
Genetic modulation of gene regulatory processes

Anneke Brümmer
anneke.brummer@unil.ch



Quantitative trait loci (QTLs)

X X X XXX X

Gene 
expression

SNPs
DNA Gene



Quantitative trait loci (QTLs)

X X X X X XXX
transcription

X X X X X
RNA processing

X X X

DNA

pre-RNA

mature RNA
exonic reads
intronic reads
SNPsX

gene

degradation translation

X

A B

exQTL inQTL ex-inQTL
0

5000

10000

8649
(77%) 7590

(73%) 5706
(63%)

G
en

es
 w

ith
 Q

TL
s 

(#
)

C

D

2057

1151
2141

1297

4144

1117

2095

Cis-QTL signals (14002)

29.6%

14.7%

15%

9.3%
8.2%

8%
15.3%

exQTLs

all QTLsex &
inQTLs

inQTLs ex-inQTLs

 ex &
ex-inQTLs

in &
ex-inQTLs

TT AT AA TT AT AA TT AT AA

0

2.5

-2.5
p=1e-81

p=0.03

p=0.1

TT CT CC TT CT CC TT CT CC

0

2.5

-2.5 p=0.002 p=1e-47

p=3e-4

TT CT CC TT CT CC TT CT CC

0

2.5

-2.5

p=5e-4

p=0.004

p=1e-72

exQTL for MED28
chr4: 17638660
ENSG00000118579.13
TT(226), AT(468), AA(207)

N
or

m
al

iz
ed

 e
xp

re
ss

io
n 

le
ve

l (
z-

sc
or

e)

Exon Intron Exon/intron

inQTL for FAHD2CP
chr2: 96025125 
ENSG00000231584.8
TT(483), CT(354), CC(64)

ex-inQTL for CD226
chr18: 69867948
ENSG00000150637.9
TT(323), CT(462), CC(116)

pie chart for genes or best QTLs???

Show also examples for shared regulations
 (e.g. exQTL & inQTL or ex-inQTL & exQTL)???
Find better examples matching: 
 transcriptional, splicing and stability???
ADD Scatter plots exon vs intron!
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QTLs of exon and intron levels and their ratio
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Regions of QTLs and shared QTLs
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Use binary colormap instead???
no z-score
No weighting of two or three shared QTLs.
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Better colormap and scaling???
Add significances.
Count genes with shared QTLs multiple times???
Include QTLs that are shared with first-signal SNPs.
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Effect sizes (regression slope)
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Correlation between genes with QTLs and
number of introns?

better dissection of shared regulation

- Are effect sizes different for transcriptional, RNA processing and post-
transcriptional processes?

- Do effect sizes decrase with distance from a gene?



QTL effect sizes and allele frequencies 

- Is this similar for e.g. secondary QTLs?
- What about QTLs overlapping GWAS loci?

- Are effect sizes correlated with the allele frequencies in a population?
(stronger molecular effect -> stronger fitness difference?)

ANRV260-GE39-10 ARI 24 June 2005 13:32

Figure 2
The frequency spectrum of under a selective sweep, negative selection, neutrality, and positive selection.
The frequency spectra under negative and positive selection are calculated using the PRF model by
Sawyer & Hartl (88) for mutations with 2Ns = −5 and 5, respectively, where N is the population size and
s is the selection coefficient. For the selective sweep, the frequency spectrum is calculated in a window
around the location of the adaptive mutation immediately after it has reached fixation in the population.
In all cases, a demographic model of a population of constant size with no population subdivision is
assumed.

developed a test based on the number of alle-
les occurring in a sample. Andolfatto et al. (4)
developed a related test to determine whether
any subset of consecutive variable sites con-
tains fewer haplotypes than expected under
a neutral model. A similar test was also pro-
posed by Depaulis & Veuille (23). A variation
on this theme was proposed by Sabeti et al.
(87) who considered the increase in the num-
ber of distinct haplotypes away from the loca-
tion of a putative selective sweep. Kelly (54)

considered the level of association between
pairs of loci. Kim & Nielsen (55) extended
the method of Kim & Stephan (56) to include
pairs of sites to incorporate information re-
garding linkage disequilibrium.

Macdonald-Kreitman Tests
Finally, the MacDonald-Kreitman test (69)
explores the fact that mutations in cod-
ing regions come in two different flavors:
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What you will learn

- Data Analysis with Python

- Plotting with Python 

- Integration of QTL data with allele frequency data

Questions: anneke.brummer@unil.ch


