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3 Effects of Genes, Social Learning and Mate Selection
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7 Abstract The biological and social transmission of

8 attitudes toward abortion and gay rights are analyzed in a

9 large sample of adult twins, siblings, and their parents. We

10 present a linear model for family resemblance allowing for

11 both genetic and cultural transmission of attitudes from

12 parents to offspring, as well as phenotypic assortative

13 mating (the tendency to marry like) and other environ-

14 mental sources of twin and sibling resemblance that do not

15 depend on the attitudes of their parents. The model gives a

16 close fit to the patterns of similarity between relatives for

17 the two items. Results are consistent with a substantial role

18 of genetic liability in the transmission of both attitudes.

19 Contrary to the dominant paradigm of the social and

20 political sciences, the kinship data are consistent with a

21 relatively minor non-genetic impact of parental attitudes on

22 the development of adult attitudes in their children. By

23 contrast, the choice of mate is a social action that has a

24 marked impact on the polarization of social attitudes and

25 on the long-term influence that parents exert upon the next

26 generation.

27

28 Keywords Abortion ! Gay rights ! Assortative mating !

29 Attitudes

3031Introduction

32Attitudes to abortion and sexual orientation are especially

33divisive, defying rational discussion and inflaming passions

34among the electorate in the United States (Abramowitz

351995). These issues involve questions of morality, religion,

36human life, and the rights of a woman to her own body. They

37have evoked bombings of abortion clinics, marches, assas-

38sinations, and even the torture and murder of homosexual

39citizens (Klein 1999). These highly polarized and deep-

40seated issues appear to be a specific focus of attempts to

41energize public opinion over and above any appeal to more

42general liberal or conservative positions. Political scientists

43have been studying attitudes toward abortion and gay rights

44in earnest since the 1970s, yet have provided little expla-

45nation of the roots of these deep-seated feelings. Opinions

46toward abortion and gay rights are highly salient and stable

47over time (Wilcox and Norrander 2002). In the 2000

48National Election Studies fewer than 15% of respondents

49deemed abortion unimportant (Jelen and Wilcox 2003).

50Regardless of the emergence of new issues dominating

51the US political climate in 2008, including the Iraq War, a

52slowing economy, immigration reform, the potential crash

53of the housing market, and terrorism, abortion and gay

54marriage remain among the most important issues to a

55substantial portion of the American electorate (see the 2008

56Pew Forum on Religion and Public Life, US Religious

57Landscape Survey). The rise of Governor Mike Huckabee

58to challenge Senator John McCain for the Republican

59Presidential nomination in 2008 exemplifies the powerful

60role of these specific attitudes in political behavior.

61Governor Huckabee’s support was largely drawn from

62evangelical and Christian conservatives who rallied behind

63his opposition to abortion and gay marriage (Meckler and

64Bauerlein 2007).
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163 (e.g. spouses and mother-offspring) and to multiple pairs

164 within a correlation (e.g. more than one like-sex sib pair

165 per family). Typically such estimates are not biased, but are

166 less precise than estimates based on independent pairs (Rao

167 et al. 1979).

168 The item responses are stable over the period between

169 repeated measures. Note that all the correlations between

170 relatives are large. Many are comparable with those

171 reported for physical measures in the same sample. The

172 correlation between spouses is remarkably high compared

173 with physical measures and many other behavioral mea-

174 sures including personality (Eaves et al. 1999). There is

175 some heterogeneity between correlations as a function of

176 gender and the correlations for Monozygotic or identical

177 (MZ) twins are somewhat larger than those for Dizygotic

178 or fraternal (DZ) twins, implying a possible role for genetic

179 factors. The correlations for DZ twins are, generally, quite

180 similar to those for siblings suggesting that there is no

181 marked tendency for twins to be more alike than non-twin

182 siblings.

183Model for family resemblance

184Figure 1 presents a fairly general linear model for the

185influences of genes and environment on the reliable com-

186ponents of family resemblance for the social attitude items

187for families comprising unlike-sex DZ twins and their

188parents. Modifications of the figure for siblings, MZ twins

189and like-sex pairs, and the effects of measurement error,

190are derived by simple adjustments to the basic model. The

191model is simplified slightly from that developed by Truett

192et al. (1994) for the kinships of twins and is an extension of

193Cloninger et al.’s (1979) model for the simultaneous

194effects of biological and cultural inheritance.

