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Their genes are your environment: Social genetics

of breeding behavior in birds

Mark Adams, University of Sheffield; Matthew Robinson, University

of Sheffield; Ben Hatchwell, University of Sheffield

The partition of phenotypes into genetic and environment effects can

be expanded by considering that an individual’s environment is also

made up of other individuals. In social contexts, then, the phenotype

of a target individual can be affected by the phenotypes and, there-

fore, the genotypes, of others it interacts with, and vice versa. These

indirect genetic effects, also called social or associative effects, have

been found to occur between parents and offspring, siblings, and

competitors and are additional sources of genetic variance with which

selection can act. We used a cooperative breeding species of birds,

long-tailed tits, as a model system to study social effects within

family groups. These birds suffer from high rates of nest predation

and individuals who fail to breed in a given year become helpers at

the nest of a close relative. We investigated indirect genetic and

environmental effects on provisioning effort among members of a

breed group. We found indirect current environment effects between

birds for feeding rate. However, these indirect effects were not her-

itable. Birds thus differ in their ability as helpers and this has

consequences for the total performance of the group beyond their

individual contribution because the members of the breed group

adjust their effort in response to each other. The lack of substantial

genetic and permanent environment variation indicates that effort is

largely a matter of yearly condition.

Etiology of correlations between subjective impressions

of faces and measures of personality and IQ

Theresa Adams, University of Colorado Boulder; Dorian Mitchem,

University of Colorado Boulder; Matthew Keller, University

of Colorado at Boulder

First impressions are integral to human interactions, and philosophers

and scientists have long discussed the idea that the face is a window

into our internal traits. We make judgments of character based on

appearance daily, consciously and subconsciously. Explanations for

this phenomenon include the attractiveness stereotype, self-fulfilling

prophecies, or ‘‘good genes’’ hypotheses from evolutionary psychol-

ogy, but there have been mixed findings regarding the accuracy of

such judgments. The current study investigates correlations between

three subjectively judged ‘‘internal’’ traits and objective measures of

Intelligence, Extraversion, and Neuroticism on 1,600 identical and

fraternal twins. We regressed these objective measures on their

respective subjective ratings and controlled for several potential

mediating factors. We also examined the extent to which these cor-

relations are due to familial or environmental influences. There is

evidence of heritability in all traits. We found that Intelligence can be

judged accurately even when controlling for potential mediators

including attractiveness, SES, and perceived grooming, and ethnicity.

Extraversion can also be judged accurately, but appears to be medi-

ated by attractiveness, grooming, smiling, and socioeconomic status.

Judgments of Neuroticism, on the other hand, could not be predicted

by subjective ratings. For Extraversion, genetic factors and self-pre-

sentation are important, which is consistent with our hypothesis about

facial morphology. For Intelligence, some other shared environmental

factors beyond what we controlled for appear relevant. This suggests

that we can pick up on valid cues towards a person’s internal traits

without seeing any of their interactions.

Psychological adaptation: Molecular genetic analysis

Margarita Alfimova, Mental Health Research Center, Russian

Academy of Medical Sciences; Yulia Chertkova, Moscow

Lomonosov State University; Marina Egorova, Moscow Lomonosov

State University; Oxana Parshikova, Moscow Lomonosov State

University; Svetlana Pyankova, Moscow Lomonosov State University

In this study we consider regulatory characteristics as endophenotypes

for psychological adaptation.

Subjects were 372 students (males, age 16–26). They were gen-

otyped for polymorphisms of 2 genes (a serotonin transporter gene

promoter polymorphism (5 HTTLPR) and serotonin 2C receptor

(5 HT2CR)) and filled in several questionnaires.

Indicators of self-regulation: locus of control, conscious self-reg-

ulation, coping strategies, self-efficacy.

Factor analysis singled out 2 factors: 1) the dependence on the

circumstances and the inability to cope with changing conditions, 2)

planning and persistence.
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MAOA is associated with variation of both factors (1) p \ 0.10, 2)

p \ 0.008), HT2CR cys23ser only with factor 1 (p \ 0.07), DRD4-

VNTR—with factor 2 (p \ 0.02).

Genetic variation associated with the regulation of monoamine

oxidase, dopamine and serotonergic system, partly determines the

variation of the regulatory characteristics and indirectly affects the

psychological adaptation.

This research was supported by the Russian Foundation for Basic

Research, project 11-06-00271.

Phenotypic and genetic relationships among short-term

memory, working memory, and intelligence

Lee Altamirano, University of Colorado Boulder; John Hewitt,

University of Colorado Boulder; Naomi Friedman, University

of Colorado Boulder

People vary in their ability to store and manipulate information in

immediate memory, but the underlying mechanisms driving these

differences are uncertain. In cognitive psychology, immediate memory

is divided into short-term memory (STM) and working memory (WM),

where STM refers to the temporary storage of information alone and

WM refers to both the storage and processing of information. Two main

characterizations of the relationship between STM and WM are that: 1)

WM is composed of a STM component and an additional controlled

attention component or 2) WM and STM are essentially the same.

Phenotypic correlations between STM, WM, and general intelligence

have helped to inform these characterizations, but genetic correlations

between these three constructs have never been examined. The goal of

the planned analysis is to examine the phenotypic and genetic rela-

tionship between STM, WM, and general intelligence in a twin sample.

STM was assessed with forward digit span, WM with backward digit

span, operation span, spatial span, and reading span, and general

intelligence was assessed with the Wechsler Adult Intelligence Scale

and Raven’s Progressive Matrices. The sample consists of approxi-

mately 800 individual twins that were tested at 16–17 years old on

average and recruited through the Colorado Longitudinal Twin Study.

Approximately half of the twins are monozygotic and half are dizygotic

same-sex twin pairs. These findings will be the first to use genetics to

inform the debate over the degree of separability between cognitive

process underlying STM and WM.

A longitudinal investigation of psychiatric resilience

in twins

Ananda Amstadter, VA Inst for Psychiatric & Behav Genetics

There is great variability in response to stressful life events (SLEs)

with some individuals demonstrating internalizing and externalizing

psychiatric symptoms while others remain largely asymptomatic. The

source of this variability is poorly understood. Following, our first aim

was to examine the genetic and environmental underpinning of resil-

ience, defined as the difference between the twins’ total score on a

broad measure of psychiatric symptoms and their predicted score

based on their cumulative exposure to SLEs. Next, we aimed to

quantify the overlap in genetic and environmental risk factors between

resilience and two common psychiatric phenotypes (major depression

[MD] and alcohol use disorder [AUD]). SLE exposure, general psy-

chiatric symptoms, MD and AUD were assessed at two time points in

7,500 adult twins. Using the residual between actual and predicted

psychiatric symptom total score to quantify resilience a longitudinal

measurement model was conducted. We then fit two bivariate analyses

using measurement models with Cholesky decompositions on the

latent traits to quantify the degree of etiologic overlap between resil-

ience and the psychiatric phenotypes. Resilience was found to have a

moderate genetic heritability (*50 %), with environmental influences

contributed roughly equally to determining the individual level of

resilience. Furthermore, we found that resilience is indexing the

genetic component for both MD and AUD, but the genetic overlap

between resilience and MD (*40 %) is higher than that between

resilience and AUD (*25 %). In conclusion, our results suggest that

genetic factors influence the level of psychiatric resilience, and this

genetic influence contributes to both MD and AUD to varying degrees.

Environmental influences can also have an enduring effect on resil-

ience, however, virtually all of the covariance between resilience and

the psychiatric phenotypes was genetic; a trivial amount was due to

unique environmental influences that overlap.

Long-term genetic effects of working memory

on cognition and personality in adolescence

and adulthood: A 14-year longitudinal study of twins

Juko Ando, Keio University; Chizuru Shikishima, Teikyo University;

Nobuhiko Kijima, Keio University; Kai Hiraishi, Kyoto University;

Yusuke Takahashi, Keio Univeristy; Shinji Yamagata, National

Center for University Entrance Examinations

Working memory (WM) operation is consider as one of the core

components of executive function (EF) (Hoffman, Schmeichel, &

Baddeley, 2012) which regulates not only cognitive processing but

also self-regulation and other important social outcomes (ADHD,

substance use). Although heritability of WM and EF is well-estab-

lished (Ando, Wright, and Ono, 2001; Friedman et al., 2008) and its

developmental stability from childhood to young adolescence is

substantial (Friedman et al., 2011), developmental trend of WM in

late adolescence and young adulthood is not investigated. The current

study investigated long-term genetic effects of WM for 20 yrs old

twin cohort (168 MZs/68 DZs) in 1998 on intelligence and person-

ality in 2005 and personality in 2012. Spatial storage function of WM

showed small but significant correlation (r = 0.27–0.37) with per-

sonality traits such as Neuroticism and Extraversion in 2005 and

2012, and Agreeableness and Conscientiousness in 2012. Those sta-

bilities were mediated mainly by genes. The theoretical and practical

implications of long term effects of WM and EF on personality traits

will be considered.

Understanding the genetics of impulsivity: further

evidence for heritability of delay discounting

Andrey Anokhin, Washington University School of Medicine;

Semyon Golosheykin

Impulsive choice, a key component of impulsivity, is commonly

operationalized as delay discounting (DD), i.e. a decrease in the

subjective value of reward with increasing delay until its receipt.

Greater DD reflects a tendency to choose smaller but immediate

rewards over larger but delayed rewards. DD has been implicated in

the basic mechanisms of addictive behavior and other abnormal

behaviors by numerous animal and human studies, however, its

genetic bases in humans are little investigated. Recently, we have

reported significant heritability of individual differences in DD

assessed using a simple one-trial, real-money delayed gratification

test (Anokhin et al. Behav Genet 41:175–183, 2010). Here we extend

this finding by examining quantitative DD measures obtained using an
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adjusting amount procedure with hypothetical money, the most

commonly used task in DD research. Twins aged 16 and 18 (106 MZ

and 107 DZ pairs) were administered a computerized DD task in

which they chose between a standard amount of $100 available after

various delays from 7 days to 1 year and a smaller amount (varied

from $0 to $100) available immediately. DD was quantified using the

area under the discounting curve (AUC), a model-free measure, and

the k coefficient obtained by fitting a hyperbolic model to individual

data. Genetic model fitting showed significant heritability of AUC

(54 %), but not the k coefficient, suggesting that model-free indices

may better capture genetic variance. In summary, the present data

provide further evidence for heritability of DD in humans and sug-

gests that DD can be used as an intermediate phenotype for genetic

dissection of impulsivity and externalizing spectrum disorders.

Biometric nonlinear growth curves for cognitive

development among NLSY children and youth

David Bard, University of Oklahoma; Michael Hunter, University

of Oklahoma; William Beasley, Howard Live Oak; Joseph Rodgers,

University of Oklahoma; Kelly Meredith, University of Oklahoma

Recent advances in building and fitting growth curve and multi-level

models that are biometrically informed (McArdle, 2006; McArdle &

Plassman, 2009; McArdle & Prescott, 2005; McGue & Christensen,

2002; Reynolds, Finkel, Gatz, & Pedersen, 2002) were used to study

cognitive development and decline (or slowed growth) in the National

Longitudinal Survey of Youth- Child/Young Adult (NLSYC/YA)

dataset. Among the highest quality outcome data in the NLSY files

are indicators of cognitive ability, collected longitudinally. These data

includes PIAT-Math, PIAT-Reading Recognition and PIAT-Reading

Comprehension scores in a complete longitudinal stream (up to

attrition) from ages 5 to 14, as well as PPVT verbal abilities, Digit

Span scores, and cognitive developmental milestone indicators during

toddler and preschool years. Building off of longitudinal methodol-

ogies outside of behavior genetics (Grimm, Ram, & Hamagami, 2011;

McArdle, Ferrer-Caja, Hamagami, & Woodcock, 2002; Pinheiro &

Bates, 2000), this empirical application will also contribute to bio-

metric analytic developments utilizing ‘‘fully’’ nonlinear (e.g.,

exponential; Davidian & Giltinan, 1995) growth models that better

capture developmental and aging-related changes in cognition.

Multivariate models were also examined to explore cognitive

mediational hypotheses of whether early cognitive milestones could

predict later developmental trajectories of PIAT, PPVT, and Digit Span

growth. These models predicted both variation in level effects (early age

ability level) and growth/decline effects over time (developmental

changes in cognition). Motivation for these analyses closely coincide

with the convergence of evidence surrounding critical periods of

development between the ages of 0 and 5 (Shonkoff & Phillips, 2000).

Again, interest will move beyond simple associations of early cognition

and childhood cognitive development to questions of whether individual

differences in genetic or environmental sources of variance best explain

these associations via multivariate biometric mediation modeling.

Genome-wide association meta-analyses for positive

affect

Meike Bartels, VU University; Aysu Okbay, Erasmus University

Rotterdasm; Jaime Derringer, University of Colorado Boulder; Jan-

Emmanuel De Neve, University College London; Cornelius Rietveld,

Erasmus University Rotterdam; Camelia Minica, VU University,

Amsterdam; Raymond Walters, University of Notre Dame;

Bob Krueger, University of Minnesota; David Cesarini, New York

University; Philipp Koellinger, Erasmus University Rotterdam;

Daniel Benjamin, Cornell University

In recent years, well-being has become a topic of research across

several scientific disciplines. There has been a fair amount of research

into the underlying sources of familial aggregation of well-being.

That research concludes that a moderate share (30–40 %) of the

variation in well-being is accounted for by variation in genes. We

used the method of Yang et al. (2011) to establish that the SNPs on

existing genotyping platforms tag up to 18 % of the variation in well-

being (Rietveld et al., PNAS 2013).

We will present (preliminary) results from meta-GWA analyses of

positive affect.

The effort is embedded in the Social Science Genetic Association

consortium and includes over forty cohorts with a cumulative sample

size exceeding 100,000 comprehensively genotyped individuals. The

preliminary results show no evidence of genome-wide significant hits.

Given our PNAS paper we anticipate that we will need a larger

sample size and re-opened the discovery stage of the meta-analysis.

Marital status moderation of the genetic covariance

between stress and depression

Christopher Beam, University of Virginia; Diana Dinescu, University

of Virginia; Robert Emery, University of Virginia; Eric Strachan,

University of Washington; Eric Turkheimer, University of Virginia

Prior studies have shown that married people experience fewer stress

and depressive symptoms than their single and divorced counterparts

(Kessler & Essex 1982; Aseltine & Kessler 1993; Kendler et al.

1995). Twin studies have revealed a strong genetic correlation

between perceived stress and depression (Schnittker 2010, 2010;

Bogdan & Pizzagalli 2009), illustrating that gene-environment cor-

relations are partly responsible for their co-occurrence. However, it

remains an open question whether the genetic covariance between

stress and depression varies as a function of marital status. The cur-

rent study addresses this gap in the literature.

For this study, 1,638 twins (MZ = 1,186; DZ = 452) from the

University of Washington Twin Registry (Afari et al. 2006) were

included to test the hypothesis that marriage buffers against the

genetic effects of perceived stress on depressive symptoms. Perceived

stress was measured using 9 items from the Perceived Stress Scale

(Cohen, Kamarck, & Mermelstein 1983) and depressive symptoms

were measured using 3 items from the Patient Health Questionnaire-9

(Spitzer, Kroenke & Williams 1999). The items were factor analyzed

and moderated biometric regressions were performed on the latent

stress and depression constructs. Married twins were compared to

never married and divorced twins separately. The results indicate that

being married decreased the genetic covariance between stress and

depression compared to being never married but not compared to

being divorced. However, the nonshared environmental covariance

was significantly greater for divorced twins. Having ever married

appears to buffer against the genes influencing both stress and

depression, even when the environmental insults connected to divorce

may still increase the effects of stress on depression.

NLSY Kinship links: Creating biometrical design

structures from cross-generational data

William Beasley, Howard Live Oak; David Bard, University

of Oklahoma; Michael Hunter, University of Oklahoma; Kelly
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Meredith, University of Oklahoma; Joseph Rodgers, University

of Oklahoma

In the fall of 2012, our research team released updated version of

kinship links for the two primary National Longitudinal Survey of

Youth datasets, the NLSY-Children (NLSYC) and the original

NLSY79 surveys. These new kinship links reflect improvements in an

already widely used and valuable biometrical resource. The original

12,600 NLSY79 respondents are a US household probability sample;

thousands of kinship pairs—a few dozen MZ and DZ twins, thousands

of full and half siblings, and hundreds of cousins—reflect population

prevalences. Further, the data from the NLSYC, the 11,500 biological

children of the NLSY79 females (whose childbearing is now com-

pleted) also contain 5,000 kinship pairs, including full and half

siblings, and MZ and DZ twins.

Using these kinship links, the value of hundreds of NLSY phe-

notypic variables—from health, cognition, marriage/fertility, labor

force, antisocial and delinquent behavior, and many other domains—

can be studied biometrically, and generalized to relevant US popu-

lations. More than 40 research articles (and 6 theses/dissertations)

have been published using earlier versions of these kinship links,

applied to standard NLSY design structures. The current links are

freely available to researchers through several sources, including the

NlsyLinks R package.

In this paper, we present innovative NLSY designs. We begin with

a review of the Mother-Daughter-Aunt-Niece (MDAN) design

(Rodgers et al. 2008) and expand this to include other relationships

simultaneously, including the 5,000 NLSYC first cousins. Following

we discuss the potential for limited three-generational designs using

the available information about the parents of the original NLSY79

respondents. Finally, we discuss how incorporating a third dataset,

(the NLSY97) provides a ‘‘phantom mother’’ design, developed by

(age, SES, family, etc.) matching of the NLSYC to the NLSY97

respondents, and assigning NLSY79 mothers to NLSY97 respondents

across these matches.

Stability in profiles of infant temperament: Associations

with reading achievement and specific genetic

and environmental influences

Charles Beekman, The Pennsylvania State University;

Jenae Neiderhiser, The Pennsylvania State University; Misaki

Natsuaki, University of California-Riverside; David Reiss, Yale

University; Daniel Shaw, University of Pittsburgh; Jody Ganiban,

George Washington University; Leslie Leve, University of Oregon

Specific dimensions of child temperament, such as negative affect and

effortful control, have consistently been shown to be both genetically

influenced and associated with early reading achievement. It is less

clear: (a) how facets of temperament spanning activity level, negative

affect, attention, and positive affect organize within individuals to

predict early reading, (b) how stability in this organization over time

is associated with reading proficiency and, (c) how stability in this

organization may be genetically and environmentally influenced.

These research questions were investigated using data from 361

linked families from a prospective adoption design that included

multiple assessments of birth parents, adoptive parents, and the

adopted child. Child activity level, fear, anger, interest, and pleasure

were measured using adoptive parent reports at 18 and 27 months.

Reading achievement was measured using the Woodcock Johnson III

when children were 7 years old. Birth parent and adoptive parent

characteristics were measured when the child was 18 months old.

Patterns in the organization of temperament dimensions at 18 and

27 months were examined using latent profile analysis (Figure 1a

and 1b respectively). Children in the Fearful temperament profile,

characterized by higher than average fear and lower than average

pleasure and activity level at 27 months, had significantly lower

basic reading skills at age 7 than children in the other temperament

profiles, F(3, 225) = 4.76, p = 0.003. Children who showed stability

in Fearful profile membership (i.e., were in the Fearful profile at

both 18 and 27 months) had significantly lower word attack F(4,

223) = 2.94, p = 0.021, and basic reading skills proficiencies F(4,

223) = 2.78, p = 0.028, at age 7 compared to children who showed

stability in the other temperament profiles (Figure 2). Birth mother

and adoptive parent characteristics were differentially associated

with stability in profile membership, suggesting possible genetic and

environmental pathways to early reading competence.

Partisan attachment and political orientations

Edward Bell, Brescia University College at Western University;

Christian Kandler, Bielefeld University

There is an ongoing debate among political scientists and others about

the relationship between partisan attachment (i.e., affiliation or

identification with a particular political party) and political orienta-

tions. An established position, long recognized in the literature,

maintains that partisanship is the lens through which people view the

political world. According to that perspective, partisanship is stable

over time and influences political choices and ideological positions. A

competing interpretation maintains that partisan attachment is an

outcome or choice based on one’s political attitudes. This view

maintains that individuals seek out parties that match their political

outlooks and orientations. The first approach assumes that the flow of

causation goes from partisan attachment to political orientations; the

second that it goes in the opposite direction. To the best of our

knowledge, behaviour genetic methods have never been brought to

bear on this issue. To rectify that shortcoming, this paper uses data

from the 2008 Minnesota Twin Study to conduct Cholesky decom-

position and direction of causation analysis to address the problem.

Four hypotheses are tested: (1) a correlational model in which all

latent factors affecting partisanship also affect political orientations;

(2) a model allowing for reciprocal causation; (3) a unidirectional

model where partisanship affects political orientations; and (4) a

unidirectional model in which political orientations affect

partisanship.

Predicting individual differences in executive functions

with a genetic risk score for behavioral disinhibition

Chelsie Benca, University of Colorado Boulder; Naomi Friedman,

University of Colorado Boulder; Jaime Derringer, University

of Colorado Boulder; Robin Corley, University of Colorado Boulder;

Susan Young, University of Colorado Denver; John Hewitt,

University of Colorado Boulder

Deficits in executive functions (EFs), the higher-level cognitive

abilities that help control thoughts and actions, are related to many

mental health disorders. For example, previous literature shows that

behavioral disinhibition (BD), a heritable liability towards external-

izing disorders and substance use, shows a strong negative genetic

correlation (-0.63) with a common EF latent factor based on nine EF

tasks tapping response inhibition, working memory updating, and task

switching (Miyake & Friedman, 2012, Current Directions In Psy-

chological Science, 21(1), 8–14). Individual differences in EFs are

highly heritable, yet there have only been a handful of candidate gene
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studies that have linked EFs to particular genetic variants. We pro-

pose to test whether a genetic risk score for BD will predict EFs in a

sample of approximately 700 individuals from the Colorado Com-

munity Twin Sample (CTS) and Longitudinal Twin Sample (LTS).

The risk score will be a count of the number of alleles that confer risk

on a standardized composite BD score in an independent discovery

sample of approximately 1,050 participants (based on SNPS

p \ 0.001). Markers in the same region tend to be highly correlated

due to Linkage Disequalibrium (LD), therefore all redundant SNPs

with an r2 [ 0.2 will be removed from the risk score. This should

leave us with a risk score of 700 SNPs or less out of the 700,000

genotyped. There will also be a proof of concept analysis where we

take this risk score and use it to predict functional brain activation in

30 of the individuals from the CTS (selected to be extreme on a

Common EF factor) who performed three EF tasks in a magnetic

resonance imaging (MRI) scanner. We predict that the risk score will

correlate negatively with a Common EF factor, but not with two other

EF components specific to working memory updating and task

switching.

Analysis of oxytocin receptor gene as putative

component of social behavior in family dogs

Melinda Bence, MTA-ELTE Comparative Ethology Research Group;

Zsuzsanna Elek, Semmelweis University, Budapest; Anna Kis,

Eötvös University, Budapest; Enik}o Kubinyi, MTA-ELTE

Comparative Ethology Research Group, Budapest; Gabriella Lakatos,

MTA-ELTE Comparative Ethology Research Group, Budapest;

Ádám Miklósi, MTA-ELTE Comparative Ethology Research Group,

Budapest; Enik}o Pergel, Semmelweis University, Budapest;

Zsolt Rónai, Semmelweis University, Budapest

Background: The oxytocin system is considered to have a key func-

tion in the regulation of social behavior, and probably mediate the

psychosocial effects of human-animal interactions as well. The aim of

the present study was to investigate whether the genetic variations of

oxytocin receptor gene are associated with dogs’ socio-cognitive

skills.

Methods: Polymorphic variants were identified by direct sequencing

of protein coding segment and the flanking regulatory un-translated

regions of oxytocin receptor (OXTR) gene. This pilot experiment was

performed on 3–3 individuals of 6 different dog breeds and wolves.

The identified polymorphisms were genotyped by PCR based tech-

niques. For the characterizing the behavioral phenotype we have

constructed a test series containing five different sub-tests (greeting

by a stranger, separation from the owner, problem solving, threaten-

ing approach, hiding), which revealed dogs’ socio-cognitive skills

when interacting with humans. The genotype–phenotype association

was assessed statistically by ANOVA.

Results: Alignment of the obtained sequence segments of the OXTR

gene revealed five novel (-212AG, -93TC, -73CG, -49CG,

19131AG) and three known (rs22927829, rs8679682, rs8679684)

single nucleotide polymorphisms (SNP). The identified polymor-

phisms were subsequently genotyped in larger populations involving

71 German Shepherds, 104 border collies, 64 retrievers, 29 beagles

and 44 wolves. The results confirmed that the identified SNPs are

polymorphic not only in the dog breeds, but also in wolves, however

allele frequencies differed among the investigated breeds as well as

between dogs and wolves. Furthermore our preliminary results sug-

gest that oxytocin receptor gene polymorphisms have an impact on

dogs’ socio-cognitive skills.

Conclusions: Our results indicate that the oxytocin receptor gene is

polymorphic among the different dog breeds and may contribute to

the genetic background of socio-cognitive behavior in dogs. The

differences of these genetic variations between dog and wolf popu-

lations might be related to domestication process of dogs.

Applying visual recognition software to yearbook

photographs to assign zygosity of twin pairs in project

TALENT

Carol Prescott, University of Southern California; Xiaokun Xu,

University of Southern California; Deanna Lyter, American Institutes

for Research; Susan Lapham, American Institutes for Research;

Lindsey Mitchell, American Institutes for Research; Ashley Kaiser,

American Institutes for Research; Irving Biederman, University

of Southern California

Project TALENT is a US population representative study of more

than 370,000 high school students first assessed in 1960. The sample

includes [88,000 in sibships, including [4,500 twins. In 2011 we

began obtaining yearbook photos of same-sex twin pairs to use for

zygosity ratings. So far, photos have been obtained for 491 same-sex

pairs (30.9 % of total). Digitally scanned images are put into gray-

scale, cropped to remove non-face features (mainly hair), then

translated and rotated in plane such that the vertical meridian of the

face is vertically aligned. Images are resized into 256 9 256 pixels

with equalization of the mean luminance and Root Mean Square

(RMS) contrast among all images. Each image is parceled into a

10 9 10 lattice and passed through 40 Gabor filters (tuned to 5 scales

and 8 orientations), producing a 4000-element coefficient vector.

Similarity is calculated (within sex and race) as a Pearson’s correla-

tion between the corresponding vectors of two images. Within-pair

resemblances are compared to similarity with all other photos based

on a z-transformation of the r values. Preliminary results show strong

correlations for twins in a pair. The algorithm is being evaluated for

use in zygosity assignment with samples of adolescent twin pairs

whose zygosity was determined by blood typing or genotyping.

Smoking and long-term labor market outcomes

Petri Böckerman, Labour Institute for Economic Research;

Ari Hyytinen, University of Jyväskylä; Jaakko Kaprio, University

of Helsinki

Smokers earn less than never smokers, but the estimates of the wage

gap vary from 1 to 24 % in different studies. Most of the earlier

studies have used cross-sectional information on annual earnings, not

long-term income and earnings. The association of smoking with

earnings may be attributed to confounding factors, such as familial

factors. This paper uses twin data matched to register-based indi-

vidual information to examine the long-term effects of smoking on

labor market outcomes. Using the responses from the 1975, 1981 and

1990 questionnaires of the older Finnish Cohort, we linked annual

taxable income/earnings and employment information from the offi-

cial records of Statistics Finland for the 15-year period of 1990–2004.

The analysis was restricted to working-age men born 1945–1957 and

aged 33–45 in 1990 and 47–59 in 2004 (N = 3,914 MZ and DZ

individuals and 1,957 pairs), thus capturing their peak income/earn-

ings period. Our preferred within-twin pair models control both for

the shared environmental and genetic factors. The results show that

smokers have lower long-term income and earnings, if the shared

environmental and genetic factors are not accounted for (average

annual income for never smokers of 26,870 euros and 23,000 euros

for current smokers in 1981). Those 1975 smokers who quit by 1981

earned more in 1990–2004 than those who smoked also in 1981. In
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our regression analyses, cigarette consumption is measured with

cigarette pack years in 1981. After controlling for the shared envi-

ronmental and genetic factors, cigarette consumption is still

significantly negatively related to the long-term earnings/income. The

association is robust to the use of various covariates from the ques-

tionnaires, such as alcohol use, health status, and obesity. Our results

provide evidence that smoking leads to lower lifetime income and

earnings.

Linking PALGA and NTR: information on chorionicity

in multiples from the Netherlands Twin Register

Dorret Boomsma, VU University, Amsterdam; Tina Glasner, VU

University, Amsterdam; Minni McMaster, VU University,

Amsterdam; Lucy Overbeek, Stichting Palga LZV; Toos van

Beijsterveldt, VU University, Amsterdam; Jacqueline Vink, VU

University, Amsterdam

We linked two large databases in the Netherlands: The Netherlands

Twin Register (NTR: www.tweelingenregister.org) and the Patho-

logical Anatomy National Automated Archive (PALGA:

http://www.palga.nl). NTR has recruited newborn twins since 1989.

About 40 % of all newborn multiples are registered. Their parents and

teachers participate in longitudinal survey studies, focusing on health,

cognition and behavioral and emotional problems. Over 34.000 twin

pairs are included and registration is still ongoing (van Beijsterveldt

et al. Twin Res Hum Genet 2013). PALGA is a national database with

abstracts of pathology reports (Casparie et al. Cell Oncol. 2007). For

multiples born in Dutch hospitals information about placenta and

chorion type is stored in the database.

Parents are asked for permission to link data to other databases.

The majority ([90 %) gives permission. Here we report the first

results from a large pilot study for twins and triplets born in 2000.

Information for 1,128 mothers of multiples was send to PALGA and

for 46 % (n = 515) successful linkage was found. In 95 % of the

cases with successful linkage, the pathology reports provided relevant

information regarding chorionicity. There were 125 multiples that

shared one chorion (26 %), the remaining multiples have 2 or more

chorions. Only 1.6 % of the multiples shared one amnion. With this

information we will examine variation in the similarity of twins’

prenatal environment. Depending on the timing of the zygote splitting

in two, MZ twins can be mono-amniotic, di-amniotic mono-chorionic,

or di-amniotic di-chorionic. DZ twins also vary in their prenatal

similarity based on the degree of placental fusing. Thus, there is a

range of prenatal similarity in twins which can be used to estimate the

importance of prenatal environment. Secondly, we will be in the

unique position to apply the ‘true’ twin design which is based on the

comparison of DZ and MZ-di-chorionic twin pairs.

Autism and genes associated with synaptic functioning

Thomas Bourgeron, Institut Pasteur

No abstract provided.

Investigating the reaction range of children’s cognitive

ability

Angela Brant, The Pennsylvania State University; Jenae Neiderhiser,

The Pennsylvania State University; David Reiss, Yale University;

Misaki Natsuaki, University of California-Riverside; Daniel Shaw,

University of Pittsburgh; Leslie Leve, University of Oregon

The extent to which favorable environments can improve outcomes in

cognitive ability and other quantitative traits has been referred to as

the ‘‘reaction norm’’ (e.g. Turkheimer, 1991) or, more prescriptively,

the ‘‘reaction range’’ (e.g. Scarr & Weinberg, 1976). Adoption

designs come to differing conclusions as to the scope of environ-

mental effects depending on whether a group or individual differences

approach is employed. One possible explanation is that correlational

approaches do not examine the contrast between characteristics of the

expected environment in the biological home and that experienced in

the adoptive home: The reaction range should be proportional to such

a contrast.

Here we report preliminary analysis from cohort I of the Early

Growth and Development Study, a longitudinal adoption study of 361

sets of biological parents, adoptive parents and adopted children, aimed

at using characteristics of both the adoptive and biological parents in

assessing the reaction range of cognitive ability. Using data from the

verbal subtest of the WAIS-III (in parents) and the WPPSI (in children),

we find that, at age 4 � years, children score between their biological

and adoptive parent in verbal ability. This is true whether the adoptive

parent scores higher or lower than the biological parent, suggesting that

the environment can both promote and stymie cognitive ability in

childhood. Ongoing investigation will allow better traction of which

material and interpersonal aspects of the environment mediate this

effect and further insight into how the reaction norm varies according to

both biological and adoptive parental characteristics.
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Basic psychological needs and life satisfaction:

Behavioral genetic analysis

Denis Bratko, Faculty of Humanities & Social Sciences, University

of Zagreb; Ana Butkovic, Faculty of Humanities & Social Sciences,

University of Zagreb; Tena Vukasovic, Faculty of Humanities &

Social Sciences, University of Zagreb

Basic psychological needs have been shown to correlate phenotypi-

cally with life satisfaction and to predict life satisfaction over and

beyond personality dimensions. Since it has been shown that corre-

lations between personality dimensions and life satisfaction are

completely due to overlapping genetic effects, the goal of this study

was to test whether basic psychological needs and life satisfaction

share a common genetic structure. Data was collected via mail from

338 twin pairs (36 MZM, 49 DZM, 69 MZF, 70 DZF, 114 DZO),

aged between 15 and 22 years (M = 18.6, SD = 2.31). All partici-

pants filled in Ryan and Deci’s Basic Psychological Needs Scale and

Pavot and Diener’s Satisfaction with Life Scale. Basic psychological

needs correlated in the 0.42–0.47 range with life-satisfaction. Broad

sense heritability of basic psychological needs was in the 0.50–0.60

range, while for life satisfaction it was 0.75. Cholesky decomposition

was used to analyze the relationship between basic needs and life

satisfaction. Results supported that heritable differences in life sat-

isfaction were entirely accounted for by the genetic architecture of

basic psychological needs. There was also a small, but significant
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effect of overlapping non-shared environmental influences with need

for relatedness.

