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Wesley Kingston Whitten (1918–2010) was recognized as one of Australia’s most innovative biolog- 
ical scientists. His studies were the precursor of the science of preimplantation embryology and the 
technology of assisted reproduction. He pioneered the study of mammalian pheromones and their 
receptor, the vomeronasal organ. He elucidated the genetic basis of hermaphroditism and mosaicism, 
and the timing and mechanism of X chromosome inactivation. Several of his recombinant mouse 
strains continue to provide models for a number of diseases. 

 
 
 

Family Background and Education1 

Wesley Kingston (‘Wes’) Whitten was born at 
Macksville on the north coast of New South 
Wales on 1 August 1918. He was the third of five 
children of Alfred Giles Whitten, a Methodist 
minister, and Ethel Annie Whitten (née Cock). 
He married Enid Elsbeth Cay Meredith (‘Beth’) 
in December 1941 and they had four children 
(Gregory, Mark, Jane and Penelope). After Beth’s 
death in 1999, he married Mary Taylor, a long- 
standing friend and colleague. He passed away 
in Canberra on 24 May 2010. 

Because of his father’s occupation, Wes lived 
in a number of country areas during his upbring- 
ing and frequently holidayed at his uncle’s farm 
at Quirindi, New South Wales. It is easy to 
assume that these early experiences aroused an 
interest in nature and biology, which brought him 
much enjoyment during his lifetime and possibly 
led to his decision to study Veterinary Science. 
Wes’ early education was at East Maitland Boys’ 
High School and from there he won a scholarship 
to the University of Sydney where he graduated 
BVSc in 1939 and BSc in 1941. In 1962 he was 
awarded a DSc by the University of Sydney for 
his research at the Australian National University 
described below. 

 
 

Early Career 
Wes’ initial professional appointment (1940–1) 
was as Veterinary Science Fellow at the Walter 

 
1The photograph is of Wes Whitten at Indiana Univer- 
sity in 1984. 

 
 
 

and Eliza Hall Institute in Melbourne. Like many 
of his contemporaries, Wes joined the Army in 
1941 and served until 1946, first as a Captain in 
the Veterinary Corps providing veterinary care 
to a large contingent of horses in the Hunter 
Valley in New South Wales, and later as Officer- 
in-Charge of the Land Head Quarters Food 
Laboratory. 

On discharge from the Army, Wes joined the 
Division of Animal Health of the Australian Gov- 
ernment’s Council for Scientific and Industrial 
Research (CSIR) to work on the effect of nutri- 
tion on fertility of sheep. At the time, Australia 
did ride on the sheep’s back economically and it 
was becoming evident that ewes grazing highly 
nutritious clover-dominant pastures were show- 
ing significantly reduced fertility. Wes studied 
the effect of oestrogens on the food intake of 
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sheep (8) and also the possibility that inactiva- 
tion of gonadotrophin may play a role in reduced 
fertility of sheep grazing clover-dominant pas- 
tures. This problem was eventually solved and 
it was discovered that the strain of clover that 
had come to Australia, initially as packing mate- 
rial, synthesized a variety of phytooestrogens. 
Wes later lamented (90) ‘we missed the oppor- 
tunity to identify and market that first oral 
phyto-contraceptive’. 

During his time with the Division of Ani- 
mal Health, 1946–9, Wes maintained a colony of 
mice in a small balcony room on the fifth floor 
of the University of Sydney’s Medical School. 
Here he conducted a number of studies on the 
inactivation and modification of gonadotrophins 
by enzymes, viruses and periodate ions (6, 7, 9, 
10, 13, 14, 15). This would have been seen as a 
possible tool in the control of fertility in animal 
and human populations. 

 
 

John Curtin School of Medical 
Research and the Culture of Embryos 
The establishment of a new and different 
university—the Australian National University 
(ANU) in Canberra—to provide opportunities 
for undertaking long-term research of the highest 
internationally recognized standard—provided 
the circumstances for Wes Whitten to begin an 
outstanding career in reproductive biology and 
behaviour. In 1949 Wes was appointed to set 
up an Animal Breeding Establishment (ABE) 
at the John Curtin School of Medical Research 
(JCSMR) within ANU. In 1950–1 he studied 
facilities for laboratory animals in Europe and 
the USA and on his return played a major role 
in organizing the construction of a building for 
the ABE capable of providing large numbers of 
rabbits, guinea pigs, rats and mice to the School. 

In addition to his role in managing the breed- 
ing and maintenance of animals for researchers 
in JCSMR Wes was funded to carry out cog- 
nate research. The large mouse breeding colonies 
in the ABE provided a great  opportunity  to 
his enquiring mind to investigate the culture of 
embryos. The finding early in the twentieth cen- 
tury that tissues could be maintained in nutrient- 
rich aqueous solution led to attempts to grow 
embryos in such solutions composed mainly 
of fluids of biological origin. Biggers (1987) 
and Nielsen and Ali (2010) summarized the 

numerous attempts to culture embryos in the first 
half of the twentieth century and noted that none 
of these experiments were successful in obtain- 
ing continuous growth of embryos. Attempts 
to use artificial media were also unsuccessful 
(Waterman 1934). 

