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Research strategies in human behaviour genetics
F VOGEL
From Institutfur Anthropologie und Humangenetik, University ofHeidelberg, Im Neuenheimer Feld 328,
D-6900 Heidelberg, Federal Republic of Germany.

This paper is based on the third Carter memorial lecture of the Clinical Genetics Society given in
April 1986.

SUMMARY Genetic variation influencing normal and abnormal human behaviour has been
studied since Francis Galton's work in the second half of the 19th century. However, most of
these studies have consisted of biometric analysis of complex phenotypes; the genotype has been
treated as a 'black box'. The concepts and analytical tools of modern genetics have rarely been
used. In this lecture, some examples are given of approaches combining tools from genetics,
cytogenetics, and various fields of neurobiology which might help in the analysis of genetic
mechanisms leading, in interaction with the environment, to individual differences in behaviour,
mental performance, and susceptibility to mental diseases.

C 0 Carter and the scientific tradition of human
behaviour genetics

Reading through Cedric Carter's Human heredity'
in preparation for this lecture, I found, much to my
surprise, that 31 of the 257 pages, or about
one-eighth of the book, were devoted to the
discussion of genetic factors influencing intelligence.
Moreover, discussion of mental defects and
psychiatric diseases comprised a substantial part of
the chapter on 'Common illnesses'. Human heredity
was published in 1962. At that time, Carter be-
longed to the middle generation of human geneti-
cists, the generation that had introduced genetic
concepts into medicine, gradually convincing the
medical profession that genetics might not only
concern a few very rare and exotic monstrosities,
but might offer clues for our understanding of
diseases in general. But he was conscious of scien-
tific tradition, and the problems of genetic influence
on intellectual performance and behaviour (on
individual differences in behaviour and perform-
ance, to be more precise) had been one of the basic
concerns of early human geneticists, right back to
Francis Galton's classic work Hereditary talent and
character which was published in 1865.2
Meanwhile, we have seen enormous progress in

basic research, as well as in practical applications of
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genetic concepts and tools in medicine. Refined
diagnosis using DNA techniques is helping us in
'secondary prevention' of genetic disease by pre-
natal diagnosis, and gene therapy, introducing DNA
into somatic cells, is just around the corner.3 Drawn
by the hawser of our modern methods, we have
moved away from the questions our scientific
forefathers asked. This would be no cause for
regret, had these questions become obsolete scien-
tifically or unimportant for our society. This, how-
ever, is not at all true. In a world in which traditional
values and life patterns are losing influence, and
every generation has to cope with an ever increasing
number of new problems, answers to the question of
how genes influence the function of our brain, the
ways in which we experience the world around us,
and behave in it, are more urgent than ever before.
Hence, it is not surprising that, after human
geneticists have lost interest, problems of psycholo-
gical genetics are now being studied by members of
other scientific communities, for example, psycho-
logists and psychiatrists. We can learn from them,
but we should not leave the field to them entirely.

The growth of scientific knowledge

To understand this, let us reflect upon the ways in
which scientific knowledge grows. We have learned
from historians of science, such as Ludwig Fleck4
and Thomas Kuhn,5 that our impression from basic
text books that scientific knowledge grows regularly
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according to endogenous laws in a rational interplay
between theory, appropriate research methods, and
accumulating results is, at the least, incomplete.
Rather, it grows guided by certain 'paradigms', as
Kuhn5 has called them. To quote Kuhn5: "These I
take to be universally recognized scientific achieve-
ments that for a time provide model problems and
solutions to a community of practitioners". Mean-
while, this notion has become extremely popular to
the point that some are jeering at 'the march of
paradigms'. But a notion must not necessarily be
wrong only because it is popular.

The paradigms of Mendel and Galton and a research
project that does not exist

According to Kuhn, a paradigm consists of three
elements. (1) A piece of scientific work that serves
as an "exemplar", suggesting ways in which a
certain problem should be approached. (2) A group
of scientists who try to explore this approach,
expand its applicability, deepen its theoretical basis,
and enhance its explanatory power. (3) It should
also contain at least the germ of a scientific theory; a
successful paradigm will culminate in elaboration
of this theory.

