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General Information M orquenyeiing

* We are currently located in Building 69

 Emergency evacuation point E

 Food court and bathrooms are located
in Building 63

 If you are experiencing cold/flu
symptoms or have had COVID in the
last 7 days please ensure you are
wearing a mask for the duration of the
module




Data Agreement OF QLA

To maximize your learning experience, we will be working with genuine human
genetic data, during this module.

Access to this data requires agreement to the following in to comply with human
genetic data ethics regulations

Please email pctgadmin@imb.com.au with your name and the below statement to
confirm that you agree with the following:

‘| agree that access to data is provided for educational purposes only and that |
will not make any copy of the data outside the provided computing accounts.”


mailto:pctgadmin@imb.com.au
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eQTL Mapping Lecture




Lecture overview
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ranslation of GWAS results
. What is an eQTL?

. Performing eQTL mapping

. eQTL data resources

. Dynamic QTLs

. Splice QTLs
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0r QuEBLA:
Challenge: Linking GWAS SNPs to mechanism

Manhattan plot of CAD additive meta-analysis results

€20 . E 5. GWAS Catalog
§ E § ':.':, g v d The NHGRI-EBI Catalog of human genome-wide association studies
i 3 . g
o S S . .
€15 8 ! : ! 3 % a freely accessible curated collection
S TS Loy ¢ |l op oy of all human genome-wide
= i 2Q & ; . o - 3 i g,g 'z T .
d 138! I 2O T - P T I : ¢ association studies
LR 3 .8 R g3 8 S8 § N E| |5 i3
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" i i 3 ‘1 S ¥ vl 3 RO 1Ee, i £ ¥ . ,
165 "y l‘ SN T N T L | | l iy il i 6401 publications
1B ' B8 A 1 Al &) ‘s ) ‘ v ; .y
b LA it T A A 529,481 top associations
- ' 60,071 full summary statistics
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* Y axis was truncated at P=1E-20 Chromosome

Nikpay et al 2015 Nature Genetics



0r QuEBLA:
Challenge: Linking GWAS SNPs to mechanism

weve found
all the

GE NET' co variants! Here DI S E A S E

gou go!

MECHANISM

IMAGE CREDIT: BRAINSCAPES



https://twitter.com/BRAINSCAPES1

SNP to mechanism — protein-coding variants

« PCSK9 c.426C>G (p.Tyr142X) identified through targeted sequencing in a population cohort (50%
African American) (Cohen et al 2005 Nat Gen)

» Individuals with this variant had lower levels of plasma LDL-C
» Premature termination codon and truncation of the encoded protein or absence of the protein due to
nonsense mediated decay.

» Predicting functional consequence of coding variants — SIFT, PolyPhen, CADD

PCSKQ inhibitors for lowering
cholesterol

-
7 i .8

LOLR
S, | degradation

PCSK9 LOF

l Blood LDL-C

& 4 \ 4

Y LDL-Receptor (LDLR) ) Pcsk9 ()  LDL cholesterol

Image source: https://www.biovendor.com/



Protein-coding regions make up only ~2% of = @ oremss
the human genome

The Encyclopedia of DNA Elements (ENCODE)
e ] Goal: Build a comprehensive list of functional elements in the human
RUSESL S genome, including elements that act at the protein and RNA levels,
and regulatory elements that control cells and circumstances in
which a gene is active.

ENCODE Data Encyclopedia Materials & Methods Help ! Search... Qn

Ground Level Annotations

Open chromatin (DNase-seq, ATAC-seq)

DNase | hyp itive sites (DHSs) computed from DNase-seq experiments, and ATAC-seq peaks (enriched genomic ety 4L:‘

regions). CTCF DHS Profil
rofile
[Open chromatin regions)

Histone mark enrichment (ChIP-seq)

Peaks (enriched genomic regions) of a variety of histone marks computed from ChiP-seq experiments.

