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Abstract Facial expression of emotion is a key mecha-

nism of non-verbal social communication in humans.

Deficits in processing of facial emotion have been implicated

in psychiatric disorders characterized by abnormal social

behavior, such as autism and schizophrenia. Identification

of genetically transmitted variability in the neural substrates

of facial processing can elucidate the pathways mediating

genetic influences on social behavior and provide useful

endophenotypes for psychiatric genetic research. This study

examined event-related brain potentials (ERPs) evoked by

changes in facial expression in adolescent twins (age 12, 47

monozygotic and 51 dizygotic pairs). Facial images with

happy, fearful, and neutral expressions were administered in

a continuous mode, such that different expressions of the

same face instantaneously replaced each other. This

experimental design allowed us to isolate responses elicited

by changes in emotional expression that were not con-

founded with responses elicited by image onset. Changes of

emotional expression elicited a N240 wave with a right

temporoparietal maximum and a P300 wave with a cen-

tropariatal midline maximum. Genetic analyses using a

model fitting approach showed that a substantial proportion

of the observed individual variation in these ERP responses

can be attributed to genetic factors (36–64% for N250 and

42–62% for P300 components, respectively). This study

provides the first evidence for heritability of neuroelectric

indicators of face processing and suggests that ERP com-

ponents sensitive to emotional expressions can potentially

serve as endophenotypes for psychpathology characterized

by abnormalities in social cognition and behavior.

Keywords Facial affect � Brain � ERP �
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Introduction

Facial expression of emotion is a key mechanism of non-

verbal social communication in humans and non-human

primates. Facial expressions can rapidly convey informa-

tion about the motivational and emotional state of the ex-

pressor and thus can supply important information about

the situation such as presence of imminent danger or

intentions of the expressor (friendly or hostile). From the

evolutionary perspective, the ability to rapidly extract this

vital information is of clear adaptive significance and must

have been under strong selection pressure. Consistent with

this notion, the ability to express and interpret facial

expression of basic emotion is present in both humans and

non-human mammals (Tate et al. 2006), emerges very

early in infancy (Grossmann and Johnson 2007), and is

essentially universal across cultures (Mandal and Ambady

2004), suggesting that it is a genetically determined char-

acteristic of the species.

Research in the past decade has made substantial progress

in the understanding of the neural substrates and mecha-

nisms underlying the processing of faces. Evidence from

studies using electroencephalography (EEG), magnetoen-

cephalography (MEG), and functional magnetic resonance

imaging (fMRI) indicate that face-sensitive neural pro-

cessing involves an interactive network of distributed brain

regions, most notably, the inferior temporal cortex including

the fusiform gyrus, superior temporal cortex, and amygdala
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and involves distinct processing stages such as structural

encoding, categorization, and higher-level discrimination of

identity or affect in associative areas (reviewed in Haxby

et al. 2002; Liu et al. 2002; Posamentier and Abdi 2003;

Vuilleumier and Pourtois 2007).

There is considerable variability in the human popula-

tion with respect to the ability to recognize affective facial

information (Corden et al. 2006), and different aspects of

face processing are impaired in psychiatric disorders, par-

ticularly in those conditions that include abnormal social

behavior as a characteristic feature. Thus, patients with

schizophrenia show impaired performance on tasks

involving discrimination of emotional facial expressions,

but are less impaired in processing of non-emotional fea-

tures of the face (Kohler et al. 2003; Schneider et al. 2006).

Other studies established a robust relationship between

antisocial behavior and ability to recognize fearful facial

expression (reviewed in Marsh and Blair 2008). Consistent

with these performance deficits, ERP studies reported

abnormalities of the neural processing of facial affect in

psychiatric disorders. Face-sensitive ERPs are impaired in

patients with schizophrenia (Johnston et al. 2005; Bediou

et al. 2007; Turetsky et al. 2007). Children with autism

spectrum disorders show abnormal patterns of ERP

responses to emotional facial expressions compared to

typically developing children (McPartland et al. 2004;

Dawson et al. 2005; Jeste and Nelson 2009; Wong et al.

2008). Abnormal ERPs evoked by facial emotion have

been also reported in alcoholism (Criado and Ehlers 2007).

