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Why?, before How

« The aim of genome-wide association studies (GWAS) is to identify
single nucleotide polymorphisms (SNPs) of which the allele
frequencies vary systematically as a function of phenotypic trait values

« between cases with schizophrenia and healthy controls
* between individuals with high vs. low scores on cognition

 |dentification of trait-associated SNPs may subsequently reveal new
insights into the biological mechanisms underlying these phenotypes.

« These analyses require the execution of several quality checks and
careful conductance of statistical analyses to avoid spurious
associations due to several potential sources of confounding (e.g.,
population stratification). In addition, knowledge of genetic power
calculation is necessary to avoid performing underpowered studies.
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Power Calculations
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http://csg.sph.umich.edu/abecasis/CaTS/index. html
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Software and Data Format

Plink

« https://www.cog-genomics.ora/plink/1.
« https://www.cog-genomics.org/plink/2.
* ped *.map
FID WD PID MID Sex P sl rs2 rsd Chr SNP GD BPP .
1 1 0 0 2 1 CT AG MA 1 oml 0 870000 Emf“tﬂd Dosage Files
dose.gz
2 2 0 0 1 0 € A AC 1 2 0 880000 QC. .
3 3 o i} 1 1 CC AA AC 1 (4] o 290000
w .4 *
tam | -PSEM sped | -PQEN g | pVAr ‘.
FID N ™MD MID Sex P Containg binary version of the Chr SNP GO BPP Allele 1 Allsle 2
1 1 o 02 1 SNP infa of the *.ped file 1 m1 @ BW000 C T
2 21 o 6 1 o {nat in a format readabile for 1 2 0 EEOODD A G
hurmans)
3 3 0o o0 1 1 1 m3 0 B90000 A c

i Family ID Alleles par subject per SNP

Fil rsfu]

[ ] bndividual ID | Chr | Chromasame

PMD | Paternal ID SMP | SHP name

MID | Maternal iD GO | Genetic distance [morgans)
e Sex of subject BPP | Base-pair pasition (bp units)
P Phenotype
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Data manipulation

Convert imputation dosage files:

plink2

--import-dosage
/tsd/p33/data/durable/vault/genetics/imputation/TOP2017/chunk*.qc.dose.gz
--fam top2017.fam

--make-pgen

--out out _directory/chunk

Switch file formats Merge files
--make-pgen (plink2: pgen/psam/pvar) --pfile X --merge Y --out
--make-bed (bed/bim/fam) --pfile X --merge-list list.txt --out

--recode (ped/map)
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QC Steps

1: Missingmess of  --genc

SHPs and propartion of the subjects, In this step, S8Ps
individuals with low genotype calls are remowved,
--milnd Exdudes individuals who have high rates of

genotype miksingpness. In this step, individual

Exdludes SNPs that are missing in a large

with lowe penotype calls are rermoved,

2 Sex —check-sex

Checks for discrepancies between sex of the
discrepancy individuals recorded in the dataset and their
s based on X chromosome heterozygosity/

homozygosity rates.

!'I'I.': IID FEDSEX ENBSEX STATUS r
1328 NAGERED 2 ‘ o =0.01184
1377 NR1iEG% 1 1 o 1
134% MA11E43 1 1 a4 1
1334 NA1Z341 & - 5, =0.012%52
1444 MNE1ZT3S 1 1 s o 1
1344 MAIOESO 2 2 O 0.0145&
1328 MNALESEL 1 1 o 1
L4683 RALZETT 1 1 os 1
1418 MAL22TS | 2 o 4 -0 . 1028
1346 MR1Z043 1 1 e 4 1
1375 MNA1ZZG64 1 1 oK 1
1345 NA10BSH 2 1 PROBLEM 0. %0
1455 HMAR1ZEES 2 2 ox f.0302

plink --bfile X -<impute-sex --make-bed -out ¥
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e recommend to first filker SMPs and Individuals

based on a relaxed threshofd (0.2: »20%), as this will

filter cut SMPs and individuals with very high levels
of missingness. Then a fiiber with & more stringent

threshold can be applied (0.02)

Mote, SMP filtering should be performed befone

indrvidual filtering.

Can indicate sample mix-ups, If many subjects have this

discrepancy, the data should be checked carefully,
htales should have an X chromosome
estimate >0.8 and females should have a value <02
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QC Steps

1: Missingmess of  --genc Exdludes SNPs that are missing in a large We recommend to first filter SNPs and Individuals
SHPs and propartion of the subjects, In this step, S8Ps based on a relaxed threshold (0.2; =205, as this will
individuals with low genotype calls are remowved, filter out SMPs and individuals with very high levels

--milnd Exdudes individuals who have high rates of of missingness. Then a fiiber with & more stringent
genotype miksingpness. In this step, individual threshold can be applied (0020
with low genobype calls ane removed. Mote. SNP filtering shoukd be performed befone
indnidual filtering.

