Genomewide association study of facial emotion recognition
in children and association with polygenic risk for mental
health disorders
Article (Published Version)

Coleman, Jonathan R I, Lester, Kathryn J, Keers, Robert, Munafò, Marcus R, Breen, Gerome and
Eley, Thalia C (2017) Genome-wide association study of facial emotion recognition in children
and association with polygenic risk for mental health disorders. American Journal of Medical
Genetics Part B: Neuropsychiatric Genetics, 174 (7). pp. 701-711. ISSN 1552-4841
This version is available from Sussex Research Online: http://sro.sussex.ac.uk/id/eprint/68116/
This document is made available in accordance with publisher policies and may differ from the
published version or from the version of record. If you wish to cite this item you are advised to
consult the publisher’s version. Please see the URL above for details on accessing the published
version.

Copyright and reuse:
Sussex Research Online is a digital repository of the research output of the University.
Copyright and all moral rights to the version of the paper presented here belong to the individual
author(s) and/or other copyright owners. To the extent reasonable and practicable, the material
made available in SRO has been checked for eligibility before being made available.
Copies of full text items generally can be reproduced, displayed or performed and given to third
parties in any format or medium for personal research or study, educational, or not-for-profit
purposes without prior permission or charge, provided that the authors, title and full bibliographic
details are credited, a hyperlink and/or URL is given for the original metadata page and the
content is not changed in any way.

http://sro.sussex.ac.uk

Received: 22 November 2016

|

Accepted: 12 May 2017

DOI: 10.1002/ajmg.b.32558

RESEARCH ARTICLE

Genome-wide association study of facial emotion recognition
in children and association with polygenic risk for mental
health disorders
Jonathan R.I. Coleman1,2

|

Kathryn J. Lester3 | Robert Keers1,4 |

Marcus R. Munafò5,6 | Gerome Breen1,2 | Thalia C. Eley1,2
1 King’s

College London, Institute of
Psychiatry, Psychology and Neuroscience,
MRC Social, Genetic and Developmental
Psychiatry (SGDP) Centre, London, UK

2 National

Institute for Health Research
Biomedical Research Centre, South London
and Maudsley National Health Service Trust,
London, UK

3 School

of Psychology, University of Sussex,
Brighton, UK

4 School

of Biological and Chemical Sciences,
Queen Mary University of London, London, UK

5 MRC

Integrative Epidemiology Unit,
University of Bristol, Bristol, UK

6 UK

Centre for Tobacco and Alcohol Studies,
School of Experimental Psychology, University
of Bristol, Bristol, UK

Correspondence
Thalia Eley, Social, Genetic and
Developmental Psychiatry Centre (MRC),
Institute of Psychiatry, Psychology and
Neuroscience − PO80, DeCrespigny Park,
Denmark Hill, London, SE5 8AF, United
Kingdom.
Email: thalia.eley@kcl.ac.uk
Funding information
Wellcome Trust, Grant number: 102215/2/
13/2; British Heart Foundation; Medical
Research Council, Grant number:
MC_UU_12013/6; National Institute for
Health Research; Cancer Research UK;
Economic and Social Research Council

Emotion recognition is disrupted in many mental health disorders, which may reflect
shared genetic aetiology between this trait and these disorders. We explored genetic
influences on emotion recognition and the relationship between these influences and
mental health phenotypes. Eight-year-old participants (n = 4,097) from the Avon
Longitudinal Study of Parents and Children (ALSPAC) completed the Diagnostic
Analysis of Non-Verbal Accuracy (DANVA) faces test. Genome-wide genotype data
was available from the Illumina HumanHap550 Quad microarray. Genome-wide
association studies were performed to assess associations with recognition of
individual emotions and emotion in general. Exploratory polygenic risk scoring was
performed using published genomic data for schizophrenia, bipolar disorder,
depression, autism spectrum disorder, anorexia, and anxiety disorders. No individual
genetic variants were identified at conventional levels of significance in any analysis
although several loci were associated at a level suggestive of significance. SNP-chip
heritability analyses did not identify a heritable component of variance for any
phenotype. Polygenic scores were not associated with any phenotype. The effect sizes
of variants influencing emotion recognition are likely to be small. Previous studies of
emotion identification have yielded non-zero estimates of SNP-heritability. This
discrepancy is likely due to differences in the measurement and analysis of the
phenotype.
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1 | INTRODUCTION

disorders, including autism (Harms, Martin, & Wallace, 2010),
schizophrenia (Kohler, Walker, Martin, Healey, & Moberg, 2010),

Emotion permeates everyday social interaction and represents a

depression (Bourke, Douglas, & Porter, 2010; Kohler, Hoffman,

central component of human (and other primate) societies (Brothers,

Eastman, Healey, & Moberg, 2011), bipolar disorder (Kohler et al.,

1990; Ekman, 2007; Salovey & Mayer, 1989). The importance of

2011), and anxiety (Demenescu, Kortekaas, den Boer, & Aleman,

emotion recognition as a social skill is further indicated by the

2010). The ability to infer emotions displayed by others could

disruption of emotional recognition in a number of psychiatric

represent an important influence on the individual that shapes their
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behavior within a society, as well as their mental health (Lopes,

and Children (ALSPAC). We then used polygenic risk score analysis to

Salovey, Côté, Beers, & Petty, 2005).

predict individual differences in emotion recognition within this

To date, a few studies have examined the role of genes in facial
emotion recognition, implicating variants in the oxytocin receptor gene

cohort, using polygenic risk scores from studies of psychiatric
disorders in which emotion recognition is impaired.

OXTR with the identification of emotions (Skuse et al., 2014), and the
catechol-O-methyl transferase gene COMT with response time to
emotional faces (Weiss et al., 2007). Investigations of the effect of
variation in the promoter region of the serotonin transported gene
(5HTTLPR) found no differences between emotions in terms of

2 | METHO D
2.1 | Participants

identification but found some evidence of an association with the

Participants were drawn from ALSPAC, which has been described in

intensity of emotion at which recognition occurred (Antypa, Cerit,

detail elsewhere (Boyd et al., 2012). In brief, approximately 15,000

Kruijt, Verhoeven, & Van der Does, 2011). There has also been a

pregnant women resident in Avon, UK with expected dates of delivery

considerable literature linking 5HTTLPR to amygdala activation,

between April 1st, 1991 and December 31st, 1992 were recruited into

including in response to emotional faces (Canli & Lesch, 2007).

a prospective birth cohort to study the effects of environmental and

However, these studies use a candidate gene approach, which is

genetic influences on health and development. Additional information

limited by focusing on a few regions of assumed relevance, and usually

on the ALSPAC cohort is available on the study website, through

relies on small sample sizes that are underpowered to detect likely

a fully searchable data dictionary (http://www.bris.ac.uk/alspac/

effect sizes (Dick et al., 2015; Ioannidis, 2003). Previous work in the

researchers/data-access/data-dictionary/).

