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Uses of GWAS

ỏIdentify genesthat areresponsiblefor traits of interest:
ǐ
ǐ

ǐ

Humans
Animals
Plants

ỏUnderstandingbiological
mechanisms

the trait of
related to
interest



Human Genome Statistics

ǐNumber of Chromosomes : 23 pairs

ǐGenome Size :3,079,843,747Basepairs
ǐNo of Genes: 32,185

Gene: This is a sequenceof nucleotidesin the

DNA that codes for a molecule (e.g., a

protein)



IMPORTANT FINDING



Let us identify signal (in from of SNPs) from GWAS DATA



ÁPLINKis a free, open-sourcedesignedto perform a rangeof basic,large-scaleanalysesin
a computationallyefficient manner.

ÁPLINKis whole genomeassociationanalysistool.

ÁPLINKhasa well documentedmanual.

ÁAvailablefor linux, MACansdMAC-DOS.

ÁCommandline versionis faster than graphicalPLINK.

PLINK : Introduction



Á Mergetwo or more files

Á Extractssubsets(SNPsor individuals)

Á Compressdata in a binary file format

Á PLINKhasnumeroususeful featuresfor managingandanalyzinggeneticdata

Á Readdata in a variety of formats

Á Recodeandreorder files

PLINK : Multi-feature tool



ÁGenotypedata is a text file

ÁPedigreefile (.ped)

ÁMap file (.map)

ÁGenotypedata is a compressedbinary file

ÁFamFile(.fam)

Á Bimfile (.bim)

ÁBedfile (.bed)

Input Files



PedigreeFile- the first sixcolumnsaremandatory:

Á FamilyID

Á Individual ID

Á PaternalID

Á Maternal ID

Á Sex(1=male; 2=female; other=unknown)

Á Phenotype

PED Input File



MAPFilehas4 columns:

Á chromosome(1-22, X,Yor 0 if unplaced)

Á rs# or snpidentifier

ÁGeneticdistance(morgans)

ÁBase-pair position (bp units)

MAP Input File



Others Input File



QC of genetic DATA

ÁA vital step that shouldbe part of anyGWASis the useof appropriateQC.

ÁWithout extensive QC, GWAS will not generate reliable results because raw
genotypedata are inherently imperfect.

ÁErrorsin the data canarise for numerousreasons,for example,due to poor quality
of DNAsamples,poor DNAhybridization to the array, poorly performing genotype
probes,andsampleƳƛȄπǳǇǎor contamination.



The QCstepsconsistof filtering out of SNPsand individualsbasedon the following:

(1)individual andSNPmissingness,

(2) inconsistenciesin assignedandgeneticsexof subjects(seesexdiscrepancy),

(3) minor allele frequency(MAF),

(4) deviationsfrom HardyςWeinbergequilibrium (HWE),

QC of genetic DATA



Step Command Function
1: Missingnessof SNPs 
and individuals

ππƎŜƴƻ Excludes SNPs that are missing in a large proportion of the subjects. In 
this step, SNPs with low genotype calls are removed.

ππƳƛƴŘ Excludes individuals who have high rates of genotype missingness. In 
this step, individual with low genotype calls are removed.

2: Sex discrepancy

ππŎƘŜŎƪπǎŜȄ

Checks for discrepancies between sex of the individuals recorded in 
the dataset and their sex based on X chromosome 
heterozygosity/homozygosity rates.

3: Minor allele 
frequency (MAF)

ππmaf Includes only SNPs above the set MAF threshold.

4: HardyςWeinberg 
equilibrium (HWE)

ππhwe Excludes markers which deviate from HardyςWeinberg equilibrium.

Important Commands



ü Data Preparation 

ü Quality Control

ü Clustering

üGWAS 

PLINK SESSION 



Exampledata

ǐDownload the example data from the  

course website (PLINK FOLDER)

ïHapMap_3_r3_1.bed

ïHapMap_3_r3_1.bim

ïHapMap_3_r3_1.fam

By looking into file extension, BED FORMAT



Herewe have sampleDATA (as our studiedcohort).  



