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Imputation 

Reference Panel 

 
The method of estimating genotypes or genotype probabilities at markers that have 
not been directly genotyped in a genetic study is known as ‘genotype imputation.  
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Many more land 
mark GWAS 
studies 

Annu. Rev. Genom. Hum. Genet. 2018. 19:73–96 



First Imputation papers 



Why do we perform Imputation ? 

Fine-mapping  

Imputation provides a higher resolution view of a genetic region by 
adding more variants, increasing the chances of identifying a causal 
variant.  

 

Large scale Meta-analysis 

Imputation  allows the combination of results across studies, generating 
a common set of variants which can then be analysed across all the 
studies to boost power.  

 

Increased power  of association 

 The reference panel is more likely to contain the causal variant than a 
GWAS array. 

 

 



Success stories 

Annu Rev Genomics Hum Genet. 2009; 10: 387–406. 

In a study on triglycerides and cholesterol, where a 
common variant in a known risk gene (LDLR) was 
missed when only the genotyped SNPs were analysed 
but was then identified following imputation (Willer 
et al. 2008).  

Although there is evidence for association in the 
region prior to imputation, the signal increases 
substantially, to reach genome wide significance, 
after imputation 

rs6511720 



Toolkit for imputation 

(Marchini & Howie 2010) 

Genotype array data 



Annu Rev Genomics Hum Genet. 2009; 10: 387–406 

Mostly HMM based 
algorithm 

 
 Pre-phasing (Haplotype 

estimation) of the 
genotypes in the study 
sample 
 
 
 
 

 
 
 
 
 

• Imputation  Study sample 
haplotypes are modelled as a 
mosaic of those on the 
haplotype reference panel .  
 

 

Unphased data  
(Genotype) 

Phased data  
(Haplotype) 

Eagle2/Shapit2 

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19715440
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19715440
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19715440


Larger reference panels  =>Detailed catalogue of genetic variants  => better 
imputation accuracy  => Improves the power of downstream association 

analyses, especially for rare variants. 

Reference Panels 

Annu. Rev. Genom. Hum. Genet. 2018. 19:73–96 



Annu. Rev. Genom. Hum. Genet. 2018. 19:73–96 

Software 



A practical guide to Imputing a 
chip-based data 



Step 1: Data Preparation 

• The GWA data should  be converted to VCF or PLINK format 
 

• Remove samples with: 
– Excessive missingness (>5%) 
– Reported vs. genotyped sex-mismatch 
– Unusual high/low heterozygosity 
– Check for ancestry outliers (PCA/MDS) or duplicate samples 
 

• Exclude SNPs with: 
 Excessive missingness (>5%) and low MAF (<1%) 
 HWE violations (~P<10-4) 
 Duplicate chromosomal positions 

 



Data Preparation continued 

 
• SNP positions should be aligned to GRCh37 

(http://genome.ucsc.edu/cgi-bin/hgLiftOver) 
 

•  REF allele should be matching to GRCh37 (plink commands like  --a2-
allele to set reference alleles)  
 

• Careful about the PLINK major minor allele swap (plink command –
keep-allele-order prevents that)  
 

• Align the genotypes to the same strand as the reference panel  
(generally the forward strand) ). Check allele frequency of the strand 
ambiguous SNPs or drop these SNPs and re-impute them 
 

http://genome.ucsc.edu/cgi-bin/hgLiftOver
http://genome.ucsc.edu/cgi-bin/hgLiftOver
http://genome.ucsc.edu/cgi-bin/hgLiftOver
http://genome.ucsc.edu/cgi-bin/hgLiftOver


Resource for existing chip 

http://www.well.ox.ac.uk/~wrayner/
strand/index.html 



Step 2: Pre-phasing your data 

• Most commonly used  tools for phasing are : Eagle2 and 
Shapit2 
 

• Phasing can be done with or without a Reference panel. If 
the dataset to be imputed is small, it is recommended to 
phase using Reference Panel 

 
• Command 

./eagle  --vcfRef 1000GP.vcf.gz 
--vcfTarget  gwas.vcf.gz 
--geneticMapFile genetic_map_b37.txt  
--chrom 20 
--outPrefix gwas_chr2.phased  

 



Step 3: Impute your data 

File formats 

• Reference panels  
– Hapmap 

– KGP-phase 3 

– HRC 

– CAPPA 

 



Minimac3 
Download your Reference 

Panel 

Impute 2 provides its own scripts 
to convert a phased VCF file into 
reference panel format: one legend 
file and one haplotypes file 

MiniMac3 provides  
 Reference panels in a 
custom format (m3vcf) that 
can handle very large 
references with lower 
memory 



Input formats 
VCF Formats 

.Gen format  (unphased) .Hap format (phased) 

1 0 0 1 0 0 1 1 1 1 
1 0 0 1 0 0 1 1 1 1 
0 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 1 1 0 0 
0 1 1 1 0 1 1 1 0 1 

     Ind1     Ind2 
 Ind1 Ind2 

SNP  RSID    BP a0 a1 



Basic commands for imputation 

Imputing in Minimac3 

./Minimac3  --refHaps HRC.r1-1.GRCh37.chr20.m3vcf.gz \ 

--haps Chr20.Phased.phased.vcf --prefix  Chr20.imputed.output \ 

--format GT,DS,GP –allTypedSites 

 

 

Imputing in Impute2 

./impute2  -m chr22.map  -h chr22.1kG.haps   -l chr22.1kG.legend   \ 

-g chr22.study.gens   -strand_g chr22.study.strand   -int 20.4e6 20.5e6 \ 

 -Ne 20000   -o chr22.one.phased.impute2 

 



Terms you will come across again 
and again.. 

