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Little 1s known about the significance of the
cortical evoked potential. However, our under-
standing of 1t may be helped by knowledge of
the extent to which it 1s inherited or alternatively
is due to environmental factors Thisinformation
can be obtained from observations of differences
between the evoked potentials of twins.

There 1s some evidence 1n the literature on
this. Dustman and Beck (1965) looked at the
averaged cortical evoked potential of 12 mono-
zygotic and 11 dizygotic young twin pairs.
Visual stimuli were presented and within pair
correlations for the response outline were cal-
culated These were found to be 0 81 for mono-
zygotic and 0.54 for dizygotic pairs. They also
looked at the correlations between unrelated
children matched for age and found this to be
0 61 indicating a strong relationship between
evoked potential and age 1n their sample. When
this is taken into account, a genetic contribution
1s still suggested by the difference 1n size of the
correlations between the two types of twin Thus,
however, 1s probably not significant as the sample
s1ze 1s small

Young et al (1972) looked at the auditory
evoked potential to chck stimuli of 17 mono-
zygotic and 15 dizygotic adult twin pairs They
looked separately at the latency and amplitude
components and found a significant difference
between the ntrapair correlations of mono-
zygotic and dizygotic twins in the P2, N2 and P3
latency components and 1n the P3-N3 amplitude
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2Thanks are due to J Kasriel for arranging the twins
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component, thus indicating some genetic influ-
ence on these components. This was not found
in the P3 latency or in the P2-N2 and N2-P3
amplitude components However, as Young
himself says, the amplitude scores were not very
rehiable so that not much importance can be
attached to this failure to find a significant genetic
effect for these variables.

The literature thus suggests that a genetic in-
fluence on the cortical evoked potential does
exist, but, because of the small sample sizes 1n-
volved, we have no real information on the size
of this effect

In the present study a somewhat larger sample
(40 twin pairs) was used, together with a more
sophisticated analysis technique developed 1n
biometrical genetics

METHOD

Subjects

Subjects were all male and were taken from a
twin register compiled at the Institute of Psy-
chiatry Eighty subjects were tested in all Twenty
of the pairs were monozygotic while the rest
were dizygotic Zygosity was tested by a battery
of blood tests The mean age was 24.2 years,
ranging between 17 and 44 years

Apparatus

The EEG was measured using a Mingograf
EEG polygraph and recorded on a tape recorder
for subsequent averaging. Tonal stimuli were
generated by an audio oscillator and were pre-
sented binaurally through stereophonic head-
phones
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Procedure

The subject was seated 1n a soundproofed.
dark room He wasinformed of the stimulus con-
ditions and was asked to keep his eyes closed
during testing The subject then received 31
stimuli, each of 1 sec duration, at a regular inter-
stimulus 1nterval of 33 sec. All stimuli were
simusoidal, at a frequency of 1000 c/sec and at an
intensity of 95 dB (re 0002 dyne/cm?) One
channel of EEG was measured from bipolar
electrode placement to the Cz and T3 scalp posi-
tions A time constant of 0.3 sec and a frequency
filter at 70 c¢/sec were used.

Averaging

A Linc-8 computer was used to average the
data from 500 msec after each stimulus For
each subject averaging was carried out over three
successive blocks of ten stimuli (data from the
response to the first stimulus were not included)
There were thus three averages per subject, from
which estimates of the reliability could be ob-
tained. For scoring, the large negative deflection
at about 100 msec and the large positive deflec-
tion at about 200 msec were defined as N2 and
P3 respectively The largest positive deflection
prior to N2 was then defined as P2, and the
largest negative deflection after P3, as N3. The
scores used were the latencies in muilliseconds
and the amplitudes 1in microvolts of these max-
imum and minimum points. In all cases amph-
tudes were converted into differences between
successive positive and negative poimnts There
were thus seven variables for each average, these

TABLE I
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being P2, N2, P3 and N3 latencies and P2-N2,
N2-P3 and P3-N3 amplitudes.