For me personally, conceiving the history of
human genetics as a contest of two paradigms has
explained aspects of historical development that
would be difficult to understand otherwise. These
two paradigms have been founded by Mendel's
report on Versuche uber Pflanzenhybriden6 and by
Galton's study on Hereditary talent and character.2
At the centre of Mendel's paradigm, we find the gene
concept, which has developed from 1900, when
Mendel's laws were rediscovered, right up to our
present achievements in molecular genetics.7 Men-
del's discovery was the germ of a scientific theory
which proved to be most fertile, not only for our
theoretical understanding of structure and function
of genetic material but also for concept, diagnosis,
and prevention of disease.' Those of us involved in
research are doing most of our daily work within the
context of this paradigm. We often forget that a
second approach exists, and is still necessary for the
solution of several practical problems: the biometric
method founded by Francis Galton. In his germinal
study of 1865,. Galton counted the number of
unusually successful men among close relatives, for
example, sons or brothers, of unusually successful
probands. Finding many more than expected from
the hypothesis of independent occurrence, he con-
cluded that individual differences in socially re-
warded performance are caused mainly by differ-
ences of inherited abilities. Later on, he added
measuring to counting, complemented his armoury

F Vogel

of methods with the forerunner of Pearson's correla-
tion coefficient, and pointed to twins as a source of
valuable information.9 Compared with analysis of
segregation and gene action on Mendelian lines,
Galtonian methods have the advantage of being
applicable wherever phenotypes can be counted or
measured, and this means almost everywhere.
Mendelian analysis, on the other hand, seemed to
be confined in the beginning to rare anomalies such
as albinism or lobster claw. Carter belonged to a
group of critical observers, mainly in Britain, who
taught us that in genetic analysis of common traits
(normal and pathological) we have to satisfy
ourselves with the genetic model of polygenic
inheritance, with or without a threshold.10 He never
denied that this is a very rudimentary level of
genetic analysis. Application of Mendelian techni-
ques, on the other hand, often required definition of
phenotypes to be analysed by increasingly sophisti-
cated methods, mainly from biochemistry and later
molecular biology. They permitted the investigators,
gradually in several intermediate steps, to approach
the level of the genes themselves*.

Impressed by the unsurpassed exlanatory power of
Mendelian theory, we tend to forget that in our daily
work of genetic counselling, we often fall back on
Galtonian approaches, for example, when we use
risk figures to make a prognosis for birth defects or
mental disease. We also forget that there is an entire
scientific community of scientists who rely almost
completely on Galton's approach and on the
methods of 'quantitative genetics' derived from it.
These are differential psychologists, especially those
interested in problems such as 'How much of the
inter-individual variability in 10 is genetically deter-
mined?' It is unnecessary for me to remind you of
the heated discussions on this point in which some,
such as Jensen'2 13 and Eysenck,14 hold the view
that it may be about three-quarters, whereas others,
such as Kamin,'5 even regard a zero contribution as
possible.

In order to understand how inappropriate and
counterproductive the attempt to answer the ques-
tion is, assume, for the sake of argument, that you
are asked to give a recommendation for possible
funding of the following research proposal.
Somebody wants to study the heritability of quan-

titative blood haemoglobin levels in the population
of Tanzania compared with Great Britain. In an
elaborate research design, he plans to compare MZ
and DZ twins, reared apart and together, and
parents with their biological and adopted children,
taking into account age, sex, education, and
socioeconomic status.

*For the levels of genetic analysis, see Vogel and Motulsky.'I
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Research strategies in human behaviour genetics

No doubt, this study would lead to the expected
hierarchy of correlations and a substantial, but not
extremely high, heritability estimate. The research
workers would be able to draw a nice path diagram.
There would also be a significant difference between
the two countries, Britain giving higher values for
the mean and a lower variance. As to heritability, I
do not dare to predict for which country it would be
higher.

I am sure you, as a referee, would turn down this
proposal, and with good reasons. You know that the
haemoglobin value depends on a number of genetic
and environmental factors, such as incidence and
prevalence of haemoglobin variants and thalas-
saemias, iron supply, infestation with intestinal
worms, and many others. You would know that all
these factors have to be studied in order to gain
insight into the biological mechanisms influencing
haemoglobin levels. In comparison with these in-
sights, you would regard the global end result of all
these influences at the population level, heritability,
as relatively uninteresting.