Subclinical psychotic experiences in the general

population: Associations with stress and genetic

predisposition

Dagmar Bruenig, IHBI, QUT; Melanie White, IHBI, QUT; Joanne

Voisey, IHBI, QUT

Introduction: Evidence suggests that there is shared environmental

risk between the subclinical phenotype of psychosis and that of

schizophrenia and therefore likely shared genetic predisposition

between the two populations. Stress has been identified as a pivotal

marker for onset and more severe presentation of psychosis.

Aims: This pilot study investigates the relationship between stress and

psychotic experiences in a general population of young adults and if

shared genes between healthy and schizophrenic populations show

association with stress and psychotic experiences. It is hypothesised

that polymorphisms in genes linked to stress-related disorders are

associated with higher reporting of stress and subclinical psychotic

experiences.

Method: Healthy university students (n = 185, age 18–25) provided a

saliva sample, demographic (ethnicity, age, medical history, previous

mental disorders) and general information about upbringing and family

medical history for mental disorders. Participants also completed the

Chronic Stress Scale (CSS), Depression Anxiety Stress Scale (DASS-

21) and Community Assessment of Psychic Experiences (CAPE):

psychotic experiences in the general population. Polymorphisms

(n = 52) from 38 genes previously associated with schizophrenia and

other stress-related disorders were analysed for association.

Results: Associations between CSS and CAPE were observed. The

CSS was associated with genetic variability in COMT and SLC39A8.

Polymorphisms in DRD2 and AKT1 were associated with the CAPE.

The DASS did not allow for further interpretation because of the

skewed distribution.

Conclusions: Exploring the potential interaction of stress and genetic

predisposition could further enhance the understanding of the aeti-

ology of these disorders as well as the processes of persistence of

psychosis that are believed to be influenced by stress. Identifying risk

groups offers the possibility for early intervention.

Manipulation tactics and basic psychological needs

Ana Butkovic, Faculty of Humanities & Social Sciences, University

of Zagreb; Tena Vukasovic, Faculty of Humanities & Social

Sciences, University of Zagreb; Denis Bratko, Faculty of Humanities

& Social Sciences, University of Zagreb

Manipulation tactics represent different ways people try to influence

others to do something for them. All people use them and they enable

people to get what they need and want. Previous studies have shown that

phenotypic correlations between manipulation tactics and personality are

due to overlapping genetic factors. This study examined the relationship

between manipulation tactics used within twin pairs and satisfaction of

basic psychological needs. Data was collected via mail from 338 twin

pairs (36 MZM, 49 DZM, 69 MZF, 70 DZF, 114 DZO), aged between 15

and 22 years (M = 18.6, SD = 2.31). All participants filled in Ryan and

Deci’s Basic Psychological Needs Scale and manipulation tactics ques-

tionnaire from which scores for three types of manipulation tactics were

obtained (indirect tactics for coercion or ITC, direct tactics or DT and

indirect tactics for humoring or ITH), as well as a total sum score (TM).

Significant phenotypic correlations, in the 0.11–0.24 range, were

obtained for TM and need for relatedness, ITC and ITH with need for

autonomy and competence, and for DT with all three needs. Cholesky

decomposition was used to analyze the relationship between three needs

and each type of manipulation tactics, as well as with total score. For ITC,

DT and TM significant overlap of non-shared environmental factors with

basic psychological needs was found.

Subsample standardization in twin studies of academic

achievement

Brian Byrne, University of New England; Micaela Christopher,

University of Colorado; William Coventry, University of New

England; Åsa Elwér, Linkoping University; Richard Olson;

University of Colorado; Stefan Samuelsson; Linköping University

If a sample in a twin study is comprised of subsamples, based on, say,

region, gender, age…, researchers sometimes standardize within

subsamples prior to further analyses. Here we provide an example of

how that can lead to different conclusions compared to no subsample

standardization. In Grade 1 reading scores in Australia, Scandinavia

and the USA, heritability is uniformly high within each country, and

consequently for the entire sample when within-country standardiza-

tion is conducted. When it is not, heritability drops substantially and

shared environment effects rise substantially. We explain why this

happens, and note that the choice of within-subsample standardization

depends on the scope over which conclusions are to be drawn.

Shifting genetic and environmental influences

on religiousness

Bridget Carey, University of Minnesota; Robert Kirkpatrick,

University of Minnesota; William Iacono, University of Minnesota;

Matthew McGue, University of Minnesota

While religiousness is commonly attributed to social and environ-

mental influences, the past several decades have produced a growing

body of literature implicating varying levels of its heritability, with

variation in estimates resting primarily in the age of the study’s

sample (Koenig, McGue, Krueger & Bouchard 2005). Longitudinal

twin studies have demonstrated that while heritability remains rela-

tively low in childhood and adolescence, it steadily increases and

becomes the predominant influence on religiousness in adulthood.

Conversely, shared environmental effects are high during childhood/

adolescence and steadily decrease with age (Koenig, McGue, &

Iacono 2008; Button, Stallings, Rhee, Corley, & Hewitt 2010). The

present study models this shift of influences on religiousness as a

function of age in a sample of 208 biological families (containing two

biological children), 284 adoptive families (containing two adopted

children), and 124 mixed families (containing one adopted child and

one biological child), assessed at three different time points as they

transition from early adolescence to adulthood (spanning from age 11

to 27). We will report results from multivariate models to assess the

age dependence of the biometric decomposition of this trait.

Social comparison orientation: A new perspective

in the study of co-twin relationships

Michèle Carlier, Aix-Marseille University & CNRS; Pascal Huguet,

Aix-Marseille University & CNRS; Felice van Wegen, VU
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Amsterdam; François Maltese, Aix-Marseille University & CNRS;

Dorret Boomsma, VU Amsterdam

Co-twin dependence varies by zygosity (MZ [ DZ)—see Penninki-

lampi-Kerola, et al., 2005, JSPR, 22:519–541 and Segal’s studies—and

by gender (F [ M). There is evidence that people’s level of psycho-

logical interdependence in general relies on the motivation to engage in

social comparison with others, a tendency whose the strength varies

between individuals (the Iowa-Netherlands comparison orientation

measure, hereafter referred to as social comparison orientation or SCO;

Gibbons & Buunk, 1999, JPSP, 76, 129–142). Also considering that

psychologically close others are used automatically as routine stan-

dards for social comparison (Mussweiler & Rüter, 2003, JPSP,

85:467–481), and that social comparisons with the co-twin are often

unavoidable, it is surprising that these comparisons did not receive

much attention in twin research. Here we assess for the first time twins’

SCO using a sample of 418 young twins (age from 14.9 to 25.6 years;

90 MZ pairs, 57 same-sex DZ pairs and 62 opposite-sex DZ pairs).

Participants were recruited from the Netherlands Twin Register

(Boomsma et al., 2006 Twin Res. Hum. Genet. 9:849–857), and from

newspapers advertisements in France. Zygosity was determined on the

basis of DNA polymorphism. Whereas one SCO scale focused on social

comparison with the co-twin (SCOWT), another focused on social

comparison with other people in general, excluding the co-twin

(SCOWoutT). We found: 1) A zygosity effect on mean SCOWT (with

SCOWoutT partialled out): MZ [ DZSS, and no difference between

DZSS and DZOS; 2) Higher mean SCOWT (SCOWoutT partialled out)

in females than in males; 3) Within pair difference smaller in MZ than

in DZSS pairs (correlations: MZ = 0.58, DZ = 0.28, DZOS = 0.19).

AE model fits with the data. These findings indicate that the SCO scale

can reasonably be used in the study of twin relationships and more

importantly suggest that social comparison processes may influence

within-pair differences at the behavioral level in testing situations.

Maternal age at childbirth and risk for ADHD

in offspring

Zheng Chang, Karolinska Institutet; Paul Lichtenstein, Karolinska

Institutet; Niklas Långström, Karolinska institutet; Brian D’Onofrio,

Indiana University; Henrik Larsson, Karolinska Institutet

Objective: Women who give birth at younger ages (e.g., teenage

mothers) are more likely to have children who exhibit behaviors

problems, in particular antisocial behaviors. However, the link between

young maternal age and offspring ADHD has not been established. In

addition, it is not clear whether young maternal age at childbearing is

causally associated with poor offspring outcomes or confounded by

familial factors.

Method: The association between maternal age at childbirth and

offspring’s ADHD was studied using genetically-informative data

from Swedish national registries. The sample included children born

in Sweden between 1988 and 2003 (N = 1,495,543), including

30,674 children with ADHD. We used sibling and cousin compari-

sons to control for unmeasured genetic and environmental factors

shared within families. Further, we used an extended children of

siblings (ECOS) model to quantify the magnitude of different pro-

cesses explaining the intergenerational association between maternal

age at first birth (MAFB) and offspring ADHD.

Results: MAFB predicted offspring ADHD rather than maternal age at

current birth. Results from cousin comparison provided support for

familial selection factors explaining the association between MAFB

and offspring ADHD. The ECOS model indicated that the association

was mainly explained by genetic confounding due to passive gene-

environment correlation.

Conclusions: All offspring born to mother who began childbearing

early were at increased risk of ADHD. The association between

MAFB and offspring ADHD is mainly explained by passive gene-

environment correlation. The ECOS model represented a powerful

tool to study the causal relationship between environmental risk

factors and child developmental outcomes.

Sex specific associations between OXTR polymorphisms

and altruistic helping behavior, perspective taking

and empathic concern

Christa Christ, University of Nebraska; Gustavo Carlo, University

of Missouri; Scott Stoltenberg, University of Nebraska

Prosocial behaviors are positively associated with outcomes such as

higher self-esteem, academic achievement, and positive social inter-

actions; and negatively associated with outcomes such as substance

use, aggression, and delinquency. The oxytocin receptor gene

(OXTR) is a strong candidate for better understanding the underlying

genetic architecture of prosocial behavior, because increases in oxy-

tocin are associated with being more prosocial. Various

polymorphisms in OXTR are associated with motivators of prosocial

behavior such as, empathic concern and perspective taking, but the

relationship has not been fully characterized. The purpose of this

study was to examine the relationship between sex, OXTR SNPs, and

prosocial behavior. Undergraduates from a Midwestern University

(N = 398) completed self-report measures of empathic concern,

perspective taking, and altruistic helping behavior and donated buccal

cells for genotyping. Participants were genotyped for seven OXTR

SNPs (rs53576, rs237887, rs237902, rs1042778, rs2254298,

rs2268498, and rs4686302). A multivariate general linear model was

used to examine main effects and 2-way interactions between the

OXTR SNPs and sex on perspective taking, empathic concern, and

altruistic helping behavior, controlling for age and ethnicity. We

observed significant main effects of sex (p = 0.000), rs237887

(p = 0.003), and rs2254298 (p = 0.013) on empathic concern. For

perspective taking we observed a significant main effect of sex

(p = 0.004) and significant interactions between sex and rs2254298

(p = 0.010) and sex and rs237902 (p = 0.015). For altruistic helping

we observed a significant main effect of sex (p = 0.008) and

rs2254298 (p = 0.049). These findings support the involvement of

genetic variation in OXTR in individual differences in prosocial

behavior, although results should be evaluated with caution as

reported p-values are uncorrected, only the main effect of sex on

empathic concern remains significant after adjusting for multiple

comparisons (i.e. p \ 0.01 and False Discovery Rate \0.10).

The comparative study of culture and conformity

in humans and non-human animals

Nicolas Claidiere, University of St Andrews

Conformity, broadly conceived as a tendency through which an

individual’s attitudes, beliefs, and behaviours become markedly

similar to those of other individuals, has long been recognized by

social psychologists as one of the main categories of social influence.

Surprisingly, it is only recently that conformity has become an active

topic in animal studies. I propose to naturalise the notion of confor-

mity by redefining it in a way that is coherent with the social sciences

and compatible with more recent studies of animal behaviour and

cultural evolution. According to my definition, a behaviour is said to

conform when an individual in a group displays that behaviour
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because it is the most frequent they witnessed in others. Based on this

definition, I review and organize the newer literature on conformity in

behavioural ecology and evolutionary biology in light of the foun-

dational work in social psychology. I then present experiments that

address questions raised by this new take on conformity.
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Combined methylome- and genome-wide association

study identifies CNTN4 as an epigentic risk factor

for alcohol use

Shaunna Clark, Virginia Commonwealth University; Karolina Aberg,

Virginia Commonwealth University; Srilaxmi Nerella, Virginia

Commonwealth Univeristy; Gaurav Kumar, Virginia Commonwealth

University; Joseph McClay, Virginia Commonwealth University;

Linying Xie, Virginia Commonwealth University; Andrey Shabalin,

Virginia Commonwealth University; Christina Hultman, Karolinska

Institutet; Patrik Magnusson, Karolinska Institutet; Patrick Sullivan,

University of North Carolina; Edwin van den Oord, Virginia

Commonwealth University

We performed a methylome-wide association study (MWAS) of

alcohol use in a sample of 619 individuals. We used a methyl-CpG

binding domain protein to enrich for the methylated genomic fraction

in combination with next generation sequencing (MBD-seq). Each

sample had, on average, 67.7 million fragments, for a total of 4.19

trillion sequenced fragments.

After quality control and collapsing highly correlated CpGs into

‘‘blocks’’, 4.2 million high quality blocks were left for testing with

alcohol use (k = 1.04). The MWAS showed a number of highly sig-

nificant findings with 68 blocks (160 CpGs) with p-values\1E-07. A

critical question involves the causal direction of these significant

methylation-alcohol associations as methylation changes can be the

result of alcohol use or methylation can contribute to susceptibility for

alcohol addiction. To address this question, we combined our MWAS

results with GWAS results from the same individuals to test if there is

a relationship present. Our top finding was CNTN4 (p = 2.54E-08;

q = 0.013).

We aimed to replicate our findings in an independent sample of

537 individuals using highly quantitative targeted bisulfite pyrose-

quencing, however, only CNTN4 replicated (p value = 0.0014). As a

final step, we fit casual models to the replicated site to test specific

disease mechanisms. Specifically, we tested whether methylation

mediates the effect of the SNP on alcohol use (LL = -1902, df = 5,

BIC = 3835), or if alcohol use causes changes in methylation

(LL = -1916, df = 5, BIC = 3863). We found that methylation in

CNTN4 mediates the relationship between rs1382875 and alcohol

use.

CNTN4 is a good candidate for further investigation because it is

known to regulate synaptic plasticity that can lead to reorganization of

neural circuits, which is thought to contribute to addictive behavior.

With this approach, we identified CNTN4 as a risk factor that pro-

vides insight into alcohol epigenetics.

Shared genetic variance between ethnicities for height

and BMI? A study of the factors influencing

SNP-correlations

Teresa de Candia, University of Colorado at Boulder;

Matthew Keller, University of Colorado at Boulder

Recent studies have shown evidence that a large proportion of heri-

tability of human height, *45 % (Yang et al., 2010), can be predicted

using common autosomal SNPs in individuals of European descent

(EDs). We estimated the extent to which variance for human height

explained by 555,841 SNPs differed between 10,849 unrelated EDs

and 10,007 unrelated individuals of African descent (ADs) from four

datasets (ARIC, WHI, MESA, CARDIA). Results from our mixed

linear models show that common SNPs predict slightly less genetic

variance in height for ADs (0.37, se = 0.04) compared to EDs (0.48,

se = 0.03) and that the correlation for genetic variances predicted by

genotyped SNPs across ancestry was slightly less than 1 (r = 0.81,

se = 0.09, p = 0.02). In addition, we compare genetic variance

estimates within ADs and EDs as well as estimate an upper-bound of

genetic correlation across ethnicity for 180 SNPs previously found to

predict 10 % of variance in height in EDs (Allen et al., 2010).

For BMI, genetic variance estimates were somewhat lower (0.18,

se = 0.04 in ADs; 0.22, se = 0.03 in EDs), but with no evidence for

ethnicity-specific genetic effects (r = 1.00, se = 0.20, p = 0.50). By

simulating the same causal variants in ADs and EDs we can infer the

extent to which lower genome-wide linkage disequilibrium (LD) in

ADs and different LD patterns between ADs and EDs may generate

both 1) lower variance estimates in ADs compared to EDs, and 2)

lower genetic correlations between the two populations.

In addition, consistent with previous literature (Silventoinen et al.,

2003), we observed higher genetic variances for height in males (0.47,

se = 0.05) compared to females (0.40, se = 0.03), though genetic

variances for BMI did not differ between the sexes (0.17, se=). We

did not find evidence for autosomal sex-specific genetic effects in

either height (r = 0.89, se = 0.09, p = 0.10) or BMI (r = 1.00,

se = 0.25, p = 0.50).

Finding genetic loci for Neuroticism and Extraversion:

Results from the Genetics of Personality Consortium

(GPC)

Marleen de Moor, VU University Amsterdam; Stéphanie van den

Berg, University of Twente; Dorret Boomsma, VU University

Amsterdam; Genetics of Personality Consortium; VU University

Amsterdam

The Genetics of Personality Consortium is a large international col-

laboration that aims to identify genetic loci that account for the

heritability of two main dimensions of personality: Neuroticism and

Extraversion. The Consortium consists of 28 participating studies,

together providing personality data of[160,000 individuals of whom

[60,000 individuals also have genome-wide single nucleotide poly-

morphism data. Personality item data came from 9 different

inventories (NEO-PI-R, NEO-FFI, EPQ, EPI, JEPQ, ABV, IPIP, TCI,

MPQ). In each study, 1 up to 5 inventories were assessed, enabling

the linking and comparison of personality item data across inventories

and studies by means of Item Response Theory Analysis (IRT).
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Estimated IRT-based Neuroticism and Extraversion scores were

returned to all studies. Genome-wide association (GWA) analyses

were run on these scores in each study, followed by meta-analysis.

Results of the IRT analysis showed that test linking was very suc-

cessful for almost all inventories assessing Neuroticism and

Extraversion; less appropriate were the TCI items to measure Extra-

version. Heritabilities of the IRT-based Neuroticism and Extraversion

scores were highly similar to heritabilities based on inventory-specific

sum scores. Results of the first-pass GWA meta-analysis in 23 studies

from the discovery phase showed suggestive loci in several genomic

regions, but no genome-wide significant loci (lowest p-value 10-7).

These results will be updated based on 1,000 Genome imputation in

several of the participating cohorts. Next, full meta-analysis of all

studies (discovery + replication) will be conducted, followed by

additional analyses such as gene-based tests, pathway analyses and

SNP-based heritability based on meta-analysis results.

Note: NEO-PI-R=Neuroticism Extraversion Openness to Experience

Personality Inventory Revised; NEO-FFI=Neuroticism Extraversion

Openness to Experience Five Factor Inventory; EPI=Eysenck Person-

ality Inventory; EPQ=Eysenck Personality Questionnaire Revised;

JEPQ=Junior Eysenck Personality Questionnaire; ABV=Amsterdamse

Biografische Vragenlijst; IPIP=International Personality Item Pool;

TCI=Temperament and Character Inventory; MPQ=Multidimensional

Personality Questionnaire.

* A full list of authors can be found at http://www.psy.vu.nl/nl/

over-de-faculteit/medewerkers-alfabetisch/medewerkers-m-p/m-de-

moor/index.asp.

Can we estimate the same personality traits if different

inventories have been assessed in multiple cohorts?

An application of Item Response Theory in 28 cohorts

Marleen de Moor, VU University Amsterdam; Stéphanie van den

Berg, University of Twente; Dorret Boomsma, VU University

Amsterdam

The Genetics of Personality Consortium (GPC) is a large international

collaboration that aims to identify genetic loci that account for the

heritability of Neuroticism and Extraversion. The Consortium con-

sists of 28 cohorts, providing personality data of[160,000 individuals

of whom [60,000 individuals also have genotypic data. Personality

item data came from 9 different inventories (NEO-PI-R, NEO-FFI,

EPQ, EPI, JEPQ, ABV, IPIP, TCI, MPQ). We explored how to

combine data within and between cohorts that measure the same or

similar traits. For example, items from NEO-PI-R Neuroticism, EPQ

Neuroticism, and TCI Harm Avoidance can be analyzed to define a

common ‘neuroticism’ trait. Another aim was to investigate the extent

to which the harmonized Neuroticism and Extraversion scores are

comparable across inventories within and between cohorts. We

applied Item Response Theory analyses to test whether Neuroticism

and Extraversion scores were dependent on the inventories included.

We also tested whether Neuroticism and Extraversion scores were

measurement invariant across cohorts. Results showed that harmo-

nization was very successful for NEO, EPQ, and IPIP inventories

assessing Neuroticism and Extraversion, and slightly less successful

for MPQ and TCI inventories. Neuroticism and Extraversion item sets

were largely measurement invariant across cohorts, in particular when

comparing studies from countries where the same language is spoken.

Some items showed larger deviations from measurement invariance.

In addition, we show in the twin cohorts that the IRT-based person-

ality scores are heritable (48 % and respectively of the total variance

in Neuroticism and Extraversion scores explained by genetic factors).

Item Response Theory is a powerful technique to harmonize pheno-

types across measurements and cohorts, and could be applied in other

studies that meta-analyze results across cohorts with different mea-

surements of the same phenotypes, provided that multiple inventories

are assessed in at least a subset of individuals.

Co-authors at http://www.psy.vu.nl/nl/over-de-faculteit/mede

werkers-alfabetisch/medewerkers-m-p/m-de-moor/index.asp.

Teacher-rated educational achievement in twins

in primary school

Eveline de Zeeuw, VU University Amsterdam; Catherina van

Beijsterveldt, VU University Amsterdam; Tina Glasner, VU

University Amsterdam; Eco de Geus, VU University Amsterdam;

Dorret Boomsma, VU University, Amsterdam

The Netherlands Twin Register (NTR) has collected surveys of the

primary school teachers of 7, 9 and 12 year-old twins. Parents have

registered their children at birth and gave permission to approach the

teachers. A teacher survey consisted of questions about behavioral

and emotional problems, functioning at school, and educational

achievement. Teachers graded the proficiency of the students in three

school subjects, i.e. arithmetic, language, and reading. The main

objective of this study will be to give an overview of the etiology of

teacher-rated educational achievement in multiple school subjects in a

large sample of 7, 9 and 12-year old twins. In general, correlations

between twin pairs rated by the same teacher were higher than cor-

relations between twin pairs rated by a different teacher. This study

has the opportunity to assess whether the higher correlations between

twin pairs rated by the same teacher are due to rater bias (correlated

errors) or to the presence of gene-environment (GxE) interaction.

Rater bias refers to the teacher’s own bias affecting the ratings of

educational achievement when the same teacher rated both children.

GxE interaction implies that the influence of genetic factors depends

on the environment, exposure to a teacher may affect the heritability

of educational achievement in primary school.

Heritability of subcortical brain measures:

a perspective for future genome-wide association

studies

Anouk den Braber, VU University Amsterdam; Marc M Bohlken,

Neuroimaging Research Group, University Medical Centre Utrecht;

Rachel Brouwer, University Medical Center Utrecht; Dennis van ‘t

Ent, Department of Biological Psychology, VU University

Amsterdam; Ryota Kanai, Institute of Cognitive Neuroscience,

University College London; Rene S Kahn, Rudolf Magnus Institute

of Neuroscience, University Medical Centre Utrecht, Department

of Psychiatry; Eco de Geus, VU University Amsterdam; Hilleke

Hulshoff Pol, University Medical Center Utrecht; Dorret Boomsma,

VU University Amsterdam

Background: Several large imaging-genetics consortia aim to identify

genetic variants influencing subcortical brain volumes. We investi-

gated the extent to which genetic variation accounts for the variation

in subcortical volumes, including thalamus, amygdala, putamen,

caudate nucleus, globus pallidus and nucleus accumbens and obtained

the stability of these brain volumes over a five-year period.

Methods: We estimated the heritability for thalamus, caudate nucleus,

putamen, globus pallidus, hippocampus, amygdala and nucleus ac-

cumbens in a sample of 176 monozygotic twin pairs (107 female

pairs/69 male pairs) and 88 dizygotic twin pairs (24 female–female

pairs, 23 male–male pairs, 41 male–female pairs) aged 11–56 years.

We also calculated the retest stability for a subsample of 161 subjects
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who were scanned twice with a 5-year interval. Subcortical volumes

were segmented automatically using Freesurfer. Standard twin mod-

els, estimating the amount of variance explained by additive genetic

effects (A), common environment (C) shared by family members and

unique environment (E) were evaluated in open MX, a structural

equation modeling program which provides maximum-likelihood

estimates of free parameters in the ACE model.

Results: The heritability estimates for all subcortical regions were

high, with the highest heritability estimates observed for the thalamus

(0.80) and caudate nucleus (0.88) and lowest for the left nucleus

accumbens (0.44). Five-year stability was substantial and higher for

larger [e.g., thalamus (0.88), putamen (0.86), caudate nucleus (0.87)]

compared to smaller [nucleus accumbens (0.45)] subcortical

structures.

Conclusions: These results provide additional evidence that subcor-

tical structures are promising starting points for identifying genetic

variants that influence brain structure.

Genetic risk scores for depression: Comparison of gene,

pathway, and genome-wide approaches

Jaime Derringer, University of Colorado Boulder; Matthew

McQueen, University of Colorado Boulder; John Hewitt, University

of Colorado Boulder

Depression is common and moderately heritable. However, few

specific genetic variants have been identified as consistently associ-

ated with depression. We analyzed publicly available results from a

recent genome-wide analysis of more than 18,000 individuals (Ripke

et al. 2012, Mol Psychiatry) to establish composites of multiple single

nucleotide polymorphisms (SNPs) associated with depression. These

composites were identified from individual SNP association p-values,

gene-based tests, and pathway analysis. From these results, we con-

structed genetic risk scores to predict self-reported depressed mood in

an independent sample of more than 1,400 individuals with available

genome-wide data from the Center on Antisocial Drug Dependence.

This approach highlights promising candidates for future genetic

research in depression, and allows comparison of the utility of gen-

ome-wide, gene-based, and pathway-based approaches for

constructing genetic risk scores for depression.

Associations between marital status and drinking

behavior: a genetically informed study

Diana Dinescu, University of Virginia; Christopher Beam, University

of Virginia; Erin Horn, University of Virginia; Robert Emery,

University of Virginia; Eric Turkheimer, University of Virginia

Earlier findings have documented an association between marriage and

alcohol consumption: married people tend to drink less than single or

divorced individuals. Such an association, however, is insufficient for

establishing that marriage has a causal effect on drinking. There are

many possible non-causal confounds of the association between mar-

riage and drinking, including the possibility that they share a common

genetic background, or that both are influenced by the same socio-

economic factors. Evidence from twin studies suggests that there are

important contributions of genetic, shared, and non-shared environ-

mental factors on both drinking behavior (Tsuang et al., Harvard Rev.

Psychiat., 9, 2001) and marital status (McGue & Lykken, Psychol. Sci.,

3, 1992). This study uses the twin design to examine whether the

relation between marital status and drinking is causal, as opposed to

being the result of genetic and shared environmental confounds.

The study included 2,425 same-sex twins (MZ = 1,703;

DZ = 722) from the University of Washington Twin Registry.

Alcohol consumption was measured with a three item self-report

measure assessing frequency and quantity. Analyses were conducted

separately for male and female pairs, and age was partialled from both

marital status and drinking. A series of bivariate phenotypic quasi-

causation models (Turkheimer & Harden, in press) were fit to test the

hypothesis that the association between marital status and drinking

was the result of a phenotypic causal process. As previously reported,

married individuals drank less than never-married individuals (Pres-

cott & Kendler, J Stud Alcohol Drugs, 62, 2001). In both men and

women, results suggested that although the association between

marital status and drinking was inflated by a shared environmental

confound, a significant association remained after genetic and envi-

ronmental confounds were controlled. Within pairs of identical twins

discordant for marital status, the married twin drank significantly less

than the unmarried co-twin.

Genetic simplex models including GE_covariance:

identification, power, and consequences

of misspecification in the classical twin design

Conor Dolan, University of Amsterdam; Dorret Boomsma,

VU Amsterdam

We established the identification of various forms of GE-covariance

in the genetic simplex model as applied in the classical twin design,

and address the issue of power in identified models. We investigated

the consequences of model misspecification by fitting the standard

genetic simplex model to data including various forms of GE-

covariance. We use simulated data to demonstrate that unmodelled

phenotype to E transmission given rise to a praticular C covariance

structure. We demonstrate this in measure of anxious-depression

observed at 4 occasions in a sample of twins.

Clarification of varying genetic expression

and structure within adolescent monozygotic

and dizygotic twins discordant for high and low

attention and activity

Jane Ebejer, Queensland Institute of Medical Research/UNE; Sarah

Medland, Queensland Institute of Medical Research; Nick G. Martin,

Queensland Institute of Medical research; Margaret Wright,

Queensland Institute of Medical Research; Grant Montgomery,

Queensland Institute of Medical Research; Joseph Powell, University

of Queensland; Peter Visscher, University of Queensland Diamantina

Institute; David Duffy, Queensland Institute of Medical Research

Attention-deficit/hyperactivity disorder (ADHD) is a syndrome

characterised by difficulties maintaining appropriate levels of atten-

tion, motoric and verbal inhibition. Advances in genetic methodology

provide refined methods for examining the genetic structure associ-

ated with psychological and psychiatric disorders. Recent work using

a twin difference design has indicated copy-number variation plays a

role in several disorders including attention problems. Additionally

transcriptomics is a field that can predict disease progression and

subtype and offers a powerful tool for identifying genetic expression

signatures specific to a psychological phenotype. This can assist with:

(1) subtyping of psychological disorders, (2) associated prognosis,

Behav Genet (2013) 43:505–550 515

123



(3) mechanistic insight and (4) therapeutic targeting. Few studies have

examined genetic expression in association with symptoms of inat-

tention and hyperactivity-impulsivity. Across a series of studies we

estimate differences in gene expression within adolescent monozy-

gotic (MZ) and dizygotic (DZ) twin pairs discordant for high and low

levels of attention and then determine whether this is related to copy-

number variation or cis-regulatory elements. Second, we use the same

study design to test whether variation in gene expression and structure

is related to discordance for activity levels within MZ and DZ twin

pairs. Attention and activity are analysed as continuous and dichot-

omous traits—essentially to see whether variation in symptoms is

influenced by the same factors across the full range of expression

within our sample. Background, methods, results and conclusions will

be presented.

Facial phenotype linked to one genetic disease

and wrong face-based judgement on behavioral

phenotype (intelligence). The emblematic case

of the trisomy 21

Claire Enea-Drapeau, CNRS, Aix Marseille University; Michèle

Carlier, Aix-Marseille University & CNRS; Pascal Huguet,

Aix-Marseille University & CNRS

First we wanted to show that young adults perceive persons with

trisomy 21 (t21) as having more or less facial features of t21 syn-

drome. Second we wanted to identify the link between difference in

perceived facial features and judgment on psychological phenotype

(intelligence and personality traits). Finally, we evaluated agreement

between these judgments and behavioral phenotype of the judged

persons.

The first sample (judged persons) included 44 young with full t21

(age ranging from 7 to 21 years) and 4 typical young for control. The

second sample (raters) consisted in 119 student volunteers enrolled in

the university campus (any course except psychology). We assessed

cognitive level of the 44 young with t21 (receptive vocabulary, and

Colored Progressive Matrices). Each young (with and without t21)

was photographed with a standard procedure (photographs showed

only the face with a neutral facial expression). Raters evaluated how

the 48 faces were typical of t21 using Likert scales ranging from 1 (no

t21 features) to 5 (all t21 features). Then participants made explicit

evaluations of the same targets, via 10 psychological traits.

Results showed: (1) Typicality scores differed between the pho-

tographed targets; (2) These scores were strongly correlated with

judgments on cognitive traits (i.e. the more typical a face is, the more

it is judged to be retarded, r = 0 85); (3) Correlations between typ-

icality scores of the face and cognitive performances of the

photographed young were non significant (r = -0.23 and 0.05

respectively for vocabulary and Coloured Progressive Matrices,

ps C 0.18).

Facial phenotypes are useful to help preselecting patients for

genetic screening (de Vries, et al. 2001. J Med Genet, 38: 145–150)

but the flip side is that they might be source of wrong inferences based

on stereotype (Enea-Drapeau, Carlier, Huguet, 2012. PLoS One 7(4):

e34369).

Genetic factor scoring from common and independent

pathway models

Ryne Estabrook, Virginia Commonwealth University; Michael Neale,

Virginia Commonwealth University

Estimating individually varying latent traits is an important topic for

genetic studies. While much attention has been paid to novel methods

for genome association studies, these analyses are dependent on

accurate phenotypic measurement. When present, twin and family

data provide useful information for studying the heritability of traits.

