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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)

A Ko
iy ‘___‘\ rh’ [ A% vl ]
et A ;‘ I vy
L \ A )
\ I \,h.’ L
\.-‘Aq / v/

v . . . . .
v “Genome wide association studies” mentioned

I
|
|
I
[
I
I
[
|
I
I

|

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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Basic idea

Genotype individuals/species/isolates for a large number
of SNPs spread in a generally unspecified way throughout
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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 @ @
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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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/ / /
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Multiple testing problem

JELLY BEANS
CAUSE ACNE!

SCIENTISTS!
INVESTIGATE!

BUT [WERE
PLAYING
L hm:'awr!

.=« FINE.
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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

= 1}

TR e ByAD TOUL




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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Open or closed pan genome?
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No. of genes

1000 4

Key

— Conserved genes
---- Total genes

Open pangenome
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Closed pangenome

Total gene set of all strains

Number of sequenced strains
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Phandango - which isolates are
related to the reference
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Clones associated with mortality
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Genes associated with mortality
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PbIB presence absence
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Gene cluster associated with mortality
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LytA, holins lyses pneumococcus Platelet binding factor

Gene cluster is part of a bacteriophage on the bacterial genome. Can be expressed when
bacteria is stressed

*Oxidative stress (neutrophils, immune system of the host)

*DNA damage (antibiotics)

*Halted translation (antibiotics)

Hypotheses about pathogenicity:
*Platelet binding factor causing platelet activating and blood clotting
or
*Massive release of pneumolysin toxin upon burst of the bacterial cell due to phage
expression

S0y B R W Y



Phage-Derived Protein Induces Increased
Platelet Activation and Is Associated
with Mortality in Patients with Invasive
Pneumococcal Disease

' Rahajeng M. Tunjungputr,*® ' Fredrick M. Mobegl,® Amelieke J. Cremers,==
Christa E. wan der Gaast-de Jongh,s Gerben Ferwerda,s Jacques F. Mels,==

Nel Roeleveld,"? Stephen D. Bentley," Alexander 5. Pastura,®

Sacha A. F. T. van Hijurn," Andre J. van der Ven,” Quirijn de Mast.” Aldert Zomer,'
Marien I. de Jonges

Department of imtemal Medicine, Radboud instibge far Moleoular Life Sciences, Badboud Unbeersity Medical
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Medicine, Diporegam Unheersity, and Dr. Karladi Haspital, Semarang, Indonesia®; Labaratory of Pediatric
Infectious Cis=ases, Depatmert of Pediatrics, Radboud instituge far Boleodar Life Sclences, Fadboud
Uriversity Medical Certter, Nijmegen, The HetherlandsS Department of kMedical Microbialegy and Infectious
Csezes, Canslus-Wilbaiming Hespital, Mimegen, The Metherlandsd: Department of Medical Micrablalagy,
Fadbaud Uriversiy Medical Center, Himegen, The Metherands®; Department for Heakh Badence, Radboud
Inst&ube for Heakh Sclences, Radbaud Uriversity Medical Center, Nimegen, The Netherlands'; Depatment of
Pediatrics, Radboudums Amalia Children's Hoapial, Radbaud University Medical Center, Njmisgen, The
Metherandss; Wellcame Trust Sanger Institute, Pathogen Genamics Group, Hireton, Cambidgeshie, Ungsd
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ABSTRACT To improve our understanding about the severity of Invasive pneumo-
coccal disease (IPD), we Investigated the assoclation between the genotype of Strep-
fovacows preumoniae and disease outcormes for 349 bacteremic patients. A pneumo-
coccal genome-wide assoclation study [GWAS) demonstrated a strong correlation
between 30-day mortality and the presence of the phage-derived gene phif, encod-
ing a platelet-binding protein whose effects on platelet activation were previously
unkmown. Platelets are increasingly recognized as key players of the innate Immune
system, and in sepsis, excessive platelet activation contributes to microvascular ob-
struction, tissuwe hypoperfusion, and finally multiorgan fallure, leading to mortality.
Qur de witro studies revealed that phiB exprassion was induced by fluoroquinolones
but mot by the beta-lactam antibdotic penicillin & Subsequently, we determined phig
induction and platelet activation by Incubating whole blood with the wild type or a
pblE knockout mutant in the presence or absence of antiblotics commonly adminis-
tered to our patient cohort. pbiB-dependent enhancement of platelet activation, as
measured by increased expression of the a-granule protein P-selectin, the binding of
fibrinegen to the activated olib@3 receptor, and the formation of platelet-monocyte
complex ocourred irrespective of antiblotic exposure. In conclusion, the presence of
pbif on the pneumococcal chromosome potentially leads to increased mortality In
patients with an Imvasive 5 pneumoniae infection, which may be explained by en-
hanced platelet activation. This study highlights the clinical utility of a bacterial
GWAS, followed by functional characterization, to identify bacterlal factors invoheed
in dizease sewerity.
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Streptococcus pneumoniae
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Cohort

Two Dutch hospitals '2001-2011°
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Bioinformatics analysis
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Gene cluster associated with mortality
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LytA, holins lyses pneumococcus Platelet binding factor

Gene cluster is part of a bacteriophage on the bacterial genome. Can be expressed when
bacteria is stressed

*Oxidative stress (neutrophils, immune system of the host)

*DNA damage (antibiotics)

*Halted translation (antibiotics)

Hypotheses about pathogenicity:
*Platelet binding factor causing platelet activating and blood clotting
or
*Massive release of pneumolysin toxin upon burst of the bacterial cell due to phage
expression
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Severity of disease

Validated findings with qPCR in
other datasets
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