Still this very problem continues to fascinate
research workers as well as the general public in the
field of intelligence research. The reasons are hardly
comprehensible except from the sociological point
of view. The paradigm group of research workers in
this field has very little, if any, connection with
geneticists; they simply have not realised the super-
ior analytical opportunities offered by genetic con-
cepts and methods. Therefore, they do not question
the very basis of their approach. They do not see
that the question of the basic biological mechanisms
influencing mental performance is much more pro-
ductive, since it stimulates studies that could elicit
much more specific answers.11

This criticism does not apply to all psychologists
working on the intelligence problem. There are now
many groups who are studying brain mechanisms of
mental performance using various approaches, for
example, the number of 'bits' of information to be
processed within a given time span,16 complex
reaction time,17 18 evoked EEG potentials,14 and
others. They try to analyse the problem 'from top to
bottom', whereas the geneticist would tend to
analyse it 'from bottom to top'. May be they will
meet in the middle sometime.

It would be unfair, however, to attribute the
failure to recognise the problem only to the deficien-
cies of scientists. Another important factor is
pressure from outside, from the general public.
Persons and organisations responsible for educa-
tion, for the care of the socially maladjusted,
mentally retarded, and mentally ill often ask: "To
what degree is all this genetically determined?". This
is largely because they often hold the mistaken view

that whatever has a strong genetic component can
be influenced very little by external measures.12
Heritability estimates are attempts to answer this
question directly. But science, before answering
questions from outside, should first reflect on these
questions in the light of the present state of its
theories and analytical tools. Doing so, scientists
will often come to the conclusion that the questions
have first to be reformulated before a meaningful
answer can be sought. In some fields, such as human
behaviour genetics, this process might be too time
consuming to satisfy demands from the community
at large. We cannot avoid giving preliminary
answers to questions that cannot be answered
definitely at present, but we should keep in mind the
final problem. In my opinion, empirical risk figures
for mental diseases to be used in genetic counselling
are legitimate preliminary answers to pressing,
practical questions, since they may lead to rational
decisions by our clients. However, I have difficulties
in seeing the point of heritability estimates of IQ
tests scores within our 'normal' population. (IQ tests
in individual subjects do have a use. They may help,
for example, to decide between options for
occupational training.)

Principles to be followed in human behaviour
genetics

After all this criticism, how should we proceed
properly when studying genetic differences in men-
tal performance and behaviour? At first glance, the
answer is simple: we should follow the same
principles that have proved to be so successful in
other branches of human genetics. In order to turn
this general principle into concrete research propo-
sals, let us start with a simplistic and empirical way,
using in addition to some very basic genetic princi-
ples information available to us from our experience
in medical genetics. Let us reconsider first some old
and new results and promising approaches in the
field of intellectual performance. It is a useful
strategy to start with the lower extreme of IQ
distribution, since here we can expect to find simpler
conditions than in the more 'average' range.
The best known examples for genetic variation in

the lower range are the common chromosomal
aberration syndromes, such as Down's syndrome or
Klinefelter's syndrome and its variants. Here, the
negative effect of the genetic anomaly on brain
function is obvious. It is also very likely that it is
caused by some anomaly in the embryonic develop-
ment of the brain. Beyond this very general state-
ment, more specific conclusions cannot yet be drawn
as few studies have been performed on brain
morphology in Down's syndrome and other chromo-
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somal syndromes. Surprisingly small anomalies have
been reported; it is possible that groups of cells did
not quite reach their predetermined place in the
brain during embryonic development compared to
normal brains.19

In addition to studies using refined histopatholo-
gical methods, animal studies appear to be most
promising in clarifying basic principles. Chromo-
some 16 of the mouse, for example, is, in part,
homologous to the human chromosome 21. Trisomies
can be bred at will from strains with certain
Robertsonian translocations. Unfortunately, mice
trisomic for chromosome 16 die during embryonic
development, but hybrids can be produced by
artificial fusion of early embryonic states, and they
can then be studied from various points of view (W
Buselmaier, 1986, personal communication).
Another promising opening towards more basic

biological mechanisms underlying differences in
mental performance is the study of rare hereditary
diseases. There are surprisingly many diseases in
which an enzyme defect, in addition to a variety of
other clinical signs, leads to some disturbance of
brain function (table 1). In about one-third of all
autosomal recessive conditions classified by
McKusick2( as 'confirmed', mental retardation,
other severe anomalies of the CNS, or epilepsy are
regular or at least frequent clinical signs. Obviously,
this means that many more metabolic pathways
must be normal to secure undisturbed function of
our brain than for other organ systems. These

TABLE 1 Number of diseases with mental retardation or
seizures or both among autosomal recessives (from
McKusick20; see also reference 21).