Philadelphia Neurodevelopmental Cohort has investigated emotion
identification (among other phenotypes) genome-wide, focusing on
estimation of heritability (identifying a common-variant heritability of

2.2 | Measurement of facial emotion recognition

36%) and polygenic risk relationships with schizophrenia (Germine

A total of 7,297 of the child participants in ALSPAC underwent the

et al., 2016; Robinson et al., 2015).

Diagnostic Analysis of Non-Verbal Accuracy test (DANVA) as part of

Alternative approaches have also provided insights into the

the “Focus at 8” assessment, performed when the participants were

genetics of emotion recognition. Epidemiological observation of

approximately 8 years old (Nowicki & Carton, 1993). The “Focus at 8”

emotion recognition deficits in X-linked disorders including Turner’s

assessments comprised four sessions investigating psychometric and

syndrome and fragile X disorder argues for a role of variants on the X

psychological characteristics, taking place across half a day. The

chromosome (Bouras, Turk, & Cornish, 1998; Lawrence, Kuntsi,

DANVA was performed as part of the Activities session. Two tests

Coleman, Campbell, & Skuse, 2003; Skuse, 2006). A family-based

from the DANVA were used, measuring the ability of participants to

quantitative genetic study of individuals with schizophrenia has

extract emotional information from the vocal tone (paralanguage) and

estimated the heritability (additive genetic component of variance) of

face of actors. However, only data from the faces task was available to

emotion recognition in faces at approximately 35% (Greenwood et al.,

be analyzed in this study. During the task, the participant was shown

2007). In contrast, research on typically developing twins in childhood

24 images of children displaying one of four emotions: happiness,

identified a large heritable component of general emotion recognition in

sadness, anger, or fear. The image was displayed for 2 s, after which the

faces that was shared across different emotions (75%), although no

participant was asked to identify the emotion verbally, and their

emotion-specific components were identified (Lau et al., 2009).

response was recorded.

Facial emotion recognition deficits have been reported in
individuals suffering from schizophrenia, bipolar disorder, depression,
autism spectrum disorder, and mixed evidence exists for similar deficits
in anorexia and anxiety disorders (Bourke et al., 2010; Collin, Bindra,

2.3 | Genotyping and assessment of population
stratification

Raju, Gillberg, & Minnis, 2013; Demenescu et al., 2010; Harms et al.,

The generation and quality control of genome-wide genotype data are

2010; Kohler et al., 2010; Kohler et al., 2011). Large GWAS of these

described on the ALSPAC website (http://www.bristol.ac.uk/media-

disorders exist, and may predict variance in emotion recognition in the

library/sites/alspac/migrated/documents/gwas-data-generation.pdf).

present cohort (Otowa et al., 2016; Ripke et al., 2013; Schizophrenia

In brief, 9,912 of the child participants were genotyped on the Illumina

Working Group of the Psychiatric Genomics C, 2014; Sklar et al.,

HumanHap550 Quad microarray, and the resulting genotypes imputed

2011). Increased understanding of intact emotion recognition may aid

to the HapMap2 release 22 for autosomes, and HapMap 3 release 2 for

in understanding the nature and importance of emotion recognition

the X chromosome using MACH and Minimac, respectively (Howie,

deficits in these disorders. Accordingly, we investigated the associa-

Fuchsberger, Stephens, Marchini, & Abecasis, 2012; Li, Willer, Ding,

tion between polygenic risk scores derived from GWAS of these

Scheet, & Abecasis, 2010). Following quality control to remove poorly-

disorders and facial emotion recognition phenotypes to assess

performing variants and samples, 8,365 samples and 2,487,351

whether genetic correlations mirror reported comorbidities.

variants were available (500,527 genotyped). Additional filtering to

In this study, we performed GWAS of non-verbal emotion

that described in the ALSPAC documentation was applied to the

recognition in children from the Avon Longitudinal Study of Parents

imputed dataset to remove rare variants (minor allele frequency <0.01)
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and variants that had been poorly imputed (MACH Rsq < 0.3) before

covariates were considered for inclusion, including summary results

analysis.

from each section of the Development and Wellbeing Assessment

Participants self-reported white Western European ancestry.

(DAWBA; (Goodman, Ford, Richards, Gatward, & Meltzer, 2000)), and

Principal components analysis of the genotyped data using EIGEN-

components of the Family Adversity Index (Bowen, Heron, Waylen, &

SOFT yielded no principal components associated with the DANVA

Wolke, 2005). However, these additional covariates were found to be

phenotypes at a level greater than chance. Given that the cohort

uncorrelated with the DANVA phenotypes, and so were not included.

comprised individuals of white Western European ancestry from a

Performance on the Social and Communication Disorders

single region, no further correction for population stratification was

Checklist (SCDC) was correlated with the phenotypic outcome. This

made.

questionnaire is a measure of flexibility and responsiveness to social
interactions, and as such may involve the same cognitive processes as
the DANVA (Skuse, James, Bishop, & Coppin, 1997). Analyses were

2.4 | Analysis

run both with and without this covariate; these results were very
Results from the DANVA were used to measure the participant’s
general ability at emotion recognition by calculating a proportion index
(Rosenthal & Rubin, 1989). This measures a participant’s performance
across all 24 trials of the DANVA, scaled such that a score of 0.5
represents performance at chance (Eq. 1, where options is the number
of choices, in this case 4). For example, if a participant correctly
identified 21 of the 24 emotions, they would have a proportion index
of 0.929. The proportion index was arcsine transformed and used as a
phenotype in GWAS.

similar, and so only analyses not including the questionnaire are
presented. Recent analyses within ALSPAC investigated genetic
variation associated with performance on this measure (St Pourcain
et al., 2014). Accordingly, the results of the analysis of emotion
recognition were contrasted with those found by St Pourcain et al.
(2014).
Following the GWAS, exploratory secondary analyses were
performed to investigate associations between higher-order genetic
elements and emotion recognition. Specifically, heritability estimation
was performed using LD Score regression and the GREML option in

Proportion Index ¼

1

Correct Responses
 ðOptions  1Þ
 Trials

Correct Responses
 ðOptions  2Þ
þ
Trials

GCTA (Bulik-Sullivan et al., 2015; Yang, Lee, Goddard, & Visscher,
2011). These tools provide complementary methods to estimate the
proportion of heritability explained by variants assessed in the study,

Equation 1: Calculation of the proportion index.

using summary statistics and genotype data, respectively. A previous

In order to assess emotion-specific genetic influences, unbiased

study of emotion recognition in children examined a score equivalent

hit rates were created for each emotion (Wagner, 1993). The unbiased

to the summed correct responses score used prior to conversion to the

hit rate represents the proportion of correct responses for a given

proportion index, yielding a heritability estimate of 36% (Robinson

emotion, weighted by the number of times the participant gave that

et al., 2015). In order to compare results directly between this study

response for the wrong face (Eq. 2). For example, if the participant

and that of Robinson et al. (2015), sensitivity analysis was run in GCTA

identified all six happy faces correctly but wrongly identified two

using the summed correct responses score.

fearful faces as happy, they would have an unbiased hit rate for happy
faces of 0.75.