Rock and Menkin (1944) achieved very lim- 
ited success with human oocytes using Locke’s 
solution and serum while Hammond (1949) also 
had some success with 8-cell mouse embryos 
using physiological saline supplemented with 
hen-egg white and yolk. Thus there  was  at 
this time no method of culturing mammalian 
embryos in vitro that was reliable enough to 
allow the systematic study of preimplantation 
embryos. Working in the John Curtin School of 
Medical Research, Wes used a modified Ringer’s 
bicarbonate solution to culture mouse embryos 
from the 8-cell stage to the blastocyst stage. 
This was the first demonstration of a reliable 
medium for the culture of mammalian embryos 
(18, 22). It had been assumed by earlier work- 
ers that the reason for the failure of embryos to 
survive and develop outside the maternal envi- 
ronment was that the Fallopian tubes provided 
some intrinsic factor that was essential for the 
welfare of embryos. Whitten’s observations and 
experiments led him to conclude that in addition 
to appropriate osmolarity of the medium, essen- 
tial for the growth of embryos were purity of 
water, a source of carbon dioxide and an appro- 
priate carbohydrate source of energy. This was 
long prior to the ready availability in laborato- 
ries of apparatus to provide water purified by 
multiple distillation and reverse osmosis. 

Wes used water from the Molonglo River 
that flows through Canberra and that had none 
of the added chlorine common in most city 
water supplies. It was supposed that embryos 
were anaerobic, an hypothesis that Wes tested by 
the addition to the medium of lactate, which the 
embryos would not be able to metabolize if they 
were anaerobic. In Wes’ words (90), he found 
that ‘they love the stuff ’. He went on to say: 
‘I was awed to be the first to witness the hatch- 
ing of mammalian embryos in vitro’. In 1956 
he published a note in Nature (18) describing the 
first chemically-defined medium for the culture 
of embryos, which became known as Whitten’s 
medium. He published a full paper in Nature in 
1957 (22) and further updated the composition 
and preparation of the medium in 1971 (41). 
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Whitten (22) noted that mouse morulae 
degenerated when cultured in an atmosphere of 
5% carbon dioxide and 95% oxygen but nor- 
mal development occurred in 5% carbon dioxide 
in air. Subsequently, use of 5% carbon diox- 
ide in air or with 5% oxygen and 90% nitrogen 
became standard procedure for embryo cul- 
ture. Many years later, with Ali and Shelton, 
Whitten (88) reported that the two systems are 
equally effective in generating quality embryos. 
Whitten’s papers (18, 22, 41) have been cited 
many hundreds of times. The formula for Whit- 
ten’s medium has been used as a basis  for 
many of the media formulated in the follow- 
ing years and used in embryo laboratories and 
Assisted Reproductive Technologies around the 
world. 

Whitten’s work and subsequent refinements 
permitted a massive upsurge in research into 
the development of preimplantation mammalian 
embryos. Despite the success of Whitten’s 
medium, it was significant that Wes’ experi- 
ments utilized multi-cellular embryos. Zygotes 
did not develop beyond the 2-cell stage. This 
became known as the 2-cell block and the cause 
of this phenomenon has been the subject of 
much research and conjecture. Whitten in 1957 
(22) had shown that late 2-cell embryos devel- 
oped into blastocysts if lactate was added to 
the medium but earlier stages did not cleave 
under these conditions. Whitten and Biggers 
(36) demonstrated that the 2-cell block is strain- 
dependent and that hybrid zygotes produced a 
large proportion of blastocysts whereas many 
inbred strains did very poorly. These findings 
supported evidence (Biggers, Whittingham and 
Donahue 1967) that the cleaving zygote requires 
specific exogenous sources of energy at different 
stages of development and these may be supplied 
by secretions of the Fallopian tubes. The rea- 
son(s) for the 2-cell block have not been fully elu- 
cidated although many mechanisms have been 
incriminated. Biggers (1998) in reviewing the 
culture of preimplantation embryos concluded 
that ‘even the best available media inevitably 
cause imbalances in the environment in which 
the embryos are forced to develop because they 
consist of only a small subset of the compounds 
present in the natural environments.’ 

