s disease, this is the first 
description of a genome-wide significant association between NOS2 
and any complex genetic disorder.

The next most significant SNP (rs10782001, combined P = 9 × 10−10, 
replication stage OR = 1.16) mapped to a large region of strong LD on 
chromosome 16p11.2 containing at least 31 genes (Table 1 and Fig. 1). 
Both rs10782001 and rs12924903, which are in strong LD with each other 
(r2 = 1.0 in the phase 2 HapMap European CEU population), attained 
genome-wide significance for PsA but not for PsC, despite the greater 
numbers of individuals with PsC (n = 2,113) relative to PsA (n = 1,361) 

(Table 2). Moreover, SNP rs10782001 was more strongly associated with 
PsA than with PsC at a statistically significant level (OR = 1.12, P = 0.02).  
Although any of the genes in the associated region could be respon-
sible for the observed association signal, POL3S and FBXL19 showed 
the strongest differential expression between psoriatic and normal 
skin (2.66-fold increase for POL3S and a 1.43-fold increase for FBXL19 
in lesional skin compared to control skin; Fig. 1 and Supplementary 
Table 4). POL3S encodes a secreted serine protease about which little 
is known17. FBXL19 is structurally related to FBXL11, an F-box family 
member recently shown to inhibit NF- B (nuclear factor kappa light 
chain enhancer of activated B cells) activity by lysine demethylation18. Of 
the 68 human members of the F-box protein family, only three (FBXL10, 
FBXL11 and FBXL19) have zinc finger, plant homology domain and  
leucine-rich repeats in addition to the F-box19. FBXL10 and FBXL11 con-
tain jumonji C domains known to be required for demethylase activity 
but FBLX19 does not19. Thus, FBXL19 might act as a dominant negative 
inhibitor of demethylase activity, thereby serving to activate NF- B.

The third associated SNP (rs12586317, combined P = 2 × 10−8, repli-
cation stage OR = 1.15; Table 1) mapped to the vicinity of NFKBIA, 
PSMA6 and KIAA0391. Imputation based on the 1000 Genomes 
Project led us to select this SNP for typing and revealed that the 
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Figure 1 Evidence for psoriasis association in four genomic regions including the three new loci attaining genome-wide significance and the confirmed 
RNF114 region. The upper portion of each plot depicts association P values for a meta-analysis of the CASP and Kiel discovery GWAS using 1000 
Genomes Project–based imputation and the lower portion depicts RefSeq genes and LD plots from the phase 2 HapMap CEU sample. For each region, 
the most strongly associated replicated SNP is highlighted in red, as are its P values for the discovery, replication and combined samples.
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regulate NOS2 mRNA expression (that is, to function as a cis-acting 
expression quantitative trait locus (cis-eQTL)) as assessed by either 
 microarray (Supplementary Table 6) or qRT-PCR assays (data not 
shown). Although this SNP attained genome-wide significance only 
for PsC in a subphenotype analysis, it also yielded a strong association 
with PsA (OR = 1.23, P = 1 × 10−6; Table 2). Notably similar to inflam-
matory dendritic cells in cutaneous psoriasis, cells infiltrating the 
sub-lining layer of diseased synovium express markedly higher levels 
of iNOS and TNF-  in PsA than in osteoarthritis or traumatic arthri-
tis16. Although Online Mendelian Inheritance in Man (MIM163730) 
lists unconfirmed associations between NOS2 variants and malaria, 
mycetoma, preterm delivery and Parkinson’s disease, this is the first 
description of a genome-wide significant association between NOS2 
and any complex genetic disorder.

The next most significant SNP (rs10782001, combined P = 9 × 10−10, 
replication stage OR = 1.16) mapped to a large region of strong LD on 
chromosome 16p11.2 containing at least 31 genes (Table 1 and Fig. 1). 
Both rs10782001 and rs12924903, which are in strong LD with each other 
(r2 = 1.0 in the phase 2 HapMap European CEU population), attained 
genome-wide significance for PsA but not for PsC, despite the greater 
numbers of individuals with PsC (n = 2,113) relative to PsA (n = 1,361) 

(Table 2). Moreover, SNP rs10782001 was more strongly associated with 
PsA than with PsC at a statistically significant level (OR = 1.12, P = 0.02).  
Although any of the genes in the associated region could be respon-
sible for the observed association signal, POL3S and FBXL19 showed 
the strongest differential expression between psoriatic and normal 
skin (2.66-fold increase for POL3S and a 1.43-fold increase for FBXL19 
in lesional skin compared to control skin; Fig. 1 and Supplementary 
Table 4). POL3S encodes a secreted serine protease about which little 
is known17. FBXL19 is structurally related to FBXL11, an F-box family 
member recently shown to inhibit NF- B (nuclear factor kappa light 
chain enhancer of activated B cells) activity by lysine demethylation18. Of 
the 68 human members of the F-box protein family, only three (FBXL10, 
FBXL11 and FBXL19) have zinc finger, plant homology domain and  
leucine-rich repeats in addition to the F-box19. FBXL10 and FBXL11 con-
tain jumonji C domains known to be required for demethylase activity 
but FBLX19 does not19. Thus, FBXL19 might act as a dominant negative 
inhibitor of demethylase activity, thereby serving to activate NF- B.