Detectionof LD, population stratification  (comesunderFilteration step)
LetsPerformQuality filteration



Quality control processes

ǐMissing genotype

ǐHardy-Weinberg Equilibrium

ǐMinor Allele frequency

ǐLinkagedisequilibriumpruning



Missing genotype (1)



ÁDownload Example files from website 

ÁCopy all Files in PLINK Directory 

plink --bfile HapMap_3_r3_1 --missing  

Áoutput: 
Áplink.imissand 
Áplink.lmiss, 

ÁThese files show respectively the proportion of missing SNPs per individual and the 
proportion of missing individuals per SNP.

Missing genotype (2)





# Generate plots 

indmiss<-read.table(file="plink.imiss", header=TRUE)
snpmiss<-read.table(file="plink.lmiss", header=TRUE)

hist(indmiss[,6],main="Histogramindividualmissingness")
#selectscolumn6, namesheaderof file

hist(snpmiss[,5],main="HistogramSNPmissingness")

#selectscolumn5, namesheaderof file

Missing genotype (3)



Missing Rate Per Person(1)

Á The initial step in all data analysisis to excludeindividuals with too much
missingGenotypedata.

ÁA line in the terminal will appear, indicating how many individuals were
removeddue to low genotyping. If any individualswere removed,a ŬƭŜcalled
plink.irem will be created, listing the Family and Individual IDs of these
removedindividuals.



# Delete individuals with missingness>0.02.
plink --bfile HapMap_3_r3_1 --mind 0.02 --make-bed --out HapMap_3_r3_2

Missing Rate Per Person(2)



plink --bfile HapMap_3_r3_2 --mind 0.2 --make-bed --out HapMap_3_r3_3

Missing Rate Per Person(3)



Missing Rate Per SNP(1)
ǐSubsequent
automatically

analyses can be
the

set
basis

to
ofexclude  SNPson

missinggenotyperate, with the --geno option:
the default is to includeall SNPS (i.e. --geno 1).
ǐTo
rate

include only SNPswith a 90% genotyping
(10% missing) use

ǐAs with the --maf option, these counts are
calculatedafter removing individualswith high
missing genotype rates.

--bfile file  --geno 0.1



plink --bfile HapMap_3_r3_3 --geno0.2 --make-bed --out HapMap_3_r3_4

Missing Rate Per SNP(2)



# Delete SNPs with missingness>0.02.
plink --bfile HapMap_3_r3_4 --geno0.02 --make-bed --out HapMap_3_r3_5

Missing Rate Per SNP: Delete SNPs



ÁSubjects who were a priori determined as females must have a F value of 
<0.2, and subjects who were a priori determined as males must have a F 
value >0.8. 

ÁThis F value is based on the X chromosome inbreeding (homozygosity) 
estimate.

ÁSubjects who do not fulfil these requirements are flagged "PROBLEM" by 
PLINK.

plink --bfile HapMap_3_r3_5 --check-sex 

Checkfor sexdiscrepancy





Á # These checks indicate that there is one woman with a sex discrepancy, F value of 0.99. 

(When using other datasets often a few discrepancies will be found). 

Generateplots to visualize

gender <- read.table(file.choose(), header=T)

hist(gender[,6],main="Gender", xlab="F")

male=subset(gender, gender$PEDSEX==1)
hist(male[,6],main="Men",xlab="F")

female=subset(gender, gender$PEDSEX==2)
hist(female[,6],main="Women",xlab="F")

#READ plink.sexcheck



Visualization 



ÁRead plink.sexcheckfile

ÁSelect specificrow (164) 

ÁSelect first two columnvalue 

Delete individuals with sex discrepancy (1)

ÁStoreinformation in dd_filter.txt



Á¢Ƙƛǎ ŎƻƳƳŀƴŘ ǊŜƳƻǾŜǎ ǘƘŜ ƭƛǎǘ ƻŦ ƛƴŘƛǾƛŘǳŀƭǎ ǿƛǘƘ ǘƘŜ ǎǘŀǘǳǎ άtwh.[9aέΦ

Delete individuals with sex discrepancy (2)

plink --bfile HapMap_3_r3_5 --remove dd_filter.txt --make-bed --out HapMap_3_r3_6 





GENOTYPES

AlleleFrequency

Major and Minor Allele



Á Suppose we have n individualsgenotypesfor N SNPs

Á The genotypescorrespond to a matrix X of size n x p

Genotypes specific SNP matrix  



Allele Frequency

ǐTo generate a list  of minor allele frequencies
(MAF) for each SNP, based on
sample:

all founders in the

ǐThisǿƛƭƭ ŎǊŜŀǘŜ ŀ ŬƭŜΥ plink.frq with ŬǾŜcolumns:
CHR
SNP 
A1
A2
MAF

Chromosome
{bt ƛŘŜƴǘƛŬŜǊ

Allele
Allele
Minor

1 code (minor allele)
2 code (major allele)
allele frequency

NCHROBS Non-missing allele count



ÁOnce individuals with too much missing genotype data have been excluded,
subsequentanalysescan be set to automatically excludeSNPson the basisof MAF
(minor allele frequency).