After his move to the Jackson Laboratory in 
Maine in the USA, Wes continued to report major 
findings in the fertilization of oocytes, the culture 

of embryos and the cryopreservation of embryos. 
To facilitate advancement of assisted reproduc- 
tive technologies in all mammalian species, it 
seemed obvious that it was necessary to know 
and understand the optimal conditions required 
for the fertilization of oocytes in vitro. Hoppe and 
Whitten (58) found that preincubation of sperm 
for three hours before mixing with ova increased 
the number of ova fertilized and concluded that 
sperm maturation occurs in vitro. They went on 
to establish the level of albumin needed in the 
medium to achieve optimal fertilization rates of 
mouse oocytes (59) and suggested that this might 
be affected by the concentration of oxygen in the 
gas phase of the culture. Whilst they speculated 
on the possible function of albumin during fer- 
tilization, they admitted that attempts to achieve 
fertilization in vitro using a chemically defined 
medium had not yet been successful. 

The necessity of protein in the in vitro cul- 
ture of mammalian embryos was the subject of 
considerable conjecture and experimentation in 
many laboratories and became more urgent fol- 
lowing the development of human ART and the 
realization that important viral and prion dis- 
eases (eg. HIV, CJD and vCJD) may be transmit- 
ted by the use of blood products in the processes 
of in vitro fertilization and embryo culture. In 
Whitten’s original medium, glycine was the only 
source of fixed nitrogen. Bunim (1960), also at 
the Jackson Laboratory, suggested that the func- 
tion of glycine was not for protein synthesis but 
to chelate ions of copper or zinc that might have 
contaminated the medium. 

Following the demonstration by Brinster 
(1967) that the embryo draws heavily on its 
own stores of protein during the first three days 
of development, Cholewa and Whitten (40) in 
1970 substituted polyvinylpyrrolidone, a high- 
molecular-weight colloid,  for  albumin  in  the 
culture medium. They obtained good growth of 
outbred 2-cell mouse embryos and claimed that 
there was no absolute requirement for exoge- 
nous amino acids in the culture of embryos at 
this stage. In 1971, Wes published with Biggers 
and Whittingham (46) a complete review of the 
culture of mouse embryos in vitro. This estab- 
lished a basis for the consolidation and devel- 
opment of mammalian embryo culture systems 
world-wide. 

Despite the realization of the risks, most com- 
mercially available media for in vitro fertilization 
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and culture of human embryos continued to 
contain serum albumin. However Wes’ influ- 
ence inspired a younger researcher at ANU, 
Jaffar Ali, to examine thoroughly the require- 
ments for amino acids and other nutrients in 
media used for the whole gamut of in vitro 
fertilization and culture. This resulted in the pro- 
duction of a protein-free medium (Ali, Shahata 
and Al-Natsha 2000). 

Wes Whitten made an enormous contribu- 
tion to the science of embryology and to the 
technology of all aspects of human assisted 
reproduction. Ironically, his major motivation 
was the possibility of using scientific knowl- 
edge to control the burgeoning world popula- 
tion, which he saw as a looming problem. He 
recorded that while he was still at JCSMR he 
was offered support from the World Population 
Council but found that neither JCSMR nor any 
other Australian institution was prepared to act 
as host for such a grant. 

 
 

Cryopreservation of Embryos 
Following the successful cryopreservation of 
spermatozoa (Polge, Smith and Parkes 1949) 
major impetus was given to the objective of 
embryo cryopreservation. Wes and his col- 
leagues saw this technology as an important 
adjunct to cryopreservation of sperm in the 
preservation of genetic material, since it pro- 
vided the opportunity to preserve the com- 
plete genome rather than half the genome as 
in the cryopreservation of sperm.  However 
the cryopreservation of multi-cellular embryos 
presented problems not encountered with single- 
cell spermatozoa. Following a closer examina- 
tion of the cryobiological factors that influence 
survival (suspending medium, cryoprotective 
agents, cooling rate, final storage tempera- 
ture and warming rate) Whittingham, Leibo 
and Mazur (1972) reported that full-term foe- 
tuses and live young were obtained from 1-cell, 
2-cell  and  8-cell  embryos  stored  at  −196◦C 
for up to eight days. Whittingham and Whitten 
(57) realized the importance of this develop- 
ment in the transport of genetic material and in 
1974 obtained live young from 8-cell embryos 
stored at −196◦C for eight months and trans- 
ported from the USA for transfer to recipients 
in England. This report initiated a great deal of 
international interest in the cryopreservation of 

mammalian embryos, particularly farm animals 
and humans. Subsequently, cryopreservation 
procedures, cryoprotectants, cooling and warm- 
ing regimes, slow-freezing and vitrification have 
been the subject of many hundreds of reports, 
and embryo storage and transport both locally 
and internationally have become commonplace. 

