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The Majority of Heritability for Most Complex
Traits and Diseases is Yet to Be Explained

NEWS FEATURE PERSOMNAL GENOMES

The case of the missing herlta b|||ty

When scientists opened u pth human genome, they e p ectedtofind the genetic mp
commo trt nd diseases. But they were h e tobe seen. Brendan Maher h Ight
six places where the mis gl otcould be st shed away.

Maher (2009) Nature



Places the Missing Heritability Could
be Hiding

 In the form of common variants of small effect
scattered across the genome

* In the form of low frequency variants only
partially tagged by common variants

* Estimates of heritability from twin models are
inflated (GASP!!!)



http://cnsgenomics.com/software/gcta/
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Overview

New version 1.24, more options and much faster!

GCTA Forum http://gcta.freeforums.net

GCTA (Genome-wide Complex Trait Analysis) was originally designed to estimate the proportion of phenotypic
variance explained by genome- or chromosome-wide SNPs for complex traits (the GREML method), and has
subsequently extended for many other analyses to better understand the genetic architecture of complex

traits. GCTA was developed by Jian Yang, Hong Lee, Mike Goddard and Peter Visscher and is maintained in

Peter Visscher's lab at the University of Queensland. GCTA currently supports the following functionalities:

o Estimate the genetic relationship from genome-wide SNPs;

# Estimate the inbreeding coefficient from genome-wide SNPs;

s Estimate the variance explained by all the autosomal SNPs;

« Partition the genetic variance onto individual chromosomes;

s Estimate the genetic variance associated with the X-chromosome;

s Test the effect of dosage compensation on genetic variance on the X-chromosome;

e Predict the genome-wide additive genetic effects for individual subjects and for individual SNPs;
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Common SNPs explain a large proportion of the heritability
for human height

Jian Yang!, Beben Benyamin!, Brian P McEvoy!, Scott Gordon!, Anjali K Henders!, Dale R Nyholt!,
Pamela A Madden?, Andrew C Heath?, Nicholas G Martin!, Grant W Montgomery!, Michael E Goddard? &
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ARTICLE

Estimating Missing Heritability for Disease
from Genome-wide Association Studies
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REPORT

GCTA: A Tool for Genome-wide Complex Trait Analysis
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The Classical Twin Design
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Expected Covariance Matrix Twin Pairs
(AE Model)

V = Ro?, +1o%;
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V is the expected phenotypic covariance matrix

62, is the additive genetic variance

62 is the unique environmental variance

R i1s a matrix containing twice the kinship coefficient (r = 1 for MZ, r = 0.5 for DZ))

I is an identity matrix



The GCTA Design- Unrelateds

P, =aA, + ¢k, y



Expected Covariance Matrix - Unrelateds

V = Ao, + 1%,

o, .. o, a,; .. a 1 0 0
— 2 2
= o g + 0 1 0 (O
0 1 O-zn a nl a2nn 0 0 1
(nxn) (nxn) (nxn)

V is the expected phenotypic covariance matrix

o2, is the additive genetic variance

62, is the unique environmental variance

A is a GRM containing average standardized genome-wide IBS between individual i and j

I is an i1dentity matrix



GCTA- Genetic Relationship Matrix

1 i’: (X5 — 2p:) (X — 2p;)

Aj = —
I N i=1 Zpr[l _.I":Jn‘:|

where x; is the number of mpibs of the refer-
ence allele for the i'" SNP of the j*" individual and p; is the

frequency of the reference allele.



Intuitively...

* If atraitis genetically
influenced, then
704 individuals who are
a0 | | more genetically similar
should be more
phenotypically similar

 Can be thought of like a
Haseman- Elston
regression

Square of r-score differance

—0.02 —0.04 0 0.04 0.0
Genetic relaticnship (adjusted estimate)



GCTA Process

* Two step process

e Estimate GRM

— Exclude one from each pair of individuals who are
>2.5% IBS (closely related individuals exert undue
influence and may share common environments)

e Estimate variance components via “REML”



GCTA- Some Results

Table 1 Estimates of the variance explained by all autosomal SNPs for height, BMI, vWF
and QTi

No PC? 10 PCs®
Trait n hg (5.8, )F P hE (5.8 P Heritability®  GWAS®

Height 11,576 0.448(0.029) 45x10%9 0419(0.030) 79x104  80-90%32 -10%
* BMI 11,558 0.165(0.029) 3.0x10-1% 0.159(0.029) 53x 107 42-80%2 ~]15%!
vWF 6,641 0.252(0.051) 16x107 0.254(0.051) 20x107 66-75%334 ~13%!1
QT 6,567 0.209(0.050) 3.1x10® 0.168(0.052) b50x10% 37-60%H5%* .7%I8

Adapted from
Yang et al. (2011) Nat Genet



GCTA Interpretation

* GCTA explains the proportion of variance
explained by SNPs on the microarray (“SNP
heritability”)

* GCTA does not estimate “heritability”

* GCTA does not estimate the proportion of trait
variance due to common SNPs



Extending the Model - Genome
Partitioning

_22 2 2
\% —EACG oc + 1o~

* The genetic component can be partitioned
further into e.g. different chromosomes, genic
VS hon-genic regions

* A different GRM (A.) needs to be computed
for each of these components



Extending the Model - Genome
Partitioning
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Extending the Model: Gene-
Environment Interaction

V =A%, + A, 0% +16°

g C

* A, = A, for pairs of individuals in the same
environment and A, = 0 for pairs of
individuals in different environments

* “Environmental” factors could be sex or
medical treatment for example



Extending the Model - Binary Traits

 Assume an underlying
normal distribution of
liability

0.4

0.3

g o \ * Transform estimates
i from the observed scale
to the liability scale

0.2

0.1

0.0

— e hf = ICK(1-K)/z.

Unaffected {1-X] Affected (K}

Figure 1. The Liability Threshold Model for a Disease Preva-
lence of K



Extending the Model — BinaryTraits

Estimate GRM

— Exclude one from each pair of individuals who are
>2.5% IBS

Estimate variance components via “REML”
Transform from observed scale to liability scale

Adjust estimates to take account of
ascertainment (i.e. the fact that case-control
proportions are not the same as in the
population)



Extending the Model — Bivariate
Association

e Estimate the genetic and residual correlation
between different traits/diseases

* Individuals need not be measured on both
traits
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GREML-LDMS

ANALYSIS
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* |t should be obvious now, that pretty much all
the models that we have touched on this
week can be expressed within this GCTA
framework

* Yet only a small proportion of these have been
parameterized in GCTA

* Considerable scope exists for parameterization
of the GCTA framework in Mx...