Two sets of simulation studies are presented to explore different

approaches for using twin data for the estimation of factor scores for

later genetic studies.

The first study explores phenotypic factor scoring through a

common pathway model. Phenotypic factor scores utilizing twin data

show higher reliability than comparable psychometric models fit to

singletons, as these models can utilize one twins data to inform the

other twin’s factor score. Increased heritability improves factor score

reliability, making scores for monozygotic twins more reliable than

for dizygotic twins, and more reliable for more heritable traits in

general. Using factor twin data for factor scoring may significantly

improve power in genome wide association studies.

The second set of simulations deal with genotypic factor scoring,

or estimation of A, C and E factors from an independent pathway

model. These simulations reveal that the factor scores generated for

the genetic and environmental factors do not retain the basic

assumptions of the ACE model unless the factor loading patterns for

each factor are orthogonal. When the genetic and environmental

loading patterns are correlated, the correlations involving the A, C

and E factor scores are significantly biased. As the loading patterns

for the genetic factors become more similar, A–A and A–E correla-

tions show significant positive bias, while the E factors show an

increasing negative correlation across twins. Additionally, all genetic

and environmental factor scores show decreasing reliability with

increasingly similar factor loading patterns. Implications, compari-

sons between singleton and twin approaches and future directions will

be discussed.

ASD and the Teashirt Family Zinc Finger 3 (TSHZ3)

Gene: Translational Approach

Laurent Fasano, Aix-Marseille University & CNRS

No abstract provided.

Gender differences in genetic and environmental

influences on trajectories of change in motor

functioning in late adulthood

Deborah Finkel, Indiana University Southeast; Marie Ernsth-Bravell,

Institute for Gerontology

Maintenance of basic motor functioning is both an indicator of gen-

eral physical functioning and quality of life. It is important, therefore,

to determine the extent to which genetic and environmental factors

contribute to individual differences in motor functioning in order to

support more effective interventions. Twenty different assessments of

motor functioning have been collected as part of the longitudinal

Swedish Adoption/Twin Study of Aging. Data were available from

859 twins ranging in age from 50 to 88 years at the first measurement

wave. Participants completed up to six assessments covering a

19-year period. Given the skew evident in motor functioning (most

individuals perform well up to age 70), performance on the 20 motor

functioning tasks was assessed as without difficulty, with difficulty, or

impossible. Factor analysis was used to create 3 motor factors: bal-

ance, flexibility, and fine motor skills. Latent growth curve analysis

demonstrates increasing disability and increasing individual
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differences (variability) after age 70. Different patterns of sex dif-

ferences were found for each factor. While there were no sex

differences in mean change trajectories for balance, there was sig-

nificant genetic variance for changes in balance in women after age

70, but not for men. For flexibility, results indicated significant sex

differences in mean changes trajectories, but no sex differences in

components of variance. Finally, analyses indicated so sex differences

in mean change trajectories for fine motor skills and no sex differ-

ences in genetic environmental contributions to change. It is

important to note that although idiosyncratic environmental influ-

ences account for a large part of increasing variance in motor

functioning, correlated and shared rearing environmental effects also

play a role. Thus, both micro-environmental (individual) and macro-

environmental (family and cultural) effects play a role in maintaining

motor functioning in late adulthood, as well as genetic factors.

New DSM criteria: Consequences for diagnosis

and epidemiology

Gene Fisch, New York University; Department of Epidemiology &

Health Promotion, NYU Colleges of Dentistry & Nursing, NYU, New

York, USA

In 1943, Kanner described 11 children with a common cluster of

abnormal behaviors which he referred to as ‘‘childhood schizophre-

nia.’’ This collection of symptoms has formed the basis by which

diagnoses of autistic disorder (AD), pervasive developmental dis-

abilities (PDD), or the currently favored term, ‘‘autism spectrum

disorder’’ (ASD), has been made for past the three quarters of a

century. However, the specifics of the criteria and their presumed

etiologies have undergone multifarious changes, from a psychiatric

disorder of affect produced by ‘‘refrigerator’’ parents to a neurode-

velopmental disability, a ‘‘triad of dysfunction,’’ produced mostly by

genetic abnormalities. In addition, in the past 30 or so years, the

depiction of autism has become part of public awareness and among

various professional fields, each of which has affected the manner in

which the disorder is viewed and diagnosed. A diagnosis of AD or

PDD that once seemed quite rare is now considered almost epidemic.

The consequence of increasing numbers of diagnoses of AD, PDD, or

ASD, in turn affects the estimated prevalence of autism. In my pre-

sentation, I attempt to account for the increasing prevalence of autism

and autism-related disorders by examining the changing criteria under

DSM and ICD; the individuals and instruments used to make the

diagnosis; the reliability and validity of the diagnostic instruments;

and, finally, the sample sizes and other aspects of the methodology

needed to make an accurate estimate of its prevalence. I conclude that

the prevalence of AD or ASD is probably lower than many current

estimates; and, that with the inception of DSM-V criteria, prevalence

estimates are expected to once again rise.

The big five personality traits: Psychological entities

or statistical constructs?

Sanja Franic, Vrije Universiteit Amsterdam; Denny Borsboom,

University of Amsterdam; Conor Dolan, University of Amsterdam;

Dorret Boomsma, Vrije Universiteit Amsterdam

Multivariate genetic item analyses were employed to address ques-

tions regarding the ontology and the genetic and environmental

etiology of the Big Five personality dimensions, as measured by the

NEO Five Factor Inventory (NEO-FFI; Costa Jr. & McCrae 1992;

Hoekstra, Ormel, & De Fruyt 1996). Using common and independent

pathway genetic factor modeling, it was first examined whether these

dimensions can be ascribed a realist ontology. Subsequently, the

structures of the genetic and environmental influences giving rise to

the observed item covariation were examined. Item scores of a pop-

ulation-based sample of 7,900 adult twins (including 2,805 complete

twin pairs; 1,528 MZ and 1,277 DZ) on the Dutch version of the NEO

Five Factor Inventory were analyzed. Applications of common and

independent pathway modeling demonstrated both the genetic and the

environmental covariance components to replicate the phenotypic

structure reasonably well. Further implications for the substantive

interpretation of these dimensions are discussed.

Paternal age as a trait: Its heritability and association

with psychiatric disorders

Emma Frans, Karolinska Institutet; Ralf Kuja-Halkola, Karolinska

Institutet; Christina Hultman, Karolinska Institutet; Paul Lichtenstein,

Karolinska Institutet

Background: Increased paternal age has been linked to autism,

schizophrenia and bipolar disorder. This association may be explained

by the increased rate of de novo mutations in offspring of older

fathers. However, alternative hypotheses suggest that the association

is confounded by a genetic liability for psychiatric disorder. If this is

true we would expect advancing paternal age to have a genetic

component. Further, this hypothesis also suggests that individuals

with certain psychiatric disorders, their spouses or their relatives

become fathers at older ages. We tested the alternative hypothesis by

studying paternal age as a trait.

Methods: Swedish national health registers enables identification of

individuals along with their relatives and psychiatric history. We

identified a cohort of twins born between 1920 and 1960 with at least

one biological child. We estimated how much of the phenotypic

variation of old paternal age that is explained by genetic and envi-

ronmental factors by using structural equation models in OpenMX.

We also examined paternal ages of individuals born between 1955

and 1960 with and without a diagnosis of autism spectrum disorders,

schizophrenia or bipolar disorder. in addition, we analyzed paternal

ages of siblings and spouses of affected individuals.

Results: The heritability of becoming a father at the age of 40 years or

older was 0.33 (95 % CI 0.27–0.39). There was no evident difference

in the heritability estimates when we separated between men who had

their first child at 40 years or older and men who had any child at an

old age. Fathers with a diagnosis had significantly lower paternal age

than healthy fathers. There was no paternal age difference between

spouses of mothers with or without a diagnosis. Paternal ages in

healthy siblings of affected individuals were lower as compared with

siblings to healthy individuals.

‘‘Memory is memory’’ or is it? A multivariate twin

analysis of episodic memory in middle-age men

Carol Franz, University of California San Diego; Matthew Panizzon,

University of California San Diego; Eero Vuoksimaa, University

of California San Diego and University of Helsinki; Michael Lyons,

Boston University; William Kremen, University of California San

Diego and VA SD Center of Excellence for Stress and Mental Health

Understanding episodic memory change is central to cognitive aging.

Although several genes or single nucleotide polymorphisms are

implicated in candidate gene and genome-wide association studies,

there are problems with consistency across studies and an inability to
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account for much genetic variance. A limiting factor is that

researchers often address the issue as if ‘‘memory is memory,’’ but

genetic complexity may underlie the phenotypic complexity of epi-

sodic memory.

We examined the genetic complexity of episodic memory using

data from the Vietnam Era Twin Study of Aging (VETSA) which

includes 1,237 individual twins (349 monozygotic pairs, 265 dizy-

gotic pairs) assessed at average age 55.4. Six verbal and visual-spatial

episodic memory measures were included in our multivariate twin

analysis: WMS-3 logical memories immediate and delayed recall;

WMS-3 visual reproductions immediate and delayed recall; CVLT-2

learning trials; CVLT-2 long delay free recall.

The best-fitting model was a hierarchical model with one higher-

order factor and three sub-factors. The higher-order factor accounted

for the covariance among three sub-factors; each sub-factor com-

prised the two measures from each of the three tests. The higher-order

factor had a heritability of 0.59. There were also significant genetic

influences specific to individual memory domains and independent of

the common (higher-order) factor. Significant genetic correlations

(rg), reflected the degree of shared genetic variance between domains:

rg = 0.66 (CVLT-2 with logical memories); rg = 0.21 (CVLT-2

with visual reproductions); rg = 0.22 (logical memories with visual

reproductions). Results were similar when we controlled for general

cognitive ability.

These results indicate that, although there are some common

genetic influences, there are also substantially different genetic

influences underlying each of these phenotypes. If different genetic

influences underlie different episodic memory phenotypes, it also

means that they could well have different age-related trajectories.

Therefore, these results provide important information for geneti-

cally-informative studies of aging and episodic memory.

Do working memory span and updating tasks measure

the same thing? A twin study

Naomi Friedman, University of Colorado Boulder; John Hewitt,

University of Colorado Boulder

Working memory (WM) allows us to hold information actively in

mind and manipulate it during goal-directed cognition. WM capacity

(how many items can be maintained) and WM updating ability (how

well can information be added and deleted) are typically measured

with tasks that differ substantially in their requirements and structure.

Capacity is often measured with complex span tasks that interleave

processing and storage (e.g., read sentences and remember the word

presented after each sentence), while updating tasks (e.g., n-back;

continuously report whether the current item is the same as the one

n-trials before) require some maintenance but focus more on the

constant addition of new relevant information and deletion of no-

longer-relevant information. Though both types of tasks involve WM

and predict cognitive abilities such as general intelligence (g), it is

unclear to what degree they measure overlapping constructs. We

addressed this question from a behavioral genetic perspective at the

level of latent variables. Approximately 400 twin pairs completed 3

Capacity and 3 Updating tasks, as well as the WAIS-IQ test. At the

phenotypic level, Capacity and Updating were highly correlated

(0.86), but Updating had a significantly higher correlation with IQ

(0.72) than did Capacity (0.59). The two constructs could not be

collapsed into a single factor. ACE models revealed that Capacity

showed significant nonshared environmental variance (33 %),

whereas Updating did not (0 %), leading to lower heritability for

Capacity. However, their genetic correlation was 1.0, and they

showed statistically equivalent genetic correlations with IQ. Thus,

though these constructs appear distinguishable at the phenotypic

level, they are tapping the same underlying ability at the genetic level.

It is only Capacity’s significant environmental variance that distin-

guishes it from Updating and makes it a poorer predictor of IQ. These

results illustrate the value of the behavioral genetic approach for

shedding light on conceptual questions.

The genetic etiology of attentional control and anxiety

in adolescence

Jeffrey Gagne, The University of Texas at Arlington; Deirdre

O’Sullivan, University of Wisconsin-Madison; Nicole Schmidt,

University of Wisconsin-Madison; Catherine Spann, The University

of Texas at Arlington; Hill Goldsmith, University of Wisconsin

Low levels of the temperament dimension attentional control (AC)

have been found to co-occur with anxiety outcomes. Because research

on temperament often focuses on younger children, few investigations

have examined associations in adolescence. In addition, despite

extensive genetic research on anxiety, there is little focused on the

etiology of AC and anxiety in methodologically comprehensive,

genetically informative samples. Participants included 632 twins (316

pairs) with a mean age of 13.4 years (SD = 1.33 years), and

approximately equal groups of MZ, same-sex DZ and opposite-sex

DZ zygosities. We used a variety of established measures to assess

anxiety and AC including self-report, mother-report, and observer

ratings. Mean composite scores for a broadband anxiety variable,

obsessive–compulsive anxiety, social anxiety, separation anxiety,

generalized anxiety and AC were formed combining self-, mother-

and observer ratings. Males had lower AC and anxiety (on all scores)

than females. Adolescents with lower AC had elevated levels of all

forms of anxiety. MZ twin intraclass correlations exceeded DZ cor-

relations for all variables. Variables included in the genetic analyses

were residualized for effects due to gender and vocabulary (due to the

possible moderating effect of intelligence). Bivariate model-fitting

analyses showed significant heritability (ranging from 0.66 to 0.70)

and nonshared environmental variance for all variables. Genetic and

nonshared environmental factors accounted for the covariance

between AC and the anxiety mean variable. We also conducted

bivariate model-fitting analyses for AC with each individual anxiety

variable (e.g., obsessive, social, separation and generalized), finding

significant genetic covariance (genetic correlations ranged from

-0.58 to -0.34), but no significant environmental covariance.

Therefore, genetic effects on AC overlap with genetic effects on each

anxiety variable, with differing levels of magnitude. Moreover, it is

only these genetic factors that contribute significantly to the pheno-

typic covariance between AC and each individual anxiety variable.

Implications will be discussed.

Inhibitory control and behavior problems at 36 months

Jeffrey Gagne, The University of Texas at Arlington;

Kimberly Saudino, Boston University

The temperament dimension of inhibitory control (IC) emerges in

early childhood and is associated with externalizing behavior prob-

lems and attention deficit hyperactivity disorder (ADHD). Because

research on IC often focuses on middle childhood, fewer investiga-

tions have examined IC in early childhood. One study using data from

the Boston University Twin Project (BUTP) found significant phe-

notypic and genetic associations between parent and observer ratings

of IC and behavior problems at 24 months. In the present study, we

extend those findings by examining the same variables at 36 months
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of age. We used the Toddler Behavior Assessment Questionnaire

(TBAQ) and the Laboratory Temperament Assessment Battery (Lab-

TAB) to assess IC. The Child Behavior Checklist was employed to

assess externalizing and ADHD-related behavior problems. Pheno-

typic correlations between parent ratings of IC and behavior problems

were consistently significant and moderate. The phenotypic associa-

tions between Lab-TAB IC and behavior problems were significant

but smaller in magnitude. These findings indicate that low levels of IC

are related to increased levels of behavior problems at 36 months of

age, consistent with our 24-month data. Monozygotic (MZ) twin

intraclass correlations exceeded DZ twin intraclass correlations for

parent IC and behavior problem measures, but not for lab-based IC.

Our Lab-TAB IC results indicating no evidence for genetic influences

at 36 months are consistent with those from a previous study, sug-

gesting developmental change in lab ratings of IC (significant genetic

influences at 24 months, but not at 36 months). Therefore, we

examined cross-trait, cross-twin correlations between parent ratings

of IC and behavior problems only. In both cases (parent IC as com-

pared to externalizing and ADHD-related behavior problems), the MZ

correlations exceeded the DZ correlations. We plan to conduct model-

fitting analyses to examine genetic covariance between parent-rated

IC and behavior problems next. Implications will be discussed.

Changes in children’s weight status across preschool:

genetic, prenatal, and environmental influences

Jody Ganiban, George Washington University; Kristine Marceau, The

Pennsylvania State University; Briana Horwitz, The Pennsylvania

State University; Samuel Simmens, George Washington University;

Misaki Natsuaki; University of California-Riverside; Jenae

Neiderhiser; The Pennsylvania State University; David Reiss; Yale

University; Daniel Shaw, University of Pittsburgh; Leslie Leve,

University of Oregon

A high Body Mass Index (BMI) during the preschool years increases

one’s obesity risk during adolescence and adulthood. This study esti-

mated the relative contributions of genetic, prenatal, and postnatal factors

to weight status (BMI percentile, ranked by age and gender) across the

preschool years via an adoption design. Participants were from the Early

Growth and Development Study, a nationwide study that includes 361

adoptees, along with their birth parents and adoptive parents. BMI per-

centile rankings (BMIPCT) were computed at ages 27, 54, 72 and

84-months. Children’s genetic risk for obesity was assessed via Birth

mothers’ prepregnancy BMI. Prenatal risk for obesity, including indices

of prenatal nutrition (pregnancy weight gain, infants’ birthweight), and

prenatal nicotine exposure (average number of cigarettes/day during

pregnancy), were derived from Birth mothers’ self-reports and medical

records. Postnatal environmental risks for obesity were assessed, and

included overnutrition during early infancy, (i.e., increase of at least 0.67

in gender and age-based weight z-scores from birth to 9 months), and

Adoptive mothers’ BMI and restrictive feeding practices.

Path modeling indicated a weak relationship between birthweight and

BMIPCT at 27-months, and modest stability in BMIPCT. Birth mothers’

BMI had a small effect on child birthweight, and BMIPCT at 27 and

72-months. Prenatal nicotine exposure and pregnancy weight gain con-

tributed to children’s birthweights, and predicted higher BMIPCT at

84-months. The strongest postnatal effects were found for early over-

nutrition, which was associated with higher BMIPCTs at 27- and

72-months, and more stable BMIPCT from 54 to 72-months. Adoptive

mothers’ BMI was negatively related to child BMIPCT at 84-months, but

feeding practices were not associated with child BMIPCT at any age.

These results suggest that genes and early overnutrition impact BMIPCT

early in the preschool period, while prenatal effects and adoptive parent

effects may emerge by the end of this period.

Harmonizing measures of depressive symptoms:

the IGEMS consortium

Margaret Gatz, University of Southern California

The interplay of genes and environment across multiple studies (IGEMS)

consortium is comprised of nine longitudinal twin studies established to

explore the nature of social context effects and gene-environment

interplay in mid- to late-life functioning: the Longitudinal Study of

Aging Danish Twins and Middle-Age Danish Twin study in Denmark;

the Swedish Adoption/Twin Study of Aging, Origins of Variance in the

Old–Old (OCTO-Twin), Aging in Women and Men: A Longitudinal

Study of Gender Differences in Health Behaviour and Health among

Elderly (Gender), and Twin and Offspring Study in Sweden; and the

Minnesota Twin Study of Adult Development and Aging, Vietnam Era

Twin Study of Aging, and the National Survey of Midlife in the United

States. In all, there are data from nearly 20,000 participants. To enable

combined data analysis, we have devoted attention to harmonization of

relevant phenotypes. Where a common metric was not available across

the studies, we collected a new harmonization sample who completed

questionnaires corresponding to all of the ways that the different studies

assessed a particular phenotype; for example, depressive symptoms. We

applied rational, empirical (IRT), and configural methods to the newly

collected data to create a crosswalk between measures of depressive

symptoms used in the different studies. Having established the cross-

walk, we can create comparable depressive symptom scores across the

twin studies and move forward with combined analyses of social context

effects and G-E interplay. For others facing similar measurement har-

monization dilemmas, we compare the effectiveness of these different

methods of harmonization.

Prenatal active or passive tobacco smoke exposure

and the risk of child externalising problems: evidence

from a genetically-sensitive research design

Darya Gaysina, University of Leicester; Jenae Neiderhiser, The

Pennsylvania State University; Leslie Leve, University of Oregon;

David Reiss, Yale University; Jody Ganiban, George Washington

University; Daniel Shaw, University of Pittsburgh; Misaki Natsuaki,

University of California, Riverside; Gordon Harold, University

of Sussex

A number of studies reported an association between maternal prenatal

smoking and offspring externalising problems. However, there is less

evidence on whether this effect is a result of active tobacco smoke

exposure only or whether passive tobacco smoke exposure is also asso-

ciated with child outcomes. Moreover, it remains unclear whether

prenatal tobacco smoke exposure evidences an effect independent from

an effect of postnatal tobacco smoke exposure and/or common genetic

factors. The present study aims to examine the association of exposure to

environmental tobacco smoke (ETS) with child externalising problems

(e.g., attention problems, aggression, and impulsivity) in the Early

Growth and Development Study (EGDS), a longitudinal adoption study.

Data on externalising outcomes in children adopted at birth (n = 361),

and smoking status of their biological and adoptive parents were avail-

able for the analysis. We first compared behavioural outcomes between

children of active maternal smokers, those of non-smoking, ETS exposed

women and those of non-smoking, non-ETS exposed women. We also

investigated an effect of postnatal (as measured by adoptive parents

smoking status) versus prenatal (as measured by biological parents

smoking status) tobacco exposure. A significant association was

observed between maternal prenatal smoking and child total external-

ising problems. There was a significant association between smoking of
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biological fathers (passive tobacco exposure) and child attention prob-

lems. There were no significant effects of postnatal smoking of adoptive

parents on child externalising problems. Further analyses will include

birth mother and birth father antisocial behavior (ASB) symptoms to

examine if the effects of exposure on child externalizing problems are

due to the genetic influence of birth parents’ ASB risk rather than to

exposure to tobacco smoke. Findings using a genetically-sensitive

research design suggest that prenatal environmental tobacco smoke

exposure, in addition to maternal smoking, affects child behavioural

outcomes.

Personality disorders and long-term sick leave:

A population-based study of young adult Norwegian

twins

Line Gjerde, Norwegian Institue of Public Health; Espen Røysamb,

University of Oslo; Nikolai Czajkowski, Norwegian Institute

of Public Health; Gun Peggy Knudsen, Norwegian Institute of Public

Health; Kristian Østby, Norwegian Institute of Public Health; Kristian

Tambs, Norwegian Institute of Public Health; Kenneth Kendler,

VCU-VIPBG; Ted Reichborn-Kjennerud, Norwegian Institute

of Public Health; Ragnhild Ørstavik, Norwegian Institute of Public

Health

High levels of sick leave is a growing concern in many developed

countries. Personality disorders (PDs) reduce global functioning and

increase the risk of disability pensioning. PDs are thus also likely to

influence work participation as measured by long-term sick leave

(LTSL). Previous research has indicated significant genetic influence

on both PDs and LTSL, but whether PDs and LTSL share genetic

liability has, to our knowledge, not been investigated. The aim of the

current study is first to investigate if dimensional representations of

any of the ten DSM-IV PDs are significantly associated with LTSL.

Given the extensive comorbidity between PDs, we will then deter-

mine which of the PDs are independently and significantly associated

with LTSL. Finally, we will investigate to what extent the selected

PDs share genetic and/or environmental risk factors with LTSL.

The sample consists of 2,771 young, adult Norwegian twins, born

between 1967 and 1979. PDs were assessed by a Norwegian version of

the Structured Interview for DSM-IV Personality (SIDP-IV), in the

period 2000–2004. These data were in 2011 linked to registries con-

taining data from the entire population on LTSL. To explore the

association between the PD variables and LTSL, regression analyses

adjusted for gender were conducted. The estimated odds ratio (OR) for

being in the highest LTSL category when fulfilling the DSM-IV criteria

for at least one categorical PD diagnosis, was 2.6 (1.8–3.8, 95 % CI). In

a multivariate regression analysis including dimensional representa-

tions of all PDs, adjusting for gender, three PDs were independently and

significantly positively associated with LTSL: schizotypal, paranoid

and borderline PD. In order to investigate the extent to which common

genetic and environmental risk factors could account for the association

between these PDs and LTSL, we will conduct a tetravariate Cholesky

twin model. Results will be presented at the conference.

Sources of individual differences in executive function

deficits and their covariation with social and emotional

disregulation: Evidence from a young twin sample

Juliana Gottschling, Saarland University; Elisabeth Hahn, Saarland

University; Prof. Dr. Frank Spinath, Saarland University; Frederick

Coolidge, University of Colorado at Colorado Springs

Executive Functions (EF) comprise cognitive control processes that

regulate action and thought, enabling individuals to adapt to novel

situations. EFs also serve as the basis of variation for cognitive,

social, and emotional skills. Recent evidence indicates that executive

control can be described in a multifaceted manner, encompassing

higher order control operations (planning, problem-solving, response

inhibition, shifting) as well as social and emotional (SE) aspects

(decision-making difficulties, metacognition, social inappropriate-

ness). The former operations are thought to be controlled by the

dorsolateral and the latter by the ventromedial prefrontal cortex (Coo-

lidge et al. 2004). EFs are considered to be related to many aspects of

normal and abnormal cognition, such as ADHD, substance use prob-

lems or personality disorders (Friedman et al. 2008). Given their central

role in cognition, it is important to explore the sources of variation

among individuals as well as their comorbidity with the abnormal

spectrum of behavior.

Based on data obtained from a sample of 196 pairs of young twins

(102 MZs, 94 DZs, aged 5–17), the present study aimed, first, at

analyzing the genetic and environmental influences on interindividual

differences in EF. Second, the sources of the comorbidity between EF

deficits and aspects of SE disregulation (conduct disorder, opposi-

tional defiant disorder, ADHD), were explored. Univariate genetic

analyses showed that interindividual differences in EF could be

explained largely by genetic influences. Additionally, the results of

the multivariate twin analyses suggest a common genetic basis of EF

and SE disregulation. These results highlight the biological under-

pinnings of EFs and indicate a common biological risk of EF and SE

disregulation.

References

Coolidge et al. (2004). Are Personality Disorders Psychological

Manifestations of Executive Function Deficits? Bivariate heritability:

Evidence from a twin study. Behavior Genetics, 34, 75–83

Friedman et al. (2008). Individual Differences in Executive

Functions Are Almost Entirely Genetic in Origin. Journal of Exper-

imental Psychology: General, 137(2), 201

Meta-analysis of genome-wide association studies

on ADHD: A dimensional approach

Maria Groen-Blokhuis, VU University Amsterdam; Andrew

Whitehouse, University of Western Australia; Henning Tiemeier,

Erasmus University Rotterdam; Irene Pappa, Erasmus MC; Astanand

Jugessur, Norwegian Institute of Public Health; Matthew McGue,

University of Minnesota; Anke Hinney, University of Duisburg-

Essen; Beate St. Pourcain, University of Bristol; Carla Tiesler,

Helmholtz Centre Munchen; Maciej Trzaskowski, Institute

of Psychiatry; Mariona Bustamante, Centre for Research

in Environmental Epidemiology; Christel Middeldorp, VU University

Amsterdam; Dorret Boomsma, VU University Amsterdam; EArly

Genetics & Lifecourse Epidemiology Consortium, EAGLE

Consortium

Attention Deficit Hyperactivity Disorder (ADHD) is a highly herita-

ble trait, especially at younger ages. No genetic variants have been

identified to date that reach significance at a genome-wide level. So

far, most genome-wide association studies (GWAS) on ADHD con-

sidered patient samples and have been conducted in case–control

designs. However, ADHD can also be considered a dimensional trait,

where clinical ADHD cases are at the extreme end of a continuum.

Under this scenario, statistical power may be increased by analyzing

the underlying dimension instead of the dichotomized phenotype.
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Within the EAGLE (EArly Genetics & Lifecourse Epidemiology)

consortium, parent and/or teacher ratings of symptoms of ADHD are

available for *20,000 children. Cohorts are typically population

based, and use behavioral screening instruments like the Child

Behavior Checklist (CBCL), Strengths and Difficulties Questionnaire

(SDQ) and Conners’ Rating Scale to assess ADHD symptoms. Gen-

ome-wide genotype data have been imputed using the 1,000 Genomes

reference panel for all ethnicities. Cohorts will run a linear regression

of the total ADHD score on genotype dosage scores, corrected for sex

and age at measurement. A meta-analysis based on p-values will be

performed and replication will be sought for the top hits.

Analyses were run on CBCL data from the Netherlands Twin

Register. The most promising result for maternal ratings of Attention

Problems (n = 1,605) was rs13006098, a SNP located in the PDE11A

gene which encodes a phosphodiesterase that regulates cAMP and

cGMP signaling. The top hit in the teacher ratings (n = 1,227) was

rs1825366 which is located in the ZFHX4 gene, encoding a homeo-

domain-zinc finger protein. Overlap between the results of the mother

and teacher ratings was limited; 90 SNPs were present in the top

1,000 of both analyses.

* A full list of authors can be found at http://www.psy.vu.nl/en/

about-the-faculty/faculty-staff/staff-f–h/groen-blokhuis-m–m/.

TWINLIFE: A longitudinal cross-sequential study

on genetic and social causes of life changes

Elisabeth Hahn, Saarland University; Juliana Gottschling, Saarland

University; Martin Diewald, Bielefeld University; Rainer Riemann,

Bielefeld University; Prof. Dr. Frank Spinath, Saarland University

What causes social inequality over time? This is one of the most

challenging questions, not only for psychology but also for sociology

and economics. There could be several different mechanisms such as

education, social background, but also genetic influences, or psy-

chological factors shaping people’s life changes over the life course.

The aim of the TWINLIFE study is to explain the development of

social inequalities in consideration of genetic influences, psycholog-

ical and social processes, as well as the covariation and interaction of

these mechanisms. In an extended twin family design, a representa-

tive sample of 4,000 twin families of four age cohorts from early

childhood to adulthood is to be assessed over a period of 8 years. In

the present paper, we want to inform the scientific community about

the TWINLIFE study and its many possibilities for the study of social

inequalities, as the data set will be available as common good.

Long-term effects of prescription stimulant use

Nayla Hamdi, University of Minnesota; Scott Burwell, University

of Minnesota; William Iacono, University of Minnesota

Stimulant medications such as Adderall and Ritalin are being used at

unprecedented rates, yet their long-term effects are poorly under-

stood. Media reports, clinical forums, and medication package

inserts suggest that prescription stimulants can increase anxiety;

however, research in this area is scarce, with some studies indicating

that stimulant use may in fact reduce anxiety. We used a longitudinal

cotwin-control (CTC) design to investigate long-term effects of

prescription stimulant use on anxiety. This approach controls for

genetic and other familial confounding and is thus a powerful

method for evaluating causal effects. Our results reveal that there is

little evidence that prescription stimulant use affects anxiety in the

long term.

Testosterone and risk preference in adolescent males

and females

Kathryn Harden, University of Texas at Austin; Jennifer Tackett,

University of Houston; Elliot Tucker-Drob, University of Texas

at Austin

Introduction: During adolescence, testosterone levels markedly

increase, particularly in males. In addition to its effects on the

physiological changes of puberty, testosterone may be relevant for the

emergence of risk-taking behavior during adolescence.

Method: The sample included 117 pairs of twins, ages 14–19 years

(M = 16.0 years), drawn from the Texas Twin Project. Testosterone

levels were assayed from a saliva sample collected at a single time-

point. In addition, risk preference was measured using an adapted

version of the Benthin Risk Perception scale. Participants considered

6 potentially risky behaviors (e.g., having sex without a condom) and

rated the extent to which they found potential risks frightening and

believed that potential benefits outweighed the harms. Structural

equation models were used to test for qualitative and quantitative sex

differences in genetic and environmental influences on testosterone.

Mixed effects models were used to examine the association between

testosterone and risk preference, controlling for age, pubertal status,

and race/ethnicity.

Results: There were significant linear and quadratic effects of age for

testosterone in males but not in females. In adolescent males, indi-

vidual differences in testosterone were substantially heritable (57 %),

with the remaining variance attributable to the non-shared environ-

ment. In contrast, there was no heritable variation in testosterone for

females but substantial influence of the shared environment (61 %).

Results from mixed effects models indicated that genetic influences

on higher testosterone predicted greater risk preference among males;

this association was not evident in females.

Conclusions: Testosterone is a promising endophenotype for genetic

influences on risk-taking among male adolescents. In contrast, tes-

tosterone in females did not show heritable variation and was

unrelated to risk preference. This study adds to a small but growing

body of research that investigates genetic influences on individual

differences in behaviorally-relevant hormones.

Human cognitive ability is influenced by genetic

variation in components of postsynaptic signaling

complexes assembled by MAGUK proteins

William Hill, University of Edinburgh; Gail Davies, University

of Edinburgh; LOUIE VAN DE LAGEMAAT, University

of Edinburgh; Andrea Christoforou, Haukeland universitetssykehus;

Carla Fernandes, Haukeland universitetssykehus; David Liewald,

University of Edinburgh; Mike Croning, University of Edinburgh;

Antony Payton, University of Manchester; leone Craig, University

of Aberdeen; Lawrence Whalley, University of Aberdeen; Michael

Horan, University of Manchester; WIlliam Ollier, University

of Manchester; Narelle Hansell, Queensland Institute of Medical

Research; Margaret Wright, Queensland Institute of Medical

Research; Nick G. Martin, Queensland Institute of Medical research;

Grant Montgomery, Queensland Institute of Medical Research; Vidar

Steen, Haukeland universitetssykehus; Stephanie Le Hellard,

Haukeland universitetssykehus; Thomas Espeseth, University

of Oslo; Astri Lundervold, University of Bergen; Ivar Reinvang,

University of Oslo; John Starr, University of Edinburgh; Neil

Pendleton, University of Manchester; Seth Grant, University

of Edinburgh; Timothy Bates, University of Edinburgh; Ian Deary,

University of Edinburgh
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Differences in general cognitive ability (intelligence) account for

approximately half of the variation in any large battery of cognitive

tests and are predictive of important life events, including health.