 
Delayed Implantation 
The JCSMR animal house also provided the 
opportunity for the observant scientist to study 
aspects of reproduction in mice and to contribute 
to the endocrinology of mammalian reproduc- 
tion. The mouse is one of about a hundred 
species of mammal that exhibit delayed implan- 
tation during lactation. The female exhibits fer- 
tile oestrus soon after birth of a litter but the 
embryos do not implant in the endometrium 
until lactation wanes. As a result, the gestation 
is prolonged from a normal of around 21 days 
to about 40 days. Whitten conducted a series of 
elegant experiments (17, 25) in 1955 and 1958 to 
show that the absence of implantation was due to 
reduced secretion of oestrogen from the ovaries, 
which in turn was caused by reduced secretion 
of gonadotrophin by the pituitary. These con- 
clusions were reached without the assistance of 
modern-day techniques of assay of steroid and 
pituitary hormones but by using a sound knowl- 
edge of the physiological effects of reproductive 
hormones. 

 
Pheromones 
Another of Wes Whitten’s major scientific inter- 
ests was animal behaviour, particularly repro- 
ductive behaviour. The circumstances leading to 
Wes’ interest in pheromones, which generated a 
series of reports over a decade, provide an excel- 
lent illustration of Pasteur’s aphorism that chance 
favours the prepared mind. The Whitten mind 
was very well prepared, something that was to 
be demonstrated repeatedly throughout his sub- 
sequent career. His service responsibilities to 
the John Curtin School required him to provide 
1,000 newborn mice each week for use in virus 
isolation by the research group of Frank Fen- 
ner, Ian Marshall and Gwen Woodroofe. Their 
research necessitated provision of these new- 
borns at a steady rate. In search of an explanation 
for the major obstacle to accomplishing this, 
namely the availability of an excess of newborn 
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mice on one day with inadequate numbers on fol- 
lowing days, Wes launched into an investigation 
that was to define the influence of pheromones 
on reproduction. 

Whitten’s initial observation that the sexual 
cycles of female mice vary with the conditions 
under which they are caged was reported in 1956 
(19). He observed that mating of mice does not 
occur with equal frequency during the first four 
nights after pairing, with the number of mat- 
ings on the third night being much greater than 
expected. If the male was in a separate bas- 
ket within the females cage for two days prior 
to pairing, there was more frequent mating on 
the first night. He defined the duration of the 
male effect and the stage of the female cycle 
at which the male effect operated (26). When 
female mice were caged in groups they became 
anoestrous (27) and when exposed to a male they 
resumed normal sexual cycles. He concluded 
that the oestrous cycle of the mouse is modi- 
fied by the presence of a male or his excreta, 
and that an exteroceptive stimulus functioning 
through one of the chemical senses was probably 
involved. 

When he removed the olfactory bulbs of 
mice, he found that the ovaries and uteri of 
mature female mice were significantly smaller 
than those of control animals, but there was no 
effect on the testes of mature males (20). This 
was clear evidence that the olfactory sense is 
involved in the effect of the male on the female. 
This effect of the male is independent of visual, 
auditory or tactile stimulation and was postulated 
as being produced by an olfactory-mediated 
pheromone (27, 33). 

In 1963 Wes presented a paper suggesting 
that the vomeronasal organ is a sex receptor in 
mice (30). On moving to the Jackson Labora- 
tory in Maine, USA, in 1966 he continued his 
interest in the role of exteroceptive factors in 
animal behaviour and, utilizing a bioassay he 
devised with Wilson and Beamer (78), he and 
colleagues produced conclusive evidence that 
the vomeronasal organ is a receptor for the prime 
pheromone produced by male mice (79). With 
Bronson, (34) he showed that the pheromone is 
present in the urine of males and androgenized 
spayed females but not in the urine from cas- 
trate males; and, using the bioassay to examine 
the pattern of response to serial, 10-fold dilu- 
tions of male urine, he found a dose response 

with maximum response at 10−2 dilution and 
no response at dilutions greater than 10−3 (78). 
They also showed that it is transported by move- 
ment of air (35) suggesting that the pheromone 
is volatile. 

Another exteroception–mediated effect of the 
male on reproduction in mice is the Bruce 
Effect (Bruce 1959, 1960), whereby pregnancy 
is blocked in mated females when exposed to 
strange males. This effect is mediated via the 
olfactory sense and the responsible pheromone 
is in male urine and dependent on androgens. 
Whitten with Chapman and Desjardins (39) 
showed that the effect was associated with a 
decrease in pituitary luteinizing hormone in 
recently-mated females.  This was confirmed 
when Whitten with Hoppe (50) demonstrated 
that pregnancy block could be initiated by admin- 
istration of gonadotrophin. 