Results from external GWAS of schizophrenia (Schizophrenia
Working Group of the Psychiatric Genomics C, 2014), bipolar disorder
(Sklar et al., 2011), depression (Ripke et al., 2013), anxiety (Otowa et al.,

Correct Responsesi Correct Responsesi
Unbiased hit ratei ¼

Trialsi
ðAll Responsesi Þ

2016), autism spectrum disorder (PGC.ASD.euro.all.25Mar2015.txt.
gz, unpublished), and anorexia (pgc.an.13May2016.zip, unpublished;
unpublished summary statistics available at https://www.med.unc.

Equation 2: Calculation of the unbiased hit rate, where i is a given
emotion.

edu/pgc/results-and-downloads) were used for polygenic risk scoring.
Associations between external traits and specific and general emotion

Unbiased hit rates for each emotion were arcsine transformed and

recognition were assessed using the default high-resolution polygenic

used as phenotypes in genome-wide association studies (GWAS)

risk scoring option implemented in PRSice (Euesden, Lewis, & O’Reilly,

performed in ProbAbel (http://www.genabel.org/), using MACH-

2015; Purcell et al., 2009). Specifically, 10,000 risk scores were

imputed dosage data (Aulchenko, Struchalin, & van Duijn, 2010; Li

calculated from each of the external GWAS using an increasing

et al., 2010). Following each individual GWAS, variants were clumped

threshold for the inclusion of single nucleotide polymorphisms (SNPS).

in PLINK1.9 to identify linkage-independent loci (Chang et al., 2015).

Variants were included if their associated p-value from the external

Specifically, all variants were assigned to a locus if they were in linkage

GWAS fell beneath this threshold (p = 0.00005 to p = 0.5 in steps of

disequilibrium (r2 > 0.25) with a nearby (<250 kb) variant with a lower

0.00005), and were weighted by their effect size in the external GWAS.

p-value.

Within each of polygenic risk score analysis, an adjusted alpha

All GWAS analyses controlled for fixed effects of gender, age at

threshold of p = 0.001 was used to correct for the assessment of

assessment (in weeks), IQ at assessment, and whether the activities

multiple correlated risk scores (Euesden et al., 2015). Multiple analyses

session was the first, second, third, or fourth performed (with first used

were performed across five DANVA phenotypes (recognition of

as the reference condition; Supplementary Table S2). Further

happy, sad, angry and fearful faces, and overall recognition), using

4
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results from seven external GWAS studies (schizophrenia, bipolar
disorder, major depressive disorder, autism, anorexia nervosa, and
anxiety assessed as a case-control and as a continuous phenotype).
The number of effective tests resulting from these multiple analyses
was determined using the Nyholt-Šidák method (Nyholt, 2004).
Specifically, the correlation matrix of the 35 optimal polygenic risk
scores (Table 4) was calculated and spectral decomposition was used
to determine the number of effective tests.

ET AL.

3.3 | GWAS results
No variants were identified at conventional levels of genome-wide
significance (p = 5 × 10−8) in any GWAS, but 10 loci reached suggestive
levels of significance across the GWAS of individual emotions
(Supplementary Figures S1–S4), with 5 of these loci attaining
suggestive significance for general emotion recognition, along with
an additional two variants (p < 5 × 10−6, Table 3, Figure 1).
Sensitivity analyses of the specific emotion GWAS using
untransformed hit rates produced results that did not qualitatively

2.5 | Ethics
Ethics approval for the study was obtained from the ALSPAC Ethics
and Law Committee and the Local Research Ethics Committees.
ALSPAC operates in accordance with the principles laid out in the
Declaration of Helsinki (Mumford, 1999).

differ from those using the transformed phenotypes (Supplementary
Table S4). All variants with p < 5 × 10−6 in a specific analysis in the main
GWAS had p < 5 × 10-5 in the relevant sensitivity analysis (Supplementary Table S5).
Post-hoc power analyses were conducted using Genetic Power
Calculator (Purcell, Cherny, & Sham, 2003). The cohort of 4,097
participants is adequate to detect a variant capturing 0.97% of variance

3 | RE SULTS

at 80% power. For comparison, the most variance captured by any of
the top SNPs in the analysis of individual emotions was 0.047%

3.1 | Data available for analysis and demographics
Of the 7,297 participants who completed the DANVA, 483 were

(rs3770081, sad faces, Table 3); a total of 84,320 participants would be
required to capture this level of variance at 80% power.

excluded from the analysis because they provided responses for fewer
than 23 of the 24 faces, 50 because their parent reported a diagnosis of
autism spectrum disorder, and 118 because their IQ was less than 70.
This resulted in 6,646 participants, of whom 4,097 also had genomewide genotyping data (2,487,351 variants available following imputation) and made up the analyzed cohort.
Demographic data for the cohort is displayed in Table 1. The
cohort contained slightly more females (50.4%) and ranged from 7 to
10 years old (389–543 weeks, mean = 450 weeks, SD = 12 weeks). IQ
ranged from 70 (lower IQs were removed) to 145 (mean = 106,
SD = 15.7).

3.4 | Polygenic risk scoring
Spectral decomposition of the optimal scores from the 35 polygenic
risk scoring analyses suggested 33.22 effective tests were performed,
resulting in an adjusted alpha threshold of 3.01 × 10−5 (≈0.001/33.22)
Figure 1.
Polygenic risk scores from the most recent GWAS of schizophrenia, bipolar disorder, depression and autism spectrum disorder from
the Psychiatric Genomics Consortium showed no predictive effects in
the sample (Table 4). Three PRS passed correction for the 10,000 nonindependent tests involved in a single PRSice analysis (p < 0.001):
autism predicting fear recognition (p = 7.32 × 10−4), anxiety (as a case-

3.2 | Performance of the DANVA faces task
Summed scores for the correct identification of all faces had only a
modest internal consistency (Cronbach’s alpha = 0.64), and summed
scores for specific emotions had poor internal consistency (Cronbach’s
alpha ranges from 0.31–0.69), although this is limited by the small
number of items per emotion (Supplementary Table S1). Measurements of skewness and kurtosis suggest that the arcsine transforma-

control

phenotype)

predicting

recognition

of

happy

faces

(p = 6.72 × 10−4) and anxiety (as a factor score) predicting angry faces
(p = 6.62 × 10−4; (Euesden et al., 2015)). However, none was significant
when taking into account the testing of multiple phenotypes (all
p > 3.01 × 10−5; (Nyholt, 2004)). Plots of PRS associations across
common thresholds are provided for each analysis in the Supplementary Material (Supplementary Figures S5–S11).

tion of the proportion index was necessary to improve the normality of
this measure (Supplementary Table S1). Unbiased hit rates were
acceptably normal before transformation, and their normality was
largely unaffected by arcsine transformations (Supplementary

TABLE 1

Descriptive statistics for the analyzed cohort

Table S1). Transformed phenotypes were used to ensure consistency

Demographic data on the cohort

of treatment of all proportional phenotypes. Sensitivity analyses were

N

4,097

performed on untransformed hit rates to assess the effect of this

Female gender (N [%])

2,066 [50.4]

transformation.

