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Installing and running PLINK

PLINK is used in terminal (DOS mode) in MS Windows environment. 
PLINK website:

http://pngu.mgh.harvard.edu/~purcell/plink/
PLINK Manual:

http://pngu.mgh.harvard.edu/~purcell/plink/dist/plink-doc-1.07.pdf 

Download/Install/Run PLINK:

http://pngu.mgh.harvard.edu/~purcell/plink/download.shtml
Windows users: http://pngu.mgh.harvard.edu/~purcell/plink/dist/plink-1.07-dos.zip
Mac users: http://pngu.mgh.harvard.edu/~purcell/plink/dist/plink-1.07-mac-intel.zip
Second link directly downloads "plink-1.07-dos.zip" for Windows users, and then unzip it. Copy the Application file ‘plink.exe’ and paste it in a folder called "Plink" (or whatever name you give) in whatever location in your computer (convenient if you create a folder ‘plink’ in C: drive). You need to use PLINK in command mode in the terminal window. Clink Start > Run (or, Start> Search Programs and Files) and then type "cmd" and hit Enter to open command mode. Then, go to the directory (folder) called Plink in command mode (where you have pasted the application file “plink.exe.”) . If it I on C:\plink

To go back to parent directory, type ‘cd..’ until you reach to C: drive

To go to the PLINK directory, 

cd plink

Once you are in plink folder,, run plink for the first time just by tying “plink”

Download some examples data sets for practice:

Note: Examples data listed below are for practice purpose. You can also obtain some real data from the links above or here.

Example 1. Download an example data set for population association study:

http://pngu.mgh.harvard.edu/~purcell/plink/hapmap1.zip
It has both .map and .ped files. Besides, there are external phenotype files: qt.phe has a quantitative phenotype and pop.phe has a binary phenotype which is a cluster variable, that is, population strata (ethnicity: Chinese and Japanese). Follow the tutorial here: http://pngu.mgh.harvard.edu/~purcell/plink/tutorial.shtml
Example 2: http://pngu.mgh.harvard.edu/~purcell/plink/dist/example.zip. Once unzipped, you will find two data sets: extra (.ped and .map) and gwas1 (.ped and .map).  Read this tutorial on these data sets: http://pngu.mgh.harvard.edu/~purcell/plink/dist/teaching.zip
Example 3: Real and simulated sequence data sets can be obtained from Genetic Analysis Workshop (GAW). (You have to apply)

http://www.gaworkshop.org/gaw17/data.html
GWA data from Chr3 data for GAW18 are provided (yet to ask for permission).

Note: Copy your data sets that are in plink format into the plink directory (folder) where you run plink.

Data formats in PLINK

http://pngu.mgh.harvard.edu/~purcell/plink/data.shtml
1. Standard format: map and ped files (ped file is very wide if there are much more SNP than individuals as SNP goes in columns).

2. Binary format: bed, bim, fam files (compact files, size about 1/10th  of original map/ped files)

ped file (1st to 6th columns + columns for SNP genotypes):

1st column = FID – family ID (this column can be missing (use --no-fid option), or can have positive integers: 1, 2, 3, … or can be same as individual ID in population studies)

2nd column = IID – individual ID (IID = 1 if FID are unique ids or same as FID in population-based studies)

3rd column = PAT – paternal id (both 3rd and 4th columns can be missing (use --no-parents option) or can be set to 0’s for all subjects in population based studies )

4th column = MAT – maternal id (both 3rd and 4th columns can be missing or can be set to 0’s for all subjects in population based studies)

5th column = SEX (this column can be missing if sex is provided in separate file (use --no-sex option) or 1 = male, 2 female, any other = missing)

6th column = PHENOTYPE (this column can be missing if main phenotype of interest is provided in separate file (use --no-pheno option), or 1=unaffected or control, 2 = affected or case for binary phenotype variable as in population based case-control studies; in such study, continuous phenotypes such as blood pressure or bmi are provided in separate file.)

7th – last columns = genotyping data for each SNP (two columns one for each allele is presented (eg, A and G, or 1 and 2) for each SNP; if compound genotypes are presented (eg, AG) in a single column for each SNP, use --compound-genotype option; missing genotype data must be coded as 0 0 in allelic form or 00 in compound genotype form).

map file (only 4 columns):

1st column = Chromosome number (can set to all 1’s if information is not available)

2nd column = SNP names (eg, rs123456 or SNP1, SNP2,…)

3rd column = Genetic distance (this column can be missing (use --map3 option) or can be set to all 0’s if information is not available)

4th column = physical position of marker SNP in each chromosome (can be positive integers: 1,2, 3…N, if information is not available)

Phenotype data (1st – 3rd columns mandatory, binary or continuous phenotypes):

1st column = FID

2nd column = IID

3rd – last columns = variables for phenotypes (eg, blood pressure, bmi, age)

Covariate data (1st – 3rd columns mandatory, categorical or continuous covariates):

