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Genetic Influence on the Variance in P3 Amplitude 
and Latency

Margaret J. Wright, 1,4 Narelle K. Hansell,1,2 Gina M. Geffen,2 Laurie B. Geffen,2

Glen A. Smith,3 and Nicholas G. Martin1

The P3(00) event-related potential (ERP) component is widely used as a measure of cognitive
functioning and provides a sensitive electrophysiological index of the attentional and working
memory demands of a task. This study investigated what proportion of the variance in the am-
plitude and latency of the P3, elicited in a delayed response working memory task, could be
attributed to genetic factors. In 335 adolescent twin pairs and 48 siblings, the amplitude and
latency of the P3 were examined at frontal, central, and parietal sites. Additive genetic factors
accounted for 48% to 61% of the variance in P3 amplitude. Approximately one-third of the ge-
netic variation at frontal sites was mediated by a common genetic factor that also influenced
the genetic variation at parietal and central sites. Familial resemblance in P3 latency was due
to genetic influence that accounted for 44% to 50% of the variance. Genetic covariance in P3
latency across sites was substantial, with a large part of the variance found at parietal, central,
and frontal sites attributed to a common genetic factor. The findings provide further evidence
that the P3 is a promising phenotype of neural activity of the brain and has the potential to be
used in linkage and association analysis in the search for quantitative trait loci (QTLs) influ-
encing cognition.
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memory processes, but it may also be related to more
general aspects of cognitive processing (Picton, 1992).
P3 amplitude is generally larger when attention is fo-
cused on the target stimulus and smaller when atten-
tion is directed to some other mental activity (e.g.,
Donchin, 1981; Duncan-Johnson and Donchin, 1977).
P3 latency indexes stimulus evaluation time, with more
difficult tasks or discriminations being accompanied by
an increase in latency, and is relatively independent of
response processes (Magliero et al., 1984; McCarthy
and Donchin, 1981).

Like other ERP components, the P3 is character-
ized by large individual differences with several lines
of evidence attributing the variation to differences in
cognitive ability. The association between P3 and cog-
nitive ability is dependent on the type of task, with pro-
cessing requirements influencing the precise relation-
ship, and greater P3 amplitudes and shorter P3 latencies

INTRODUCTION

The P3(00) event-related potential (ERP) is widely used
to examine cognitive function in both normal individ-
uals and various clinical groups (Rugg and Coles,
1995). It is typically elicited in an oddball task where
a low probability target stimulus (oddball) is easily dis-
criminated from a frequent non-target stimulus, and is
thought to reflect stimulus identification and allocation
of attentional resources and engagement of working
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are not invariably linked to higher ability. For exam-
ple, larger P3 values elicited in a choice reaction time
task and an N-back task have been associated with
higher reading spans (Nittono et al., 1999) and IQ
(Gevins and Smith, 2000), respectively, but smaller P3s
elicited to the probe in a Sternberg memory-scanning
task and during several cognitive tasks have also been
found to be correlated (albeit weakly) with higher IQ
(Houlihan et al.,1998; McGarry-Roberts et al.,1992),
whereas no consistent relation between P3 amplitude
and cognitive ability has been found using the oddball
task (Howard and Polich, 1985; O’Donnell et al.,1992;
Polich and Martin, 1992; Polich et al., 1990). In con-
trast, by using an oddball task, several studies have
found a shorter P3 latency is associated with higher
cognitive ability (Egan et al.,1992; Howard and Polich,
1985; O’Donnell et al.,1992; McGarry-Roberts et al.,
1992; Polich and Martin, 1992; Polich et al., 1983;
1990) but using more complex tasks latency has been
both positively and negatively correlated with IQ
(Houlihan et al., 1998). Although there is some evi-
dence that ERPs may be modulated by state such that
those of higher ability employ a different strategy to
do the task (Schafer, 1985), there is generally more sup-
port for the interpretation that P3 amplitude/latency
differences reflect biologically based differences
in cognitive ability. Several ERP correlates of early
stages of stimulus processing are modulated by per-
formance demands and individual differences related
to task performance are evident even where stimuli im-
pose no special processing demands (e.g., Pelosi and
Blumhardt, 1992).