These studies strongly suggest that early abnormalities in

the neural mechanisms of facial processing may lead to the

disruption of the ‘‘downstream’’ social communication

processes and ultimately lead to abnormal social and

emotional development. The social and biological adaptive

significance of facial affect and its evolutionary relevance

suggest that neural substrates of facial expression process-

ing may be under substantial genetic control. Identification

of genetically transmitted variability in the neural substrates

of facial processing can help to elucidate the pathways by

which genetic factors influence social behavior and provide

a useful endophenotype for genetic studies of psychiatric

disorders characterized by abnormal social behavior.

Endophenotypes, or intermediate phenotypes, are heritable

characteristics indicative of the neurobiological substrates

of a complex behavior (Vogel 1981; Gottesman and Gould

2003). The utility of a neurobiologically oriented approach

to the genetics of complex behaviors, including psychiatric

disorders, is twofold: first, it can help to elucidate the

neurobiological underpinnings of complex behavioral traits

and thus clarify the pathways by which specific genes

(already identified or yet to be identified) can influence the

behavioral phenotype; second, knowledge of relevant

neurobiological substrates can inform the selection and

prioritization of genes for larger scale association studies of

the behavioral phenotype. Furthermore, given the complex

multifactorial etiology of behavioral traits and psychiatric

phenotypes, isolation of specific, relatively homogenous

components of liability that could be traced to genetic

variability at the level of neurotransmitter function can

potentially facilitate the identification of genes contributing

to specific aspects of the liability.

Among different non-invasive techniques used to study

brain function in humans, the ERP method is particularly

appealing for genetic studies due to its relatively low costs

and thus feasibility of collecting sufficiently large samples.

Unlike hemodynamic neuroimaging methods, ERPs pro-

vide a direct, real-time measure of cortical neuronal

activity that permits an isolation of specific stages of pro-

cessing that occur in the subsecond range and last for tens

of milliseconds. On the other hand, ERPs have very limited

spatial resolution and their sources cannot be precisely

localized. It is important to note, however, that the neural

substrates of well-established ERP components are being

increasingly clarified by studies combining ERP and fMRI

technique. Thus, in a recent study facial emotion-sensitive

ERP components including face-specific vertex positive

potential and P300a predicted blood oxygenation level-

dependent (BOLD) activation in the fusiform gyrus, thus

providing a neuroanatomical validation for well-charac-

terized ERP components (Johnston et al. 2005).

To the best of our knowledge, there have been no

published studies that investigated genetic and environ-

mental influences on electrocortical processing of facial

emotion. We hypothesized that individual differences in

ERP components elicited by facial expression and by facial

identity are influenced by genetic factors. Accordingly, the

goal of the present study was to estimate heritability of

face-sensitive ERPs using a classical twin design.

Methods

Sample

The participants were 196 adolescent twins (98 females, M

age = 12, SD = 0.3) including 47 monozygotic and 51

dizygotic pairs (22 female MZ pairs, 25 male MZ pairs, 25

female DZ pairs, 22 male DZ pairs, and 4 opposite-sex DZ

pairs). All twins are participating in a longitudinal ado-

lescent study of the genetics of brain function and behav-

ior. The twins were identified through birth records from

the general population and screened for exclusion criteria

that included a history of head trauma with loss of con-

sciousness for more than 5 min, known history of epilepsy,

currently taking a psychoactive medication, as well as

hearing, visual, and other physical and mental impairments
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that could prevent the subjects from understanding and

following instructions in cognitive psychophysiology

experiments. The study was approved by Washington

University Institutional Review Board. After complete

description of the study to the subjects and their parents a

written informed child assent and parental consent was

obtained. Zygosity was determined using a questionnaire

administered to parents. The reliability of zygosity diag-

nosis by questionnaire has been demonstrated in previous

studies (Kasriel and Eaves 1976). Only data from the first

(baseline) assessment at age 12 are presented here.