Assessing imputation quality 
Gold standard is to compare with true 
genotype. In absence of that, a parameter 
r2 can be estimated on the basis of 
posterior probabilities. 

Recode the three genotype probabilities 
from any imputation tool into a single 
allelic dosage value with this basic 
equation: 
 
[0 * p(AA)] + [1 * p(AB)] + [2 * p(BB)] 
which simplifies to:  p(AB) + [2 * p(BB)] 
 
 
The imputed allelic dosage for SNP3 is 
 
0*TT + 1*CT + 2*CC = 0.25 + 2*0.75 =1.75 

GP 
TT 0.0 

CT 0.25  
CC 0.75  



Minimac3 outputs 

SNP REF(0) ALT(1) ALT_Frq MAF AvgCall Rsq Genotyped LooRsq EmpR EmpRsq Dose0 Dose1 

1:1005723 C T 0.00024 0.00024 0.99976 0.00509 Imputed - - - - - 

1:1005741 G A 0.00002 0.00002 0.99998 0.00012 Imputed - - - - - 

1:1005806 C T 0.14489 0.14489 0.99973 0.99784 Genotyped 0.568 0.847 0.71745 0.80011 0.08737 

1:1006223 G A 0.58207 0.41793 0.94394 0.80402 Imputed - - - - - 

1:1007222 G T 0.14226 0.14226 0.99074 0.93284 Imputed - - - - - 

1:1018598 A G 0.054 0.054 0.97272 0.61048 Imputed - - - - - 

Rsq 
This is the estimated value of the squared correlation between imputed genotypes and true, unobserved 
genotypes. An measure of the confidence in the imputed dosages 
 
 
 
 
 
LooRsq This statistic can only be provided for genotyped sites. This is similar to the estimated Rsq above, 
but the imputed dosages value used to compare are calculated by hiding all known genotypes for the given SNP. 
 

Info file 



##fileformat=VCFv4.1

##FILTER=<ID=PASS,Description="All filters passed">

##filedate=2018.7.25

##source=Minimac3

##contig=<ID=1>

##FILTER=<ID=GENOTYPED,Description="Marker was genotyped AND imputed">

##FILTER=<ID=GENOTYPED_ONLY,Description="Marker was genotyped but NOT imputed">

##FORMAT=<ID=GT,Number=1,Type=String,Description="Genotype">

##FORMAT=<ID=DS,Number=1,Type=Float,Description="Estimated Alternate Allele Dosage : [P(0/1)+2*P(1/1)]">

##FORMAT=<ID=GP,Number=3,Type=Float,Description="Estimated Posterior Probabilities for Genotypes 0/0, 0/1 and 1/1">

##INFO=<ID=AF,Number=1,Type=Float,Description="Estimated Alternate Allele Frequency">

##INFO=<ID=MAF,Number=1,Type=Float,Description="Estimated Minor Allele Frequency">

##INFO=<ID=R2,Number=1,Type=Float,Description="Estimated Imputation Accuracy">

##INFO=<ID=ER2,Number=1,Type=Float,Description="Empirical (Leave-One-Out) R-square (available only for genotyped variants)">