Age in weeks (mean [SD])

450 [12.0]

Correct identification of faces differed by emotion. Participants
were better at detecting happy faces compared to all other emotions,

IQ (mean [SD])

106 [15.7]

SCDC (mean [SD])

2.67 [3.39]

better at detecting sad faces than fearful or angry faces, and better at
detecting fearful faces compared to angry faces (Table 2).

SCDC, sociocommunicative disorders checklist.
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TABLE 2 Mean and 95% confidence intervals for correct responses for all emotions (out of 24) and individual emotions (out of 6), and t-statistics
and raw p-values from paired t-tests between individual emotions
Correct responses

vs. Happy

vs. Sad

Emotion

Mean

95%CI

t

p

t

p

t

p

All

19.4

19.3–19.5

–

–

–

–

–

–

Happy

5.71

5.69–5.73

–

–

–

–

–

–

–

–

–

–

−36.1

<10−250

–

–

−20.6

5.89 × 10−90

Sad

5.30

5.27–5.33

−26.6

8.10 × 10

Fearful

4.47

4.43–4.51

−54.1

<10−250

−80.7

−250

Angry

3.94

3.90–3.98

−144

<10

−59.5

vs. Fearful

2.60 × 10

−248

All p-values are significant at α = 0.0083 (Bonferroni correction for six tests).

3.5 | Secondary analyses
Estimation of heritability was attempted from each of the individual
emotion GWAS and from the general emotion recognition GWAS
using LD Score regression (Bulik-Sullivan et al., 2015). No analysis
yielded an estimate significantly different from zero—the largest
estimate was for sad face recognition: h2 = 0.0077 (95CI: −0.209–
0.224). Similar results were obtained from equivalent analyses in
GCTA (Yang et al., 2011). Power analyses suggest that the sample of
4,097 has 80% power to detect heritability >0.22, sufficient to
capture previously reported estimates of heritability (Greenwood
et al., 2007; Robinson et al., 2015; Visscher et al., 2014). Sensitivity
analyses examining the summed correct responses across all
emotions in GCTA did not yield a significant estimate of heritability.

significance, it is not genome-wide significant, and as such could be
accounted for by random chance alone.
The sample size studied is relatively large for a psychological study;
however, it is modest for a GWAS. As such, analyses only had statistical
power to detect moderate effect sizes. Studies of psychological and
behavioral traits to date suggest emotion recognition is likely to be
highly polygenic, with multiple variants each contributing only a small
effect (Munafo & Flint, 2014). Our results are consistent with such a
model, and place an upper bound on the effect sizes to be expected from
any larger study or meta-analysis. However, these results are also
consistent with the null hypothesis of no genetic effects. The weight of
evidence from the literature supports the hypothesized polygenicity of
emotion recognition (Germine et al., 2016; Robinson et al., 2015). The
results presented herein do not provide additional support, yet
polygenicity remains more likely than the absence of a common,

4 | DISCUSSION

additive genetic component to emotion recognition.

We performed GWAS of facial emotion recognition in a population

which captures only a proportion of total heritability (Wray et al.,

cohort of children. In concordance with psychological and behavioral

2013). No estimate of heritability could be obtained from the analyses

genomic studies to date, no variants of large effect were detected in

presented. Previous attempts to use this method for behavioral

the sample. Although no variants were present at genome-wide

phenotypes have reported similarly non-significant or low estimates of

significance, 12 independent loci were identified at a suggestive level

heritability, which may result from differences in analytical approach

of significance across the five analyses performed. The region on

and sample characteristics (Pappa et al., 2015; St Pourcain et al., 2015;

chromosome 7p15.1 is of most interest, as it passed the suggestive

Trzaskowski, Dale, & Plomin, 2013). The null estimate of heritability

threshold in the analysis of both sad and angry faces, and in the analysis

does not appear to be due to sample size, as power calculations suggest

of general emotion recognition. The locus lies across an unstudied long

the cohort was powered to detect the 36% SNP heritability previously

non-coding RNA (LOC646762) and near the genes CHN2, PRR15, and

reported (Robinson et al., 2015). Although this study and that of

WIPF3. Of these genes, chimerin 2 (CHN2) is the most interesting

Robinson et al. (2015) assessed similarly sized cohorts of juvenile

Estimation of heritability was performed using common SNP data,

candidate. It encodes beta-chimerin, a rho-GTPase activating protein

participants of European ancestry (N = 4,097 and N = 3,661, respec-

involved in the phospholipase C cell signaling pathway, proposed to

tively), there are a number of methodological differences that may

have a regulatory function in the central nervous system (Yang &

underlie the differing results. First, there are some demographic

Kazanietz, 2007). CHN2 is highly expressed in the brain and has

differences—Robinson et al. (2015) studied an American cohort with

previously been implicated in schizophrenia, although neither this gene

ages ranging 8–21, whereas the ALSPAC cohort is British and younger

nor the locus of interest was present in the largest GWAS of

(ages ranged 7–10). The approach to measuring emotion recognition

schizophrenia to date (Hashimoto et al., 2005; Schizophrenia Working

also differed. Robinson et al. (2015) used the Penn Computerized

Group of the Psychiatric Genomics C, 2014). However, it should be

Neurocognitive Battery (CNB) Emotion Identification test (Gur et al.,

noted that biological interest has proved an unreliable indicator of true

2012). This measure assesses the same four emotions as the DANVA

association in GWAS to date (Collins & Sullivan, 2013). Furthermore,

(but also includes a neutral face condition) and its output is the sum of

although the region discussed passes the threshold for suggestive

all correct responses. As such, it is equivalent to the summed correct

A

G

A

A
A
C
A
A
A
G
A
A
G
C

rs9550616

rs3770081

rs12705054

rs2080301
rs17604090
rs10248839
rs1146849
rs654861
rs2304503
rs10499395
rs4930838
rs683257
rs17016200
rs1423494

13
6
3
7
12
6
3
5

7

7

2

13

CHR

−4.65
−3.90
4.60
4.16
−4.60
1.78
−0.590
2.01
2.29
−2.98
4.33
−3.54

2.88 × 10
0.00845
0.126
1.70 × 10−4
0.00556
0.00182
0.230
0.00776
0.00655
0.00368
0.582
0.0167
0.0124
7.81 × 10−4