195The model presented in Fig. 1 allows for: (1) additive

196effects of genetic differences in males and females (hm and

197hf) on the manifest characteristics of opinions on abortion

198and gay rights (‘‘phenotypes’’, Johannsen 1911) of males

199and females; (2) the direct, non-genetic, social transmission

200(‘‘vertical cultural inheritance’’, Cavalli-Sforza and Feld-

201man 1981) from mothers and fathers to their male and

202female offspring phenotypes (um, uf, vm, and vf); (3)

203environmental effects not transmitted from parents but

204shared by male and female siblings and DZ twins, cm and

Table 1 Response frequencies in men and women

Item Men (N = 11,851) Women (N = 17,505)

Disagree Undecided Agree Missing Disagree Undecided Agree Missing

Abortion 38.35 17.50 44.15 2.19 43.84 15.65 40.51 2.14

Gay rights 62.45 16.87 20.69 2.19 50.83 21.92 27.25 3.34

Note: Response frequencies expressed as a percentage of valid item responses. Missing values expressed as a percentage of total survey
respondents

Table 2 Polychoric correlations for attitudes to abortion and gay
rights

Relationship Correlation N (pairs)

Abortion Gay rights

Husband–wife 0.632 0.581 5162

Mother–daughter 0.500 0.469 4802

Mother–son 0.373 0.391 3233

Father–daughter 0.428 0.365 3166

Father–son 0.398 0.389 2315

Male siblings 0.420 0.309 1564

Female siblings 0.463 0.453 3701

Unlike-sex siblings 0.405 0.346 4462

Male DZ twins 0.423 0.371 610

Female DZ twins 0.557 0.491 1273

Unlike-sex DZ twins 0.425 0.393 1397

Male MZ twins 0.553 0.574 814

Female MZ twins 0.676 0.599 1982

Retest male 0.801 0.774 1019

Retest female 0.864 0.806 2912

Fig. 1 Path model for biological and cultural inheritance in kinships.
Note: The effects of ‘‘T’’, the ‘‘special twin environment’’ are
specified in the figure in the form appropriate for twin pairs. In other,
non-twin, relatives, T remains as an environmental influence that
contributes to the total variance, but not to the correlations between
non-twin relatives
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 1 
Table 4:  Estimates of path coefficients 2 
Parameter Abortion Gay Rights                      Path 
      hm  0.756  0.834 Additive genetic effects to male phenotype 
      hf  0.716  0.710 Additive genetic effects to female phenotype 
      hs           0  0 Sex-specific genetic effects 
      cm  0.370  0.051 Non-transmitted shared environment to male siblings 
      cf  0.255  0.341 Non-transmitted shared environment to female siblings 
      tm  0.048  0.301 Additional twin shared environment (males) 
      tf  0.355  0.203 Additional twin shared environment (females) 
      uf  0.184  0.261 Mother-daughter cultural inheritance 
      um -0.140 -0.033 Mother-son cultural inheritance 
      vf -0.100 -0.203 Father-daughter cultural inheritance 
      vm  0.107 -0.040 Father-son cultural inheritance 
      m  0.761  0.734 Phenotypic correlation between spouses 
      rgm  0.895  0.881 Reliability (male) 
      rgf  0.929  0.898 Reliability (female) 

 3 
Note: “reliabilities” are estimated as the path from “true” score to observed score.  Test-retest 4 
correlations are the squares of the path coefficients. 5 
 6 

7 



Table 5: Proportions of reliable variation explained by sources of variance (full model) 1 
 
 
Component of variance 

Proportion of reliable variance 
Abortion Gay Rights 

Males Females Males Female 
Additive genetic  0.572 0.513  0.696 0.505 
Non-shared environment  0.316 0.213  0.288 0.253 
Shared sibling environment  0.137 0.065  0.003 0.116 
Extra-shared twin environment  0.002 0.112  0.091 0.041 
Vertical cultural inheritance  0.008 0.016  0.005   0.031 
Genotype-environment covariance -0.035 0.080 -0.081 0.053 
Total shared environment  0.147 0.193  0.099 0.188 
Reliability (retest)  0.801 0.863  0.776 0.806 