ANALYSIS AND RESULTS

The means, standard deviations and between
subjects correlations for the seven evoked poten-
tial variables and for age are given in Table I
The scores from the three averages from each
subject have been averaged together. It can be
seen that age correlates only with N2 latency
The three amplitude measures seem to form a
common factor, being highly correlated with
each other. The latency measures show a larger
degree of independence, both from amplitude
and from each other, although the P2 and N2
latencies have a sizable correlation

Jinks and Fulker (1970) suggest a test for
genotype—environment interaction in which they
correlate the monozygotic twin pair sums with
the absolute differences. As 1t 1s inconvenient to
fit models including interaction terms 1t would
be better if such terms did not occur However,
when they do occur we can in fact eliminate them
by rescaling the data (Mather and Jinks 1971).
The effectiveness of any rescaling can be tested
by recalculating the correlation between the twin
patr sums and absolute differences after trans-
formation .

Significant correlations were found only for
the amplitude components (0 50, 0 46 and 0 42
for the P2-N2, N2-P3 and P3-N3 components
respectively). These were ehminated by carrying
out log transformations on P2-N2 and N2-P3,

Means, standard deviations and between subject correlations for the evoked potential variables and for age in months

P3-N3

Age P2L N2L P3L N3L P2-N2 N2-P3
Mean 290 1 72 14 1137 2238 409 8 2128 3277 2518
SD 7587 66 46 1582 38.46 3717 8 820 12 59 12 32
Correlations
P2L 002
N2L 0 26** 0 667
P3L 004 007 018
N3L 023 —004 009 0.25*
P2-N2 —-004 —-004 —-005 — (0 29%%* -022
N2-P3 —-006 —-002 -006 —025* —-014 086}
P3-N3 —-016 013 003 —021 —006 0 36t 0 58+

*P<005,*P<002,**P<00l,T P<000]1 Latencies are 1n milliseconds and amplitudes 1n microvolts
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and a square root transformation on P3-N3

Although the monozygotic twin pair sum—
difference correlation has been interpreted as
indicating a genotype—environment interaction
1t can also result from other types of interaction
Generally 1n the genetic analysis of twin data no
account 1s taken of the reliability of the data, so
that unrehability 1s included 1n the within family
environment variance. The test suggested by
Jinks and Fulker is testing for an interaction of
this variance term with the genotype. This corre-
lation may therefore result from an interaction
of genotype with either environment or reha-
bility

As 1n the present study separate information
was available on the rehiability 1t was possible to
separate any unreliability from the within fami-
lies environmental effect For the interactions
this was done by comparing the twin pair sum-—
difference correlation with the correlation be-
tween the mean and standard deviation scores of
each subject calculated from the three averages
Again no significant correlation was found for
the latencies With the P2-N2 and N2-P3 am-
plitude components correlations of 0.47 and 0.36
were found. These are similar for the two types
of correlation, suggesting a genotype—reliability
mmteraction For the P3-N3 amplitude, however,
the correlation of the mean with the standard
deviation was only 0.10 The discrepancy be-
tween this and the twin pair sum—difference cor-
relation of 0.42 suggests a true genotype—envi-
ronment interaction here.

The mean scores for the monozygotic and
dizygotic twms on the seven variables were
compared using a ¢ test No significant differ-
ences were found, indicating freedom from
sample bias on this point

Analysis of variance was then carried out on
the data to find the mean square estimates be-
tween families, within families and within sub-
jects for both monozygotic and dizygotic twin
pairs The within family mean square estimates
were divided by three and the between family
estimates by six to make them equivalent to the
V and Vg of Cattell (1960). These six observa-
tional parameters were then fitted to various
models using the biometrical genetical techni-
que (Matherand Jinks 1971) Thisisa generalized
techmque developed 1n genetics, of which Cat-
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tell’s MAVA 1s a special case The F ratio of
Vandenberg (1961) and the HR statistic of
Nichols (1965) can also be deduced from the
general model, but all these alternatives give less
information than the full analysis

The number of possible parameters which can
be fitted to twin data 1s large. Many esoteric but
possible influences have been suggested by the
various parties 1n the dispute over genetic in-
fluences on intelligence Many of these effects
are confounded or highly correlated on twin
samples. so that sample sizes of 1000 or more are
often needed to separate them In an uncontro-
versial area such as the consideration of genetic
influences on EEG, where little evidence on the
subject is available at all, 1t is essential to fit very
simple models as a starting point.