Whitten’s original observations in the ani- 
mal house in Canberra, reported in 1956 (19, 
20), aroused a great deal of scientific inter- 
est in the role of pheromones in mammalian 
behaviour and the sensitivity of the vomeronasal 
organ to chemical stimuli (30). Subsequently 
Whitten published a number of reviews of the 
role of mammalian pheromones and olfaction 
in reproduction (33, 37, 38, 54, 62, 64). Many 
constituents of male mouse urine have been iden- 
tified and some have been synthesised. With 
colleagues, Whitten identified dihydrothiazoles 
in the urine of male mice (65) and subse- 
quently Jemiolo, Harvey and Novotny (1986) 
synthesised two of the volatile constituents of 
male mouse urine and showed their ability to 
induce the Whitten effect in female mice. In 
addition to the effects of male mouse urine 
pheromones on the oestrous cycle and preg- 
nancy block in females, it is now clear that 
pheromones are important in communicating not 
only reproductive readiness but also social sta- 
tus and recognition. It is also clear that many 
factors including background genetic variation 
and interaction with MHC genes (55) influence 
the concentration of mouse pheromones. 

Whitten and colleagues also showed  that 
the genetic background of female mice influ- 
ences mating patterns and postulated a dom- 
inant mode of inheritance for the third-night 
mating tendency and a recessive mode of inher- 
itance for the first-night tendency (77). Volatile 
compounds and non-volatile peptides have been 
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suggested as the pheromones responsible for the 
chemosignals between individual mice (Brennan 
2004). In humans, information received from 
the nose is rarely of great significance because 
most of our olfactory receptor genes are non- 
functional pseudogenes. However, rodents not 
only have a vast repertoire of olfactory genes, 
they also possess two additional sets of recep- 
tors in the vomeronasal organ that is specialized 
for pheromone reception (Keverne 2000). 

Studies of the vomeronasal organ show that 
it is a chemoreceptive organ that is thought to 
transduce pheromones into electrical responses 
that regulate sexual, hormonal and reproductive 
function in mammals. The threshold of detection 
by neurons of the vomeronasal organ for some 
chemicals is said to be near 10−11 M, which 
is extremely low (Leinders-Zufall, Lane, Puche, 
Ma, Novotny, Shipley and Zufall 2000). 

At the Jackson Laboratory, Whitten recog- 
nised the opportunity to investigate the role of 
pheromones in marking behaviour in another 
species, the red fox (Vulpes vulpes L.), found 
in north-eastern Maine. With colleagues at the 
Jackson Laboratory and Indiana University, Wes 
identified eight odorous volatile compounds 
from frozen samples of red fox urine recov- 
ered from areas marked by foxes during winter 
(68). One of these was �3-isopentenyl methyl 
sulphide, a major compound in the urine and 
previously unknown (69). They set up a test situa- 
tion in the snow of a Maine winter to examine the 
effect of a solution containing the eight synthetic 
volatile compounds on the marking activity of 
wild red foxes (74). 

It had been observed that both male and 
female foxes, when travelling, may mark with 
urine small raised objects every 30–40 metres. 
Following significant snowfall, Whitten and col- 
leagues made small mounds of snow in two areas 
frequented by foxes and placed test solutions of 
the compounds on half the mounds. From the 
number of treated mounds marked by the foxes 
they concluded that one or more of the volatile 
compounds induced marking behaviour in the 
foxes. This was evidence of a pheromone influ- 
encing behaviour in a wild species. It is evident 
that Whitten’s observations in the animal house 
in Canberra (19, 20, 23, 26, 27) played a major 
progenitive role in the science of chemosensory 
communication. 

The Jackson Laboratory and 
X Chromosome Inactivation 
In 1960–1, Whitten spent a year, by invitation, 
at the Jackson Laboratory in Bar Harbor, Maine, 
and he later remarked that he was greatly influ- 
enced by the attitude of the research scientists 
there to the use of genetics as an additional 
dimension in experimental biology. He added 
that he was unsuccessful in his attempt to apply 
it to the problem of reproductive pheromones. 
On his return to JCSMR he became dissatisfied 
with his role, which was increasingly interpreted 
by the School administration as being to ensure 
a supply of experimental animals rather than 
to pursue ‘cognate research’. In retrospect, fail- 
ure to appreciate  the  quality  and  originality 
of his research probably reflected the unfamil- 
iarity of senior members of the School with 
reproductive biology. Recognising this situa- 
tion, Wes resigned to become Assistant Director 
(Endocrine Products) at the National Biologi- 
cal Standards Laboratory, where he concentrated 
on improving the standard of endocrine prod- 
ucts on sale in Australia. Having failed to give 
up the idea of doing research, he resigned from 
NBSL in 1966 and joined the Jackson Labora- 
tory. He recorded that the next fourteen years 
were the most exciting of his scientific career. He 
had adequate funds from NIH, excellent animal 
facilities, a good crew and a flow of graduate 
students. He also had access to the breeding 
records of the Jackson, which breeds several mil- 
lion mice per year. The Jackson Laboratory was 
founded by C. C. Little in 1929 and has long been 
the Mecca for mouse genetics. The laboratory 
mouse plays a key role in mammalian genetics 
and biomedical research because it is strikingly 
similar to humans in physiology, anatomy and 
genetics. Research in mouse genetics is applica- 
ble to humans because over 95% of the mouse 
genome is similar to that of humans, while the 
development of inbred lines makes the mouse 
a powerful tool in identifying the genetic basis 
of both normal and disease traits. The discov- 
ery of polymorphic genes enabled rapid genetic 
mapping and in the 1960s and 1970s biochemi- 
cal genetic marker systems based on isoenzymes 
were developed. These markers proved very use- 
ful in studying the development and activation of 
the embryonic genome. Much of this innovation 
occurred at the Jackson Laboratory and Whitten 



