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Onto recitation R07!

A. Dimensionality reduction review (ft. Zheng)

B. Genetics review (ft. Jackie)
I. GWAS
II. Quantile-quantile plots
III. Multiple hypothesis test corrections
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• Specific populations could include persons having a certain disease, people who 

respond adversely to a specific therapeutic, and other phenotypic classifications.
• The "library" of SNPs to be tested is often on the order of 100k. 

• GWAS has large cohort sizes (thousands to hundreds of thousands) and high 
coverage of genomic sites

• So GWAS is well suited to identify many SNPs related to "polygenic" disorders, 
where each genomic site has a small, but significant, effect on phenotype 
perturbation.
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But how do you know if the SNP is really 
causing disease, or just “along for the ride”?



Allelic groupings called “haplotypes” are important confounding factors in GWAS analysis
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Haplotypes arise because of recombination

Low haplotype diversity can cause high “linkage 
disequilibrium” (LD) = a whole set of SNPs which tend 
to arise in specific patterns

LD makes de-tangling biologically significant SNP 
sites from those that simply happen to be included in 
the haplotype difficult!

Parent 2Parent 1



Linkage disequilibrium Useful description of linkage diagrams at this link.

Genetics review: Haplotypes and linkage disequilibrium 

https://estrip.org/articles/read/tinypliny/44920/Linkage_Disequilibrium_Blocks_Triangles.html


• An important goal after performing GWAS is the identification of the causal 
link between a given allele and the perturbation it is known to cause.

• Furthermore, in a disease context, we want to be able to use our 
knowledge of the causal mechanism to propose and design 
therapeutics to decrease of mitigate the risk presented by a certain 
genetic predisposition.

• An excellent example of this was described in lecture with respect to obesity 
and the FTO locus!

Genetics review: Applications of GWAS
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• Let’s say that we obtain p-values from 105 SNPs computed using the χ2 distribution 
between 2 populations.

• If our quality control is performed well, and our SNP distribution is indeed normal (recall 
that the χ2 distribution represents the squared distance between normal random 
variables) then we would expect our p-values to be uniformly distributed.

• So if we rank-order our observed p-values from smallest to largest and plot it against the 
expected uniform distribution of 105 p-values evenly spaced from 0.00001 to 1, we would 
expect to observe a straight line.

• To evaluate this we can look at the goodness of fit graphically or compute the genomic 
inflation factor λ which effectively compares the median test statistic to the expected 
median test statistic.

• All of this is to ensure that our population data is, generally, not biased or prone to 
producing many false positives.

• We do expect, however, for the SNPs biologically associated with a phenotype of interest 
to fall off above this line of expectation and be more significant than would be expected
if all data conformed to the null hypothesis.
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Genetics review: How to do MHT correction?

Our focus is on two: Bonferroni and Benjamini-Hochberg
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False discovery rate (FDR) is the 
expected proportion of Type I 
errors among the rejected null 

hypotheses 

FDR = E(V/R | R>0) P(R>0)
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Next week

eQTLs
UK BioBank

Genetics Wrap Up


