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Quality Control (QC)



In the beginning..
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● alignment to reference (strand flips)

● removal of variants with:

○ ambiguous strand

○ different alleles cfr. reference

○ incoherent genotypes

○ incoherent info across batches
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● HQ sex variants
○ --geno 0.05
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● HQ non sex variants
○ --hwe 1.E-4 midp include-nonctrl
○ --geno 0.05
○ --maf 0.2

● LD-prune
○ --indep-pairphase 500 5 0.2

● impute sex
○ --impute-sex

● HQ sex variants
○ --hwe 1.E-4 midp include-nonctrl

● re-impute sex
○ --impute-sex
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The QC pipeline

HQ

clean set non-duplicate
non-mixup

sex, kinship

merge

● maximal set of unique individuals
○ --read-genome --rel-cutoff 0.9

● relatedness information
○ --read-genome --rel-cutoff 0.1
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The QC pipeline
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● variant QC
○ --hwe 1.E-12 midp include-nonctrl
○ --geno 0.05
○ --maf 0.01
○ --me 0.05 0.1

● individual QC
○ --mind 0.05

● control HWE test
○ --hwe 1.E-4 midp

● remove variants with batch effects
○ for each batch:

* in batch = cases
* not in batch = controls
* case/control FDR < 0.5



The QC pipeline: notes

no prior removal of individuals with:

● sex issues

● relatedness issues

● ethnic issues



The QC pipeline: notes

no prior removal of individuals with:

● sex issues

● relatedness issues

● ethnic issues

do no harm



The QC pipeline: notes

no prior removal of individuals with:

● sex issues

● relatedness issues

● ethnic issues

do no harm

well handled (software, reference)



The QC pipeline: notes

these are annotated for use in downstream analyses

no prior removal of individuals with:

● sex issues

● relatedness issues

● ethnic issues

do no harm

well handled (software, reference)



The QC pipeline: notes

these are annotated for use in downstream analyses



The QC pipeline: notes

these are annotated for use in downstream analyses



The QC pipeline: notes
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The QC pipeline: notes

these are annotated for use in downstream analyses

some participant in the DemGene project 
has a third cousin in the HRC
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Phasing



Chip genotypes

A = 0      → reference allele
a = 1      → alternative allele

101001120222000101212020100010

diploid (two copies)



101001120222000101212020100010
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phasing problem

Chip genotypes



101001120222000101212020100010

↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑

 A AA  aAaaaAAA A a aAaA AAA A

 A AA  aAaaaAAA A a aAaA AAA A
? ?  ??        ? ? ?    ?   ?-

phasing problem

Chip genotypes



101001120222000101212020100010

↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑

 A AA  aAaaaAAAAA a aAaA AAA A

 A AA  aAaaaAAAaA a aAaA AAA A
? ?  ??        ? ? ?    ?   ?-

phasing problem

Chip genotypes



101001120222000101212020100010

↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑↑

 A AA  aAaaaAAAaA a aAaA AAA A

 A AA  aAaaaAAAAA a aAaA AAA A
? ?  ??        ? ? ?    ?   ?-

phasing problem

Chip genotypes



 A AA  aAaaaAAAaA a aAaA AAA A

 A AA  aAaaaAAAAA a aAaA AAA A
? ?  ??        ? ? ?    ?   ?-

phasing problem

another job for Captain Markov!

Chip genotypes





phasing problem

AAAAAaAaAaaaAAAAAaaAaAaAAAAAAA 24%

aAAAAAAaAaaaAAAAAaaAaAaAaAAAAA 16%

aAAAAAAaAaaaAAAAAAaaaAaAaAAAAA 8%

 A AA  aAaaaAAA A a aAaA AAA AaAAAAaAaAaaaAAAaAaaAaAaAAAAAAA 52%

Chip genotypes



phasing problem

AAAAAaAaAaaaAAAAAaaAaAaAAAAAAA 24%

aAAAAAAaAaaaAAAAAaaAaAaAaAAAAA 16%

aAAAAAAaAaaaAAAAAAaaaAaAaAAAAA 8%

 A AA  aAaaaAAA A a aAaA AAA AaAAAAaAaAaaaAAAaAaaAaAaAAAAAAA 52%

Chip genotypes



phasing problem

 A AA  aAaaaAAA A a aAaA AAA AaAAAAaAaAaaaAAAaAaaAaAaAAAAAAA

Chip genotypes



phasing problem
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phasing problem

Chip genotypes

 A AA  aAaaaAAA A a aAaA AAA AAAaAAAaaAaaaAAAAAAaaaAaAaAAAaA

 A AA  aAaaaAAA A a aAaA AAA AaAAAAaAaAaaaAAAaAaaAaAaAAAAAAA

Phased haplotypes
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imputation problem

Phased haplotypes

a??AAAA??aAa???AaaaA??A?AaAaaAaAa??AAA??AAA?A

based in linkage in a reference data set, 
we want to guess what lies under ‘?’



imputation problem

Phased haplotypes

a??AAAA??aAa???AaaaA??A?AaAaaAaAa??AAA??AAA?A

another job for Captain Markov!





The imputation pipeline

phasing
for each chromosome:

eagle
--chrom ${chromosome}
--geneticMapFile ${genmap}
--vcfRef ${bcfref}
--vcfTarget ${bcftarget}
--outPrefix ${out}
--numThreads 4

imputation
for each chromosome:

for each subsample:
minimac

--chr ${chromosome}
--haps ${phasedvcf}
--refHaps ${vcfref}
--rounds 5 --states 200
--prefix ${out}

phasing and imputation are handled by ‘impute.sh’



Useful links

• https://genome.sph.umich.edu/wiki/Minimac4

• https://data.broadinstitute.org/alkesgroup/Eagle

• https://www.cog-genomics.org/plink2

• https://samtools.github.io/bcftools/bcftools

• https://www.r-project.org

https://genome.sph.umich.edu/wiki/Minimac4
https://data.broadinstitute.org/alkesgroup/Eagle
https://www.cog-genomics.org/plink2
https://samtools.github.io/bcftools/bcftools
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That’s all folks!