2 Sex —check-sex Checks for discrepancies between sex of the Can indicate sample mix-ups, If many subjects have this
discrepancy individuals recorded in the dataset and their discrepancy, the data should be checked carefully,

s based on X chromosome heterozygosity/ Males should have an X chromosome homozygosity
homozygosity rates. estimate 0.8 and females should have a value 0.2

3: Minor allele -=fmiaf Inchedes only SMPs abowve the set MAF threshold. SMPs with a low MAF are rare, therefore power s
frequency lacking for detecting SNP-phenotype associations.
{MAF] These SHPs e also more prone Lo genotyping errors,

The MAF threshold should depend on youwr sample
slze, larger sampled can use lower MAF thresholds,
Respectively, fior large (N = 100,000) « moderate
samples (N = 10000, 001 and 0,05 are commonky
used as MAF threshold.

| 4: Hardy - ==hwe Excludes markers which deviate from Hardy- Common indicator of genobyping error. may also
Wetnberg Weinberg equilbrivm, indicate evolutionary selection
equilibrium Fnrhﬁ_ﬂla_'[triEwumwmm:lﬂ:HWEpm.Eda
[HWE] =10 in cases and <1e—é& in controls. Less strict case

threshold avoids discarding disease-associated SMPs
under selection (see online tutorial at hitps://github.
oo/ M arees AT/ GWA_tutorial/).

Fu'ﬂuamh:thn! tralts, we recommend HWE p value

o
5 Heterozygosity Excluces individuals with high o low Devations can indicate sample contamination,
heteropyposity rates inbreeding.

We suggest removing indndiduals who deviate £3 50 from
the samples' heterozygosity rate menn
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QC Steps

pairs. limit it to autosomal chromosomes only,
=T Sets threshold and creates a list of individuats Cryptic relatedness can interfere with the association

with relatedness abowe the chosen threshold, anatysks. Iif you have a famiby-based samgle (e g.

Meaning that subjects who are related at. for parent-offspring), you do not need to remove related

example, pi-hat *0.2 (Le. second degree pairs but the statistical anatysis should take family

relatives) can be detected. relatedness into account, However, for a population
based sample we suggest to wie a pi-hat threshold of
0.2, which in line with the literature {Anderson et al,
2010; Guo et al., 2014)

7 Population --gEnime Calculates identity by dewent (IBD] of ol sample  Use independent SMPs (pruning) tor this amalysis an
stratification pairs, lmit it to sutesomal chramolomes anly,
=-chuster --mds-plot k- Produces a k-dimensional representation of any
substmucture in the data: based on 1B5.

—pea Producss values for the firet 20 prine (psl
cormipane nis . Youcan s angs the number by
pEss g & numerks pEramaer
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Population Stratification

« An important source of systematic bias in GWAS is population
stratification.

It has been shown that even subtle degrees of population
stratification within a single ethnic population can exist (Abdellaoui
et al., 2013; Francioli et al., 2014).

» Testing and controlling for the presence of population stratification
is essential.
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Testing and Controlling for Stratification

 After imputation, identify autosomal SNPs with very high imputation
quality (INFO >0.8) and low missingness (<1%).

--geno 0.01

« Further identify SNPs after linkage disequilibrium pruning (r? >
0.02) and frequency filtering (MAF > 0.05).

--indep-pairwise 50 2 0.02 --maf 0.05

* The derived SNP set should then be used for robust relatedness
testing and population structure analysis.

* Relatedness testing is done with PLINK and pairs of subjects
with pi_hat > 0.2 identified, with one member of each pair removed

at random after preferentially retaining cases over controls.
--genome —-min 0.2

* Principal component estimation should be performed with the same
set of autosomal SNPs.
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Testing and Controlling for Stratification
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Covariates for GWAS

« Test the first 20 principal components for phenotype association
(with study indicator variables included as covariates).

 Include significantly associated principal components in the
association analyses.
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Run the GWAS

plink2

-bfile X

--covar covarfile.txt

--logistic / —-linear

--hide-covar (removes covariate-specific lines from the main report)
--adjust (reports the genomic inflation estimate A in the log file)
--out results
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Generate Manhattan Plot

install.packages("qgman",repos="http://cran.cnr.berkeley.edu/” lib="~" )
library("qggman”,lib.loc="~")

results_log <- read.table("new_logistic_results.assoc_2.logistic", head=T)
jpeg("Logistic_ manhattan.jpeg")

manhattan(results log,chr="CHR",bp="BP" ,p="P",snp="SNP")

dev.off()

results_log <- read.table("logistic_results.assoc_2 .logistic", head=T)
jpeg("QQ-Plot_logistic.jpeg")

qq(results_log$P, main = "QQ plot of GWAS p-values")

dev.off()
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Determining Stratification

* A=1 indicates no stratification

« A>1 indicates potential stratification or other confounders such as
family structure, cryptic relatedness or polygenicity

« Also consider A is proportional to sample size

10
¥ ,
E° ¢
& r ;
] § IE_; 5 /
? [} ] 3 -L
| - | & E ’
_ hch | ! h 2 ~20k cases
~31Kk controls
Y - i i 0 i - 3 i ¥ ¥ 1]
T a 2 4 8 8 10

Expected [ log, p-valua)
w1229 haggs = 1.008
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Define GWS loci and lead SNPs

« GWAS findings implicate genomic regions “loci” containing multiple
significant SNPs

« “Clumping” is used to convert associated SNPs to associated
regions by identifying an index SNP with the smallest P-value in a

genomic window and other SNPs in high LD with that index SNP
« Can use PLINK

« Retain SNPs with association P < 0.0001 and r? < 0.1 within 3
Mb windows

—-clump-p1 1e-4 --clump-p2 1e-4 --clump-r2 0.1 --clump-kb 3000
« Bedtools (https://bedtools.readthedocs.io) is used to combine
partially or wholly overlapping clumps within 50 kb.