[Histone mark peaks] N .
H3K27ac from mouse e11.5 hindbrain

Transcription factor binding (TF ChIP-seq) ‘L & A G,\
11N nl| y
LY .'???A,VX%.QQQW

Peaks (enriched genomic regions) of TFs computed from ChiIP-seq experiments.
Visualize sequence motifs and other information on Factorbook.
[ TF peaks | Factorbook (Z']

CTCF Motif from Factorbook (7

Gene expression (RNA-seq)

Expression levels of genes and transcripts annotated by GENCODE, which can be visualized on SCREEN.
[ Expression levels | SCREEN (']

it i

HNF4A

Transcription start site (TSS) activity profiling (RAMPAGE)

Identification of transcription start sites (TSSs) and quantification of transcript expression, which can be visualized on

Image source www.biocomicals.com SCREEN,

[ RAMPAGE peaks | SCREEN (7']

HNF4A Transcript Expression (2


http://www.biocomicals.com/

DNase | hypersensitive sites

nucleosome-free
enhancer region

T

Ac

DNase | hypersensitive sites
|

nucleosome-free
nucleosome promoter region

nucleosome

reposition region franactiption

image source: Wikipedia
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Regions that are sensitive to cleavage by
the DNase | enzyme

Associated with open chromatin and
therefore transcriptional activity.

Map to regulatory elements (promoters,
enhancers, insulators, silencers)



Linking SNPs to genes — Regulatory variants

« SNP heritability h? partitioned by functional category across

11 common diseases

* h? enrichment = GWAS significant SNP h? compared to h?

for a random set of SNPs from the same functional category

« Coding variants: 13.8 fold enrichment but accounted for only
8% of SNP h?2

 DHSs from 217 cell types spanned 16% of imputed SNPs,
explained ~80% of SNP h2 (5-fold enrichment)

Majority of GWAS significant SNPs in non-
coding regions

% SNP heritability
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1000 Genomes Imputed SNPs

©@ Mean observed 3.7e-17
O Expected (% SNPs)
1.80-03 14e-02 20801 f====-=1 s :
| J P i i<te-2e;
.l -o-lcont i A :l |E : l :
o s |

Coding UTR Promoter DHS Intronic Intethnic
(138x) (84x) (28x) (5.1x) (0.1x) (-0.1x)

Functional category

Gusev et al 2014 Am J Hum Genet



0r QuEsLAND
Linking SNPs to genes

weve found Challenges:
all the
GENETICS ‘WZZE’;WB DISEASE 1. GWAS hits are in non-coding regions making
. MECHANISM it harder to determine the causal gene

2. ldentifying causal variants made difficult by
correlation (Linkage Disequilibrium) between
neighbouring SNPs.

3. Unclear what cell types are relevant to
disease

Overlaying cell regulatory region annotation can
help narrow down putative causal variants —
used in fine-mapping strategies

IMAGE CREDIT: BRAINSCAPES



https://twitter.com/BRAINSCAPES1
https://twitter.com/BRAINSCAPES1

Linking SNPs to genes — eQTL mapping

?

Gene 1 Gene 2 Gene 3
l GWAS SNP l l
Protein 1 Protein 2 Protein 3
Pathway 1 Pathway 2 Pathway 3

|

Disease

THE UNIVERSITY
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What is an eQTL?



