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GWAS

« Genome Wide Association Studies:
* Linking a phenotype to a genotype

 Phenotype: Trait, disease

« Genotype: (combinations of) Single Nucleotide
Polymorphisms (SNPs), gene variants, complete
genes
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History

 HapMap Project (2002, 2005, 2007,2009)
« The 1000 Genomes Project (2008)
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GWAS as search term

, Google Trends




Basic idea

Genotype individuals/species/isolates for a large number
of SNPs spread in a generally unspecified way throughout
the genome. Look for association.

SNPs patients

Control
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What do you see in the table? (hint: diploid)
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homozygous for mutation: associated with case
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Basic idea (2)

SNP present SNP absent

with phenotype 20 3
without phenotype 4 16 p=1.19*1070>
e . 1 oA=111 #
2x2 (or 3x2 in diploid genomes) contingency _ /
True hits? — v i
tests
e.g. “’ :
7

Fisher exact (small samplesizes, values <10) :
Chi squared (large samplesizes, values >10 ) ;-

<+— Population outliers
and/or structure?

QQ-plot:
Plot the expected p-values against the
observed p-values

Strong deviations are likely candidates

Expecied -log10 p-value
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—log,, (PCA-adjusted P)

Basic idea (3)
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Negative logl10 P-values plotted against location on genome: Manhattan plot
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Population structure correction

Population structure: Potentially a problem in human genetics.
A real problem in bacterial genetics
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Population structure correction

« Population structure (in humans) occurs through
mechanisms such as genetic drift, ancestral divergence and

non-random mating

« Confounds GWAS: higher than expected allele frequencies
within certain members of the study set

« Big problem in bacterial GWAS: haploid and only cell

division. Genetic variants will be passed on to descendants
and be in “linkage disequilibrium” with other mutations that

occur in that lineage
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Population structure correction

~ Clade 1
200 I Example:
Find the SNP associated with
Clade 2 I antimicrobial resistance
I But.. Resistance against an antibiotic is
primarily associated with a certain branch
in the phylogenetic tree.

Standard contingency test will associate
= phylogenetic markers with resistance,

100s of SNPs (clade 3 defining SNPs)
(Fisher Exact test in Scoary)

Blue: sensitive
Orange: resistant
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Population structure correction

Determine population groups:

* Pre-existing knowledge from e.g. MLST

« multi-dimensional scaling in PLINK

« principal component analysis in EIGENSTRAT

« Bayesian analysis of genetic population structure: BAPS

« Infer clones based on branch lengths in phylogenetic
tree

 Many others..

Use the groups as covariates in association testing (e.qg.
with the Cochran-Mantel-Haenszel test)
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Population structure correction

Clade 1
. B
2008 Cochran-Mantel-Haenszel:
Clade 2
* Performs association testing per
clade
* Computes a weighted p value
In=" Clade 3
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Population structure correction

Clza_gle 1

Cochran-Mantel-Haenszel:

% Clade 2

* Performs association testing per
clade

* Computes a weighted p value

Alternatively:

.., = Clade3 Count repeated and independently
w4 emerged mutations occurring more

d often on branches of cases relative

to controls

(PhyC: Farhat et al Nat Genet. 2013,

this is implemented in Scoary)
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Multiple testing correction
1000 SNPs have a p-value < 0.05. Are they all true positives?
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Multiple testing problem

JELLY BEANS
CAUSE ACNE!

28

T

SCIENTISTS!
INVESTIGATE!
BUT |WeRE
L Rk

WE FOUND NO
LINK BETWEEN
JELLY BEANS AND
ANE (p > 0.05),

|

JA

THAT SETILES THAT.

T HEAR ITS ONLY
A CERTAIN COLOR
THAT CAUSES IT.

VIHECRAFT!

https://xkcd.com/882/
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Multiple testing problem

WE. FOUND MO WE FounD NGO WE FOUND NO WE FOUND NG WE FOUND NO
BEANS AriD ANE BEANS AND ACNE BEANS AND ANE BEANS PRiD ACNE BEANS AID ACNE

qus 'LJE ONO THp'T (p> o}os), (p> f:-os), (p> c:os), (p> o}os), (p> o}.’os)_
CAUSE. ACNE: LINK BETWEEN T HEAR. IT5 ONLY @ Z Z @ @
SCENTISTS! JELLY BEANS AND A CERTAN COLOR ﬂ ﬂ ﬂ ﬂ ﬂ

INVESTIGATE! | | AONE (P> 0.05), Twmuses T
MiNE LraEr! SALMON JELLY RED JeLy TURGUOISE JELLY | | MAGENTA JELY YELLOW TeLy
] BEANS AND ACNE BEANS AND ANE BEANS AND ACNE. BEANS AND ACNE BEANS AND ACNE
FINE _q,"m:m. (p 70}05), (p> 0}05),

(P>0.05) (p>005) (P>0085)
/ !
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WE FOUND NO WE FOUNDNO WE FOUND NO WE FOUND A WE FOUND NO