ÁIncludeSNPswith MAF>=0.05.

ÁThedefault valueis 0.01.

Minor Allele Frequency (MAF)



plink --bfile HapMap_3_r3_6 --freq --out MAF_check

Minor Allele Frequency (MAF)

ÁMinor allele frequency (MAF) is the frequency at which the second most
commonalleleoccursin a givenpopulation



Exercise : Visualize the MAF

Á Readthe MAF_check.frq

Á Drawthe histogramplot in R



Visualize the MAF

maf_freq<- read.table("/ path/MAF_check.frq", header =TRUE) ІŎƘŀƴƎŜ άǇŀǘƘέ ǿƛǘƘ ǿƻǊƪƛƴƎ ŘƛǊŜŎǘƻǊȅ

hist(maf_freq[,5],main = "MAF distribution", xlab = "MAF")



# A conventional MAF threshold for a regular GWASis between 0.01 or 0.05,
dependingon samplesize.

# Remove SNPs with a low MAF frequency.

Filtration based on MAF

plink--bfile HapMap_3_r3_6 --maf 0.05--make-bed--out HapMap_3_r3_7



Count SNPs under MAF < 0.01?



ǐTo generate a list of genotype counts and Hardy-Weinberg 
test statistics for each SNP, use the option:

ǿƘƛŎƘ ŎǊŜŀǘŜǎ ŀ ŬƭŜΥ plink.hwe.
format

The file has the following

SNP
TEST
A1
A2
GENO

SNP identifier
Code indicating sample
Minor allele code
Major allele code
Genotype counts:11/12/22

O(HET) observed hetrozygosity
E(HET) Expected hetrozygosity
P H-W p-value

--hardy

Hardy-Weinberg Equilibrium (1)



ÁSelecting SNPs with HWE p-value below 0.00001 

HardyςWeinberg equilibrium (2)

plink --bfile HapMap_3_r3_7 --hwe 1e-6 --make-bed --out HapMap_hwe_filter_step1



ÁLinkagedisequilibrium (LD): This is a measureof ƴƻƴπrandom associationbetween
allelesat different loci at the samechromosomein a givenpopulation.

ÁSNPsare in LD when the frequency of associationof their alleles is higher than
expectedunder randomassortment.

ÁLD concernspatternsof correlationsbetween SNPs.



Linkage disequilibrium pruning(1)

ǐSometimesit is useful to generatea pruned subset of SNPsthat are in
approximatelinkageequilibrium with each other. Thiscanbe achievedvia
two commands:

--indep which prunes basedon the varianceƛƴƅŀǘƛƻƴfactor (VIF),which
recursivelyremovesSNPswithin a sliding window;

plink --bfile HapMap_3_r3_7 --indep100 5 2 --make-bed --out HapMap_3_r3_8



Linkage disequilibrium pruning(2)



Linkage disequilibrium pruning(3)

ǐEachis a simlpe list of SNPIDs; both theseŬƭŜǎcan subsequentlybe
ǎǇŜŎƛŬŜŘasthe argumentfor a -- extractor --excludecommand.

ǐThe parameters for --indep are: window size in SNPs (e.g. 50), the
number of SNPsto shift the window at each step (e.g. 5), the VIF
threshold. The VIF is 1/(1-R 2̂) where R 2̂ is the multiple correlation
ŎƻŜŶŎƛŜƴǘfor a SNPbeingregressedon all other SNPssimultaneously.

ǐThat is, this considersthe correlationsbetweenSNPsbut alsobetween

linear combinationsof SNPs.