 2 
 3 
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Genetic and environmental influences on the transmission of
parental depression to children’s depression and conduct
disturbance: An extended Children of Twins study

Judy L. Silberg1, Hermine Maes1, and Lindon J. Eaves1
1 Virginia Institute for Psychiatric and Behavioral Genetics, Department of Human and Molecular
Genetics, Virginia Commonwealth University, Richmond, VA USA

Abstract
Background—Despite the increased risk of depression and conduct problems in children of
depressed parents, the mechanism by which parental depression affects their children’s behavioral
and emotional functioning is not well understood. The present study was undertaken to determine
whether parental depression represents a genuine environmental risk factor in children’s
psychopathology, or whether children’s depression/conduct can be explained as a secondary
consequence of the genetic liability transmitted from parents to their offspring.

Methods—Children of Twins (COT) data collected on 2,674 adult female and male twins, their
spouses, and 2,940 of their children were used to address whether genetic and/or family
environmental factors best account for the association between depression in parents and depression
and conduct problems in their children. Data collected on juvenile twins from the Virginia Twin
Study of Adolescent Behavioral Development (VTSABD) were also included to estimate child-
specific genetic and environmental influences apart from those effects arising from the transmission
of the parental depression itself. The fit of alternative Children of Twin models were evaluated using
the statistical program Mx.

Results—The most compelling model for the association between parental and juvenile depression
was a model of direct environmental risk. Both family environmental and genetic factors accounted
for the association between parental depression and child conduct disturbance.

Conclusions—These findings illustrate how a genetically mediated behavior such as parental
depression can have both an environmental and genetic impact on children’s behavior. We find
developmentally specific genetic factors underlying risk to juvenile and adult depression. A shared
genetic liability influence both parental depression and juvenile conduct disturbance, implicating
child CD as an early indicator of genetic risk for depression in adulthood. In summary, our analyses
demonstrate differences in the impact of parental depression on different forms of child
psychopathology, and at various stages of development.

Address for correspondence: Judy L. Silberg, Virginia Institute for Psychiatric and Behavioral Genetics, Department of Human Genetics,
Virginia Commonwealth University, Richmond, VA (jsilberg@vcu.edu).
Mx code for the version of the model used here may be obtained upon request from Dr. Lindon Eaves (eaves.lindon@gmail.com). Mx
is currently undergoing extensive revision (see http://openmx.psyc.virginia.edu/). Verified code for the new platform will be uploaded
as soon as it becomes available.
Declaration of interest: There are no list fees and grants from, employment by, consultancy for, shared ownership in, or any close
relationship with, an organization whose interests, financial or otherwise, may be affected by the publication of the paper by Drs. Silberg,
Maes, or Eaves.
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Parameter Depression Conduct                     Parameter Descriptiion Free? 
m 0.1761 0.2064 Correlation between spouses   F 
g 0.5410 0.5426 Path from persistent additive genetic effect to 

adult phenotype 
  F 

d 0.0000! 0.3898 Path from persistent additive genetic effect to 
juvenile phenotype 

  F 

b 0.5339 0.6775 Path from juvenile limited genetic effect to 
juvenile phenotype 

  F 

u 0.0000! 0.0000! Path from adult shared environment to adult 
phenotype 

  F 

w 0.6520 0.6438 Path from parental phenotype to juvenile shared 
environment 

  D 

c 0.2101 0.1304 Path from juvenile shared environment to 
juvenile phenotype 

  F 

v 0.0000! 0.0000! Path from juvenile-specific shared environment 
to phenotype 

  F 

r 0.4149 0.4215 Correlation between persistent genetic and shared 
environmental effects  

  D 

wc 0.1369 0.0839 Path from parental phenotype to juvenile shared 
environment 

  D 

a 0.5410 0.5246 Correlation between genes of parents and 
phenotype of parents 

  D 

f 0.5226 0.5303 Correlation between additive genetic effects of 
siblings/twins 

  D 

!2    0.325 1.218   
d.f.         3    2   
P    0.9552 0.5438   
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Relative Body Weight and Adiposity 345

