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The WØRD

When you feel it in your gut, you know it must be right.



697 SNPs explain 20% of height
~2,000 SNPs explain 21% of height
~3,700 SNPs explain 24% of height
~9,500 SNPs explain 29% of height



97 SNPs explain 2.7% of BMI
All common SNPs may explain 20% of BMI

Do we give up on GWAS, fine map everything, 
or think differently?



eQTL Analysis
Use genome-wide data on genetic variants 
(SNPs = Single Nucleotide Polymorphisms)
and gene expression data together

Treat gene expression as a quantitative trait

Ask, “Which SNPs are correlated with the degree of 
gene expression?”

Most people concentrate on cis-acting SNPs

What about trans-acting SNPs?

John Platig



eQTL Networks: A simple idea
• eQTLs should group into communities with core 

SNPs regulating particular cellular functions

• Perform a “standard eQTL” analysis using 
Matrix_EQTL:

Y = β0 + β1 ADD + ε
where Y is the quantitative trait and ADD is the 
allele dosage of a genotype.
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Which SNPs affect function?
Many strong eQTLs are found near the target 
gene. But what about multiple SNPs that are 
correlated with multiple genes?

SNPs

Genes

Can a network of SNP-
gene associations 
inform the functional 
roles of these SNPs?
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Results: COPD
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What about GWAS SNPs?
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What about GWAS SNPs?
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The “hubs” are 
a

GWAS desert!



What are the critical areas?
Abraham Wald: Put the armor where the bullets aren’t!

http://cameronmoll.com/Good_vs_Great.pdf



Network Structure Matters?
• Are “disease” SNPs skewed towards the top of my SNP list 

as ranked by the overall out degree?
• No! 

• The collection of highest-degree SNPs is devoid of 
disease-related SNPs

• Highly deleterious SNPs that affect many processes are 
probably removed by strong negative selection.
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Can we use this network to identify 
groups of SNPs and genes that play 
functional roles in the cell?

Try clustering the nodes into 
‘communities’ based on the 

network structure
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Communities are groups of 
highly intra-connected nodes

•

•

Community structure algorithms group nodes 
such that the number of links within a community 
is higher than expected by chance
Formally, they assign nodes to communities such 
that the modularity, Q, is optimized

Fraction of network 
links in community i

Fraction of 
links expected 
by chance

John Platig Newman 2006 (PNAS) 



Communities are groups of 
highly intra-connected nodes

Community structure algorithms group nodes such 
that the number of links within a community is 
higher than expected by chance.

Bipartite networks require a different null model

Newman 2006 
(PNAS) John Platig



Communities in COPD eQTL networks
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Communities in COPD eQTL networks
• We identified 35 communities, with Q = 0.77 (out of 1)
• Of 35 communities, 13 are enriched for GO terms (P<5x10-4) 
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- Immune response
- Stress response
- T cell stimulation

- Chromatin 
Assembly
- DNA conformation 

change
- Nucleosome 

assembly

- Microtubule 
organization

- Cell cycle
- Centrosome

Communities in COPD eQTL networks



Calculate Local Connectivity

Core Score

Modularity of node i

Modularity of 
community c

John Platig



Network Structure Matters!
• Are “disease” SNPs skewed towards the top of my SNP list 

as ranked by the community core score (Qi
c)?

• Yes! 
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Core Scores and GWAS hits?

Are the Core Scores for GWAS disease stochastically larger than 
a randomly sub-sampled non-GWAS distribution?

The median core score for GWAS SNPs is 1.7 times 
higher than the median for the non-GWAS SNPs



Are Disease SNPs in the eQTL Network functional?

• Map 34 COPD SNPs with GWAS p-values to the eQTL
network

• These fell into communities that link to the etiology of COPD
• Of these, 32 had evidence of function based on RegulomeDB



Core Scores for COPD GWAS SNPs
The median core score for the 34 FDR-significant GWAS SNPs is 

47 times higher than the median for non-significant SNPs



Truthiness?
• The hubs are devoid of GWAS hits, consistent 

with strong selection against highly deleterious 
SNPs/survival bias

• Communities tell us a family of SNPs are 
associated with regulation of a process
consistent with complex traits

• Many communities are apparently preserved 
across disease states, reflecting processes 
common to many cell types

• The Core SNPs are highly enriched for disease 
associations



Interested?

http://arxiv.org/abs/1509.02816; submitted to Nature Genetics



Before I came here I was confused 
about this subject. 

After listening to your lecture, 
I am still confused but at a higher level. 

- Enrico Fermi, (1901-1954)



Acknowledgments
<johnq@jimmy.harvard.edu>

http://compbio.dfci.harvard.edu

Gene Expression Team
Fieda Abderazzaq

Aedin Culhane
Jessica Mar
Renee Rubio

Systems Support
Stas Alekseev, Sys Admin

University of Queensland
Christine Wells
Lizzy Mason

Center for Cancer 
Computational Biology

Fieda Abderazzaq
Stas Alekseev

Jalil Farid
Nicole Flanagan

Ed Harms
Alex Holman

Lev Kuznetsov
Brian Lawney

Kshithija Nagulapalli
Antony Partensky

John Quackenbush
Renee Rubio

Yaoyu E. Wang

Students and Postdocs
Martin Aryee

Stefan Bentink
Kimberly Glass

Benjamin Haibe-Kains
Marieke Kuijjer

Kaveh Maghsoudi 
Jess Mar

Melissa Merritt
Megha Padi
John Platig

Alejandro Qiuiroz
J. Fah Sathirapongsasuti

Administrative Support
Julianna Coracciohttp://cccb.dfci.harvard.edu


	Using Networks to Re-Examine the Genome-Phenome Connection
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	 Results: COPD
	What about GWAS SNPs?
	What about GWAS SNPs?
	Slide Number 11
	Network Structure Matters?
	Can we use this network to identify groups of SNPs and genes that play functional roles in the cell?
	Slide Number 14
	Communities are groups of �highly intra-connected nodes
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Calculate Local Connectivity
	Network Structure Matters!
	Core Scores and GWAS hits?
	Are Disease SNPs in the eQTL Network functional?
	Core Scores for COPD GWAS SNPs
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27