0r QuEsLAND
Genetic association — binary trait

_—
C c C 0
T O -
! c 62% K¢ - 0.64
cases CC)
0,
38% B O 0.62 -
cases (n=1,000) +
people with heart disease § 0.60 — PY
S
C C T :058 -
T n
T C 49% K Q
controls n 0.56 -
51% RJ s

controls (n=1,000)

people without heart disease CC CT TT
SNP Genotype (# variant alleles)

OR = increase in odds of being a case for
each additional C allele

17



OF QuEENsLANS
Genetic association — quantitative trait

SNP | ¢
QN "’
- CA T/C GT - <
G C N s T Q ™
C = =
/@'@ TN v o _pAGA e
Gc T £
o
Y=b0+biX+e T | |
cC CT TT
Y phenotype e.g. LDL-cholesterol levels
Genotype

b0 intercept
b1 effect of each copy of the risk allele on the mean

phenotype
e noise or the part of y that is not explained by the SNP

(e.g., environmental effect)



Expression quantitative trait locus (eQTL)
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Genetic variant that contributes to inter-individual variation in gene expression
Gene expression is a complex phenotype with both genetic and environmental

1 Mb TSS I Mb
IMb window "
probe I =
gene
sses  JOEWEEETEEEOEE T000E 0 0 0 b 0 0 F0Et 00 FEEne i 1T i
Lk
80
g 4 AG
L -~ ¢QTL
Z 40 &%
20 “.V-A---A._.

https://royalsocietypublishing.org/doi/10.1098/rstb.2012.0362

P = - —
15 0 15 30 4% &0 15
expression levels

Gene expression level

5

a4
1

3

2

1

o
1

-1

—
—
O
—

Test for an association between
genotype group and mean gene
expression

Y=b0+b1X+e

Y gene expression

b0 intercept

b1 effect of risk allele on mean
expression

e noise or the part of y that is not
explained by the SNP x (e.g.
environmental, batch effect)
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Performing eQTL mapping



. . R or st
Genome-wide QTL mapping software

Plink — most-commonly used software for GWAS - legacy approach
 default software to manipulate genetic files and run genetic association analysis
* not parallelised

matrix eQTL (2012) http://www.bios.unc.edu/research/genomic_software/Matrix_eQTL/s
« Computationally efficient
« fast performance is achieved by special data pre-processing and using matrix operations
 no efficient built-in permutation scheme for multiple testing correction

fastQTL (2016) https://hpc.nih.gov/apps/FastQTL.html
« faster processing time (16 x faster than matrix QTL).


http://www.bios.unc.edu/research/genomic_software/Matrix_eQTL/
https://hpc.nih.gov/apps/FastQTL.html

eQTL Mapping — things to consider
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« Data normalisation - dependent on transcriptomics technology (gene arrays vs RNAseq)
» Removal of batch-effect e.g. sample preparation differences, tools such as ComBat, SVA,

PEER

» Covariate adjustment
« P-value of association — high multiple-testing burden

Standard eQTL mapping with covariates and hidden factors

-

Standard eQTL mapping with covariates

/Standard eQTL mapping
B

SNP

(Disease state
Tissue)

é N

Geno-
type

\ J

Y (D(S)

N\

+

Age
Gender
Environment

[ )

Known
factors

. J

Y @) (F)

N

/

+

Environment
Temperature

Concentration

( )

Hidden
factors

. J

Y @) (X)

N

Interactions
lepistatic

2environment
Non-linear effects

rfﬁ\

others

J

+

Noise
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Cis vs trans QTLs

Cis-eQTL: SNP affects a gene

located < 1Mb away @

Trans-eQTL: SNP affects a Gene A /\
( mediator

gene located > 1Mb away (could y""‘“o' : : \ @

be on a different chromosome) & - . - e , — GoeB | mommmm)

Gene C

Gene D

Mediation Mechanisms of eQTLs (Yao et al 2017 AJHG)

(2) non-coding SNP affects expression of nearby gene (cis; < 1Mb away)
(3) non-coding SNP affects remote (trans; >1Mb away) gene expression
directly or by

(4) cis-eGene mediation of the trans-eQTL-trans-eGene association; or
(5) reverse causality (trait has feedback effect on gene expression).
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eQTL data resources



The GTEX Project

« Launched 2010

« Catalogue of genetic effects on gene expression
across a large number of human tissues

» 838 donors and 17,382 samples from 50 tissues

« Gene expression (RNA-seq) and genotype data
(WGS data)