Confirmned Severe disorders Anomalies Epileptic
autosotnal recessive of CNS as a oJ CNS seizures
conditionis with clinical sigtl frequent frequent
sufficientt
information

547 166 32 29

F Vogel

metabolic pathways need not necessarily affect cells
of the nervous system directly, as in the lipid storage
diseases. Indirect effects, for example, by toxic
metabolites, are also possible, as seen in
phenylketonuria.21 This example shows that some-

times studies on the extreme conditions offered by
such metabolic diseases may not be very informative
for our understanding of variability in the normal or

near-normal range. A cynical observer could liken it
to the attempt of a small boy to explore the way a

wrist watch works by hitting it with a hammer. Still,
such studies, if interpreted critically, may point to
the metabolic pathways primarily important for
normal brain function.

Studies on clinically 'normal' heterozygotes

There is another line of analysis which is pursued
surprisingly rarely, dd4spite the fact that it is straight-
forward genetically, a logical consequence of our
genetical and biochemical knowledge, and pub-
lished results point to a significant influence. This is
the study of heterozygotes. As a rule, activity of the
deficient enzyme in heterozygotes is about half of
the normal in recessive metabolic diseases. It would
be an obvious conclusion that this is sufficient under
average conditions but might fail when this pathway
is put under stress. Indeed, slight differences,
compared with normal controls, in aspects of
intellectual ability or personality have been de-
scribed, for example, for phenylketonuria, various
lipid storage diseases, and microcephaly (table
2).22'24 The most data are available for phenyl-
ketonuria. Some of these studies may be criticised
for not fulfilling the criteria of epidemiology, but on
the whole they strongly point to an influence on the
phenotype, at least in some cases. For example,
stress situations, such as influenza with high fever or

pregnancy, may lead to transitory increases of blood
phenylalanine levels. Interestingly enough, some
mutations leading to hereditary metabolic diseases
apparently influence not only intellectual perform-

TABLE 2 Results indicating functional deviations in heterozygotes for autosomal recessive diseases (for details and
references see Vogel22).

Disease Functional deviations reported

Phenylketonuria Greater increase of blood phenylalanine during febrile infections and pregnancy. EEG signs of increased cerebral
irritability. Reduction of test intelligence, especially verbal ability by a few 10 points. Correlations between intellectual
performance and blood phenylalanine levels. Slightly increased incidence of schizoaffective psychosis

Lipidoses: globoid cell Slower reaction time. Reduction of test intelligence, especially spatial ability.
leucodystrophy (Krabbe); Slightly higher personality test scores for psychosomatic disorders,
metachromatic leucodystrophy; depression, emotional lability, 'inhibition'
Sandhoff, Niemann-Pick,
Wolman disease
Microcephaly Normocephalic mental retardation in about 1/3 of obligate heterozygotes (parents of homozygous patients) in two series

from different parts of the world
Wilson's disease EEG abnormalities and abnormal neurological signs
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Research strategies in human behaviour genetics

ance but personality and susceptibility to mental
disease as well. If this is true, then systematic
screening of psychiatric patients should lead to the
discovery of many heterozygotes and possibly even
homozygotes, which has, in fact, been found.

