
Genome-wide
Association Studies
Practical 1: genotype cleaning and intro to software



Outline

Importance of data cleaning

Introduction to software - PLINK & GCTA

Typical QC performed on SNP-chip genotypes



• The WTCCC study used controls from two populations:

 - 1,500 from the 1958 British Birth Cohort (58C)
 - 1,500 from the National Blood Service (NBS) 

• Both these are unselected population cohorts, so performing a “case-control” study between 
these populations should find no significant differences

Example: Importance of Good Cleaning
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Importance of Good Cleaning
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100% of SNPs



Importance of Good Cleaning
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80.69% of SNPS
Filtering: MAF



Importance of Good Cleaning
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78.36% of SNPs
Filtering: MAF + HWE



Importance of Good Cleaning
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77.92% of SNPs
Filtering: MAF + HWE + Missingness



• PLINK is a free, open-source whole genome association analysis toolset

• Efficiently store, manipulate and analyse large datasets

• Widely used

• 3 main versions of PLINK

• PLINK v1.07 2007 https://zzz.bwh.Harvard.edu/plink/ < good website on basics >

• PLINK v1.90 2015 https://www.cog-genomics.org/plink/1.9/ < major upgrade of v1.07 >

• PLINK v2.0 2017 https://www.cog-genomics.org/plink/2.0/ < under development? >

PLINK
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https://zzz.bwh.harvard.edu/plink/
https://www.cog-genomics.org/plink/1.9/
https://www.cog-genomics.org/plink/2.0/


PLINK v1.90 website
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many commands 
& info on their use

Index!

download the right version



PLINK v1.90
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• Need to run PLINK via command line, e.g.

• if you have downloaded PLINK into your local directory, could be:
./plink



• Three files: 

- gwas.bed → binary file containing all genotypes
- gwas.bim → information about SNP markers
- gwas.fam → information about individuals

PLINK data format
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chromosome

SNP ID
position, bp

allele 1(dummy variable)
position, cM

allele 2
FID

(Family ID)
IID

(individual ID)
PID/MID/sex/phenotype

-> not necessary to specify, but “0 0 0 -9” is needed



• Other files, e.g. quantitative covariates, 
covariate & phenotype files

• can have any name/suffix

• columns must be FID, IID, then 
data

PLINK data format

covariate file format

quantitative covariate file format

phenotype file format



• We will also use GCTA

Comprehensive website: 
https://yanglab.westlake.edu.cn/software/gcta/#Overview

• Runs like PLINK, same command format and 
input format

gcta64 --bfile <data prefix> --command

• Primarily for variance component estimation 
via REML (QG2 module) but has expanded to 
include other useful features

GCTA
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https://yanglab.westlake.edu.cn/software/gcta/


We divide the cleaning of genotype data into two steps

 STEP 1) removing any individuals with poor quality data

 STEP 2) removing SNP markers that have substandard genotyping performance

• we use on statistical measures to detect bad quality data and remove it

• Performing the per-individual steps first prevents individuals with poor quality genotypes 
having an undue influence on the removal of SNP markers in the later step.

Preparing Genotype Data
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Suggestions for removing individuals with ‘poor quality’ genotypes

1. removal of individuals with excess missing genotypes

2. removal of individuals with outlying homozygosity values

3. remove of samples showing a discordant sex

4. removal of related or duplicate samples, and

5. removal of ancestry outliers

Per Individual Quality Control
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more details in the prac



1. Download and perform PCA on diverse individuals with known ancestry, e.g. 1000 Genomes

2. Project your samples onto PCs

3. Exclude ‘outliers’ from further analysis

e.g. with GCTA

Per Individual Quality Control 
- removal of ancestry outliers

https://yanglab.westlake.edu.cn/software/gcta/#PCloadingandprojection



1. Perform PCA on GRM of diverse 
individuals with known ancestry, 
e.g. 1000 Genomes

2. Project your samples onto PCs

3. Exclude ‘outliers’ from further 
analysis

Per Individual Quality Control 
- removal of ancestry outliers



• Suggestions for removing ‘bad’ SNPs,

e.g. 1) removal of SNPs with excess missing genotypes
 2) removal of SNPs that deviate from Hardy-Weinberg equilibrium
 3) removal of SNPs with low minor allele frequency 
 4) comparing allele frequency to known values

Per Marker Quality Control
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•Summary of PLINK commands

• the commands can be run individually to help visualise what you’re doing, and for 
trouble shooting

• In practice, they are usually grouped & several commands run in a single step 
where appropriate
    

In the prac - we will use PLINK to do the QC
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Individual QC command SNP QC command

1) Excess missing genotypes --missing 1) Excess missingness --missing

2) Outlying homozygosity --het 2) Hardy-Weinberg equilibrium --hardy 

3) Discordant Sex --check-sex 3) MAF --maf

4) Remove relatives --genome
--rel-cutoff

4) Compare to known allele freq --freq