Genome-wide analyses of common single nucleotide polymorphisms

(SNPs) indicate that they jointly tag about 50 % of the variance in

intelligence, however no single polymorphism has been reliably

associated with variation in intelligence and it remains possible that

these many small effects might be aggregated in networks of func-

tionally linked genes. A potentially relevant network of proteins is

found in the postsynaptic compartment of brain synapses. Mutations

in these proteins lead to attenuation or amplification of specific

components of cognition in mice. Here, we tested the association of

genetic variants in 1,445 genes encoding postsynaptic proteins,

organised into four networks, in 3,511 individuals from the Cognitive

Ageing Genetics in England and Scotland consortium (CAGES)

phenotyped, for general fluid cognitive ability, crystallised cognitive

ability, memory, and speed of processing. Gene Set Enrichment

Analysis (GSEA), was used to examine a genome-wide association

study. A significant enrichment was found for fluid cognitive ability

for the genes which express the proteins found in the complexes of

MAGUK scaffold proteins with the NMDA subtype of glutamate

receptor (NRSC/MASC, N-methyl-D-aspartate receptor signalling

complex/membrane-associated guanylate kinase associated signalling

complex)(p = 0.002, FDR = 0.205). This enrichment was specific

for these complexes and not for complexes with either the a-amino-3-

hydroxy-5-methyl-4-isoxazolepropionic acid receptor complex

(AMPA-RC) or the metabotropic glutamate receptor 5 receptor

complex (mGlu5-RC) or in the total PSD set. Replication was sought

in two additional cohorts (n = 670 and 2,062) where a meta-analytic

p-value of 0.003 was found across the three cohorts. The results

suggest that genetic variation in the macromolecular machines formed

by MAGUK scaffold proteins and their interaction partners contrib-

utes to variation in fluid cognitive ability.

Sources of covariation between marital status

and depressive symptoms across the lifespan:

A genetically informed study of Swedish twins

Erin Horn, University of Virginia; Eric Turkheimer, University

of Virginia; Robert Emery, University of Virginia

Research reliably shows a modest relation between marital status and

psychological well-being that is robust to selection factors (Gove

et al. 1983; Pearlin & Johnson 1977). Most past interest has focused

on differences between married and divorced individuals, but a more

stringent test of the so-called ‘‘marriage benefit’’ may indeed be the

comparison of married individuals with cohabiting ones. Recent

genetically informed research in a sample of young adults suggests

that being in a marriage or marriage-like relationship is associated

with fewer depressive symptoms, but that marriage yields no addi-

tional protection against internalizing symptoms when compared with

cohabitation (Horn et al. 2013). Some have hypothesized that the

psychosocial benefits of marriage may accumulate over time (e.g.,

Emery et al. 2011), suggesting that they may not emerge until later in

life. We test this hypothesis in the current study by comparing mar-

riage, cohabitation, and being single in a sample of older, longer-

coupled adults from the Swedish Twin Registry. We examined the

association between marital status and CES-D scores as a function of

age in 2,954 MZ and 2,067 DZ twin pairs, making two independent

contrasts: coupled versus single, and married versus cohabiting.

Preliminary results reflect earlier findings that marriage does not

afford greater benefits than cohabitation in either older or younger

adults. However, the relation between being coupled versus single

appears to grow stronger with age. We will examine this observation

more closely using a variation of the bivariate Cholesky decompo-

sition to understand (a) how sources of covariation between marital

status and depressive symptoms change as a function of age, and

(b) whether observed changes in the magnitude of the between or

within-family effects may be better explained by the age differences

in the variance components of marital status.

Do partners assort for traits reflecting pair-bonding

behaviors?

Briana Horwitz, The Pennsylvania State University; Chandra

Reynolds, University of California Riverside; Erica Spotts, George

Washington University; Jody Ganiban, George Washington

University; Paul Lichtenstein, Karolinska Institutet; David Reiss,

Yale University; Jenae Neiderhiser, The Pennsylvania State

University

Pair-bonding refers to dyadic coalitions between partners based on

selective social attachments that are often characterized by partner

preference, biparental care, and intrasexual aggression. Few studies

have examined mechanisms that underlie pair-bonding in humans. In

two such studies, traits reflecting pair-bonding were associated with

gene variants of the arginine vasopressin receptor 1a gene and the

oxytocin receptor gene in adult twins (Walum et al. 2008; Walum

et al. 2012).

What remains unclear is whether partners assort for traits

reflecting pair-bonding. Two different forms of assortment include

phenotypic preference (active selection of partners with similar her-

itable characteristics) and social homogamy (passive selection for

partners with similar characteristics due to shared social back-

grounds). Given that traits reflecting pair-bonding are genetically-

influenced, phenotypic preference may explain partner similarity for

these traits. If phenotypic preference explains partner similarity for

these traits, the offspring of parents with traits reflecting lower pair-

bonding may be at increased risk for social problems. These children

will receive genes underlying traits reflecting lower pair-bonding

from both parents and environments that are correlated with these

traits from both parents. This study will examine whether phenotypic

assortment and social homogamy explain partner similarity for traits

reflecting pair-bonding.

The sample included 876 MZ and DZ twin pairs and their partners

from the Twin and Offspring Study in Sweden (TOSS). Twins and

their partners were correlated in their pair-bonding. We used a model

that allows for the decomposition of A, C, and E variance, while

simultaneously parameterizing phenotypic preference (dp) and social

homogamy (dy) (Reynolds et al. 2000). Results showed that variance

in traits reflecting pair-bonding was explained by A and E (67 %), and

dp entirely explained the partner correlation for these traits. Thus,

phenotypic preference contributes to partner similarity for traits

reflecting pair-bonding.

Explaining sex differences in 3-D Mental Rotation

Tasks (MRT) using dizygotic twins: From hormonal

to cultural factors (negative stereotypes about women

and spatial skills)

Pascal Huguet, Aix-Marseille University & CNRS; François Maltese,

Aix-Marseille University & CNRS; Dorret Boomsma, VU

Amsterdam; Michèle Carlier, Aix-Marseille University & CNRS

Mental rotation tasks (3-D MRT) are known to produce large and

robust sex differences, with males outperforming females. The
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comparison of same-sex dizygotic twins (DZSS) with dizygotic

opposite-sex (DZOS) twins is considered as highly relevant for testing

the prenatal masculinization hypothesis: If females with a male co-

twin are masculinized as a result of intra-uterine exposure, they

should performed better in MRT than females with a female co-twin

(and eventually perform as well as males). Recently, two teams

published data supporting this hypothesis (Vuoksimaa et al. 2010,

Psychol Sc 21:1069–1071; Heil & al., 2011, 86:90–93). But maybe

growing up with a brother is different than growing up with a sister.

Here, we provide provocative data with a sample of 238 young twins

(114 DZSS & 124 DZOS) recruited in the Netherlands and France for

a study relying on stereotype threat research (Huguet & Régner, 2009,

JESP 45: 1024–1027; Régner et al. 2010, Psych Sc 21:1646–1648;

Schmader et al., 2008, Psych Review 115: 336–356). Participants

performed a (computer-based) MRT while simply believing that their

co-twin was working on the same task versus a different task (the task

being actually the same in both conditions), thereby removing social

comparison with the co-twin on the task at hand in the latter condi-

tion. In the former condition (task characterized as ‘‘identical’’),

females with a male co-twin performed lower than females with a

female co-twin, whereas both groups performed equally well in the

latter condition (task characterized as ‘‘different’’). Furthermore,

females with a male co-twin performed better in the latter condition

than in the former. These findings are clearly consistent with ste-

reotype threat research, and suggest caution in the exclusive use of

biological explanation of sex differences in 3D-MRT.

The etiology of risky sexual behavior

Brooke Huibregtse, University of Colorado Boulder, Institute

for Behavioral Genetics; Robin Corley, University of Colorado

Boulder; John Hewitt, University of Colorado Boulder; Christian

Hopfer, University of Colorado at Denver; Michael Stallings,

University of Colorado

It remains unclear whether risky sexual behavior (RSB) is charac-

terized by a cluster of unique behavioral traits or whether it is simply

another manifestation of behavioral disinhibition, a highly heritable

liability towards high novelty seeking, impulsivity, and lack of

constraint (Sher & Trull 1994; Iacono, Malone, & McGue 2008). In

order to assess how RSB relates to other forms of behavioral disin-

hibition, we created three indices of RSB from the Modified Risk

Behavior Questionnaire (MRBQ, adapted from Booth et al. 2004).

These indices capture three domains of risk: ‘‘behavior’’ (e.g.,

number of sex partners, frequency of condom use), ‘‘context’’ (e.g.,

frequency of using drugs or alcohol to feel more comfortable with a

sexual partner), and ‘‘partner characteristics’’ (e.g., number of sex

partners having sex with others, number of sex partners with hepa-

titis). Our sample included approximately 2,931 individuals

participating in the third wave (young adulthood) of the Center on

Antisocial Drug Dependence (CADD). The CADD includes twin

pairs and their siblings, adoptive and nonadoptive siblings, nontwin

sibling pairs, and clinical probands (in treatment for substance abuse

and delinquency as adolescents) and their siblings. We hypothesize

that while these phenotypic measures will be highly correlated, they

may also capture nuanced or different risk factors for contracting

HIV and other sexually transmitted diseases. We report the devel-

opment of these indices from the items of the MRBQ, the rationale

for each domain, their respective univariate heritability estimates, and

multivariate analysis of the genetic and environmental overlap of

these phenotypic measures. Ultimately, the overlap of these domains

and other measures of behavioral disinhibition (e.g. substance use and

related psychopathology) will be explored with further multivariate

genetic analyses.

The longitudinal relationship between leisure time

exercise behavior and body mass index in 7–18-year old

twins

Charlotte Huppertz, VU University Amsterdam; Meike Bartels, VU

University Amsterdam; Catherina van Beijsterveldt, VU University

Amsterdam; Gonneke Willemsen, VU University Amsterdam; Dorret

Boomsma, VU University, Amsterdam; Jim Hudziak, UVM; Eco de

Geus, VU University Amsterdam

Being overweight currently is a major public health burden, due to its

disastrous effects on health. Many campaigns aim to counteract the

increasing prevalence of overweight by promoting exercise behavior.

However, prospective studies do not show a definite association

between leisure time exercise behavior (LTEB) and body mass index

(BMI) at a population level, possibly due to methodological flaws.

The aims of this study were to (1) test whether there is a rela-

tionship between LTEB and BMI, both cross-sectionally and

longitudinally, in 7-18-year old twins. And, if so, (2) to investigate the

nature of this association. It is generally assumed that exercise

behavior causally influences a person’s weight status. However, BMI

might as well affect exercise behavior (e.g., through peer victimiza-

tion targeting obese children). Finally, there might be underlying

factors—genetic and/or environmental—that affect both phenotypes

in the absence of causality. With the unique data of the Netherlands

Twin Register (NTR), we shed light on the true nature of the rela-

tionship between LTEB and BMI.

The NTR has been set up to examine individual differences in

human behavior, amongst others with longitudinal survey research.

Both LTEB and BMI were consistently examined over time, first by

parental report (7–12y), and subsequently through self-report (13–18)

surveys. Exercise behavior was quantified as weekly MET hours that

were spent on regular LTEB. BMI was calculated based on reported

height and weight, and standardized according to age and sex. More

than 11,000 families participated in this study.

Tracking was higher for BMI than for LTEB. The correlation

between LTEB and BMI was close to zero across the age range

studied. In addition, BMI was essentially the same for five LTEB-

categories (non-exerciser, mild exerciser,…, vigorous exerciser).

In conclusion, we observe no association between regular leisure

time exercise behavior and BMI in 7–18-year old twins.

A longitudinal investigation of cannabis use

in adolescence and subsequent cognitive decline

Daniel Irons, University of Minnesota; Lisa Legrand, University

of Minnesota; William Iacono, University of Minnesota; Matthew

McGue, University of Minnesota

Although the use of cannabis is common in adolescence, some studies

suggest that cannabis use is related to lower cognitive ability, and that

cannabis exposure in adolescence may have an association with lower

intellectual functioning that persists into adulthood.

In a sample of twins (N = 1,512) longitudinally assessed between

ages 11 and 24, we sought to determine whether cannabis use or

misuse in adolescence was associated with lower cognitive func-

tioning in adulthood, and if so, whether the association could be

causally attributed to adolescent cannabis use itself, or was instead the

result of confounding factors. To this end, among twin pairs discor-

dant for adolescent cannabis use or abuse, we used the co-twin control

design to adjust for the potentially confounding effects of genetic

influences and other factors experienced in common by members of

the same twin pair. We also explicitly adjusted for potential
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confounding due to variables measured at time points preceding

adolescent exposure to cannabis that were not shared (or were

incompletely shared) between the members of twin pairs.

Measures of cannabis use and misuse in adolescence were asso-

ciated with lower full-scale IQ and other cognitive measures in

adulthood, but the relationship was substantially attenuated after

accounting for the effects of genetic and environmental factors shared

between the members of twin pairs discordant for adolescent cannabis

exposures, as well as the effects of explicitly-measured non-shared

pre-exposure variables. These results suggest that the association

between adolescent cannabis exposures and reduced adult cognitive

functioning may not be causal, but may rather be partially or wholly

attributable to confounding.

Sex differences in the genetic covariation

between height and weight

Julia Isaeva, Norwegian Institute of Public Health; Jennifer Harris,

Norwegian Institute of Public Health; GenomeEUtwin Consortium

Body Mass Index (BMI) is important as a health measure and a

significant risk factor for a host of other physical and mental health

outcomes. Sex differences in patterns of weight gain and the distri-

bution of body fat are well-recognized and genetic studies provide

evidence of sex-specific effects in the genetic factors influencing

BMI. However, BMI reflects mass (weight) corrected for height.

Therefore, to explore the nature of these sex differences more closely

we analyzed the co-variance structures between height and weight.

These analyses were based on twin data from eight countries in the

GenomEUtwin consortium and included data from 75,954 twin pairs

aged 20–60. Bivariate sex-limitation models (correlation approach)

were used to test a series of hypotheses. Results related to our primary

question, whether there were sex differences in the genetic covariance

between height and weight, were consistent across all countries and

revealed a greater genetic correlation between height and weight

among men than among women. Age effects were significant and

varied by country. In addition, sex-specific effects were found for

weight but not for height. Our findings of sex differences in BMI

could have important implications for elucidating genes that underlie

variation in BMI.

DataSHIELD as a way to co-analyze data

without physically sharing data: opportunities for twin

analyses with OpenMx

Julia Isaeva, Norwegian Institute of Public Health; Jennifer Harris,

Norwegian Institute of Public Health

Contemporary research often requires large amounts of data and

researchers commonly collaborate internationally to strengthen the

power of their analyses and to capture variation represented in diverse

populations. This however inevitably leads to challenges in data

sharing due to issues of identifiability, disclosure of sensitive data and

confidentiality. DataSHIELD is an analytical tool developed to allow

researchers to co-analyze data at the individual-level without physi-

cally sharing the data [1, 2]. DataSHIELD is implemented in the free

statistical software, R, and is built in such a way that only restricted

summary statistics are returned to the analysis center. This method-

ological solution provides the same scientific advantages of data

sharing at an individual level but without jeopardizing the privacy and

confidentiality of the data, and without increasing risks of re-identi-

fication. The practical use of DataSHIELD is now being implemented

in several projects, including the Healthy Obese Project of Bio-

SHaRE. We provide a general introduction to DataSHIELD and a

current status of its development for twin studies.
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Genetic and environmental influences on alcohol use

problems: Moderation by romantic partner support,

but not family or friend support

Amber Jarnecke, Purdue University; Susan South, Purdue University

Previous work has examined gene-environment interactions (GxE) in

alcohol use disorders, but few studies have explored how social

relationships moderate etiological components of alcohol use prob-

lems. The current study examined how genetic and environmental

influences on alcohol use problems vary as a function of the level of

perceived social support. Biometric moderation modeling techniques

were implemented to examine genetic, shared environmental, and

nonshared environmental components of variance of alcohol use

problems as a function of social support. Participants were 672 adult

twin pairs, aged 25–74, from the MacArthur Foundation Survey of

Midlife Development in the United States (MIDUS). Alcohol use

problems were assessed via self-report questionnaires that captured

DSM-IV-TR criteria for alcohol abuse and dependence. Social sup-

port was measured with self-report questionnaires that evaluated the

level to which one felt supported by a particular person (i.e., romantic

partner) or group (i.e., family, friends). Genetic and environmental

components of variance for alcohol use problems varied depending on

the level of romantic partner support, with greater nonshared envi-

ronmental influences and fewer genetic influences found at lower

levels of support. Family and friend support, however, failed to show

moderating effects. The current research expands our understanding

of how perceptions of social support may trigger or suppress genetic

and environmental influences on alcohol use problems. Results sug-

gest that support received from friends and family have a nominal

impact on the genetic and environmental influences associated with

alcohol use problems in adults; however, levels of perceived social

support from romantic partners lessens the degree to which envi-

ronmental influences contribute to alcohol use problems. This

information may help inform treatment of alcohol use disorders,

particularly by providing additional evidence that certain types of

social support systems may be an important part of preventing and

managing alcohol use disorders in adults.

Parent relationship quality and offspring

psychopathology

Daniel Johnson, University of Colorado Boulder; Soo Rhee,

University of Colorado Boulder; Mark Whisman, University

of Colorado Boulder; Michael Stallings, University of Colorado

Boulder; Robin Corley, University of Colorado Boulder; John Hewitt,

University of Colorado Boulder
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Parent relationship factors, such as quality, conflict, and dissolution,

are robust predictors of offspring psychosocial adjustment. Behavior

genetic research suggests that the etiology of the association between

different parent relationship factors and offspring outcomes may vary,

with some factors, such as divorce, having ‘‘direct’’ environmental

influences on offspring outcomes, whereas others, such as conflict,

possibly having an effect through passive gene–environment corre-

lation (rGE) (for a review, see Horwitz & Neiderheiser 2011, J.

Marriage Fam. 4, 804–816). Also, several limitations in the existing

literature remain unaddressed. First, reports of the parent relationship

are largely retrospective or cross-sectional in the behavior genetic

literature. Thus, the prospective effects of the parent relationship on

offspring outcomes and the effects of gene–environment interplay on

these associations remain unexamined. Second, prior studies using

traditional twin modeling have been unable to distinguish between

direct environmental effects and passive rGE, a distinction that has

important theoretical implications. Third, studies have assessed the

parent relationship when offspring are in middle childhood or ado-

lescence, making ratings vulnerable to the effects of evocative

rGE.We addressed these limitations in the literature by examining the

prospective effects of parent relationship quality (PRQ) during early

childhood (14, 36, and 60 months) on offspring psychopathology in

adolescence in Colorado’s Longitudinal Twin Sample. Results indi-

cated that PRQ in early childhood significantly predicts symptoms of

depression, eating disorders, and substance abuse, and diagnoses of

generalized anxiety disorder and major depression, in adolescence.

Biometric analyses suggested that PRQ may influence offspring

substance abuse through passive rGE rather than direct environmental

influences, although neither passive rGE nor direct environmental

influence was statistically significant. This study is the first to

examine gene–environment interplay in the association between

parent relationship quality and offspring psychopathology, and has

important implications for etiological models of psychopathology and

intervention efforts.

Assessing genetic influences on human behavior:

An analytical and empirical investigation of informant

and context dependency of heritability

Kees-Jan Kan, VU University Amsterdam; Tina Glasner, VU

University Amsterdam; Toos van Beijsterveldt, VU University

Amsterdam; Meike Bartels, VU University Amsterdam; Dorret

Boomsma, VU University Amsterdam

Heritability is defined in terms of genetic over total variance. In

human samples heritability is often estimated on the basis of

covariance information among family members. This is not without

consequences, because not all genetic effects that contribute to vari-

ance contribute to the covariance of family members. Multi-informant

analyses of twin’s behavioral problems, for example, have hinted on

the presence of informant (or context) dependent genetic influences,

the effects of which are not necessarily shared between twins. We

demonstrate analytically that if informant specific genetic factors are

present, heritability estimates based on twin’s behavior rated by dif-

ferent informants are biased as a result of the specific genetic variance

being subscribed to the (nonshared) environmental component instead

of the genetic component. This bias is also present in self-ratings.

Heritability estimates based on twin pair ratings from the same

informant do not suffer from this bias. Next, using various multiple-

informant models (e.g. including or excluding sibling interaction and

rater contrast effects), we explored to what extent informant specific

factors are present in mother, father, teacher, and self-ratings ratings

of 12 year old twins’ behavioral problems (n = 16,314 twins). On the

basis of the results we summarize how and to what extent heritability

estimates of various behavioral problems are informant dependent.

The behavioral problems included aggression, anxiety, attention

problems, delinquency, externalizing, internalizing, social problems,

somatic problems, thought problems, and withdrawal and were

assessed using the measurement scales of the Achenbach System of

Empirically Based Assessment. Implications are discussed.

The genetic sources of core political attitudes

and the role of personality traits: A cross-cultural twin

study

Christian Kandler, Bielefeld University; Edward Bell, Brescia

University College at Western University; Chizuru Shikishima,

Teikyo University; Shinji Yamagata, National Center for University

Entrance Examinations; Rainer Riemann, Bielefeld University

Since the pioneering work of Eaves and Eysenck (1974), it has

consistently been found that socio-political attitudes are genetically

influenced. More recently, researchers have sought to clarify the

nature of those genetic effects. In particular, they have examined the

role of basic personality traits (Kandler et al. 2012; Verhulst et al.

2012). In an ongoing cross-cultural study based on German, Japanese,

and US twin data, we focused on the sources and direction of the

association between the Big Five personality traits (Neuroticism,

Extraversion, Openness, Agreeableness, and Conscientiousness) and

political orientations. The latter are typically treated as either a single

left–right dimension or divided into two core aspects: resistance to

change (or authoritarian conservatism) and acceptance of inequality

(or social dominance orientation). Political attitudes were consistently

associated with Openness, Conscientiousness, and Agreeableness in

all three samples. These links were primarily due to common genetic

factors. However, our direction-of-causation analyses cast doubt on

the conventional wisdom that personality traits cause socio-political

attitudes. The findings provide support for the position that person-

ality traits and core socio-political attitudes are systematically related

but distinct elements of an individual’s identity.
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The Nordic Twin Cancer (NorTwinCan) project

Jaakko Kaprio, University of Helsinki; Jennifer Harris, The

Norwegian Inst. of Public Health

Quantifying the relative contributions of genetic and environmental

factors in cancer incidence informs etiology and opportunities for

prevention. Given the relative rarity of cancer in single specific twin

cohort, collaborative studies in large twin cohorts with long-term

follow-up are prerequisites to estimate the relative contribution of

these factors. Collectively, more than 400,000 twins are registered in

the twin cohorts in Denmark, Finland, Norway and Sweden. So far,

Behav Genet (2013) 43:505–550 525

123



almost 40,000 malignant neoplasms have occurred, and the rates of

cancer in twins are comparable to population levels permitting gen-

eralizability from twins to the whole population. NorTwinCan permits

many kinds of analyses, including more precise estimates of herita-

bility for common cancers such as prostate, breast and colon cancer;

the ability for the first time to estimate the relative contributions of

genetic factors to rarer malignancies including testicular, stomach and

liver cancer. In addition, we integrate new statistical to or heritability

analyses by taking into account censoring and competing risks of

death in bivariate survival models. As the twin cohorts have collected

information on many established (smoking, alcohol use and obesity)

and putative factors (personality, life events and social interactions),

gene-environment interaction analyses will provide insights into the

role of these in the etiology of cancer. Representative results from

analyses of prostate cancer and lung cancer will be presented.

The significant effects of ovarian hormones on genetic

risk for binge eating

Kelly Klump, Michigan State University; S. Alexandra Burt,

Michigan State University; Michael Neale, Virginia Commonwealth

University; Cheryl Sisk, Michigan State University; Steven Boker,

University of Virginia; Pamela Keel, Florida State University

Developmental twin studies have indirectly implicated ovarian hor-

mones in genetic risk for binge eating. Genetic effects tend to increase

substantially during times of ovarian hormone activation (e.g., pub-

erty), leading to theories that the transcriptional effects of these

hormones directly activate genetic risk for eating disorder phenotypes

(Klump, K.L. (in press). Puberty as a critical period for eating disorders:

A review of human and animal studies. Horm Behav). To date, only one

pilot study has examined the effects of hormones on genetic risk for

binge eating (Klump et al. (2010), Preliminary evidence that estradiol

moderates genetic effects on disordered eating attitudes and behaviors

during puberty. Psychol Med, 40, 1745–1754). Although results were

suggestive of hormone effects, small sample sizes prohibited formal

biometric testing of gene x hormone interactions. Thus, the goal of this

study was to directly test for these interactions in a larger sample of

female twins. Participants included 388 female twins from the Michi-

gan State University Twin Registry who were assessed daily for

45 days. Binge eating was measured using the emotional eating sub-

scale of the Dutch Eating Behavior Questionnaire, while saliva samples

were used to obtain estradiol and progesterone levels. Twin moderation

models confirmed the presence of significant gene x hormone interac-

tions, where genetic effects were significantly increased at higher levels

of both estradiol and progesterone. These findings replicate pilot study

findings and corroborate phenotypic analyses where higher levels of

both estradiol and progesterone predicted higher emotional eating

scores across the menstrual cycle (Klump et al. (2013), The interactive

effects of estrogen and progesterone on changes in emotional eating

across the menstrual cycle. J Abnorm Psychology, 122, 131–136).

Future studies should combine the twin modeling approach used herein

with molecular genetic analyses to identify the specific processes

contributing to gene x hormone interaction effects.

Genes, maternal smoking during pregnancy and child

internalizing problems: An investigation using

ALSPAC

Valerie Knopik, Division of Behavior Genetics, Rhode Island

Hospital & Brown University; Taylor Smith, Division of Behavioral

Genetics, Rhode Island Hospital & Brown University; Rohan Palmer,

Division of Behavioral Genetics, Rhode Island Hospital & Brown

University

The majority of research on maternal smoking during pregnancy

(MSDP) and child outcomes have focused on externalizing disorders.

However, findings from recent research have suggested a potential

relationship between prenatal nicotine and alcohol exposure and

internalizing problems caused by disruptions in neurobehavioral and

cognitive development, potentially resulting in depression, general-

ized anxiety, impaired memory function, lower scores on arithmetic

tasks, deficits in verbal learning, auditory, and visual-perceptual

processing, as well as IQ decrements and slower information pro-

cessing speeds. Evidence also indicates that these adverse effects may

persist into early and late adolescence, resulting in subsequent

impaired executive functioning, increased incidence of substance

abuse (particularly smoking) or a predisposition to early onset of

smoking in offspring (after intrauterine exposure to heavy smoking).

It is still unclear, however, whether these results provide sufficient

evidence to suggest a cause-and-effect relationship or if the associa-

tion is confounded by variables such as social background, child-

rearing practices, maternal and family characteristics, or genetic

factors. Using data from the Avon Longitudinal Study of Parents and

their Children (ALSPAC), we explore the associations between

maternal smoking during pregnancy (MSDP), genetic risk, and child

anxiety and depression (available at ages 7, 10, 13, 15/16). Data on

MSDP was available for 13,364 mothers. Results suggest that both

MSDP and maternal xenobiotic genetic factors are associated with

increased child depression scores, particularly in males, before and

after additional adjustment for other parental and sociodemographic

confounders, including parental education, social class, maternal

psychopathology, and maternal alcohol use during pregnancy.

GWA studies on entrepreneurship: The trade-off

between phenotype accuracy and sample size

Philipp Koellinger, Erasmus University Rotterdam; Matthijs van der

Loos, Erasmus University Rotterdam; Cornelius Rietveld, Erasmus

University Rotterdam; Daniel Benjamin, Cornell University; David

Cesarini, New York University; Niina Eklund, Institute for Molecular

Medicine Finland (FIMM), University of Helsinki, Helsinki, Finland;

Sara Willems, Erasmus University Rotterdam; Patrick Groenen,

Econometric Institute; Andre Uitterlinden, Eramus University Rot-

terdam; Albert Hofman, Erasmus University Rotterdam; Roy Thurik,

Erasmus University Rotterdam; Gentrepreneur Consortium, Erasmus

University Rotterdam

Despite evidence for moderate heritability of entrepreneurship, a

recent large scale GWAS on this trait did not identify genome-wide

significant SNPs (N = 53,898, Van der Loos et al. (2013) PLoS One).

Here, we present a follow-up study that uses a narrower measurement

of entrepreneurship - serial self-employment. This stricter definition

allows the comparison of more extreme cases to the average popu-

lation and may therefore reveal larger genetic differences. However,

this strategy has the drawback that the total available GWAS sample

size reduces to N = 8,701. With this study design, we identify a

genetic variant for entrepreneurship in two discovery samples that

replicates in an independent cohort (combined p = 1.08 9 10e-10).

Yet, statistical power calculations and Bayesian reasoning suggest

that the belief about whether this locus is a true positive is still very

low. Unavailability of additional data makes it impossible to test this

locus further in the near future. Using this example, we discuss the

general trade-off between sample size and phenotype accuracy in

GWAS on genetically complex traits.
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Inverse genetic relationship of regional cortical

thickness and surface area with general cognitive ability

William Kremen, University of California San Diego and VA SD

Center of Excellence for Stress and Mental Health; Eero Vuoksimaa,

University of California San Diego and University of Helsinki; Chi-

Hua Chen, University of California San Diego; Matthew Panizzon,

University of California San Diego; Michael Neale, Virginia

Commonwealth University; Carol Franz, University of California San

Diego; Michael Lyons, Boston University

Different models propose varying networks of neocortical regions

being associated with general cognitive ability (GCA). Most con-

sistently supported by theoretical models and empirical findings is a

link between dorsolateral prefrontal cortex (DLPFC) regions and

GCA. No published studies have examined the genetic relationship

of continuous maps of the cortex with GCA. We previously dem-

onstrated that thickness and surface area of the cortical ribbon are

genetically independent. Here we examine their genetic relationships

to GCA in 515 middle-aged men in the Vietnam Era Twin Study of

Aging (VETSA). Our trivariate genetic model including thickness,

surface area, and GCA showed that the relationship of cortical

structure to GCA was primarily accounted for by surface area.

Unadjusted genetic correlation maps suggested that the surface area-

GCA association was primarily global. To more thoroughly examine

regional specificity, we then adjusted surface area measures for total

surface area and thickness measures for average thickness. In the

adjusted analyses, there was a significant positive genetic correlation

between left DLPFC surface area and GCA. In contrast, there was a

significant inverse genetic correlation with DLPFC thickness.

Genetic correlations in some posterior regions were in the opposite

direction of those in anterior regions for both surface area and

thickness. We are unaware of other studies (all phenotypic) that have

found inverse correlations such as this; however, previous studies

adjusted for global volume measures rather than global thickness or

surface area specifically. Because volume does not disentangle

thickness and surface area, using it as a covariate may lead to

misleading inferences about regional specificity. The idea that

‘‘bigger is better’’ seems insufficient to account for regional speci-

ficity in brain structure-GCA associations. Increased DLPFC surface

area appears to be associated with higher GCA at the expense of

thickness, and perhaps relative to the opposite pattern in some

posterior cortical regions.

ADHD, externalizing behavior and substance use;

a cross-lagged model using multiple phenotypes, time-

points, and measurements

Ralf Kuja-Halkola, Karolinska Institutet; Henrik Larsson, Karolinska

Institutet; Brian D’Onofrio, Indiana University; Niklas Långström,

Karolinska institutet; Paul Lichtenstein, Karolinska Institutet

The association between ADHD and externalizing behavior is well

established. ADHD has also been linked to substance use with a

significant genetic overlap. However, the developmental direction of

these effects is still unclear.

Data came from the Swedish Twin Study of Child and Adolescent

Development (TCHAD) where twins and their parents have answered

questionnaires at ages 13–14, 15–16 and 18–19 (2,548 twins). The

main analyses were based on parent- and self-reports using the Child

Behavior Checklist. Sensitivity analyses also included a DSM-based

ADHD scale and self-reports of criminality and substance use. Each

phenotype was modeled as a latent construct, which we allowed

multiple measures and multiple raters to contribute to. At each time-

point we fitted trivariate ACE models to estimate the overlap in

genetics and environments between phenotypes, together with a

longitudinal cross-lagged model, where each phenotype at a time-

point may affect all the phenotypes in the following time-point. All

analyses were made using the software OpenMx.

