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Lionel Penrose was born in London on 11 June
1898. His father James Doyle Penrose (1862-1932)
who was a portrait painter and his mother Elizabeth
Josephine (Peckover) Penrose were both members of
the Society of Friends (Quakers), as their ancestors
had been for more than 200 years. He was the
second of four brothers. They were brought up
strictly according to the religious principles of the
Society of Friends. On Sundays for example no
games were allowed nor the reading of fiction,
though the study of natural history and of astro-
nomy in particular was encouraged. In later life
though he remained a member of the Society of
Friends he was not particularly zealous about re-
ligious meetings. However, his Quaker upbring-
ing no doubt played an important part in determin-
ing his extreme dislike of show and pretentiousness
and his pacifist outlook. Also he never acquired a
taste for fiction.
He went to The Downs School at Colwall (1908-

11) and then to Leighton Park School at Reading
(1912-16). After leaving school he served in the
Friends' Ambulance Train of the British Red Cross
in France, and was demobilized after the end of the
War in 1918.
He went up to St John's College, Cambridge, in

January 1919, where he first decided to read mathe-
matics, but soon changed to the Moral Sciences
Tripos. This was partly because he wanted to
study mathematical logic under Bertrand Russell,
and partly because it offered the opportunity of
studying psychology. However, it also involved
doing philosophy which he always claimed he could
never understand. In Part II of the Tripos he
specialized in logic and obtained a First. He was
awarded the Newcombe Prize and a Foundation
Scholarship at St John's.

After obtaining his BA in 1921 he spent a year
doing research in psychology with F. C. Bartlett and
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then went off to continue his postgraduate studies
at the University of Vienna. Here he did some
work on memory and perception in E. Biihler's
laboratory and also had the opportunity of meeting
Sigmund Freud and other leading psychiatrists in-
cluding Wagner Jauregg and Paul Schilder. At
this time he attempted to write a thesis on the psy-
chology of mathematics, but this did not get very
far, and he became more and more interested in the
problems posed by abnormal psychology and mental
disorder. He came to the conclusion that to enter
this field he must qualify in medicine. Decided on
this course, he returned to Cambridge in 1925 to do
the necessary preclinical studies (lst and 2nd MB)
and then moved to St Thomas's Hospital, London for
the clinical work. He obtained his medical degree
in 1928. At St Thomas's he was awarded the
Bristowe Medal for pathology.

After qualifying in medicine he obtained a re-
search studentship to work at the City Mental
Hospital in Cardiff. Here he was mainly occupied
in studies on a patient with schizophrenia which
formed the basis of a thesis for the MD which he
obtained in 1930. In 1931 he moved again, this
time to the Royal Eastern Counties Institution at
Colchester where he obtained the appointment of
Research Medical Officer, a position sponsored by
the Pinsent-Darwin Trust and the Medical Re-
search Council in order to foster research into
mental defect.
The move to Colchester represented the starting

point of his research career in human genetics and
in mental retardation which he was to pursue for
the rest of his life. In 1939 he moved to Canada to
become Director of Psychiatric Research for On-
tario. But he returned to England in 1945 when
he was appointed to the Galton Professorship of
Eugenics at University College London. In 1965
when he retired from the Galton Chair he became
Director of the Kennedy-Galton Centre at Harper-
bury Hospital near St Albans where he continued
to direct an active research programme till the end.
During the years after the war the subject of

human genetics underwent a period of the most
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remarkable expansion and development, so that by
the time of his death the subject was a very different
one from that which he had taken up in 1931. He
remained throughout a leading figure in the field and
exerted a considerable influence on its development
both by his own contributions and through his
students. In his 20 years at the Galton Laboratory
there was a constant stream of postdoctoral fellows
particularly from the USA but also from other
countries who came to work with him, and the
critical approach to human genetics which he
fostered consequently became widely disseminated.
He received many honours and awards. These

included Honorary DScs from McGill, Edinburgh,
and Newcastle and the Honorary MD from
Goteborg; the Weldon Medal for Biometrics from
the University of Oxford, 1950; the Albert Lasker
Award, 1960; the International Award of the Joseph
P. Kennedy Jr Foundation, 1964; the James
Calvert Spence Memorial Medal of the British
Paediatric Society, 1964; and in 1965 at the 18th
World Health Assembly in Geneva he received the
first annual award of the Leon Bernstein Founda-
tion for research in mental subnormality. He was
President of the Genetical Society of Great Britain
1955-58 and President of the Third International
Congress of Human Genetics in Chicago in 1966.
He was elected FRS in 1953, FRCP in 1962, and
FRC Psych in 1971.

In 1928 he married Margaret, the daughter of
John Beresford Leathes, FRS, Professor of Physio-
logy at the University of Sheffield. They had
four children; Oliver (b. 1929), now Professor of
Mathematics at the Open University; Roger (b.
1931), now Rouse Ball Professor of Mathematics,
Oxford, and also FRS; Jonathan (b. 1933) who is an
International Chess Master; and Shirley Victoria
(b. 1945), now a paediatrician.

The Colchester Survey
The work that Penrose was appointed to carry

out at the Royal Eastern Counties Institution under
the auspices of the Pinsent-Darwin Trust and the
Medical Research Council was planned in 1930.
The aim was to 'increase existing knowledge in the
causation of mental deficiency', and it was decided
that the first thing that had to be done was to carry
out a detailed study of a large series of mentally
defective patients of all grades and types from both
the clinical and the genetical points of view. Al-
though by that time mental defect had come to be
recognized as a major social problem, there was
very little firm scientific knowledge about its nature
or causation. Mental deficiency was the Cinderella
of the public health services, and classification of

patients was largely the product of legal and ad-
ministrative decisions designed to achieve a con-
venient way of providing care within the existing
framework of institutional and other arrangements.
The state, at that time, of what might be regarded

as educated lay opinion about the causes of mental
defect is well illustrated by a story Penrose de-
lighted to tell about the official opening of a new
wing at the Colchester Institution. The patron of
the Institution was the King and it was hoped that a
member of the Royal Family could be induced to
perform the opening cermony. The selected
candidate after some negotiation was a Royal Duke,
but it was stipulated by the civil servants who made
the arrangements that he was not to be allowed to
see any of the patients. The reason given for this
precaution was that the Duchess was at that time
pregnant. In the end it all turned out well. The
Duke was greeted with enthusiasm by a guard of
honour who proudly stood to attention to salute him.
They were all patients who belonged to the hospital
troops of Boy Scouts and Girl Guides. With some
difficulty it had been possible to persuade the
authorities that any prenatal impressions of imbe-
cility from this source should they be vicariously
transmitted to the Duchess would be innocuous.

Medical and scientific opinion was no doubt some-
what in advance of this. But little systematic
scientific research into the medical and biological
problems posed by mental defect had in fact been
carried out, principally because the subject seemed
too far removed from the mainstream of medical
science, or indeed from the mainstream of psy-
chiatry. Certainly there appeared to be few conven-
ventional career prospects in embarking on research
in this field, but to Penrose the apparent disad-
vantages and difficulties were probably among its
main attractions. He was never one to follow the
herd. Furthermore, he seems to have perceived
from the beginning that if the subject was
approached quite objectively and without pre-
conceptions, and if a careful and systematic collec-
tion of facts about a large array of patients of all
grades and types and about their families could be
compiled, then there would be for the first time
a firm base on which a critical analysis of possible
causal factors could be built. In particular he saw
that if accurate numerical information about such
things as parental age, birth order, stillbirths, and
the incidence of particular abnormalities and dif-
ferent grades of defect among the sibs and other
relatives of the patients were collected, then these
could be susceptible to rigorous statistical analysis,
an idea which was somewhat novel in medicine or
psychiatry at that time.

2 Harry Harris
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Lionel Sharples Penrose (1898-1972)

In general the subject must have appealed be-
cause it provided scope for his earlier interests in
psychology, mathematics, and pathology and also no
doubt because it represented so much uncharted
territory which could be explored in depth. It
probably also had the added attraction for him that
it was at the time a far from popular field. There
was also the social significance of the subject and its
human implications. He felt that an objective
but sympathetic investigation carried out with
scientific rigour, of people who had been classified
as idiots, imbeciles, or feeble minded, could hardly
fail in the long run to be of major importance in
improving their lot. This philosophy was simply
expressed in the following passage at the close of his
first book Mental Defect which was written during
his first two years at Colchester and published in
1933.

Since mental deficiency is not a clinical or biological
entity, but only a legal concept useful for social and ad-
ministrative purposes, the problems concerning the
subject have both a social and political as well as a scienti-
fic and medical significance. From the scientific point
of view, these problems can be coped with systematically
after sorting out the different types of individuals to be
found legally classified as mentally defective. But the
problems have also to be tackled from the social point of
view. We have to remember that there will always be,
in any human society, brilliant people and simpletons,
and what to do with the simpletons will always remain a
social problem. This is a question which civilization has
to face. A society which is ideally conducted will have
to make arrangements so that the simpletons can find a
useful purpose in their existence.

The Colchester survey was started in 1931 and
took seven years to complete. It was a detailed
clinical and genetic study of 1280 patients in the
Royal Eastern Counties Institution. It represented
an enormous amount of work, since as well as the
investigation of the patients themselves, data on a
very large number of their relatives had to be col-
lected. The scale of the study is indicated by the
fact that the 1280 patients had 6629 sibs quite apart
from their parents and other relatives.
The patients were all legally certified as mentally

defective but they did not form a homogeneous
group, and had been institutionalized by a variety of
routes. Nearly half of them had been admitted at
the request ofthe Local Mental Deficiency Authority
and were of all grades and types. About 15%91 had
been admitted to the so-called Charitable side of the
Institution, about 6% had been originally admitted
from the care of the Poor Law Guardians, and
about 3% were privately supported. These were
mainly graded as imbeciles or idiots. There were

also quite a number of patients (about 17%0) who
had been sent in by the Education Authority for
training in the Institution's residential special
schools. Finally, in about 10% of cases in the series,
admission had followed some offence against the
law, usually committed by the individual himself
but occasionally by his parents. The patients were
found to represent only about half of those who
must actually have existed in the population which
the Institution served. But different grades were
represented disproportionately. It appeared that
of the feeble minded nearly two-thirds had been
admitted, but curiously enough of the idiots only
about one-half, and of the imbeciles only about
two-fifths.
The first problem was to grade each of the patients

as far as possible in terms of their mental ability.
This was mainly carried out by the Stanford-Binet
and Porteous Maze tests which were in general use
in the Institution. Taking the normal adult mental
age as 14 years and calculating mental ratios on the
basis of the test results, the patients were classified
for purposes of analysis into four groups; dull, with
mental ratios exceeding 70, simpletons with ratios
between 50 and 69, imbeciles with ratios 20-49,
and idiots with ratios 0-19. It was found that the
gradings did not altogether match the legal gradings
on which the patients had been certified. Thus as
many as 14% of the total series of 1280 patients
appeared to have mental ratios greater than 70,
which would be regarded as falling within the range
of normality. They had evidently become liable to
legal certification as feeble minded because of anti-
social or difficult behaviour. Simpletons also usually
certified as feeble minded constituted 35%0 of the
total, imbeciles 34%, and idiots 17%. The ages of
the patients varied widely, the youngest being 4
years old and the oldest 70. But the average age
was much the same in each of the four grades
(about 24).
The patients were also examined in great detail

clinically in order to classify them as far as possible
into known diagnostic categories. Thus it was
found that 63 of the patients were typical mongols,
50 suffered from congenital syphilis, 128 had
various types of neurological disorder, 210 suffered
from epilepsy, and so on. Penrose was however
careful not to assume that the intellectual defect
was necessarily caused by the particular clinical
abnormality. In some instances this was obviously
the case, but in others was probably only a part cause
or possibly perhaps coincidental. Out of the 1280
patients only 308 had no definite signs of physical
abnormality or mental disorder.
The most formidable part of the survey was the
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Harry Harris

family history investigation. The family of every
case was visited on average two or three times
by Penrose or one of his very small group of assis-
tants. Facts were ascertained about the parents,
sibs, and the patient's own children. Wherever
possible the enquiry was extended to cover grand-
parents, uncles, aunts, nephews, nieces, half sibs,
and cousins. Ages and dates of birth of parents,
sibs, children, and grandparents were recorded.
Miscarriages and still-births were also noted: and of
course special attention was paid to specific clinical
disorders in the family members.
Not only were the patient's relatives visited but

information was obtained also from a great number
of independent sources. The records of the volun-
tary associations for mental welfare were studied;
public health authorities supplied information;
education authorities were consulted; hospital re-
cords were examined, and so on. When all the
available information had been collected, an assess-
ment of mental grade for each relative was made on a
scale intended to be comparable with the grading
system used for the patients.
The family histories obviously varied greatly in

extent and reliability. To facilitate detailed analysis
and comparisons of different groups of patients, they
were classified into three categories. The first in-
cluded families in which reliable information had
been obtained about all near relatives. Such his-
tories were obtained in as many as 920 of the 1280
patients. The second category were those where
the history was less reliable or incomplete in im-
portant details; for example where good informa-
tion had been obtained about the mother and her
relatives, but little was known about the father or
his relatives. Out of 272 patients in this category,
62 were illegitimate. There remained 88 patients
in whom the histories were very incomplete. Of
these 28 were illegitimate. Anyone who has ever
been involved in this kind of family investigation
will recognize this degree of ascertainment of rela-
tives as a remarkable achievement.
The detailed findings from the Colchester survey

were published in 1938 by the Medical Research
Council in their Special Report Series (no. 229).
This report contains a mine of information and still
remains a valuable primary source about many
aspects of mental defect. It includes 62 tables in
which the data are broken down in a great variety of
ways to examine different points, and in addition
there is an appendix giving the detailed information
about each of the 1280 patients.
Some major general conclusions emerged from

the report. Though now accepted without ques-
tion they represented very important contributions

at the time. Perhaps the most significant were the
absence of any sharp dividing line between mental
deficiency and the so-called normal state, the evident
heterogeneity of what was called mental defect, and
the multiplicity of causes both genetic and en-
vironmental which could be involved in its causa-
tion. At the end of the report Penrose remarked:

It has never seemed at all probable that a single cause
could account for all mental deficiency in the same way
that the Spirochaeta pallida accounts for all syphilis.
The aetiology of mental defect is multiple and a facile
classification of patients into primary or secondary,
endogenous or exogenous, cases would have only led to
a fictitious simplification of the real problems inherent
in the data.