Clinical studies provide evidence that the ampli-
tude and latency of the P3 is a correlate of biologically
based differences (e.g., Begleiter and Porjesz, 1995;
Ford et al., 1994, Porjesz and Begleiter 1996; Porjesz
et al., 1980; Roth et al., 1980; Turetsky et al., 1998).
These studies have shown reduced P3 amplitude in a
variety of psychiatric and behavioral disorders, most
notably schizophrenia and alcoholism. The reduction
in P3 is thought to reflect liability, rather than func-
tional changes, because it is also found in unaffected
relatives (e.g., Begleiter et al.,1984; Blackwood et al.,
1991; Polich et al., 1994; Turetsky et al., 2000), thus
suggesting P3 amplitude may be useful as a phenotypic
marker of disease. Moreover, in a linkage screen of P3
amplitude, evidence of linkage to chromosomes 4 and
5 has been found (Almasy et al.,2001; Begleiter et al.,
1998; Williams et al., 1999). In clinical studies, dif-
ferences in P3 latency have more commonly been
associated with neural degenerative disorders such as
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Alzheimer’s disease (P3 latency increases) (e.g.,
O’Donnell et al.,1990). In normal aging, P3 latency has
been found to increase and also P3 amplitude to decrease
as cognitive processing slows down, although the
power of P3 to differentiate between normal aging and
dementia is inconclusive (e.g., Pfefferbaum et al.,1990;
Polich, 1998).

Genetic studies indicate that P3 amplitude is
moderately heritable, with heritability estimates rang-
ing from 39% to 79% (Almasy et al., 1999; Katsanis
et al., 1997; O’Connor et al., 1994; van Beijsterveldt
et al., 1998). There is also some evidence that P3
latency is influenced by genetic factors but it is
unclear as to what extent (Almasy et al., 1999; Eis-
chen and Polich, 1994; Katsanis et al.,1997; Surwillo,
1980; Polich and Burns, 1987; Rogers and Deary,
1991). However, many previous studies are limited by
their small sample size and only a few have used
genetic modeling techniques (Katsanis et al., 1997;
van Beijsterveldt et al.,1998). Of the more recent twin
studies, O’Connor et al. (1994), using 59 MZ and
39 DZ twin pairs, reported a moderate heritability for
P3 amplitude (60%) but no genetic influence for P3
latency. Similarly, Katsanis et al., (1997), in a sam-
ple of 30MZ and 34 DZ twin pairs, found a signifi-
cant genetic influence for P3 amplitude for both an
easy and difficult task condition (h2 5 79%). For P3
latency, a genetic influence for the difficult condition
but not the easy condition was found, thus suggesting
that P3 latency may be heritable only when the task
is cognitively demanding.

The present study examined the influence of
genetic factors on individual differences in the amplitude
and latency of the P3 elicited in a delayed-response,
working memory task. In this task, the location of a tar-
get stimulus that is briefly presented has to be remem-
bered for a short time, and then a motor response is
required to indicate the target’s location. The cognitive
demands of this task are likely to be higher than those
of the oddball task, which requires minimal effort to
achieve perfect performance. It was anticipated that
greater processing demands in this study may be asso-
ciated with a larger genetic influence and enable the
familial resemblance of the P3 to be clearly identified.
All participants were part of an ongoing study of cog-
nition in adolescent Australian twins in which several
behavioral and electrophysiological correlates of cog-
nitive ability are collected (Wright et al.,2001). P3 data
were available for 335 twin pairs, the largest sample to
date, and given the power estimates of van Beijster-
veldt et al. (1998), it was expected that a reasonably



accurate estimate of the genetic influence on P3 would
be obtained. ERP recordings were from 15 sites, so the
extent to which covariation among different brain
regions for the P3 might be due to genetic factors was
examined. Amplitude and latency of the P3 at differ-
ent scalp recording sites may be influenced by a com-
mon genetic factor because there is evidence of cou-
pling between activity in different, well-separated parts
of the brain. These analyses constitute one in a series
of studies to identify markers of some of the key
processes that contribute to individual differences in
cognitive ability and its genetic variance.

METHOD

Participants

Participants (386 females, 322 males) with a mean
age of 16.8 years (range 15.6–17.4 years) included twin
pairs and their non-twin siblings from 354 families. A
total of 264 families consisted of a twin pair, 42 of a
twin pair and one sibling, 6 of a single twin and one
non-twin sibling, and 42 of a single twin. Of the 306 twin
pairs, there were 140 MZ (81 female, 59 male) and
166 DZ (46 female, 42 male, 78 opposite sex). Partic-
ipants are part of a 1996 ongoing study which is using
a range of measures to investigate both the genetic
influences on cognition and the genetic covariation
among the cognitive indices (Wright et al.,2001). They
were located through the Brisbane Adolescent Twin
database that was set-up in 1992 for a study of
melanocytic naevi development (Aitken et al., 1994).