Procedures

The stimuli were drawn from Ekman & Friesen’s Pictures of

Facial Affect set (Ekman 1976). All images were cropped to

fit into a standard-size oval in order to minimize possible

influence of non-facial information such as hairstyle. Stimuli

(13 9 17 cm) were presented on a 2200 LCD computer

screen placed at a 110 cm distance from the subject’s eyes

(angular size: 6.77� 9 8.85�). Faces with happy, fearful, and

neutral expressions were administered in a continuous

mode, such that different expressions of the same face

instantaneously replaced each other, without a blank screen

between the faces (i.e. with a zero inter-stimulus interval).

Emotional expressions were always alternated with a neutral

expression of the same face (Fig. 1). Stimulus duration

varied pseudorandomly from 1.2 to 1.4 s within each stim-

ulus category in order to minimize the predictability of

expression change. This mode of presentation creates an

appearance that a face continuously shown on the screen

changes its expression from neutral to emotional, then back

to neutral, then to another emotional expression, and so on

(example of the sequence: N1-F1-N1-H1-N1-F1-N1-F1-N1-

H1-N1-N2-H2-N2-F2-N2-…, where N, F, and H are neutral,

fearful, and happy expressions, respectively, and subscript

numbers denote different actors). Face identity changed only

during a neutral expression (Fig. 1). This experimental

design with continuous face presentation allowed us to

isolate responses elicited by the change of facial expression

(e.g. from neutral to fearful) that were not confounded with

responses elicited by the face onset. When facial images are

presented following a blank screen, they elicit a cascade of

processing stages related to stimulus encoding, categoriza-

tion, etc., which may complicate the isolation of activity

related to the change of expression only. A total of 440 male

and female facial images were presented including 99

happy, 99 fearful, and 231 neutral facial expressions. In

addition, 21 neutral faces with eyeglasses were inserted

randomly into the sequence. Subjects were instructed to

press a button on the response pad whenever they saw a face

with eyeglasses on. The purpose of this secondary task was

to ensure that the subjects attended to the stimuli during the

experiment, and these data were not included in the ERP

analysis. Importantly, this instruction also ensured that the

subjects attended to the eyes region of the face that is par-

ticularly critical for the detection of emotional expressions.

EEG recordings

EEG was recorded from 30 scalp electrodes (extended 10–

20 system) with a left mastoid as reference. Electrode

impedance was kept below 5 KOhm. The signal was dig-

itized at 500 Hz sampling rate, stored, and analyzed off-

line. The signal was re-referenced off-line to the average

mastoid reference for the assessment of the P300 compo-

nent and to midline central electrode (Cz) reference for the

assessment of the N240 component. Cz reference was used

because, similar to the previously described face-specific

N170 (Sagiv and Bentin 2001), this component peaks in

lateral posterior areas of the scalp, and the use of mastoid

refernce would lead to its substantial attenuation due to the

proximity of the reference to putative source of this wave

in the superior temporal sulcus (Henson et al. 2003).

Vertical and horizontal EOG was used for ocular artifact

correction using a regression-based algorithm (Semlitsch

et al. 1986). Individual epochs (-150 to 1,000 ms relative

to the stimulus onset) were isolated from the continuous

recording, baseline-corrected, and averaged separately for

each category of the facial expression change: happy (after

neutral), fearful (after neutral), neutral (after emotional),

and identity (actor) change (neutral after neutral). It is

important to note that the ‘‘stimulus onset’’ was actually a

change from previous to subsequent image within one

refresh cycle of the monitor, rather than more traditional

happy

fearful

neutral

change face

neutral
time

1.2 sec

1.4 sec

1.2 sec

1.2 sec

1.4 sec

Fig. 1 Experimental design and stimuli. Note that each picture was

replaced by a subsequent picture instantaneously, without intervals

between pictures. Stimulus duration varied from 1.2 to 1.4 s within

each stimulus category (sample values are shown above each picture)
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presentation of the stimulus on a blank screen background.

ERP peak detection was performed automatically in the

time windows of 200–400 and 150–350 ms for P300 and

N240 peaks, respectively, and all averaged waveforms

were visually inspected to confirm the quality of peak

detection. P300 amplitude was scored relative to the mean

baseline value, and N240 was scored relative to the pre-

ceding positive peak. The late positive ‘‘P600’’ potential

elicited by the change of face identity (actor) was scored as

mean amplitude value in the time window of 450–850 ms

due to substantial variability of individual waveforms and

difficulty of unambiguous peak detection.

