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Part I: Estimation of non-additive genetic variance
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𝑌 = 𝐺 + 𝐸
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𝑌 = 𝐺! + 𝐸

Assuming an additive model, we have:

𝑌 = 𝜇 +'
"

𝑤!(") 𝛼" + 𝑒

With 𝑤!(") =
%! " &'("
'("()&(")

𝑉𝑎𝑟 𝑌 = Θ!𝜎!' + 𝐼𝜎*'

With Θ! the additive Genomic Relationship Matrix (GRM).

We can estimate ℎ+,-' = .!
#

.!
#/.$#

using GREML or HE regression in GCTA.
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The total genetic variance of a trait can be partitioned into additive, 
dominance and epistatic variance:

𝑉𝑎𝑟 𝑌 = Θ2𝜎23 + Θ4𝜎43 + Θ22𝜎223 +⋯+ 𝐼𝜎53
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𝛼 = 𝑎 + 1 − 2𝑝 𝑑
𝜎!" = 2𝑝 1 − 𝑝 𝛼"
𝜎$" = [2𝑝(1 − 𝑝)𝑑]"
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Falconer Shiny App: https://shiny.cnsgenomics.com/Falconer2/



The total genetic variance of a trait can be partitioned into additive 
and dominance variance:

𝑉𝑎𝑟 𝑌 = Θ2𝜎23 + Θ4𝜎43 + 𝐼𝜎53

• Many effort to characterize non-additive genetic effect from twin studies, BUT confounding 
effect with shared environmental factors

• Zhu et al. (2015) proposed to estimate dominance variance from a sample of unrelated 
individuals

1Zhu Z. et al. Dominance genetic variation contributes little to the missing heritability for human complex traits. AJHG (2015)



The total genetic variance of a trait can be partitioned into additive and 
dominance variance:

𝑉𝑎𝑟 𝑌 = Θ!𝜎!" + Θ#𝜎#" + 𝐼𝜎$"

• Θ! = 𝐺 is the additive Genomic Relationship Matrix (GRM)

• Θ# is the dominance GRM where the dominance genetic relatedness between two individuals j 
and k is computed as: 

𝜋!(#$) =
&
'
∑(

()!(#$)
& *+,#

')()!(#()
& *+,#

')
-,#

' &*,# ! , with 𝑥!. = 0, 2𝑝, 4𝑝 − 2ç ensure the orthogonality of the model

gcta --bfile input_file --make-grm-d --out dominance_grm
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The total genetic variance of a trait can be partitioned into additive, dominance 
and epistatic variance:

𝑉𝑎𝑟 𝑌 = Θ1𝜎12 + Θ3𝜎32 + Θ11𝜎112 + 𝐼𝜎42

We aim at estimating :

• ℎ+,-' = .!
#

.!
#/.%

#/.$#

• 𝛿+,-' = .%
#

.!
#/.%

#/.$#
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Haseman-Elston regression (OLS) and 
REML analysis using GCTA software

gcta --mgrm multi-grm.txt --reml --out test



Visscher, P.M. et al. Statistical Power to Detect Genetic (Co)Variance of Complex Traits Using SNP Data in Unrelated Samples. PLoS Genetics (2014)
Visscher, P.M. & Goddard, M.E. A general unified framework to assess the sampling variance of heritability estimates using pedigree or marker-based relationships. Genetics (2015)

Assume a sample of unrelated individuals in an outbred population: 
𝐺56~𝒩(0, 𝑉𝑎𝑟(𝐺56))

Visscher et al. (2014) showed that under OLS:

𝑉𝑎𝑟(2ℎ7892 |𝑂𝐿𝑆) ≃ 2
8/:;<(=01)

Visscher	&	Goddard	(2015)	showed	that	for	REML	estimation:

𝑉𝑎𝑟(2ℎ7892 |𝑅𝐸𝑀𝐿) ≃
2

𝑁𝑉𝑎𝑟(𝜆=)
≃

2
𝑁2𝑉𝑎𝑟(𝐺56)
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Zhu et al. (2015)𝑉𝑎𝑟( 9𝛿+,-' ) ≃
2

𝑁'𝑉𝑎𝑟(Θ01")

Zhu Z. et al. Dominance genetic variation contributes little to the missing heritability for human complex traits. AJHG (2015)

Applications
gcta --mgrm multi-grm.txt --reml --reml-no-constrain --out test
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Applications

Hivert et al. Estimation of non-additive genetic variance in human complex traits from a large sample of unrelated individuals. AJHG (2021)
Yadav et al., Improved genomic prediction of clonal performance in sugarcane by exploiting non-additive genetic effects. Theoretical and Applied Genetics (2021) 

Hivert et al. (2021)

Humans

Yadav et al. (2021)

Sugarcane



• What is the proportion of variance that two traits share due to genetic causes?

