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What is the relationship between genetic variation and
chromatin structure?

1. Open chromatin in the human developing telencephalon
sheds light on non-coding mutations in autism.

Eirene Markenscoff-Papadimitriou, Pawel Przytycki & Sean Whalen

2. Chromatin boundaries are under strong negative selection.
Geoff Fudenberg

3. Chromatin interactions and linkage disequilibrium are
uncorrelated along the human genome.

Sean Whalen
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® Machine learning identifies a subset of open chromatin regions
most likely to be enhancers. These are enriched for association
with neurodevelopmental genes and psychiatric disease genes.

® Diseases can be mapped to dynamic enhancers and the brain
regions in which they are active.

® Autism risk alleles are enriched in intronic enhancers of ASD genes
and conserved sites in intergenic enhancers, and not in all open
chromatin around ASD genes or all predicted enhancers.

® MPRAs quantify differential activity of enhancer alleles.
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What Is the relationship between genetic variation and
chromatin structure?

Eirene Markenscoff-Papadimitriou, Pawel Przytycki & Sean Whalen

2. Chromatin boundaries are under strong negative selection.
Geoff Fudenberg

Sean Whalen
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Hypthesis: If this structure is functional, mutations that
change it would be deleterious, perhaps more so than
mutations that alter enhancer or promoter sequences.
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Position along genome
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.. Approach: deleterlous deletlons

purifying
selection

time

structural variants
arising from mutation

Rare variants Variants in Fixed differences
In patients healthy humans between primates

Structural Variant Data: Apes: Sudmant 2013; Controls, Cases: Coe, 2014
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Deletions are depleted at BEs
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Selection correlates with function: -

2 s : ; : e s s : » F
! 3 ’ LR B I Yok N d ™
X L e SR
< -"\'?:».'._:.‘j).j::._ : =t S ARG .

: » - A - :
g 3 SR, LI I . -
- R R AN ot i o AR IR s At o T - . " v . -
Qe ._5_.-:-;\'.;.' e 2 e ™ » ’ " B . . ; 2 ’J
i IR Fo st | . ‘e ¢ & N 3 5 " R . »~
s N A ¥ AR - N P Sy L 5 A o
A i . % . -y i s Ty i
s "X . 3 : & o~ - 5 A AR - s | 3 ;
iF s X r. & s y . 5 - A
i ‘7,- & Q T > & N e v R (g

I R
. .
200 8 -
— 5 : _\'-_

-
.}.#L

log10(coverage/expected)

0 20 40 60 80 100 0 20 40 60 80 100
feature strength, percentile feature strength, percentile

TSS by expression CTCEF clusters by strength

Hi-C Data: Rao et al 2015 Genomic Element Data: ENCODE, Epigenomics Roadmap
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Deletions enriched in cancer,
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ndaries are strongly selected
against in primates and healthy people, but not patients,
suggesting a broad role for enhancer hijacking in disease.

® Non-coding mutation scoring tools should be TAD aware.

® Preliminary results suggest that effects of variants on chromatin
Interaction maps can be predicted from epigenetic data and
potentially from sequence alone.

® If so, this opens the door to identifying causal variants that
function by changing chromatin structure.
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What Is the relatlonshlp between genetlc varlatlon and
chromatin structure?

Eirene Markenscoff-Papadimitriou, Pawel Przytycki & Sean Whalen

Geoff Fudenberg

3. Chromatin interactions and linkage disequilibrium are
uncorrelated along the human genome.

Sean Whalen
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Genetlc and physmal mteractlon maps are
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Genomic Feature

27 billion SNP pairs (1KGP),

1.6 million LD blocks,

3.1 million chromatin interactions
log(Distance or Size (kilobases)) across 22 cell types (Hi-C, PCHi-C)
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Chromatln mteractlons are more enrlched

for eQILs than are closest gene or LD

p-value < 0.01 ® FALSE A TRUE
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(o matl n lnte ractlo 1s and geneti oth have nested
block structures in the human genome BUT these are completely
uncorrelated at scales >5Kb for interphase Hi-C.

® Most distal (>5Kb) non-coding variants do not target the closest
expressed gene, and they are not in LD with their target genes.

e Linked SNPs can be in different chromatin domains. eQTLs and
their target genes are often in the same one, but have LD=0.

® While TAD locations and gene content are conserved across
evolutionary time, recombination is low at BEs and breaks up
linkage within TADs as they segregate in human populations.

¢ Ongoing work: What about meiotic Hi-C maps?
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