Wesley Kingston Whitten 1918–2010 297  
 
 
 

found this an immensely stimulating environ- 
ment. With Chapman and Ruddle (44) he used 
the electrophoretic variants of glucose phosphate 
isomerase to study the time of paternal gene acti- 
vation in hybrid mouse embryos. His results, 
using the timing of the presence of the sire’s vari- 
ant of glucose phosphate isomerase, indicated 
that the embryonic genome is functional at Day 5 
of the preimplantation embryo. His interest in 
embryonic development led him to investigate 
the time of X chromosome inactivation in the 
mouse embryo (49, 51, 53). 

X chromosome inactivation is the mecha- 
nism used in mammals for dosage compensation 
of X-linked genes between chromosomally XX 
females and XY males. One of the two X chro- 
mosomes in females becomes transcriptionally 
inactive in every cell of the early embryo and 
remains so in all somatic cells throughout life. 
Studies of X chromosome inactivation have led 
to an understanding of a number of sex linked 
genetic diseases. The X inactivation process in 
female placental mammals is random in affect- 
ing one or other of the X chromosomes and like 
all random events can be skewed. This skew- 
ing can result in disease when the predominant 
active X chromosome carries a mutant form of 
an important gene so that there is inadequate pro- 
duction of a protein. Diseases shown to be caused 
by skewed X chromosome inactivation include 
Duchenne muscular dystrophy, haemophilia, and 
a form of mental retardation. Thus understand- 
ing of the time and mechanism of X inactivation 
is important. Whitten and Deol (49, 53) exam- 
ined the possibility that X inactivation did not 
occur at the same time in all tissues by com- 
paring clone numbers in the retinal epithelium 
of mosaic and chimeric mice at 12 days post 
coitum. Their results were later considered to 
be inconclusive (Nesbitt 1974), but their work 
stimulated further investigations into the tim- 
ing and mechanism of X inactivation and the 
role of genes on the X chromosome in genetic 
diseases. During his studies of the early devel- 
opment of mouse embryos, Whitten noticed that 
the rate of development seemed to vary between 
different genotypes, and subsequently with Shire 
(80, 81) he examined the time of first cleav- 
age for embryos sired by eight genotypes of 
males and from eleven genotypes of females. 
They concluded that both paternal and maternal 
genotype have important effects on the timing of 

first cleavage and that this be kept in mind when 
comparing data from matings involving different 
genotypes. 

 
 

Sex Determination and Y Chromosome 
Non-disjunction 
Wes Whitten realised the potential of the 
many mouse strains and the knowledge of 
their genetic background at the Jackson Lab- 
oratory for the study of sex  determination 
and gonadal development. This was particu- 
larly so with the BALB/cWt strain of mice, 
which showed a particularly high incidence 
(3%) of true hermaphroditism among day-15 
foetuses (66). With colleagues he showed that 
the hermaphrodites were chromosomal mosaics 
(i.e. XO/XY or XO/XY/XYY) and that the cause 
of the hermaphroditism wasY chromosome non- 
disjunction (66, 76). In a subsequent series of 
observations he found that by weaning age the 
percentage of hermaphrodites had declined to 
0.4%. He suggested that subsequent to Day 15 
of foetal life, some of the gonadal abnormali- 
ties are sequestered with development towards 
the male phenotype more common, and that the 
proportions of the male and female elements 
determine whether a particular foetus will con- 
tinue to develop as a hermaphrodite. His studies 
included a detailed morphological description of 
the gonads in hermaphrodites (71, 72, 83), and he 
postulated that when the proportion of XY cells 
in a sex mosaic is greater than one-third, the indi- 
vidual will develop into a male phenotype (72). 
Observations on these mice were consistent also 
with the earlier view (45) that most sex chimeras 
(XX↔XY) develop as phenotypic males. He 
suggested that H-Y antigen may have a role in 
protecting germ cells from a meiosis-inducing 
substance and speculated that his observations 
might support the conclusion of Evans, Ford and 
Lyon (1977) that ‘the sex of the germ cell is 
not an autonomous property, but is determined 
by the nature of the gonad in which it finds 
itself ’. Whitten’s studies of the BALB/cWt mice 
and their propensity to produce hermaphrodites 
led him to conclude that they were good sub- 
jects for studies on the development of gonads, 
accessory structures and endocrine function, 
and that they provide a model for chromo- 
some nondisjunction and perhaps also for clone 
selection. There  are  many  human  conditions 
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that are caused by nondisjunction of the sex 
chromosomes. 