Statistical analysis

Repeated measures general linear models (GLM) were

used to evaluate the effects of different types of expression

change on the ERP components, as well as to examine

topographical scalp differences. This analysis included

repeated-measures factors Expression with 3 levels (neu-

tral, happy, fearful) and Laterality with 5 levels repre-

senting the parietal chain of electrodes (from the left to the

right: P7, P3, Pz, P4, and P8). We tested for the main effect

of each of these factors and their interaction. Post-hoc pair-

wise comparisons included Sidak correction to protect

from Type I error.

To estimate the relative contribution of genetic (herita-

bility) and environmental sources to the total phenotypic

variance of ERP we used the model-fitting approach to

genetic analysis of twin data (Neale and Cardon 1992;

Rijsdijk and Sham 2002). Linear structural equation mod-

els were fitted to variance–covariance matrices computed

separately for MZ and DZ twins using the Mx program

(Neale et al. 2002). These models assume that phenotypic

variance arises from the following factors: additive genetic

influences (A), non-additive genetic influences (D) or

environmental influences shared by family members (C),

and individually unique (unshared) environmental influ-

ences (E). Path coefficients corresponding to these factors

were estimated using a maximum likelihood method, and a

v2 statistic was used to assess the goodness-of-fit of each

model, where low v2 values indicate a good fit. For indi-

vidual variables, we fit ADE or ACE model depending on

which model was suggested by the relative size of MZ and

DZ correlation (ADE model if rMZ [ 2rDZ and ACE model

if rMZ \ 2rDZ). The significance of C or D paths was tested

by comparing the goodness of fit of the reduced (AE)

model with the ACE or ADE model, respectively. If

dropping a path significantly reduced the goodness of fit

(the v2 difference was significant), the path was retained in

the model, otherwise the more parsimonious model was

chosen (i.e. the one that accounted for the variance equally

well, but with a fewer number of parameters). In addition,

different models were compared using Akaike’s informa-

tion criterion (AIC, computed as v2 - 2df) that provides a

combined measure of goodness-of-fit and parsimony of a

given model at the same time. A model with the lower AIC

was considered as better fitting. Although our sample

included both male and female twins, we did not have

sufficient power to fit ‘‘sex-limitation’’ models due to the

small number of opposite-sex pairs.

Results

General effects of facial expression

Changes of facial expression elicited electrocortical

responses with two distinct components that were sensitive

to the expression categories, N240 and P300 (Fig. 2). The

first component is a negative-going wave with a right

temporoparietal (P8) maximum peaking at about 250 ms

after the expression change. This component is most pro-

nounced with a Cz reference and resembles the classical

face-specific N170 wave with maximum amplitude in

temporoparietal regions, but has a longer latency (about

240 ms). Because both ERP components were most dis-

tinct over posterior areas of the scalp, consistent with

previous studies of face-related ERPs (Posamentier and

Abdi 2003; Leppanen and Nelson 2009), statistical analy-

ses were restricted to parietal regions of the scalp. RM

ANOVA showed a highly significant effect of Expression

(F2,392 = 116.6, P \ 0.001) on the N240 component

indicating that both happy and fearful expressions pro-

duced larger responses compared to the neutral expressions

(both contrasts are highly significant, P \ 0.001) and

happy expressions produced larger responses compared to

fearful expressions (P \ 0.001). The effect of Laterality

was also significant (F2,784 = 179.1, P \ 0.001) indicating

that N240 components were larger at lateral than central

locations. A significant Expression by Laterality interaction

effect (F8,1,568 = 74.6, P \ 0.001) indicated that the dif-

ferences between emotional expressions were the largest at

both lateral parietal locations. Furthermore, the right pari-

etal location (P8) showed larger N240 amplitude compared

to the left parietal location (within-subject contrast:

F1,196 = 7.24, P \ 0.01). The N240 amplitude at the right

lateral parietal site (P8) was used in subsequent genetic

analyses (Fig. 2a).