The most basic genetical model would allow
for a single additive genetic component (Dg) and
simple environmental effects with no inter-
actions. If we fit such a model we are 1n effect
assuming random breeding, no linkage. no
non-allelic interactions, no dominance and no
genotype—environment interactions. The effects
of deviation from this model can be estimated,
but with a small sample 1t would not anyway be
possible to discriminate such effects.

Forthe environmental variablesit 1s necessary
to assume both a between families environmental
effect (E,) and a within famihes environmental
effect (E,) as these two parameters behave dif-
ferently within the model With an experimental
design contaiming only twins reared together
Eaves (1972) has shown that under normal
circumstances 1t will take a sample size of about
500 to discriminate Dy from E, However, the
biometrical genetical approach does give us a
chi-square test of goodness of fit of our models,
so that we are able to test for Dy and E, separ-
ately (assuming the absence of the other effect)
and find out which model gives the better fit

With the present experiment an additional
unreliability parameter (S) was included. This
was done separately for the monozygotic and for
the dizygotic twins The full model 1s given 1n
Table I1.

The model was fitted using the approximate
maximum likelihood technique (Hayman 1960,
Nelder 1960) The model equation 1s given by

g=(MV 'M) 'M'V-ly
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TABLE II

The full model Dy 1s the additive genetic vanance, E, the
between families environmental vanance. E, the within
family environmental variance and S the unrehability
estimated separately for monozygotic and dizygotic twins

Source Parameter

Dy E, E, Suz Spz
Between MZ 1/2 1 1/2 1/6 0
Within MZ 0 0 | 1/3 0
Within MZ S’s 0 0 0 1 0
Between DZ 3/8 1 12 0 1/6
Within DZ 1/4 0 1 0 1/3

Within DZ S’s 0 0 0 0 1

where g 1s the vector of estimated parameters, v
18 the vector of observed statistics, derived 1n this
case from the mean square estimates, M 1s the
model matrix given in Table IT and V 1s a diag-
onal matrix of weights obtained from the ex-
pected variances of our observed statistics. It 1s
possible to obtain such weights as our observed
statistics are 1n fact vanances, and therefore have
a chi-square distribution, the variance of which
is given by 2V?/N The maxmmum likelithood
solution is approximated by an iterative process
1n which, following each solution to the equation,
the expected value of the observed statistic under
the model is recalculated (E(v)=M'g} E(v)1s
then used to give a new weight matrix (V). The
iteration converges to a minimum chi-square
solution.

The chi-square test of goodness of fit of the
model 1s given by

X2_, = (v=E(v)V ' (v—E(v))

where k 15 the number of observed statistics, j 1s
the number of estimates and k —j are the degrees
of freedom

The matrnix (M'V !M)~! 1s a covariance
matrix for the estimates. We can obtain the
variances of the estimates from the diagonals of
this matrnix and can therefore test whether our
estimates differ significantly from zero. With a
maximum likelihood solution the estimates will
have a chi-square distribution This increasingly
approximates a normal distribution asthe sample
size (N) increases, so that 1f N 1s large enough a
standard normal deviate test can be used. With
smaller N’s this will give an approximate signif-
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TABLE III

Reliability of the data Rehabilities of the measures were
calculated by both the Spearman and the approximate
maximum likelthood methods For the latter the standard
deviation of the squared reliability 1s also given as 1s the
percentage of the total variance due to unrehability

Variable r(Spearman) r(ML) r* SD(r*) °, var
P2L 070 065 042 0094 57
N2L 082 075 057 0082 42
P3L 092 086 075 0054 25
N3L 078 076 058 0084 42
P2-N2 088 080 064 0074 36
N2-P3 093 088 077 0052 23
P3-N3 084 082 067

0070 33

icance level The correlations between the esti-
mates can also be calculated from this matrix

A measure of reliability can be obtained from
the between subjects correlations between the
three averages. This 1s given by the Spearman
formula

To=n0r, /(14 (n—1)r,)

where n 1s the number of averages. r,, 1s the mean
of the correlations between the averages and r,,,
1s the reliability of the mean

Reliabilities can also be calculated from the
ratios of the maximum likelihood estimates

rinZZ(DR+EZ+E1)/(DR+E2+E1+S)