Metachromatic leucodystrophy, for example, is
an autosomal recessive disease resulting from aryl-
sulphatase A deficiency. The adult type of this
disease has been known for some time to present
sometimes as a psychiatric disease, primarily
schizophrenia.25 In a recent study, Propping et al"
examined 2107 psychiatric patients, consecutive
admissions to a psychiatric state hospital, for their
arylsulphatase A activity and compared them with
519 normal controls. There were significantly more
persons with enzyme levels in the heterozygote
range than among the controls. Three patients were
diagnosed as homozygotes. These results make it
very likely that homozygotes as well as hetero-
zygotes for this enzyme deficiency run an increased
risk of becoming affected with some mental disease,
for example, schizophrenia. Such increased liability
is not confined to metachromatic leucodystrophy;
some other hereditary diseases, such as intermittent
porphyria, Huntington's chorea, and even sex
chromosomal aneuploidies such as the XXY and
XXX states, have been reported to present as
schizophrenia.27 The 'disease' schizophrenia cannot
be compared with monocausal diseases such as
phenylketonuria or, for example, tuberculosis.8 As
a phenomenological concept, it describes a certain
group of reactions of the brain to a variety of stress
factors.28 As pointed out, among others by Carter,'0
search for one major biochemical cause is probably
futile for this very reason. On the other hand, many
homozygotes for arylsulphatase A deficiency, and
the majority of heterozygotes, are not affected by
any psychiatric disease. Some of them, as well as
heterozygotes for other lipidoses, may display cer-
tain signs of neuronal irritability and emotional
instability, as shown by Christomanou et a129 30 a
few years ago. Hence, the genetic anomaly is not the
only, and not even a sufficient, condition for the
individual and social event classified as a psychiatric
disease. It only causes an increased susceptibility.
Other factors, genetic or environmental, must come
together to cause the final breakdown.

This example gives us a clue as to what might be
behind the description of a disease as 'polygenic' or,
in a somewhat wider sense, 'multifactorial'."' "

Once this has been realised, such factors should be
explored at various levels. As one example, we
mentioned a screening study on psychiatric patients
in comparison with normal controls. Like studies on
heterozygotes, such screening studies appear to be
fairly unsophisticated in outlook. However, they

may lead to something quite interesting, provided
that one knows what to look for.

Studies on amino acids in mentally retarded patients:
results for glutamate

Another example. In the late 1950s and early 1960s,
when I was still in Berlin, we compared amino acids
in blood and urine of slightly mentally retarded
children and appropriate controls. At that time
amino acids were new and one hoped to discover
new types of rare metabolic diseases with impressive
excretion patterns. Unfortunately, we did not, but
our study differed from other screening studies
performed at the same time in that we applied a one
dimensional paper chromatographic method which
enabled not only the finding of extreme increases of
certain amino acids, but allowed in addition a fairly
good, semiquantitative assessment in the 'normal' or
near-normal range. And here, we found something
surprising: a high level of glutamate in a substantial
fraction of patients and in some of their first degree
relatives. 31-33
At that time, not much was known about the

function of glutamate in the CNS, but there were
reports that glutamate intake may enhance alertness
and intellectual capacity.34 It was possible that some
parents had increased it in order to improve the
performance of their retarded children. The prob-
lem lingered in my mind for many years.

Since then, we have come to know much more.
Glutamate has been identified as an important
excitatory neurotransmitter.35 36 It can enter the
brain from the blood through specific transport
mechanisms37 38; direct application to the brain of
high doses leads to degeneration of certain
neurones, probably by overstimulation38 39; and
treatment of mice with the specific glutamate
antagonist ATB (2-amino-4-phosphobutyric acid)
decreases their ability for avoidance learning in the
so-called shuttle box in a dose dependent manner.37
With so much more background knowledge,

glutamate studies in mentally retarded patients just
had to be taken up again. This time, however, we
knew where to look. First, Sahai set up assays for
all the important enzymes that could influence the
blood glutamate level. Then, a patient sample from
an institution for the mentally retarded was estab-
lished, with appropriate control for chromosomal
aberrations and exogenous factors. Moreover, all
patients included in this study were carefully ex-
amined clinically, all amino acids were determined
by column chromatography, and the important en-
zymes were controlled in the peripheral system.
Again, there were a number of patients whose
glutamate values were much higher than those of the

133

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.24.3.129 on 1 M
arch 1987. D

ow
nloaded from

 

http://jmg.bmj.com/


F Vogel

controls. Moreover, patients with extremely high
glutamate levels turned out to be more severely
retarded, with IQ values below 50. In addition,
there was an overlap area where we found more
patients than controls.
So far, we do not know for sure whether these

patients are distinguished by other clinical features.
However, studies on all the relevant enzymes, as
well as on the pattern of amino acid levels in the
blood, are now promising insights into more general
functional principles of neuronal performance,
especially as far as the neurotransmitter glutamate is
concerned. Studies on glutamate and related amino
acids in families of mentally retarded probands, as
well as biochemical and behavioural studies in mice,
will help to elucidate further this complicated set of
problems.
The studies mentioned before on experimental

animals showed a toxic effect to neurones of long
term overstimulation with glutamate.4" More impor-
tantly, however, many recent results suggest a
specific role of glutamate for establishment of long
term memory.

