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Can we discover the genetic basis of 
heritable traits? 



Twin studies revealed that many 
phenotypes have a genetic component 

!  Height: 0.68-0.93  
!  Fasting blood glucose: 0.38-0.66 
!  RNA expression levels: Most genes > 0.1 and < 0.5 

Silventoinen et al 2003 (Twin Res), Wright et al 2014 (Nature Genetics) 
Simonis-Bik et al 2008  (Twin Res Hum Genet), Polderman et al 2015 (Nature Genetics) 
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Hypothesis: common-phenotype, 
common-variant 

!  Suppose a trait is relatively common  (e.g., asthma) 

!  Suppose the trait has a genetic component 
     ATGCTATCCTATCAAACTATCTA 
     ATGCTATCCTATCAAAGTATCTA -> G is a risk allele 
 

!  “Reasonable” hypothesis: If a hereditary trait is 
common, its genetic basis must also be common 
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The difference in 
trait values 
between genotypes  
is called the effect 
size, Z 



Many loci that contribute to trait variation 
have been discovered with GWAS 

Obtained from http://www.ebi.ac.uk/fgpt/gwas/ 



But do known associations explain variance 
in traits? 
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“Missing” heritability - calculating variance 
accounted for by GWAS 
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Potential sources of “missing” 
heritability 

!  Bias in heritability estimates  
!  Interactions (between groups of genes, or genes 

and the environment) 
!  Common variants of small effect  
!  Structural variants 
!  Rare variants of large effect 
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Why might we expect rare alleles to 
matter for some phenotypes? 

King et al 2010 (Plos Genet) 



But it’s hard to detect causal rare alleles… 
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We will… 

!  Consider whether rare alleles (as a group) can ever 
contribute to complex trait variation 

!  Introduce recent literature on deleterious allele frequencies 
and “load” in humans 

!  Discuss whether there is empirical evidence for differences in 
“deleterious allele load” between human populations 

!  Summarize current thinking on contribution (or lack thereof) 
of rare alleles to complex traits 



Quick refresher on evolutionary 
“forces”  

!  Mutation -> random introduction of new alleles 
 
!  Drift -> allele frequencies can randomly change 

over time 

!  Selection -> biases changes in allele frequency  



Mutation-selection-drift balance 

!  Suppose we sequence 5 diploid individuals 
!  For each variable site we observe, there can be from 1 to 9 

copies of each derived allele in the population 
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Common-disease common-variant… or not? 

Pritchard & Cox 2002 (Hum. Mol. Genet.) 
Pritchard 2001 (AJHG) 



How strong is selection against human 
polymorphism? 
!  Approach: compare site frequency spectra at NS and SYN 

sites, under assumption that SYN sites are neutral 

!  Complication: population sizes also affects frequency spectrum 

Population A Population B 

Drift runs faster in smaller population More mutations introduced per 
unit of time in larger population  



How strong is selection against human 
polymorphism?  
!  Time-dependence of demography/selection in Wright-Fisher model is not a 

solved problem 

!  Algorithmic approaches were developed to numerically compute the SFS as 
a function of time 
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Williamson et al 2005 (PNAS) 
Boyko et al 2008 (Plos Genetics) 
Keightley & Eyre-Walker 2007 (Genetics) 
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Boyko et al 2008 (Plos Genetics) 
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How strong is selection against human 
polymorphism?  

Boyko et al 2008 (Plos Genetics) 

Red           s<-0.01 
Brown  -0.01< s <-0.001 
Yellow -0.001 < s< -0.0001 
Etc… 

Consequently, it is reasonable to suppose 
that correlations between effect size and 
allele frequency may exist and increase 
the role of rare alleles in complex traits 
 

Derived allele frequency 



Requirements for a rare allele contribution 

!  Trait is heritable 

!  Large mutation rate for causal alleles (i.e., many loci 
genome wide that alter the trait) 

!  Coupling between allelic selection strength and 
effect on trait 



Do deleterious allele frequencies differ 
across populations? 
!  Common alleles: almost entirely shared across human populations 

!  Rare alleles: less likely to be true 

!  Reasonable hypothesis: demographic events have altered deleterious allele 
frequencies in human populations relative to each other 

Lohmueller et al 2008 (Nature) 
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Do deleterious allele frequencies differ 
across populations? 
!  Common alleles: almost entirely shared across human populations 

!  Rare alleles: less likely to be true 

!  Reasonable hypothesis: demographic events have altered deleterious allele 
frequencies in human populations relative to each other 

Lohmueller et al 2008 (Nature) 

“Our finding that each person carries several hundred potentially 
damaging SNPs indicates that large-scale medical resequencing will 
be useful to find common and rare SNPs of medical consequence“ 



How can we explain this pattern? 
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Does deleterious allele “load” differ between 
populations? 

!  Load: average number of deleterious alleles per person 
!  Do Lohmueller et al’s results imply a difference in load? 

Simons et al 2014 (Nature Gen) 
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Does deleterious allele “load” differ between 
populations? 

!  Load: average number of deleterious alleles per person 
!  Do Lohmueller et al’s results imply a difference in load? 

Simons et al 2014 (Nature Gen) 



How do these ideas impact association tests? 

Uricchio 2014 (UCSF dissertation); Uricchio et al 2016 (Genome Research) 

Trait-to-selection coupling  

Explosive recent growth 
Ancient growth 



So, do rare alleles make substantial contributions 
to complex trait genetic variance? 

!  Several papers suggest that many human traits driven 
by common alleles (including risk for diabetes and 
autism) 

!  Possible minor role in human height 

!  Ongoing work at UCSF on RNA expression suggests 
rare alleles are a major contributor 

Gaugler et al 2014 (Nature Genetics), Lohmueller et al 2013 (AJHG);  
Yang et al 2015 (Nature Genetics); Fuchsberger et al 2016 (Nature) 
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