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The Classical Twin Design and the EEA

* The Classical Twin Design compares trait similarity between MZ twins and
the similarity between DZ twins to estimate heritability

e Equal Environments Assumption (EEA) posits that trait relevant
environmental covariation in MZ pairs is the same as that found within DZ
pairs. Violation of this assumption will inflate heritability estimates.

* MZ twins do experience more similar environments than DZ twins

* The environmental factor must affect the trait

* Twins must be “passive” recipients of more similar environments
for violation of EEA to affect heritability estimates

* A possible reason for “missing heritability”?

The case of the missing heritability
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Methods for testing the EEA

* Measure environmental similarity between twins and examine whether

this correlates with trait similarity
e But need to measure the relevant environmental factor

e Use mistaken zygosity diagnosis to test the EEA. If parents treat MZ twins
more similarly than DZ twins based on the preconceived notion that MZ
twins are more similar than DZ twins, then trait similarity should be a

function of perceived zygosity (tests all environmental factors

simultaneously).
* Has the advantage of not requiring the measurement of specific environmental

factors
e Requires mistaken zygosity diagnosis
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Assumption-Free Estimation of Heritability
from Genome-Wide Identity-by-Descent Sharing
between Full Siblings
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The study of continuously varying, quantitative traits is mportant in evolutionary biology, agriculture, and medicine.
Variation in such traits is attributable to many, possibly interacting, genes whose expression may be sensitive to the
environment, which makes their dissection into underlying causative factors difficult. An important population
parameter for quantitative traits is heritability, the proportion of total variance that is due to genetic factors. Response
to artificial and natural selection and the degree of resemblance between relatives are all a function of this parameter.
Following the classic paper by R. A. Fisher in 1918, the estimation of additive and dominance genetic variance and
heritability in populations is based upon the expected proportion of genes shared between different types of relatives,
and explicit, often controversial and untestable models of genetic and non-genetic @uses of family resemblance. With
genome-wide coverage of genetic markers it is now possible to estimate such parameters solely within families using
the actual degree of identity-by-descent sharing between relatives. Using genome sans on 4,401 quasi-independent
sib pairs of which 3,375 pairs had phenotypes, we estimated the heritability of height from empirical genome-wide
identity-by-descent sharing, which varied from 0.374 to 0.617 (mean 0.498, standard deviation 0.036). The variance in
identity-by-descent sharing per chromosome and per genome was consistent with theory. The maximum likelihood
estimate of the heritability for height was 0.80 with no evidence for non-genetic causes of sib resemblance, consistent
with results from independent twin and family studies but using an entirely separate source of information. Our
application shows that it is feasible to estimate genetic variance solely from within-family segregation and provides an
independent validation of previously untestable assumptions. Given sufficient data, our new paradigm will allow the
estimation of genetic variation for disease susceptibility and quantitative traits that is free from confounding with non-
genetic factors and will allow partitioning of genetic variation into additive and non-additive components.

Criation: Visscher PM, Mediand SE. Fermira MAR, Maorley K1 Zhu G, et 2l (2004 Assumption-free estimation of hedtability from genome-wide denfity-by-descent sharing
between full sbiings. Plaf Genet {3k ed1
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* Phenotypic similarity between full
siblings measured as a function of
their genomic similarity

* Enables the estimation of trait
heritability without many of the
assumptions of the e.g. classical
twin design

* Requires large numbers of sibling
pairs to estimate heritability
precisely

* Could this information be used in
the Classical Twin Design to
investigate violations of the EEA?



IBD vs IBS

Identical by Descent |dentical by state only

Two alleles are IBD if they are descended from the same ancestral allele



IBD can be trivial...

IBD=0 [/[@




Two Other Simple Cases...




A little more complicated...

IBD=2
(50% chance)

IBD=1
(50% chance)

/e /e



And even more complicated...

IBD=? [1)/[z 1/



Path Model for the
Classical Twin Design
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MZ Twins:

DZ Twins:

vA VC_MZ

Ve Path Model for the
Augmented Classical Twin
Design
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Path Model for the

Augmented Classical Twin

Design
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Test of EEA is whether r,,, = rp;



Power
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 Power increases with increased number of DZ twins, differences in
environmental similarity between MZ and DZ twins, and increased
proportion of variance due to the shared environment



Power as a Function of Missing Heritability
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Effect of Number of MZ Twins on Power

100% V,=0.5

<

(W]

Ll

S 80%

(%]

c

Rel

S5 60%

S o

S o

T :

23 4%

(] y

© #

o] % nM2Z/nDZ=100/20000

g 20% ’e - -4~ nNMZ/nDZ=1000/20000

5 e - --¢--- NMZ/nDZ=10000/20000
0% Y Y v v - o~ NMZ/nDZ=20000/20000
VC_,\,IZ 0 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.4 04
VC_DZ 0 0.1 0 0.2 0.1 0 0.3 0.2 0.1 0 0.4 0.3 0.2 0.1 0
ftmwz O 02 02 04 04 04 06 06 06 06 08 08 08 08 08
ftz O 02 0O 04 02 0 06 04 02 0 08 06 04 02 O

VE_MZ Vi VC_MZ Vc_Dz VE_DZ

Intuition: MZ twins DZ twins DZ twins DZ twins



Including Dominance in
the Augmented Classical

Twin Design
Vemz Vemz Vemz Vewmz
MZ Twins:
A,
1\1 1 1
R VatVotVe mgt Ve vz VatVptVe g
Py Py COV)yz =
VatVptVe vz VatVp+Ve vzt Ve vz

DZ Twins:

oV = VatVptVe 54V b, TTVL +DVp+Ve
> TVp+ DN +Ve b7 VatVp+Ve p+Ve o7




Inclusion of Dominance
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* Presence of unmodelled dominance gives spurious evidence for violation of EEA (not shown)
* Modelling dominance component provides appropriate Type 1 error rates for test of EEA

* Presence of modelled dominance results in slightly reduced power relative to the no dominance situation



Model Assumptions

* The “usual” (no GE-cov, GXE, assortment, bivariate normality etc)

 ANY unmodelled factor that increases MZ pair similarity relative to DZ
pair similarity will increase estimates of rE_MZ relative to rE_DZ and
provide spurious evidence for violation of the EEA

* Genetic non-additivity (Epistasis!)

* Errors in IBD calculation in DZ pairs

* Gene x Age interactions (Balance age across MZ and DZ twins)
* Gene x Sex interactions (Same sex twins only!)

* Important to model the X chromosome!



Inclusion of non-twin Siblings?
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* Power increases with the number of sibling pairs
* Power increases with sibling common environmental sharing



Conclusions

 Augmented Classical Twin Design can identify violations of the EEA
* Requires very large numbers of (DZ) pairs for power

* Model extremely sensitive to unmodelled factors that increase MZ
compared to DZ similarity (e.g. epistasis)

* Inclusion of non-twin siblings in the analysis may improve power, but
would limit application of the method because of gene x age concerns
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