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Gene regulatory network structure help us understand 
how polygenic phenotypes adapt

Maud Fagny, PhD

Evolution 2024, Virtual, 27-28/06/2024



A role for polygenic phenotypes in adaptation
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Genetic architecture of polygenic traits 

Ø One trait determined by several independant loci

Adapted from Hallgrimsson et al., PLoS Genetics, 2014

Genotype

Phenotype Trait of interest
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Genetic architecture of polygenic traits

Adapted from Hallgrimsson et al., PLoS Genetics, 2014

Genotype

Pleiotropy

Ø A complex picture with high pleiotropy

Ø Dig deeper in the molecular structure to understand how polygenic traits can adapt 5



Questions

• How is polygenic trait heritability spread in 
regulatory networks ?

• Is there a link between network topology and 
signature of selection ?

Heritability?
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(Bachelor student)

Sheila Gaynor
(PhD Student)

Gaynor et al., Cell Rep. Met., 2022
Stone et al. (In Prep)



10% Exons
40% Introns

30% Intergenic 30% promoters

distal cis-regulatory elements
(enhancers, silencers)

The importance of regulatory mutations

Location of SNP associated to polygenic traits in GWAS

Ø Cis-regulatory elements contain most of the trait associated SNPs
4



Summarizing regulatory interactions with eQTL networks

29 tissues

Up to 706 individuals
Genotypes 

RNA-Seq data

A

G Gene

A

G

eQTL summary statistics

GTEx data
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Network structure  &
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CONDOR 
(new implementation)

Stratified LD-Score 
regression

(Finucane et al. 2015)

Making sense of eQTL networks

29 tissues

Up to 706 individuals
Genotypes 

RNA-Seq data

A

G Gene

A

G

eQTL summary statistics

GTEx data
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GWAS summary statistics

29 tissues

Up to 706 individuals
Genotypes 

RNA-Seq data

A

G Gene

A

G

eQTL summary statistics

GTEx data

10 traits and diseases
Diverse genetic architecture

Wide range of heritability

*
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10 traits and diseases
Diverse genetic architecture

Wide range of heritability
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Where is most of the heritability located?

29 tissues

Up to 706 individuals
Genotypes 

RNA-Seq data

A

G Gene

A

G

eQTL summary statistics

GTEx data

10 traits and diseases
Diverse genetic architecture

Wide range of heritability
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TIID
SMC

SCZR
SCZJ
SCZ
PRC
OVC

MS
HGT
HDL
BRC
ALZJ

Proportion of enriched modules (%)
5 10 15 20 25

Ø Most of the heritability is clustered in a few modules

Heritability is clustered in a few biologically-relevant modules 

Proportion of modules enriched for SNPs 
carrying a high heritability
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TIID
SMC

SCZR
SCZJ
SCZ
PRC
OVC

MS
HGT
HDL
BRC
ALZJ

Proportion of enriched modules (%)
5 10 15 20 25

Ø Most of the heritability is clustered in a few modules
Ø Heritability is clustered in tissue-specific, biologically relevant modules 

Heritability is clustered in a few biologically-relevant modules 

mitotic recombination

positive regulation of DNA binding

regulation of vascular permeability

high−density lipoprotein particle remodeling

positive regulation of T cell receptor signaling pathway

phospholipid efflux

very−low−density lipoprotein particle assembly

regulation of skeletal muscle satellite cell proliferation

very−low−density lipoprotein particle clearance

chylomicron remnant clearance

0 1 2 3 4 5
−log10(p−value)

Significant/
Expected

10
15

20

25

HDL levels heritability
Lipoprotein turn-over module (Adipose Visceral)

Proportion of modules enriched for SNPs 
carrying a high heritability
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Core-SNP 
(local hub)

High-degree SNP 
(global hub)

In which SNP classes is heritability located?

Heritability?
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Core-SNP 
(local hub)

High-degree SNP 
(global hub)

WBL

GWAS effect size

Combined
TIID

SMC
SCZ
PRC
OVC

MS
HGT
HDL
BRC
ALZJ

0 0.5 1 1.5 2 2.5 3

p = 1.75e−117
p = 7.99e−176
p = 1.53e−110
p = 2.23e−191
p = 8.00e−86
p = 6.57e−60
p = 2.57e−92
p = 6.82e−147
p = 2.28e−67
p = 5.35e−61
p = 0.00e+00

WBL

GWAS effect size (x10−8)

Combined
TIID

SMC
SCZ
PRC
OVC

MS
HGT
HDL
BRC
ALZJ

0 1 2 3 4 5 6 7

p = 7.64e−128
p = 1.26e−190
p = 3.26e−119
p = 1.47e−207
p = 1.36e−93
p = 5.92e−66
p = 1.50e−100
p = 1.39e−159
p = 7.46e−73
p = 1.06e−66
p = 0.00e+00

Heritability is clustered in global and local hubs
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Where is selection located?

Rosanne Phebe
(M1 Student)

Themis Lemarchand
(M2 Student)

Ø Negative selection?
Ø Positive selection?
Ø Polygenic selection?
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Global and local hubs are generally constrained

Ø Hubs are generally more constrained than leaves

G
lo

ba
l h

ub
s

Le
av

es
Lo

ca
l h

ub
s

WBL

Pr
op

or
tio

n 
of

 c
on

se
rv

ed
 s

ite
s

0.0 0.1 0.2 0.3 0.4 0.5

***

***

*

Lo
ca

l h
ub

s
G

lo
ba

l 
hu

bs
Le

av
es

In
 w

ho
le

 b
lo

od
 n

et
w

or
k

Proportion of conserved sites

Principle of GERP score
Comparison of Expected-Observed substitution rate

11



No clear pattern for recent sweep signatures

Global hubs Leaves Local hubs
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Ø No clear pattern for selection signatures
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Local hubs are enriched for high population differentiation

Ø Local hubs are enriched for polygenic selection signatures

Global hubs Leaves Local hubs
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Population differentiation
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Conclusion

Structuration & Tissue-specificity:
Ø Limit the propagation of mutation effect
Ø Open up paths for polygenic traits to evolve!

Gene

All tissues

Tissue-specific

Some tissues

✭
✭

✭

Heritability✭

• Heritability is clustered in tissue-specific modules 
• Heritability is enriched in local and global hubs 

• Hubs are in constrained regions
• Local hubs are preferential targets of polygenic selection
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To go further
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Advertisement: Postdoc 24 months

https://moulon.inrae.fr/en/news/2023/11/research-engineer-position-24-months/ 

Polygenic selection in gene regulatory networks

From September 2024

GQE – Le Moulon – IDEEV – Université Paris-Saclay GEvAD team 
Funded by ANR NETWITS
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Possible scenario of gene expression changes caused by SNPs 

enhancersilencer

Promoters

Intronic enhancers?

Intergenic

Transcription Factors
miRNA

Coding

In cis

In trans