Zygosity of twin pairs of the same-sex was deter-
mined by analysis of 9 independent highly polymorphic
DNA markers using a commercial kit (AmpF1STR Pro-
filer Plus Amplification Kit, ABI). These results were
cross-checked with blood group results (ABO, Rh,
MNS) from the Australian Red Cross Blood Service
and/or phenotypic data (eye, skin and hair colour, hair
texture, height, and weight), giving an overall proba-
bility of zygosity of greater than 99.9%. All partici-
pants had normal or corrected vision (better than 6/12
Snellen equivalent) and had no history of head injury
or neurological or psychiatric conditions. Participants
were instructed to avoid consuming caffeine-containing
foods or drinks for 2 hr before their visit and no par-
ticipants were currently taking prescribed medication
with central nervous system effects.

Each participant attended a 3- to 4-hr morning
testing session, with co-twins attending together but
tested separately. The session consisted of two parts:

(1) measurement of psychometric IQ and information
processing, and (2) measurement of ERP and perfor-
mance indices of working memory using the delayed
response (DR) task, and resting EEG, with one co-twin
starting with the DR task and the other the IQ session.
Non-twin siblings were tested separately, with order
of testing counter-balanced across participants. Writ-
ten, informed consent was obtained from participants
and their parents, and all data were stored and
analyzed by numbers rather than names and treated
confidentially.

Delayed Response Task

The task required participants to focus on a black
fixation spot (0.5° visual angle), in the center of a com-
puter screen, and use their peripheral vision to note the
location of a “target” soccer ball (1.5° visual angle) that
was flashed briefly (150 ms) on the screen, 250 ms after
fixation onset, and on an annulus (9.25° radius) from
the fixation point. After a delay of several seconds (1 or
4 s), signaled by the disappearance of the fixation, par-
ticipants showed they remembered the soccer ball’s
location by lifting their hand, resting on a 5 3 5 cm
response pad placed centrally in front of them, and
touching the position on the touch-sensitive screen with
a pencil shaped pointer. Visual fixation was required
to be maintained while the fixation spot was present,
and responses were required to be prompt (150 –1500 ms
post-fixation offset) and within a 2° radius of the tar-
get center. Participants received a monetary reward
dependent on performance ($20–$35) —2 cents to
10 cents per correct trial (graded on pointing accuracy)
with incorrect trials incurring a penalty of 5 cents. After
each trial, feedback was shown on the screen showing
the amount of money won.

Randomly interspersed with the memory trials
were an equal number of sensory trials in which the pe-
ripheral target remained present throughout the delay
and response interval (i.e., identical to memory trials,
except that the target position did not have to be
remembered). In 50% of both memory and sensory trials,
a distractor identical to the target was briefly (150 ms)
presented peripherally, 300 to 700 ms after target onset.
Distractors occurred on the same 9.25° annulus but not
within a 15° radius of the preceding target.

Following training and practice on the task, par-
ticipants completed a total of 432 (6 blocks of 72 trials)
or 240 trials. Accuracy of response was measured by
the percentage of correct trials and position accuracy—
distance (in mm) between the target center and screen
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touch point. Speed measures included response initia-
tion (RI)—latency from fixation offset to break of hand
contact with the response pad, and movement time—
latency from RI to screen touch time. Overall perfor-
mance was measured as the amount of money won.

Testing took place in an electrically shielded,
sound-attenuated cubicle with the light level set to low.
The computer monitor was positioned approximately
45 cm in front of the participant, just below eye level.
The screen background was dark grey and the intensity
was adjusted so that stimuli could be clearly distin-
guished with minimal after-image effects. A black hood
with a 205-mm diameter hole in the middle was fitted
so that targets at all locations were an equal distance
from the edge of the screen.

ERP Recording

The ECI-Electrocap was used to record from 15 sites
(Fp1, Fp2, F7, F3, Fz, F4, F8, C3, Cz, C4, P3, Pz, P4,
O1, O2) referenced to linked ears. EOG was recorded
from the supra-orbital ridge and the outer canthus of
the left eye and all electrode impedances were main-
tained below 5 kohms. EEG signals were band-pass
filtered (0.01 to 100 Hz) and amplified with Grass
amplifiers, and sampled at 500 Hz from 100 ms prior
to fixation onset to 200 ms post-fixation offset. ERPs
were derived from correct trials without excessive
artifact or eye movements (over 50 uV RMS), and eye-
blinks were removed using an eyeblink correction pro-
cedure as used by Geffen et al. (1997).

Following artifact rejection trials were averaged
using a pre-target baseline of 350 ms, collapsed over
trial type for measurement of P3, the focus of this
study. Memory and sensory trials are indistinguish-
able for the first 150 ms (post-target onset), a differ-
ence that became apparent only once the target has
been extinguished in memory trials or, in the case of
sensory trials where the target is continuously present,
when it is estimated that the target has been on longer
than 150 ms. Preliminary analyses showed the P3 to
memory and sensory trials to be the same amplitude
and latency, suggesting the cognitive demands and
stimulus salience in both trials is the same at this
point, in which visuo-spatial information is encoded
and attention is maintained centrally in anticipation
of responding.