Another result of general importance concerned
the overall incidence of mental defect of different
grades among the immediate relatives of the pro-
positi. In the total data the incidence of defect
among the parents and sibs of patients was estimated
to be as high as 7-9%. This exceeded the estimate
for the population in general by 6-8%. However,
mental defect was found to be more common
among parents and other relatives of simpletons
than among those of idiots, though the defects that
occurred in the families of idiots were more likely
to be idiocy than of the simpleton grade. Thus, on
the one hand, there was a general tendency for the
sibs of idiots to be more intelligent than the sibs of
higher grade patients; on the other hand, a larger
proportion of idiots was found among the sibs of
idiots than among the sibs of any other grade. It
was also noted that there were many more mentally
defective mothers than fathers, but for a number of
reasons it was concluded that this probably did not
represent a genetic phenomenon. For instance,
the care of a defective child depended more on the
grade of the mother than the father, and inefficiency
in a mother was more frequently a decisive factor in
persuading a local authority to take action to certify.

In the course of the work at Colchester a series of
specific problems concerning particular types of
patients were investigated and where necessary
data on further patients from elsewhere were col-
lected. Much of this work was published as sepa-
rate papers and only referred to briefly in the final
report. It included the now classic analyses of
maternal age, paternal age, and parity in mongolism
which will be considered later and also work on
epiloia, phenylketonuria, the sib-pair method for
detecting autosomal linkage, and a variety of other
topics (see the Bibliography on p. 20). In
addition he wrote two monographs. Mental Defect
published in 1933 gives a critical appraisal of the
state of the subject at that time. A comparison of
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this with the fourth edition of his later book, The
Biology of Mental Defect published in 1973, gives a
remarkable picture of the developments that took
place during these 40 years. The Influence of
Heredity on Disease (193419) was based on an essay
for which he was awarded the Buckston Browne
prize by the Harveian Society. It provides an
interesting account of the analytical methods then
available in medical genetics.
The work on the genetics of epiloia (193527) is of

interest for two reasons. It was one of the first
attempts to get to grips with the problem of the
genetical basis of variation in manifestation of a
human disorder apparently determined by a single
abnormal or mutant gene. It also led to one of the
earliest estimates of mutation rate in man.

Epiloia or tuberous sclerosis as it is now more
often called is a condition with very variable clinical
manifestation. Typically there is a characteristic
rash on the face known as sebaceous adenoma, the
occurrence of multiple nodules in the brain, and
epilepsy. Some of the patients are idiots or imbe-
ciles, but others are less severely retarded and still
others fall within the normal range. Other patho-
logical manifestations also occur and the patients
vary greatly from one to another. Detailed data
obtained by family visiting were obtained on the
relatives of some 20 patients with the condition.
Some of these relatives were also found to have the
condition and for purposes of analysis the various
cases were classified on the basis of the clinical
findings into severe and mild forms of the disorder.
The familial distribution observed could most
simply be accounted for by the hypothesis that the
condition was determined by a single autosomal
gene for which the patients were heterozygous.
Both mild and severe forms might occur among the
affected individuals in a single family, but there
appeared to be a positive correlation between the
degree of severity of the condition in a parent and
the degree of severity of the condition in the affected
children. Since there was no indication that en-
vironmental factors influenced the degree of severity
of the condition, this was interpreted as indicating
the occurrence of common genetic 'modifiers'. If
so, such 'modifiers' were likely to be at gene loci
other than the locus occupied by the so-called main
gene since no such correlation would be expected if
the 'modifiers' were allelic. However, it was also
found that in a proportion of the propositi neither
parent and no other relative was affected and it was
argued that these patients were likely to be the
consequence of fresh mutations. The concept of
genetic modification had recently come to the fore
because of the work of Timofeeff-Ressovsky on the

varying manifestation of certain inherited charac-
teristics in Drosophila, and R. A. Fisher had dis-
cussed the evolutionary importance of processes
of this kind. In a subsequent paper (193629)
Penrose developed the mathematical theory of the
concept as it might apply to human populations
and also considered the human data in the light of
Fisher's theory of the evolution of dominance. This
paper, which considered the inheritance of human
diseases in terms of population genetics and
evolutionary theory, represented an important new
departure for genetics in relation to medicine.
The estimation of mutation rate (193524; 193527)

to the gene determining epiloia was arrived at in
the following way. The observed incidence of
epiloia in institutions for the mentally defective was
about 1 in 300. Since the incidence of mental
defect in the general population was about 10% the
incidence of mentally defective individuals with
epiloia in the general community would be about 1
in 30,000. The family data suggested that between
one quarter and one half of the propositi were due to
fresh mutations. Thus the mutation rate per
individual per generation would lie between 1 in
120,000 and 1 in 60,000. This was probably an
underestimate because some mutants would be ex-
pected not to exhibit mental defect and so would not
have been included in the sample of propositi.
This appears to have been the first estimate of mu-
tation rate in man using the so-called direct method.
At about the same time J. B. S. Haldane obtained
an estimate of the mutation rate to the gene deter-
mining haemophilia using the so-called indirect
method. They reported their results jointly in
Nature (193524) and at the time it was thought that
this was the first information available about muta-
tion rates in vertebrates, and indeed it served as the
starting point for much subsequent work. How-
ever it was found, though many years later, that the
indirect argument had in fact been first used by
Danforth in 1923 to estimate the mutation rate of
another condition in man, but he had published in a
rather obscure journal (Eugenics, Genetics and the
Family, 1923, 1, 120).

In 1934 Folling reported the discovery that certain
patients with a severe degree of mental defect ex-
creted large amounts of phenylpyruvic acid con-
tinuously in their urine. He called the condition
'imbecillitas phenylpyruvica'. This was the first
clear example of a so-called 'inborn error of meta-
bolism' to be identified since the classical work of
A. E. Garrod in the first decade of the century and it
represented a major advance for both human gene-
tics and mental deficiency. Penrose immediately
appreciated the significance of the discovery and set
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about searching for further examples ofthe condition
among his Colchester patients. After testing the
urines of more than 500 he picked up his first case,
a 19-year-old male idiot (193523). A brother of the
patient, also an idiot though not in the Institution
was also found to have the same condition. Other
cases were subsequently identified (193526) and
family studies supported the idea that the disorder
was inherited as an autosomal recessive. The
identification of the phenylpyruvic acid in the urine
was confirmed for him by J. H. Quastel and also by
H. A. Krebs. With Quastel he then proceeded to
carry out one of the earliest metabolic studies of the
disorder (193733). They devised rapid and reason-
ably accurate methods for estimating phenylpy-
ruvic acid in urine and then proceeded to assess the
effects on the rate of excretion of phenylpyruvic acid
of feeding various substances such as phenylalanine,
tyrosine, alanine, and phenylpyruvic acid itself to the
patients and to controls. They showed that feeding
L-phenylalanine to the affected patient led to a
greatly increased urinary output of phenylpyruvic
acid, but this did not occur in the controls. How-
ever, they noted that not all the additional phenylala-
nine administered was transformed to phenyl-
pyruvic acid. They also showed that the rate of
excretion ofphenylpyruvic acid was not significantly
affected by the administration of tyrosine or alanine,
but it was greatly enhanced in the affected patient
by giving phenylpyruvic acid itself. At the time
the biochemical methods available to them were
extremely limited and it was not possible for them
to pursue the nature of the metabolic disorder
further. It was Quastel who first proposed the
name 'phenylketonuria' for the condition (193526)
and this has since become universally accepted.
Even at this early date Penrose saw the possibility

that it might eventually prove possible to treat the
condition by administering a phenylalanine-re-
stricted diet. One of the first diets he tried con-
sisted of fruit, sugar, and olive oil with vitamin pills
added. Very soon the phenylpyruvic acid dis-
appeared from the urine. But trouble started after
about two weeks when the patient began to lose
weight because of the poor nutritional content of
the diet, and the excretion of phenylpyruvic acid
began again. Penrose consulted F. Gowland
Hopkins at Cambridge about the possibility of con-
structing a nutritionally adequate phenylalanine-
restricted diet. But Gowland Hopkins estimated
that it would cost £1000 to produce sufficient for
one patient for one week. So the matter had to
rest. It was not till many years later that the dietary
treatment of phenylketonuria was taken up again by
others, this time with more success, and eventually

suitable diets became available commercially at more
reasonable prices.

Mongolism
The group of patients known as mongolian

imbeciles or mongols attracted Penrose's attention
from his earliest days at Colchester, and he was to
study them from one point of view or another for the
rest of his life. They had a very characteristic
clinical appearance and could in most cases be
readily distinguished from other forms of mental
defect. Furthermore, they were relatively common.
There were 63 examples in the Colchester series
and it was not difficult for him to find additional
cases to study elsewhere.
Nothing was understood about the causation of

the condition. But it had long been known that
mongols were more frequently born to elderly
parents and more frequently occurred towards the
end of a family, often being the youngest child.
However, the relative importance of maternal age,
paternal age, and birth rank as aetiological factors
was obscure as maternal age and paternal age tend
to be highly correlated, and the later birth positions
in a family occur at higher parental ages. Penrose
set out to disentangle these effects.
He first considered the relative influence of

maternal and paternal ages (193315). He had by
this time collected accurate data on parental ages in
150 families each containing a mongol child. There
were in all 154 mongol and 573 normal children.
He found as expected that there was a highly sig-
nificant correlation between maternal age and the
birth of a mongol child and also between paternal
age and the birth of a mongol. He then applied the
partial correlation technique which had earlier been
used by Sewall Wright to deal with a similar
problem concerning the incidence of polydactyly in
guinea pigs. He found that the partial correlation
between maternal age and mongolism after eliminat-
ing the effect of paternal age was still highly signi-
ficant, whereas the partial correlation of paternal age
and mongolism after eliminating maternal age was
negligible. Thus the result suggested that paternal
age was not an important aetiological factor in the
causation of mongolism. But characteristically
cautious he noted that the partial correlation tech-
nique applied was open to certain objections, in
part because of the hypothetical nature of the
variable mongol-normal. So he devised another
approach which besides being more precise didnot
present these difficulties. He calculated for the
whole data the mean age of the mothers and the
mean age of the fathers at the birth of the mongol
children and at the birth of the normal children.

6 Harry Harris
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He also calculated for the set of families the re-
gression of paternal age on maternal age and simi-
larly the regression of maternal age on paternal age.
Using these regressions he could then estimate the
expected paternal ages for the mongols and the
normals assuming that the maternal ages were fixed.
Similarly he could estimate the expected maternal
ages assuming that the paternal age was fixed. The
result was clear cut. The differences between the
expected means of the paternal ages for the mongols
and the normals did not differ significantly from the
difference between the observed means. In con-
trast the difference between the expected mean
maternal ages for the mongols and the normals was
clearly less than the difference between the ob-
served means. In this case the difference be-
tween the expected and observed differences was
nearly six times the standard error. Thus paternal
age could be dismissed as a major aetiological factor
in mongolism. A similar conclusion was reached
independently by R. L. Jenkins in the USA at
about the same time (American journal of Diseases of
Children, 1933, 45, 506).