The second component that was sensitive to the

expression categories is a positive-going P300 wave that is

broadly distributed over the scalp, has a centroparietal

midline maximum, and peaks at about 300 ms. The main

effect of Expression was highly significant (F2,392 = 380.9,

P \ 0.001) indicating that happy and fearful expressions

elicited dramatically larger responses compared to the
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neutral expression (Fig. 2c). There also was a modest but

significant difference between happy and fearful expres-

sions (within-subject contrast: F1,196 = 5.0, P \ 0.05). The

effect of Laterality was highly significant (F2,784 = 37.8,

P \ 0.001), indicating that the amplitude of the P300

component was generally larger at midline than lateral

locations and in the right hemisphere compared to the left

hemisphere. A significant Expression by Laterality inter-

action effect (F8,1,568 = 34.7, P \ 0.001) indicated that

P300 component best discriminated between emotional

expressions at the midline parietal location (Pz). This

location was used in the subsequent genetic analyses.

In addition, the change of face identity (posing actor)

elicited a distinct waveform with a markedly lateralized

late positive wave peaking at a latency about 600 ms

(P7-P8 difference: t = 6.52, df = 102, P \ .001).

Genetic analyses

The goodness of fit for different genetic models is pre-

sented in Table 1. Comparison of AE models with ADE

and ACE models showed that including additional

parameters into the model (D or C, respectively) did not

lead to a significant improvement of model fit. Therefore,

results are presented for the most parsimounous AE model

that showed smaller AIC values relative to ADE and ACE

models.

Genetic analyses showed that substantial portion of

individual variability in ERP components (28–64%) can be

attributed to genetic factors (Table 2). Both N240 and P300

components elicited by changes in facial expression

showed high heritability, whereas the P600 component

evoked by the change of face identity showed only modest

heritability.

Discussion

This study provides the first evidence for heritability of

individual differences in brain activation associated with

processing of facial affect. A substantial portion of indi-

vidual variability (36–64%) in the ERP components
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Fig. 2 Event-related brain

potentials (ERPs) elicited by

changes of facial expression and

changes in facial identity

(actor). a Grand-averaged

waveforms of the N240

component at the right

temporoparietal site (P8,

referenced to Cz). b N240

amplitudes for facial expression

and identity changes (note that

the average amplitude of

individual subjects’ peak values

is not equal to the peak

amplitude of the grand-averaged

waveform due to inter-subject

variation in peak latency).

c Grand-averaged waveforms of

the P300 component at the

midparietal recording site

(average mastoid reference).

d Average peak amplitudes of

the P300 component elicited by

change in facial expresison and

identity at parietal midline

location (Pz)
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elicited by changes in facial expression was accounted for

by genetic factors, suggesting that these ERP components

may be indicative of genetically transmitted differences in

the neural substrates of social cognition. The magnitude of

heritability was comparable for different kinds of expres-

sion change (neutral to emotional versus emotional to

neutral) despite the differences in mean amplitude values,

suggesting that genetic factors influencing individual

differences in sensitivity to facial expression may be rela-

tively non-specific.

Changes in facial expression and changes in face iden-

tity evoked distinct electrocortical responses. Consistent

with previous ERP and neuroimaging literature (Posa-

mentier and Abdi 2003), there is a significant hemispheric

asymmetry in all studied ERP face-related components,

suggesting a right hemispheric advantage for processing of

facial affect. This lateralization was particularly striking

for the P600 component elicited by the change of facial

identity.

The ERP components identified in this study are distinct

from previously described face-related brain potentials. In

previous ERP studies of face perception, stimuli were

typically presented at certain time intervals (usually 1–2 s),

with a blank screen preceding the onset of the facial image.

In this mode of presentation, neural activity related to

processing of facial expression may overlap with more

general sensory responses to the onset of a visual stimulus,

structural encoding, stimulus categorization, and other

processes. The present study used a continuous stimulus

presentation procedure with instantaneous changes in facial

expression in order to isolate neural activity specifically

associated with the processing of facial affect. The nega-

tive N240 potential identified in the present resembles the

‘‘classic’’ N170 (Sagiv and Bentin 2001) with respect to its

topographical distribution, but has a longer latency. N170

is considered to be face-specific and is thought to reflect

structural encoding of the face, while its sensitivity to

emotional expression is a matter of debate. In our experi-

ment, we did not observe the classic N170, probably

because the structural encoding processes were minimally

engaged due to the fact that faces were displayed in a

continuous mode. Thus, the N240 may rather reflect the

process of ‘‘restructuring’’ of the neural representation of

facial features specific to different emotional expressions,

however, this processing may be subserved by neural

substrates largely overlapping with initial structural

encoding. The P300 potential corresponds to the processing

stage at which the knowledge of the emotion signaled by

the face is believed to be formed (Adolphs 2002).