Data that involved too few trials due to artifact
rejection or where there were hardware or software
problems with data collection (48 single twins, 3 sib-
lings) were not included. The original sample com-
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prised 364 twin pairs and 51 siblings, of which ERP
data were not collected for 10 twin pairs.

Measurement of P3 Amplitude and P3 Latency

ERP waveforms were digitally filtered with a low-
pass triangular filter (5 Hz) prior to peak picking. A
computer program was then used to locate the largest
positive peak within the latency window 150 to 500 ms
post-target. This window was chosen following
inspection of the grandmean waveforms that showed a
positive component to be elicited around 300 ms and
showed no other positive peaks were elicited in this
window. The program divided the search window into
sub-windows of 10 ms. The slope of each sub-window
was then determined by fitting a line of best fit (least
squares approximation) to the data points in the sub-
window. A peak was said to exist within two adjacent
sub-windows if the slopes were of different sign. The
P3 was confirmed by direct visual inspection at 15 sites
by a research assistant who was blinded to participant
zygosity. Where there were multiple peaks or the am-
plitude of the P3 was small, information from the other
sites was used to guide selection of the peak. Where a
peak could not be selected with a high degree of cer-
tainty, peak latency was coded as missing. P3 ampli-
tude was measured as peak amplitude relative to the
350 ms pre-stimulus baseline. P3 latency was defined
as the time point of maximum positive peak amplitude.

Statistical Analyses

Maximum likelihood (ML) analysis of the indi-
vidual observations in which hypotheses about the
means, variances, and covariances are tested, was used
to investigate effects of birth order, zygosity (6 groups),
and sex using the structural equation modelling pack-
age, Mx (Neale, 1997). In addition, means and vari-
ances were tested for equality across twins and siblings.
Models were fitted to the data, progressing from the
most saturated to the more restrictive, with the fit of
each model tested by the likelihood ratio chi-squared
test against the preceding, more complex model within
which it is nested (Neale and Cardon, 1992). Twin cor-
relations and 95% confidence intervals were also com-
puted by ML and correlations were tested for homo-
geneity. It was assumed that sib-pairs correlate the same
as DZ twin pairs.

To examine the sources and pattern of covariation
across site for P3 amplitude and P3 latency, and specif-
ically whether there are common genetic influences, a



Cholesky decomposition was used. A complete de-
composition for the three sources of variance—additive
genes (A), shared environment (C), and individual
environment (E)—was specified initially. This full
model was then simplified by successive dropping of
nonsignificant parameters, i.e., by determining whether
dropping a parameter resulted in a significant increase
in the goodness-of-fit chi-square. The same principles
of parsimony were applied in arriving at the preferred
model as described above (Neale and Cardon, 1992).

RESULTS

Preliminary Analyses

P3 amplitude was highly inter-correlated across
site (Table I). The correlations between respective lat-
eral sites, and midline and lateral sites within a region
were higher (0.84 to 0.95) than the correlations between
different regions (e.g., frontal and parietal sites).
Among the regions, the correlations were higher for
proximate sites (0.68 to 0.80) and successively less so
with more distant sites (0.35 to 0.37). However, for the
anterior temporal sites, which were the farthermost lat-
erally placed electrodes from the midline, the correla-
tion between left and right lateral sites (0.63) was lower
than for other lateral sites. Inter-correlations for P3
latency were even higher than those found for P3 am-
plitude, with correlations between corresponding lat-

eral, and midline and lateral sites all above 0.90, except
for anterior temporal sites (0.81). Correlations among
regions showed a similar pattern to that of P3 ampli-
tude, with proximate sites being more highly correlated
than between more distant sites.

Given the high correlation among lateral and mid-
line sites, a mean P3 amplitude and P3 latency for
frontal, central, and parietal regions was computed by
averaging across the respective midline and lateral
sites. These data were used in all further analyses.
Because the correlations among pre-frontal and frontal
sites were all .0.88, as were correlations between
occipital and parietal sites, it was assumed that little
additional information was lost by not including pre-
frontal and occipital sites. Also, data from anterior tem-
poral sites were not included in the analyses because
the P3 was smaller and more difficult to identify at
these sites.