Part II: Genetic Correlation between two traits
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y1 = X1b1 + g1 + e1
y2 = X2b2 + g2 + e2

V = 𝐯𝐚𝐫
𝒚𝟏
𝒚𝟐 =

𝑮𝟏𝝈𝒈𝟏𝟐 + 𝑰𝝈𝒆𝟏𝟐 𝑮𝟏𝟐𝝈𝒈𝟏𝒈𝟐 + 𝑰𝝈𝒆𝟏𝒆𝟐
𝑮𝟏𝟐𝝈𝒈𝟏𝒈𝟐 + 𝑰𝝈𝒆𝟏𝒆𝟐 𝑮𝟐𝝈𝒈𝟐𝟐 + 𝑰𝝈𝒆𝟐𝟐

For traits measures on different samples

V = 𝐯𝐚𝐫
𝒚𝟏
𝒚𝟐 =

𝑮𝟏𝝈𝒈𝟏𝟐 + 𝑰𝝈𝒆𝟏𝟐 𝑮𝟏𝟐𝝈𝒈𝟏𝒈𝟐
𝑮𝟏𝟐𝝈𝒈𝟏𝒈𝟐 𝑮𝟐𝝈𝒈𝟐𝟐 + 𝑰𝝈𝒆𝟐𝟐

Bivariate GREML analysis to estimate genetic 
correlation in unrelated individuals
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Slide from Dr Jian Zeng

gcta64 --reml-bivar --grm test --pheno test.phen --out test

Lee et al. Estimation of pleiotropy between complex diseases using SNP-derived genomic relationships and restricted 
maximum likelihood. Bioinformatics (2012)



Sampling variance of E𝑟) for traits measured on the same sample:

𝑉𝑎𝑟 E𝑟) ≈
1 − 𝑟)𝑟* 2+ 𝑟) − 𝑟* 2

ℎ+#" ℎ+"" 𝑁"𝑉𝑎𝑟(𝐺,-)

Sampling variance of E𝑟) for traits measured on different samples:

𝑉𝑎𝑟 E𝑟) ≈
𝑟)" 𝑁#"ℎ+#. + 𝑁""ℎ+". + 2ℎ+#" ℎ+"" 𝑁#𝑁"

2ℎ+#. ℎ+". 𝑁#"𝑁""𝑉𝑎𝑟(𝐺,-)

Bivariate GREML analysis to estimate genetic 
correlation in unrelated individuals
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Visscher, P.M. et al. Statistical Power to Detect Genetic (Co)Variance of Complex Traits Using SNP Data in Unrelated Samples. 
PLoS Genetics (2014)
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IMB PCTG

Van Rheenen, W. et al. Genetic correlations of polygenic disease traits: from theory to practice. Nat Rev (2019)



Estimating genetic correlation between traits measured 
on different samples
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gcta64 --reml-bivar --grm test --pheno test.phen --out test

Lee et al. Genetic relationship between five psychiatric disorders estimated from genome-wide SNPs. Nat Genet (2013)



Brown et al. (2016) introduced the genetic impact correlation, the correlation between the 
standardized effect sizes in two populations.

𝜌21 = Cor(σ1β1, σ2β2).

With 𝜎1 = 2𝑝1(1 − 𝑝1) with 𝑝1 the allele frequencies in population i.

è Implemented in the Python package Popcorn.

Estimating genetic correlation between traits measured 
in different populations (e.g. ancestries, breeds)

20Brown et al. Transethnic Genetic-Correlation Estimates from Summary Statistics. AJHG (2016)



CRICOS code 00025B

Practical 10: Use GCTA GREML to perform 
1) the joint estimation of additive and 
dominance variance in a trait, and 2)
the estimation of genetic correlation between 
two traits