1st column = FID

2nd column = IID

3rd – last columns = variables for phenotypes (eg, blood pressure, age, vaccination)

Cluster data  (1st – 3rd columns mandatory, categorical or continuous cluster/group variables for population strata):

1st column = FID

2nd column = IID

3rd – last columns = variables for phenotypes (eg, parents' ethnicity)

Analysis using PLINK

plink --ped genoped.txt --map genomap.txt --compound-genotypes

(plink --ped genoped.txt --map genomap.txt --assoc --compound-genotypes) 

But, easier to work with if converted to binary data or map/ped file before proceeding for analysis:

plink --ped genoped.txt --map genomap.txt --compound-genotypes --recode --out sgenodata 

plink --ped genoped.txt --map genomap.txt --compound-genotypes --make-bed --out bgenodata 

plink --file sgenodata --make-bed --out bgenodata 

plink --bfile bgenodata --recode --out sgenodata 

Can add any options such as --maf 0.01 while creating binary or map/ped data sets.

Now, analyzing, eg calculating associations of SNPs with affected status:

plink --bfile bgenodata --assoc --out assocofsnps 

Note: If sex is missing for some persons, PLINK automatically sets phenotype missing for those individuals. To allow that phenotype is not missing (--assoc option in the analysis does not adjusts for sex, so all individuals’ data can be analyzed since missing sex does not matter in such analysis; but --logistic options in the analysis can be ued for adjusting for sex, so individual ith missing sex are excluded.) :

plink --file dataname –assoc --allow-no-sex

Data manipulation in PLINK

http://pngu.mgh.harvard.edu/~purcell/plink/dataman.shtml
If file is too big – too many SNPs, too many subjects, analysis can become slow. Compressing data file (.map and .ped files) to binary files: .bed (genotype data), .bim (map data with two extra variables for allele names and snp names), and .fam (pedigree data) to save space and memory:  

plink --file filename --make-bed --options

plink --file filename --recode --options

Note: --out newdataname creates and saves new data while subsetting dataset or creating output data set. Eg,
plink --file hapmap1 --make-bed --out hapmap1_b

The bed file is compressed, so you can not read it. But you can read bim and fam files:

Write hapmap2.bim

Write hapmap2.fam

Quality control

Removing bad SNPs and individuals: First, remove any individuals who have less than, say, 95% genotype data (--mind 0.05); and then remove SNPs that have less than, say 1% minor allele frequencies (--maf 0.01); and then remove SNPs that have less than, say, < 90% genotype call rate or >10% genotype error rate (--geno 0.1).   

Removing individuals with > 10% missing genotype data (genotyping rate <90%) in new ped/map data:

plink --file hapmap1 --recode --mind 0.10 --out hapmap1_complete

Removing those individuals and creating binary file:

plink --file hapmap1 --make-bed --mind 0.10 --out hapmap1b_complete

Note: None are removed if all individuals have genotyping rates of at least 90%.

Removing  (filtering out) rare SNP loci that have minor allele frequency < 5% 

plink --file hapmap1 --make-bed --maf 0.05

Removing  (filtering out) loci that do not have at least 95% data from all individuals:

plink --file hapmap1 --make-bed --geno 0.05

All three things in one step: removing individuals with genotyping error >5% and SNPs with maf <1% and genotype data <90%:

plink --file hapmap1 --make-bed --mind 0.10 --maf 0.05 --geno 0.05 --out hapmap1_clean

Recoding genotype data at number of minor alleles (0, 1, 2) at a locus:

plink --file hapmap1 --recodeA --out hapmap1_minoral

Note: This produces a single column for genotype data in terms of minor alleles number. (If A is minor allele for a locus, number of allele is 0 if genotype is GG, 1 if genotype is AG/GA, 2 if genotype is AA.) 

Converting external file (say, covdata.txt) containing covariates in to standard .cov file of plink (covdata.cov):

plink --file hapmap1 --write-covar covdata.txt --recode --out covdata

If the file includes phenotypes and ant to create a new covariate data with phenotype that can be analyzed separately, say in R:

plink --file hapmap1 --write-covar covdata.txt --recode --with-phenotype --out covdata

Using external covariate data in data generation options (recode or make-bed) automatically creates also a covariate file in standard plink format (outputfilename.cov)  

plink --file hapmap1 --covar covdata.txt --maf 0.01 --recode --out hapmap1_smaller

plink --file hapmap1 --covar covdata.txt --geno 0.05 --make-bed --out hapmap1_smaller

Creating dummy variables for categorical covariate eg, race (Northern Europian vs. African vs. Asian); study centers: 1 (Alberta) vs. 2(Saskatchewan) vs. 3 (Texas) vs. 4 (Nebraska); or agegroup: children (age <18) vs. adult (18 <= age<=64) vs elderly (age >= 65 years):

plink --file hapmap1 --covar covdata.txt --write-cov --dummy-coding --out hapdummycov

plink --file hapmap1 --covar covdata.txt --write-cov --dummy-coding --logistic --out logisticresult