−4.69
−1.73
−1.53
−3.76
2.77
3.12
−1.20
2.66
−2.72
2.91
0.551
−2.39
2.50
−3.36

−4.77

−1.76

Z
−6

p

Z

−1.58

3.45 × 10−6
−3.32
2.92
2.83
−1.51
4.86
−4.64
1.41
0.798
−2.00
3.67
−3.46

−1.08

9.88 × 10−5
4.30 × 10−6
3.25 × 10−5
4.31 × 10−6
0.0754
0.555
0.0441
0.0220
0.00288
1.49 × 10−5
4.09 × 10−4

−1.27

1.94 × 10−6

Z

0.0776

p

8.94 × 10−4
0.00354
0.00468
0.130
1.19 × 10−6
3.59 × 10−6
0.157
0.425
0.0461
2.49 × 10−4
5.42 × 10−4

0.114

0.278

0.205

p

−4.10
4.47
4.61
−4.03
2.11
−0.382
4.76
4.65
−4.58
3.84
−3.58

−3.11

−4.33

−2.23

Z

Angry

8.16 × 10−6
4.27 × 10−5
4.10 × 10−6
5.61 × 10−5
0.0351
0.702
2.03 × 10−6
3.42 × 10−6
4.72 × 10−6
1.26 × 10−4
3.50 × 10−4

0.00188

1.55 × 10−5

0.0260

p

−4.57
4.71
4.61
−3.30
3.96
−2.50
3.66
2.62
−3.68
4.79
−4.61

−3.72

−3.69

−3.29

Z

General

4.96 × 10−6
2.56 × 10−6
4.18 × 10−6
9.59 × 10−4
7.72 × 10−5
0.0123
2.59 × 10−4
0.00872
2.33 × 10−4
1.74 × 10−6
4.23 × 10−6

1.98 × 10−4

2.33 × 10−4

0.00102

p

Each locus is represented by a sentinel SNP, that with the lowest p-value in the locus. One locus on chromosome 7 showed different sentinel SNPs across different analyses, so is represented by three SNPs. Positive
direction of effect means better recognition of emotion with each effect allele (A1). Locus information is provided in Supplementary Table S3.

A1

Sentinel SNP

Sad

Happy

Fearful

Linkage-independent loci from the individual GWAS, and general emotion recognition GWAS with p < 5 × 10−6 (bold) in at least one analysis (gray)

Independent clumps associated with emotion recognition with p < 5 × 10−6

TABLE 3
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Variance explained and p values for the best polygenic risk scores from the mental health GWAS, predicting recognition of emotion

Emotion predicted

Best threshold

p-value at best threshold

Variance explained (R2)

0.123

0.222

0.000358

Schizophrenia risk predicting emotions
Happy
Sad

0.00565

0.0317

0.00109

Angry

0.0295

0.175

0.000433

Fearful

0.0464

0.456

0.000131

Proportion index

0.0176

0.163

0.000452

0.0494

0.000928

Bipolar disorder risk predicting emotions
Happy

0.06525

Sad

0.00115

0.322

0.000232

Angry

0.00820

0.125

0.000553

Fearful

0.1083

0.0941

0.000661

Proportion index

0.1083

0.0280

0.00112

Major depressive disorder risk predicting emotions
Happy

0.1989

0.0488

0.000933

Sad

0.0101

0.122

0.000564

Angry

0.00455

0.0303

0.00110

Fearful

0.00125

0.137

0.000520

Proportion index

0.2237

0.0381

0.00100

0.0610

0.000844

0.0116

0.00150

Autism spectrum disorder risk predicting emotions
Happy
Sad

0.00345
−4

6.00 × 10

−4

Angry

7.00 × 10

0.110

0.000600

Fearful

0.01365

7.32 × 10−4

0.00268

1.00 × 10

0.0204

0.00125

0.00350

0.0737

0.000769

Proportion index

−4

Anorexia risk predicting emotions
Happy

−4

Sad

8.50 × 10

0.137

0.000523

Angry

0.2103

0.0799

0.000722

Fearful

0.00555

0.163

0.000459

0.0581

0.000835

6.72 × 10−4

0.00278

Proportion index

−4

8.50 × 10

Anxiety (case-control) risk predicting emotions
Happy

0.03115
−5

Sad

5.00 × 10

0.216

0.000362

Angry

0.0382

0.1095

0.000603

Fearful

4.00 × 10−4

0.0818

0.000714

Proportion index

0.0382

0.0386

0.000994

0.000498

Anxiety (factor score) risk predicting emotions
Happy

0.00370

0.150

Sad

5.50 × 10−4

0.0369

Angry

−4

0.00103
−4

2.50 × 10

6.62 × 10

Fearful

0.00370

0.182

0.000420

Proportion index

2.50 × 10−4

0.0228

0.00120

0.00272

Three associations passes the recommended p = 0.001 for a single analysis, but not the adjusted threshold (p = 3.01 × 10−5) for the 33.22 effective tests
performed (Euesden et al., 2015; Nyholt, 2004).

8

|

COLEMAN

ET AL.

FIGURE 1 a) Manhattan plot showing associations between genetic variants and recognition of emotion faces in general. Base position of
genetic variants on each chromosome are on the x-axis, −log p-value on the y-axis. Genome-wide significance (p = 5 × 10−8) is top line (red),
and suggestive significance (p = 5 × 10−6) is bottom line (gray). b) Quantile–quantile plot shows observed associations between genetic variants
and recognition of emotion in faces (y-axis) do not deviate from those expected under the null distribution (x-axis). Lambda median is a
measure of genomic inflation. Lambda ≈ 1, indicating minimal inflation due to confounds. Color figure can be viewed at wileyonlinelibrary.com

answers from the DANVA before calculation of the proportion index.

Previous studies of emotion recognition by Greenwood et al.

The use of a proportion index in this study cannot account for the

(2007) and Lau et al. (2009) differed considerably from the current

discrepancy in heritability estimates, because null results were

study in their sample composition and analytical approach. The

obtained using the summed correct answers from the DANVA as a

estimate of heritability from Greenwood et al. (2007) is derived from

phenotype in GCTA. The reported internal consistency of the Penn

the Penn CNB Emotion Identification test described above (Kohler

CNB Emotion Identification test (Cronbach’s alpha = 0.75) was

et al., 2003). In addition, the participants differ considerably—

superior to that achieved by the DANVA in this study (0.64),

Greenwood et al. (2007) studied families of adults with schizophrenia,

suggesting that the lower reliability of the DANVA phenotype might

whereas the data analyzed herein were drawn from a population

account for the observed discrepancy.

cohort of children prior to puberty (after which there is evidence for an

COLEMAN
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increase in facial emotion recognition ability; Thomas, De Bellis,

recognition. Future studies could achieve this separation by meta-

Graham, & LaBar, 2007).

analyzing GWAS of emotion recognition in faces and in voices. At

The cohort studied by Lau et al. (2009) was more similar to that

least a proportion of the variants associated with emotion

investigated in this study, being comprised of 10 year old twins, albeit

recognition in faces would be expected to be associated with

selected for high levels of parent-reported anxiety (Lau et al., 2009).