Table VI. Observed Correlations of BMI for Biological Relationships in the Virginia 30,000 (Eaves, Unpublished Data)a

Family N

S 4751

Sib<J<? 1493
Sib 2 9 3524
Sib<J ? 4255

DZiJcJ 573
Dz29 1164
Dz<J9 1307
Mz<J<J 775
Mz99 1847

Fa-So 2160
Fa-Da 2971
Mo-So 3035
Mo-Da 4476

r

.144

.234

.317

.224

.292

.360

.264

.692

.730

.190

.194

.227

.257

Avuncular

PSibcJcJ
PSib<J 2
NSibS <J
NSibS 9
PSib2cJ
PSib22
NSibcJ &
NSib<J 9

PDzcJtJ
PDzcJ2
NDz2c5
NDz?2
PDz9tJ
PDz22
NDz<J<J
NDztf?

PMz<?<5
PMz<J9
NMz2(J
NMz99 

AT

92
155
402
536
131
196
236
284

105
137
345
525
118
188
150
202

217
337
673

1040

r

-.0266
.004
.185
.083

-.0072
.065
.105
.059

.292

.016

.152

.176

.393
-.001

.185

.098

.141

.264

.124

.255 

Cousins

Mzm(Jc5
Mzm22
Mzm«52
Mzf<J<J
Mzf22
Mzf<J9

Dzm<J<J
Dzm92
DzmcJ2
DzfcJt?
Dzf99
Dzf<J9
DzocJiJ
Dzo92
Dzo£2
Dzo9<?

N

39
92

107
153
340
449

19
41
52
52

138
159
38
71
51
72

r

.094

.223

.185

.040

.191

.064

-.375
.070

-.072
.260
.095

-.025
.176
.118

-.118
.141

In-laws

SibI<J 2
Sibl9cJ
SibI<J 6
Sibl$ 9

Dzlrf2
Dzl2<J
DzIcSd
DzI2 9
Mzld2

N r

337 -.075
728 -.007
422 .077
447 .075

387 .047
603 .126
353 .038
458 -.028
589 .048

MzI$cJ 1139 .109

Fa-Dai
Fa-Sol
Mo-Dai
Mo-Sol

205 -.068
188 .044
293 .024
338 .102

SPDz9(5
SPDz2 2
SNDztJ<J
SND<?9
SPDz<J cJ
SPDz<J2
SNDz2£
SNDz99

SPMz9<J
SPMz92
SNMzcJd
SNMzc? 2

SDzm
SDzf
SDzmf
SMzm
SMzf

N r
54 -.223
80 -.177

126 .114
169 -.043
36 -.255
68 .146
64 .090
95 .106

129 .014
213 .062
342 -.107
502 .040

100 .126
120 -.065
167 -.057
172 .025
300 .132

« S, spouse; Sib, sibling; Dz, DZ twin; Mz, MZ twin; Fa, father; Mo, mother; So, son; Da, daughter; P, paternal; N, maternal; 1,
in-laws; m, male; f, female; o, opposite sex; d <J , male— male pair; 2 2 , female— female pair; <J 2 , male-female pair; 2 <3 , female-
male pair.

twins. Such an approach effectively discounts the
data from twins, and can markedly decrease esti-
mates of heritability. In our study, the special MZ
environment parameter was nonsignificant, al-
though when estimated it did substantially reduce
the estimate of dominance genetic effects. This is
a natural consequence as special MZ environment
is highly correlated with dominance in the twin-
family design.

The significance of dominance variance, as in-
dicated by the Virginia 30,000 and other large sam-
ples, may partly account for the higher heritability
estimates found in twin versus family studies.
Dominance variance is correlated 1.0 in MZ twins
and .25 in DZ twins and siblings but is uncorrelated
between parents and offspring.

There are reasons to believe that heritability
estimates based on twin data may be better than
those based on other types of relative. Twins are
well controlled for age effects, whereas correlations
between siblings or more distan relatives may be
attenuated by nonlinear changes in BMI over time.
In our data, however, we did not find evidence for
a significant relationship between absolute differ-

ence in age and absolute difference in BMI (r —
.05, p = .04) among siblings.