Heritability was moderate for all three phenotypes at each

time-point (e.g. externalizing at age 13–14; h2 = 0.557,

p-value \ 0.001). ADHD, externalizing behavior and substance use

had substantial overlap within time-points, and most age-specific

genetic correlations were significant (e.g. ADHD and externalizing

behavior at age 15–16; rA = 0.813, p-value \ 0.001). Analyses

showed that there were phenotypic stability for all phenotypes (e.g.,

using standardized regression estimates [b], alcohol/drug use at age

13–14 predicted alcohol/drug use at age 15–16; b = 0. 521,

p-value \ 0.001). The analyses indicated that ADHD and external-

izing behavior predicted the other phenotypes while substance use

did not (e.g., ADHD at age 15–16 predicted externalizing at age

18–19; b = 0.116, p-value \ 0.001). Similar results were obtained

in sensitivity analyses using models including different operation-

alizations of the phenotypes; suggesting that genetically influenced

ADHD and externalizing behaviors influence subsequent develop-

ment of substance use, whereas the opposite does not seem to be the

case.

A longitudinal twin study of physical aggression

in infancy: Evidence for a developmentally dynamic

genome

Eric Lacourse, University of Montreal; Mara Brendgen, Université du

Québec à Montréal; Amelie Petitclerc, Columbia University; Alain

Girard, University of Montreal; Stéphane Paquin, Université de

Montréal; Isabelle Ouellet-Morin, Université de Montréal

Background: Physical aggression (PA) appears in early infancy and

its frequency tends to increase prior to the preschool years. Very little

is known about the genetic and environmental etiology of PA stability

and growth during this developmental period. This study investigates

the temporal pattern of genetic and environmental etiology of PA at

the population- and individual-level, from 20 to 50 months of age.

Methods: Maternal reports of PA were obtained at three waves (20,

32, and 50 months), using a 3-item behavior checklist. Participants

were 667 twin pairs, including 254 monozygotic and 413 dizygotic

pairs, from the ongoing longitudinal Quebec Newborn Twin Study.

These reports were analyzed using a biometric Cholesky decompo-

sition and latent growth curve model. Results: The Cholesky

decomposition model revealed developmentally dynamic genetic

factors, both transmission and innovation. Genetic factors at a pre-

ceding time mostly accounted for the stability (transmission), as

assessment-specific genetic factors were also noted (innovation). The

latent growth curve model revealed that the rate of PA increased

slightly but significantly from 20 to 50 months. Two separate sets of

genetic factors accounted for the variation in initial status and the rate

of change. Nonshared and shared environments were not related to

stability, initial status or growth in PA. Conclusions: Genetic factors

on PA are developmentally dynamic during infancy; they are

responsible of stability, initial status and growth rate. The effect of

shared environment is small and appears later, closer to the preschool

years. Future research should investigate the complex nature of these

genetic factors through genetic-environment correlation (rGE) and

interaction (GxE) analysis.
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Parental bipolar disorder and adverse outcomes

in offspring: Exploring mechanisms using a cousin-

comparison design

Mikael Landen, Karolinska Institutet; Amir Sariaslan, Karolinska

Institutet; Brian D’Onofrio, Indiana University; Paul Lichtenstein,

Karolinska Institutet

Background: Offspring to parents with bipolar disorder have

increased rates of psychiatric morbidity compared to those with

healthy parents. Less is known about other outcomes.

Method: We applied a nested case–cohort design based on linkage of

Swedish population-based registers. We studied adverse outcomes

before the age of 20 in the offspring in five areas; adverse pregnancy

outcomes, cognitive development, criminality, mental health, and

mortality. We linked cases with their parents and five healthy control-

parent pairs were matched to each case-parent pair. The effect of the

exposure was expressed as odds ratios (ORs) derived from conditional

logistic regression models. Finally, we assessed the impact of familial

risk factors by studying the effects within full cousins that were

differentially exposed to parental bipolar disease.

Results: Offspring to parents with bipolar disorder had increased rates

of all areas of adverse outcomes. For example, they were more likely

to have low birth weight (OR: 1.19; 95 % CI: 1.11–1.28), been

convicted of criminal offences (1.33; 1.26–1.39), to have engaged in

substance misuse (1.87; 1.70–2.05), to have been discharged from

psychiatric hospital (2.08; 1.98–2.18) and to have died prematurely

(1.22; 1.06–1.40). Within-extended family analyses indicated some

attenuation in the estimates for all outcomes except for the pregnancy

outcomes.

Conclusions: Bipolar disease was associated with a range of adverse

outcomes spanning from adverse pregnancy outcomes to premature

death. For adverse pregnancy outcomes, where the effect sizes were

high and similar in both unrelated individuals and extended families,

our effects of being born to a bipolar parent is consistent with a causal

inference. For the other outcomes, effects were attenuated in within-

family analyses suggesting that familial factors (genetic and/or shared

environmental) contributes to the liabilities. These results emphasize

the importance of developing broader preventive efforts to challenge

the multitude of adverse consequences facing offspring of bipolar

parents.

The heritability of clinically diagnosed attention-deficit/

hyperactivity disorder in children and adults

Henrik Larsson, Karolinska Institutet; Zheng Chang, Karolinska

Institutet; Brian D’Onofrio, Indiana University; Paul Lichtenstein,

Karolinska Institutet

Objectives: A twin study of clinically diagnosed ADHD is needed to

resolve conflicting results regarding the importance of genetic effects

for ADHD in adults. The aim of this study was to investigate the

relative contribution of genetic and environmental influences for

clinically diagnosed ADHD in children and adults.

Method: From the population-based Swedish Twin Register we

identified 59,514 twins born between 1959 and 2001. Twin methods

were applied to clinical data of ADHD diagnosis using structural

equation modeling with monozygotic and dizygotic twins.

Results: The best-fitting model revealed a high heritability of ADHD

(0.88; 95 % CI 0.83–0.92) for the entire sample. Shared environ-

mental effects, on the other hand, were non-significant and of minimal

importance. The heritability of ADHD in adults was also substantial

(0.74; 95 % CI 0.59–0.85).

Conclusion: This study showed that the heritability of clinically

diagnosed ADHD among adults is high and similar to children. These

results indicate that prior twin studies of self-rated ADHD symptoms

in adults have underestimated the impact of genetic effects.

Effect size and model selection considerations

for bootstrapping the lasso

Charles Laurin, University of Notre Dame; Gitta Lubke, University

of Notre Dame, VU University Amsterdam

The use of genomic data in behavioral genetics has created a need for

model-fitting methods that select important variables and discard

unimportant ones. The Lasso is a variable selection technique that is

increasingly popular in statistical genetics. The Lasso is nonpara-

metric regression method that gives coefficient estimates of 0 to

predictors that are weakly associated with the outcome. Lasso vari-

able selection is based on constrained least-squares optimization. The

constraint is controlled by a user-specified metaparameter. Each value

of the metaparameter is associated with a particular model and hence,

a particular set of variable selections. The larger the metaparameter,

the more parsimonious the Lasso model. In practice, the user or

supplies a set of metaparameters and chooses one through cross-

validation of the associated models. This process is typically carried

out automatically by software. Because several models are compared,

Lasso estimates are conditional on the results of the cross-validation.

This dependence makes it problematic to estimate the sampling dis-

tribution of Lasso estimates, so the bootstrap is commonly used to

define SEs and CIs. The present research used simulation studies to

compare two kinds of bootstrap SEs and CIs: (1) those in which the

metaparameter was selected once and treated as fixed, and (2) those in

which the metaparameter was selected in each bootstrap resample.

Generating bootstrap SEs and CIs after selecting the metaparameter a

single time used substantially fewer computer resources. However,

selecting the metaparameter in each resample was associated with

better variable selection in situations of low power. In such situations,

bootstrap estimates generated using this approach also showed lower

bias and variance. The resulting suggestions for best practices with

the Lasso were employed on data from a genome-wide association

study of borderline personality disorder, and the results compared to

conventional analyses.

Genetic and environmental influences on processing

speed, executive functions, and general cognitive

ability: Findings from the Older Australian Twins

Study

Teresa Lee, University of New South Wales; Margaret Wright,

Queensland Institute of Medical Research; David Ames, National

Ageing Research Institute; Perminder Sachdev, University of New

South Wales

There is limited research on the contributions of genetic and envi-

ronmental influences on age-related cognitive decline in older adults.

Processing speed (PS) and executive functions (EF) are two key

cognitive domains to understand this phenomenon.

In two studies, we examined these influences in measures of PS

and general cognitive ability (GCA), and measures of EF and GCA

separately. Data were collected from the Older Australian Twins

Study (mean age = 71 years, F/M = 2:1), comprising 477 twins and

individuals (117 MZ pairs, 98 DZ pairs, 47 individuals) in three

Eastern states of Australia. Multivariate genetic analyses showed the
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heritability of five neuropsychological measures of PS ranged from

0.35 (Complex Reaction Time) to 0.62 (Digit Symbol), and the her-

itability of four neuropsychological measures of EF ranged from 0.29

(inhibition) to 0.63 (verbal fluency). The covariation between PS

measures and GCA, and the covariation between EF measures and

GCA, were attributable to a common genetic factor in each case. The

moderately high genetic correlations between the PS measures and

GCA, and between EF measures and GCA suggest that they may have

common biological underpinnings.

In a third study, we explored leisure activity, lifestyle, health, and

medical factors and their potential influence in PS and EF, episodic

memory, verbal ability and global cognition, using the discordant MZ

co-twin design. Discordance in cognitive and social activities (but not

physical activity), odour identification ability, gait in walking a short

distance, and Body Mass Index were identified to explain discordance

in cognitive performance.

These findings help clarify the genetic associations between cog-

nitive performances and will inform future studies in identifying

genes involved in specific cognitive abilities. The identification of

lifestyle, health and medical factors promotes our understanding of

neurobiological mechanisms in cognitive aging, and has practical

implications for interventions to slow age-related cognitive decline in

older adults.

Effects of adoptive parenting and biological parent

characteristics across the transition to school

Leslie Leve, University of Oregon; Jenae Neiderhiser, The

Pennsylvania State University; Gordon Harold, University of Sussex;

Daniel Shaw, University of Pittsburgh; Misaki Natsuaki, University

of California-Riverside; Jody Ganiban, George Washington

University; David Reiss, Yale University

There is a growing body of evidence suggesting that genetically-

influenced child characteristics can evoke patterned responses from

parents (e.g., evocative rGE). In addition, expectations about child

difficulties can influence parenting. The adoption design provides a

unique opportunity to examine these possibilities. Using a nation-

wide study of linked sets of children adopted at birth, their adoptive

parents, and their birth parents (n = 361 sets), we examined asso-

ciations between birth parent characteristics and adoptive parenting.

Birth parent arrests were coded from court records from each county

where the birth parent lived. Overall, 56 % of birth mothers and

79 % of birth fathers one or more arrests (M = 4 and 9 arrests,

respectively). Adoptive mothers and fathers reported on the extent

to which typical parenting tasks were a hassle (e.g., cleaning up

messes of toys/food; having plans change because of child needs) at

child age 9, 18, 27-mo., 4.5, and 6 years. Regression analyses,

controlling for concurrent child aggression, indicated significant

inverse associations between the frequency of birth parent arrests

and parenting stress across multiple developmental stages, with

adoptive parents reporting less parenting stress when birth parents

had more arrests. These associations were moderated by adoptive

parent knowledge about the birth parents; when adoptive parents

knew more about the birth parents, the inverse association was

present; when they knew less, there was no significant association

between birth parent arrests and parenting stress. This interaction

was significant when birth mother arrests (beta = -0.13, p \ 0.05),

or birth father arrests (beta = -0.25, p \ 0.05) were examined.

Results suggest a compensatory pattern of parent responses to child

behavior based on level of predisposed risk and/or knowledge of

birth parent characteristics, and will be discussed in light of evoc-

ative rGE processes pertinent to family interaction during the

transition to school.

Welfare effects of increasing borrowing limit

in the presence of self control problem

Li Li, University of Toronto

How beneficial is the observed large increase in US borrowing limits

over last three decades for consumers who suffer from the lack of self-

control? This paper uses the dynamic self-control framework first to

model the intertemporal consumption and borrowing profiles of con-

sumers who are susceptible to temptation, and to analyze the welfare

implications of the increase in the borrowing limit for different type of

consumers: those with and without binding credit constraint. Contrary

to the conventional model, I show that an increase in the credit limit

does not always benefit consumers’ welfare, and provide conditions

under which such increase even hurt consumers’ welfare.

Offspring death and subsequent psychiatric morbidity

in bereaved parents: addressing mechanisms in a total

population cohort

Therese Ljung, Karolinska Institutet; Sven Sandin, Karolinska

Institutet; Niklas Långström, Karolinska institutet; Bo Runeson,

Karolinska Institutet; Paul Lichtenstein, Karolinska Institutet; Henrik

Larsson, Karolinska Institutet

Background: It is unclear if psychiatric disorders among bereaved

parents are related to loss of a child in general or if cause of death is

important, and if such a link is consistent with a causal explanation.

Methods: We identified 3,114,564 parents by linkage of Swedish

nationwide registers. The risk for psychiatric hospitalization was

assessed by log-linear Poisson regression. Family-based designs were

used to address familial confounding.

Results: We identified 3,284 suicides and 14,095 any-cause deaths in

offspring during follow-up. Parents exposed to offspring suicide had

considerably higher risk for subsequent psychiatric hospitalization

than unexposed parents (relative risk [RR] = 1.90; 1.72–2.09), also

when compared to parents exposed to any offspring death with

(RR = 1.34; 1.27–1.41) or without suicide (RR = 1.18; 1.11–1.26).

The risk increase was not found among stepfathers differentially

exposed to biologically unrelated stepchildren’s death or suicide, and

was noticeably lower among full- or half-siblings differentially

exposed to offspring death or suicide.

Conclusions: Most of the association between offspring death and

parental psychiatric hospitalization was due to offspring suicide, and

may primarily be explained by a shared genetic liability for psychi-

atric disorder.

Genome-wide analyses of borderline personality

features suggest heterogeneity

Gitta Lubke, University of Notre Dame, VU University Amsterdam

Heritability estimates of Borderline Personality (BP) features in twin

and family studies vary between 35 and 70 % depending on pheno-

type measures and sample characteristics. Our heritability estimates

based on genome-wide SNPs were consistent with these results in

data from the borderline subscale of the Personality Assessment

Inventory (PAI-BOR) collected in two Dutch cohorts, the Netherlands

Twin Register (NTR) and the Netherlands Study of Depression and

Anxiety (NESDA). Importantly, the genetic variance estimates varied

considerably across the four subscales of the PAI-BOR.
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A GWAS of the PAI-BOR total score showed a promising signal

on chromosome 5 corresponding to SERINC5, which codes for a

protein involved in myelination. Other studies provide evidence for

decreased myelination in the brain in borderline patients, and a

relation between myelination and social behavior, respectively. We

replicated the signal successfully in an independent cohort drawn

from the Erasmus Rucphen Family study (ERF). Post-hoc analyses

showed that the effect sizes of SNPs tagging SERINC5 differed

substantially across the 24 items of the PAI-BOR. Taken together, our

results suggest that phenotypic and genetic heterogeneity can play an

important role in the heritability of BP features.

Genome-wide association for reading and language

abilities in two population cohorts

Michelle Luciano, University of Edinburgh; David Evans, Bristol

University; Narelle Hansell, Queensland Institute of Medical

Research; Sarah Medland, Queensland Institute of Medical Research;

Grant Montgomery, Queensland Institute of Medical Research; Nick

G. Martin, Queensland Institute of Medical research; Margaret

Wright, Queensland Institute of Medical Research; Timothy Bates,

University of Edinburgh

Candidate genes have been identified for both reading and language,

but most of the heritable variance in these traits remains unexplained.

Here we report a genome-wide association meta-analysis of two large

cohorts from Australia (ranging 12–25 years; n = 1,177) and the UK

(ALSPAC children aged 8 and 9 years; maximum n = 5,472). Sug-

gestive association was indicated for reading and non-word repetition,

a measure of language. The greatest support was found for DAZAP1

(p = 1.32 9 10–6) and ABCC13 (p = 7.34 9 10–8). Gene-based

tests showed significant association (p \ 2.8 9 10–6) for a reading

and spelling composite with two loci situated on chromosome 1. The

top associated reading ability SNPs showed evidence of association

with language but not vice versa. Results support genetic pleiotropy

for reading and language development, and implicate novel candi-

dates for study in additional cohorts for reading and language

abilities.

Authoritarianism as a personality trait: Evidence

from a longitudinal behavior genetic study

Steven Ludeke, University of Minnesota; Bob Krueger, University

of Minnesota

Authoritarianism has long been conceived of as a highly stable

personality trait, though recent accounts have argued that author-

itarianism is too malleable to justify this conception. We provided

a test of the trait conception of authoritarianism by measuring its

stability in a community sample of twins over a 15 year period,

and by identifying the source of any stability with biometric

modeling. Our results showed that authoritarianism exhibited a

high degree of rank-order stability (r = 0.76). Biometric analyses

indicated that this stability derived primarily from genetic influ-

ences, with changes in authoritarianism due to the unique

experiences of the individual. In both of these respects, our results

were highly comparable to those reported for other personality

traits in previous work, indicating support for the trait conception

of authoritarianism. Other results of note included a higher degree

of stability among the more educated portion of the sample, sup-

porting previous theoretical work.

Causes of smoking initiation across adolescence: Genes

or shared environment

Hermine Maes, Virginia Commonwealth University

Previous studies have suggested a changing role for the contributions

of genetic and shared environmental factors to liability of smoking

initiation during adolescence. However, individual studies were often

underpowered to estimate these factors reliably, especially in early

adolescence partly because of the rapidly increasing prevalence of

ever smoking. The current study combines data from the major twin

registries in the US (Virginia, Colorado, Minnesota) and around the

world (Europe & Australia) to jointly estimate the mean level of

smoking initiation (‘have you ever smoked a cigarette’’) and the

causes of individual differences in smoking initiation and progression.

Sample sizes ranged from 3,000 to over 10,000 individuals at any

given age between ages 12 and 19. Structural Equation Modeling was

used to fit alternative genetic models in OpenMx. Prevalence of

smoking initiation increased gradually from 5 % at age 11 to

approximately 60 % at age 19. Cross-sectional twin correlations

suggested that both additive genetic and shared environmental factors

influenced the liability of smoking initiation across the adolescent age

range with their roles shifting throughout adolescence. Similar results

were obtained for current smoking and substantial overlap existed

between the genetic influences on smoking initiation and current

smoking. These results may have important implications for preven-

tion/intervention efforts to decrease the consequences of smoking.

Disease expression based on inheritance in Parkinson’s

disease

Carol Manning, University of Virginia; Erin Horn, University

of Virginia; Madaline Harrison, University of Virginia; G. Frederick

Wooten, University of Virginia; Eric Turkheimer, University

of Virginia

Historically the diagnosis of Parkinson’s Disease is based on the

presence of some combination of tremor, postural instability and

bradykinesia. Nonmotor symptoms, particularly cognitive impairment

and mood disturbance, are now recognized as critical and debilitating

features of the disease. PD occurs more frequently in men than

women and it has been suggested that the threshold for disease

expression is greater for women than men. As such, it is predicted that

offspring with PD (probands) who have mothers with PD may have a

more aggressive disease course than probands with fathers with PD.

In line with this, previous work has shown that mother-affected

probands are more likely to have intellectual impairment than father-

affected probands or probands without an affected parent (Manning

et al. 2004). The current work examined disease progression including

intellectual impairment, mood and motor symptoms in probands with

affected mothers or fathers, as measured by the Unified Parkinson’s

Disease Rating Scale (UPDRS). Using a database of well-character-

ized individuals with PD, patients were organized into 1) PD patients

with an affected mother (N = 88) and PD patients with an affected

father (N = 64). Average age at disease onset, years with the disease,

and overall disease severity were similar for all groups. Preliminary

analyses suggest that, controlling for age, gender, and time since

symptom onset, mother-affected probands (N = 88) demonstrated

higher baseline cognitive and behavioral impairments on UPDRS Part

I than father-affected probands (N = 64). Additional analyses on a

subset of these patients who returned for a follow-up visit suggest that

mother-affected probands (N = 37) experienced faster decline in

cognitive and behavioral symptoms of PD than father-affected pro-

bands (N = 35). The current results indicate an increased rate of
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decline in these nonmotor symptoms in PD patients with affected

mothers. This finding is consistent with a more aggressive disease

course with maternal inheritance of the disease.

Trying to crack the molecular genetics of depression

Nick G. Martin, Queensland Institute of Medical research

The heritability of depression is well established from twin and family

studies but little progress has been made in elucidating the molecular

gentic mechanisms beneath this. Current attempts using GWAS and

various -omics approaches will be reviewed.

Examining the intergenerational transmission

of anxiety in a genetically informative design:

A children-of-twins study

Tom McAdams, King’s College London; Fruhling Rijsdijk, Institute

of Psychiatry; Jurgita Narusyte, Karolinska Institutet; Jody Ganiban,

George Washington University; Erica Spotts, George Washington

University; David Reiss, Yale University; Jenae Neiderhiser, The

Pennsylvania State University; Paul Lichtenstein, Karolinska

Institutet; Thalia Eley, Institute of Psychiatry

Anxiety runs in families, and most attempts to explain this phenom-

enon focus on processes of conditioning, learning, and verbal

communication as the mechanisms of transmission (Rachman 1977;

1991). However, anxiety is heritable (Hettema, Neale & Kendler

2001) so the intergenerational transmission of anxiety may be genetic

in nature. In the present study we assessed the intergenerational

transmission of anxiety using a children-of-twins design, capable of

distinguishing genetic from environmental (i.e. conditioning, learn-

ing, verbal) transmission.

Data were drawn from the Twin Offspring Study in Sweden, a

sample of 876 same-sex adult twin pairs (326 male pairs and 547

female), their spouses and their adolescent offspring. All participants

were assessed on their trait anxiety. Structural equation models were

employed that were capable of distinguishing genetic from environ-

mental intergenerational transmission.

Analyses demonstrated that the association between parent and child

anxiety was environmental in nature—it was possible to drop the genetic

pathway without a significant reduction in model fit. As such estimates of

the relationship between parent and child anxiety derived from epide-

miological samples are not likely inflated by genetic confounds. This

would suggest that theorised processes of conditioning, learning and

verbal transmission may be the mechanisms through which children

develop anxiety. That is, these mechanisms are not likely confounded by

genetic overlap between parent and child anxiety. It is intriguing that there

is no genetic pathway between parent and child anxiety, despite both

phenotypes being heritable. This finding conforms to similar studies

assessing the link between parent and child depression, which also find no

genetic link (Silberg et al. 2010; Singh et al. 2010). Our findings suggest

that, despite there being a degree of stability in trait anxiety throughout the

life-course, different genes may be involved in adult and child anxiety.

Confirmatory genetic factor analysis of the metabolic

syndrome in the Vietnam Era Twin Study of Aging

Jeanne McCaffery, The Miriam Hospital/Brown Medical School;

Matthew Panizzon, University of California San Diego; Carol Franz,

University of California San Diego; Kelly Spoon, University

of California San Diego; Richard Hauger, University of California

San Diego; Megan Sailors, University of California San Diego;

William Kremen, University of California San Diego and VA SD

Center of Excellence for Stress and Mental Health; Michael Lyons,

Boston University

The metabolic syndrome has been conceptualized as a clustering of

metabolic risk factors, including insulin resistance, dyslipidemia,

central obesity and hypertension, that increases risk for cardiovascular

disease and cognitive decline. Although these risk factors covary in

epidemiological investigations and, when combined, predict disease

outcomes, it remains unclear how genetic and environmental factors

contribute to this syndrome. To address this question, we conducted a

confirmatory genetic factor analysis in which 8 continuous metabolic

syndrome facets (insulin, glucose, body mass index, waist–hip ratio,

high density lipoprotein cholesterol, triglycerides, and systolic and

diastolic blood pressure) were arranged to load on four first order

factors, namely ‘‘insulin resistance’’, ‘‘obesity’’, ‘‘lipids’’ and ‘‘blood

pressure’’. A second order factor underlying the four first order factors

was posited to reflect the ‘‘metabolic syndrome’’. Additive genetic,

shared environmental and nonshared environmental contributions for

the 2nd order factor and all residuals were partitioned. Our results

indicated that the 8 continuous measures had a heritable common

factor. The obesity, lipids, and blood pressure factors each showed

significant heritability independent of the common factor. Using

dichotomous measures of obesity; hypertension; diabetes and dysli-

pidemia, a single common underlying factor was also significantly

heritable. Overall, these models provide new insights into common

and unique genetic influences on metabolic syndrome facets and

inform strategies for genetic discovery and prediction of health out-

comes for this pleiotropic trait.

ENIGMA2: Genome-wide scans of subcortical brain

volumes in 16,125 subjects from 28 cohorts worldwide

(for the ENIGMA consortium)

Sarah Medland, QIMR

Neuroimaging genetics has the potential to identify genetic contri-

butions to disease pathology by discovering both common and rare

genetic variants that relate to brain structure and function. Many

studies have identified significant genetic associations with brain

measures, but effect sizes are generally small so vast samples are

needed to find and replicate genetic associations (Stein et al. 2012). In

addition to small effect sizes, data collection is expensive and small

datasets are common. To maximize power to detect genetic effects on

brain measures, we formed the ENIGMA Consortium (http://

enigma.loni.ucla.edu/) to help coordinate and harmonize neuroimag-

ing genetics efforts at sites around the world.

The ENIGMA Consortium is comprised of 28 groups that span 5

continents, including 16,125 subjects. ENIGMA follows a meta-

analysis framework, where analyses are conducted at local sites and

group-level, de-identified statistics are contributed for meta-analysis.

To harmonize analyses across sites, we developed standardized pro-

tocols for image analysis, imputation of genetic data, and genetic

association analysis.

Image analysis was conducted using fully-automated and validated

neuroimaging segmentation algorithms (either FSL FIRST or Free-

Surfer). The heritability of each structure was estimated using

structural equation modeling from 801 twins and siblings from the

QTIM study. Genetic data were imputed to the latest 1,000 Genomes

reference panel (phase I, version 3). Association testing was con-

ducted using mach2qtl for samples with only unrelated subjects and
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merlin-offline for samples with a family design. Association tests

conducted at each SNP controlled for age, sex, 4 MDS components,

intracranial volume, site variables and disease status. Data were

combined across sites using the inverse variance-weighted meta-

analysis. The results of these analyses and their implications for

mental health conditions will be discussed.

Early childhood adversity and adolescent violence:

A dual methods approach to GxE interactions

Jane Mendle, Cornell University; Rebecca Ryan, Georgetown

University; Marie Carlson, University of Texas at Austin; Sarah

Moore, Cornell University; Kathryn Harden, University of Texas

at Austin

As gene x environment interaction studies have grown increasingly

prominent, so have a number of substantive questions about meth-

odology, sample size, replication, and consilience. The present paper

employs a ‘‘dual methods approach’’ to understanding associations of

early childhood adversity with adolescent violence by comparing

results from quantitative and candidate GxE methodology. We

explore both the main question of how childhood environments may

intersect with genetic propensities for antisocial behavior and a sec-

ond, more enigmatic question: do these two methods provide

convergent results?

Data are from the National Longitudinal Study of Adolescent

Health, a nationally representative study of risk behavior conducted in

four waves from 1994 to 2008. An aggregate measure of early

adversity was calculated from retrospective reports of child mal-

treatment (physical and sexual abuse, neglect, investigations and/or

removal from home by Child Protective Services). Adolescent vio-

lence comprised nine items indexing physical aggression, fighting,

weapon possession, and assault in the past eighteen months (log

transformed to reduce skew, then standardized according to age and

gender; M age at assessment = 16.1 years). For quantitative GxE

models, we utilized a sample of 289 MZ pairs, 451 DZ pairs, and

1,252 full sibling pairs. Following Purcell (2002), variance in ado-

lescent violence was decomposed into genetic and nonshared

environmental components, moderated by level of exposure to early

childhood adversity. Candidate GxE models utilized random intercept

regression models on N = 2,475 siblings with available genotype

data. Genes selected for candidate GxE models were related to reg-

ulation and modulation of dopamine (DAT1, DRD4). Although both

methods broadly suggested a diathesis stress pattern, with early

adversity ‘‘activating’’ underlying genetic propensity for violence,

significance level differed across methodology, with the relatively

strong results for individual candidate GxE models reaching only

borderline significance in quantitative GxE models.

Cohort and sex effects on adolescent problem behaviors

and their heritability

Päivi Merjonen, University of Helsinki; Meike Bartels, VU

University Amsterdam; Dorret Boomsma, VU University Amsterdam

Objective: Increases in mental health problems have been reported

through the 20th century. Our aim is to study the prevalence of

adolescent emotional and behavioral problems during the beginning

of the 21st century in birth cohorts 1988-1998 in a large Dutch

population-based twin sample. We also want to test, whether the

genetic architecture of problem behaviors differs by birth cohort,

which might imply to the presence of gene-environment interaction.

Methods: The present study includes Dutch twins (over 3,799 boys

and 4,912 girls) born between 1988 and 1998, who were followed in

the Netherlands Twin Register from birth onwards. Emotional and

behavioral problems were self-reported by the participants at mean

age of 15.69 with Youth Self-report (YSR). Twin modeling was done

with SEM package OpenMx in R.

Results: Externalizing behaviors, aggression and delinquency,

decreased steadily with later birth year. However, thought problems

increased suddenly in 1991 birth cohort and stayed higher in later

cohorts. Similarly also somatic problems increased with later birth

cohorts. AE model fitted the data best. Heritability explained

38–56 % and unique environment 44–62 % of the variance on the

traits. Somatic problems and Anxiety/depression were more heritable

in females (b = 0.033, 0.048) and aggression was more heritable in

males (b = -0.014). Biggest changes in heritability by cohort were

for delinquency and thought problems (h2 dropped from 0.55 to 0.40

and 0.58 to 0.38, respectively).

Conclusions: While externalizing behaviors have been steadily

decreasing during the first decade of the 21st century, thought prob-

lems and somatic problems increased among adolescents in the

Netherlands around 2007–2008 and have stayed up since. Changes in

heritability imply that gene-environment interactions play a role in

development of problem behaviors. Possible environmental reasons

for the changes may be the economic crisis, technologization of social

communications or increase in basic insecurity and extrinsic values.

Statistical pitfalls in the genetic analysis of multiple

disorders in psychiatric genetics

Michael Miller, University of Minnesota

Psychiatric disorders show complex patterns of comorbidity and

familial relationship that complicate genetic analysis. Combining

disorders in a single analysis (lumping) may improve power by

increasing sample size, but separate analyses of disorders, or even

subtypes (splitting) may improve power by enhancing individual

effects. We cannot predict with confidence whether lumping or

splitting will be most successful because we don’t understand the

genetic etiology of these disorders. In a recent very extensive large-

sample study, the Cross-Disorder Group of the Psychiatric Genomics

Consortium (Lancet 2013) combined association results from case–

control genome scans of five disorders to produce a single omnibus

association test for each marker. They followed the omnibus tests

with model-fitting analyses for the five disorders using markers

selected for very low p-values in the omnibus test. Unfortunately, the

marker-selection procedure distorts the genotype-phenotype rela-

tionships because it capitalizes on sampling error. When power is not

very high, genotype-phenotype correlations will be amplified for the

selected markers, and disorders that were etiologically unrelated to

the selected locus may appear to be related. Associations of a single

selected genotype with multiple phenotypes is expected even in the

absence of any genetic effect whatsoever. The same kind of problem

arises in linkage analysis. These problems are illustrated using sim-

ulated data. Alternative analytical procedures are proposed.

GWAS of cannabis use in a family-based sample

from the Netherlands Twin Register: A comparison

of two analytic strategies

Camelia Minica, VU University, Amsterdam; Conor Dolan,

University of Amsterdam; Jouke Jan Hottenga, VU University,
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Amsterdam; Dorret Boomsma, VU University, Amsterdam;

Jacqueline Vink, VU University, Amsterdam

Although half the variance in liability to initiation of cannabis use is

explained by genetic factors, the identification of genes that underlie

this heritability has met little success so far. Cannabis use is a com-

plex trait and the causal genes are assumed to have small effects,

requiring large samples for their detection. The large family-based

samples collected in twin registries confer a great potential to increase

statistical power. Given the availability of family data, we asked

which analytic strategy is most suitable to run genomewide scans,

where both power and computational tractability are important.

One strategy is to limit the association study to unrelated indi-

viduals, but this is wasteful. A second strategy is to exploit family

data by using a robust estimator (i.e., the Unweighted Least Squares

sandwich; e.g., Rogers 1993). This approach accommodates the

clustered structure of the data by adjusting the standard errors of the

parameter estimates. It is computationally easy and it does not require

the specification of a model for the background covariance matrix. A

third strategy is to explicitly model the relatedness among individuals,

by using a mixed effects approach or a Generalized Least Squares

procedure in combination with the Huber sandwich (i.e., if the

background model is misspecified; Dobson 2002).

Using simulations we compared the performance of these analytic

strategies by considering features of samples typically collected in

twin registries: a large number of clusters, that are small, varying in

size and may include a wide range of phenotypic correlations.