recognition of emotion in verbal tone (such as in the paralanguage

However, although accuracy of emotion recognition was measured,

component of the DANVA, which was not available during this

the experiment used a face morphing from a neutral condition to an

study).

emotional condition, rather than static images. The analysis of

We performed GWAS of non-verbal emotion recognition in a

heritability also differs. The reported figure of 75% is derived from a

population cohort of children. Although no variants were identified at

latent factor analysis model in which a single genetic factor influences

genome-wide significance, the modest power of the sample suggests

emotion recognition in all faces. Estimates of heritability from

an upper threshold on the expected effect sizes of individual variants

individual emotions (both from univariate analyses and modeled as

on this phenotype. Similarly, we were unable to obtain an estimate of

emotion-specific effects in the latent class analysis) were not

heritability for any emotion recognition phenotype, despite power to

significantly different from zero (Lau et al., 2009). This suggests that

detect true SNP heritabilities of 22%, lower than the reported SNP

there may be a general genetic component of emotion recognition that

heritability of 36%. Emotion recognition is a complex phenotype, and

was not captured in the analyses presented in this paper. The

its measurement is a simplification by necessity. Insights into the

differences between the study presented herein and previous studies

genetics of emotion recognition could inform our understanding of

reporting heritability estimates are such that it is difficult to make

psychiatric disorders and of the basis by which individuals interact with

inferences about the accuracy or generalizability of previously

their environment. Accordingly, a challenge for future research will be

reported estimates.

to combine sensitive measures of emotion recognition with the sample

The conclusions about the relative power of these analyses are
supported by the results from previous analyses of socio-communicative

sizes required to capture the small effect sizes of variants suggested by
the behavioral genetic literature.

ability. Neither the analyses of emotion recognition nor previous analyses
of the Social and Communication Disorders Checklist identified
individual variants at genome-wide significance, which suggests low

ACKNOWLEDGMENTS

power to detect small effect sizes (St Pourcain et al., 2014). However, an

We are extremely grateful to all the families who took part in this

estimate of heritability of 24% was obtained for socio-communicative

study, the midwives for their help in recruiting them, and the whole

ability using GCTA (St Pourcain et al., 2014). The heritability of outcome

ALSPAC team, which includes interviewers, computer and laboratory

from the Social and Communication Disorders Checklist in children (<11

technicians, clerical workers, research scientists, volunteers, man-

years old) has previously been estimated at 74–78%, using twin-based

agers, receptionists, and nurses. The UK Medical Research Council

methods (Scourfield, Martin, Lewis, & McGuffin, 1999; Skuse, Mandy, &

and the Wellcome Trust (Grant ref: 102215/2/13/2) and the

Scourfield, 2005). The estimate of heritability from common variants is

University of Bristol provide core support for ALSPAC. This

only a third of that estimated from twin methods, further demonstrating

publication is the work of the authors, who will serve as guarantors

low heritability estimates from common variants in behavioral

for the contents of this paper. This research was specifically funded

phenotypes.

as part of JRIC’s PhD, which is jointly funded by the Institute of

Polygenic risk scoring was unable to identify significant

Psychiatry, Psychology and Neuroscience, and the Alexander von

predictors. Although power estimation is possible in polygenic

Humboldt Foundation.GWAS data was generated by Sample

risk scoring, the number of variables involved makes accurate

Logistics and Genotyping Facilities at the Wellcome Trust Sanger

estimation difficult without prior knowledge of the relationship

Institute and LabCorp (Laboratory Corporation of America) using

between the phenotypes under study (Dudbridge, 2013; Palla &

support from 23andMe.This study presents independent research

Dudbridge, 2015).

part-funded by the National Institute for Health Research Biomedi-

Emotion recognition is a complex phenotype requiring atten-

cal Research Centre at South London and Maudsley NHS Foundation

tion to cues in multiple areas of the face, which change subtly in

Trust and King’s College London. The views expressed are those of

real-time (Bassili, 1979). It is likely to involve an intricate network

the authors and not necessarily those of the NHS, the NIHR, or the

of neural interactions (Vuilleumier & Pourtois, 2007). The faces

Department of Health. MM is a member of the UK Centre for

component of the DANVA (as used in the ALSPAC study) is a

Tobacco and Alcohol Studies, a UKCRC Public Health Research:

comparatively simple forced-choice test between static pictures of

Centre of Excellence. Funding from British Heart Foundation, Cancer

the four emotions studied. As such, the DANVA can only provide a

Research UK, Economic and Social Research Council, Medical

limited measure of facial emotion recognition. Furthermore,

Research Council, and the National Institute for Health Research,

because the DANVA does not include a neutral face condition,

under the auspices of the UK Clinical Research Collaboration,

we were unable to control for general face recognition ability in

is gratefully acknowledged. This study was supported in part by

this analysis. As such, we cannot separate associations between

the Medical Research Council and the University of Bristol

genetic variants and face recognition from those with emotion

(MC_UU_12013/6).

10

|

CONFLICTS OF INTEREST
GB has received grant funding from, and was previously a consultant in
pre-clinical genetics for, Eli Lilly. MM is co-director of Jericoe Ltd.,
which develops software for assessing and modifying emotion
perception. All other authors declare no financial interests.