As we have the variances and covariances of
these estimates we are also able to calculate the
expected vanances of our reliability estimates
Rehabilities calculated in both these ways are
given 1n Table III. It can be seen that the two
analyses show good agreement

The most rehiable components are clearly N2
and P3aswe would expect The N2-P3amplitude
component has a reliability of about 0.9 The least
reliable component 1s P2 latency which, with a
rehiability of about 0 7, has more than half its
variance accounted for by unreliability. Our
genetic and environmental estimates for this
variable will only come from the remaining 50%,
and are therefore less likely to show significant
effects

The results of the maximum likelihood anal-
ysis for the seven variables are given in Table I'V.
1t was found that for the full mode! {Dg .E, :E; S)
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TABLE IV

Biometrical genetical analysis of evoked potential variables
The narrow hereditability 1s shown in column 1, followed 1n
column 2 by the significance level of the test that Dy =0 The
chi-square tests of goodness of fit for the genetical model
(Dg E, S)and the environmental model (E, E, S)arein the
third and fourth columns respectively The significance level
of the test E; =0 1s 1n the last column Chi-square statistics
are all with 2 degrees of freedom

Variable

Hereditability Chi-square E,

S0 Sig Dy E,
P2L 81 81 0005 056 121 ns
N2L 58 44 001 121 006 002
P3L 71 56 0001 580 426 005
N3L 3517 01 067 140 002
P2-N2 86 44 0001 168 679 ns
N2-P3 88 53 0 001 247 989 ns
P3 -N3 0 001 127 511 ns

ns, non-significant

Dy and E, show a model correlation of about
—09 If Dy is left out E, and E, correlate at
about —0.3, while without E, the Dy E; S
model gives an E,. E; correlation of about
—060 It1s thus clear that with a small sample
size we should not expect a clear discrimination
between Dg and E, except under extreme circum-
stances. The chi-square tests of goodness of fit
for the Dy E; S and the E, E,.S models are
given in columns 3 and 4 respectively of Table [V
It can be seen that the genetic model gives a
better fit to the data for all variables except the
N2and P3 latencies The advantage of the genetic
over the environmental model 1s clearest for the
amplitude components where the effect 15 s0
¢xtreme that the E, model fails, even on the
present small sample

As we have been able to partition what 1s
normally called E, vaniance into a true within
families environmental effect (E,) and unreli-
ability (S), we are 1n a position to test for the
significance of this environmental component.
The significance levels for this test appear in
column 5 of Table IV. It can be seen that we have
clear evidence of such an effect in three of the
latency components while 1t appears to be ab-
sent from the amplitudes It thus seems that
where we have evidence for the operation of a
between families environmental effect (E, ) there
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1s also evidence for an environmental effect
within families (E;) This makes ntuitive sense
The narrow hereditability as a percentage 1s
given 1n column 1 of Table IV Thus 1s calculated
as 100 x3Dg/(3Dgr+E;) from the Dy E, S
model. It will only be a reliable estimate of the
hereditability if we can assume no E,. an as-
sumption which 1s justified for the amplitude
components and perhaps for P2 and N3latencies
The significance levels for the test of the differ-
ence of the Dy effect from zero are also given
(column 2. Table IV) These are significant for
all variables with the exception perhaps of N3
latency which 1s only marginally significant

DISCUSSION

It 1s clear that in the present study we have
very strong evidence for a genetic influence on
the amplitude of the cortical auditory evoked
potential There 1s no evidence at all for an
environmental effect in these components For
the latency measures the position 1s less clear It
seems that these are affected by the within
families environment. Also there 1s a source of
variation which is neither E; nor unreliability.
but which could be accounted fer either by the
between families environment (E, ) or by additive
genetic variation (Dg). the former being the
more likely source. Larger samples will be
needed to discriminate these effects and both
will probably be operating

Strictly speaking, these results will of course
only apply to auditory evoked potentials on
adult subjects from the Cz-T3 scalp positions
with a 95 dB 1000 c/sec stimulus at an inter-
stimulus interval of 33 sec The extent to which
the results will generalize along the suggested
dimensions 1s a matter for further experiment-
ation. The Dustman and Beck (1965) results
suggest a genetic component for response out-
line with the visual evoked potential in children
Young et al (1972) using click stimuli on adult
subjects found a genetic component 1n the laten-
cies rather than 1n the amplitudes