Table II shows the mean and standard deviations
(SD) for P3 amplitude and P3 latency for frontal, cen-
tral, and parietal regions averaged across left, right, and
midline sites in each case. Maximum-likelihood analy-
sis showed there were no significant mean differences
or differences in variance between co-twins, zygosity
groups, or sex for any of the amplitude or latency mea-
sures, and found that means and variances for twins and
siblings were homogeneous. Covariances of MZ females
and MZ males also could be equated for each of the
amplitude and latency measures, and similarly covari-
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Table I. Correlations Between the Various Electrode Sites for P3 Amplitude (below diagonal) and P3 Latency (above diagonal)

P3 latency

Fz Cz Pz F7 F8 Fp1 Fp2 F3 F4 C3 C4 P3 P4 O1 O2

Fz 0.81 0.67 0.83 0.84 0.84 0.84 0.95 0.95 0.81 0.79 0.66 0.65 0.56 0.57
Cz 0.73 0.83 0.64 0.64 0.63 0.63 0.79 0.80 0.94 0.92 0.82 0.80 0.69 0.70
Pz 0.47 0.84 0.53 0.50 0.48 0.47 0.67 0.66 0.85 0.85 0.93 0.93 0.83 0.84
F7 0.66 0.59 0.46 0.81 0.90 0.99 0.91 0.85 0.70 0.66 0.55 0.52 0.44 0.44
F8 0.57 0.56 0.46 0.63 0.84 0.87 0.84 0.88 0.65 0.69 0.51 0.52 0.43 0.45
Fp1 0.74 0.49 0.36 0.81 0.68 0.99 0.87 0.85 0.66 0.65 0.50 0.49 0.41 0.43
Fp2 0.73 0.49 0.36 0.77 0.75 0.95 0.86 0.86 0.65 0.65 0.48 0.48 0.41 0.43
F3 0.91 0.76 0.55 0.83 0.65 0.82 0.79 0.96 0.82 0.78 0.67 0.65 0.56 0.56
F4 0.91 0.77 0.56 0.72 0.77 0.76 0.78 0.91 0.81 0.81 0.67 0.67 0.56 0.58
C3 0.69 0.91 0.82 0.67 0.54 0.54 0.52 0.80 0.75 0.91 0.86 0.82 0.71 0.70
C4 0.62 0.89 0.82 0.54 0.63 0.44 0.47 0.67 0.76 0.84 0.83 0.85 0.70 0.73
P3 0.44 0.79 0.94 0.47 0.42 0.34 0.34 0.54 0.52 0.84 0.77 0.93 0.87 0.84
P4 0.42 0.78 0.92 0.40 0.44 0.32 0.33 0.48 0.52 0.73 0.82 0.87 0.86 0.87
01 0.26 0.58 0.80 0.36 0.34 0.27 0.26 0.38 0.36 0.60 0.58 0.83 0.79 0.94
02 0.22 0.54 0.79 0.35 0.38 0.27 0.27 0.35 0.35 0.56 0.59 0.78 0.83 0.89

P3 amplitude



ances of same sex DZ and opposite sex DZ twin pairs
were homogeneous, indicating no sex limitation of ge-
netic or environmental influences.

Fig. 1 shows the ERP waveforms for co-twins of
a representative MZ and DZ twin pair. The amplitude
of the P3 is more similar for the MZ than the DZ pair
and this resemblance between co-twins is seen at frontal
central and parietal sites. The similarity in P3 latency
for the MZ pair and difference in P3 latency for co-
twins of the DZ pair is also clearly evident. In both MZ
and DZ twin pairs, there was variation in the topogra-
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phy of the P3. For some participants, P3 was largest at
parietal sites and in others it was of similar amplitude
at frontal, central, and parietal sites. The latency of P3
is on average 300 ms (post-target), somewhat fast for
a visual P3. Given that the target is preceded by a
salient fixation stimulus, presented 250 ms pre-target
that marks the beginning of the trial, this latency is not
wholly unexpected.

Genetic Analyses

Twin correlations are shown in Table III. The MZ
correlations for P3 amplitude ranged from 0.50 to 0.64
and were approximately twice those for DZs, which
ranged from 0.24 to 0.33, indicating additive genetic
control of familial aggregation for P3 amplitude. The
genetic influence appeared to be quite similar across
frontal, central, and parietal regions, with the highest
MZ correlation evident at parietal. Moreover, the MZ
and DZ correlations for males and females separately
showed a similar pattern to those pooled across males
and females. Correlations for opposite sex pairs (DOS)
could be equated to the same sex DZ correlations, sug-
gesting that P3 amplitudes were not influenced by the
sex of the participant.

For P3 latency, MZ correlations ranged from 0.44
to 0.54 and were higher than their DZ counterparts
(0.20 to 0.29), suggesting a genetic influence on P3 la-
tency, and one that was similar across sites. A similar
pattern was evident for females, with MZF correlations
being approximately twice those for DZF at frontal and
parietal sites. At central sites, a smaller difference in
the zygosity correlations was indicated because the
DZF correlation is higher than for frontal and parietal
sites. In males, the difference between MZM and DZM
correlations is smaller than that indicated for females.
However, for each of these measures both the MZ male
and female correlations, and the DZ same and opposite
sex correlations, were homogeneous. In the following
analyses, MZ and DZ groups are pooled over sex.