« Can use FUMA SNP2GENE option (http://fuma.ctglab.nl/)

« Regional plots should be reviewed to identify and remove singleton
associations
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Fuma Clumping Options

http:/Fuma.ctglab.nl/

2. Parameters for lead SNPs and candidale SNPs identification

Sample sizs (M)

Klinimaim P-valus of lead SHPs (<)

r shreshald o define LD strociure of lead SMPs (2)

Maxirm Poyvais cutoll (<] 5

Risterence panel poputalion

include vasianls In relerence pansd |non-GWAS wagged SNPs n LD} (7

Minimum Minor Allele Frequency 2105

Total sample size imieger:

oR

Column rame for W per SKP (jexd)

N

Gend

e

0,06

10000 Pnased ELIR

Yes

001

M B Gsbanos Berhiesey L Dok 10 medne imo 3 lecus (< i.l!l'l-.'i] il

kb

« (K. Tho defined column will Be ussd or sampin se per SNP,

w I
w K,
w0
w O
w O

" 0K

w* IF
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Plots generated using LocusZoom
http:flocuszoom.sph.umich.edw/
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Post-GWAS?

* Meta-analysis
« PGC GWAS are all meta-analyses of numerous cohorts
« METAL
(https://genome.sph.umich.edu/wiki/METAL Documentation)

* Forest plots should be reviewed to confirm that association
signals arose from the majority of the cohorts

# === DESCRIBE AND PROCESS THE FIRST INPUT FILE ===
MARKER SHP

Al ELE REF AILELE OTHER ALLELE

EFFECT BETA

PVALUE PVALUE

WEIGHT N

PROCESS inputfilel.txt

# === THE SECOND INPUT FILE HAS THE SAME FORMAT AND CAN BE PROCESSED TMMEDIATELY ===
PROCESS inputfiled.txt

# === DESCRIBE AND PROCESS THE THIRD IMNPUT FILE ===
MARKER SHP

ALLELE A_REF OTHER_ALLELE

EFFECT BETA

PVALUE pvalue

WEIGHT N

PROCESS inputfile3d.txt

oIlk. tosuen
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Plots using the forestplot package in R

https://cran.-projedt. orgiweb/packages/forestplotivignettes/forestplot.html
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Post-GWAS?

« Meta-analysis

« METAL
(https://genome.sph.umich.edu/wiki/METAL Documentation)

* Forest plots should be reviewed to confirm that association
signals arose from the majority of the cohorts

« FUMA
« Additional analyses and annotation of results
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Additional FUMA analyses

hitp:/ffuma.cglab.nl/

3-1. Gene Mapping (pasitional mapping) w

3-2. Gene Mapping (eQTL mapping) w

3-3. Gene Mapping (3D Chromatin Interaction mapping) w

4. Gene types w

5. MHC region e

6. MAGMA, analysis W
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Post-GWAS?

« Meta-analysis

« METAL
(https://genome.sph.umich.edu/wikiiMETAL Documentation)

* Forest plots should be reviewed to confirm that association
signals arose from the majority of the cohorts

« FUMA
« Additional analyses and annotation of results

« PRS
* Leave-one-out analysis
« More details on calculating and using PRS after Lunch
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R - squared
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Family-Based GWAS

« PLINK
» —-tdt (logistic)
« |tis possible to separately consider transmissions from
heterozygous fathers versus heterozygous mothers to affected

offspring, --poo (parent-of-origin)
» —-gfam (linear)
» More detail at https://www.cog-genomics.org/plink/1.9/fam_assoc

ndamre

REVIEWS

Family-based designs for genome-wide

association studies ; :
P Specific software for family-based
i it analyses listed
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Homework

PSYCHIATRIC RESEARCH

ORIGINAL ARTICLE & Open Access (9 ()

A tutorial on conducting genome-wide association studies:
Quality control and statistical analysis

Andries T, Mareesga, Hilde de Klurver, Sven Stringer, Florence Vorspan, Ermmanued Curis

Cynthia Mane-Claire, Eske M, Derk:
'.'.-’r--.-'rll-'l.r'lr:,r'.-‘m.‘-: .'1L|:5}£:;'-fl’.‘l-.‘.ri.t:urg.-"ll'.'l.‘-'l.'.lf.]E."mpr.1ECIE

hitps://www.ncbi.nlm.nih. gov/pubmed/284847 42
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