The third associated SNP (rs12586317, combined P = 2 × 10−8, repli-
cation stage OR = 1.15; Table 1) mapped to the vicinity of NFKBIA, 
PSMA6 and KIAA0391. Imputation based on the 1000 Genomes 
Project led us to select this SNP for typing and revealed that the 
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Figure 1 Evidence for psoriasis association in four genomic regions including the three new loci attaining genome-wide significance and the confirmed 
RNF114 region. The upper portion of each plot depicts association P values for a meta-analysis of the CASP and Kiel discovery GWAS using 1000 
Genomes Project–based imputation and the lower portion depicts RefSeq genes and LD plots from the phase 2 HapMap CEU sample. For each region, 
the most strongly associated replicated SNP is highlighted in red, as are its P values for the discovery, replication and combined samples.

1002 VOLUME 42 | NUMBER 11 | NOVEMBER 2010 NATURE GENETICS

L E T T E R S

regulate NOS2 mRNA expression (that is, to function as a cis-acting 
expression quantitative trait locus (cis-eQTL)) as assessed by either 
 microarray (Supplementary Table 6) or qRT-PCR assays (data not 
shown). Although this SNP attained genome-wide significance only 
for PsC in a subphenotype analysis, it also yielded a strong association 
with PsA (OR = 1.23, P = 1 × 10−6; Table 2). Notably similar to inflam-
matory dendritic cells in cutaneous psoriasis, cells infiltrating the 
sub-lining layer of diseased synovium express markedly higher levels 
of iNOS and TNF-  in PsA than in osteoarthritis or traumatic arthri-
tis16. Although Online Mendelian Inheritance in Man (MIM163730) 
lists unconfirmed associations between NOS2 variants and malaria, 
mycetoma, preterm delivery and Parkinson’s disease, this is the first 
description of a genome-wide significant association between NOS2 
and any complex genetic disorder.

The next most significant SNP (rs10782001, combined P = 9 × 10−10, 
replication stage OR = 1.16) mapped to a large region of strong LD on 
chromosome 16p11.2 containing at least 31 genes (Table 1 and Fig. 1). 
Both rs10782001 and rs12924903, which are in strong LD with each other 
(r2 = 1.0 in the phase 2 HapMap European CEU population), attained 
genome-wide significance for PsA but not for PsC, despite the greater 
numbers of individuals with PsC (n = 2,113) relative to PsA (n = 1,361) 

(Table 2). Moreover, SNP rs10782001 was more strongly associated with 
PsA than with PsC at a statistically significant level (OR = 1.12, P = 0.02).  
Although any of the genes in the associated region could be respon-
sible for the observed association signal, POL3S and FBXL19 showed 
the strongest differential expression between psoriatic and normal 
skin (2.66-fold increase for POL3S and a 1.43-fold increase for FBXL19 
in lesional skin compared to control skin; Fig. 1 and Supplementary 
Table 4). POL3S encodes a secreted serine protease about which little 
is known17. FBXL19 is structurally related to FBXL11, an F-box family 
member recently shown to inhibit NF- B (nuclear factor kappa light 
chain enhancer of activated B cells) activity by lysine demethylation18. Of 
the 68 human members of the F-box protein family, only three (FBXL10, 
FBXL11 and FBXL19) have zinc finger, plant homology domain and  
leucine-rich repeats in addition to the F-box19. FBXL10 and FBXL11 con-
tain jumonji C domains known to be required for demethylase activity 
but FBLX19 does not19. Thus, FBXL19 might act as a dominant negative 
inhibitor of demethylase activity, thereby serving to activate NF- B.

The third associated SNP (rs12586317, combined P = 2 × 10−8, repli-
cation stage OR = 1.15; Table 1) mapped to the vicinity of NFKBIA, 
PSMA6 and KIAA0391. Imputation based on the 1000 Genomes 
Project led us to select this SNP for typing and revealed that the 
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Figure 1 Evidence for psoriasis association in four genomic regions including the three new loci attaining genome-wide significance and the confirmed 
RNF114 region. The upper portion of each plot depicts association P values for a meta-analysis of the CASP and Kiel discovery GWAS using 1000 
Genomes Project–based imputation and the lower portion depicts RefSeq genes and LD plots from the phase 2 HapMap CEU sample. For each region, 
the most strongly associated replicated SNP is highlighted in red, as are its P values for the discovery, replication and combined samples.
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regulate NOS2 mRNA expression (that is, to function as a cis-acting 
expression quantitative trait locus (cis-eQTL)) as assessed by either 
 microarray (Supplementary Table 6) or qRT-PCR assays (data not 
shown). Although this SNP attained genome-wide significance only 
for PsC in a subphenotype analysis, it also yielded a strong association 
with PsA (OR = 1.23, P = 1 × 10−6; Table 2). Notably similar to inflam-
matory dendritic cells in cutaneous psoriasis, cells infiltrating the 
sub-lining layer of diseased synovium express markedly higher levels 
of iNOS and TNF-  in PsA than in osteoarthritis or traumatic arthri-
tis16. Although Online Mendelian Inheritance in Man (MIM163730) 
lists unconfirmed associations between NOS2 variants and malaria, 
mycetoma, preterm delivery and Parkinson’s disease, this is the first 
description of a genome-wide significant association between NOS2 
and any complex genetic disorder.