Another sub-strain of BALB/c mice (BALB/ 
cBm) was the subject of intensive study by 
Whitten, Carter and Beamer because sex- 
reversing non-disjunction of the Y chromo- 
some in this strain produced a low sex ratio 
and hermaphrodites in the progeny of male 
BALB/cBm mice (86). They concluded that the 
Y chromosome of these mice is unable to inter- 
act normally with the mitotic spindle of some 
genotypes, and that it was likely that the primary 
non-disjunction occurs at first cleavage. They 
suggested that the high rate of non-disjunction 
that occurs in some matings may provide a model 
for Turner’s syndrome and hermaphroditism in 
humans. 

 
 

Spontaneous Ovarian Tumors – 
Potential as a Model 
Whitten worked with a number of colleagues at 
the Jackson Laboratory and these collaborative 
projects continued after he left the laboratory in 
1978. After a visit to the laboratory in 1993, Wes 
remarked that the recombinant strains that he had 
helped set up were paying off, particularly strains 
from the hybrid in which he found granulosa cell 
tumours. With Beamer and Hoppe (84) he had 
investigated these tumours in young SWR mice 
and SWR-derived inbred mice and they devel- 
oped a working hypothesis that the occurrence of 
tumours in SWR and SWR-derived mice results 
from the interaction of a unique SWR factor, per- 
haps cytoplasmic, with nuclear genomic material 
common to Swiss mouse stocks. 

Beamer and his colleagues (1993, 1998) con- 
tinued these investigations and located suscepti- 
bility genes at four loci in SWR-derived inbred 
mice and proposed that androgens synthesized 
in response to normal gonadotrophic stimulation 
initiate tumourigenesis in the genetically suscep- 
tible ovary. They also observed a similarity of the 
tumours to the ovarian granulosa cell tumours 
that occur in young girls. These recombinant 
strains set up by Whitten and colleagues assumed 
even more significance when a report was pub- 
lished by Willemsen et al. (1993) suggesting a 
causal relationship between ovarian stimulation 
with gonadotrophin and granulosa cell tumours 
in twelve women. Although an increased inci- 
dence of ovarian granulosa cell tumours has 

been observed in women that have had ovarian 
stimulation for IVF, it appears that possible 
genetic susceptibility of some women to ovarian 
tumourigenesis following gonadotrophic stimu- 
lation has not been thoroughly investigated. 

 

Return to Australia 
In 1978 a newly appointed Director of the Jack- 
son Laboratory initiated a change in research 
direction from genetics to tumour immunology 
and, to enable the recruitment of new staff, Wes 
was offered early retirement which he accepted 
and returned to Australia. A few years later, 
Wes remarked that with a subsequent change 
of director, ‘the Jackson is back on course’. 
After returning to Australia, Wes resided for a 
few years in Tasmania where he was an Hon- 
orary Research Associate in the Department of 
Zoology at the University of Tasmania and bred 
cattle and sheep on a small hobby property. 
In 1980 he moved to Canberra, where he held 
honorary positions in the John Curtin School, 
CSIRO Wildlife and Ecology, and the Cooper- 
ative Research Centre for Biological Control of 
Vertebrate Pest Populations. 

Wes was often in my (JNS) laboratory at 
JCSMR—sometimes after several kilometres in 
the swimming pool—and in addition to pro- 
moting interesting discussions on a wide vari- 
ety of subjects, he provided valuable advice to 
research scholars including Andras Szell and 
Jaffar Ali who were conducting doctoral research 
on embryo culture and cryopreservation. 

Whitten had a wide curiosity and an inter- 
est in nature that not only motivated his original 
research projects but also lured him into numer- 
ous less formal investigations. One of these was 
to investigate with a colleague from CSIRO 
Wildlife whether the cue to nest-building by the 
female magpie was provided by the male’s dis- 
play. When the display was delayed by an implant 
of oestrogen, the males began to build nests 
within 48 hours of the implant. We still do not 
know the importance or otherwise of the male’s 
display. 

Wes also spent a period at Macquarie Island 
studying reproduction in southern elephant 
seals. No doubt it was the same intense interest 
in nature that inspired him to visit Alaska and the 
Galapagos Islands late in his life. 