We applied the most efficient strategy in a GWAS of cannabis use

in a Netherlands Twin Register sample consisting of genotypes and

lifetime cannabis use data collected in 2,619 nuclear families with up

to 4 siblings.

Estimating the sex-specific effects of genes on facial

attractiveness and sexual dimorphism

Dorian Mitchem, University of Colorado Boulder; Alicia Purkey,

University of Colorado Boulder; Nicholas Grebe, University of New

Mexico; Greg Carey, University of Colorado; Christine Garver-

Apgar, University of Colorado Denver; Timothy Bates, University

of Edinburgh; Rosalind Arden, King’s College London; John Hewitt,

University of Colorado Boulder; Sarah Medland, Queensland Institute

of Medical Research; Nick G. Martin, Queensland Institute

of Medical research; Brendan Zietsch, Queensland Institute

of Medical Research; Matthew Keller, University of Colorado

Boulder

Human facial attractiveness and facial sexual dimorphism (mascu-

linity-femininity) are important facets of mate choice and are

hypothesized to honestly advertise genetic quality. However, it is

unclear whether genes influencing facial attractiveness and mascu-

linity-femininity have similar, opposing, or independent effects across

sex, and the heritability of these phenotypes is poorly characterized.

To investigate these issues, we assessed facial attractiveness and

facial masculinity-femininity in the largest genetically informative

sample (n = 1,580 same- and opposite-sex twin pairs and siblings) to

assess these questions to date. The heritability was *0.50–0.70 for

attractiveness and *0.40–0.50 for facial masculinity-femininity,

indicating that, despite ostensible selection on genes influencing these

traits, substantial genetic variation persists in both. Importantly, we

found evidence for intralocus sexual conflict, whereby alleles that

increase masculinity in males have the same effect in females.

Additionally, genetic influences on attractiveness were shared across

the sexes, suggesting that attractive males tend to have attractive

daughters and attractive mothers tend to have attractive sons.

Genetic and environmental influences

on the relationship between different measures of music

ability and IQ

Miriam Mosing, Karolinska Institute; Guy Madison, Umeå

University; Nancy Pedersen, Karolinska Institute; Fredrik Ullén,

Karolinska Institute

For various forms of expertise, including musical proficiency, long-

term deliberate practice is regarded one of the best predictors of

expert performance. Interestingly, several studies report associations

between performance on sensory discrimination tasks that tap into

musical expertise and general cognitive ability. A prevailing idea is

that music training improves music skills and that it may entail some

sort of transfer effect, such as an increase in cognitive ability.

However, an alternative explanation for the reported associations

could be that high functioning and musically talented individuals are

more likely to actively engage in regular music training, i.e. some

underlying factor influences cognitive ability, music skills and prac-

tice behaviour. Such an underlying factor could be genetic variation

among individuals. Past studies have focused on phenotypic associ-

ations using designs which do not allow for conclusions regarding

causality or the role of genetic factors for expertise. So the relative

importance of training for various aspects of musical expertise and its

relationship to intelligence remains controversial. The present study is

the first to use a genetically informative sample (11,000 Swedish

twins) to explore the associations between music training (hours

throughout lifetime), IQ, and music ability (rhythm, melody and pitch

discrimination), which also allows for testing of causal relationships.

Phenotypic relationships between the variables were moderate and

highly significant with correlations ranging between 0.22 and 0.39,

while music training and IQ showed a significant but slightly lower

correlation at 0.15. Heritability estimates ranged between 40 and

58 %. The relationships between variables could entirely be explained

by shared genetic influences and correlations of intrapair differences

in the traits among monozygotic twins were non-significant, indicat-

ing that in genetically identical twin pairs the twin who trained more

did not show better music skills or a higher cognitive ability. These

findings strongly support a non-causal explanation, such as genetic

pleiotropy.

New developments in OpenMx: Applications

to substance use and abuse

Michael Neale, Virginia Commonwealth University; Ryne Estabrook,

Virginia Commonwealth University; Nathan Gillespie, VIPBG;

Elisabeth Hahn, Saarland University; Steven Aggen, Virginia

Commonwealth University

Modeling of continuous data collected from twins by full-information

maximum likelihood (FIML) has been a standard in behavioral

genetic analysis for many years. Also popular has been the analysis of

a limited number of ordinal or binary variables. Normal theory FIML

analysis of many ordinal variables is hampered by the curse of

dimensionality, as it requires integration of the multivariate normal

over as many dimensions as there are variables, relatives in a pedi-

gree, occasions of measurement, or the product of all three of these

factors. Yet high-dimensional analysis, and joint analysis of ordinal

and continuous variables is needed to maximize the value of data

collected in multivariate and longitudinal genetically informative

studies. Several approaches to tackle this issue are presented and their

relative strengths and weaknesses discussed. One is the pre-calcula-

tion of matrices of polychoric correlations and weight matrices for
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weighted least squares analysis. The presence of missing data, which

is sometimes highly structured (such as the assessment of dependence

symptoms in only those who have initiated substance use) compli-

cates these procedures, but may be overcome with specialized

techniques. It is shown how these approaches offer certain advantages

over methods provided in other commercial and open source

packages.

Links between birth parent substance use and toddler

behavior

Jenae Neiderhiser, The Pennsylvania State University; Charles

Beekman, The Pennsylvania State University; Leslie Leve, University

of Oregon; Daniel Shaw, University of Pittsburgh; Jody Ganiban,

George Washington University; David Reiss, Yale University

This paper examines how a composite construct for substance use and

related problems in birth parents may be expressed behaviorally in

toddlers. Substance use is highly heritable; however, less is known

about how this risk is manifested behaviorally in children. Partici-

pants are from the Early Growth and Development Study; 561 sets of

birth mothers (BMs) and adoptive parents (APs) linked through the

adopted child (AC) and 208 birth fathers (BFs). The construct

indexing substance use problems in the birth parents is comprised of

five indices: age of onset, percent of first degree relatives with sub-

stance use problems, indication of drug abuse and/or alcohol abuse on

the CIDI, and lifetime symptoms of addictive use of substances.

These indices all load highly on the substance use construct (ranging

from 0.44 to 0.87).

Preliminary analyses indicate a significant direct effect of the

substance use composite on the CBCL attention problems scale when

children were 18 months old (B = 0.18, p [ 0.05). Prenatal risk,

assessed using a Life History Calendar method, was examined as a

mediator of these apparent genetic main effects. Although there was a

strong correlation between the substance use composite and prenatal

risk (B = 0.50), there was no significant association between prenatal

risk and child attention problems (B = -0.08). Additional analyses

will examine the role of parenting and marital conflict in the adoptive

home as potential moderators of genetic risk and additional prenatal

risk indices derived from medical records data will be included as

potential moderators. In addition, infant and toddler temperament and

executive functioning will also be examined as possible behavioral

indicators in children of risk conferred by the birth parent substance

use composite.

A social shield against divorce: A genetically informed

study of social support as a buffer against adverse

outcomes associated with parental divorce

Mika Nomura, University of Virginia; Erin Horn, University

of Virginia; Eric Turkheimer, University of Virginia; Robert Emery,

University of Virginia

Approximately 50 % of marriages in the US end in divorce, and

parental divorce is associated with numerous adverse outcomes in

children, such as decreased social competence and increased emo-

tional and behavioral problems. Existing research suggests that more

supportive family relationships predict better post-divorce adjust-

ment, yet many of these studies have failed to account for selection

factors that may be inflating this association. We address this issue in

the present study by conducting genetically informed analyses to

control for such measured and unmeasured confounds. Using twin and

sibling pairs from the National Longitudinal Study of Adolescent

Health who experienced parental divorce or dissolution, we explored

the association between parental social support (with both mother and

father) and both depressive symptoms and self-esteem through ado-

lescence and early adulthood. We observed a phenotypic protective

effect of parental social support on both depressive symptoms and

self-esteem, although the effect of mother-derived social support

affected only concurrent adjustment; father-derived social support

showed continued influence into early adulthood. Biometric models

indicated that the protective effects of mother-derived social support

on depressive affect were mediated by genetic factors, while those of

father-derived social support were not mediated by between-family

effects, consistent with a causal explanation. The effect of social

support on self-esteem also was not mediated by genetic factors.

These results suggest that father-derived social support is long-lasting

and is not due a propensity for both greater perceived social support

and better psychological adjustment post-divorce. On the other hand,

mother-derived social support is shorter-lived and is protective

against concurrent low self-esteem, but its protective effect against

depressive affect is spurious. This analysis is among the first genet-

ically informed studies identifying factors protecting against

psychosocial consequences of parental divorce, and has important

implications for children and adolescents who experience family

transitions.

A co-twin control design examining socialization

versus genetic selection effects in the association

between body-conscious peer groups and disordered

eating

Shannon O’Connor, Michigan State University; S. Alexandra Burt,

Michigan State University; Kelly Klump, Michigan State University

Objective: Previous studies have demonstrated an association between

body-conscious peer groups and disordered eating (e.g., body dis-

satisfaction). This association has mainly been attributed to

socialization effects (i.e., membership in body-conscious peer groups

leads to increased disordered eating through modeling and in-group

comparisons); however, selection effects (i.e., selecting into a par-

ticular group due to common attitudes, beliefs or genetic

predisposition) may also contribute to this association. The current

study was the first to use a co-twin control analysis to explore the

possibility of genetic and environmental selection factors versus pure

socialization effects. Methods: Participants included 430 adolescent

twins between the ages of 8 and 14. To comprehensively examine the

full range of eating pathology, several disordered eating attitudes and

behaviors (e.g., body dissatisfaction, binge eating, loss of control over

eating) were examined via self-report. Self-report questionnaires also

were used to assess peer group emphasis on body weight and shape.

Results: Analyses examined peer group exposure for each twin

individually, as well as within-pair differences separately for mono-

zygotic (MZ) and dizygotic (DZ) twin pairs. Comparisons of within-

individual versus within-twin pair effects allows for identification of

socialization effects, genetic selection effects, or a combination of

genetic and environmental selection effects. For the vast majority of

disordered eating measures, a combination of genetic and environ-

mental selection effects were present, as associations between body-

conscious peer groups and disordered eating were found within-

individual, but not within MZ or DZ twin pairs. Discussion: Findings

are the first to suggest that genetic and environmental factors may

account for selection into like-minded peer groups, which may con-

tribute to the association between body-conscious peer groups and

disordered eating.

534 Behav Genet (2013) 43:505–550

123



Investigating internalizing disorders as a gene-

environment interaction: Candidate genes and parental

control

Justyne Ortquist, Michigan State University; Ashlea M. Klahr,

Michigan State University; Kelly Klump, Michigan State University;

S. Alexandra Burt, Michigan State University

Extant literature suggests that controlling parenting is one factor that

influences the development of internalizing symptoms (e.g., depres-

sion and anxiety) in children. Critically, however, not all children

who experience high levels of parental control go on to develop

internalizing symptoms. These imperfect associations are suggestive

of a gene-environment interaction, whereby the influence of a given

environmental risk factor on an outcome is moderated by the child’s

genetic risk for that outcome. Put differently, children at genetic risk

for internalizing symptoms may be more susceptible to the effects of

controlling parenting than are children without genetic risk for

internalizing. The goal of the current study is to examine this possi-

bility, evaluating whether and how children’s genetic risk for

internalizing moderates the relationship between parental control and

their internalizing problems. The sample will include roughly 750

families with twins aged 6–10 years (total N = 1,500 twins) from the

Twin Study of Behavioral and Emotional Development in Children,

one arm of the Michigan State University Twin Registry (MSUTR).

Our assessment of parenting will include measures of parental control

from observed parent–child interactions. Symptoms of internalizing

problems will be measured using self-reports, parent-reports, and

teacher-reports. A series of common genetic variants previously

associated with childhood internalizing problems- including SLC6A4

(5-HTTLPR), DRD2 (rs1800497), HTR2A (rs6311), and MAOA

(VNTR) will be analyzed using DNA from saliva samples. Analyses

will consist of a series of moderated regressions conducted using

Hierarchical Linear Modeling (to account for the non-independence

between siblings), in which internalizing is regressed onto genetic

risk, parental control, and genetic risk X parental control.

Estimation of the genetic covariance among DSM-IV

symptoms of alcohol dependence using common causal

variants

Rohan Palmer, Division of Behavioral Genetics, Rhode Island

Hospital & Brown University; Matthew Keller, University

of Colorado at Boulder; John McGeary, Providence VAMC, Division

of Behavioral Genetics, Rhode Island Hosptial & Brown University;

Andrew Heath; Washington University School of Medicine; Valerie

Knopik, Division of Behavior Genetics, Rhode Island Hosptial &

Brown University

Alcohol dependence (AD) is a multifactorial disorder defined by the

Diagnostic and Statistical Manual of Mental Disorders as a mal-

adaptive pattern of drinking that may include tolerance, withdrawal,

unsuccessful attempts to quit, and social, occupational or recreational

activities foregone, to name a few. Consequently, AD is a pheno-

typically heterogeneous disorder which poses a significant problem in

the identification of genetic factors. The symptomatology of AD has

been demonstrated to represent alternative forms of an underlying

dimension of risk. Several studies also suggest that the genetic

architecture of the underlying risk is complex and likely involves

multiple genetic factors, however, it remains unclear what proportion

of variation in each AD symptom is attributable to common genetic

variants and how much of that variation is common across symptoms.

Using DSM-IV AD symptom data ascertained from 4,181 individuals

participating in the Study of Addiction: Genes and Environment

(SAGE; dbGAP Accession: phs000092.v1.p1), we utilized SNP-

derived genomic relationship matrices to estimate the variation in

each AD symptom captured by SNPs (as captured by the Illumina

1 M chip). We explored the level of genetic covariance among DSM-

IV symptoms of alcohol dependence to identify whether certain

chromosomes largely contribute to the covariance between symp-

toms. All variables were adjusted for age effects, originating study

sample (i.e., COGA, COGEND, or FSCD), and sociodemographic

factors. The proportion of variance/covariance attributable to com-

mon causal variants (CCVs) was estimated using REML in genome

complex trait analysis. CCVs (MAF [ 0.01) accounted for 38 %

(standard error: 0.04) of the variance in AD. We will also show that a

proportion of the variation in each AD symptom is accounted for by

CCVs. Furthermore we discuss the extent to which these effects are

shared across symptoms.

Development of physical aggression during childhood:

A dynamic genome?

Stéphane Paquin, Université de Montréal; Eric Lacourse, University

of Montreal; Mara Brendgen, Université du Québec à Montréal

Genetic effect if often conceived as stable over time even if evidence of

dynamic effects occuring over time are accumulating (van Bei-

jsterveldt, C. E. M & al. 2003; Silberg, J. L. & al. 2007). The objective

of the paper is to identify and detail the temporal pattern of genetic and

environmental effects on the level of aggression during childhood

(6–11 years). Study consist of 5 waves of an ongoing longitudinal twin

study of 553 pairs. Aggressive behavior was assessed with three items

from the CBCL: fighting, physically attacking others, and hit, bite or

kicks other. A log normal transformation was applied to minimize

skewness of the raw scores. We executed a cholesky decomposition of

the 5 aggressiveness scores. The results show that the mean level of

aggression is relatively stable during childhood and that an AE model

best fitted the data. Genetic factors play an important role (between 50

and 75 % of explained variance) throughout childhood although both

genetic innovation and genetic attenuation were identified. First, a new

genetic factor was identified at each measured time point, suggesting

genetic innovation. Second, all genetic factors explained aggressive-

ness at subsequent ages but their effects gradually diminished,

suggesting genetic attenuation. The same pattern of innovation and

attenuation was identified for unique environmental effects, but each

factor covered at most two occasions suggesting faster attenuation.

On the association of common polygenic variation

with smoking behavior across adolescent development

Roseann Peterson, Virginia Commonwealth University; Judy Silberg,

VIPBG; Lindon Eaves, VIPBG, Virginia Commonwealth University;

Hermine Maes, Virginia Commonwealth University

Cigarette smoking is a serious public health problem that is associated

with numerous adverse medical conditions including cancer, lung

diseases and cardiovascular disease. Genetic factors have consistently

been demonstrated to influence individual differences in smoking

behavior (SB), with twin and family studies estimating heritabilities

in the order of 0.50–0.70 for smoking initiation (SI) and 0.60 for

nicotine dependence (ND). The genome-wide association (GWAS)

approach has been applied to smoking behaviors yielding several

putative risk variants of small effects accounting for a fraction of the
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heritability. Adolescence represents an important developmental

period to study smoking behavior as more than 80 % of adult smokers

initiate before the age of 18. Therefore, the purpose of this research

was to utilize longitudinal designs to (1) evaluate association of

validated SB-SNPs, (2) assess the accumulative effect via an aggre-

gate risk score, and (3) compare the variance explained by all

genotyped SNPs (GCTA) to estimates of heritability derived from

classical twin modeling. Twin participants were from the Virginia

Twin Study of Adolescent Behavioral Development (n = 2,630). SB

items were collected on up to four waves and ages ranged from 8 to

18. SB repeated measurements were analyzed using linear mixed

models that estimated individual consumption trajectories by using

best linear unbiased predictors (BLUP). Of the 25 SB-associated

SNPs catalogued from meta-analyses, only two (Chr7p14.3:

rs7780009, Chr19q13.2: rs8102683) were nominally associated with

smoking across adolescence (empirical p-value \ 0.03). Although, in

aggregate the 25 adult SB-associated SNPs were not significantly

associated with the BLUP of adolescence smoking. However, the

GCTA approach accounted for 59 % of the variance in adolescence

SB. Future research will apply these methods to additional cohorts.

Improved understanding of the genetic and environmental compo-

nents of smoking, particularly in a developmental context, will aid in

identifying vulnerability time-points and facilitate targeted prevention

and treatment efforts.

Normal and abnormal human behavior: the epigenetic

perspective

Art Petronis

Epigenetics refers to regulation of various genetic functions via par-

tially stable modifications of DNA and histones. Recent findings in

human and animal epigenetics offer heuristic insights into the

molecular mechanisms of heritable and environmental contributions

to normal traits and shed a new light on the three laws of behavior

genetics formulated by Eric Turkheimer. In psychopathology,

numerous non-Mendelian features of psychiatric diseases are con-

sistent with partially inherited and partially acquired epigenetic

changes. Identification of causal and disease-specific epigenetic dif-

ferences, however, is a challenging task. In our DNA modification

studies of major psychiatric disease, we collected experimental evi-

dence that detection of epimutations can be confounded by epigenetic

heterogeneity, large but uncommon epimutations, tissue- and cell-

specific effects, DNA sequence impact on epigenetic variation, age

effects (heteroscedasticity), and the presence of small epigenetic

differences over extended genomics regions. We explored new ana-

lytical avenues and reported findings by employing tools that have not

been previously applied to psychiatric epigenetic and epigenomic

studies, including methylome networks, which may uncover systemic

epigenomic changes in the diseased cell.

Different neurodevelopmental symptoms have

a common genetic etiology

Erik Pettersson, Karolinska Institutet; Paul Lichtenstein, Karolinska

Institutet

Objective: Although delineated as separate entities in the Diagnostic

Statistical Manual of mental disorders, there is growing agreement

that meeting criteria for one neurodevelopmental disorder markedly

increases the risk of meeting criteria for another, related disorder.

Recent evidence indicates that a large proportion of this phenotypic

overlap may be attributed to a single general genetic liability. How-

ever, it is possible that such a general genetic liability might simply

represent a psychometric artifact attributable to an arbitrarily delin-

eated diagnostic nomenclature that artificially increases overlap

among disorders. Building a model based on overlap among symp-

toms (rather than diagnoses) would circumvent this potential problem.

The aim of the current project was to examine the structure of neu-

rodevelopmental symptoms, and the genetic and environmental

causes behind them.

Method: Parents of all Swedish 9 and 12-year-old twin pairs born

between 1992 and 2002 were targeted for interview regarding prob-

lems typical of autism spectrum disorders, ADHD and other

neurodevelopmental conditions (response rate: 80 %). Exploratory

structural equation modeling was conducted on 6,595 pairs to

examine the genetic and environmental structure of 53 neurodevel-

opmental problems.

Results: One large genetic factor accounted for most of the genetic

covariation among the 53 symptoms. Three specific genetic subfac-

tors identified ‘‘impulsivity,’’ ‘‘learning problems,’’ and ‘‘tics and

autism,’’ respectively. Three unique environment subfactors identified

‘‘autism,’’ ‘‘hyperactivity and impulsivity,’’ and ‘‘inattention and

learning problems,’’ respectively.

Conclusion: One large genetic factor was responsible for the wide-

spread overlap among all neurodevelopmental symptoms, under-

scoring the importance of addressing broad patient needs rather than

specific diagnoses. The unique genetic factors may help guide diag-

nostic nomenclature, whereas the unique environmental factors may

highlight the potential malleability of observed syndromes. Future

research would benefit from measuring the general factor separately

from specific factors in order to better understand the overlap among

neurodevelopmental problems.

The genetic and environmental contributions involved

in cigarette smoking across late adolescent and young

adult development

Elizabeth Prom-Wormley, Virginia Commonwealth University;

Hermine Maes, Virginia Commonwealth University

While the role of genetic and environmental influences across the

developmental periods of early adolescence and adulthood have been

well established, the contribution of these effects during the transition

period from adolescence to adulthood is less clear. Addressing such

factors has implications on the prevention of smoking initiation and

treatment of regular smoking.

Multiple community-based adolescent twin datasets across several

countries were combined and analyses were completed using raw

measures of smoking initiation and current smoking of over 40,000

adolescent twin pairs, ages 15–26. Genetic and environmental effects

were assessed across ages by gender using structural equation mod-

eling In OpenMx.

There was a greater prevalence of both smoking initiation and

current smoking among males during late adolescence and early

adulthood. The magnitudes of both shared environmental effects

(*0.4–0.8) and additive genetic (*0.2–0.7) effects remained con-

sistent for both throughout this period. Although sex differences were

found in estimates of genetic and environmental effects, they were

mostly not significant. These results emphasize the need to continue

early prevention and education against smoking initiation, since both

males and females are highly susceptible to environmental influences.

Further, given the consistency of significant of additive genetic

effects, understanding the underlying biology of pharmacological-

based treatments during this developmental period may also be ben-

eficial to decrease the burden of nicotine dependence.
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Gene-environment correlation (rGE): An investigation

of the association between the dopamine transporter

gene (DAT1) polymorphism and childhood experiences

of abuse (T)

Wail Rehan, Abo Akademi University; Kenneth Sandnabba, Abo

Akademi University; Ada Johansson, Åbo Akademi University;

Pekka Santtila, Åbo Akademi University

In the present study, we wanted to investigate whether there is an

association between the dopamine transporter gene (DAT1) poly-

morphism and childhood experiences of abuse, explainable through

the process of gene-environment correlations (rGE). The sample

consisted of 1,447 male (mean age 26.5, SD = 4.9) and 2,179 female

(mean age 26.5, SD = 5.3) twins and their siblings drawn from a

Finnish population based sample. We used the Childhood Trauma

Questionnaire (CTQ) to measure the childhood experiences of abuse

and neglect of twins. We found that women had experienced more

emotional and sexual abuse as well as physical neglect than men. In

men, the DAT1 polymorphism was associated with having experi-

enced sexual abuse in childhood so that men with the 1010R genotype

reported more sexual abuse experiences than 99R genotype and 910R

genotype. In women, there was an association between the poly-

morphism and childhood experiences of emotional abuse so that

women with the 910R genotype reported more emotional abuse

experiences than 1010R genotype and 99R genotype. No other

associations were found. In conclusion, the present study focused on

associations between the dopamine transporter gene (DAT1) poly-

morphism and retrospective reports of childhood abuse, and our

results suggested that some aspects of experienced childhood abuse

have a genetic component.

GxE contributions to cognitive aging: An MZ twin pair

comparison

Chandra Reynolds, University of California Riverside; Nancy

Pedersen, Karolinska Institutet

How interactions between genes and environment affect human aging

processes are not well understood. However, their potential impor-

tance can be gleaned from both animal and human studies where GxE

interactions may change with age. Longitudinal studies of twins may

be informative to consider GxE for normative cognitive aging by

comparing within MZ pair differences in trajectories by genotype to

identify responsivity of particular genotypes to environments. We

evaluated multiple cognitive domains (verbal, spatial, speed as well as

memory) and multiple genes in lipid and inflammatory pathways that

may be of potential importance to normative cognitive performance

and decline. In illustrative analyses we fitted piecewise growth curves

to data from three longitudinal Swedish studies of aging (SATSA,

OCTO-Twin, and Gender), with data collected up to six waves across

19 years. Estimates of growth curve features were retained and

evaluated in subsequent comparisons of MZ twin pairs. Transfor-

mations to reduce non-normality were applied and inverse standard

errors served as analysis weights. Heterogeneity tests for verbal,

spatial, memory and perceptual speed tests among MZ pairs indicated

mixtures of distributions for cognitive change before and after age 75

for Synonyms, Block Design, and Thurstone Picture Memory, and

after age 75 for Symbol Digit. These results served as a first indication

of possible GxE interaction, suggesting that responsiveness to envi-

ronments, perhaps indicative of plasticity, is evident for cognitive

change. Intrapair differences were then evaluated for association. MZ

pairs with the APOE e3e3 genotype were more variable in decline

rates before age 75 than those who carried the e2 or e4 alleles (e.g.,

Block Design). Apart from APOE, SORL1 risk scores may predict

differential variability in verbal and spatial trajectories. Lastly other

lipid pathway genes may be important to variability in cognitive

change after age 75 (e.g., APOB, LRP1, LDLR). Supported by

AG037985 and AG028555.

Enrollment in the Colorado Adoption Project: Are

there birth parent differences between those who did

and did not participate?

Sally-Ann Rhea, University of Colorado Boulder; Robin Corley,

University of Colorado Boulder

Background: The Colorado Adoption Project (CAP), initiated in

1975, is a well-known ongoing genetically informative study of

behavioral development. However, the early papers and books

describing its foundation (Plomin & DeFries, 1983: 1985) were

written before full recruitment had taken place. Although these

seminal works discussed characteristics of all types of parents (birth,

adoptive, and matched controls) and reported preliminary compari-

sons between birth mothers who intended to place their children for

adoption but did not and those whose children were enrolled in the

study, the comparisons were not conducted in depth and did not

include comparisons that included children who were placed but

whose adoptive parents chose not to participate.

Method: There were 510 birth mothers who completed the foundation

assessments and stated an intention to place their children for adop-

tion. Of those, 124 chose to keep their children, representing nearly

25 % of the potential sample. For the remaining 386 children, 61

adopting parents were not invited to participate, usually due an out-

of-state placement or a move shortly after placement, but occasionally

for other reasons such as severe infant health problems. Of the 325

adoptive parents who were invited, 80 declined, resulting in a final

n of 245, just under 50 % of the original potential sample.

Results: For the primary measure of cognitive ability in biological

parents, the first principal component of 13 scores from a cognitive

battery, mean differences between the scores of biological fathers

whose children participated and those who did not approached sig-

nificance, as did the difference in the correlation between biological

parents whose children participated and those who did not, although

the difference in scores of biological mothers was non-significant.

This presentation will present a more systematic survey of differences

across the multiple domains represented in the CAP battery given to

parents.

Child sleep trajectories from 18 months to 6 years: The

role of stressful family environments and biological

parent depression

Kimberly Rhoades, Oregon Social Learning Center; Leslie Leve,

University of Oregon; Jenae Neiderhiser, The Pennsylvania State

University; Gordon Harold, University of Sussex; Daniel Shaw,

University of Pittsburgh; Misaki Natsuaki, University of California-

Riverside; Jody Ganiban, George Washington University; David

Reiss, Yale University

Sleep problems during early childhood are relatively common and are

a precursor of subsequent adjustment problems. Little is known about

differences in adjustment outcomes between children who evidence

transient sleep problems and children whose sleep problems are

persistent or exacerbating during childhood. The current study
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examined trajectories of child sleep problems from 18 months to

6 years of age in an adoption sample (N = 361 linked triads). We

examined family environment stress (marital hostility, financial dif-

ficulties, marital instability), genetic influences (birth mother

depression), and their interaction (i.e., GxE). We identified 4 classes

of sleep problem trajectories over time: (1) stable low; (2) moderate

decreasing; (3) low increasing; and (4) moderate increasing. Family

environment stress predicted class membership with those in the

moderate increasing and moderate decreasing trajectories evidencing

the highest levels of family stress during infancy. Birth mother

depression also significantly predicted class membership, with chil-

dren in the low increasing class having birth mothers with higher

depressive symptoms than children in the stable low trajectory class.

Importantly, children in the two increasing trajectories evidenced

more internalizing and externalizing problems at age 7. While the

majority of children evidence low level sleep problems over time,

family stress and birth mother depressive symptoms predict those

most likely to evidence higher and/or increasing sleep problems from

18 months to 6 years of age.

Are SNPs associated with educational attainment

also associated with cognitive function?

Cornelius Rietveld, Erasmus University Rotterdam; Philipp

Koellinger, Erasmus University Rotterdam; Daniel Benjamin, Cornell

University; David Cesarini, New York University; George Davey-

Smith, University of Bristol; Gail Davies, University of Edinburgh;

Ian Deary, University of Edinburgh; Magnus Johannesson, Stockholm

School of Economics; Robert Plomin, Kings College London; D

Posthuma, VU University Amsterdam; Peter Visscher, University

of Queensland Diamantina Institute

A recent large scale GWAS meta-analysis identified several loci that

are associated with educational attainment. However, little is known

about the identified loci that would help to shed a light on the causal

pathways underlying the observed correlations. One obvious candi-

date pathway is cognitive function. Therefore we investigate whether

some of the identified loci are associated with cognitive function. We

focus on loci that are strongly associated with educational attainment

(p \ 10–5) and look up their association with cognitive function in

samples that were not part of the educational attainment meta-ana-

lysis. Many of these samples measured cognitive function in children,

which excludes the possibility that differences in cognitive function

were caused by differences in educational attainment. Calculations

with realistic assumptions about potential effect sizes of individual

SNPs on cognitive function show that a sample size of N [ 20,000 is

likely to be required to have a well-powered study design. Currently,

the sample size of studies that signed up for this project meets this

criterion and results are expected soon.

Influences of reading ability on the development

of intelligence: Evidence from a longitudinal

monozygotic twin-discordant design

Stuart Ritchie, The University of Edinburgh; Timothy Bates,

University of Edinburgh; Robert Plomin, Kings College London

Children within families differ in intelligence mainly for genetic and

nonshared environmental reasons. One underexploited mechanism for

nonshared environmentally-driven influences on intelligence may be

the effects of advantages in specific skills, such as reading, which

over time may lead to the improvement of more general cognitive

abilities. Here, in a large UK twin sample, we tested the effects of

reading ability on intelligence. Using a cross-lagged longitudinal

monozygotic-differences design, we tested whether nonshared envi-

ronmental advantages in reading at earlier time points lead to

improved subsequent general intelligence. Our analysis showed that

reading differences at age 7 were associated with intelligence dif-

ferences at 9 and 10, and reading differences at 10 and 12 were

associated with intelligence differences at 12 and 16, respectively. In

a secondary analysis, we split general intelligence into its verbal and

non-verbal components, and showed that associations with reading

are not specific to verbal intelligence, but that earlier reading also

predicts later non-verbal ability. These results suggest the important

influence of childhood reading ability on the development of both

verbal and non-verbal intelligence, and raise theoretical questions

about the nature of this influence.

Common genetic influences identify cognitive

and behavioral networks in the Philadelphia

Neurodevelopmental Cohort

Elise Robinson, Massachusetts General Hospital; Mark Daly,

Massachusetts General Hospital; Andrew Kirby, Massachusetts

General Hospital; Kosha Ruparel, University of Pennsylvania; Haijun

Qiu, Children’s Hospital of Philadelphia; Thomas Lehner, National

Institutes of Health; Ruben Gur, University of Pennsylvania; Hakon

Hakonarson, Children’s Hospital of Philadelphia; Raquel Gur,

University of Pennsylvania

Genomewide complex trait analysis (GCTA) has suggested that

cognitive and behavioral differences are strongly influenced by

common genetic variation, but the extent to which diverse neuro-

psychiatric traits are etiologically linked is unclear. The Philadelphia

Neurodevelopmental Cohort (PNC) is a general population sample of

more than 8,000 genotyped children ages 8–21 recruited through The

Children’s Hospital of Philadelphia. The participants have completed

a detailed neuropsychiatric evaluation, including a battery of more

than 60 traits addressing specific cognitive abilities (e.g. Executive

Control, Episodic Memory, Complex Cognition, Social Cognition)

and behavior (e.g. substance use, symptoms of ADHD and psychosis).

We use GCTA in a subset of the PNC with similar ancestry

(n [ 3,700) to estimate the heritability of each trait, as well as the

genetic correlations between all traits for which there is evidence of

nominally-significant heritability. With that system of bivariate cor-

relations, we identify genomically-linked networks of neuropsy-

chiatric traits, both within and between cognitive and behavioral

domains. These results are informative towards the genetic relation-

ship between neuropsychiatric traits, and can be used to define

etiologically-linked outcome variables in future genetic association

studies of behavior and cognition.