Penrose then turned to the question of the relative
importance of maternal age and birth order, which
represented a much more difficult statistical problem
(1934 21, 22). By this time he had accurate data on
217 sibships each containing at least one mongol.
There were in all 224 mongols and 807 normaJ
children in the sibships. He first showed that, as
expected, late birth rank like maternal age was
highly correlated with the birth of the mongols.
But maternal age seemed to be somewhat more
closely associated with the occurrence of the abnor-
mality than high birth rank. It therefore seemed
reasonable to proceed by testing the hypothesis that
the probability of a mongol child depended on
maternal age in some unknown manner, but that for
any given maternal age it did not depend on birth
rank. The problem was made difficult by the vary-
ing sizes of the sibships and by the mode of their
selection for inclusion in the data. The first method
he devised (193421) led to the conclusion that the
birth rank effect might be entirely accounted for by
the effect of maternal age. However, the method
was open to objection because of certain assumptions
and approximations it had been necessary to make
in the calculations. He then developed a quite
different method (193422) which avoided these
ambiguities, using an approach suggested by R. A.
Fisher. With this method which involved a rather
complex series of calculations it was possible to
compare the observed numbers of mongols in any
given birth rank with the number expected accord-
ing to the hypothesis. It was also possible to test

whether the differences between the two sets of
numbers could be reasonably attributed to random
sampling error or whether they must be regarded as
due to a residual effect of birth order. The result
was unambiguous. The observed and expected
numbers for each birth rank were in good agreement
and it could be concluded with some confidence that
birth rank as such was not an important aetiological
factor in the causation of mongolism.
He also considered the question as to whether the

length of the birth interval immediately preceding
the birth of a mongol child was of aetiological im-
portance, as had been suggested by some authors.
He demonstrated that where a mongol birth was
both preceded and followed by a normal birth, the
birth intervals between the mongol and the preced-
ing birth and between the mongol and the succeeding
birth were not significantly different. If anything
the interval between the mongol and the succeeding
birth was slightly longer. Thus an increased birth
interval, representing as had been argued a period of
diminished fecundity, did not appear to be of any
causal significance.

This very rigorous analysis of parental age and
birth order firmly established the pre-eminent im-
portance of maternal age in the causation of mon-
golism. However, Penrose recognized that this
did not necessarily mean that maternal age was a
significant factor in all cases. Indeed mongols are
sometimes born to quite young mothers. A great
deal of his subsequent work on mongolism was
concerned with probing this aspect of the problem
further.

Although the majority of cases of mongolism are
sporadic, it had long been recognized that occa-
sionally the condition occurred in two or more
closely related individuals, though of course with a
condition as common as mongolism this might well
have been attributable to chance and need not
necessarily imply some genetical factor. A few
examples of familial mongolism were encountered
in the Colchester survey. Also some mongols were
recorded among the relatives of the non-mongol
propositi. It was found, however, that the inci-
dence of mongolism was about 10 times greater
among the relatives of the mongols than among the
relatives of the non-mongol patients, and with the
large numbers of relatives studied the difference was
clearly significant statistically even though the
absolute numbers of mongols among the two sets of
relatives were quite small. The finding suggested
that some genetical factor might indeed be involved.
A suggestion which was strengthened by one
particular family in which three sisters each had a
mongol child and their mother's sister also had one.
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An additional finding in this family, and one which
he felt could hardly be fortuitous, was that the
maternal ages for the mongol births were not
apparently elevated (193836). Penrose pursued the
problem of maternal age in familial mongolism
persistently in subsequent years, and in 1951 pub-
lished a detailed analysis of all the material then
available"19. It included besides the data he had
been able to to collect himself, all the data reported
in the literature as well as additional information
supplied to him by a variety of workers. He
showed that the maternal ages of cases of familial
mongolism were on average significantly lower than
in cases of mongolism taken as a whole, and that the
effect was particularly striking where the apparent
inheritance of the condition appeared to have been
through the mother.

Various possible genetic hypotheses to account for
the slight but evidently significant familial incidence
of mongolism were worried over and analysed
throughout this period (eg, 193945; 195111;
1954136); but no satisfactory explanation could be
reached. Various approaches to the problem of
the possible genetical basis of mongolism were
tried, but though they failed to produce a solution
some new facts emerged which were to become of
considerable interest later. One of these ap-
proaches was concerned with the study of palmar
dermatoglyphics (194996; 1954135).
Mongol patients show a complex pattern of

morphological peculiarities and there was some indi-
cation from previous work that certain of these
peculiarities might occur more often among the
normal relatives of mongol patients than in the
general population. However, the observed effects
were small and since the traits which had been
examined like 'fissured tongue' and 'transverse
palmar crease' were not readily susceptible to exact
measurement, the conclusions seemed somewhat
insecure. Penrose saw that what was required for
such a study was a trait which could be treated
metrically and which by itself was a good dis-
criminant between mongols and normals. The
patterns of the palmar dermal ridges were known to
be unusual in mongolism and after some trial and
error he chose the so-called atd angle of the palmar
triradii as a convenient metrical trait for his pur-
pose. The atd angle was defined as the angle sub-
tended at the most distal axial triradius (t) in the
palmar ridge pattern by the most medial triradius
(d) and the most lateral triradius (a) on each hand.
By simple palm printing procedures a permanent
record of the dermal ridges could be obtained and
the atd angle measured quite accurately. The
measurements provided a continuous variable which

could be treated statistically. They also served as a
good discriminant between mongols and random
normals. Thus he found that if this were the sole
means of diagnosis only 12% of mongol patients
would have been misclassified. He collected palm
prints on a control sample of 2046 individuals, on
235 mongols, and on 403 parents and 295 sibs of the
mongols. In all 5958 hands.
The analysis showed a slight but significant

deviation among the normal relatives towards the
mongol values. For example, using an atd angle
of 570 as a point of discrimination, he found that
about 80% of mongols had values greater than this
but only about 8 5% of the controls. Among the
relatives just over 13% had angles greater than 57°,
a small but significant difference from the controls.
More precise metrical analysis gave the same re-
sult. Although the absolute difference between the
mean values for relatives of the mongols and the
controls was very small, it was statistically highly
significant because of the large amount of data. It
was also noted that the effect was most marked
among the mothers and sibs ofthe mongols, but only
slight and probably not significantly in the fathers.
Also it was noted that the effect appeared to be en-
hanced in families where there were two mongols in
the sibship. There seemed no doubt about the
reality of the finding. Its explanation was, how-
ever, quite obscure, though it seemed to indicate
that some genetical factor was at work.
The turning point in the study ofmongolism came

in 1959 with the discovery by Lejeune and his
colleagues in Paris that mongols are trisomic for a
small acrocentric chromosome. This discovery
was made possible by the development of new tech-
niques which enabled human chromosomes to be
accurately studied for the first time. These
techniques rapidly became simplified so that before
long chromosome analysis became almost a routine
procedure. As a result in the next few years a
number ofnew facts about mongols were established
which began to explain the puzzling nature of many
of the earlier findings. Most mongols were found
to have 47 chromosomes instead of the usual 46, the
additional one being a small acrocentric designated
No. 21. The trisomy for chromosome No. 21
evidently resulted from non-disjunction in gameto-
genesis and the marked maternal age effect indi-
cated that this usually occurred in the mother rather
than the father. Presumably the likelihood of non-
disjunction increases with advancing maternal age.
However, it was also found that a small proportion
of mongol patients had 46 chromosomes but that
one of them was abnormal and represented a trans-
location of a large part of No. 21 on to some other

8 Harry Harris
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Lionel Sharples Penrose (1898-1972)

chromosome, so that effectively the patient was
trisomic for No. 21. In some of the cases both
parents showed normal karyotypes, but in others one
of them had only 45 chromosomes which included
the translocated chromosome and only one other
representative of chromosome No. 21. Since the
translocated chromosome could be transmitted
from such a carrier who is phenotypically normal to
some of the offspring, the general phenomenon
could explain at least some of the unusual pedigrees
of familial mongolism which had previously been
recorded.
A further phenomenon to be discovered was the

existence of so-called mosaic individuals, in whom
cells of the standard trisomic mongol karyotype
occurred along with cells having the normal karyo-
type. Such individuals though often apparently
normal in most respects might exhibit in some
degree phenotypic traits common in mongolism.
Penrose immediately appreciated that mosaicism
might perhaps explain the dermatoglyphic devi-
ations observed among the relatives of mongols.
On the basis of his earlier dermatoglyphic findings
he estimated that about 10%0h of the mothers of a
single mongol child might be mosaics, and perhaps
50%/o of the mothers of two or more mongols
(1963216; 1964228; 1965230).
The chromosomal results as they steadily accumu-

lated led him of course to re-examine the question of
maternal age. He had long been aware that the
maternal age distribution of mongolism tended to
bimodality. In data from some populations there
appeared to be two maxima, one at about 27 years
and the other at about 42 years, though in most data
there was merely a marked skewing of the distribu-
tion (1951119). The overall distribution could
most simply be regarded as being made up of two
different distributions. One would comprise cases
in which maternal age is not a significant factor and
would therefore correspond to the distribution of
maternal ages in the general population. The other
would represent cases in which maternal age is a
major influence. On this basis he was able to
estimate that the proportion of cases of mongolism
uninfluenced by maternal age was likely to be a little
less than 330o in England and Canada, but might
approach 50%' in Japan, the USA, and the USSR
(1965241).
The problem now was to analyse this further in

terms of the chromosomal findings. The published
data (1966241) showed that no maternal age effect
occurred in those patients (about 2-3%° of all
mongols) with a translocation between chromosome
21 and one of the D-group chromosomes. As these
cases much more frequently have a carrier mother

than a carrier father this result helped to account for
the earlier finding of lower maternal ages in familial
mongolism when transmission appeared to be
through the mother. Another class of translocation
mongols in which the translocation was between
chromosome 21 and another G-group chromosome
gave a different and quite unexpected result. Here
a strong paternal age effect was identified (1962208;
1966241) but no apparent maternal age effect. Be-
cause this type of translocation only occurs in about
10% of all mongols, this paternal age effect had been
hidden in the earlier studies (193315) where inevi-
tably data from all patients had been pooled to-
gether. Two other classes of mongols were identi-
fied in which maternal age did not appear to be
significant. One class represented the products of
the very rare situation where a mongol patient has
given birth to a mongol child. The other consis-
ted of mongols born to mosaic parents (1966241;
1967249). Thus the cases of mongolism in which
elevated maternal age appeared not to be of aetio-
logical significance were evidently a heterogeneous
group, though only a proportion of the total esti-
mated number of such cases could be specifically
identified. The causal factors involved in the re-
mainder are still obscure.

It might be thought because of his insistence on the
collection of exact factual data about mongols and on
its detailed statistical analysis, that Penrose re-
garded these severely retarded individuals simply
as convenient biological objects to study. But
nothing could be further from the truth. From the
very beginning at Colchester he was attracted and
charmed by their usually good tempered disposi-
tions, their liveliness, and their frequent liking for
music. His feelings about them are perhaps best
illustrated by a passage from his book Mental Defect
published in 1933, where he was describing some of
the characteristic signs of the condition, which he
suggested might be regarded as remnants of fetal
existence.
The name 'foetalism' could well be applied to the

condition and this would be a more characteristic name
than 'mongolism'. The peculiar temperament of the
affected persons, their secret source of joy, may be akin to
the sort of happiness which the foetus might be supposed
to experience in its blissful intrauterine surroundings.
This was a somewhat florid passage for him, be-
cause his prose was normally very cautious and re-
strained. However that may be, he always seemed
to derive a great deal of pleasure out of working with
mongols and also playing with them. As far as he
was concerned there was no question that they were
each to be regarded as human beings in their own
right.
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He never cared for the term 'mongolism' since it
had no aetiological or other relevance at all. In
later years he preferred to use the name 'Down's
anomaly' for the condition after J. Langdon Down
who had first described it as a clinical entity in 1866
and also incidentally coined its inappropriate and
misleading name.