To dissect the relative contributions of genes and
environment to the covariation between P3 amplitude
at the three sites, a Cholesky decomposition for three
sources of variance—additive genes, shared environ-
ment, and individual environment (ACE model)—was
specified giving a fit of 22LL2094 5 9702.1. Dropping
the genetic factors from the model (CE model) signif-
icantly worsened the fit (Dx2

6 5 34.8 (critical value
of x2

6 5 12.59(1)), whereas dropping the shared envi-
ronment factors from the ACE model resulted in a Dx2

6

5 1.0 (ns), indicating a good fit to the model. Thus,

Table II. Means (SD) for P3 Amplitude and P3 Latency

Females Males
(N 5 379–386) (N 5 313–322)

P3 amplitude (uv)
Frontal 3.9 (3.2) 4.2 (3.3)
Central 4.2 (3.5) 5.2 (3.9)
Parietal 4.7 (3.9) 6.4 (4.5)

P3 latency (ms)
Frontal 291 (50) 294 (52)
Central 289 (58) 294 (57)
Parietal 297 (68) 310 (63)

Fig. 1. These waveforms show the P3(00) recorded at FZ, CZ, and
PZ for a representative MZ and DZ twin pair. The vertical bars rep-
resent target onset (0 ms), target offset in memory trials (150 ms),
and fixation offset (1100 ms) for trials with a 1-sec delay.



these data suggest that additive genes are an important
source of variation in P3 amplitude and covariation in
P3 amplitude between sites, and that it is not necessary
to further invoke shared environment as a source of fa-
milial correlation.

The principal features of the AE model can be seen
in Fig. 2. A common genetic factor (A1) was indicated,

accounting for 61% (0.782) of the variance in P3 am-
plitude at parietal sites, 42% (0.652) of the variance in
P3 amplitude at central sites, and 15% of the variance
at frontal sites, such that genetic influences which in-
creased P3 amplitude at parietal sites also increased P3
amplitude at central and frontal sites. A second inde-
pendent genetic factor (A2) accounted for 11% (0.332)
and 17% (0.412) of the variance at central and frontal
sites, respectively. A third (A3) genetic factor ac-
counted for 16% (0.402) of the genetic variance at
frontal sites. Thus, for P3 amplitude the genetic factor
influencing amplitude at parietal sites also influences
amplitude at central and frontal sites. Because indi-
vidual environmental variance also subsumed any
errors of measurement, it was expected that the verti-
cal paths from E1, E2, and E3 to the corresponding first,
second, and third variables, respectively, would be
large. There was also significant cross loading of the
E factors on P3 amplitude.

The same model fitting was applied to P3 latency.
Dropping the genetic factor (CE model) from the ACE
model (x2

20665 21019.8) worsened the fit of the model
but not significantly (Dx2

6 5 10.6 [ns]). However, drop-
ping the shared environment from the ACE model caused
only a small increase in chi-square (Dx2

6 5 0.5 [ns]).
Although either an AE or CE model was acceptable,
the AE model provided the better fit to the data, sug-
gesting that additive genes are a more important source
of variation in P3 latency and covariation in P3 la-
tency among frontal, central, and parietal sites. Further
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Table III. ML Twin Correlations (95% confidence intervals) of P3 Amplitude and Latency for Frontal, Central, and Parietal Sites

P3 amplitude P3 latency

Frontal Central Parietal Frontal Central Parietal

MZ 0.51 0.57 0.65 0.44 0.47 0.54
(N 5 132–140 prs) (0.38–0.61) (0.46–0.66) (0.55–0.73) (0.30–0.55) (0.33–0.58) (0.41–0.65)
DZ 0.24 0.27 0.33 0.21 0.29 0.20
(N 5 155–166 prs) 0.09–0.38 (0.12–0.40) (0.19–0.45) (0.06–0.35) (0.15–0.43) (0.06–0.33)