One important question is whether ERPs described in

the present study reflect changes in emotion expression or

just physical changes in the facial image. In general, any

changes in the visual image can elicit ERP response,

regardless of the image content. However, this simplified

explanation can be ruled out because responses elicited by

the change from neutral to emotional (happy or fearful)

expression differed dramatically (and highly significantly)

from responses elicited by the change from emotional to

neutral expression, despite the fact that the amount of

physical changes in the image was identical. Furthermore,

changes in face identity that always occurred during a

Table 1 Goodness of fit statistics for different models

Variable Model v2 df P AIC

N240 Neutral ADE 1.90 3 .59 -4.09

AE 2.19 4 .70 -5.82

Fear ACE 4.74 3 .19 -1.26

AE 5.13 4 .27 -2.87

Happy ADE .24 3 .97 -5.76

AE .43 4 .98 -7.57

P3 Neutral ADE 6.04 3 .11 .04

AE 6.14 4 .19 -1.85

Fear ADE 2.47 3 .48 -3.53

AE 2.79 4 .59 -5.21

Happy ADE 6.83 3 .08 .83

AE 7.19 4 .13 -.81

P600 (identity) ADE 2.75 3 .43 -3.25

AE 2.95 4 .57 -5.05

v2 shows the goodness of fit, with lower values indicating a better fit;

AIC is Akaike’s Information Criterion. Significance levels:

* P \ 0.05; ** P \ 0.01. The difference in goodness-of-fit between

the full (ADE or ACE) model and reduced (AE) model Dv2
ðdf¼1Þ ¼

v2
ADE � v2

AE did not reach significance for any of the variables, indi-

cating that D or C paths can be dropped without significant deterio-

ration of fit

Table 2 Twin correlations and heritability estimates for event-rela-

ted brain potentials (ERPs) evoked by facial expressions of emotion

ERP component rMZ

(n = 47)

rDZ

(n = 51)

a2 (95% CI) e2 (95% CI)

N240, neutral .64** .22 .60 (.40–.73) .40 (.27–.60)

N240, fear .61** .41** .64 (.46–.76) .36 (.24–.54)

N240, happy .57** .22 .55 (.34–.71) .45 (.29–.66)

P3, neutral .49** .12 .42 (.21–.59) .58 (.41–.79)

P3, fear .61** .19 .56 (.36–.71) .44 (.29–.64)

P3, happy .70** .15 .62 (.47–.75) .38 (.25–.55)

P600 (face

identity)

.30* .10 .28 (.02–.51) .72 (.49–.98)

rMZ and rDZ are intrapair correlations for MZ and DZ twins,

respectively. Variance component estimates are based on the best-

fitting ‘‘AE’’ model for all variables; a2 is the proportion of total

phenotypic variance explained by genetic factors (heritability); e2 is

the proportion of variance due to environmental factors (95% confi-

dence intervals of the maximum likelihood estimates of the variance

components are shown in brackets)
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neutral expression evoked a waveform that was quite dis-

tinct from ERPs related to expression change with respect

to both scalp topography and morphology of the waveform.

These findings are consistent with the literature suggesting

that face identification versus emotion recognition are

subserved by dissociable neural networks (reviewed in

Posamentier and Abdi 2003; Vuilleumier and Pourtois

2007). It should be noted that in the present task both

expression and identity discrimination was largely auto-

matic, since no explicit instruction was given to the sub-

jects regarding these stimuli attributes.