How many snp in LD with window size ñ150ò,

ñ200ò?



which generates four output files:
plink.cluster0
plink.cluster1
plink.cluster2
plink.cluster3

that contain similar information but in different formats. The
The *.cluster0 file contains some information on the clustering process. This 
file can be safely ignored by most users.
The *.cluster1 file contains information on the final solution, listed by 
cluster.
The *.cluster2 file contains the same information but listed one line per 
individual

plink.exe --bfile HapMap_3_r3_8   --cluster

clustering



The *.cluster3 file is in the same format as cluster2 (one line per
individual) but contains all solutions (i.e. every step of the clustering
from moving from N clusters each of 1 individual (leftmost column
after family and individual ID) to 1 cluster (labelled0) containingall N
individuals(the final, rightmost column)

Plink.cluster1

There is only one cluster.

What if we have more than one cluster? 



Threecluster

Wewill perform this
analysisin other R 

package



Association

ǐCase/control

Analysis

ǐMultiple-testing correction



plink.exe --bfile HapMap_3_r3_8   --assoc



plink.exe --bfile HapMap_3_r3_8 --assoc--adjust



Let us visualizeGWAS result



LETS INSTALL R Pakcage

1. Open R window
2. Install.packages("qqman")
3. Loadin library

library("qqman")



ümanhattan(gwas, main = "Manhattan Plot", ylim = c(0, 10),col="blue")

ügwas<- data.frame(read.table(file="plink.assoc",header=TRUE))



Unit of information in Bioinformatics



WhatΨΩǳƴƛǘ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴΩΩ Řƻ we deal within
bioinformatics? 





https://www.genome.gov/human-genome-project

https://www.genome.gov/human-genome-project




More information :

DNA sequence, RNA 
sequence, Protein

sequence





http:// humanproteomemap.org/ (HumanProteomeMap (HPM)

http://humanproteomemap.org/




Bioinformatics Significance



Changes in the number and order of genes (A-D) create genetic 
diversity within and between populations.



Why do we need DATABASES ?  



Genome sequencing generates lotsof data



DATABASES 



What are BiologicalDatabases??



Types of BiologicalDatabases??



Interconnections betweenDatabases



PrimaryDatabases



VSequence Information
VDNA: EMBL, Genbank, DDBJ
VProtein: SwissProt, TREMBL, PIR, OWL

VGenome Information
V GDB, MGD, ACeDB

VStructure Information
V PDB, NDB, CCDB/CSD

Classification : PrimaryDatabases



The National Center for BiotechnologyInformation



PrimaryDatabases- GenBank

VDatabasefrom NCBI, includessequencesfrom publiclyavailable
resources



VOpen «Gene» and SearchKRAS 





Format 

Accession ς
Key Identifier 

Species





Header stars with ΨΩҔΩΩ sign

ωThe FASTA format is now 
universal for all databases 
and software that handles 
DNA and protein sequences
ωSpecifications:
ÅOne header line
Åstarts with > with a ends with [return]



https://www .rcsb.org/

Search ó6Q6Iô : Lysine decarboxylase A from Pseudomonas aeruginosa
Classification:OXIDOREDUCTASE(type) 
Organism(s):Pseudomonas aeruginosa
Expression System:Escherichia coli

https://www.rcsb.org/
https://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=StructureKeywordsQuery&display=true&struct_keywords.pdbx_keywords.value=OXIDOREDUCTASE&struct_keywords.pdbx_keywords.comparator=contains
https://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeEntityQuery&t=1&n=287
https://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeEntityQuery&t=1&n=562


OMIM database

ÅOnline Mendelian Inheritance in Man (OMIM)

ωέƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ŀƭƭ ƪƴƻǿƴ mendeliandisorders linked to over 12,000 
ƎŜƴŜǎέ

ωά{ǘŀǊǘŜŘ ŀǘ мфслǎ ōȅ 5ǊΦ ±ƛŎǘƻǊ !Φ McKusickas a catalog of mendelian
ǘǊŀƛǘǎ ŀƴŘ ŘƛǎƻǊŘŜǊǎέ

ωLinked disease data

ωLinks disease phenotypes and causative genes 

ωUsed by physicians and geneticists

http://www.ncbi.nlm.nih.gov/omim


OMIM-search results

ωLook for the entires that link to the genes. Apply filters 
if needed

Filter results if known SNP is associated to 

the entry

Some of the interesting entries. Try to look 

for the ones with # sign



OMIM-entries



OMIM Gene ID -entries