Possible hypotheses as to genetic variability based on
our knowledge of structure and function of the CNS

This raises our discussions on research strategies to a
new level. So far, our thinking has been somewhat
simplistic, one could even say dull. We started with
some well known observations, such as intelligence
defects in patients with chromosomal aberrations or
in hereditary metabolic diseases. Then, we extended
our search to heterozygotes, who are mostly normal
according to medical criteria. The theoretical
rationale of such studies was a straightforward
hypothesis based on the simple observation that
enzyme activity in heterozygotes is about half that in
normal homozygotes. As a final approach, we
mentioned comparison of certain groups of patients
with unaffected controls for a number of biochemi-
cal parameters, hoping for some fortuitous findings.
But some of these studies not only revealed differ-
ences between patients and controls, but also
suggested biological mechanisms for the anomalies
found; in the glutamate case, overexcitation of
neurones with negative influence on long term
memory. This immediately raises new questions.
When we want to find genetic variation that might
influence brain function and behaviour, would it not
be much sounder scientifically if we started at the
opposite end? Can we derive hypotheses as to the
levels at which genetic variability might influence
behaviour, using the knowledge of neurobiology
about structure and function of the brain? This
approach would be, at least at the beginning, more

speculative, but it would also be much more
satisfactory intellectually. Most of us would prefer
to make discoveries as a result of sophisticated
thinking than by simple screening for several possi-
ble biological parameters in a random fashion.
At which levels of brain function could genetic

variability exist and, very important, actually be
studied in humans?
(1) At the most elementary level, let us look at the
neurones and their connections, the synapses. They
are characterised by specific neurotransmitters and
their enzymes. They are synthesised, stored,
released, and degraded or reabsorbed. Moreover,
neurotransmitters can act at the postsynaptic
site only when bound to specific receptors. All these
elements are under genetic control; genetic
variability could exist. When you want to study it,
however, a difficulty common to all such studies in
humans is encountered. Neurotransmitters and their
enzymes have to be studied in the blood and it is
always a matter of conjecture to what degree
variability in the blood represents what goes on in
the brain. Studies of neurotransmitters and their
enzymes in the major psychoses, hailed at the
beginning with enthusiastic hope, have led to
disappointment.42 Research workers who had been
lured by the unquestionable success of treatment
with psychotropic drugs into the hope for insight
into basic mechanisms are at present largely dis-
appointed. They realised that they have entangled
themselves in a hopelss mess of secondary regula-
tions, not to mention side effects of drugs.445
Possibly, research in this field started with the wrong
neurotransmitters: catecholamines and their en-
zymes act not only in the brain, but in peripheral
areas of the autonomic system as well. Moreover,
mental diseases such as schizophrenia and affective
disorders fluctuate periodically in the same subjects
together with levels of neurotransmitters and their
enzymes. This probably creates additional sources
of complexity which we cannot cope with at present.
As mentioned before, mental retardation appears to
be a simpler, and therefore better, anomaly to work
with, since it is largely a permanent condition, not a
state but a trait.

Meanwhile, we have learned that receptors, like
enzymes, consist of specific proteins and may show
genetic variation. Animal receptor studies are very
fashionable and successful46 and the acetylcholine
receptor has been studied extensively from the
molecular point of view.47 In humans, parameters of
a adrenergic receptor binding have been studied in
twins and genetic variability has been detected.48
Receptor studies in humans might become one of
the most promising fields in neurobiologically and
genetically founded behaviour genetics, provided
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that receptors or their genes can be studied in
readily accessible material. So much for studies at
the level of the single neurone.