The GTEx Consortium atlas of genetic regulatory
effects across human tissues
Science 2020 DOI: 10.1126/science.aaz1776

B B T

Minor Salivary Gland

Thyroid

Lung

Breast - Mammary Tissue
Pancreas

Adrenal Gland

Liver

Kidney - Cortex

Kidney - Medulla

Adipose - Visceral (Omentum)
Small Intestine - Terminal lleum
Fallopian Tube

Ovary

Uterus

Skin - Not Sun Exposed (Suprapubic)
Cervix - Endocervix

Cervix - Ectocervix

Vagina

Skin - Sun Exposed (Lower leg)
Cells - Cultured fibroblasts
Adipose - Subcutaneous
Muscle - Skeletal

Created by Mariya Kahn and the GTEx Portal team
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Cortex / Frontal Cortex (BA9)
Anterior cingulate cortex (BA24)
Caudate (basal ganglia)

Putamen (basal ganglia)

Nucleus accumbens (basal ganglia)
Hypothalamus

Amygdala

Hippocampus

Cerebellum / Cerebellar Hemisphere
Substantia nigra

Pituitary

Spinal cord (cervical c-1)

Artery - Aorta

Heart - Atrial Appendage

Artery - Coronary

Heart - Left Ventricle

Esophagus - Mucosa

Esophagus - Muscularis

Esophagus - Gastroesophageal Junction
Spleen

Stomach

Colon - Transverse

Colon - Sigmoid

Bladder

Prostate

Testis

Whole Blood

Cells - EBV-transformed lymphocytes
Artery - Tibial

Nerve - Tibial


https://doi.org/10.1126/science.aaz1776

_ ) o onversiry
The GTEXx Proect 777

Race

African American: 12.9%
/ American Indian: 0.2 %
V4

‘ '/< e
) £

= 60-70 m 50-59 = 40-49 = 30-39 = 20-29

Sex

White:84.6 %
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Tissue sample size

1000

8

0

n>=70

sa|dweg jo JaquinN

0



PEER analysis — accounting for batch effects

% variance captured

by PEERS I H ] 5 i
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[ Sample collection (S) >, % ‘oo 3&/% ZeD \x.0F 2005 b ANA
Sequencing metrics (S) % \”&% %?: ‘023(‘,& "Q\,% %;,%\% \6}7\—\{‘\;‘&/ % 6;‘3. @f/ '0%
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Blood parameters (D) h 2 93&9 Ag 2, © EY

I Medical history (D) Z, > ‘@ >

Il Tissue recovery (D) ® \%9 '2?7 °

[ Genotype (D) %
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R2
55 65 75

Covariates most consistently
associated with PEER factors
include factors related to donor
3 death, ischemic time,

o
q;f% sequencing quality control
‘%,; metrics, and nucleic acid

LY isolation and library
\'% construction batches.
S
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The GTEX Project

« cis-eQTLS identified (at 5% FDR per tissue) for 94.7% of all protein-
coding and 67.3% of all incRNA genes detected in at least one tissue

« most cis-eQTLs had small effect sizes: an average of 22% of cis-eQTLs
had allelic Fold Change > twofold

« Genes lacking a cis-eQTL enriched for those not expressed in the tissues
analysed, including genes involved in early development
« Bulk RNAseq — may lose cell-specific effects



Co-regulation across tissues

a Majority component in GTEx data (relative frequency = 34%)

¢ ® 20900 %0000 0% 00000000

Brain Cerebellar Hemisphere
Brain Cerebellum
Brain Frontal Cortex BAS
Brain Hippocampus
Brann
Brain Caudate basal