Wide genome transcriptional analysis

of the hippocampus in segmental models of trisomy 21

(Down syndrome) presenting learning impairment

and atypical brain morphometry

Pierre Roubertoux, Aix-Marseille Univ & INSERM; Nathalie Baril,

Aix-Marseille University & CNRS; Véronique Vidal, IMAXIO;

Catherine Bartoli, Aix-Marseille Univ & INSERM; Christophe

Scajola, Aix-Marseille Univ & INSERM; Sylvie Tordjman, Rennes

University & CNRS; Desmond Smith, UCLA; Ed Rubin, Berkeley

University; Michèle Carlier; Aix-Marseille University & CNRS
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Trisomy 21 (Down syndrome) is the consequence of an extra-copy of

chromosome 21 that causes an imbalanced gene dose effect. Obser-

vations with patients and mice models indicated that the D21S17-

ETS2 chromosomal region could be critical in brain morphology and

cognitive impairment of trisomy 21. The analysis of the function of

the D21S17-ETS2 genes indicated that none of them was able to

contribute to the reported brain and cognitive phenotypes. We suggest

that the trisomy phenotype observed in association with D21S17-

ETS2 may involve a deregulation of non-D21S17-ETS2 genes. We

generated segmental trisomy by inserting in mice 4 fragments cov-

ering the human D21S17-ETS2 region in mice. We observed learning

impairment in association with hippocampus functions and hippo-

campus size reduction. We show that several triplicated genes were

not overexpressed in the brain reducing a possible implication in the

brain-behavioral phenotype of trisomy 21. We screened the tran-

scription of 25,000 non-D21S17-ETS2 genes in the hippocampus of

segmental trisomic mice. Extra copies of the four chromosomal

fragments modified the transcription of a large number of genes (from

309 to 1,557). Most of them impacts neuronal morphology (axon

development, dendrite shape), glial cell functioning or neurotrans-

mission mechanisms. Overlapping across the four sets of over or

under-transcribed genes is examined as well as the redundancy in the

pathways between gene and cellular target.

Comparative interactive pathways of genes associated

with Autism: A proteomic profiling

Pierre Roubertoux, Université de la Méditerranée

No abstract provided.

Gene-environment interplay between parent–child

relationship quality and externalizing disorders

in adolescence and young adulthood

Diana Samek, University of Minnesota; Brian Hicks, University

of Michigan; Margaret Keyes, University of Minnesota; Jennifer

Bailey, University of Washington; Matthew McGue, University

of Minnesota; William Iacono, University of Minnesota

Previous research has detected increased genetic risk on externalizing

disorders (EXT) under conditions of adverse family environments

(e.g., poor parent–child relationships). Little research has evaluated

the longitudinal impact of this gene-environment interaction (GxE).

This study replicated and extended previous research by evaluating

gene-environment (GE) interplay underlying the relationship between

the family environment and externalizing disorders both cross-sec-

tionally in adolescence (age 18) and longitudinally (i.e., using age 18

parent–child relationship quality to predict age 25 externalizing dis-

orders). Participants included 1,382 twin pairs (48 % male, 65 %

monozygotic) from the Minnesota Twin Family Study (MTFS).

Perceptions of parent–child relationship quality were assessed using

questionnaires. A composite of externalizing was created using clin-

ical symptom counts of adult antisocial behavior, nicotine, alcohol

dependence, and drug abuse/dependence. Results showed support for

GxE at age 18, such that genetic risk for externalizing increased as a

function of poorer parent–child relationship quality. However, this

interaction was not evident for the relationship between the adoles-

cent family environment and adult externalizing disorders. Instead,

common genetic risk factors (gene-environment correlation; rGE)

predominately explained this relationship. This was one of the few

studies to examine the prospective influences of the adolescent family

environment on genetic and environment risk for externalizing dis-

orders in adolescence and young adulthood. Results suggest that the

impact of proximal environmental effects may be better understood

through GxE, while the impact of distal environmental effects may be

better understood through rGE, at least in terms of the family

environment.

A longitudinal study of the association between activity

level and attention problems in early childhood

Kimberly Saudino, Boston University; Manjie Wang, Boston

University; Philip Asherson, Institute of Psychiatry, King’s College

London

The association between activity level (AL) and attention problems is

well documented, but little is known about the etiological factors that

link the two domains across early childhood. The present study used

cross-lagged biometric models to examine genetic and environmental

contributions to the associations between AL and attention problems

at ages 2 and 3 years.

312 same-sex twin pairs (MZ = 144, DZ = 168) were assessed

within 2 weeks of their 2nd and 3rd birthdays. At each age, AL was

assessed in the lab via actigraphs attached one per limb. Parents rated

twins’ attention problems on the Child Behavior Checklist for Ages

1�–5 (Achenbach & Rescorla 2000).

There were significant stability effects for both AL and attention

problems. The cross-lagged effect for AL at age 2 predicting attention

problems at age 3 was significant, but the reciprocal effect for

attention problems was not. Hence the direction of effects appears to

be from AL to attention problems. AL and attention problems were

genetically influenced (heritability AL age 2 = 0.73, age 3 = 0.60;

attention age 2 = 0.73, age 3 = 0.51). The remaining variances were

due to nonshared environmental influences. At both ages, the

covariance between AL and attention problems was due solely to

genetic influences. For AL at age 3, only stability effects were

transmitted from age 2. These effects were modest, suggesting that

although there is some stability in genetic and nonshared environ-

mental influences, there are substantial genetic and nonshared

environmental influences specific to age 3 (81.3 and 89.7 %,

respectively). For attention problems, genetic and environmental

influences from age 2 were transmitted to age 3 primarily via stability

effects, however, there were modest cross-lagged effects and common

effects (i.e., correlated effects at age 2). Again, however, most of the

genetic and environmental influences on attention problems at age 3

are age-specific indicating new sources of variance.

The association between attention problems and leisure

time exercise behavior in children: A behavior genetics

approach

Meghan Schreck, University of Vermont; Robert Althoff, University

of Vermont; Charlotte Huppertz, VU University Amsterdam;

Catherina van Beijsterveldt, VU University Amsterdam; Dorret

Boomsma, VU University, Amsterdam; Jim Hudziak, UVM; Eco de

Geus, VU University Amsterdam; Meike Bartels, VU University

Amsterdam

Background: Extant literature suggests that physical activity may

positively impact the behavioral, cognitive, and neurobiological

domains implicated in Attention-Deficit/Hyperactivity Disorder

(ADHD). In addition, several studies have employed exercise as a
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treatment for ADHD. It is unclear if genetic factors influence the

relations between exercise behavior and ADHD.

Objective: The present study aims to (1) test whether there is a rela-

tionship between leisure time exercise behavior (LTEB) and Attention

Problems (AP), both cross-sectionally and longitudinally, in 7–12-year

old twins. And, if so, (2) to investigate the nature of this association.

Method: A total of 12,830 twins (51 % female) from 6,415 families,

born between 1991 and 2000, participated in this ongoing study.

Monozygotic and dizygotic twin pairs registered with the Netherlands

Twin Registry (NTR) were assessed for AP using maternal reports on

the CBCL. leisure time exercise behavior (LTEB) was measured by

computing a total weekly metabolic equivalent (MET) score. Struc-

tural equation modeling in OpenMx will be used to estimate the

relative genetic and non-genetic contributions to the association

between AP and LTEB. Preliminary results show the expected genetic

architecture for AP and LTEB, but an unexpected low correlation

between LTEB and AP across the age range studied.

Maximal oxygen uptake and exercise behavior:

A genetic perspective

Nienke Schutte, VU University Amsterdam; Meike Bartels, VU

University Amsterdam; Ineke Nederend, VU University Amsterdam;

Eco de Geus, VU University Amsterdam

Leisure time exercise behavior is associated with exercise ability. This

association may be explained by causal effects: regular exercise

improves exercise ability and/or above-average ability increases the

motivation to exercise. Alternatively, there might be underlying genetic

and/or environmental effects influencing both phenotypes in absence of

causality. The extent to which the association between exercise behavior

and exercise ability is mediated by genetic and/or environmental factors

can be studied in multivariate genetic analyses using twins.

200 twin pairs (aged 16–18) and 25 of their non-twin siblings were

selected from the Netherlands Twin Registry and invited to partici-

pate in a laboratory protocol at the VU University. Our experimental

design included assessment of their exercise ability, quantified by

maximal oxygen uptake, and a questionnaire in which the participants

indicated what types of regular exercise they were involved in. To

determine maximum oxygen uptake, breath by breath respiratory gas

analysis was performed during an incremental exercise test on a cycle

ergometer. Maximum oxygen uptake and was adjusted for weight,

sex, fat mass, and fat-free mass.

A bivariate model was fitted to the data to calculate the proportion

of variance shared by METs spent on leisure time exercise behavior

and maximum oxygen uptake due to common genetic or environ-

mental sources.

Assessing gene-environment interaction in case

of heterogeneous measurement error

inga Schwabe, University of Twente; Stéphanie van den Berg,

University of Twente

Recently, the Dutch Bureau for Economic Policy published a report

stating that Dutch students are underperforming when compared

internationally. Overall performance was not bad, but strikingly, the

Dutch best performing students were ranked lower than were the

average and poor performing students when compared internationally

within their respective performance groups. Arguably, this suggest

that Holland’s most gifted students are not nurtured to their maximum

potential. Our project aims at assessing whether this hypothesis is true

using twin data on school performance.

Many methods to study gene-environment interaction are directly or

indirectly based on relationships between absolute differences in the

twins’ phenotypic scores and the sum of their scores. However, dif-

ference scores not only indicate the influence of non-genetic factors, but

also possibly reflect measurement error. While existing tests generally

show lower measurement error variance for average students, scale

scores may be very unreliable for high performing students due to the

relatively little information provided by only a few very difficult items.

If differences in measurement precision across the scale is ignored, this

may lead to bias in the assessment of gene-environment influences.

In a simulation study it is illustrated by means of Item Response

Theory (IRT) that standard errors of measurement are not constant

across the entire performance range. In addition it is shown that

potential bias can be remedied by incorporating a measurement model

when assessing gene-environment interaction.

Personality similarity in unrelated look-alike

individuals: Constructive replication and social

attraction

Nancy Segal, CSU Fullerton; Jamie Graham, CSU Fullerton; UETT

Ettinger, Univ of Bonn

A wealth of twin and adoption studies have reported genetic influence

on the big Five personality traits. However, a recurrent misconception

is that MZ co-twins’ personality resemblance reflects their similar

treatment by others, triggered by their physical resemblance. The

present study challenged this view by examining similarities in the Big

Five personality traits and in self-esteem among adult individuals in 23

unrelated look-alike pairs (U-LAs). Participants were identified with

the assistance of French Canadian photographer, François Brunelle,

whose ‘‘I’m Not a Look Alike’’ project has been ongoing for some time.

Participants completed both the French PfPI Questionnaire de Per-

sonnalite au Travail and Rosenberg Self-Esteem Scale. Intraclass

correlations across the Big Five personality traits (ri = -0.05) and self-

esteem (ri = -0.03) indicated negligible behavioral resemblance.

Constructive replication using an alternative personality measure, the

yielded the same findings. This second study administered the French

version of the short form of the NEO-PI-R and obtained nearly identical

results (ri = -0.05). It is concluded that MZ co-twins’ personality

similarity mostly reflects their shared genes, and reactive gene-envi-

ronment correlation best explains MZ co-twins’ similar treatment by

other individuals. U-LAs also completed a brief questionnaire con-

cerning their social attraction to their unrelated look-alike partner.

Analysis of their responses revealed little closeness or familiarity

toward one another, with initial levels declining over time. In contrast,

MZ and DZ reared apart twins who completed the same questions

showed substantially higher levels of social relatedness, with initial

levels increasing over time; MZA twins showed significantly greater

closeness and familiarity than DZA twins, as anticipated. It is con-

cluded that physical resemblance does not predict close social relations

between people in the absence of perceived behavioral similarities.

Genetic overlapping among intelligence, educational

attainment, occupational status, marriage, and having

children: Japanese female twins

Chizuru Shikishima, Teikyo University; Shinji Yamagata, National

Center for University Entrance Examinations; Kai Hiraishi, Kyoto
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University; Nobuhiko Kijima, Keio University; Juko Ando, Keio

University

This study was undertaken to explore how demographic variables of

women (i.e. educational attainment, occupational status, marriage

status, and the number of children) are associated etiologically with

individual differences in intelligence. Regarding large-scale social

surveys administered in Japan, previous reports described that edu-

cational attainment and occupational status are positively correlated,

and that women with high levels of education are more likely to be

single or to marry late and that they are less likely to have children.

Moreover, educational attainment is known to reflect intelligence.

Both are largely mediated by the same genetic factor. These findings

suggest the hypothesis that observed associations between demo-

graphic variables and educational attainment are mediated by

intelligence underlying educational attainment rather than the effect

of education per se. We conducted surveys of some 1,000 adult

female twins residing in the Tokyo area to test that hypothesis.

Genetic analyses clarified that genetics of intelligence and educational

attainment are substantially overlapping, and that occupational status

and educational attainment exhibited no associations when the

genetics of intelligence was controlled. Intelligence and marriage and

having a child exhibited substantive negative genetic associations

when genetics of intelligence and educational attainment were

controlled.

CODATwins consortium: A new project

for understanding macro-environmental variation

in genetic and environmental effects

Karri Silventoinen, University of Helsinki; Jaakko Kaprio, University

of Helsinki

‘‘Heritability estimates are not constant but are dependent on envi-

ronment’’. This is a basic tenet of twin studies, but hardly anything is

known on the environmental factors modifying heritability estimates.

Opportunities to answer this research question have greatly increased

in recent years because of accumulation of twin data. Old and well

established twin cohorts have continued data collection whereas new

cohorts have been established representing populations with different

ethnicities and environmental exposures. The CODATwins consor-

tium has been established to analyze systematically macro level

factors affecting heritability estimates of basic anthropometric and

smoking indicators. We aim to collect information of height, weight,

smoking status and number of cigarettes smoked from twin cohorts in

the world and analyze these indicators using meta-analytical methods.

Further we aim to collect information on education to analyze edu-

cational differences in these indicators. In the study protocol a special

attention is paid to minimize the effort needed from each collabo-

rating cohort while respecting their integrity and self-determination.

Comparative design across populations will create a totally new

dimension for the study, and thus this consortium creates opportunity

for a large number of comprehensive research papers using a very

limited number of variables.

Frequency specificity in the genetic relation

between EEG oscillation power and brain volume

Dirk Smit, VU University Amsterdam; Eco de Geus, VU University

Amsterdam; Hugo Schnack, UMC Utrecht; Hilleke Hulshoff Pol,

University Medical Center Utrecht; Dorret Boomsma, VU University

Amsterdam

Previously, we have shown that the power of ongoing oscillations in

EEG traces correlate with gross features of brain anatomy (White and

Gray Matter Volumes, WMV and GMV). Moreover, this correlation

was entirely genetically mediated. The correlation was only signifi-

cant for lower frequencies, 3–6 Hz Theta and 6.5–13 Hz Alpha, but

not for higher frequency oscillations (Beta, 15–25 Hz). This fre-

quency specificity of the relation between brain volume and EEG

parameters was further explored in 120 twins with WMV and GMV

volumes available as well as EEG in an eyes-closed resting condition.

Multivariate analysis of oscillation power in 1 Hz bins showed that

power from 1 to 9 Hz grouped into a single phenotypic and genetic

cluster. 10 and 11 Hz power did not cluster well with power in other

frequency bands, both genetically and phenotypically. Lower beta

power (12–18 Hz) showed a small cross-correlation with slower

oscillations (lower alpha and theta). The correlations of EEG oscil-

lation strength with WMV and GMV volumes were obtained from

about 4 to 9 Hz, after which a sharp drop in phenotypic correlation

was observed. These results give an anatomical basis to the often

applied subdivision in upper and lower alpha frequency bands, where

lower alpha\10 Hz is most strongly related to GMV (r & 0.35), and

to a lesser degree to WMV (r & 0.28). For these frequencies, the

correlation was entirely genetically mediated. Variation in lower

alpha oscillation power may be the result of variation in neuronal

density and/or neuropil that correlate with GMV. WMV may mediate

the oscillation strength by increasing connectivity between brain areas

that may result in stronger oscillations. These observations could help

in understanding how genes that cause increases in brain volumes

exert their influence on brain function, and ultimately on behavior.

The longitudinal association between temperament

in toddlerhood and executive functions in late

adolescence

Ashley Smith, University of Colorado; Soo Rhee, University

of Colorado Boulder; Naomi Friedman, University of Colorado

Boulder; Robin Corley, University of Colorado Boulder; John Hewitt,

University of Colorado Boulder; JoAnn Robinson, University

of Connecticut

Executive functions (EFs) are a set of stable and genetically-influenced

cognitive processes that control thoughts, emotions, and behaviors. The

aim of the present study is to gain a better understanding of the

development of EFs by examining the association between tempera-

ment in toddlerhood and EFs in adolescence using a longitudinal twin

sample. We used a multicomponent EF model in which multiple

measures of response inhibition, working memory updating, and task-

shifting are used to construct a common-EF latent variable (which fully

captures inhibiting variance), and Updating-Specific and Shifting-

Specific latent variables (Miyake & Friedman 2012, Current Directions

Psychological Sciences, 21(1), 8–14). Biometrical genetic analyses

were conducted to determine the magnitude of covariance between

temperament and EFs due to genetic and environmental influences.

Participants were twins recruited from the Colorado Longitudinal

Twin Study at the University of Colorado. The present sample

included 115 monozygotic female twin pairs, 79 dizygotic female

twin pairs, 106 monozygotic male twin pairs, and 94 dizygotic male

twin pairs. Temperament was assessed via parent-report and obser-

vations at 14, 20, 24, and 36 months. EFs were assessed at age 17.

Attentional control (e.g., focus and persistence) was positively

associated with Common-EF in boys, consistent with earlier findings

that mechanisms of attention are associated with development of EFs

(Zhou, Chen, & Main 2012, Child Development Perspectives, 6(2),

112–21). Negative emotionality (e.g., fussiness and anger) was neg-

atively associated with Common-EF in boys, consistent with findings
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that emotional reactivity is negatively associated with EFs (Ursache

et al. 2013, Developmental Psychology, 49(1), 127–37), and posi-

tively associated with Shifting-Specific in boys, consistent with

previous findings suggesting a tradeoff between flexibility and sta-

bility in shifting abilities (Miyake & Friedman 2012). Behavioral

inhibition (e.g., shyness and fearfulness) was not associated with later

EFs. Hypotheses were not supported in girls. There was a lack of

power to separate genetic and environmental influences on the sig-

nificant covariances between temperament and EFs.

Angiogenic, neurotrophic and inflammatory system

SNPs moderate the association between birth weight

and ADHD

Taylor Smith, Division of Behavioral Genetics, Rhode Island Hospital

& Brown University; Rohan Palmer, Division of Behavioral Genetics,

Rhode Island Hospital & Brown University; Valerie Knopik, Division

of Behavior Genetics, Rhode Island Hospital & Brown University

Background: Low birth weight is associated with increased risk for

Attention-Deficit/Hyperactivity Disorder (ADHD; Nigg et al. 2010);

however, the etiological underpinnings of this relationship remain

unclear. Using a framework based on the Developmental Origins of

Health and Disease (Gluckman & Hanson 2004), this study investigated

if angiogenic, dopaminergic, neurotrophic, cytokine, and kynurenine

genetic variants moderate the association between birth weight and

ADHD symptom severity. Methods: A total of 398 youth from two multi-

site, family-based studies of ADHD were included in the study. In total,

164 SNPs from candidate system genes were included in the analyses.

Generalized Estimating Equations tested for interactions between indi-

vidual SNPs and birth weight centile, based on sex and gestational age, in

predicting ADHD symptom severity. Results: Results demonstrated that

SNPs within angiogenic (NRP1 and NRP2), neurotrophic (NTRK3),

cytokine (IL16 and S100B), and kynurenine genes (CCBL1 & CCBL2)

moderated the association between birth weight centile and ADHD

symptom severity. The SNP x birth weight centile interactions remained

significant after adjusting for multiple testing and controlling for SNPs

associated with fetal growth. Discussion: Taken together, these findings

suggest that the interplay between prenatal ischemia–hypoxia, a primary

pathway to lower birth weight, and genes within ischemia-hypoxia

responsive systems may alter vulnerability for ADHD. Genetic pathway

analysis is needed to further our understanding of processes that underlie

the association between lower birth weight and ADHD risk.

Marital satisfaction and well-being: Moderation

of genetic and environmental influences differs

depending on type of well-being

Susan South, Purdue University

Low levels of marital satisfaction are linked to poor mental and physical

health. The results of studies conducted to date provide evidence that

genetic and environmental influences on mental and physical health

differ as a function of martial satisfaction (South & Krueger 2008, 2013).

Marital satisfaction may also have an impact on optimal well-being, as

opposed to dysfunction. Well-being is not simply the absence of mental

illness, as shown by researchers who find shared but not perfectly

overlapping genetic influences on the two constructs (i.e., Kendler,

Myers, Maes, & Keyes 2011). Marital satisfaction is an important

component of life satisfaction and well-being (e.g., global happiness,

Glenn & Weaver 1981). Only a few studies to date have examined the

associations between marital quality and well-being using a genetically

informative design. For instance, Spotts and colleagues found that there

was some overlap between genetic influences on marital satisfaction and

well-being (Spotts et al. 2005) and greater overlap between nonshared

environmental influences. In the current study, we extend on these

findings by examining the gene-environment interplay between rela-

tionship satisfaction and different measures of well-being in a nationwide

sample of adult twins. All twins completed measures of marital satis-

faction about a current spouse, as well as several self-report measures of

well-being, including life satisfaction, psychological well-being, and

emotional well-being. Biometric moderation models were used to

examine whether marital satisfaction moderated the genetic and envi-

ronmental components of variance on different measures of well-being.

Findings suggest that marital satisfaction had the greatest moderating

effect on the genetic influences on emotional well-being and the

nonshared environmental influences on psychological well-being.

Summary from 2nd INTR Consortium Meeting (Seoul

May 31 June 1, 2013)

Joohon Sung, School of Public Health, Seoul National University

Summary of the International Society of Twin Studies meeting held in

Seoul, May 30—June 1, 2013.

Subcortical brain volume change during adolescence

Suzanne Swagerman, VU University Amsterdam; Rachel Brouwer,

University Medical Center Utrecht; Eco de Geus, VU University

Amsterdam; Hilleke Hulshoff Pol, University Medical Center

Utrecht; Dorret Boomsma, VU University, Amsterdam

Development from childhood to adulthood is marked by significant

changes in cognitive functioning, coinciding with maturation of the

brain, where a variety of processes including structural growth, cor-

tical thinning, and increasing white matter connectivity take place.

To investigate how genetic and environmental factors influence

neural and cognitive development during (pre) adolescence, 330 twins

and older siblings from the Netherlands Twin Register participated in

a longitudinal study at the twins’ age 9, 12, with a third measurement

currently ongoing at the twins’ age 17. Assessments of cognitive

functioning, structural and functional (resting state) MRI scans of the

brain, physical (height, weight, Tanner phase) and behavioral (ques-

tionnaires) development take place, and gonadal hormone levels are

determined in saliva and urine.

This study gives us the unique opportunity to gain insight in normal

cognitive brain development during adolescence. Subcortical brain

volumes include lateralized and total volumes of the thalamus, caudate

nucleus, putamen, pallidum, amygdala and hippocampus. Data was

available for 210 twins at age 9 and for 134 at age 12. Increase in

volume between age 9 and 12 was seen for the thalamus, pallidus,

amygdala and hippocampus, whereas the caudate, putamen and

nucleus accumbens show a reduction in volume. Heritability is mod-

erate to high at both ages (also with correction for total brain volume).

Behavior problems and academic support at home

as contexts for reading achievement

Jeanette Taylor, Florida State University; Amy Mikolajewski, Florida

State University; Sara Hart, Florida State University; Christopher

Schatschneider, Florida State University
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Reading achievement occurs within the context of the school envi-

ronment, but other contexts may also be important to consider.

Although a child may encounter a school environment that is sup-

portive for learning, he or she may not get similar support at home.

Furthermore, the supportiveness of the home environment for aca-

demic success may be impacted by the child’s own behavior. Prior

research suggests that the nature of the association between reading

and behavioral disorders differs by disorder. To further test this idea,

features of conduct disorder and ADHD were examined in relation to

a home environment risk function predicting success or failure on

reading in elementary school in a sample of 332 MZ and 305 DZ twin

pairs age 7–12 years. A series of Cholesky decompositions showed

that conduct disorder and reading achievement were related to the

home environment risk function via common shared environmental

factors but not genetic factors. A similar relationship was found for

hyperactivity/impulsivity features of ADHD. Attention problems

were related to reading and the home environment risk function via

genetic rather than shared environmental factors. Attention problems

likely serve as a barrier to learning itself resulting in lower achieve-

ment. Conduct problems and hyperactivity/impulsivity may serve to

decrease the supportiveness of the home environment for academic

pursuits by lowering parents’ expectations for achievement and

allowing more non-academically oriented leisure activities (watching

TV versus reading). This behavioral/home context in turn can nega-

tively impact reading achievement in school.

Language and autistic traits are aetiologically distinct:

Evidence from a community-based twin study

Mark Taylor, Institute of Education; Tony Charman, Institute

of Education; Elise Robinson, Massachusetts General Hospital;

Marianna Hayiou-Thomas, University of York; Philip Dale,

University of New Mexico; Angelica Ronald, Birkbeck/Institute

of Psychiatry

Autism and language impairments are often argued to be closely

linked with one another. As such, a considerable focus in molecular

genetics has been to identify specific genetic variants associated with

both autism and language impairments, such as mutations at the

CNTNAP2 region of chromosome 7. However, results have been

inconsistent. Additionally, the extent to which the same genetic, and

also environmental, influences underlie autism and language remains

unclear. We hence conducted the first twin study of the concurrent

association between autistic traits and four specific receptive language

abilities. Approximately 4,000 same-sex twin pairs participating in the

Twins Early Development Study completed four self-report, internet-

based language tests assessing figurative language, pragmatics, syntax,

and vocabulary. Their parents rated autistic traits in the twins using the

Childhood Autism Spectrum Test (CAST), which included a total

scale and three subscales corresponding to DSM-IV autism symptoms:

social atypicalities; repetitive, restricted behaviours and interests

(RRBI); and communication atypicalities. Associations between these

measures were explored using structural equation twin model fitting of

both the full sample and in quantitatively-defined extreme-scoring

groups. Phenotypic associations between the three CAST subscales

and four language measures were modest and negative. The degree of

additive genetic overlap between variation in language ability and

autistic traits was also low, both in the full sample (mean genetic

correlation = -0.13) and in extreme-scoring groups (mean genetic

correlation = 0.14). Nonshared environmental overlap was also low.

While shared environmental overlap was higher, confidence intervals

around these estimates were wide. These results suggest that receptive

language and autistic traits are caused by largely different genetic and

environmental influences; molecular genetic studies of autism and

language impairments are likely to produce contradictory results.

Additionally, these findings have implications for understanding the

relationship between autism and language difficulties.

Genetic and environmental components

of the relationship between the ASD triad and mental

health problems measured by strengths and difficulties

questionnaire (SDQ)

Beata Tick, IoP, King’s College London; Fruhling Rijsdijk, Institute

of Psychiatry; Fiona McEwen, IoP, King’s College London; Emma

Colvert, IoP, King’s College London; Francesca Happe, IoP, King’s

College London

ASD has a higher prevalence rate than thought before: *0.6–1 % in

children and adolescents (Baird et al. 2006). The presence of other

psychiatric disorders in children with ASD is becoming increasingly

recognised (Simonoff et al. 2008). It is, however, not clear why these

disorders covary and researchers are trying to understand the nature of

elevated rates of psychiatric diagnosis in ASD.

Our aim is to examine the genetic/environmental overlap between

distinct parts of ASD (social interaction, communication and rigid and

repetitive interests) and psychiatric difficulties measured by the

Strengths and Difficulties Questionnaire (SDQ). SDQ measures

emotional and conduct problems, hyperactivity/inattention, peer

relationships and prosocial behaviours. The sample is an existing

selected twin dataset (Twins Early Development Study).

The genetic/environmental overlap between ASD and SDQ is

tested using a bivariate threshold liability model consisting of MZ and

DZ concordant/discordant ASD pairs as well as controls. To control

for the sample selection for ASD diagnosis, we fix the ASD param-

eters to population known values. Then, using the ratio of MZ: DZ

cross-twin and cross-trait correlations, we estimate the genetic/envi-

ronmental correlations to examine the aetiology of the comorbidity

between the two traits. This method proved successful in the past for

detecting comorbidity between schizophrenia and associated endo-

phenotypes (Rijsdijk et al., 2007).

Preliminary results for SDQ show a phenotypic correlation with

ASD of 0.38. This covariance was largely due to overlapping genetic

influences (71 %) with the remaining 29 % of the covariance due to

non-shared environmental influences. Similarly, using the emotional

subscale of SDQ, we report phenotypic correlation of 0.37, 67 % of

covariance is explained by genes and 30 % by non-shared

environments.

The results indicate pleiotropic genetic effects influencing both the

genetic liability to ASD and other psychiatric difficulties.

Common features, different clinical forms and different

etiology

Sylvie Tordjman, Université de Rennes

No abstract provided.

Educational policy and the heritability of educational

attainment. Sex differences

Maria-Jesus Tornero-Gomez, University of Murcia; Lucia Colodro,

University of Murcia; Juan Sanchez-Romera, University of Murcia;
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Eduvigis Carrillo, University of Murcia; Fruhling Rijsdijk, Institute

of Psychiatry; Juan Ordonana, University of Murcia

Level of educational attainment (EA) shows a direct relationship with

SES, employability, occupation, and income level. EA is affected by a

variety of environmental factors (family SES, parent’s education,

group pressure, or educational system characteristics). Most herita-

bility estimates for EA are between 0.4 and 0.6. However, the effect

of educational policy on these estimations has received less attention.

A population-based sample of adult twins born between 1940 and

1966, registered on the Murcia Twin Register (MTR) provided data

for this study. The sample comprised 1,271 pairs of twins: 158 MZM,

252 MZF, 199 DZM, 267 DZF and 395 DOS. Data is based on self-

report. Educational attainment ranged from Illiterate to University

degree. EA was categorized as low (46.1 %), medium (32.6 %) and

high (21.3 %). Participants grew up in two different educational

contexts. In 1970 an educational reform was implemented in Spain,

which was a major change for the education system. Consequently,

we divided the whole sample into two groups: pre-reform cohort

(twins born before 1961. N = 1,521, 65.4 %) and post-reform cohort

(born in 1961 and after. N = 805, 34.6 %). There are clear differ-

ences by cohort and sex. Individuals born after 1960 are more likely

to have a higher level of education. Females are less likely to achieve

a high educational level regardless of cohort. Correlations were

consistently higher for MZ twins and pre-reform cohort. [Pre-reform

(rMZM: 0.88; rMZF: 0.87; rDZM: 0.65; rDZF: 0.67¸ rDOS: 0.67);

Post-reform (rMZM: 0.73; rMZF: 0.79; rDZM: 0.31; rDZF: 0.62¸

rDOS: 0.40)] There is a more pronounced decline in the correlation

between cohorts for males (especially DZM), while females show less

striking differences. Preliminary results confirm the presence of

genetic factors in EA variability. They also point towards an effect of

educational policy on the distribution of variance components, which

appears to be different according to gender.

Anxiety, depression and sick leave due to various

diagnoses: A population-based study of young adult

Norwegian twins

Fartein Ask Torvik, Norwegian Institute of Public Health; Line

Gjerde; Norwegian Institue of Public Health; Gun Peggy Knudsen,

Norwegian Institute of Public Health; Ted Reichborn-Kjennerud,

Norwegian Institute of Public Health; Espen Røysamb, University

of Oslo; Nikolai Czajkowski, Norwegian Institute of Public Health;

Kristian Tambs, Norwegian Institute of Public Health; Ragnhild

Ørstavik, Norwegian Institute of Public Health

Symptoms of anxiety and depression are strong predictors of work-

force absence (sick leave and disability pensioning). Previous studies

have shown that symptoms of anxiety and depression also predict sick

leave due to somatic diagnoses. On the other hand, anxiety and

depression only partly explain sick leave granted for mental disorders.

Previous studies have revealed that absence is moderately to strongly

heritable, depending on diagnosis, as are anxiety and mood disorders.

In this study we will investigate to what extent there are shared

genetic and environmental liabilities to DSM-IV anxiety and mood

disorders, and sick leave. The sample consists of 2,794 Norwegian

twins born between 1967 and 1979. In 2000–2004, anxiety and mood

disorders were assessed using the Munich-Composite International

Diagnostic Interview. These data were in 2011 linked to national

registries containing information on sick leave benefits and the

diagnoses set by physicians. Sick leave will be split into two vari-

ables, depending on diagnosis: Mental and somatic disorders. Nine

anxiety or mood disorders from the interview data were included in

the analyses. Those associated with sick leave were combined into a

composite measure. Preliminary analyses indicate a phenotypic

polychoric correlation between the composite measure and sick leave

due to mental disorders of 0.31, while the phenotypic correlation with

sick leave due to other diagnoses was 0.19. Two bivariate Cholesky

twin models, one with each group of sick leave, will be used to

estimate the genetic and environmental factors shared by anxiety and

mood disorders and sick leave, and the factors unique to sick leave.

