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ANALYSIS

Meta-analysis of the heritability of human traits based on

fifty years of twin studies

Tinca J C Polderman’-1%, Beben Benyamin?19, Christiaan A de Leeuw!-3, Patrick F Sullivan*-6,
Arjen van Bochoven’, Peter M Visscher?®11 & Danielle Posthumal11

Despite a century of research on complex traits in humans, the
relative importance and specific nature of the influences of
genes and environment on human traits remain controversial.
We report a meta-analysis of twin correlations and reported
variance components for 17,804 traits from 2,748 publications
including 14,558,903 partly dependent twin pairs, virtually

all published twin studies of complex traits. Estimates of
heritability cluster strongly within functional domains,

and across all traits the reported heritability is 49%. For a
majority (69 %) of traits, the observed twin correlations are
consistent with a simple and parsimonious model where twin
resemblance is solely due to additive genetic variation. The
data are inconsistent with substantial influences from shared
environment or non-additive genetic variation. This study
provides the most comprehensive analysis of the causes of
individual differences in human traits thus far and will guide
future gene-mapping efforts. All the results can be visualized
using the MaTCH webtool.

Insight into the nature of observed variation in human traits is impor-
tant in medicine, psychology, social sciences and evolutionary biology.
It has gained new relevance with both the ability to map genes for
human traits and the availability of large, collaborative data sets to do
so on an extensive and comprehensive scale. Individual differences in
human traits have been studied for more than a century, yet the causes
of variation in human traits remain uncertain and controversial.
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Specifically, the partitioning of observed variability into underlying
genetic and environmental sources and the relative importance of
additive and non-additive genetic variation are continually debated!>.
Recent results from large-scale genome-wide association studies
(GWAS) show that many genetic variants contribute to the variation
in complex traits and that effect sizes are typically small®”. However,
the sum of the variance explained by the detected variants is much
smaller than the reported heritability of the trait#¢-10. This ‘missing
heritability” has led some investigators to conclude that non-additive
variation must be important®!!l. Although the presence of gene-gene
interaction has been demonstrated empirically>!12-17, little is known
about its relative contribution to observed variation!®.

In this study, our aim is twofold. First, we analyze empirical esti-
mates of the relative contributions of genes and environment for
virtually all human traits investigated in the past 50 years. Second, we
assess empirical evidence for the presence and relative importance of
non-additive genetic influences on all human traits studied. We rely
on classical twin studies, as the twin design has been used widely
to disentangle the relative contributions of genes and environment,
across a variety of human traits. The classical twin design is based
on contrasting the trait resemblance of monozygotic and dizygotic
twin pairs. Monozygotic twins are genetically identical, and dizygotic
twins are genetically full siblings. We show that, for a majority of traits
(69%), the observed statistics are consistent with a simple and parsi-
monious model where the observed variation is solely due to additive
genetic variation. The data are inconsistent with a substantial influence
from shared environment or non-additive genetic variation. We also
show that estimates of heritability cluster strongly within functional
domains, and across all traits the reported heritability is 49%. Our
results are based on a meta-analysis of twin correlations and reported
variance components for 17,804 traits from 2,748 publications includ-
ing 14,558,903 partly dependent twin pairs, virtually all twin studies of
complex traits published between 1958 and 2012. This study provides
the most comprehensive analysis of the causes of individual differences
in human traits thus far and will guide future gene-mapping efforts. All
results can be visualized with the accompanying MaTCH webtool.

RESULTS

The distribution of studied traits is nonrandom

We systematically retrieved published classical twin studies in which
observed variation in human traits was partitioned into genetic and
environmental influences. For each study, we collected reported

NATURE GENETICS ADVANCE ONLINE PUBLICATION


http://www.nature.com/doifinder/10.1038/ng.3285
http://www.nature.com/naturegenetics/
http://www.nature.com/naturegenetics/




	Button 2: 
	Page 1: Off

	Button 4: 
	Page 1: Off