(2) Another source of variation influencing be-
haviour might be found at the level of neuronal
networks. These networks are formed largely during
embryonic development. In mammals, and especi-
ally in humans, their formation continues right into
childhood, depending on proper stimulation from
the environment, a good example of the classical
counterparts nature and nurture. It is known from
studies on the mouse, especially its neurological
variants, that neurones and their axons and
dendrites find their proper places under the influence
of cell type specific neuronal surface antigens, and
mutations may lead to specific disturbances,49
another possible source of genetic variability that is
bound to influence density and functional efficiency
of neuronal networks. In humans, this field
appeared to be completely unexplored until recent-
ly, but in a deletion in the short arm of chromosome
17, which leads to a lissencephaly syndrome, pyra-
mid cells were found turned upside down, in frontal
and occipital parts of the cortex.9a
(3) Thirdly, at the macroscopic level of organisation,
we find cooperation of the various functional sub-
systems of the brain that influence spontaneous
activity, information processing, and action. For
example, incoming stimuli are switched over in the
reticular system of the brain, and often in the
thalamus, before reaching the cortex where they are

processed and influence the ways we feel and
behave. This information processing is modulated
by the rhythmic, spontaneous activity of neurones,
singly and in groups, in several subsystems of the
brain, a fertile field for neurophysiologists, since this
activity is accompanied by electrical discharges and
voltage oscillations.50 Rhythmic activity in the living
human brain can be studied in the electroencephalo-
gram (EEG). The normal human EEG shows
genetic variability51; studies on some hereditary
variants point to differences in central information
processing and thus in the way people feel and
behave.2-55 Three variants have mainly been stu-
died: the low voltage EEG and the EEG with
monomorphic alpha waves, counter types in that in
one, the alpha activity is almost nil, while in the
other, regular high amplitude alpha activity spreads
over the entire surface of the head. Both are
inherited in a simple autosomal dominant fashion
and have a frequency of about 4% each in the
normal population. Neurophysiological as well as

psychological evidence is compatible with the
hypothesis that modification and selective amplifica-
tion of stimuli may be weak in the low voltage and
strong in the monomorphic alpha type. In a third

EEG variant, in which alpha waves are mixed
diffusely with faster frequencies in the beta range,
and which appears to be polygenic in origin, results
favour the explanation that information processing
might be disturbed by influences from other parts of
the brain.

This is not the place to go into this very specialised
field in great detail. I only mention it to show that
detailed analysis of genetic variations influencing
mental performance and behaviour is possible not
only at the DNA or biochemical level but, under
certain favourable conditions, also at the phenotype
level which can be assessed using methods from
neurophysiology.56 However, this needs a combina-
tion of genetic and neurophysiological expertise
which is very rare indeed. As mentioned repeatedly
in this lecture, the growth of scientific knowledge
does not follow logical rules; rather, science is an
activity of groups of human beings and therefore its
progress depends on the interests and expert know-
ledge present in these groups. It is hard to explain
why there is surprisingly little overlap between
groups interested in physiology, especially
neurophysiology, and genetics. In my opinion, this
is a drawback for the development of both fields. I
personally happen to have some limited knowledge
of EEGs and can therefore use it for genetic
purposes. I simply do not know whether other
methods in neurophysiology would lend themselves
to genetic analysis, provided that somebody could
combine expertise in the two fields.

Let me stress yet another point. With the genetic
variants of the EEG, we have finally left the field of
pathology and entered the 'normal' range. They
satisfy Harry Harris's definition of a genetic poly-
morphism, but there are many other polymorphisms
that can be studied at the protein level.11 57 58
Occasionally, associations with behavioural traits
have been described; results, however, are not very
convincing. The reason is that nobody has any idea
of a possible role of these proteins and cell surface
antigens in brain function. Therefore, no specific,
testable hypothesis as to the kind of possible
associations can be put forward. Would it not be
possible to look for protein polymorphisms for
which a specific function in the brain is known?
Recent progress in the analysis of genes at the DNA
level" also suggests the 'reverse genetic' approach,
from gene to protein to basic function. Linkage
studies of monogenic EEG variants with RFLPs, for
example, should be possible and should help to
characterise the genes involved. As mentioned in
the beginning, orderly function of the brain depends
on many different gene controlled systems. From
this, one could conclude that, as a rule, genetic
variation in the 'normal' range in one of these
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components will have only a small influence on

brain function and behaviour. This also conforms to

our traditional notion of polygenic inheritance.
However, it might not always be true, since we

know that there is a hierarchy of enzymes and
proteins; variation in some biochemical mechan-
isms, for example, cofactor uptake, and even

enzymes such as glutathione peroxidase, may influ-
ence function of several other systems (see the
interesting, but very speculative ideas of Weiss59).
Glutathione peroxidase activity, for example, has
been shown to be inversely correlated with IQ in
patients with trisomy 21. ) It might possibly be
worthwhile to look for this enzyme in normal
subjects.