MZM 0.58 0.65 0.70 0.45 0.43 0.57
(N 5 54–59 prs) (0.37–0.68) (0.50–0.75) (0.56–0.78) (0.22–065) (0.19–0.60) (0.36–0.71)
MZF 0.47 0.50 0.61 0.60 0.50 0.53
(N 5 78–81 prs) (0.26–0.61) (0.31–0.64) (0.45–0.72) (0.45–0.71) (0.33–0.63) (0.34–0.66)
DZM 0.16 0.33 0.38 0.32 0.35 0.42
(N 5 39–42 prs) (20.14–0.41) (0.02–0.55) (0.10–0.58) (20.06–0.54) (20.02–0.59) (0.12–0.62)
DZF 0.26 0.24 0.30 0.29 0.47 0.22
(N 5 41–46 prs) (20.02–0.47) (20.08–0.49) (20.08–0.54) (0.04–0.52) (0.21–0.64) (20.05–0.44)
DZOS 0.29 0.25 0.32 0.23 0.15 0.22
(N 5 75–78 prs) (0.06–0.47) (0.05–0.42) (0.14–0.46) (0.06–0.41) (20.03–0.33) (0.08–0.41)

Fig. 2. Path diagram showing latent genetic and environmental
influences on P3 amplitude.



simplification of the additive genetic factor structure
by successive dropping of nonsignificant parameters
resulted in the model shown in Fig. 3. A common
genetic factor accounted for 50% (0.712) of the vari-
ance in P3 latency at parietal sites, 49% (0.702) at cen-
tral sites, and 36% (0.602) at frontal sites. A second
genetic factor accounted for the remainder of the vari-
ance at frontal sites (8% [0.282]). The vertical paths
from the unique environmental factors E1, E2, and E3
to the corresponding first, second, and third variables,
respectively, were large and there was also significant
cross loading of the E factors on P3 latency.

The genetic and environmental correlations and
heritability estimates for amplitude and latency are
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shown in Table IV. A slightly higher heritability esti-
mate was indicated for P3 amplitude at parietal sites
than at frontal sites. In contrast, P3 latency heritability
estimates were of similar magnitude at all three sites.

DISCUSSION

This study investigated the extent to which genetic
and environmental factors influenced the variance in
the amplitude and latency of the P3(00) elicited in a
delayed response working memory task in a large sam-
ple of adolescent twin pairs. A significant proportion
of the variance in P3 amplitude was attributed to ge-
netic factors and a substantial familial resemblance for
P3 latency was indicated, with a strong suggestion that
P3 latency was also influenced by genetic factors. The
multivariate genetic models showed that a common
genetic factor(s) contributed to individual differences
measured at different brain regions.

The magnitude of the genetic influence on P3 am-
plitude ranged from 48% to 61%. This is similar to val-
ues estimated by van Beijsterveldt et al. (1998), who
reported heritabilities averaged across site of 42% for
targets and 62% for non-targets. A higher heritability
(79%) was estimated by Katsanis et al. (1997), which
may be attributed to differences between the studies,
e.g., stimuli used and age of participants, but may also
have been inflated due to low DZ correlations and small
sample size. van Beijsterveldt et al. (1998) and a
follow-up study (van Beijsterveldt et al. [this issue])
found a substantial familial resemblance for P3 ampli-
tude but were unable to clearly differentiate between an
AE and CE model. They calculated that 597 twin pairs
would be required to reject a CE model (power 5 0.80)
given a heritability of 40% for P3 amplitude. The pre-
sent study included data from 306 twin pairs as well as
additional sib-pairs, compared with 213 twin pairs in

Fig. 3. Path diagram showing latent genetic and environmental in-
fluences on P3 latency.

Table IV. Genetic Correlations (below diagonal) and Nonshared Environmental Correlations (above diagonal) for P3
Amplitude and P3 Latency at Frontal, Central, and Parietal sites (the variation explained by genetic factors (h2) 

is given in the last row)

P3 amplitude P3 latency

Frontal Central Parietal Frontal Central Parietal

Frontal 0.79 0.46 0.76 0.54
Central 0.77 0.81 0.98 0.78
Parietal 0.56 0.89 0.83 0.90
h2 0.48 0.53 0.61 0.44 0.49 0.50
(95% CIs) (0.35–0.58) (0.41–0.62) (0.51–0.70A) (0.34–0.56) (0.37–0.59) (0.39–0.62)



the study of van Beijsterveldt et al., and this signifi-
cantly larger sample size has provided an increase in
power to differentiate between genetic and shared
environmental causes of familial aggregation.