One potential source of difference between
twin correlations and those from other types of rel-
ative is a maternal effect. It is conceivable that
there are intrauterine effects on the growth of the
fetus that lead to lasting differences in body mass
in later life. The data presented here that include
the offspring of twins provide an indirect measure
of maternal effects. If the maternal effect is of ge-
netic origin, so that the mother's genotype influ-
ences the quality of the uterus and the nutrition and
teratogens relevant to later growth of her offspring,
we would expect to see higher correlations between
the offspring of an MZ female twin and the off-
spring of her twin sister than among the offspring
of an MZ male twin and the offspring of his twin
brother. To a lesser extent, a similar pattern should
be observed for the children of male and female
DZ twin pairs. In the present study, no such effect
was observed, with MZ offspring correlations ap-
proximately (.15, .11, .27) for males and (.10, .10,
.20) for females. If no evidence of maternal effects
is found, the special MZ twin environment might

T92
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TOWARD AN INTEGRATED APPROACH

From the evaluation of twin, family, and adop-
tion studies, it has become increasingly clear that
approaches which integrate the best aspects of these
designs will prove useful in better understanding
the nature and nurture of quantitative traits. One
such approach is the so-called "stealth" model, de-
veloped by Eaves et al (1996) within the "Virginia
30,000" study. This study exploits all the collateral
two-generational relationships identified in the kin-
ships of twins to estimate the sex-dependent con-
tributions of genes and environment to complex
traits in the presence of assortative mating. This
design includes the relationships typically studied
in twin and family studies. Although adoptive re-
lationships could easily be incorporated in the de-
sign, they were not formally specified in the
Virginia 30,000 because of the relatively small
numbers of these relatives in this sample. The
available first- and second-degree relatives (avun-
cular, cousin, and grandparent-grandchildren) pro-
vide statistics to resolve genetic and cultural
transmission and both special MZ and special DZ
twin environment effects.

Ascertainment and Structure of the Virginia
30,000 Sample

The Virginia 30,000 contains data from
14,763 twins, ascertained from two sources. Details
of the ascertainment have been published elsewhere
(Truett etal.y 1994). Questionnaires were mailed to
twins from the Virginia Twin Registry (VTR; twins
born in Virginia between 1915 and 1971), with
complete returns from 5287 families. The remain-
der of the twins (N = 9476 individuals) responded
to a letter published in the newsletter of the Amer-
ican Association of Retired Persons (AARP).

All pedigrees included a male or female MZ
or a male, female, or unlike-sex DZ twin pair and
all available parents, siblings, spouses, and children
of the twins. This provides a rich combination of
80 sex-specific two-generation relationships (par-
ent-offspring, spouse, twin, siblings, cousins, etc.),
BMI data were available on 800 male MZ, 596
male DZ, 1925 female MZ, 1230 female DZ, and
1370 unlike-sex DZ twin pairs. Among the rela-
tives, there were 731 fathers of twins, 1130 mothers
of twins, 1031 male twin siblings, 1561 female
twin siblings, 1495 wives of twins, 2200 husbands

Fig. 1. The extended twin family model for opposite-sex DZ
twin pairs and their parents.

of twins, 1655 sons of twins, and 2495 daughters
of twins.

All subjects were asked to give their height in
feet and inches and their weight in pounds. Twin
pairs were asked how frequently they saw their
twin on a 6-point scale ranging from (1) we live
together, to (2) almost every day, (3) at least once
a week, (4) once or twice a month, (5) a few times
a year, and (6) once a year or less. Those pairs who
reported that they lived apart were asked how fre-
quently they contacted their cotwin, on a 5-point
scale similar to the previous scale except for (1).
Pairs who reported living together were assigned a
value of 0 on the (non-)contact scale.