Let me summarise this part of my lecture. It was
my intention to suggest approaches to neurobiologi-
cally founded human behaviour genetics not only
by logical extension of approaches familiar to the
geneticist but, in addition, by reviewing our know-
ledge of the hierarchical organisation of the human
brain and looking for possible sources of variation.
The evidence we encountered was scarce. We found
a few scattered attempts but only occasional success.

One could regard this as disappointing, but in my
opinion it should rather be regarded as a challenge
to use one's imagination in order to fill in this big
white spot on the map of our genetic knowledge.

Mutation and selection in the mar(X) syndrome

Let us return to an area more familiar to the
medical geneticist. I want to show you with one

example how old and, in the opinion of some of us,

outdated problems are coming back dressed in new
clothes. You all know the marker (X) syndrome."'
In males, it is the second most common single
genetic type of mental retardation with a preval-
ence of about 1 in 2000 to 1 in 2500, the most
common being Down's syndrome. According to a

recent and well founded estimate, about 80% of
male and 30% of female gene carriers are mentally
retarded. This immediately raises the question: why
is the condition so common despite the fact that
male patients do not reproduce at all and reproduc-
tion of female patients is severely reduced? At first
glance, the most obvious explanation seems to be
an unusually high mutation rate.62 But to satisfy
Haldane's equilibrium postulate,"3 it should be
about three times as high as the highest mutation
rate estimate observed so far and, moreover, it
should be confined entirely to male germ cells, since
(almost?) no cases that could be traced back to
fresh mutations in maternal germ cells have been
observed. This is so unlikely that it calls for an

alternative explanation. What about the 20% male

F Vogel

and 70% female carriers who are not mentally
retarded according to clinical criteria? It is true that
some of them, especially the male carriers, appear
to be quite 'normal'. But what about the females?
At least among them, we should expect from the
Lyon hypothesis a more continuous distribution of
intellectual capabilities and, indeed, a pilot study on
a limited series of 'normal' carrier females showed,
in most cases, IQ scores between 70 and 90.64
A negative correlation between intellectual per-

formance in the normal or slightly subnormal range,
position in society, and reproduction has been
documented extensively in industrial countries, at
least for the century between about 1850 and 1950.
This has been a matter of concern for the old
eugenicists and has often been discussed by the
older generation of human geneticists, including
Carter in his book Human heredity,l and also
Penrose.65 Penrose, for example, explained that a
higher reproductive rate in persons with borderline
intelligence need not necessarily lead to a con-
tinuous increase of their genes in the population,
because in the same families a certain proportion of
severely retarded subjects would be expected to
occur who will not reproduce at all. In other words,
he postulated genetic equilibrium between a selec-
tive disadvantage of genes in severely mentally
retarded persons and an advantage in intellectually
borderline persons in the same families. In my
opinion, this type of equilibrium, in combination
with a moderately high mutation rate, could offer a
plausible explanation for the unusually high preva-
lence of the mar(X) syndrome.66 Recently, we have
tested the mutation hypothesis in a cooperative
statistical study of comprehensive family data from
several European countries.67 The result is not
compatible with the assumption that the mutation
rate is sufficient to explain the high prevalence of
this syndrome in our population. Since other
alternatives such as segregation distortion have been
excluded before,62 there remains hardly any other
explanation but a transitory selective advantage in
addition to a fairly, but not extraordinarily, high
mutation rate. *
With this old problem and its old-fashioned but

plausible solution, let me finish this lecture on
research strategies in human behaviour genetics. It
might help us to remember, and to learn from
pioneers of our field such as Cedric Carter, that we
should be eager to find new ways into the future, but

*I am aware that recently the hypothesis has been proposed by two groups68 69

that the mutational events involved in the mar(X) syndrome might be of a
complex nature and that clinically unaffected male carriers might carry a kind
of premutation. This, however, appears not to affect the population genetic
argument on mutation and selection. Moreover, it has been shown recently
that the incomplete and variable phenotypic manifestation might also be
explained by modifying genes.70
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Research strategies in human behaviour genetics

in order to be successful, it might be useful
sometimes to read what our scientific forefathers
have written, to follow their ways of thinking, and to
be aware of the scientific tradition of our field,
human genetics.
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