Canada (1939-45)
In 1939 Penrose took up the appointment of

Director of Psychiatric Research for Ontario, and
much of his work during the next few years was
concerned with mental disease rather than with
mental retardation.
A major problem which had emerged at this time

was the evaluation of the effects of the new forms of
shock therapy which had recently been introduced
for mental disease and which were already being
widely applied at many different centres. The two
most generally used were the insulin coma treatment
and the metrazol-induced convulsion treatment
later superseded by electric shock therapy. But the
published results from different centres about the
efficacy of these treatments varied extremely widely,
largely because of varying standards of assessing the
degree of severity of the disease and of what con-
stituted improvement or recovery. It was apparent
that to determine whether shock treatment did any
good, a method of estimating the prospects of
spontaneous improvement or recovery in the group
of patients treated was required. Some quite ob-
jective assessment of improvement was also needed,
and the simplest criterion seemed to be whether or
not a patient had been discharged from a hospital
after a given time, or conversely whether he still re-
mained on its books. Using this criterion Penrose
proceeded to devise a quite new procedure for
evaluating the effects of the treatments. In the
province of Ontario, records of all patients who had
ever been admitted to the provincial mental hospi-
tals were available at a central office. The essence
of the new method was to compare the actual num-
ber of shock-treated patients occurring on the hos-
pital books at a given time after treatment with the
expected number calculated from a random sample
of the total mental hospital population (194359).
Tables were constructed from data based on more
than 8000 case histories, which gave the chance of a
patient still being on the hospital books at a given
time in the future, taking into account the age at
first admission, sex, and length of time since ad-
mission. It was then possible to compare the num-
bers of treated patients remaining on the hospital
books after a given lapse of time with the expected
numbers calculated from the tables. Data on some

1600 patients with one or another form of shock
therapy were available, and the effects of treatnxent
could be assessed after two years and also after three
years of its commencement. The combined results
indicated that there was a significant though modest
positive effect of treatment. However, when the
data were broken down by diagnostic category it was
clear that the schizophrenics had hardly benefited
at all; whereas there was a quite striking effect among
the patients classified as having manic-depressive or
involutional psychoses. A later analysis (194467)
considered the effects of treatment after a lapse of
five years. It now appeared that the number of
treated patients still on the books ofthe hospitals was
not very different from the numbers which would
have been expected. It appeared that those who
had benefited from shock treatment would have im-
proved anyway and would probably have been dis-
charged within five years, but that the treatment had
speeded the recovery.
Other papers written during this period included

an interesting discussion of the possible relevance
of Fisher's theory of the evolution of dominance to
the observed sex differences in the age of onset of
certain forms of mental disease; an account of a
non-verbal intelligence test, the so-called pattern
perception test he had developed (194463); some
experimental results aimed at finding a useful dis-
criminant between psychotic and normal subjects
(194685); and a study of assortative mating in re-
lation to mental illness (194465; 194573).
He also published two intriguing papers about the

relationship of the provision of mental health ser-
vices to the incidence of serious crime in different
countries (193939; 194360). In the first he used
statistics from various European countries to show
that there was an inverse relationship between the
amount of accommodation provided in mental
hospitals and the prevalence of serious crime in the
different countries. In the second paper he used
the available statistics from different states in the
USA to show that there was a negative correlation
between the number of admissions of mentally de-
fective patients and epileptics to institutions in the
different states and the number of prisoners re-
ceived from the courts into state prisons. He also
noted that in the Union of South Africa a similar
effect was to be observed if one compared the
European and non-European populations of that
country. The number of inmates of mental hospi-
tals per 1000 of the population was about four times
greater for the Europeans than the non-Europeans.
In contrast the number of prisoners per 1000 of the
population was nearly six times greater for the non-
Europeans than for the Europeans. 'Few Euro-
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peans', he remarked 'would interpret the correlation
between mental illness and white population as
evidence of constitutional inferiority of mentality
among the whites, though some might be willing to
ascribe the large amount of crime in coloured popu-
lations to innate tendencies.' Later he often pro-
pounded the view that a useful index of the degree of
civilization a country had reached might be ob-
tained by dividing the number of people in mental
hospitals and institutions for the retarded by the
number of people in prisons.

The Galton Chair (1945-65)
Penrose returned to London in 1945 to take up the

appointment of Galton Professor of Eugenics and
Director of the Galton Laboratory at University
College. The Chair had been originally estab-
lished in 1911 with a bequest from Francis Galton
who died in that year. Karl Pearson was the first
Galton Professor. He had previously been Pro-
fessor of Applied Mathematics, but he then became
head of a new Department of Applied Statistics
which incorporated the two existing laboratories for
Biometrics and Eugenics which he had already
started. The Eugenics Laboratory, later to become
known as the Galton Laboratory, had been set up in
1906 with the purpose of collecting data on human
inheritance and with studying the relative impor-
tance of heredity and environment in some of the
fields which were stirring the sociologists of the day
such as alcoholism, tuberculosis, and infant mor-
tality. Karl Pearson continued as Galton Professor
until his retirement in 1933. At this point the col-
lege decided to split the Department of Applied
Statistics into two separate departments, Eugenics
and Statistics, and R. A. Fisher was appointed to the
Galton Chair and became head of the Department
of Eugenics. In 1935, J. B. S. Haldane had come to
University College and had a separate department
of Biometry. However, when Fisher left the
college in 1943 to take up the Chair of Genetics in
Cambridge it was decided to form one department
of Eugenics and Biometry, with Haldane as its Head.
Penrose was appointed to succeed Fisher in the
Galton Chair. Eugenics and Biometry were
located at different ends of the college so, although
administratively one, they continued to function for
most purposes independently. Penrose got on well
with Haldane and valued the association highly.
However, he also appreciated the physical separa-
tion of the two groups, since it served to protect him
to some extent from the immediate impact of
Haldane's periodic explosions against the college
administration and others.

Shortly before Haldane left in 1957 to go to India,
Penrose became Head of the joint department now
known as 'Eugenics, Biometry and Genetics'. He
never liked the name Eugenics, because it seemed
to him to be too much associated with uninformed
and dangerous policies of racial purification, and
eventually, but only in 1963, succeeded in getting
the title of his chair changed to the Galton Pro-
fessorship ofHuman Genetics. The long delay had
been because of legal problems connected with the
original wording of Galton's will. However in the
preceding years he had side-stepped the difficulty
by making sure that the printed heading on his
notepaper was simply 'The Galton Laboratory,
University College London'.
As Galton Professor he also succeeded to the

editorship of the Annals of Eugenics. The journal
had been originally started by Karl Pearson in 1925
and subtitled 'A journal for the scientific study of
racial problems'. Later under R. A. Fisher the
subtitle became 'A journal devoted to the genetic
study of human populations'. Penrose altered the
subtitle to 'A journal ofhuman genetics' and in 1954
succeeded in getting the name of the journal itself
changed to Annals of Human Genetics. It had be-
come the leading academic journal in the subject
and under Penrose's editorship continued to main-
tain its high reputation.

In 1945 when Penrose took up the Galton Chair
the College was only beginning to become reas-
sembled after the war, during which much of it had
been evaculated to places outside London. There
was a great deal of bomb damage and inevitably
many makeshift arrangements. The Galton
Laboratory consisted of a few rooms and virtually
no equipment. In effect its research programme
had to be rebuilt from scratch. Funds from the
College for research activities in a subject which
formed no part of the undergraduate curriculum
were very restricted. However, Penrose was
fortunate in obtaining generous support from the
Rockefeller Foundation and this indeed was to
finance much of the work of the Galton Laboratory
during the next 20 years.

Penrose unlike his predecessors was medically
qualified and was more directly interested in gene-
tical problems as they related to medicine. Much
of his work was in the tradition of the mathematical
and statistical approach to genetics for which the
Laboratory had previously been best known. But
under his direction the work in human genetics
became much more broadly based than in the
past.
He continued of course with his work on mental

deficiency, particularly mongolism, and to do this
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effectively he established a close working relation-
ship with Harperbury Hospital, an institution for
the mentally retarded near St Albans, where he
could see and investigate patients. However, he
also initiated a series of major investigations into
other aspects of human genetics.
One of these was a study of breast cancer. The

aim was to find out whether the incidence of breast
cancer among the immediate relatives of affected
patients was greater than in the general population.
Previous studies had mainly compared the incidence
of the condition among the relatives of a set of
propositi with the relatives of a set of controls.
Although they had provided suggestive evidence of a
raised familial incidence, the results were indecisive
because of uncertainties about the accuracy of the
control data which was inherently difficult to collect.
Penrose had the idea of getting round this difficulty
by making use of death certificates, so that the ascer-
tained number of affected individuals among the
relatives of the propositi could be directly compared
with expected numbers derived from the Registrar
General's data for the general population over the
previous 30 years, ofcauses of death in each age group
in different years (194892. 93). The death certifi-
cates were checked for detail against hospital records.
Altogether information about the relatives of 510
patients with breast cancer was obtained, a consider-
able undertaking. The critical data concerned the
mothers and sisters. Among 406 mothers who had
died, 25 had had breast cancer whereas only 11 12
were expected from the mortality in the general
population by age and year. Similarly among 307
sisters who had died, 23 had had breast cancer
whereas only 6-97 were expected. Mortality
among these relatives from other sorts of malig-
nancy agreed well with the expected numbers de-
rived from the Registrar General's data. Thus
there was a clearly significant and specific familial
concentration of the condition.

Another major investigation initiated in the early
years at the Galton concerned the biometry and
genetics of variation in birthweight. A consider-
able body of data was assembled which enabled
detailed analyses to be carried out on the influence
on birthweight of factors such as gestation time,
maternal age, parity and also of genetic factors
(1951115, 119, 121; 1952124; 1961204). Among the
various interesting findings which emerged, one
concerning the relationship of birthweight and
infant survival was particularly intriguing and also
somewhat unexpected. The lowest mortality rate
was found to occur at birthweights appreciably
higher than the mean birthweight of survival chil-
dren; the optimal birthweight for both males and

females being close to 8 lb (3-6 kg). This was sur-
prising because it might have been expected that as a
result ofnatural selection, the mean would have been
the most favourable value.
The combined data enabled Penrose to estimate

the approximate contributions of different factors
to the overall variation in birth weight (1954140;
1961204). About 38% of the total variation ap-
peared to be genetical in origin, some 20% being
attributable to the mother's genotype and 10% to
the genotype of the fetus. Of the remaining vari-
ance about 24% could be attributed to maternal
health and nutrition, about 7% to maternal parity,
about 1% to maternal age, and about 300o to uni-
dentified intrauterine factors. This novel type of
analysis of a particular aspect of human variation
was of importance because of the complexity it re-
vealed. It demonstrated the care clearly required
in the consideration of any quantitative variable in
man. Penrose was careful to point out that this
partition of the causes of birthweight variation
could only be taken to apply to a relatively stable
western European community. In other circum-
stances such as famine or war, or in other parts
of the world the relative contributions of the
different components to the variation might be very
different.

Papers on a variety of other topics in human gene-
tics were also published in this period. One of
particular interest was concerned with an idea
widely held among medical people that there was
some mysterious process by which certain heredi-
tary diseases became progressively more severe in
succeeding generations of a family (194890). This
was known as 'anticipation'. Penrose showed that
the apparent occurrence of 'anticipation' in pedi-
grees of inheritance diseases was in general a conse-
quence of the manner in which the material had
been selected and was not a phenomenon of direct
biological significance. It was likely to be most
marked in disorders where there was a particularly
wide variation in age of onset, but where there was
little or no correlation between affected parents and
children in this respect. The argument was
illustrated by an analysis of the published pedigrees
of the autosomal dominant disease, dystrophia
myotonica, which appeared to exhibit the pheno-
menon to a particularly marked degree. He also
noted another feature of this condition which tended
to enhance the effect. This was that while the
parent-child correlation with respect to age of on-
set was low, the sib-sib correlation was quite high.
He argued that such a pattern of interfamilial
correlations was what would be expected if the
variation in age of onset was dependent on the
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nature of the particular normal allele which occurred
together with the abnormal gene which determined
the condition.

Another important piece of work was the demoli-
tion of a long-established myth in human genetics.
This involved the famous pedigree of ichthyosis
hystrix gravior, the so-called Lambert pedigree,
which purported to show that this particular con-

dition was determined by a gene on the Y chromo-
some. The pedigree as then drawn appeared to
cover seven generations and indicated that the con-

dition was inherited directly from father to son, all
the sons being affected but none of the daughters.
It was reproduced in most textbooks ofhuman gene-

tics and was generally accepted as an authentic
example of Y-linked inheritance. Many examples
of X-linked inheritance were known, but this
appeared to be the only Y-linked case. Hence its
widespread citation and its almost universal use in
teaching. Penrose had always been sceptical about
the validity of the pedigree, but he only became ac-

tively interested on the matter in 1956 when Curt
Stern spent a short sabbatical at the Galton Labora-
tory. Stern was preparing a new edition of his
well-known textbook on human genetics and was

proposing to include as before the Lambert pedi-
gree. Penrose expressed doubts about its reliability
and together they decided to see whether the pedi-
gree could be authenticated. Stern took on the
task of searching the early literature, while Penrose
set out to search the original parish records in
Suffolk where the critical members of the family had
lived more than 150 years earlier.
The story had begun in 1732 with the publica-

tion by the astronomer John Machin in the Philo-
sophical Transactions of the Royal Society (37, 299)
of what he described as an uncommon case of dis-
tempered skin. The subject was a boy aged 14.
At birth he had been normal but within a few weeks
his skin became covered with a rugged bark or hide
and in some places with an innumerable company

of warts or slender protuberances. His palms, soles,
face, and head were free. The father of the boy, a

Suffolk labourer was not himself affected, nor was

the boy's mother, nor were his brothers and sisters.
In 1755 a further account of the boy, now grown up,

was given by Henry Baker (Philosophical Transac-
tions of the Royal Society, 49, 21). He was named
as Edward Lambert and had married and had had
six children all of whom were affected in the same

way. Only one, however, had survived, a boy then
aged eight. The boy and his father were exhibiting
themselves at the George Inn, Fenchurch Street,
under the title 'The astonishing porcupine man and
his son'. Twenty years later the son was still in

London on exhibition, but soon after married and
went back to Suffolk. After the lapse of another 25
years two sons of his with the same condition were
on exhibition, and subsequently these two brothers
went on an extended continental tour, and they be-
gan to elaborate their history. They now said that
their grandfather was an adopted child who had
been brought from a distant land, either Australia
or the Davis Strait. They also fixed the mode of
inheritance of the condition by asserting that only
the males in the family had been affected and they
claimed to have seven sisters at home in Suffolk, all
with perfect skin. Their tour of Europe started in
about 1800, and subsequently Richard turned up in
London again where he earned his living by show-
ing himself as 'a new species of man'. They were
examined by many physicians during this period
and the condition was quite well documented.