The results will be presented at the conference.

Smoking during adolescence as a risk factor

for attention problems in adulthood (T)

Jorien Treur, VU University Amsterdam; Gonneke Willemsen, VU

University Amsterdam; Meike Bartels, VU University Amsterdam;

Catherina van Beijsterveldt, VU University Amsterdam; Dorret

Boomsma, VU University Amsterdam; Jacqueline Vink, VU

University Amsterdam

Introduction: Cigarette smoking and attention deficit hyperactivity

disorder (ADHD) are highly co-morbid. Animal studies reported that

exposure to nicotine during adolescence can affect the developing

brain and negatively impacts on attention in adulthood (Counotte

et al. 2011). To determine whether nicotine has long-term conse-

quences on cognitive functioning, we analyzed data from discordant

monozygotic (MZ) twin pairs, where one twin initiated smoking and

the other did not.

Methods: Participants are registered with the Netherlands Twin

Register. Data on ADHD symptoms and smoking were available for

1,883 adult and 648 adolescent MZ twin pairs. Twin pairs were

classified as concordant or discordant for smoking initiation and

compared on ADHD scores using the CAARS ADHD index (Conners

Adult ADHD Rating Scales; Conners et al. 1999) and the YSR

attention scale (Youth Self Report; Achenbach & Rescorla,2001).

Analyzing data of pairs who completed (multiple) surveys during

adolescence and/or adulthood enabled us to explore differences over

time.

Results: In the adult group, twins who never initiated smoking scored

significantly lower on ADHD symptoms than twins who did, both

between concordant and within discordant pairs. The effect was not

larger when smoking was initiated at an earlier age (when comparing

B14, 15–16 and C17 years). In 35 discordant pairs, ADHD symp-

toms increased more from adolescence to adulthood in the smoking

compared to the non-smoking twin (p: 0.013). In the adolescent

group, 71 non-smoking pairs scored similar on ADHD symptoms at

age 15 (p: 0.601), while the smoking twin scored higher than his/her

co-twin when they had become discordant at age 17 (p: 0.079). In 21

discordant pairs, the smoking twin scored higher at age 15 (p:

0.147), while both twins scored (similarly) high when they had

become concordant for smoking at age 17 (p:0.768).

Conclusion: Results suggest that smoking during adolescence is

associated with (more) attention problems, lasting into adulthood.

Is the age at first birth in the genes? A study of female

UK twins

Felix Tropf, ICS, University of Groningen, The Netherlands; Nicola

Barban, Rijksuniversiteit Groningen; Melinda Mills, Rijksuniversiteit

Groningen; Harold Snieder, University Medical Center Groningen;

Jornt Mandemakers, Rijksuniveristeit Groningen

There is a rising interest in endogenous factors of fertility in demo-

graphic research, particularly in the influence of genes and the family
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environment. This study investigates for the first time the genetic and

environmental influence on the age at first birth (AFB) for women

from the United Kingdom. Our data come from TwinsUK and contain

2,274 monozygotic (945, 42 %) and dizygotic (1,329, 58 %) twin

pairs born between 1919 and 1968. We apply behavioral genetics

models in a recently developed tobit survival framework to also

include women who remained childless in our analysis. The findings

indicate that a substantial part (40 %) of the variation in AFB is

caused by latent family characteristics. Genetic dispositions (26 %)

play hereby a more important role than the shared environment of

siblings (14 %). The non-shared environment has the strongest

influence (60 %). A trend analysis across cohorts reveals large

changes in the factor estimations over time. While genetic influence is

low for individuals who started childbearing during the Second World

War and the economic crises of the 1970th, we report high heritability

for the cohorts who started childbearing in times of changing mores

and the sexual freedom (1950th and 1960th) and in cohorts born

during the Second Demographic Transition. This pattern supports the

idea that environmental constraints override and individual freedom

triggers the manifestation of genetic predispositions for fertility.

Finally, we demonstrate that the exclusion of censored information

can severely bias results, what is a potential explanation for mixed

findings of previous studies.

Can twin methods be trusted? Molecular genetic

investigation

Maciej Trzaskowski, Institute of Psychiatry; Robert Plomin, Kings

College London

Twin methods have repeatedly shown that the genetic architecture

underlying most complex traits is both pleiotropic and developmen-

tally stable. However, there is considerable scepticism regarding the

validity of findings derived from twin data. The sample is drawn from

an on-going longitudinal study of *14,000 twins (7,000 pairs) born

in the UK between 1994 and 1996 called the Twins Early Develop-

ment Study (TEDS). To test the concordance between twin and

molecular genetic estimates of genetic pleiotropy and stability, we

make a direct comparison between molecular methods—such as

bivariate Genome-wide Complex Trait Analysis (GCTA) and Poly-

genic Score (PGS) Predictors- and twin estimates drawn from the

same sample. The results provide strong support for genetic pleiot-

ropy and developmental stability.

Gene-environment correlation in cognitive development

during the first 5 years of life: First results

from the Texas ‘‘Tiny’’ twin project

Elliot Tucker-Drob, University of Texas at Austin; Amanda Cheung,

University of Texas at Austin; Kathryn Harden, University of Texas

at Austin

This talk presents the first results from a study of psychological

development in young twins in the state of Texas. In our ongoing

study, we collect extensive demographic, economic, and psychosocial

data from families with infant and toddler twins recruited through a

mixture of hospital birth records and community outreach. Longitu-

dinal follow-ups are obtained after periods ranging from

approximately 3–12 months. Our study is unique in its close attention

to the social, cultural, and economic contexts in which twins are

embedded. We use vertical item response theory scaling of multidi-

mensional age-appropriate measures of cognitive, psychomotor, and

socioemotional development. In this talk I describe the design of the

study and our overarching goals for it. I then present results of

multivariate quantitative genetic models of parenting and cognitive

development.

Weighing information from item data in GWAS

meta-analyses

Stéphanie van den Berg, University of Twente; Marleen de Moor, VU

University Amsterdam; inga Schwabe, University of Twente

To increase statistical power, Genome-Wide Association Study

(GWAS) results from multiple research groups are often combined in

a meta-analysis. In the case of sum score phenotypes, phenotypes are

not always directly comparable across samples (and sometimes not

even within samples), due to for instance differences in measurement

instrument. Item response theory (IRT) can be used to harmonize

these phenotypes. In a recent GWAS effort for personality traits, IRT-

based point estimates were used as phenotypes in a GWAS, after

which in a meta-analysis all these point estimates were weighted

equally, without any consideration of differences in the precision of

these estimates. However, an estimate based on 48 items is much

more reliable than one based on 8 items. Not only is the precision

dependent on number and quality of the items, but also on the location

of the scale; generally, point estimates are more precise for average

scores than for extreme scores.

Here we address the question whether phenotypes should be

weighed as a function of the amount of (Fisher) information about the

phenotype. We contrast such a weighted approach with both the naı̈ve

sum score approach, as well as the IRT-based approach from the

Genetics of Personality Consortium, by determining the relative

power to find QTLs associated with the phenotype. Generally, the

IRT score estimates approach yielded best power.

Multivariate gene-based genome-wide association

analysis

Sophie van der Sluis, VU University Amsterdam; D Posthuma, VU

University Amsterdam; Conor Dolan, University of Amsterdam

In the search for genes underlying variation in behaviour, researchers

usually study the association between one phenotype and one SNP in

a genome-wide setting. This standard analysis is limited for two

reasons. First, as genes, and not SNPs, are the functional units in the

genome, gene-based analyses are preferred over SNP-based analyses.

Second, as traits are often multivariate (or multidimensional) in nat-

ure, analyses on univariate phenotypic composite scores can result in

a serious loss of statistical power. Various methods allow univariate

gene-based tests, and various methods allow multivariate SNP-based

tests, but as yet, there is no software that integrates both, i.e., allows

multivariate gene-based genome-wide association analysis.

Here, we present an integration of the packages GATES (Li et al.

2011), geared to acquire gene-based p-values from multiple SNP

tests, and TATES (Van der Sluis et al. 2013), geared to acquire trait-

based p-values from multiple phenotypic measures. Like both sin-

gular packages, the integrated method is based on combining p-value

information obtained in standard univariate genome-wide association

analyses to eventually acquire one gene-based trait-based p-value

PGT. This combined package thus allows researchers to study the

association between multiple phenotypes on the one hand and entire

genes on the other. Using extensive simulation, we demonstrate the

solidity of this integrated method under various combinations of
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genetic and phenotypic models. Futhermore, we apply the new inte-

grated method to a dataset on depression.

Estimating the contribution of the functional IL6R

polymorphism rs2228145, eQTLs and other genome-

wide SNPs to the heritability of plasma sIL-6R levels

Jenny van Dongen, VU university Amsterdam; Rick Jansen, VU

University Medical Center; Dirk Smit, VU University Amsterdam;

Jouke-Jan Hottenga, VU University, Amsterdam; Hamdi Mbarek, VU

university Amsterdam; Gonneke Willemsen, VU University

Amsterdam; Cornelis Kluft, Good Biomarker Sciences; Brenda

Penninx, VU University Medical Center Amsterdam; Manuel

Ferreira, QIMR, Australia; Dorret Boomsma, VU University

Amsterdam; Eco de Geus, VU University Amsterdam

The interleukin-6 receptor (IL-6R) forms part of the ligand-receptor

complex that mediates interleukin-6 (IL-6) activity. It occurs as a

membrane-bound receptor (mIL-6R) on the surface of hepatocytes

and some leukocyte subtypes, and as a soluble receptor (sIL-6R)

capable of stimulating many different cell types. A common non-

synonymous SNP (rs2228145) in the interleukin-6 receptor gene

(IL6R, chromosome 1) affects IL-6R concentrations and is associated

with risk of several diseases, including asthma and obesity. Growing

interest in the role of IL6R in complex diseases highlights the value of

novel insights into genetic determinants of IL-6R level. We conducted

a series of analyses in a population-based sample of *5,000 Dutch

individuals to evaluate the contribution of the known functional

polymorphism rs2228145 to the variation in sIL-6R levels, and

explore the evidence for the contribution of additional variants within

the IL6R region and genome-wide. We estimated sIL-6R heritability

using an extended twin-family model and the variance explained by

chromosome-wide SNPs by estimating the genetic relatedness among

unrelated subjects as implemented in GCTA (Yang et al. Nat Genet

2010) and performed genome-wide association (GWA), linkage, and

eQTL analyses to identify additional genetic variants influencing sIL-

6R level. From the classic biometrical model and the twin-family

model, heritability of sIL-6R level was estimated at 72 % with

rs2228145 accounting for 51 % of the total variance of sIL-6R level.

Converging findings from GWAS, eQTL, linkage, and GCTA anal-

yses indicated that additional genetic variance in sIL-6R levels can be

explained by other variants in the IL6R region, including variants at

the 30 end of IL6R associated with IL6R RNA expression. In passing,

we provide empirical evidence that different methods based on the

same corpus of genetic theory, including the classic biometrical

model, the twin-family model, linkage analysis, and genome-wide

SNP sharing in unrelated individuals all converge to the same

conclusion.

Simulating genomic data under gene-environment

interplay

Brad Verhulst, Virginia Institute of Psychiatric and Behavioral

Genetics; Michael Neale, Virginia Commonwealth University;

Lindon Eaves, VIPBG, Virginia Commonwealth University

Recent analyses using genomic data from GWAS or NextGen

Sequencing studies have failed to find as many significant genetic

variants as was expected based upon amount of genetic variation

implied by twin and family studies. Further, analyses that use gwas

data to estimate heritability in unrelated individuals (GCTA) have not

found the same level of heritability as is commonly found in twin

studies. One potential, and quite popular, interpretation of this is that

twin studies over estimate heritability. Specifically, estimates of

heritability from twin studies is inflated by some types of gene-

environment interplay (GE interplay), such as gene-environment

correlation (rGE) and gene x environment interaction (GxE), inflate

estimates of heritability. Current genome wide analyses, however, do

not account for gene-environment interplay. Further, minor allele

frequency has been demonstrated to have a large impact on the ability

of GCTA methods to estimate heritability. Accordingly, to evaluate

the discrepancy in the heritability estimates between twin and family

studies and molecular methods we simulate a series of genomes under

varying conditions of interplay, such as GxE in the presence of rGE,

that allows us to compare the results from GCTA, GWAS, NextGen

Sequencing and twin studies.

Is the relationship between cannabis use

and educational attainment causal or due to common

liability?

Karin Verweij, QIMR; Michael Lynskey, Washington University

School of Medicine; Arpana Agrawal, Washington University in St.

Louis; Nick Martin, Queensland Institute of Medical Research; Anja

Huizink, VU University Amsterdam

Several studies have shown that early cannabis use is correlated with

poor educational performance including school drop-out. The domi-

nant explanation for the relationship between cannabis use and

educational attainment is that cannabis use causes school drop-out.

Another explanation is that the association between early cannabis

use and high school drop-out is not causal, but the result of over-

lapping risk factors that increase the likelihood of both early cannabis

use and high school drop-out. These confounding factors could be of

genetic and/or non-genetic origin. Here we use data from a large

community-based sample of adult twins (N = 3,337) who completed

a comprehensive semi-structured telephone interview aimed primarily

at assessing links between psychiatric disorder and substance use. We

first apply the classical twin-design to determine whether genetic and/

or environmental influences underlie the relationship between early

cannabis use and school drop-out. Next, with a co-twin control design

we investigate whether the relationship between the two variables is

more likely to be due to direct causality or overlapping risk factors.

We find a significant phenotypic correlation between early can-

nabis use and high school drop-out (r = 0.26), which could be

explained by familial influences (of genetic and/or shared environ-

mental origin). The pattern of odds ratios found in the co-twin control

design is not consistent with direct causation, but rather suggests that

the association is due to shared environmental factors influencing

both the risk of cannabis use and school drop-out.

Differential gene expression patterns in smokers

and non-smokers: Cause or consequence?

Jacqueline Vink, VU University Amsterdam; Rick Jansen, VU

University Medical Center Amsterdam; Andy Brooks, Human

Genetics Institute, Rutgers University Cell and DNA Repository; Jay

Tischfield, Human Genetics Institute, Rutgers University Cell

and DNA Repository; Gonneke Willemsen, VU University

Amsterdam; Eco de Geus, VU University Amsterdam; Fred Wright,

University of North Carolina; Brenda Penninx, VU University

Medical Center Amsterdam; Dorret Boomsma, VU University

Amsterdam

546 Behav Genet (2013) 43:505–550

123



Smoking behavior is highly heritable (*50 %), and DNA variations

of several genes have been linked to smoking behavior. Studies in

different tissue types showed differential gene expression caused by

cigarette smoke. It is suggested that differential gene-expression

pattern in smokers and non-smokers are caused by the exposure to

cigarette smoke. An alternative explanation is that smokers compared

to non-smokers have different genetic make-up, making them more

vulnerable for smoking behavior and that this is reflected by different

gene-expression patterns.

We studied gene expression patterns in a large population based

sample from the Netherlands Twin Register. First, the gene expres-

sion patterns of smokers and non-smokers in the total population will

be compared (N = *3,000). This comparison will show for which

genes there are differences in expression between smokers and non-

smokers. To further determine the direction of causation, a discordant

MZ twin design will be employed. This is a unique design to explore

the effects of cigarette smoke while taking genetic and shared envi-

ronmental influences into account. Given that monozygotic twins are

(almost) identical at the level of DNA sequence, differences in the

expression of genes must be the result of changes in response to

unique environmental factors (cigarette smoke). By comparing both

analyses, we will be able to distinguish genes differentially expressed

by environmental factors (cigarette smoke) and by DNA variation.

First analyses showed both up- and down regulated genes in

smokers compared to non-smokers. Most of the top-genes in the total

sample were also differentially expressed in the MZ discordant twin

pairs, suggesting that the differential gene expression patterns are

mostly caused by cigarette smoke and not by genetic variations.

Latent growth in IQ from age 2–16 years

Sophie von Stumm, Goldsmiths; Robert Plomin, Kings College

London

Latent growth curve models estimate the initial mean level or starting

(intercept) of intelligence (IQ) in a population, as well as the average

rate of IQ change over time. Here, latent growth curve modelling was

applied to data from 7,239 twin pairs from the Twins Early Devel-

opment Study (TEDS), who were assessed 9 times on IQ between the

ages of 2 and 16 years. Twins’ socio-economic status background

(SES) was added as a time-invariant covariate of the latent growth

factors. Higher SES predicted greater IQ intercept at age 2 and greater

linear growth in IQ from age 2–16. Thus, low SES twins declined on

average by 3 IQ points, while high SES twins gained on average 2 IQ

points. Behavioural genetic analyses of the latent growth curve

models showed that intercept, slope and quadratic term were heritable

at 22–34 %; they were more strongly influenced by shared environ-

mental factors (56–76 %). Finally, heritability estimates of the IQ

growth factors were similar for low and high SES twins.

EEG spatial synchronization in twins

Elena Vorobyeva, Southern Federal University; Pavel Ermakov,

Southern Federal University

In our research have taken part 102 monozygotic twins pairs (male – 48

pairs, female – 54 pairs), 98 dizygotic twins pairs (male 46 pairs, female

52 pairs). Middle age 18, 6 years. Electrical brain activity was recorded

with a 21-channel EEG data acquisition system. Sequence of functional

tests at record EEG: resting state EEG, test «verbal associations»

(inventing of words on the letter «a»), test «the account in mind»

(consecutive addition of figure 7). For an estimation of heritability and

environmental influences was used: h2 = 2 (r (MZ)–r (DZ)); c2 = r

(MP)—h2; e2 = 1-h2-c2, where h2—heritability indicator, r(MZ)—

intrapair correlation of monozygotic twins; r(DZ))—intrapair correla-

tion unisex dizygotic twins; c2—total environment; e2—individual

environment.

Genotype factors bring the essential contribution in phenotypic var-

iability of manual asymmetry (h2 = 0,48), asymmetry of sight h2 =

0,46, asymmetries of hearing h2 = 0,32. The estimation of heritability

of type of functional asymmetry has made 0, 26. The resulting esti-

mates were averaged coherence for monozygotic and dizygotic twins.

The analysis of data showed that performance of verbal operations is

connected with change of values of heritability of EEG spectral power

predominantly left hemisphere. In the beta range at performance of

verbal operations changes the ratio of genotype-environmental factors,

and the observed decrease in rate of heritability beta EEG spectral

power in the central range of the frontal and temporal region to the left,

as well as increasing the rate in the central region on the right. At

performance of verbal operations observed increase in the heritability

of spectral power theta, as well as reducing the corresponding figure for

the theta range in the temporal, frontal and central and occipital areas

with the advantage of left hemisphere.

Role of nonsynonymous exomic variants in behavioral

disinhibition and substance use

Scott Vrieze, University of Michigan; Shuang Feng, University

of Michigan; Nathan Pankratz, University of Minnesota; Michael

Miller, University of Minnesota; William Iacono, University

of Minnesota; Goncalo Abecasis, University of Michigan; Matthew

McGue, University of Minnesota

We report the results from an exome association study with behav-

ioral disinhibition, nicotine dependence, alcohol use and dependence,

and drug use in nearly 7,200 individuals of European ancestry from

the Minnesota Center for Twin and Family Research. The five phe-

notypes were developed on the basis of extensive correlational and

biometric analysis. Genotypes were taken from the first generation

Illumina exome chip, which in our sample delivered over 95,000 rare

nonsynonymous exomic SNPs in over 18,000 genes. We report results

from single variant and burden tests, where the latter involve grouping

rare variants within a gene and testing for the aggregate effect.

GFP is heritable, but what is it?

Tena Vukasovic, Faculty of Humanities & Social Sciences,

University of Zagreb; Ana Butkovic, Faculty of Humanities & Social

Sciences, University of Zagreb; Denis Bratko, Faculty of Humanities

& Social Sciences, University of Zagreb

In recent years, there has been a lot of discussion on the (non)exis-

tence of a general factor of personality (GFP). Some claims have been

made for a general factor of all personality traits, but there have also

been some critiques of the construct. Some authors believe it is time

to consider what is a general factor and how to estimate it.

The aim of this study was to try and replicate previous studies of

heritability of GFP in a sample of Croatian twins. Data on personality,

measured by NEO-FFI, was collected from 339 twin pairs (105 MZ

and 234 DZ), aged between 15 and 22 years.

The GFP was formed as a first unrotated factor, with factor loadings

in line with those obtained in previous studies. Intraclass correlations on

GFP were 0.66 for MZ and 0.24 for DZ twins, indicating a dominance

effect. Univariate analysis, performed in Mx, indicated that genetic

factors contributed around 66 % to individual differences in GFP.
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Additional analyses were performed on the phenotypic level, as

proposed by Revelle and Wilt (2012). Exploratory factor analysis

approach to finding xh through a Schmid-Leiman transformation has

shown that explained common variance of the GFP was only 22 %

and xh was 0.20. Results will be interpreted in line with some cri-

tiques of procedures used for estimating the GFP.

Gene-based analyses of attention deficit hyperactivity

disorder (ADHD) GWAS data

Irwin Waldman, Emory University

Attention Deficit Hyperactivity disorder (ADHD) is a highly heritable

disorder, which has led researchers to search for underlying genetic

risk factors via both candidate gene studies and, more recently, large-

scale Genome Wide Association Scans (GWAS’s). Many extant

candidate gene studies have yielded mixed results, while recent

GWAS’s have yielded some suggestive findings but no genome-wide

significant results. Two possible reasons for this are the relatively

small sample sizes of the first generation of ADHD GWAS’s and the

small effect sizes of individual SNPs that show suggestive associa-

tion. These small effects are consistent with those for other

psychiatric disorders and medical conditions, and have led geneticists

to utilize several alternative analytic methods, such as analyses of

haplotypes and gene pathway or network analyses. Alternative ana-

lytic techniques that are relatively underutilized are omnibus gene-

based analyses that simultaneously evaluate the statistical significance

of the association between a trait or disorder and multiple SNPs

within particular genes and their flanking regions. These methods

have the advantage that they greatly reduce the number of statistical

tests performed and hence involve a gene-based rather than SNP-

based threshold for genome-wide significance. In this study, we apply

such gene-based analyses of association to the second generation of

ADHD GWAS data. Specifically, we included data from 6,669 par-

ent-offspring trios and 3,744 cases and 11,552 controls from 9 ADHD

GWAS samples and performed gene-based analyses of ADHD

diagnoses using the program KGG, which combines SNP-based test

results with information on LD among the SNPs within each gene and

its flanking regions to obtain an association p-value for each gene. We

demonstrate that this gene-based analytic method yields evidence for

association that is at least as strong as conventional SNP-based

methods and in many cases is much stronger.

Estimating variance explained by all variants in meta-

analyses with heterogeneity

Raymond Walters, University of Notre Dame; Meike Bartels, VU

University Amsterdam; Gitta Lubke, University of Notre Dame, VU

University Amsterdam

The gap between heritability estimates from twin and family studies

and the phenotypic variance explained by the single nucleotide

polymorphisms (SNPs) identified by genome-wide association stud-

ies (GWAS) has raised questions of whether the SNP data used in

GWAS can actually account for the known heritability of behavioral

traits and disorders. In response, several methods have been intro-

duced to verify the relevance of SNP data by estimating the

phenotypic variance explained by all SNPs (e.g. Yang et al. 2010,

Nature Genetics; So et al. 2011, Genetic Epidemiology). But while

recent behavioral genetics research has increasingly trended toward

using meta-analyses to increase power, the available methods for

estimating variance explained by all SNPs were all designed for use

with individual data sets. Thus we evaluate whether the method

introduced by So et al. (2011) can be updated for use in meta-

analyses. The method is then applied to multiple ongoing genome-

wide meta-analyses.

Several simulation studies were performed to verify the perfor-

mance of the adapted So et al. method for a range of sample sizes and

distributions of SNP effects. Results of these simulations clearly

demonstrate that the adapted So et al. method produces accurate

estimates of phenotypic variance explained by all SNPs based on

meta-analysis results. Appropriate standard errors and hypothesis

testing for this estimate are also provided.

Preliminary application of this method to multiple empirical data

sets, however, yields estimates of phenotypic variance explained in a

meta-analysis substantially lower than estimates from individual

cohorts. Additional simulations show that this pattern of results is

highly consistent with genetic heterogeneity across cohorts. Thus in

addition to providing estimates of phenotypic variance explained, the

adapted So et al. method may also be useful for diagnosing hetero-

geneity in meta-analysis, with important implications for the

interpretation of meta-analytic results.

A population-based twin study of the relationship

between anxiety disorders and dimensional

representations of personality disorders

Audun Welander-Vatn, Norwegian Institute of Public Health; Eivind

Ystrom, Norwegian Institute of Public Health; Kristian Tambs,

Norwegian Institute of Public Health; Kenneth Kendler, VCU-

VIPBG; Ted Reichborn-Kjennerud, Norwegian Institute of Public

Health; Gun Peggy Knudsen, Norwegian Institute of Public Health

Background: Previous studies have reported a high rate of co-

occurrence between anxiety disorders and personality disorders

(PDs). However, few population-based studies including both anxiety

disorders and PDs have been conducted. Furthermore, no previous

studies have explored the genetic and environmental sources of this

co-occurrence.

Aim: In a population-based twin study of young Norwegian adults, we

will examine which DSM-IV personality disorders that are indepen-

dently and significantly associated with anxiety disorders. Secondly,

using multivariate twin modeling, we will estimate to what extent the

observed phenotypic relationship may be explained by genetic or

environmental risk factors shared by both phenotypes.

Materials and methods: Young adult twins (n = 2,794), mean age

28.2 years, from the Norwegian Institute of Public Health Twin Panel

has been assessed at personal interview for lifetime DSM-IV anxiety

disorders and the 10 DSM-IV PDs. Two ‘‘anxiety disorder’’-variables,

each phenotypically unidimensional, has been constructed based on a

confirmatory factor analysis. For the PDs, ordinal variables based on a

criteria count will be used in the analyses. Phenotypic associations

between the PDs and anxiety disorders will be estimated in bivariate

regression analyses. Multivariate regression modeling will be used to

determine which PDs are uniquely associated with anxiety disorders.

Finally, a multivariate Cholesky decomposition will be fitted to the

data in twin modeling, and genetic and environmental correlations

will be estimated using the Open Mx software.

Conclusion: This study will contribute to the research literature as the

first investigation of genetic and environmental risk factors underly-

ing co-occurring anxiety disorders and all DSM-IV personality

disorders. The results will add on to existing knowledge about the

underlying structure of psychiatric disorders, and may inform future

efforts to classify such disorders. Results will be presented at the

conference.
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SNPs and smoking: What can the aggregate of genome-

wide SNPs tell us about genetic liability to smoking

initiation and quantity smoked?

Amanda Wills, University of Colorado; Matthew Keller, University

of Colorado Boulder

Twin studies have established the genetic contribution to cigarette

smoking initiation and progression and have suggested that the

dimensions underlying liability to each of these stages of the smoking

trajectory may be correlated. Using whole-genome SNP data from

8,175 European Americans that had participated in the Atheroscle-

rosis Risk in Communities Study (ARIC), we examined the degree to

which the aggregate of genome-wide SNPs contributed to trait vari-

ation, or ‘SNP heritability’, for smoking initiation (having ever

smoked) and quantity (cigarettes/day multiplied by years smoked).

We then estimated the genetic correlation, defined as the additive

genetic correlation tagged by the aggregate of SNPs, between initi-

ation and quantity. Common SNPs explained 16 % of the variance in

smoking initiation and, among smokers, 12 % of the variance in

quantity smoked. In the bivariate analysis of initiation and quantity,

we re-coded initiation as an ordinal variable that included both early

and late onset users in addition to those that did not initiate to allow

for the estimation of the genetic correlation between initiation and

quantity. The correlation between the set of SNPs that explained

variance in initiation and those that impacted quantity smoked was

high, but not complete (rg = 0.83). Thus, common genetic variation,

as indexed by genome-wide SNPs, contributed to cigarette smoking

liability, and the genetic factors that influenced smoking initiation

were largely shared, but not entirely overlapping, with those that

impacted quantity smoked.

Development and education of formal and informal

logical thinking ability: A Japanese twin study

Shinji Yamagata, National Center for University Entrance

Examinations; Chizuru Shikishima, Teikyo University; Kai Hiraishi,

Kyoto University; Juko Ando, Keio University

This study examined genetic and environmental etiologies of formal

and informal logical thinking ability during adolescence, and whe-

ther experience of academic debate in high school influence each of

the ability. Participants were 766 twins (133 MZ and 221 DZ pairs;

age 16–18). Via anonymous postal survey, participants completed

measures of formal (BAROCO-short) and informal (argumentation

mapping tasks) logical thinking ability. They also reported experi-

ence of academic debate and its length. Univariate genetic analyses

revealed that individual difference in both formal and informal

logical thinking ability were substantially influenced by genetic and

nonshared environmental factors, but not by shared environmental

factors (a2 = 0.36 and 0.47 for formal and informal ability,

respectively). Bivariate analysis revealed that correlation between

the two ability is fully explained by genetic factors (rG = 0.72).

MZ-twin-difference correlation with the length of debate class

experienced was positive and significant only for informal logical

thinking ability (r = 0.13, p \ 0.05). These results supported gen-

eralist-genes and specific-environment hypothesis, and the

effectiveness of academic debate in fostering informal logical

thinking ability, which is more relevant in daily lives than formal

counterpart.

Genetic and environmental structure of Cloninger’s

temperament and character dimensions: The healthy

twin study

Sarah Yang, School of Public Health, Seoul National University;

Joohon Sung, School of Public Health, Seoul National University

It is one of the key questions of psychology and areas beyond

behavioral science as well, whether and to what extent human per-

sonality is influenced by genes. Cloninger’s Temperament and

Character Inventory (TCI) is widely used personality taxonomies in

behavioral genetics. TCI consist of seven dimensions; four axes of

temperament, which are genetically determined, and three of char-

acter, which are determined by environments. The main goal of this

study is to probe the biological basis of Cloninger’s theory of tem-

perament and character by examining the different phases of ‘‘shared

environment’’ during the life course and estimating genetic contri-

butions on personality traits. A total of 3,320 individuals (1,333 men,

661 families) from the Healthy Twin Study in Korea fulfilled TCI

measures including 545 Monozygotic twin(MZ) pairs 122 Dizygotic

twin(DZ) pairs. Intraclass correlation coefficients (ICC) between

particular family types (MZ, DZ, siblings, parent-offspring, spouse)

were calculated using mixed model adjusting for age and sex. To

estimate additive genetic and shared environment components, a

variance component method was used. ICC of MZ pairs ranged

0.36–0.0.46, 0.00–0.28 for DZ, 0.13–0.24 for DZ and sibling pairs,

0.09–0.27 for parent-offspring pairs, and 0.07–0.40 for spouse cou-

ples. ICC results of spouse pairs are very constant with Cloninger’s

argument; their ICC of temperament dimensions were low while three

character dimensions showed high correlation. Also significant

increase in character trait’s ICC was observed when spouses were

divided into two groups according to their length of marriage.

Additive genetic effect ranged 0.20–0.34 with evidence of shared

environment (0.05–0.17).Our findings suggest that the temperament-

character theory does have evidence that two layers may play their

roles in shaping individual’s personality, although the role of genetics

may need to be reconsidered. Also temperament traits seem very

stable, while human characters do change gradually until relatively

late stage of adulthood.

Genetic analysis of male and female twins does

not support ‘indirect benefits’ account of masculine

male face shape

Brendan Zietsch, Queensland Institute of Medical Research; Anthony

Lee, University of Queensland; Dorian Mitchem, University

of Colorado Boulder; Margaret Wright, Queensland Institute

of Medical Research; Nicholas MARTIN, Queensland Institute

of Medical Research; Matthew Keller, University of Colorado

Boulder

For women, choosing a facially masculine man as a mate is thought to

confer genetic benefits to offspring. This hypothesis underlies an

influential body of recent theory and research but is based only on

circumstantial evidence. Furthermore, two crucial assumptions of the

hypothesis have not been adequately tested. First, it is assumed that

variation in facial masculinity is due to genetic variation. Second, it is

assumed that genetic factors that increase male facial masculinity do

not increase facial masculinity in female relatives. Using geometric

morphometrics, we quantified the configuration of facial landmarks
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on photographs of identical and nonidentical twins, and their siblings.

Discriminant function analysis was used to determine the linear

combination of shape variables that differs most between the sexes;

participants’ score on this discriminant function captures their facial

masculinity. Using biometrical modelling, we show that much of the

variation in male and female facial masculinity is genetic. However,

we also show that masculinity of male faces is unrelated to their

attractiveness and that facially masculine males tend to have facially

masculine, less-attractive sisters. These latter findings challenge the

idea that facially masculine men provide net genetic benefits to off-

spring, and call into question this popular theoretical framework.
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