The Stealth Model

The model for family resemblance applied to
twin pedigrees is referred to as the "stealth" model
and is described in detail by Truett et al. (1994).
We highlight the main features of the model
through the path diagram (Fig. 1). Instead of using
a numeric counter, we use the path coefficients to
enumerate the various aspects of the model. The
stealth model includes (a, b) additive genetic ef-
fects, (K) genetic dominance, (c) environmental ef-
fects, (m, n, p, 6) parent-to-offspring vertical
cultural transmission, (i) phenotypic correlation be-
tween mates modeled as primary phenotypic as-
sortment, (l) residual sibling shared environment

)9#(!QF#0<F9-(@%'#<(
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duced model are presented in Table V. Additive
genetic factors explain 35% of the variance in
males and 39% in females, of which 2% result from
assortative mating. Dominance accounts for 31 and
26% of the variance for males and females, re-
spectively. These estimates add up to broad heri-
tabilities of .66 and .65 for males and females.
Seven to eight percent of the variance is explained
by special twin environment. These are aspects of
the environment that twin pairs share, but not other
family members. The remaining 27% is accounted
for by unique environmental factors. Ninety-five
percent confidence intervals on these estimates are
quite narrow, due to the large sample sizes and the
relative simplicity of this model, which accounts
for covariation in 88 different familial relationships
with only 10 parameters. Correlations for 80 rela-
tionships are given in Table VI for reference.

DISCUSSION

The review of the literature of familial resem-
blance for BMI reveals strikingly convergent re-

sults for a wide variety of types of relationship. As
expected, studies with smaller sample sizes show
greater variability in estimates of correlation be-
tween relatives than do studies with larger sample
sizes. Pooling across studies, including the new
data reported in this article, the weighted mean cor-
relation for MZ twins is .74, for DZ twins .32, for
siblings .24, for parents and offspring .19, and for
spouses .12 (Fig. 2). More distant and adoptive rel-
atives (.06) typically show smaller correlations,
consistent with a substantial role for genetic factors
in the etiology of individual differences in BMI.
The data reported hi this article are in good agree-
ment with those reported in other studies, with cor-
relations close to the weighted means from other
studies.

In most reports, data were analyzed using
structural equation modeling (i.e., path analysis)
and almost always yielded broad heritability esti-
mates from .5 to .9. The "outlier" in this area are
the reports by Bouchard and colleagues (1987),
who used a model that involved separate special
twin environment parameters for MZ and for DZ

Table V. Statistics, Parameter Estimates, Proportion of Variance, and Confidence Intervals of the Best-Fitting Model for BMI in
the Virginia 30,000°

Full model with
special MZ

twin environment

*m
(asm)
D2m
£*„
cr*m
&„
CJm

r-n
Tmz>m

A\
(asm)
&<
E\
CT-t

s><
c\r,
7mzJ,

.28+. 16
.01
.00
.23
.00

-.01
.02
.03
.24
.26
.01
.00
.21
.00
.03
.10
.06
.31

Parameter estimate of
Full model without

special MZ twin
environment

#m
(asm)
^m
E*m

crm
S*m

C'mpm
rmz*m
A2

A f
(asm)
j>.
E\
CT\
s\
cjf
r»r
Tmz\

.19+.20
.01
.27
.27
.00
.01
.00
.03

.28

.01

.32

.27

.01

.03

.01

.06

Best-fitting
model

Â,
£„
E(

An

Arm
TVpm
P<i

.521

.637

.474

.543

.501

.532
-.236

.292
1.094
.819
.159

Proportion of
variance of best-

fitting model

A\
(asm)
jym

£*m

Fn

AJf
(asm)
&t
E\
T,

.351
(.020)
.307
.274
.068

.394
(.022)
.259
.269
.078

Confidence intervals

.290-.415

.2 11 -.395

.247-.304

.023-134

.350-.437

.192-.324

.252-.28S

.033-. 128

" Goodness-of-fit statistics of best-fitting model: observed statistics, 24,230; estimated parameters, 72; constraints, 12; active con-
straints, 7; —2 times log-likelihood of data, 64,988.057; degrees of freedom, 24,158. A2, additive genetic factors; asm, assortment;
£>*, dominance factors; &, unique environmental factors; CT2, cultural transmission; S2, genotype-environment covariance; C*,
nonparental shared environment; P, special twin environment; Tmz2, special twin environment; f and m subscripts, males and
females.