This was the essence of the story as far as could be
judged from contemporary records. The family
had not been heard of for more than a hundred
years. Penrose had the idea that a search of parish
registers in Suffolk might well provide critical data
about the details of the pedigree. The first ques-
tion concerned the origin of the first 'porcupine
man', Edward Lambert. He had presumably been
born around 1717 and it seemed worth while trying
to find out if he had been born in Suffolk, or if as his
grandson's story went he had been an adopted
child brought to this country from afar. Penrose
set about systematically going through the diocesan
records collected at Bury St Edmunds and it was
eventually possible to identify the baptism ofEdward
Lambert on 15 December 1716 at the village of
Sapiston. This disposed of the grandson's account.
The next question concerned the sexes of the six
children of Edward, all said to be affected like him-
self. Some casual hints in the early descriptions
indicated Brandon as the likely place of their births.
So the Brandon registers were searched. Evidence
for exactly six children of the right parentage, bap-
tized or buried there during the expected period was
indeed obtained. Unfortunately for the traditional
story, however, two of them were daughters. A
search for the next generation led Penrose to north-
east Suffolk. It turned out that John and Richard
had had four more brothers and there was evidence
that three of these were unaffected. It also ap-
peared that they had only one sister and not seven
as they had claimed and as was shown on the stan-
dard pedigree. Furthermore, it emerged that the
porcupine men shown in the last two generations of
the pedigree were also probably fabrications.
Thus a new pedigree was eventually constructed.

It differed in many important details from the one
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that had been handed down by tradition and copied
from one text to another. In particular it no longer
suggested Y-linked inheritance. The extensive
searches of the parish registers was of course a very
laborious undertaking in which. Penrose was helped
by his wife Margaret. As he wryly remarked in
writing about it:

Until recently it was thought that outstanding prob-
lems ofhuman heredity could be adequately investigated
without moving from an armchair. This method is now
believed to be inefficient. ...
The late 1950s saw the emergence of methods for

the routine study of human chromosomes, and
Penrose immediately appreciated that this would
open a new chapter in human genetics and also in
mental deficiency research. He took up this new
field of work with enthusiasm and set up a small
group to work on cytogenetics at the Galton Labora-
tory. Among the various cytogenetic studies in the
following years, three are specially noteworthy.
One was concerned with an individual who showed
the characteristic features of both mongolism and
the Klinefelter syndrome and who was found to
have 48 chromosomes (1959176; 1960187). He was
trisomic for chromosome No. 21 and also XXY.
Another important study led to one of the earliest
descriptions of a translocation between chromosome
No. 21 and one of the D-group chromosomes,
resulting in familial mongolism (1960189; 1961202).
Another paper (1961195) reported the occurrence of
triploidy in an early abortus, an observation which
was the forerunner of a further important line of
work in human cytogenetics.
The discovery of other chromosomal abnormali-

ties besides mongolism which appeared to be due to
non-disjunction raised the question as to whether
such abnormalities were also associated with in-
creased maternal age. In an interesting analysis
(1964226) of an extensive body of published data on
sex chromosome anomalies, he showed that while a
marked increase in maternal age was to be found
with the XXY and XXX syndromes, no such effect
occurred in the XO syndrome. Furthermore, he
showed that the distribution of maternal ages in
XXY and XXX was probably attributable, as in
mongolism, to the occurrence oftwo groups of cases;
one group being uninfluenced by maternal age and
the other group being strongly influenced by
maternal age, and indeed roughly to the same degree
as the corresponding group in mongolism.

Theoretical Work
C. A. B. Smith writes:
Discrimination. Penrose was interested in the

statistical problem of discriminating between two
classes of individuals on the basis of measured
characters. This arises particularly in the use of
psychological tests to discriminate between popula-
tion A, say normals and population B, say psychotics,
where the scores from various tests must be com-
bined in the most suitable way (194570). The re-
sults are most concisely and easily expressed in
matrix notation, although Penrose did not use this.

Let q = (ql, ...., qm)T be the vector of m
measured characters, and qA, qB the means in the
two populations, with difference vector D = qA -
qB. If we suppose that the variance matrix V is the
same in the two populations and that the distribu-
tions are Gaussian, then Fisher had shown that the
most efficient discrimination between population
A and B was achieved by considering for each indi-
vidual with measurements q the value of the linear
discriminant function A(q) = DTV'lq. This is
simple to use, but its evaluation in the first place re-
quired the inversion of the matrix V, which was
then tedious (and still is without a computer).
Penrose (194788) suggested that very good results
could be obtained by assuming that all the correla-
tions between the characters had a common value r.
If we normalize all the characters to have standard
deviation 1, then

V= (1-r)l+rllT
(where JT = [1,1, . , 1]) and

V-1 = (1-r)-' [l-rllT/(l-r+rm)]
for W-1 = 1. Hence the linear discriminant be-
comes

A(q) = (l-r) 1 [DTq- rDmT JTq

Now ifwe write
P(q) = lTq; Q(q) = M(lTD)-DTq -lTq

then it follows that (i) P(q) and Q(q) are linear
functions of q; (ii) A(q) is a linear combination of
P(q) and Q(q); (iii) under the assumptions we have
made regarding the form of the variance matrix
V, P(q) and Q(q) are uncorrelated in both popula-
tions A and B; (iv) for any particular individual with
measurements q, the calculation of the values of
P(q) and Q(q) require only a calculation of the
differences D between the population means. No
matrix inversion is required, not even the finding of
a correlation.

Penrose called P(q), Q(q) respectively the 'size'
and 'shape' of the individual with measurements q.
Hence we may proceed by calculating P, Q for
each individual, and then treating the discrimina-
tion problem as one in two uncorrelated characters,
P, Q, only. The arithmetic required is extremely
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Lionel Sharples Penrose (1898-1972)

simple, the loss of efficiency is small, indeed negli-
gible when it is based on assumptions of normality
of distribution and equality of variance which
rarely hold exactly in practice. In a later paper
(1954134) Penrose pointed out that this means that
the Mahalanobis generalized distance between two
populations is (to a good approximation) simply the
sum of the 'size distance' and 'shape distance'.

Sib-pair Linkage Tests. During the 1930s a
great deal of thought was put into the problem of
how autosomal linkage might be detected in human
families. One obstacle is that linkage only has
an observable effect when at least one parent in the
family is a double heterozygote, say GgHh. When
such a parent is genetically GH/gh (so-called coupl-
ing phase) the effect of linkage is to increase the
frequencies of children with GH or gh chromosomes,
and to decrease the frequencies of children carrying
Gh and gH. When the parent is Gh/gH (so-called
repulsion phase) the effect of linkage is exactly oppo-
site, increasing the frequencies of Gh,gH and dimin-
ishing those of GH,gh. Unfortunately, in general,
coupling and repulsion are indistinguishable in
phenotype and occur equally often in the population,
so that on the average they cancel out, and a simple
count of the frequencies of different types of children
is uninformative. Penrose (193525) suggested a
simple way out of this difficulty, by considering not
single children but pairs of children (sib-pairs). If
a pair of sibs are alike as regards one character, such
as both dominant G, or both recessive gg, then when
there is linkage they will tend to be alike as regards
the other character, ie, more often both H or both hh
than would be expected by chance. Similarly, ifthey
differ in the G character (one G, one gg), they will
tend to differ also in H. Hence linkage gives rise to
an association among sib-pairs. Penrose noted
that this test did not require any testing of the
parents, and hence in principle might be applied
to mass testing of schoolchildren. It can also
(193834) be readily adapted to characters not in-
herited in a simple Mendelian fashion or to continu-
ously variable characters. However, it has the
disadvantage that, because the parents are not
tested, or are ignored, data from highly informative
matings, less informative, and uninformative ones
are combined together-and this makes the method
one of very low efficiency except in the rare case of
very close linkage. Penrose later attempted to
improve the efficiency of the method by weighting
sib-pairs according to their informativeness (194679;
1953131). It is worth noting that if the parental
genotypes are known, apart possibly from phase,
then the weighted sib-pair count, with appropriate

weights, becomes identical with Fisher's 'u-score'
procedure, which is statistically fully efficient for
detecting linkage in large samples. However, the
standard procedure now adopted for dealing with
linkage in Mendelian characters is to calculate the
log-likelihood or z-score curve and this has re-
placed u-scores and sib-pairs. It has the advantage
of combining detection and estimation in the same
calculation. But sib-pairs could prove valuable for
dealing with graded characters or those not inherited
in a simple Mendelian fashion. It is of interest that
the first autosomal linkage found in man (Lu/Sec;
Mohr, 1951) was originally detected using Penrose's
sib-pair method.

The Supposed Decline in Intelligence. Be-
cause of an apparent negative correlation between
measured intelligence and fertility it was often
argued that the average intelligence ofthe population
is declining and that eugenic measures should be
applied to counteract this. Penrose was sceptical
about the theoretical basis of this argument. To
illustrate his doubts he devised a model of a popula-
tion in which there is a negative correlation between
intelligence and fertility, but in which the mean
intelligence remains unaltered in successive genera-
tions. This model is admittedly artificial, being
based on a pair of alleles in which AA individuals
are of slightly superior intelligence (IQ 103) but
lowered fertility (1-89), Aa individuals are of low
intelligence (IQ 73) but high fertility (4-00), aa are
infertile idiots, and there is completely assortative
mating. Later (1955152) the model of a population
in equilibrium was much further elaborated and
made more realistic. It is shown that by taking 10
pairs of autosomal additive genes, values of the
relationships between IQ, fitness, and mean num-
ber of sibs can be obtained which correspond quite
reasonably well to those actually observed (though
there are discrepancies at the ends of the range).
This seems to substantiate quite clearly the point
that the observations do not logically imply that
intelligence must decline-indeed actual compari-
sons seem to indicate rather a very slight increase,
though whether this is due to genetical or environ-
mental causes is not clear.
The possibility of maintaining polymorphism in a

population in stable equilibrium through heterozy-
gote advantage (heterosis) fascinated Penrose and he
considered the question further, mainly from the
theoretical point of view, in other papers (1954'37;
1955152; 195917; 1964224; 1972292).

Statistics of Majority Voting. Penrose was
interested in the mathematics of voting behaviour
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Harry Harris

(194677; 1952123). He was impressed by the fact
that if each voter votes for or against at random with
equal probability then the standard deviation of the
majority in a society of n members will be V/n.
Hence if there is a determined group of individuals
of size of the order of VIn, it will have a high pro-
bability of carrying the vote its own way. He de-
veloped this theme. In particular, he argued that
for a federal society divided into sub-societies (eg,
the states of the USA, or nations in the UN) the
equitable procedure was for each sub-society to
have a number of votes as nearly as possible pro-
portional to the square root of the number of its
members. The mathematical logic of this is not
too clear, but intuitively the suggestion has great
appeal-it will avoid the absurdities of the two
extremes, in which on the one hand very small
states have an equal vote with large ones, and on the
other hand when the votes are proportional to the
population, the small states are virtually powerless.

The Self-replicating Machines
Roger Penrose writes:
No account of Penrose's scientific work could be

complete without some mention of the various
mechanical devices that he made, including a most
extraordinary series of wooden self-replicating
machines. Often he illustrated his scientific ideas
by means of working models. For example, he
made a family tree with a sliding part to illustrate
in a graphic way the phenomenon of 'anticipation';
he made an elaborate multiple slide-rule for evaluat-
ing fingerprint ridge counts in connection with the
diagnosis of Down's disease; he even made a life-
like wooden bust of a microcephalic idiot. Fre-
quently these models would be aids to clarifying his
own thoughts as much as demonstrations for others.
But there is a no doubt that major influence in driv-
ing him on in this direction was his sense of fun and
sheer enjoyment in constructing things from wood
and other materials. For example, he enjoyed
designing puzzles for both children and adults, and
in particular he made a large number of assembly
puzzles based on a theme whereby assembly had to
be achieved with three or four parts sliding together
simultaneously. The solving of such puzzles
therefore required a certain manual as well as cere-
bral dexterity.

