Bipartite Modularity Maximization Grouping SNPs using a network property : modularity Gene Expression SNPs

Using a systems biology network approach to groups SNPs influencing the expression of the same genes

Gene Expression SNPs

A

C

Expression quantitative trait locus

Cis-and trans-eQTL bipartite networks

Organising the complexity: a graph representation

Gene Expression SNPs

Community detection Cis-and trans-eQTL bipartite network

Grouping SNPs using a network property : modularity

Gene Expression Regulation in cis and in trans

Expression quantitative trait locus (eQTL)

Gene Building a bridge between genotype and phenotype:

Step 1 -the expression Quantitative Trait Loci (eQTLs)

• 449 individuals.

• Genotyping data:

• 84.3% European Am.

• 13.7% African Am.

• 1% Asian Am.

• RNA sequencing data:

• 13 tissues.

Taking into account the tissue-specificity Is there a link between the amount of heritability explained and the network topology?

Genetic heritability in a network 

Ø

  Expression quantitative traits loci are potential regulatory SNPs Ø SNPs associated to traits or diseases are enriched for eQTLs A G

ØØØ

  Groups of SNPs regulate groups of genes involved in similar functions. Ø Communities can be tissue-specific or shared across tissues Communities correspond to biological functions of tissues Ø Biological characterization of SNPs identified by GWAS: How do genetic variation influence a trait ? Which biological pathways are involved? Ø Heritability: Which mutations most affect the trait? Where are they located in the regulatory network Ø Natural Selection: How do such a complex trait evolve? John Platig, Assistant Professor, Univ. Of Virginia Ø 4,587 SNPs associated to 265 cancer-related traits Ø 87% of cancer-risk SNPs with an odds ratio under 3 A particularly complex trait: the risk to develop cancer(s) Adapted from Cancer Genetics Overview (PQD®) Where do the cancer-risk SNPs map in these networks? Ø In which community are they located? presentation of peptide or polysaccharide antigen via MHC class II antigen processing and presentation of exogenous peptide antigen via MHC class II antigen processing and presentation of peptide antigen via MHC class II antigen processing and presentation of rs11249433 is associated to breast cancer Ø It targets genes that are deregulated in epithelium cancers (EMS). An example of breast cancer risk SNP variation influence a trait ? Which biological pathways are involved? Ø Heritability: Which mutations most affect the trait? Where are they located in the regulatory network Ø Natural Selection: How do such a complex trait evolve? Katherine Stone (Bachelor student) Visscher et al. (2008) Nature Review Genetics h 2 = heritability, proportion of variance explained by additive genetic value

Ø

  Most of the heritability is concentrated in a few communities Genetic heritability and biological functions Ø Genetic heritability is concentrated in tissue-specific, biologically relevant communities

  

  

  

  

  

  

  

  

  

  

  

  

  

Ø Biological characterization of SNPs identified by GWAS: How do genetic variation influence a trait ? Which biological pathways are involved? Ø Heritability: Which mutations most affect the trait? Where are they located in the regulatory network Ø Natural Selection: How do such a complex trait evolve?

• Expression quantitative trait loci (eQTL) bipartite networks can help functionally annotating SNPs associated with complex traits

• Cancer-risk SNPs are :

• located preferentially in local hubs and communities related to immune (several cancers), or tissuespecific (cancer-specific) functions.

• impacting the expression of oncogenes and tumor suppressor genes

• Most of complex trait heritability is :

• Located in local and global hubs,

• Concentrated in a few, tissue-specific and biologically relevant communities.

• To go further:

• eQTL network structure may help us understand how complex trait evolve despites a high level of pleiotropy Take-home message