LINK BETWEEN LINK GETWEEN LINK BETWEEN LINK BETWEEN LINK BEWEEN

GREY JELY TAN JeLy OrAN TELY GREEN JEWY MAVE JELLY

BEANS ANDANE | | BEANS ANDAME | | BEANS ANDACNE | | BEFNS ANDACNE | | BEANS AND ANE

(p>008) (P>005) (p>0.05) G <oos) (P>0.05).
/ / /
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WE FOUND NGO WE FOUND NO WE FOUND NO WE FOUNDNO WE FOUND'NO
LINK BETWEEN LINK BETWEEN LINK BETWEEN LINK BETWEEN LINK BETWEEN
BEIGE JELLY LiAc JeLy BLACK, JELLY PEACH JELLY ORANGE JELLY
BEANS PD ANNE BEANS AND ACNE. BEANS AND ACIE BEANS AND ANE BEANS AND ANE
(p>005) (Pp>0.05) (p>0.05)

!

(p>o0.05) (p>0.05).
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Multiple testing problem

JELLY BEANS
CAUSE ACNE!

SCIENTISTS!
INVESTIGATE!

BUT [WERE
PLAYING
L hm:'awr!

.=« FINE.
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https://xkcd.com/882/

i1k

-

News == |
GREEN JEULY |
REANS LINKED §
To ACNE.
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WE FOUND NO WE FOUNDNO WE FOUND'NO
LINK BETWEEN LINK BETWJEEN LINK BETWEEN
Pin JELLY BWE TELy TEAL JELY
BEANS AND AONE BEANS D ACNE BEANS AD ACNE
(P>0.05) (p>0.05) (P>0.05)
o8 | o8 || @
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TURGUOISE JELLY | | MAGENTR JELLY YELLOW JELY
BEANS AND AONE BEANS ARD ACNE BEANS AD ACNE
(p>0.05) (p>0.05) (P>0.05)
oa | o8 || ©
WE FOUND NO WE FOUND A WE FOUNDNO
LINK BETWEEN LINK BETWEEN LINK BETWEEN
CreN JELY GREEN JEUY MAUVE JELY
BEANS AND ACIE BEANS AND ACNE BEANS AND ACNE
(p>005) (p<005) (p>0.05)
@" o é @”
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LINK BETWJEEN LINK GETWEEN LINK GETWEEN
BUACK, JELLY PEACH JELLY ORANGE TELLY
BEANS AND ACIE BEANS D ACNE BEANS AND ACNE
(P>005) (p>0.05). (p>0.05)




Multiple testing: Adjusting

« Significance threshold must adjust for Type I error
(a false positive); spurious statistical significance
arising from multiple comparisons involving
hundreds of thousands of SNPs

Dudbridge F, Gusnhanto A (2008) Estimation of significance thresholds for genome-wide
association scans. Genetic Epidemiology 32:227-34

Pe’er I, Yelensky R, Altshuler D, Daly MJ, (2008) Estimation of the multiple testing burden
for genome-wide association studies of nearly all common variants. Genetic Epidemiology,
May;32(4):381-5
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Multiple testing: Adjusting

« Bonferroni correction

« Benjamini Hochberg (false discovery rate, FDR, in
Scoary) or Storey Tibshirani (newer method)

« Permutation — computationally demanding (in
Scoary)

« Bayesian approaches - computationally demanding
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Multiple testing: Adjusting

« Easiest is Bonferroni correction. The conventional
level of p (0.05) is divided by the number of tests
performed (e.g. 0.05/100,000).

« Computationally simple. Low chance of false
positives, but too stringent?

“Bonferroni adjustments are, at best, unnecessary and, at worst,
deleterious to sound statistical inference” Perneger (1998)
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Multiple testing: Adjusting

 FDR
* Orc Rank p value calculation adj. p (q) =< pm
e The 1 0.0008 0.0008*11/1= 0.0088)
wh ) 0.009 0.009*11/2= 0.0495
(i/1 3 0.02 0.02*11/3= 0.073333
4 0.205 0.205*11/4= 0.56375
+ De 5 0.396 0.396*11/5= 0.g712[@Nt
5 0.45 0.45*11/6= 0.825

If SNP X has a g-value of 0.0495 it means that 4.95% of genes that show p values
at least as small as SNP X are false positives
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Bacterial GWAS - recap

« Gene level (accessory genome)
— Predict all genes in genomes
— Predict orthologs of the genes
— Associate gene presence/absence with phenotype

« SNP level (primarily core genome)
— Find all SNPs
— Associate SNP with phenotype
— SNP location reveals which gene is affected

« K-mer approach (core and accessory genome)
— Find all posssible k-mers (ie 30 bp fragments)
— Associate presence absence with phenotype
— Map k-mer to reference genomes to identify genes
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Bacterial GWAS - recap

« Population structure prediction using PCA, BAPS,
others

« Use population structure (“clonality, MLST") as
covariate in your statistical test

« Alternatively count repeated and independently
emerged mutations occurring more often on
branches of cases relative to controls: PhyC
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Bacterial GWAS - recap

« Control the False Discovery Rate:
— Bonferroni correction (very strict)
— Benjamini Hochberg (FDR, often used)
— Storey Tibshirani (newer FDR method)
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