Writing a file containing cluster variable (eg, study center) in plink format (.clst)

plink --file hapmap1 --within covdata.txt --write-cluster --out stratavar

Subsetting the data consisting of chromosome 22:

plink --file hapmap1 --recode --chr 22 --out hapmap1_chr22

plink --file hapmap1_chr22

Subsetting the data consisting of only males:

plink --file hapmap1 --recode --filter-males --out hapmap1_males

plink --file hapmap1_males

Subsetting the data consisting of only females:

plink --file hapmap1 --recode --filter-females --out hapmap1_females

plink --file hapmap1_females

Subsetting the data consisting of only cases:

plink --file hapmap1 --recode --filter-cases --out hapmap1_cases

plink --file hapmap1_cases

Subsetting the data consisting of only controls:

plink --file hapmap1 --recode --filter-controls --out hapmap1_controls

plink --file hapmap1_controls

Creating new binary data set containing chromosome 22:

plink --file hapmap1 --make-bed --chr 22 --out hapmap1_chr22_b

plink --bfile hapmap1_chr22_b

plink --file hapmap1 --make-bed --filter-cases --out hapmap1_cases_b

plink --file hapmap1 --make-bed --filter-cases --maf 0.01 --out hapmap1_cases_b

plink --file hapmap1 --make-bed --filter-cases --maf 0.01 --mind 0.05 --out hapmap1_cases_b

plink --bfile hapmap1_cases_b

Creating a new data set with specific value of a phenotype (obese) or covariate (eg, sex) or cluster variable (study center) specified in the 3rd column of external file:

plink --file hapmap1 --filter pheno.txt 1 --make-bed --out hapmap1_strata1

plink --file hapmap1 --filter pheno.txt 2 --recode --out hapmap1_strata1

plink --file hapmap1 --filter pheno.txt 2 --freq --out hapmap1_freq2

If third column is participants recruiting center (study center) where center = 5 is for Alberta center, then calculating association of SNPs for subjects only from Alberta:

plink --file hapmap1 --filter pheno.txt 5 --assoc

If pheno.txt file has more than one columns for phenotypes, and/or covariates and/cluster variable, and the variable center is the 2nd variable (after the mandatory FID and IID columns), then for analysis restricting in Alberta center (center = 5)

plink --file hapmap1 --filter pheno.txt 5 --assoc --mfilter 2 

plink --file hapmap1 --filter pheno.txt 5 –filter-males --assoc  

Note: Again converting binary file format back to standard map/ped format:

plink --bfile hapmap1_b --recode --out hapmap1_same

To create new data with (or without) a subset of SNPs (eg, a list of most significant SNPs): --extract (or --exclude); to keep (or remove) a specific list of individuals: --keep (or –remove). For example, if snptobeextracted.txt is a text file containing list of significant SNPs to be extracted:

plink --file hapmap1 --make-bed --extract snptobeselected.txt --out selectedsnp

To exclude these selected SNPs from the old data set:

plink --file hapmap1 --make-bed --exclude snptobeselected.txt --out excludedsnp

Note: Output data with significant snps can be selected with applying p-value filter option (eg, --pfilter 0.0001) and saving the output.

plink --file hapmap1 --assoc --pfilter 0.0000001 --out sigsnp

To extract only the list of these SNPs: use --write-snplist

plink --file hapmap1 --assoc --pfilter 0.0001 --write-snplist --out sigsnplist

In a closed population, with individuals randomly mating (see HWE assumptions), HWE assumptions is supposed to hold for each SNP: That is, frequency (homozygous) + frequency(heterozygotes) + frequnecy(another homozygotes) genotypes = 1.

(p+q)^2 =1 ==> p.p + 2.p.q + q.q = 1

eg, f(AA) + f(AG or GA) + f(GG) = 1 

HWE is supposed to hold unless the study sample consists of individuals from drastically different mixture populations (eg, African, Chinese, Europian) resulting in the disequilibrium of the population distribution of genotypes at a locus. For most GWA studies which are conducted in people with relatively similar ethnic background, failure of HWE assumption means there might be some genotyping errors for that SNP rather than real disequilibrium in the study sample. 

Testing for HWE for all SNPs (exact or asymptomatic test):

Exact test:

plink --file hapmap1 --hardy

Asymptomatic test:

plink --file hapmap1 --hardy2

Those SNPs that strongly fail HW Equilibrium exact tests (with p-value <0.0001, some use 0.00001 threshold) in control group can be removed before proceeding for the analysis. 

plink --file hapmap1 --hwe 0.0001 --out newdata

Note: Holding HWE is not a necessary condition for some analysis; those marker SNPs that fail the HWE tests can be tested for association (with complex diseases that are assumed to have polygenic/multifactorial causes) under additive model of risk of alleles. Also, some simulation studies found that causal variants (that could have also been tagged in large genome-wide scan) are likely to be in HW disequilibrium; removing them is not a good idea since they can be directly tested and statistical tests can also detect them.  

