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Twin studies �

Used to determine the heritability of a trait�



Heritability �

•  The heritability (h2) of a trait is a measure of the degree of similarity 
between relatives�

h2 = VA
VP

=
VA

VG +VE

•  VP (Total phenotypic variance) �

•  VA (Additive genetic variance) - variation due to the additive effects of 
alleles 

•  VG (Genetic variance) - the variance among the mean phenotypes of 
different genotypes 

•  VE (Environmental variance) - the variance among phenotypes expressed 
by replicate members of the same genotype 
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Heritability �

h2 = VA
VP

=
VA

VG +VE
=

VA
(VA +VD +VI )+VE

•  Since heritability is a function of the environment (VE), it is a environment-
dependent measure 

•  Heritability ranges from 0 to 1 (e.g. traits with no genetic variation have a 
heritability of 0) 

 
•  Heritability is usually estimated by family-based study 
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Estimating heritability using regression �

Beak depth of Darwins’ finches�

h2 = slope = Cov(x, y)
Var(x)

Cov(x, y) = 1
N

(xi − x )∑ (yi − y )

Var(x) = 1
N

(xi − x )∑
2
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Using unrelated individuals �

•  However, estimates of h2 become less precise as number of close relatives 
in the sample decreases 

•  It is difficult to estimate SNP-based heritability using genetic data from 
unrelated individuals 

(2010)�
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SNP-based heritability �

Using unrelated individuals has some key advantages: 
 
•  The resulting estimate, referred to as “SNP-based heritability” (h2

SNP), is an 
estimate of the total variance explained by all SNPs 

•  Can use GWAS data, so sample sizes are much larger than using family 
data 

•  Can discover a large number of common SNPs with effect sizes too small 
to pass the stringent GWAS threshold (p<5×10-8), especially for complex 
traits 

 
 
•  SNP-based heritability (h2

SNP): the degree to which individual genetic 
variation (i.e. SNPs) accounts for phenotypic variation seen in a population 
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The missing heritability problem --- GWAS �

•  Although GWAS has found a number of associations for a wide range of 
phenotypes, the proportion of variance explained by the associations for 
any particular phenotype (h2

GWAS) was typically slight compared to the 
phenotype's heritability 

•  Before 2012, human geneticists were referring to the “missing heritability 
problem” 

Maher, Nature news feature (2008)�
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The missing heritability problem --- Example �

•  The classic example was height 

•  The heritability is about 80%. In 2008, 20 associations had been found, but 
these explained only a few percent of variation (Genome-wide association 
analysis identifies 20 loci, Nature Genetics) 
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The missing heritability problem SOLVED �

h2
SNP

 estimated with unrelated individuals explain more total phenotypic variance than h2
GWAS 

(h2
SNP >> h2

GWAS) 
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h2
SNP explained by DNase I hypersensitivity sites �

Gusev et al (2014) AJHG�

6 autoimmune traits 
•  Ankylosing spondylitis 
•  Crohn disease 
•  Multiple sclerosis 
•  Rheumatoid arthritis 
•  Type I diabetes 
•  Ulcerative colitis 

 
5 non-autoimmune traits 
•  Schizophrenia 
•  Bipolar disorder 
•  Coronary artery disease 
•  Hypertension 
•  Type II diabetes�

11 traits in this analysis 



How to calculate h2
SNP�

•  Collect GWAS data for a particular trait (e.g. > 5000 individuals with 
genome-wide genotyping) 

•  Compute allelic correlations K 

•  Remove individuals so that no pair remains with Ki,j > 0.05 (closely 
related individuals) 

•  Perform GREML model to estimate h2
SNP 
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How to calculate h2
SNP�

•  Collect GWAS data for a particular trait (e.g. > 5000 individuals with 
genome-wide genotyping) 

•  Compute allelic correlations K 

•  Remove individuals so that no pair remains with Ki,j > 0.05 (closely 
related individuals) 

•  Perform GREML/GCTA model to estimate h2
SNP 
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y = g+ e

g ~ N(0,Aσ g(SNP )
2 ) e ~ N(0, Iσ e

2 )

Additive genetic variance�Phenotypes� Residuals�

Identity matrix�Genetic relationship 
matrix (GRM) �



How to calculate h2
SNP�

•  Collect GWAS data for a particular trait (e.g. > 5000 individuals with 
genome-wide genotyping) 

•  Compute allelic correlations K 

•  Remove individuals so that no pair remains with Ki,j > 0.05 (closely 
related individuals) 

•  Perform GREML/GCTA model to estimate h2
SNP 

13�

hSNP
2 =

σ g(SNP )
2

σ g(SNP )
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