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Big part of doing a GWAS = separating signal from noise



How do we separate signal (= causal genetic 
effects) from noise (e.g., confounding)?

Looks like signal, but isn’t:

• Multiple testing: millions of tests, many 
p < 0.05 by chance

• Technical artefacts: genotyping errors,
batch effects

• Population stratification: Genetic 
differences between ancestries look like 
trait associations

• Cryptic relatedness: Hidden family 
structure inflates test statistics

Real signal, but inflated or misunderstood:

• Indirect genetic effects: Parental genotype 
affects offspring via the environment

• Gene-environment correlation: Real genetic 
effects amplified by correlated environment

• Assortative mating: Creates genome-wide 
correlations that inflate polygenic signals

Will be discussed in Part 4This video



Multiple Testing





Do jelly beans 
cause acne?





Multiple testing

With an α of .05, a GWAS of 1,000,000 SNPs is expected to give 50,000 (!) significant 
signals by chance.



Bonferroni correction: divide α by number of tests

How many tests genome-wide? 
With very common SNPs, ~1 million 
→ α = .05/1M = 5 × 10-8



5×10-8

With more SNPs with lower 
allele frequencies, α should 
be 1×10-8

1×10-8



Technical Artefacts
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Batch Effects



How to deal with technical artefacts?

Good study design and good QC



• Exclude SNPs with a low Minor Allele Frequency (MAF) (< .01 or < .05)

• Exclude SNPs & individuals with excessive missingness (> 1% or 5% respectively)

• Exclude SNPs that deviate grossly from HWE (p < 10-6)

• Exclude SNPs based on quality score or clustering metrics (availability depends on 
genotype platform used)

• Exclude SNPs with Mendelian errors (if child-parent data are available)

How to deal with technical artefacts?

Good study design and good QC



Population Stratification
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Cryptic Relatedness



Cryptic Relatedness

• Unmodelled family relationships can lead 
to attenuated standard error estimates of 
β, increasing number of false positives.

• Related individuals share environmental 
conditions that may be causal, thus 
estimated effect sizes may be biased.



Both cryptic relatedness and population stratification are confounds arising 
from kinship (shared ancestry) that is not accounted for



Dealing with population stratification & cryptic relatedness

• Genomic Control (GC)

• Principal Component Analysis (does not deal with cryptic relatedness) 

• Within Family Association

• Linear Mixed Modeling
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A bit outdated (unless inflation 
factor from LDSC regression is used)
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Video 4



Dealing with population stratification & cryptic relatedness

• Genomic Control (GC)

• Principal Component Analysis (does not deal with cryptic relatedness) 

• Within Family Association

• Linear Mixed Modeling Controlling for Genetic Relatedness Matrix (GRM)



Another way to minimize population stratification is to keep the 

sample homogeneous, which comes with another major problem:



Next video: analyzing smaller cohorts, big 
biobanks, and cohorts combined


	Slide 1: Genome-Wide Association Studies  Part 2: signal versus noise
	Slide 2
	Slide 3
	Slide 4: Manhattan Plot
	Slide 5: QQ plot
	Slide 6: Big part of doing a GWAS = separating signal from noise
	Slide 7: How do we separate signal (= causal genetic effects) from noise (e.g., confounding)?
	Slide 8: Multiple Testing
	Slide 9
	Slide 10: Do jelly beans cause acne?
	Slide 11
	Slide 12: Multiple testing
	Slide 13: Bonferroni correction: divide α by number of tests
	Slide 14
	Slide 15: Technical Artefacts
	Slide 16: Genotyping errors
	Slide 17: Batch Effects
	Slide 18: How to deal with technical artefacts?
	Slide 19: How to deal with technical artefacts?
	Slide 20: Population Stratification
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25: Cryptic Relatedness
	Slide 26: Cryptic Relatedness
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34: Next video: analyzing smaller cohorts, big biobanks, and cohorts combined