Bran Putamen basal ha
&mmm&mu

o EsophaousMucou
SbnNoiSmEmosedSuprm

Small Intestine Terminal lleum
Artery Tibial

Pancreas

Esophagus Gastroeso ru. al Juncton
Hean Left Vemncle
Heart Atrial Appendage

Urbut et al Nat
Genetics 2018

Nerve Tibial

-06

~04
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Correlation of eQTL effect estimates
for 16,069 (genes expressed and
have effect estimates in all 44
tissues)

(1) effects are positively correlated
among all tissues;

(2) the brain tissues—and, to a lesser
extent, testis and pituitary—are
particularly strongly correlated
with one another, and less
correlated with other tissues;

(3) effects in whole blood less well
correlated with other tissues



Tissue-specific eQTLs

Urbut et al 2019 Nature Genetics

Subset of eQTLs that have a much stronger
effect in one tissue than in any other (i.e.
“tissue-specific’)

most tissue-specific eQTLs identified here do
not solely reflect tissue-specific expression.

May reflect power due to different sample size

Density
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The GTEX Project
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up to 50% of eGenes having more than one independent
cis-eQTL in the tissues with the largest sample sizes
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Power to detect an eQTL
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eQTL catalogue

https://www.ebi.ac.uk/eqtl/

Provides uniformly processed cis-eQTLs and sQTLs

from all available public studies on human.

1,000

Sample size

{ P et | L L LR B | LI | I

T T L I |
ch L (J\O\’\Q{)Q > Q\D\bﬁ \0\ \\Ffb\{@ \\QQ 9 0\ \0\ e\ﬁ

@‘
0 @ é\\lp @
MR @e\o@\ é@:oé""
9¢ o5 SR FHe
e°Q ‘bo"(s
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Article | Open Access | Published: 06 September 2021

A compendium of uniformly processed human gene
expression and splicing quantitative trait loci

Nurlan Kerimov, James D. Hayhurst, Kateryna Peikova, Jonathan R. Manning, Peter Walter, Liis Kolberg,

Marija Samovi¢a, Manoj Pandian Sakthivel, lvan Kuzmin, Stephen J. Trevanion, Tony Burdett, Simon

Jupp, Helen Parkinson, Irene Papatheodorou, Andrew D. Yates, Daniel R. Zerbino & & Kaur Alasoo &

Nature Genetics 53, 1290-1299 (2021) | Cite this article

Study
I Atasoo_2018 I sLuerRINT I Brainseq I Fusion

I encorp B ceuvaois I Hipsci P Lepik_2017

I Nedelec 2016 I quach_2016 ] RosmAP I schmiedel 2018

I schwartzentruber_2018 [ Twinsuk [l van_de Bunt 2015 [ GTEx

T I T )
¢ & L e q}c,\\\g\\\\ N Q D2 O3 ,,,\o
«*é‘é"« '°°f><<°\°“°\°°o=9”o'°‘\>*°o<~°o° LA «“"Z@"o*"i& R EE °@ A
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https://www.ebi.ac.uk/eqtl/

Significant but only modest proportion of complex
trait heritability mediated by the cis-eQTLs

a b
I
Red blOOd Ce" count - —_‘ 0.125
e P
oS disease | —
tet_khi : N . -
Waist-hip ratio - e 0.100
. D
Systolic blood pressure - = .
= 0.075 -
- | ———
Schizophrenia - —— }
C — | Alltissues =
Age at menarche - i . Blood or immune g 0.050 ~
Forced vital capacity - ——— Bl cardiovascular
o e . NS 0.025 -+
Bone densi I . Endocrine
Y —— B s«in 04
Years of education { =1 Alltissues
B Best tissue group . All tissues
0 0.1 0.2 0.3 0.4 B Best tissue group
2 .
e . Best tissue

Yao et al Nature Genetics 2020
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Dynamic eQTL?
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Dynamic QTLs (cell or context-specific eQTLS)

* Most eQTL studies measure gene expression at a single timepoint and mostly
In adult tissues

* eQTLs can be time-dependent or environment-specific

 Cell-type-specific expression (bulk tissue studies may mask cell-specific
effects)