REFERENCES
Antypa, N., Cerit, H., Kruijt, A. W., Verhoeven, F. E. A., & Van der Does,
A. J. W. (2011). Relationships among 5-HTT genotype, life events and
gender in the recognition of facial emotions. Neuroscience, 172,
303–313.
Aulchenko, Y., Struchalin, M., & van Duijn, C. (2010). ProbABEL package for
genome-wide association analysis of imputed data. BMC Bioinformatics,
11(1), 134.
Bassili, J. N. (1979). Emotion recognition: The role of facial movement and
the relative importance of upper and lower areas of the face. Journal of
Personality and Social Psychology, 37(11), 2049.
Bouras, N., Turk, J., & Cornish, K. (1998). Face recognition and emotion
perception in boys with fragile-X syndrome. Journal of Intellectual
Disability Research, 42(6), 490–499.
Bourke, C., Douglas, K., & Porter, R. (2010). Processing of facial emotion
expression in major depression: A review. Australian and New Zealand
Journal of Psychiatry, 44(8), 681–696.
Bowen, E., Heron, J., Waylen, A., & Wolke, D. (2005). Domestic violence risk
during and after pregnancy: Findings from a British longitudinal study.
BJOG: An International Journal of Obstetrics & Gynaecology, 112(8),
1083–1089.
Boyd, A., Golding, J., Macleod, J., Lawlor, D. A., Fraser, A., Henderson, J., . . .
Smith, G. D. (2012). Cohort profile: The ‘children of the 90s’—the index
offspring of the Avon Longitudinal Study of Parents and Children.
International Journal of Epidemiology, 42(1), 111–127.
Brothers, L. (1990). The neural basis of primate social communication.
Motivation and Emotion, 14(2), 81–91.
Bulik-Sullivan, B. K., Loh, P. R., Finucane, H. K., Ripke, S., Yang, J.,
Schizophrenia Working Group of the Psychiatric Genomics C, . . . Neale,
B. M. (2015). LD Score regression distinguishes confounding from
polygenicity in genome-wide association studies. Nature Genetics, 47(3),
291–295.
Canli, T., Lesch, K.-P. (2007). Long story short: The serotonin transporter in
emotion regulation and social cognition. Nature Neuroscience, 10,
1103–1109.
Chang, C. C., Chow, C. C., Tellier, L. C., Vattikuti, S., Purcell, S. M., & Lee, J. J.
(2015). Second-generation PLINK: Rising to the challenge of larger and
richer datasets. Gigascience, 4(1), 7.
Collin, L., Bindra, J., Raju, M., Gillberg, C., & Minnis, H. (2013). Facial emotion
recognition in child psychiatry: A systematic review. Research in
Developmental Disabilities, 34(5), 1505–1520.
Collins, A. L., Sullivan, P. F. (2013). Genome-wide association studies in
psychiatry: What have we learned? The British Journal of Psychiatry,
202(1), 1–4.
Demenescu, L. R., Kortekaas, R., den Boer, J. A., & Aleman, A. (2010).
Impaired attribution of emotion to facial expressions in anxiety and
major depression. PLoS ONE, 5(12), e15058.
Dick, D. M., Agrawal, A., Keller, M. C., Adkins, A., Aliev, F., Monroe, S., . . .
Sher, K. J. (2015). Candidate gene-environment interaction research:
Reflections and recommendations. Perspectives on Psychological Science, 10(1), 37–59.
Dudbridge, F. (2013). Power and predictive accuracy of polygenic risk
scores. PLoS Genetics, 9(3), e1003348.
Ekman, P. (2007). Emotions revealed: Recognizing faces and feelings to
improve communication and emotional life. New York, NY: Henry Holt.

COLEMAN

ET AL.

Euesden, J., Lewis, C. M., & O’Reilly, P. F. (2015). PRSice: Polygenic risk
score software. Bioinformatics, 31(9), 1466–1468.
Germine, L., Robinson, E., Smoller, J., Calkins, M., Moore, T., Hakonarson, H.,
. . . Buckner, R. (2016). Association between polygenic risk for
schizophrenia, neurocognition and social cognition across development. Translational Psychiatry, 6(10), e924.
Goodman, R., Ford, T., Richards, H., Gatward, R., & Meltzer, H. (2000). The
development and well-being assessment: Description and initial
validation of an integrated assessment of child and adolescent
psychopathology. Journal of Child Psychology and Psychiatry, 41(5),
645–655.
Greenwood, T. A., Braff, D. L., Light, G. A., Cadenhead, K. S., Calkins, M. E.,
Dobie, D. J., . . . Mintz, J. (2007). Initial heritability analyses of
endophenotypic measures for schizophrenia: The consortium on the
genetics of schizophrenia. Archives of General Psychiatry, 64(11),
1242–1250.
Gur, R. C., Richard, J., Calkins, M. E., Chiavacci, R., Hansen, J. A., Bilker,
W. B., . . . Mentch, F. D. (2012). Age group and sex differences in
performance on a computerized neurocognitive battery in children age
8− 21. Neuropsychology, 26(2), 251.
Harms, M., Martin, A., & Wallace, G. (2010). Facial emotion recognition in
autism spectrum disorders: A review of behavioral and neuroimaging
studies. Neuropsychology Review, 20(3), 290–322.
Hashimoto, R., Yoshida, M., Ozaki, N., Yamanouchi, Y., Iwata, N.,
Suzuki, T., . . . Kunugi, H. (2005). A missense polymorphism
(H204R) of a Rho GTPase-activating protein, the chimerin 2
gene, is associated with schizophrenia in men. Schizophrenia
Research, 73(2), 383–385.
Howie, B., Fuchsberger, C., Stephens, M., Marchini, J., & Abecasis, G. R.
(2012). Fast and accurate genotype imputation in genome-wide
association studies through pre-phasing. Nature Genetics, 44(8),
955–959.
Ioannidis, J. P. (2003). Genetic associations: False or true? Trends in
Molecular Medicine, 9(4), 135–138.
Kohler, C. G., Hoffman, L. J., Eastman, L. B., Healey, K., & Moberg, P. J.
(2011). Facial emotion perception in depression and bipolar disorder:
A quantitative review. Journal of Psychiatric Research, 188(3),
303–309.
Kohler, C. G., Turner, T. H., Bilker, W. B., Brensinger, C. M., Siegel, S. J.,
Kanes, S. J., . . . Gur, R. C. (2003). Facial emotion recognition in
schizophrenia: Intensity effects and error pattern. American Journal of
Psychiatry, 160(10), 1768–1774.
Kohler, C. G., Walker, J. B., Martin, E. A., Healey, K. M., & Moberg, P. J.
(2010). Facial emotion perception in schizophrenia: A metaanalytic review. Schizophrenia Bulletin, 36(5), 1009–1019.
Lau, J. Y., Burt, M., Leibenluft, E., Pine, D. S., Rijsdijk, F., Shiffrin, N., & Eley,
T. C. (2009). Individual differences in children’s facial expression
recognition ability: The role of nature and nurture. Developmental
Neuropsychology, 34(1), 37–51.
Lawrence, K., Kuntsi, J., Coleman, M., Campbell, R., & Skuse, D. (2003).
Face and emotion recognition deficits in Turner syndrome: A possible
role for X-linked genes in amygdala development. Neuropsychology,
17(1), 39.
Li, Y., Willer, C. J., Ding, J., Scheet, P., & Abecasis, G. R. (2010). MaCH: Using
sequence and genotype data to estimate haplotypes and unobserved
genotypes. Genetic Epidemiology, 34(8), 816–834.
Lopes, P. N., Salovey, P., Côté, S., Beers, M., & Petty, R. E. (2005). Emotion
regulation abilities and the quality of social interaction. Emotion, 5(1), 113.
Mumford, S. (1999). Children of the 90s: Ethical guidance for a longitudinal
study. Archives of Disease in Childhood-Fetal and Neonatal Edition, 81(2),
F146–F151.
Munafo, M. R., Flint, J. (2014). The genetic architecture of psychophysiological phenotypes. Psychophysiology, 51(12), 1331–1332.
Nowicki, S., Jr, Carton, J. (1993). The measurement of emotional intensity
from facial expressions. The Journal of social psychology, 133(5), 749–750.

COLEMAN

ET AL.