His facility with the design of wooden locking
mechanisms stood him well when it came to the
design of his series of self-replicating machines.
The purpose behind these models appears to have
changed somewhat as the designs evolved, but the
first model (1957163) was aimed at demonstrating

that exceedingly simple assemblages of shapes could
be made to reproduce themselves under suitable
circumstances. The idea was that the most primi-
tive forms of life which evolved on Earth could not
have depended on the chance existence of elaborate
chemical compounds of the DNA type-still less
on the far more elaborate mathematical construc-
tions of J. von Neumann who had shown theoretical-
ly that a very complicated machine which copied
itself was possible in principle. Instead, one must
look for some very simple and primitive self-repro-
ducing mechanism. The model consisted of
wooden pieces oftwo types which, if initially separa-
ted, would remain separated from one another when
shaken at random on a track. However, if a cor-
rectly assembled pair of pieces was inserted into the
track, then the random shaking would cause other
pairs also to be assembled in the same way as the
first pair. The first pair could also be assembled in
an alternative arrangement. Then the shaking
would, instead, cause other pairs to link together
according to this altemative pattern. However, this
original model was severely limited in that only two
distinct self-replicating configurations could occur.
By designing more complicated pieces which now
involved moving parts, Penrose was able to extend
the number of alternative configurations which
would self-replicate, although in the early models
this number remained finite (1958173; 1959174). At
this stage, in order to increase the number of self-
replicating configurations the pieces themselves had
to be made correspondingly more complicated.
Since these pieces were intended to be analogous to
inanimate molecules, this was a serious drawback.
For a truer analogy one would require pieces of a
fixed degree of complication out of which an infinite
variety of self-replicating configurations could be
constructed. Penrose was able to achieve this, in
effect, by building pieces which could form chains
of arbitrary length in one dimension and with a
width of two or four pieces in another (1959177;
1960183). Pieces could be added to the sides of
these chains until the width was doubled. Then
the whole chain would split down the middle and
two chains each identical with the original one would
result. In this, a certain guidance was supplied by
the nature of DNA, in that a 'code' could be built
into the chain which would replicate itself. How-
ever unlike the pairing of 'opposites' which occurs
in DNA, here it proved more convenient for each
element of the code to replicate itself directly.
These models became very elaborate indeed. A
drawback in the analogy was always that the
'molecules' themselves had to be very elaborately
and ingeniously designed and some simplification
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Lionel Sharples Penrose (1898-1972)

seemed warranted. A fundamental difficulty with
these self-replicating chains had always been how
the daughter chain could tell that it was to separate
from the parent only when it had achieved a length
equal to that of the parent. It had seemed possible
to arrange this only with very complicated mechan-
isms, but then Penrose hit on a 'diagonal link'
which solved the problem in a very neat way.
A new piece could be added only at a position

matching the lowest unpaired element of the chain
but it would not link to that element, but diagonally
to the one just above it. At the same time it would
release the diagonal link which had previously ex-
isted. In this way the chain being assembled would
release from the parent precisely at the point at
which it was completed and no sooner.

A A A A A A
l\

A A A A A A A
\I

B B B B B B B B
\ Il

A A A A A A A A A

It seems that Penrose's experience with his self-
replicating models had led him to believe that a

single-chain replication owing to its more primitive
simplicity ought to have played an important role in
the early development of life at a time before DNA
had established itself. Whatever may be the sig-
nificance of this particular idea it does seem that
Penrose's very individualistic excursions into
'practical self-replication' could, if followed up,

provide a totally new approach to the problem of
self-replication. It would not be hard to argue

that the analogies between chemical bonds and
wooden ratchets are totally superficial. Indeed, it
is uncertain the extent to which Penrose himself
regarded his wooden models as a serious analogy.
His sheer enjoyment in constructing such things
and in demonstrating them to others would often
get the better of him. But the models must un-

doubtedly have a serious purpose also, and in fact he
made attempts to find a chemical analogy which
might conceivably also exhibit self-replication in a

manner similar to that of his wooden 'diagonal
link' model (1960191).

The Kennedy-Galton Centre (1965-72)
On reaching the age of 67 when it was obligatory

for him to retire from his University Chair, he did
not stop his research work. He simply moved it to
a new laboratory. This was called 'The Kennedy-
Galton Centre for Mental Deficiency Research and

Diagnosis' and it was opened in 1965 with Penrose
as Director. It was located at Harperbury Hospital
which is the main mental deficiency residential unit
for the County of Middlesex. The name of the new
laboratory was chosen to indicate that much of the
fund which enabled it to be first established came
from the award he had received from the Joseph P.
Kennedy, Jr Foundation in 1964; and also to
indicate that the scientific standards would continue
to be as high as those he had always insisted on at the
Galton Laboratory.
Much of the work of the research group he col-

lected round him was concerned with cytogenetic,
clinical, and other aspects of mental deficiency
(1973295). He directed these activities with en-
thusiasm and initiated several new approaches.
Among these was the study of the formation of
dermal ridges in early fetal development using
electron microscopy. He also carried out various
other investigations into dermatoglyphics.

His earlier work on dermatoglyphics in relation to
mongolism has already been discussed. The sub-
sequent emergence of human cytogenetics re-
awakened his interest in the subject and in his last
years at the Galton Laboratory he had started to
investigate the dermatoglyphic anomalies to be
observed in the various clinical and developmental
abnormalities which could now be precisely defined
in terms of the chromosomal findings. Further
investigations on mongolism and mosaic mongolism
were carried out as well as analysis of the dermato-
glyphic patterns in cases of D trisomy (1966240),
E trisomy (1969265), polyploidy (1968253), trisomy 8
(1972285), and also in the various sex chromosome
abnormalities. The latter (1967245) produced a
quite remarkable result. It was found that the
average total ridge count on the fingers progres-
sively decreases with increasing numbers of sex
chromosomes. In males the order was found
to be XY >XYY > XXY > XXYY > XXXY>
XXXYY >XXXXY, the effect of an additional X
chromosome being about three times as marked as
that of an additional Y. In females the order was
XO >XX > XXX XXXX. This influence of the
sex chromosomes on the ridge counts was un-
expected because it had previously been shown by
determining interfamilial correlations for total ridge
count between parents and children and between
sibs of the same and different sexes, that the charac-
teristic must in general be determined by genes on
autosomal chromosomes.
He had also while still at the Galton Laboratory

begun a quite new line of work into the general
topology of the systems of dermal ridges and he
developed this further in his final years at Harper-

17

 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.11.1.1 on 1 M
arch 1974. D

ow
nloaded from

 

http://jmg.bmj.com/


bury. The ridges which make up the dermato-
glyphic pattern on the hands and feet are parallel in
small fields, but they gradually curve and so give
rise to complex patterns. There are two main
kinds of discontinuity. These are called loops and
triradii. A loop is formed when the direction of a
ridge field turns through 1800. A triradius occurs
when three ridge fields meet. Penrose's studies on
dermatoglyphic topology were first directed towards
elucidating the relationships of these two sorts of
discontinuity in determining the overall pattern
(1965232. 236). From a consideration of the pat-
terns he derived the general formula T+ 1 = L + D,
where T is the number of triradii on a palm or sole,
L the number of loops, and D the number of digits.
Thus for the normal hand with five digits, the num-
ber of triradii exceeds the number of loops by four.
This general rule was found to hold for any limb
deformity originating in early life such a polydactyly,
syndactyly, and ectrodactyly. A number of other
general topological characteristics of the ridge
patterns were also worked out.

Following this approach the idea was to devise a
new method for classifying the overall patterns on
the hands and feet in terms of the loops and triradii
which were present; the loops for example being
specified according to the particular configurational
areas in which they occurred and the direction of
their cores. This general method of topological
classification was first worked out for normal palms
and soles (1969269; 1970276, 277). It was then
applied to the dermatoglyphic patterns observed in
various chromosomal abnormalities such as mongol-
ism, the D and E trisomies, and the 'cri du chat'
syndrome; and discriminant functions were calcu-
lated which gave the optimal differentiation between
the various abnormalities and the normal (1971279).
It was shown that the method could be of value in
arriving at a correct clinical diagnosis. In view,
however, of the availability of reliable cytogenetic
procedures for reaching the diagnosis in these
particular abnormalities the method was likely to be
of only very limited practical value in these dis-
orders. However, Penrose believed that an ex-
tension of this general approach to the study of
mosaicism particularly for chromosome No. 21
might prove to be of considerable practical im-
portance, because here cytogenetic diagnosis by
standard procedures presents considerable diffi-
culties and is much less secure. It was on this
problem that he was working when he died.

Other Interests
Apart from his scientific work he had a variety of

other interests, though it was always difficult to see
how he found time for them.

In his early days he had been greatly influenced by
Wilfred Trotter's Instincts of the Herd in Peace and
War, and throughout his life he was interested in
group behaviour and the problem as to how this
might be studied objectively. Some of his ideas
were formulated in a short monograph On the Ob-
jective Study of Crowd Behaviour (1952123). In the
1930s he was associated with the Psychologists
Peace Society whose formation had been stimulated
by correspondence between Einstein and Freud on
hopes for peace. They held meetings in London
to discuss normal and abnormal group behaviour.
This organization like many others was overwhelmed
by the outbreak of the 1939-45 war. However, in
1951 when the Korean conflict looked like develop-
ing into yet a third world war, a letter to The Lancet
signed by Penrose and others led to the formation of
the 'Medical Association for the Prevention of War'.
Apart from the study of war and its causes, the
organization was concerned about the dangers aris-
ing from radiation and with medical ethics in re-
lation to war and its preparation. In 1961 he
played an important part in starting a series of
annual conferences under the auspices of the associ-
ation, which became a wide ranging forum for dis-
cussion of war and its prevention, by people from
many different fields besides medicine. He was
chairman of the Association for more than 10 years.
He was always a great enthusiast for chess. While

still at school (circa 1908) he had for some reason
sent a problem to an Australian newspaper and was
delighted by the headline 'Hats off to wizard
Penrose'. At Cambridge he obtained his half-blue
for chess and throughout his life enjoyed playing the
game and following the championship matches and
international tournaments. As a young man he had
established a reputation as a chess problemist
specializing, most appropriately for a future geneti-
cist, in that variety known as 'mutate'.
Another interest was the 'Shakespearian Author-

ship Society'. It used to amuse him to call it the
anti-Shakespeare society, but he nevertheless took it
quite seriously. His favourite candidate was pro-
bably Edward de Vere, 17th Earl of Oxford. But
he was always very careful not to commit himself.
He lectured to the Society on three occasions; in
1959 on 'Statistical approaches to the authorship
problem', in 1961 on 'The Shakespeare portraits',
and in 1964 on 'Shakespeare's knowledge of medi-
cine'.
As a person he was diffident and unassuming and

often appeared withdrawn and abstracted. But he
had a keen sense of the ridiculous and a subtle
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humour. He could be a delightful companion and
was also generous in his help and assistance to young
research workers and many others who came to him
with their problems. However, he could not abide
anything which he regarded as pretentious or showy
and some people in consequence found him a very
prickly customer when they came to enlist his sup-
port. He also knew how to be 'difficult' in com-
mittee if things were moving in a direction of which
he did not approve. Penrose and his wife, Margaret,
were always extremely hospitable and they appeared
constantly to have people from all over the world to
stay with them-students, distinguished scientists,
and many with quite other interests. They were
always particularly kind and generous to those who
had come to England as refugees. Penrose es-
pecially delighted in having visitors stay at his
beautiful Tudor country house at Thorrington in
Suffolk, which he had acquired in the 1930s and had
characteristically donated to the National Trust.

Anita Lax has kindly given her permission to
include, in a slightly abbreviated form, a delightful
essay which gives an account of Penrose in his home
setting. She with her parents and sister, had
stayed with the Penroses when they first left
Czechoslovakia at the time of the Russian occupation
in 1968. A few years later when she was 15 years
old she had to write an essay in preparation for her
school certificate examination. The subject was 'An
interesting character' and she chose to write about
Penrose. Anyone who knew him will immediately
recognize it as an authentic portrait. It is a fitting
way to conclude this memoir.

An Interesting Character
By Anita Lax

He was an old professor of genetics (human
genetics) but he may just as well have been a pro-
fessor of almost anything under the sun, beginning
with music, mathematics, chess, art and ending with
woodwork. He used to invent ingenious puzzles
for his innumerable grandchildren and then he
would make them from wood in his little workshop,
always considering carefully the ages of 'all these
little boys', which, as he said laughingly, changed
every year and you had to be careful to keep track of
them!
He lived in a tremendously large, old and ex-

tremely cold house, the number of rooms of which
he never could remember. His equally absent-
minded and exceptionally kind wife would con-
tinuously have several foreign students and other
visitors staying (simply because 'they had nowhere
else to go') but neither she nor the professor were

ever quite sure who they were or whether they
hadn't already left.
One of the rooms, however, was the professor's

study, where, among the pictures, self-reproducing
machines, puzzles and books, many of which he had
written himself, there was a small, 18th century
spinnett on which he loved to play. While you
were listening, he would give you one of his in-
genious puzzles 'to keep you amused'. If you
managed to solve it (and what he never realized in
his charming modesty was, that not everyone was
endowed by a mind as great as his), his blue, deep-
set eyes would twinkle behind his spectacles, and
he would run off to bring you a new, slightly more
difficult one, laughing in his very characteristic way.
He found everything amusing, even the most diffi-
cult (or possibly particularly the most difficult)
mathematical or scientific problem.
During their free weekends-and there were not

many of these, because they were always organizing
doctor's meetings for the prevention of war, if not
chess matches or amateur orchestras-he and his
wife would go to Thorrington where they had a
beautiful old 16th century home. On the way they
would probably spend two hours on the road re-
pairing the almost also 16th century car which very
rarely reached any place without breaking down.
(There was never any time to buy a new one-too
many more useful things to do.)
Once at Thorrington, the professor would settle

down among the trees of the mysterious and beauti-
ful old garden (he was always amused by the one
with the roots growing upwards), equipped with
crayons and sketching pad and would draw the
most detailed and meticulous sketch of a plant or
landscape. He always saw more in everything than
everybody else did-by simply observing. His
power of observation was one of his most prominent
characteristics-whether it applied to his patients,
colleagues, or the kite he happened to be flying with
the children.
Then he would sit on a bench, in the same old

brown-grey, worn little jacket which he always
seemed to be wearing, wherever he was, in his black
down-at-the-heel shoes, pull out a little notebook
with a coloured cover, and start calculating and
proving a recent mathematical law or working out a
chess problem, or even inventing new games and
'machines' for his mongol patients of whom he was
so fond.