* Response to treatment
* Developmental stage



Cell-type-specific QTLs

Gene expression

60 1

40 1

20

DNTTIP1 gene

B CD4+ || CD8* || Mono || NK

ns ns ns P=6.7 x|10°® ns
o

- Lk Lk -

012 012 012 012 012

Yamaguchi et al Nat comms 2022
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No significant
eQTL for
DNTTIP1 in
GTEXx v8 data
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Dynamic QTLs

A rs11124033 BY 66 BF GA
2 -
Dynamic genetic regulation of i
gene expression during cellular % *' i‘
differentiation = *! - R “ '. *‘ +‘ ‘
* |PSC differentiation into 0 O 10 11 12 13 14 15
cardiomyocytes. Day

C

« eQTL analysis at 16 time points rs28818010 B cc B cT A T

Strober et al Science 2019 21 £ ﬁ A
0 - ? ﬁ v L
?wwﬁf !* radody

T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

C150rf39

Day
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Splice QTLs

40



.
splice QTLs (sQTLs) =

 Alternative splicing (AS) produces multiple

transcript isoforms from a single gene
tissue-, cell type-, or condition-specific

« sQTLs - genetic variants that regulate AS Gene A I ——
Isoform, [ /\1 1/\{:]

« sQTLs may change:
UTRs, affecting RNA stability or translational efficacy Isoform, C———F ~

Coding sequence by skipping or inclusion of
coding exons, affecting protein structure
and function
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Splice variants

A Deep Intronic Variant in LDLR in Familial
Hypercholesterolemia

Time to Widen the Scope?
C 21404977 C.21404103G>T

Laurens F. Reeskamp, Merel L. Hartgers, Jorge Peter, 5 l/l/\_s.
Geesje M. Dallinga-Thie, Linda Zuurbier, Joep C. Defesche, | exonl4 —_— pre-mRNA

Aldo Grefhorst and G. Kees Hovingh T
S S ; Natural splice site Splicing
Originally published 11 Dec 2018 | https://doi.org/10.1161/CIRCGEN.118.002385 | ‘
Circulation: Genomic and Precision Medicine. 2018;11:e002385
| eoni4 | ewonls mMANA
SESEET - T L ERE 97 base pair intron retention R~ 1 R
MARNA  CALLLLACAMLNA TSN DL AL TLCTIGTTIC PG GICCRGIGCACC TOCAAS TGLCOCC RO TGRALLC FOIO B TGL RCATT TG WAAAICLLTACC TCAMLL TUG T TALLL PEACLL TGLAG TLALCACCC

aminoacids ARDMRSCLTGVAHALFLRPVSSNCPLLSLSLLICOQMGTSRSLG®*GCSGHP

premature stop codon



DNTTIP1 gene

B || CD4+ || CcD8* || Mono || NK % THE UNIVERSITY
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Cell-type-specific
sQTLs

AUSTRALIA

20

Gene expression

Y T o o
012 012 012 012 012
DNTTIP1-201 (main isoform)

B CD4+ || CD8* || Mono || NK
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Changes in gene
expression doesn'’t
necessarily translate to
changes in protein levels

Integration of genetic and
omic data for greater
understanding of variant
consequence

Metabolite

« Genomics

* Epigenomics

* Transcriptomics

 Proteomics

 Metabolomics
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Association does not mean causality

a
» Co-regulation of nearby genes — A1 a2 .
multiple eGenes for the same SNPs ves06s220 I 2
« Regulatory SNPs may affect many s
FNDC7 Corr
enes AP11.483113.5 1.0
g RP11 _(%F;:Z l 0.5
SORT1 0.0
« Unclear which is the causal gene just iGor B
based on gene expression association <D
» Several statistical methods to sieoz
determine if a variant impacts oot

phenotype through gene expression
change (SMR, coloc, TWAS) S