##bcftools_viewVersion=1.3.1+htslib-1.3.1

##bcftools_viewCommand=view -h chr1.dose.vcf.gz

FORMAT Sample1 Sample2 Sample3 Sample4

GT:DS:GP 0|0:0:1,0,0 0|0:0:1,0,0 0|0:0.012:0.988,0.012,0 0|0:0:1,0,0

GT:DS:GP 0|0:0:1,0,0 0|0:0:1,0,0 0|0:0:1,0,0 0|0:0:1,0,0

GT:DS:GP 0|0:0:1,0,0 0|1:1:0,0.999,0.001 0|0:0:1,0,0 0|0:0:1,0,0

GT:DS:GP 1|1:1.912:0.002,0.085,0.913 0|0:0.366:0.635,0.365,0 0|1:1.29:0.012,0.685,0.302 0|1:1.012:0.032,0.923,0.045

GT:DS:GP 0|0:0.001:0.999,0.001,0 0|1:0.987:0.017,0.979,0.004 0|0:0.001:0.999,0.001,0 0|0:0.001:0.999,0.001,0

GT:DS:GP 0|0:0.002:0.998,0.002,0 0|0:0.01:0.99,0.01,0 0|0:0.493:0.507,0.493,0 0|0:0.007:0.993,0.007,0

#CHROM POS ID REF ALT QUAL FILTER INFO

1 1005723 1:1005723 C T . PASS AF=0.00024;MAF=0.00024;R2=0.00509

1 1005741 1:1005741 G A . PASS AF=2e-05;MAF=2e-05;R2=0.00012

1 1005806 1:1005806 C T . PASS;GENOTYPED AF=0.14489;MAF=0.14489;R2=0.99784;ER2=0.71745

1 1006223 1:1006223 G A . PASS AF=0.58207;MAF=0.41793;R2=0.80402

1 1007222 1:1007222 G T . PASS AF=0.14226;MAF=0.14226;R2=0.93284

1 1018598 1:1018598 A G . PASS AF=0.054;MAF=0.054;R2=0.61048

3 main genotype output formats 
Probs format (probability of AA AB 
and BB genotypes for each SNP) 
Hard call  or best guess (output as A 
C T or G allele codes) 
Dosage data (most common – 1 
number per SNP, 1-2) 

 

VCF file 



r2 and info score 

• In general fairly close correlation 
– rsq/ Info/ allelic Rsq 

• 1 = no uncertainty 
• 0 = complete uncertainty 

 
• 0.8 on 1000 individuals = 

amount of data at the SNP is 
equivalent to a set of perfectly 
observed genotype data in a 
sample size of 800 individuals 
 
– Note Mach uses an empirical Rsq 

(observed var/exp var) and can 
go above 1 

 



Imputation evaluation 



Imputation performance 

4.  Aggregate R2 per allele frequency 
bins 

1. Number of imputed SNPs 

2. Number of imputed SNPs in 
MAF bins 

3. Number of imputed SNPs with 
good imputation score (~r2 

>0.8) 

Filter SNPs with low R2 

 
bcftools view -i 'R2>0.6 & MAF>.05' -Oz 
chr1.dose.vcf.gz > chr1.filtered.vcf.gz 
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Plot MAF-reference MAF 
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Imputation Concordance Tables 
-IMPUTE 2 



 Comparison of minimac3, minimac2, 
IMPUte2, and Beagle 4.1 





Factors affecting imputation 

• Size and Sequencing coverage of reference panel 

• Genetic similarity between the reference panel and 
study samples  

• Minor allele frequency of variant being imputed (in 
the reference panel) 

• Density of genotyping array 

• Demographic history of the population 

 



 

 

Why do we need so many reference panaels.. 

Annu. Rev. Genom. Hum. Genet. 2018. 19:73–96 



Overlap between reference panels 



Overlap between reference panels 

H3ABioNet is currently 
working on generating an 
African specific reference 

panel.  



Vcf  
Dataset 1 

Vcf - Dataset 2 

Vcf  
 Dataset 3 

Site list 

Site list 

Site 
list 

Merged 
site list 

Genotype calling with 
BAM flies for all sites 

Merge bcf  
files 

generated 

Final site list 

Filter by MAC 
(eg. MAC>5). 

Site Filtering- MAC, 
HWE, GL 

Vcf files per 
chromosome 

Merge 
Get site list 

 BCF files 
per sample. 

Reference panel 

Sample Filtering-  
Low call rate, 
Duplicate,, Other 
criteria 



Online Imputation Servers 

•  Michigan Imputation Server : https://imputationserver.sph.umich.edu/ 
 

• Sanger Imputation Server: https://imputation.sanger.ac.uk/ 
 

https://imputationserver.sph.umich.edu/
https://imputationserver.sph.umich.edu/
https://imputation.sanger.ac.uk/
https://imputation.sanger.ac.uk/


 

*Minimac3 used for imputation 





* PBWT algorithm for imputation  



Impute and Download  

• QC on the GWA study data 
 

• Data upload 
– Input Formats: VCF files for both the imputation Severs 
– Upload  

 

• Imputation 
– Does pre-phasing and imputation 
– Time needed depends on how many samples/sites are there in input data 
– Generally within few days 

 

•  Download data 
– Notify by email 
– Download your imputed data. 
– Data deleted in few weeks 

 

• Output file 
– The format of the returned data will be in the Variant Call Format (VCF).  
–  One VCF per-chromosome 



Main Difference between the 
Imputation servers 

Michigan imputation 
server: Minimac3 is very 
precise 
Sanger imputation server: 
PBWT is very fast  
 



Take home 

 

 

 
1. Imputation is a powerful method to improve the outcome from GWAS study by 
making a number of additional analyses possible or simpler. 
2. We have discussed parameters, such as genotype probability, allelic dosage, IQS 
(info scores and r2) to evaluate imputation quality at SNP level. Parameters such as 
number of variants imputed, number of high quality variants imputed, genomic 
distribution of IQS, allele frequency comparisons provide an estimate at the dataset 
level. 
3. Factors such as size and sequencing coverage of the reference panel, genetic 
similarity between the reference panel and study sample, density of the genotyping 
array affects the quality of imputation. 
4.  There are various tools for imputation- we have discussed Mimimac3 and Impute2. 
Although Mimimac3 performed better to Impute 2, now we have Impute 4 and 
Minimac4, which are claimed to perform comparably. So the software choice might 
not be critical in the long run. 
5. What seems critical at this moment is the choice of reference panels, as in a non-
European population, as we all dealing with, it might make a huge difference. 



 
 