The next most significant SNP (rs10782001, combined P = 9 × 10−10, 
replication stage OR = 1.16) mapped to a large region of strong LD on 
chromosome 16p11.2 containing at least 31 genes (Table 1 and Fig. 1). 
Both rs10782001 and rs12924903, which are in strong LD with each other 
(r2 = 1.0 in the phase 2 HapMap European CEU population), attained 
genome-wide significance for PsA but not for PsC, despite the greater 
numbers of individuals with PsC (n = 2,113) relative to PsA (n = 1,361) 

(Table 2). Moreover, SNP rs10782001 was more strongly associated with 
PsA than with PsC at a statistically significant level (OR = 1.12, P = 0.02).  
Although any of the genes in the associated region could be respon-
sible for the observed association signal, POL3S and FBXL19 showed 
the strongest differential expression between psoriatic and normal 
skin (2.66-fold increase for POL3S and a 1.43-fold increase for FBXL19 
in lesional skin compared to control skin; Fig. 1 and Supplementary 
Table 4). POL3S encodes a secreted serine protease about which little 
is known17. FBXL19 is structurally related to FBXL11, an F-box family 
member recently shown to inhibit NF- B (nuclear factor kappa light 
chain enhancer of activated B cells) activity by lysine demethylation18. Of 
the 68 human members of the F-box protein family, only three (FBXL10, 
FBXL11 and FBXL19) have zinc finger, plant homology domain and  
leucine-rich repeats in addition to the F-box19. FBXL10 and FBXL11 con-
tain jumonji C domains known to be required for demethylase activity 
but FBLX19 does not19. Thus, FBXL19 might act as a dominant negative 
inhibitor of demethylase activity, thereby serving to activate NF- B.

The third associated SNP (rs12586317, combined P = 2 × 10−8, repli-
cation stage OR = 1.15; Table 1) mapped to the vicinity of NFKBIA, 
PSMA6 and KIAA0391. Imputation based on the 1000 Genomes 
Project led us to select this SNP for typing and revealed that the 
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Figure 1 Evidence for psoriasis association in four genomic regions including the three new loci attaining genome-wide significance and the confirmed 
RNF114 region. The upper portion of each plot depicts association P values for a meta-analysis of the CASP and Kiel discovery GWAS using 1000 
Genomes Project–based imputation and the lower portion depicts RefSeq genes and LD plots from the phase 2 HapMap CEU sample. For each region, 
the most strongly associated replicated SNP is highlighted in red, as are its P values for the discovery, replication and combined samples.
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SNP-based results 	


Features predictive of LCL eQTLs (>50 tested)	

•  Proximity to gene	

•  Histone marks (n = 5 types)	


•  DNase1 hypersensitivity sites	

•  Core promoter motifs ( n = 2)	

•  Transcription factor binding sites ( n = 4 )	






Use Case III 

•  Identifying causal variant for a 
presumed Mendelian disease, high 
locus heterogeneity 



•  Identified 9 de novo mutations in 10 samples with idiopathic MR	

•  “6 of these … are likely to be pathogenic based on gene function, 

evolutionary conservation, and mutation impact”.	




Take-home points 

•  Rigorous model-based approaches are 
essential for integrating secondary data 

•  Networks are key data structure for 
integration 

•  Wealth of non-coding annotation 
available for integration 

•  “N=1” may be tractable with data 
integration with natural variation 



Discussion Questions 
•  What are the data types to be used?  
•  What are the key untapped data resources today? 
•  How do we best collect data with the a priori intention of integration? 

–  Especially with respect to databases and literature 

•  In what research areas will the integrated approach be most important 
for progress? 

•  How does one establish the statistical validity of integrated 
approaches? Are there situations in which experimental validation of an 
approach is optional?  

•  What are the considerations for validity unique to each use case 1, 2 
and 3? 

•  What are the ways in which the integrated approach can be abused? 
•  What are the optimal ways to leverage ENCODE data for establishing 

causality? 
•  How do we store and share the results of integrated analyses?  