What sort of interpretation can be made from
this type of result? One approach would be to
look at the paradigm within a Skinnerian frame-
work, seeking to identify the predictor variables
for evoked potential varniation These may be
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divided 1nto several sources. the most important
of which will be the stimulus parameters such as
intensity and modality Electrode placement
might also be included among these Secondly.,
there will be common organismic variables such
as expectancy or habituation where the response
will be dependent on the subject’s previous
history but where, given common history, the
response effects will be common across subjects
Finally there will be the individual difference
variables where the evoked responses from dif-
ferent subjects differ in terms of concomitant dif-
ferences between the subjects in other variables
Within this framework we can seek to make pre-
dictions about the evoked potential parameters
of a particular subject, given a particular set of
stimulus parameters, an experimental set. and
any individual difference vanables which may
have been found to be relevant

Any genetical analysis will have relevance
mainly for 1dentifying the sources of individual
variation If we find a genetic component we
should look for concomitant variables which are
also likely to be genetically determined. If we
find no genetic effect we should look to the en-
vironment for possible causes of variation This
distinction should not be strictly held as 1t 1s
possible for variables which at first might seem
to be environmental, such as for example growth
rate, to be genetically determined

The present study therefore indicates that we
should look to variables which are themselves
mhented as possible causative influences on
evoked potential amphtude. It might be thought
that brain structural vanables are the most likely
candidates here. This does seem probable, al-
though 1t should be stressed that such a con-
clusion 1s not strictly justified as we do not know
the point of selection by which evoked poten-
tials are genetically determined It does. however,
fit in with the well known structural similarities
between identical twins

For the evoked potential latency components
where an environmental influence was found we
should look for likely concomitant sources of
environmental variation The author has no
firm suggestions to make on this point at this
stage of research For the future 1t 1s hoped to
test more twins while varying the stimulus para-
meters, so that data can be provided for a multi-
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variate genetic analysis The genetical contribu-
tion can then be examined against a background
of vanation 1n these other parameters It 1s also
hoped that testing the same subjects n different
situations will enable the gross environmental
effect to be partitioned further It 1s felt that the
mclusion of rehability data in the model, a
procedure little used in the past. has proved ex-
ceptionally useful, and will be essential for future
work where more precision 1s to be aimed at

SUMMARY

An experiment was carried out on 40 pairs of
adult male twins to investigate the extent of gene-
tical determination n the cortical auditory
evoked potential. Tonal stimuli of 1 sec duration,
at an intensity of 95 dB and a frequency of 1000
c¢/sec, were used. The inter-stimulus interval was
33 sec and the bipolar evoked potential was
measured between the Cz and T3 scalp positions
The reliability of the seven latency and amplitude
measures was also calculated and this was taken
into account in the subsequent genetic analysis
The biometrical genetical approach, which gives
maximal information particularly on small
samples, was used to analyse the data. A strong
genetic influence was found on all the amplitude
scores The environment made no significant
contribution to these For the latencies there
was some evidence for a genetic effect. however,
this was not very strong and can well be inter-
preted as bemg due to between family environ-
mental effects

RESUME

EFFETS GENETIQUES SUR 1E POTENTIEL FVOQUE
CORTICAL AUDITIF

Une expérience portant sur 40 paires de
jumeaux males a été effectuée en vue d’examiner
I'imnfluence de facteurs génétiques sur le poten-
tiel évoqué cortical auditif. Les stimulus €taient
des sons de 1 sec. 1000 ¢/sec, 95 dB. espacés de
33 sec. et le potentiel évoqué était recueill en
montage bipolaire Cz—T3 sur la calotte crimen-
ne La fiabilité des sept mesures effectuées sur les
amphtudes et les latences a été calculée et utilisée
dans I’analyse Une approche biométrique gené-
tique a été utilisée donnant I''nformation maxi-
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male en particulier dans le cas de petits échantil-
lons Une forte influence génétique a été trouvée
pour toutes les variables d’amplitude, sans au-
cune contribution significative de I’environne-
ment Pour les variables de latence, quelques in-
dications se sont dessinées en faveur d’un effet
génétique, encore que peu importantes, et qui
pourraient bien étre interprétées comme dies
a des effets de 'environnement familial
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