The results of the genetic analysis suggest substantial

heritability of individual differences in neural substrates of

facial affect processing in early adolescence. This finding

may have important implications for the investigation of

neurobiological and genetic underpinnings of a range of

neuropsychiatric disorders characterized by disturbances of

social communication and behavior. There is a growing

body of evidence from behavioral, electrophysiological,

and neuroimaging studies of psychiatric disorders sug-

gesting that socialization deficits are associated with

impaired processing of facial emotional cues. This is par-

ticularly important for autism spectrum disorders, since

abnormal social cognition, including disturbed neural

processing of facial information, is increasingly recognized

as one of the core deficits in this disorder (Dawson et al.

2005; Webb et al. 2006; Jeste and Nelson 2009). Abnor-

malities in facial affect processing have also been reported

in other disorders. For example, a recent meta-analysis

revealed a large deficit in the perception of facial emotion

in patients with schizophrenia relative to healthy partici-

pants that was associated with clinical symptoms and social

functioning (Kohler et al. 2009). Adolescents with ADHD

showed deficits in identifying threat-related emotional

expressions (anger and fear), as well as significantly

reduced face-related ERP components (Williams et al.

2008). About 9% of men in the general population exhibit

significant deficit in recognizing fearful expressions, and

this deficit has been shown to predict poor performance on

a ‘‘theory of mind’’ task, a measure of social cognition

(Corden et al. 2006). Consistent with this finding, a func-

tional imaging study has shown that adolescents with

conduct disorder and callous-unemotional traits character-

ized by reduced empathy and emotional response showed

reduced amygdala activation to fearful faces (Marsh et al.

2008). These and other findings suggest that individuals

with antisocial and psychopathic traits show a specific

deficit in recognizing fearful expression (Marsh and Blair

2008). In contrast, adolescents at risk for major depression

showed increased amygdala and nucleus accumbens acti-

vation to fearful faces and reduced activation to happy

faces (Monk et al. 2008). Taken together, this evidence

suggests that abnormal processing of facial emotion may

be an important component of liability to a range of mental

disorders. Importantly, the specific nature of the deficit

such as underactivation versus overactivation of the same

neural circuitry may contribute to different forms of

psychopathology.

Given the present findings of high heritability of indi-

vidual differences in brain responses to facial affect, it can

be hypothesized that ERP components elicited by facial

expressions can serve as endophenotypes for genetic

studies of psychiatric disorders characterized by abnormal

social behavior. It is important to note that validation of a

new endophenotype requires additional evidence. First,

behavioral correlates of these heritable ERP characteristics

should be established including both normal traits such as

personality and diagnostic phenotypes including specific

diagnoses, symptom-complexes, and individual symptoms.

Next, it needs to be investigated whether unaffected rela-

tives of the probands show similar deviations in ERP

responses. Also, test–retest reliability and developmental

stability of individual differences in face-related ERP

responses should be confirmed.

Several limitations of the present study have to be

acknowledged. First, although the sample was quite large

for a laboratory ERP study, it is very modest by the stan-

dards of biometrical genetics. Shared environmental (C)

and dominant genetic (D) paths could be dropped without

significant reduction of the goodness-of-fit, however, this

may be in part due to the limited power to differentiate

between the full (ACE or ADE) and reduced (AE) model. It

is possible that shared environmental or non-additive

genetic effects could make a significant contribution in a

larger sample. Next, due to small number of opposite-sex

DZ twin pairs, we did not have sufficient power to test sex-

limitation models allowing for sex differences in genetic

architecture. Therefore, the present study provides only a

crude estimate of the strength of genetic influences, rather

than a detailed characterization of genetic and environ-

mental architecture of the ERP traits. Second, neural sub-

strates underlying the variation of ERP components still

need to be clarified in future studies, e.g. by examining

covariation between ERP components and fMRI activa-

tions obtained in the same individuals using the same task.

This approach has been successfully implemented in a

recent study using a combination of ERP and fMRI

methods that reported correlations of [.8 between specific

ERP components in a Go-NoGo task and BOLD signal

(Ford et al. 2004).

In conclusion, This study provides the first evidence for

heritability of neuroelectric indicators of face processing

and suggests that ERP components sensitive to emotional

expressions can potentially serve as endophenotypes for

psychpathology characterized by abnormalities in social

cognition and behavior.
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