Nyholt, D. R. (2004). A simple correction for multiple testing for singlenucleotide polymorphisms in linkage disequilibrium with each other.
American Journal of Human Genetics, 74(4), 765–769.
Otowa, T., Hek, K., Lee, M., Byrne, E. M., Mirza, S. S., Nivard, M. G., . . .
Fanous, A. (2016). Meta-analysis of genome-wide association
studies of anxiety disorders. Molecular Psychiatry, 21(10),
1391–1399.
Palla, L., & Dudbridge, F. (2015). A fast method that uses polygenic scores to
estimate the variance explained by genome-wide marker panels and the
proportion of variants affecting a trait. American Journal of Human
Genetics, 97(2), 250–259.
Pappa, I., Fedko, I. O., Mileva-Seitz, V. R., Hottenga, J.-J., BakermansKranenburg, M. J., Bartels, M., . . . Rivadeneira, F. (2015). Single
nucleotide polymorphism heritability of behavior problems
in childhood: Genome-wide complex trait analysis. Journal of
the American Academy of Child & Adolescent Psychiatry, 54(9),
737–744.
Purcell, S., Cherny, S. S., & Sham, P. C. (2003). Genetic Power Calculator:
Design of linkage and association genetic mapping studies of complex
traits. Bioinformatics, 19, 149–150.
Purcell, S. M., Wray, N. R., Stone, J. L., Visscher, P. M., O’Donovan, M. C.,
Sullivan, P. F., & Sklar, P. (2009). Common polygenic variation
contributes to risk of schizophrenia and bipolar disorder. Nature,
460(7256), 748–752.
Ripke, S., Wray, N. R., Lewis, C. M., Hamilton, S. P., Weissman, M. M., Breen,
G., . . . Cichon, S. (2013). A mega-analysis of genome-wide association
studies for major depressive disorder. Molecular Psychiatry, 18(4),
497–511.
Robinson, E. B., Kirby, A., Ruparel, K., Yang, J., McGrath, L., Anttila, V., . . .
Daly, M. J. (2015). The genetic architecture of pediatric cognitive
abilities in the Philadelphia Neurodevelopmental Cohort. Molecular
Psychiatry, 20(4), 454–458.
Rosenthal, R., Rubin, D. B. (1989). Effect size estimation for one-sample
multiple-choice-type data: Design, analysis, and meta-analysis. Psychological Bulletin, 106(2), 332.
Salovey, P., Mayer, J. D. (1989). Emotional intelligence. Imagination,
Cognition and Personality, 9(3), 185–211.
Schizophrenia Working Group of the Psychiatric Genomics C. (2014).
Biological insights from 108 schizophrenia-associated genetic loci.
Nature, 511(7510), 421–427.
Scourfield, J., Martin, N., Lewis, G., & McGuffin, P. (1999). Heritability of
social cognitive skills in children and adolescents. The British Journal of
Psychiatry, 175(6), 559–564.
Sklar, P., Ripke, S., Scott, L. J., Andreassen, O. A., Cichon, S., Landén, M., . . .
Blackwood, D. (2011). Large-scale genome-wide association analysis of
bipolar disorder identifies a new susceptibility locus near ODZ4. Nature
Genetics, 43, 977–983.
Skuse, D. (2006). Genetic influences on the neural basis of social cognition.
Philosophical Transactions of the Royal Society of London B: Biological
Sciences, 361(1476), 2129–2141.
Skuse, D., James, R., Bishop, D. V., & Coppin, B. (1997). Evidence from
Turner’s syndrome of an imprinted X-linked locus affecting cognitive
function. Nature, 387(6634), 705.
Skuse, D. H., Lori, A., Cubells, J. F., Lee, I., Conneely, K. N., Puura, K.,
. . . Young, L. J. (2014). Common polymorphism in the oxytocin
receptor gene (OXTR) is associated with human social recognition
skills. Proceedings of the National Academy of Sciences, 111(5),
1987–1992.

|

11

Skuse, D. H., Mandy, W. P., & Scourfield, J. (2005). Measuring autistic traits:
Heritability, reliability and validity of the Social and Communication
Disorders Checklist. The British Journal of Psychiatry, 187(6), 568–572.
St Pourcain, B., Haworth, C., Davis, O. S., Wang, K., Timpson, N. J., Evans,
D. M., . . . Meaburn, E. (2015). Heritability and genome-wide analyses of
problematic peer relationships during childhood and adolescence.
Human Genetics, 134(6), 539–551.
St Pourcain, B., Skuse, D. H., Mandy, W. P., Wang, K., Hakonarson, H.,
Timpson, N. J., . . . Golding, J. (2014). Variability in the common genetic
architecture of social-communication spectrum phenotypes during
childhood and adolescence. Molecular Autism, 5(1), 18.
Thomas, L. A., De Bellis, M. D., Graham, R., & LaBar, K. S. (2007).
Development of emotional facial recognition in late childhood and
adolescence. Developmental Science, 10(5), 547–558.
Trzaskowski, M., Dale, P. S., & Plomin, R. (2013). No genetic influence for
childhood behavior problems from DNA analysis. Journal of the
American Academy of Child & Adolescent Psychiatry, 52(0), 1048–1056.
Visscher, P. M., Hemani, G., Vinkhuyzen, A. A., Chen, G. B., Lee, S. H., Wray,
N. R., . . . Yang, J. (2014). Statistical power to detect genetic (co)variance
of complex traits using SNP data in unrelated samples. PLoS Genetics,
10(4), e1004269.
Vuilleumier, P., & Pourtois, G. (2007). Distributed and interactive brain
mechanisms during emotion face perception: Evidence from functional
neuroimaging. Neuropsychologia, 45(1), 174–194.
Wagner, H. L. (1993). On measuring performance in category judgment
studies of nonverbal behavior. Journal of Nonverbal Behavior, 17(1), 3–28.
Weiss, E. M., Stadelmann, E., Kohler, C. G., Brensinger, C. M., Nolan, K. A.,
Oberacher, H., . . . Hinterhuber, H. (2007). Differential effect of
catechol-O-methyltransferase Val158Met genotype on emotional
recognition abilities in healthy men and women. Journal of the
International Neuropsychological Society, 13(5), 881–887.
Wray, N. R., Yang, J., Hayes, B. J., Price, A. L., Goddard, M. E., & Visscher,
P. M. (2013). Pitfalls of predicting complex traits from SNPs. Nature
Reviews Genetics, 14(7), 507–515.
Yang, C., Kazanietz, M. G. (2007). Chimaerins: GAPs that bridge
diacylglycerol signalling and the small G-protein Rac. Biochemical
Journal, 403(1), 1–12.
Yang, J., Lee, S. H., Goddard, M. E., & Visscher, P. M. (2011). GCTA: A tool
for genome-wide complex trait analysis. American Journal of Human
Genetics, 88(1), 76–82.

SUPPORTING INFORMATION
Additional Supporting Information may be found online in the
supporting information tab for this article.

How to cite this article: Coleman JR, Lester KJ, Keers R,
Munafò MR, Breen G, Eley TC. Genome-wide association
study of facial emotion recognition in children and
association with polygenic risk for mental health disorders.
Am J Med Genet Part B. 2017;9999:1–11.
https://doi.org/10.1002/ajmg.b.32558