I am indebted to Margaret Penrose and Helen Lang
Brown for much valuable help and information; to
Cedric A. B. Smith, Roger Penrose, and Anita Lax for
their separate contributions; and to Jean Edmiston for
her assistance with the bibliography.
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20 Harry Harris

Scientific Publications by Lionel Sharples Penrose

1925
1. A note on the relation of rate of growth to structure in plants.
New Phytologist, 24, 294.

1926
2. Some experiments upon inhibition and suggestion. British
Journal of Psychology, 16, 180.

1927
3. Psychoanalytical notes on negation. International Journal of
Psychoanalysm, 8, 47.

1930
4. The lysozome content of saliva in psychotics. Lancet, 2, 689.
5. A case of schizophrenia of long duration. British Journal of
Medical Psychology, 11, 1.

1931
6. Freud's theory of instinct and other psychobiological theories.
International Journal of Psychoanalysis, 12, 87.
7. An investigation into the position in family of mental defectives
(with F. Douglas Turner). Journal of Mental Science, 77, 512.
8. The creases on the minimal digit in mongolism. Lancet, 2, 585.

1932
9. The blood grouping of mongolian imbeciles. Lancet, 1, 349.
10. On the interaction of heredity and environment in the study of
human genetics, with special reference to mongolian imbecility.
Journal of Genetics, 25, 407.
11. Some modern methods of research in mental deficiency.
Scottish Educational journal, 15, 854.
12. Primary and secondary amentia. Mental Welfare, 13, 1.

1933
13. Mental deficiency. II. The subcultural group. Eugenics Re-
view, 24, 289.
14. The blood group distribution in the Eastern Counties of England
(with M. Penrose). British Journal of Experimental Pathology, 14,
160.
15. The relative effect of paternal and maternal age in mongolism.
Journal of Genetics, 27, 219.
16. A study in the inheritance of intelligence. The analysis of 100
families containing mental defectives. British Journal of Psy-
chology, 24, 1.
17. Mental Defect. Sidgwick and Jackson,LIondon.
1934

18. A contribution to the genetic study of mental deficiency.
British Medical Journal, 1, 10.
19. The Influence of Heredity on Disease. H. K. Lewis, London.
20. The complex determinants of amentia. Eugenics Review, 26,
121.
21. The relative aetiological importance of birth order and maternal
age in mongolism. Proceedings of the Royal Society, Series B, 115,
431.
22. A method of separating the relative aetiological effect of birth
order and matemal age, with special reference to mongolian imbe-
cility. Annals of Eugenics, 6, 108.

1935
23. Two cases of phenylpyruvic amentia. Lancet, 1, 23.
24. Mutation rates in man (with J. B. S. Haldane). Nature, 135,
907.
25. The detection of autosomal linkage in data which consists of
pairs of brothers and sisters of unspecified parentage. Annals of
Eugenics, 6, 133.
26. Inheritance of phenylpyruvic amentia (phenylketonuria).
Lancet, 2, 192.
27. The genetics of epiloia (with M. Gunther). Journal of Genetics,
31, 413.
28. A survey of the patients in a large mental hospital (with A. C.
Duncan and R. C. Turmbull). Journal of Neurology and Psycho-
pathology, 16, 225.
29. Autosomal mutation and modification in man with special
reference to mental defect. Annals of Eugenics, 7, 1.
30. A new series of perceptual tests: a preliminary communication
(with J. C. Raven). British Journal of Medical Psychology, 16, 97.

1937
31. A survey of mental ability in a rural community (with M. V.
Matthews and D. A. Newlyn). Sociological Review, 29, 3.
32. Congenital syphilis in a monovular twin. Lancet, 1, 322.
33. Metabolic studies in phenylketonuria (with J. H. Quastel).
Biochemical Journal, 31, 266.

1938
34. Genetic linkage in graded human characters. Annals of
Eugenics, 8, 233.
35. A Clinical and Genetic Study of 1280 Cases of Mental Defect.
MRC Special Report Series, no. 229. HMSO, London.
36. Some genetical problems in mental deficiency. J7ournal of
Mental Science, 84, 693.

1939
37. Peripheral nerve tumours in a case of phenylketonuria. Lancet,
1, 572.
38. Eugenic prognosis in mental deficiency. Eugenics Review, 31,
35.
39. Mental disease and crime: a study of European statistics.
British Journal of Medical Psychology, 18, 1.
40. Is our national intelligence declining? Mental Hygiene, Feb.
1939, p. 1.
41. Maternal age and parity in placenta praevia. Journal of Obstet-
rics and Gynaecology of the British Empire, 46, 645.
42. Intelligence test scores of mentally defective patients and their
relatives. British Journal of Psychology, 30, 1.
43. Intelligence and birth rate. Occupational Psychology, 13, 110.
44. Some practical considerations in testing for genetic linkage in
sib data. Ohio3Journal of Science, 39, 291.
45. Maternal age, order of birth and developmental abnormalities.
J3ournal of Mental Science, 85, 1141.
46. Creatinine in mentally defective patients (with C. E. M. Pugh).
journal of Mental Science, 85, 1151.

1940
47. The grandchildren of consanguineous unions. Transactions of
the Royal Society of Canada, 1940, p. 93.

1941
48. A clinical study with classification tests (with L. E. Neal).
Bulletin of the Canadian Psychological Association, 1, 29.
49. Inheritance of mental defect. Scientific Monthly, 52, 359.
50. Tests of psychomotor efficiency in patients treated with metrazol
(with J. J. O'Connell and C. M. Queens). journal of Mental
Science, 87, 183.
51. A contribution to the genetical study of phenylketonuria (with
C. R. Myers). Transactions of the Royal Society of Canada, 1941,
p. 81.
52. A method for the preliminary psychiatric 'screening' of large
groups. American Journal of Psychiatry, 98, 238.

1942
53. On the assignment of precise normal scale values to frequency
distributions. Bulletin of the Canadian Psychological Association, 2, 1.
54. Mental disease and natural selection. American journal of
Mental Deficiency, 46, 453.
55. Auxiliary genes for determining sex as contributory causes of
mental illness. journal of Mental Science, 88, 308.
56. The spatial dispersion of psychotic responses in the tapping test
(with D. J. Wilson). Journal of Abnormal and Social Psychology, 37,
131.
57. Future possibilities in human genetics. American Naturalist, 76,
165.
58. Survey of Patients Treated with Shock Therapy in the Ontario
Hospitals 1938-1941. Division of Medical Statistics, Ontario De-
partment of Health, June, 42 pp.

1943
59. Results of shock therapy evaluated by estimating chances of
patients remaining in hospital without such treatment. journal of
Mental Science, 89, 374.
60. A note on the statistical relationship between mental deficiency
and crime in the United States. American Journal of Mental De-
ficiency, 47, 462.
61. The genetics of congenital pyloric stenosis (with E. A. Cockayne).
Ohio Journal of Science, 43, 1.
62. Further Report on the 1938-1941 Shock Treated Cases in the
Ontario Hospitals. Division of Medical Statistics, Ontario Depart-
ment of Health, January, 28 pp.

1944
63. An economical method of presenting matrix intelligence tests.
British Journal of Medical Psychology, 20, 144.
64. Mental defect. Journal of Mental Science, 90, 399.
65. Mental illness in husband and wife: a contribution to the study
of assortative mating in man. Psychiatric Quarterly, Suppl., 18, 161.
66. Results of Shock Treatment. Follow-up of the 1938-1941 Cases
in the Ontario Hospitals. Division of Medical Statistics, Ontario
Department of Health, March, 7 pp.
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Lionel Sharples Penrose (1898-1972)
67. Results of Special Therapies in the Ontario Hospitals-Coma,
Convulsion and Leucotomy, up to November 1944. Ontario Depart-
ment of Health, December, 14 pp.

1945
68. Psychotic profiles and sex profiles shown by a test battery.
American Journal of Psychiatry, 101, 810.
69. Survey of Cases of Familial Mental Illness. Division of Psychi-
atric Research, Ontario Department of Health, March. 32 pp.
70. Discrimination between normal and psychotic subjects by re-
vised examination. Bulletin of the Canadian Psychological Associ-
ation, 5, 37.
71. Some Observations on Cardiovascular Changes Immediately
Following Electroshock Convulsion. Ontario Department of Health,
March, 6 pp.
72. Deaths After Shock Therapy with Special Reference to Tubercu-
losis. Division of Psychiatric Research, Ontario Department of
Health, May, 40 pp.
73. Mental Illness of Husband and Wife. A Study of Ontario Hospi-
tal Data. Division of Psychiatric Research, Ontario Department of
Health, June, 5 pp.
74. A search for linkage between the ABO aggluntinogens and
phenylketonuria. American_Journal of Mental Deficiency, 50, 4.
75. A sex-linked tendency in familial diabetes (with E. M. Watson).
Proceedings of American Diabetes Association, 5, 165.
76. The search for intellectual deterioration among epileptic
patients (with E. Falk and E. A. Clark). American Journal of
Mental Deficiency, 49, 469.

1946
77. Elementary statistics of majority voting. Journal of the Royal
Statistical Society, pt. 1, 109, 53.
78. Phenylketonuria: a problem in eugenics. Lancet, 1, 949.
79. A further note on the sib-pair linkage method. Annals of
Eugenics, 13, 25.
80. Familial data on 144 cases of anencephaly, spina bifida and con-

genital hydrocephaly. Annals of Eugenics, 13, 73.
81. On the familial appearances of maternal and foetal incompati-
bility. Annals of Eugenics, 13, 141.
82. Mental defect: recent researches. British Medical Bulletin, 4,
210.
83. Social aspects of psychiatry: the importance of statistics. Jour-
nal of Mental Science, 92, 713.
84. Inheritance of zygodactyly. J7ournal of Heredity, 37, 285.
85. The pattern perception test: experimental results. British
Journal of Medical Psychology, 20, 339.
86. A contribution to the genetics of hair colour in man (with C. D.
Lee). Annals of Eugenics, 13, 182.

1947
87. Moral deficiency. Journal of Mental Science, 93, 273.
88. Some notes on discrimination. Annals of Eugenics, 13, 228.
89. The importance of statistics in psychiatry. Proceedings of the
Royal Society of Medicine, 40, 863.

1948
90. The problem of anticipation in pedigrees of dystrophia myotoni-
ca. Annals of Eugenics, 14, 125.
91. The supposed threat of declining intelligence. American
Journal of Mental Deficiency, 53, 114.
92. A genetical study of human mammary cancer (with H. J. Mac-
Kenzie and M. N. Karn). British Journal of Cancer, 2, 168.
93. A genetical study of human mammary cancer (with H. J. Mac-
Kenzie and M. N. Karn). Annals of Eugenics, 14, 234.

1949
94. The Galton Laboratory: its aims and work. Eugenics Review, 41,
17.
95. The incidence of mongolism in the general population. Journal
of Mental Science, 95, 685.
96. Familial studies on palmar patterns in relation to mongolism.
Hereditas, Genetiskt Arkiv, Suppl., 412 pp.
97. Birth injury as a cause of mental defect: the statistical problem.
Journal of Mental Science, 95, 373.
98. The meaning of 'fitness' in human populations. Annals of
Eugenics, 14, 301.
99. The Biology of Mental Defect. Sidgwick and Jackson, London.

1950
100. Research methods in human genetics. International Congress
of Psychiatry, Paris (1950), 41 pp.
101. Garrod's conception of inborn error and its development.
Biochemical Society Symposium, no. 4, 10.