It has been suggested that task difficulty may in-
fluence the magnitude of the genetic influence on the
variance in P3 amplitude, because a difficult task
requires more cognitive effort than an easy task, and
therefore may be more likely to tap processes that are
under genetic control (Polich and Burns, 1987; van Bei-
jsterveldt et al.,1998). However, Katsanis et al. (1997)
found heritability estimates of P3 amplitude for the easy
and difficult condition to be highly similar and van Bei-
jsterveldt et al. (1998) found P3 amplitude to targets
(oddballs) was less heritable than for non-target (com-
mon) stimuli. In the present study, the task would have
required more processing resources than an oddball
task, and the small P3 amplitude may reflect this in-
crease in cognitive effort, but our heritability estimate
for P3 amplitude was no larger than that found by van
Beijsterveldt et al. (1998). If the heritability of P3 am-
plitude is not influenced by task difficulty, and further
work is needed to examine this, it suggests that one of
the genetically mediated processes indexed by the P3
may be a low level cognitive process, such as conscious
controlled attention, which is essential for performance
of all cognitive tasks of varying difficulty. Few stud-
ies have examined the covariance between the ampli-
tude of the P3 elicited in different tasks or the covari-
ance between different cognitive components. However,
recently an average genetic correlation of 0.77 between
P3 amplitude and the amplitude of N4(00) was reported,
suggesting a substantial overlap in the genes influenc-
ing the two components (Almasy et al.,2001) and pro-
viding some support for a common genetic influence
on processing requirements.

The genetic correlations among parietal, central,
and frontal sites were high and indicated substantial but
not complete overlap in the genes influencing P3 am-
plitude at these sites. As much as a third of the genetic
variance in P3 amplitude at frontal sites was attribut-
able to a common genetic factor influencing the variance
in P3 amplitude at parietal and central sites. A further
third of the genetic variance at frontal sites was due to
the genetic influence at central sites, and the remain-
ing third of the variance was due to a specific genetic
factor. This suggests that there may be at least two dif-
ferent genetic influences on P3 amplitude, one influ-
encing all sites and the other frontal sites. The genetic
influence on frontal sites may stem from the task
requirement to engage working memory and maintain

attention focused at the fixation that is a major attribute
of frontal lobe function. If the specific (frontal) and
common genetic factors are influencing functionally
distinct cognitive processes, it suggests there may be
more than one neural generator of P3 as indicated by
lesion studies (e.g., Polich and Squire 1993; Verleger
et al., 1994).

P3 latency was found to exhibit significant famil-
ial aggregation at frontal, central, and parietal sites. Be-
cause there was a strong suggestion that the familial re-
semblance was due to genetic factors, an AE model was
adopted and 44% to 50% of the variance of P3 latency
was attributed to a genetic influence. This finding is in
agreement with the pattern seen in several previous
studies that found evidence for genetic influences on
target P3 latency (Almasy et al., 1999; Eischen and
Polich, 1994; Katsanis et al., 1997; Polich and Burns,
1987; Rogers and Deary, 1991; Surwillo, 1980). How-
ever, there have been two twin studies (O’Connor et al.,
1994; van Beijsterveldt et al.,1998) that have found no
effects of either genetic or shared environmental fac-
tors. The latter suggested that the low cognitive de-
mands of their simple oddball task may have precluded
uncovering a genetic influence. Indeed, Katsanis et al.
(1997) found a substantial difference in the heritabil-
ity of P3 latency for the easy and difficult conditions.
P3 latency reflects the speed with which attentional
resources are allocated for the processing of new stim-
uli and this may be heritable only when the task is cog-
nitively demanding.

A substantial part of the phenotypic variance of
both the amplitude and latency of the P3 was attribut-
able to nonshared (unique) environmental influences.
Because individual environmental variance also sub-
sumes any errors of measurement, it is to be expected
that the vertical paths will be large. However, there are
also significant cross-loadings of the nonshared envi-
ronmental factors on the measures, and the environ-
mental correlations among sites for both amplitude and
latency were high, indicating substantial overlap in
nonshared environmental influences at the recording
sites. This common nonshared environmental variance
most likely reflects the fact that the recordings from all
the sites are done simultaneously and any factor, such
as a loud noise outside the testing cubicle, will influ-
ence all recordings.

In summary, the present study using a large num-
ber of twin pairs has shown that individual variation in
the amplitude of the P3 at parietal, central, and frontal
sites and elicited in delayed response working memory
task was mediated by genetic factors. A strong sug-
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gestion for a genetic influence on P3 latency was also
found. Because the genetic influence on P3 amplitude
was of similar magnitude to that found in previous stud-
ies using a less demanding oddball task, it is suggested
that the heritability of P3 amplitude is not influenced
by the greater processing requirements of the task. A
prospective analysis, including the amplitude of the P3
and the ERP slow wave (SW) that is elicited to the
maintenance of the target location in working memory
(Hansell et al., this issue), will provide a better under-
standing of the genetic factor structure of cognitive
ability that is indexed by P3 amplitude. These analy-
ses will be extended further to incorporate other mea-
sures of cognitive ability that we have collected con-
currently (i.e., performance measures), as well as
separately (i.e., psychometric and information pro-
cessing measures) to examine to what extent low and
higher level cognitive processes or neural mechanisms
are influenced by the same set of genes.
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