Parallelling his aptitude for discerning 
associations   between   apparently   disparate 
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observations, Wes maintained a sensitivity for 
the wider implications of his subjects of sci- 
entific interest. His scientific achievements 
equipped him very adequately to become 
involved in arguments about issues which, while 
outside the laboratory, could be explicated using 
the skills he had acquired during four decades in 
laboratories. He was uniquely qualified to pro- 
vide an international perspective on Australian 
reproductive physiological issues, uninfluenced 
by domestic  biases and  conflicting  interests. 
Such a qualification was based on a close famil- 
iarity with the Australian scene in the 1950s and 
1960s, on which an international perspective had 
been superimposed over the following decades. 
Three episodes during the 1990s serve to illus- 
trate this point. All three involved conflict with 
local medical clinicians. In all three, Wes was 
ultimately unsuccessful. 

In 1994, the report of an inquiry commis- 
sioned by the Australian Minister for Human 
Resources  and  Health  dealing  with  ‘the  use 
of pituitary derived hormones in Australia and 
Creutzfeldt-Jakob disease’was published (Allars 
1994).  This  inquiry  examined  a  programme 
initiated in the early 1960s to supply human 
gonadotrophin and growth hormone, prepared 
from  cadaveric  pituitary  glands,  to  a  small 
group of clinicians with the objective of treat- 
ing patients affected by infertility and growth 
retardation respectively. While not recognized 
at the time, and only grudgingly acknowledged 
by the time of the inquiry, the programme con- 
stituted little more than an experiment under- 
taken,  notwithstanding  available  evidence  of 
potential risks, on uninformed and unconsent- 
ing subjects. Following release of the report, 
Wes and several of his contemporaries who had 
been associated with CSIRO or the National 
Biological Standards Laboratory in the 1960s 
went in to bat on behalf of those subjects. Wes 
was fully conversant with the state of scien- 
tific knowledge before the commencement of the 
programme—knowledge that had persuaded the 
American authorities not to administer material 
from cadaveric sources to patients. He and his 
colleagues drew attention to warnings expressed 
before the programme commenced as well as 
multiple  glaring  deficiencies  in  the  applica- 
tion of protocols for pituitary gland collection 
at  autopsy. The  issue  that  motivated Wes  in 
the  1990s  was  the  refusal  of  the Australian 

Government to consider compensation for indi- 
viduals whose lives, and in some cases sanity, 
had been affected by uncertainty about them pos- 
sibly developing vCJD. Wes and his colleagues 
participated in a parliamentary inquiry as well 
as in legal actions against the Government that 
sought to rectify this, but without success. An 
attempt to have his scientific assessment of what 
had been known about the potential dangers 
of therapeutic use of cadaveric human pitu- 
itary extracts at the time the programme began 
accepted for publication in a journal was also 
unsuccessful. 

Another cause to which Wes was committed 
in the 1990s was that of the ‘Tall Girls’. This 
group of women had been submitted to early 
induction of menarche in order to curtail their 
growth. As Wes succinctly expressed it, there had 
been concern that, unless their growth in height 
was checked, they would be unable to find suit- 
able partners as debutantes. The group of women 
who had been treated as teenagers suspected that 
the treatment had reduced their subsequent fer- 
tility. When agitation for an examination of their 
concerns was in full swing, Wes arrived at the 
laboratory one day to announce proudly that he 
had been appointed as an honorary Tall Girl. 
A scientific investigation subsequently failed to 
support the existence of a link between earlier 
treatment and infertility. 

Following the production of Dolly the sheep 
in the late 1990s, Wes was co-opted to a working 
party preparing advice to the Australian Health 
Minister on cloning. He brought a much-needed 
international perspective to the subject. On read- 
ing the reference list that had been compiled 
to accompany the draft scientific chapter, he 
announced that there was only one Australian 
co-author among the forty listed papers, adding 
as an afterthought that this co-author had been 
born in Kenya and had undertaken the pub- 
lished research in Wisconsin. This observation 
was rather at variance with the assessment by the 
Australian media of the Australian contribution 
to the science. Wes’ suggestion, incorporated in 
the draft advice to the Minister, was for the estab- 
lishment of a national primate centre similar to 
the ones with which he was familiar in the USA. 
This was rejected by the Australian practition- 
ers who saw no need for a non-human primate 
experimental animal, and was relegated to an 
appendix in the revised document. 
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Awards and Affiliations 
Wes was a member of many scientific associa- 
tions including: 

 
American Association  for   Advancement 
of Science 
Society of Endocrinology 
Society for the Study of Fertility 
Society for the Study of Reproduction 
Society for Developmental Biology 
Wes was elected to the Australian Academy 
of Science in 1982. He was awarded the Mar- 
shall Medal of the Society for the Study of 
Fertility in 1993 for his outstanding contribu- 
tion to the study of fertility and reproduction, 
and in 1996 he was presented with the Pio- 
neer Award of the International Society for 
Embryo Transfer. 
In 2001 Wes was awarded a  DSc  (hon- 
oris causa) by the Memorial University of 
Newfoundland. 
In 2009 the Australian National University 
named its new animal breeding building the 
Wes Whitten Building. 
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