102. Genetical influences on the intelligence level of the population.
British Journal of Psychology, 40, 128.
103. Statistical and genetical problems. In Modern Trends in
Obstetrics and Gynaecology. Chap. 4. Butterworth, London.
104. Value of genetics in medicine. British Medical_Journal, 2, 903.
105. Mental deficiency as a scientific study. Proceedings of the
North Western Metropolitan Region Mental Deficiency Society, 1, 5.
106. Propagation of the unfit. Lancet, 2, 425.
107. Data for the study of linkage in man: red hair and the ABO
locus. Annals of Eugenics, 15, 243.
108. Blood group frequencies in a mother and infant sample of the
Australian population (with L. M. Bryce, R. Jakobowicz, and N.
McArthur). Annals of Eugenics, 15, 271.
109. Mesure de l'hypopigmentation chez l'oligophrene phenyl-
pyruvique (with J. Delay, P. Pichot, and F. Perrier). Comptes
Rendus des Seances de la Societe de Biologie et des Lettres, 144, 244.

1951
110. Medical genetics. In British Encyclopaedia of Medical Prac-
tice (Medical Progress) 68. Butterworth, London.
111. Heredity and environment in the causation of foetal malforma-
tion. Practitioner, 166, 429.
112. Hereditary influences. (Obstetrics and gynaecology.) Medi-
cine Illustrated, 5, 253.
113. Dilution of hair colour in phenylketonuria (with V. A. Cowie).
Annals of Eugenics, 15, 297.
114. World frequencies of the 0, A and B blood group genes (with
N. McArthur). Annals of Eugenics, 15, 302.
115. Birth weight, gestation time and survival in sibs (with M. N.
Karn, H. Lang-Brown, and H. MacKenzie). Annals of Eugenics, 15,
306.
116. Genetics of the human race. In Genetics of the 20th Century,
ed. by L. C. Dunn, p. 393. Macmillan, New York.
117. Two pedigrees of ectrodactyly (with H. MacKenzie). Annals
of Eugenics, 16, 88.
118. Heredity and constitution. British Encyclopaedia of Medical
Practice, 6, 2nd ed., 498.
119. Maternal age in familial mongolism. J'ournal of Mental
Science, 97, 738.
120. Measurement of pleiotropic effects in phenylketonuria. Annals
of Eugenics, 16, 134.
121. Birth weight and gestation time in relation to maternal age,
parity and infant survival (with M. N. Karn). Annals of Eugenics,
16, 147.
122. Data for the study of linkage in man: phenylketonuria and the
ABO and MN loci. Annals of Eugenics, 16, 241.

1952
123. On the Objective Study of Crowd Behaviour. H. K. Lewis,
London.
124. Data on the genetics of birth weight. Annals of Eugenics, 16,
373.
125. Human biochemical genetics. Nature, 170, 654.

1953
126. Recent research into the causes of mental deficiency. Medica
Officer, 89, 123.
127. The blood-typing of cases of mongolism, their parents and sibs
(with H. Lang-Brown and S. D. Lawler). Annals of Eugenics, 17,
307.
128. Human biochemical genetics. Advancement of Science, 10. 56.
129. Psychoanalysis and experimental science. International
Journal of Psychoanalysis, 34, Suppl, 1.
130. Hereditary influences in relation to the problem of child
adoption. Bulletin of the World Health Organization, 9, 417.
131. The general purpose sib-pair linkage test. Annals of Eugenics,
18, 120.
132. The genetical background of common diseases. Acta Genetica
et Statistica, 4, 257.

1954
133. Mongolian idiocy (mongolism) and maternal age. Annals of
the New York Academy of Sciences, 57, 494.
134. Distance, size and shape. Annals of Eugenics, 18, 337.
135. The distal triradius t on the hands of parents and sibs of mongol
imbeciles. Annals of Human Genetics, 19, 10.
136. Observations on the aetiology of mongolism. Lancet, 2, 505.
137. Quelque principes sur la frequence des genes et sa stabilite dans
les populations humaines. Journal de Genetique Humaine, 3, 159.
138. Short and long term influences of various factors on the fre-
quency of genes which affect the characteristics of population.
World Population Conference, Rome, September 1954.
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139. The Biology of Mental Defect, 2nd ed. Sidgwick and Jackson,
London.
140. Some recent trends in human genetics. In Proceedings of
the 9th Congress of Genetics, Caryologia, VI, Suppl., 521.

1955
141. Recent development in human genetics. Science Progress, 169,
1.
142. La partreelle del'heredite dans les oligophrenies. In La
Progenese, p. 223. Masson, Paris.
143. The interpupillary distance in mental defective patients (with
L. Kerwood and H. Lang-Brown). Human Biology, 25, 313.
144. Genetical factors affecting the growth of the foetus. In La
Prophylaxie en Gynecologie et Obstltrique, p. 638. Georg, Geneva.
145. Genetics and medicine. Advancement of Science, 11, 387.
146. Some recent trends in human genetics. Caryologia, Suppl. 6
(1954), 521.
147. Inborn errors of metabolism in relation to mental pathology.
In Neurochemistry, p. 807. Thomas, Springfield, Illinois.
148. Genetics and the criminal. British Journal of Delinquency, 6,
15.
149. Monozygotic and dizygotic twin diagnosis (with S. Maynard
Smith). Annals ofHuman Genetics, 19, 273.
150. Parental age and mutation. Lancet, 2,312.
151. Heredity and Environment in Human Affairs. National
Children's Home (Convocation Lecture, July 1955).
152. Evidence of heterosis in man. Proceedings of the Royal Society,
Series B, 144, 203.
153. Biochemical genetics as an approach to mental disease and
defect. In Biochemistry of the Developing Nervous System, p. 411.
Academic Press, New York.
154. Changes in the quality of human populations. In The Num-
bers of Men and Animals, p. 131. Oliver and Boyd, Edinburgh and
London.

1956
155. Microcephaly. Folia Hereditaria et Pathologica, 5, 79.
156. Microcephaly. Journal of the Midlands Mental Deficiency
Society, No. 2, 6.
157. On the stability of allelic systems, with special reference to
haemoglobins A, S and C (with S. Maynard Smith and D. A. Sprott).
Annals ofHuman Genetics, 21, 90.
158. Some notes on heredity counselling. Acta Geneticae et
Statistica Medica, 6, 35.
159. The mutational origin of hereditary eye diseases. In Pro-
blames Actuels d'Ophtalmologie, vol. 1, p. 501. Karger, Basel.
160. Mutation in man. Acta Geneticae et Statistica Medica, 6, 169.

1957
161. The porcupine man. Listener, 57, 748.
162. A note on the prevalence of genes for deleterious recessive
traits in man. Annals of Human Genetics, 21, 222.
163. A self-reproducing analogue (with R. Penrose). Nature, 179,
1183.
164. Genetics of anencephaly. J'ournal of Mental Deficiency Re-
search, 1, 4.
165. Parental age in achondroplasia and mongolism. American
J7ournal of Human Genetics, 9, 167.
166. Effects of radiation on the outcome of pregnancy. Public
Health, 71, 217.
167. Similarity of blood antigens in mother and mongol child.
Journal of Mental Deficiency Research, 1, 107.

1958
168. Impossible objects: a special type of visual illusion (with R.
Penrose). British Journal of Psychology, 49, 31.
169. Congenital malformations from the hereditary point of view.
(Abstract.) British Journal of Plastic Surgery, 11, 31.
170. A reconsideration of the Lambert pedigree (ichthyosis hystrix
gravior) (with C. Stern). Annals of Human Genetics, 22, 258.
171. Cancer and smoking. Nature, 182, 1178.
172. Puzzles for Christmas (with R. Penrose). New Scientist, 25
December, 58.
173. Mechanics of self-reproduction. Annals of Human Genetics,
23, 59.

1959
174. Automatic mechanical self-reproduction. New Biology, 28,
92.
175. Review of the Report of the United Nations Scientific Com-
mittee on the Effects of Atomic Radiation. American J7ournal of
Human Genetics, 11, 81.

176. The chromosomes in a patient showing both mongolism and the
Klinefelter syndrome (with C. E. Ford, K. W. Jones, 0. J. Miller,
U. Mittwoch, M. Ridler, and A. Shapiro). Lancet, 1, 709.
177. Self-reproducing machines. Scientific American,200, 6.
178. Biochemical genetics and medicine. In Lectures on the Scienti-
fic Basis of Medicine, vol. 7 (1957-58), p. 25.
179. Natural selection in human populations. Symposia-Society
for the Study ofHuman Biology, 2, 1.
180. Cystathioninuria (with H. Harris and D. H. H. Thomas).
Annals of Human Genetics, 23, 442.
181. Problems of Intelligence and Heredity. The Godfrey Thomson
Lecture, 1959, 24 pp.
182. Genetical analysis in man. In CIBA Foundation Symposium:
The Biochemistry of Human Genetics, 1959, p. 9.
1960

183. Developments in the theory of self-replication. New Biology,
31, 57.
184. Parents' ages at the birth of a mentally defective child. journal
of the Midlands Mental Deficiency Society, 5, 40.
185. Genetical causes of malformation and the search for their
origin. CIBA Foundation Symposium: Congenital Malformations,
1960, p. 22.
186. Human genetics. New Scientist, 8, 129.
187. The Klinefelter-mongolism type of double aneuploidy (with
D. G. Harnden andO. J. Miller). Annals ofHuman Genetics, 24, 65.
188. Outline of Human Genetics. Heinemann, London.
189. Chromosomal translocations in mongolism and in normal rela-
tives (withJ. R. Ellis andJ. D. A. Delhanty). Lancet, 2,409.
190. Editorial comment on a proposed standard of nomenclaturc of
human mitotic chromosomes. Annals of Human Genetics, 24,319.
191. A theory of DNA replication. Annals of Human Genetics, 24,
359.
192. Chromosomes and disease. Transactions of the Medical Society
of London, 76, 64.

1961
193. Statistical problems of majority voting. New Scientist, 9, 546.
194. Trisomy in mother and child (with E. Hanhart and J. D. A.
Delhanty). Lancet, 1, 403.
195. Triploid cell cultures from a macerated foetus. Lancet, 1,
1261.
196. Mongolism. British Medical Bulletin, 17, 184.
197. Mongolism. In Clinical Aspects of Genetics, ed. F. Avery
Jones, p. 86. Pitman Medical, London.
198. Discussion on implications of recent genetic research in psy-
chiatry. Proceedings of the Royal Society of Medicine, 54, 671.
199. Parental age and non-disjunction. In Human Chromosome
Abnormalities, ed. W. M. Davidson and D. Robertson Smith, p. 116.
Sharples, London.
200. A male with XXYY chromosomes (with J. R. Ellis, 0. J.
Miller, and G. E. B. Scott). Annals of Human Genetics, 25, 145.
201. Enlarged satellites and multiple malformations in the same
pedigree (with J. R. Ellis). Annals of Human Genetics, 25, 159.
202. Familial Langdon Down anomaly with chromosomal fusion
(with J. D. A. Delhanty). Annals of Human Genetics, 25,243.
203. Mutation. In Recent Advances in Human Genetics, ed. L. S.
Penrose, p. 1. Churchill, London.
204. Genetics of growth and development of the foetus. Ibid,
p. 56.
205. Mathematical Tabls for Research Workers in Human Genetics.
(With S. Maynard Smith and C. A. B. Smith.) Churchill, London.

1962
206. Biological aspects. In Proceedings of the London Conference for
the Scientific Study of Mental Deficiency, July 1960, p. 11.
207. Future possibilities in the genetic study of congenital malforma-
tions. In Proceedings of the Ist Conference on Congenital Malforma-
tions, London, July 1960, p. 289.
208. Paternal age in mongolism. Lancet, 1, 1101.
209. Some clinical aspects of human cytogenetics. Postgraduate
Medical Journal, 38, 284.
210. An aberrant small acrocentric chromosome (with J. R. Ellis and
R. Marshall). Annals of Human Genetics, 26,77.
211. On living matter and self-replication. The Scientist Speculates,
91, 258.
212. Structural heterozygosis in man: analysis of two families (with
J. H. Edwards, M. Fraccaro, P. Davies, R. B. Young, and S. B.
Holt). Annals of Human Genetics, 26, 163.
213. Chromosomes and natural selection. Acta Geneticae Medicae
et Gemellologiae, II, 3, 303.
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1963

214. Contributions by Sir Cyril Burt to genetics. Forward Trends,

7, 45.

215. Translocations and trisomic mongol sibs (with N. A. Barnicot
and J. R. Ellis). Annals of Human Genetics, 26, 279.

216. Finger-prints, palms and chromosomes. Nature, 197, 933.

217. A girl with triploid cells. Nature, 198, 411.

218. Human chromosomes and heredity (with J. A. Fraser Roberts).

Transactions of the Hunterian Society, 20, 43.

219. Chromosome deletion in a case of retinoblastoma (with K. P.

Lele and H. B. Stallard). Annals ofHuman Genetics, 27, 171.

220. Measurements of likeness in relatives of trisomics. Annals of
Human Genetics, 27, 183.

221. Genetical aspects of human infertility. Proceedings of the

Royal Society, Series B, 159, 93.

222. Limitations of eugenics. Proceedings of the Royal Institution of
Great Britain, 39, 506.

1964
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