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Sexual reproduction: an overview
Suzannah A. Williams

Introduction
Reproduction is the production of offspring, propa-
gating genes into the next generation, and exists in
many forms within the animal kingdom. Each of these
different strategies has advantages and disadvantages,
but all strategies have evolved as the optimum for a
particular species in a particular niche. Sexual repro-
duction, as opposed to asexual reproduction, in the
majority of cases involves the recombination of DNA
to result in the generation of unique individuals. Of
these individuals, some will be better adapted to exist
in the surrounding environment than others, and
these better suited individuals are most likely to be
more successful. Therefore, this process of evolution
not only results in the success of the fittest but also
leads to intense competition for the best mate to pro-
duce the ‘best’ next generation.

For successful reproduction in mammals, i.e. the
production of new viable offspring, there are many
different stages that are essential not only in function
but also timing. These stages include the production of
functional gametes, appropriate behaviour to ensure
the released gametes interact, a suitable environment
for implantation and subsequent embryo develop-
ment, birth to occur into a suitable environment and
also for appropriate lactation to ensure the newborn is
adequately provided for. Failure at any of these earlier
stages can result in infertility ultimately failing to
produce viable offspring, and in the worst case, threat-
ens the life of themother and of the fetus or newborn(s).
Understanding how each of these events is regulated
is critical for furthering our ability to influence these
processes. This is critical not only to assist people who
are unable to conceive naturally to have children, but
also for other purposes such as to aid fertility in endan-
gered species and to maximize reproduction for food
production.

Although the focus in this textbook is on the
mechanisms of reproduction in humans, there are
numerous insights to be drawn from investigating
reproductive strategies in other species.

Gamete generation and selection
The production of gametes for reproduction requires,
in the case of the male, sperm that are mobile and
functional, and in the female, the ovulation of an egg
that is effectively the best of all those developing in the
ovary.

In the selection of the ‘best’ gamete(s) there is
enormous wastage of both male and female gametes
which occurs at different stages in their generation. In
males, selection occurs primarily after ejaculation.
Millions of spermatozoa are produced by each male
on a daily basis, calculated at 1000 per second in the
human [1], however the number of sperm that actually
reach the site of fertilization is understood to be
remarkably low, with only one spermatozoa actually
required for fertilization. Therefore, the vast majority
of male gametes are unsuccessful in the pursuit of
reproduction. Whereas in women, selection occurs
in the ovary by a variety of mechanisms with several
follicles growing but ultimately only one egg is ovu-
lated in the vast majority of cases.

While we understand something of the mecha-
nisms that regulate the number of eggs that are ovu-
lated in humans (discussed further in Chapters 4–6)
we have very little understanding of how ovulation rate
is regulated between species. This is key to fully under-
stand ovarian function and fertility regulation in all
species including humans. Current techniques for
obtaining large numbers of eggs in women undergoing
IVF require high doses of hormones and although they
are effective in attaining the objective, the administra-
tion of these hormones poses a significant risk to the
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woman, namely ovarian hyperstimulation syndrome
[2] (discussed further in Chapters 25 and 29).

It is not yet known how the egg that is selected for
ovulation in a normal cycle differs to those that
undergo atresia and die. Ovarian stimulation in
women allows a whole cohort of follicles to develop
and multiple eggs to be ovulated, and yet we have little
knowledge about which eggs should be used first as the
‘best’ eggs for assisted reproduction. Therefore, fur-
thering our understanding of ovulation rate and the
mechanisms that regulate it are critical to developing
more natural ways of obtaining eggs and to enhancing
our selection of the best eggs.

It is clear that there is considerable wastage of
potential female gametes, primarily due to the consid-
erable numbers of oocytes that are generated and
develop compared to the very low number ovulated.
Indeed, females generate approximately 7 million pri-
mordial germ cells [3] (discussed further in Chapter 6)
and ovulate around 400 before undergoingmenopause
at approximately 50 years of age in Western women.
An alternative way to think about it is that to select the
finest, you need to have a heterogeneous pool to select
from. Perhaps, rather than perceive this loss of oocytes
as wastage, we should view it as selection. Since all of
the oocytes within the pool will vary to some extent
based for example on location in the ovary, proximity
during development to other follicles, vasculature, it is
possible that the ‘best’ oocyte to be selected within a
pool of oocytes varies depending on a woman’s age or
available nutrition. Therefore the generation of a pool
of oocytes for each cycle is required so that the most
appropriate can be selected. Sperm selection also
exists. In addition to sperm selection within the female
reproductive tract where the sperm that fertilizes has
good forward motility and is headed in the right direc-
tion at the outset, there is good evidence for elimina-
tion of many genetically or otherwise abnormal sperm
via cell cycle checkpoints and apoptosis. A sperm
chemoattractant has been postulated for many years.
Anyone who has added sperm to eggs in culture will
have observed that an overwhelming number of sperm
bind to the eggs. Recently progesterone has been found
to have sperm-attracting properties [4] although this
may not be the only factor involved.

The distance that sperm need to cover to reach
the fertilization site in the fallopian tube is consider-
able, taking into account the size of the sperm. For
many years the sperm was considered to be propelled
forward by the tail moving in a side-to-side whiplash

motion; however we now know that the tail drives the
sperm forward by a corkscrew action. Calculations of
the time it takes sperm to travel the distance have
revealed that other mechanisms exist to carry the
sperm to the fertilization site, including fluid flow to
the oviduct. However, if the sperm are pulled towards
the ‘wrong’ oviduct, i.e. the one that does not contain
an ovulated egg, then these sperm are effectively out of
the race.

Other species have evolved novel mechanisms for
sperm transport in the female tract. For instance the
sperm head of the common wood mouse is hook-
shaped, and these hooks attach to one another forming
trains (Fig. 1.1a). The hook-shaped head is a character-
istic of rodent sperm and the specific shape of this
hook affects how the heads are able to join and inter-
act. These sperm trains have an increased speed com-
pared to single sperm. Furthermore, these trains also
contain sacrificial sperm, which sacrifice their acro-
some to join the train, thereby rending them unable to
fertilize the egg [5].

Spermatozoa are produced in the testes which are
external to the body cavity in most mammals.
Temperature regulation is critical to the production
of functional sperm in humans. The question arises as
to why sperm production in mammals requires a
lower temperature in some species. It is possible that
it is an evolutionary advantage for sperm to die at body
temperature and therefore with each new fertilization,
new sperm are required, ensuring that for each con-
ception, the sperm that fertilizes is from the current
fittest sire. Alternately, females who are unwell with an
elevated temperature will enhance sperm death, thus
aiding the prevention of pregnancy in women who are
unwell.

However, external testes do not exist in all mam-
mals, and indeed testes temperature is not decreased in
all mammals. Conversely, internal testes do not neces-
sitate that the testes temperature is the same as the rest
of the body. Dolphins have internal testes and yet the
temperature of the testes is maintained lower than
body temperature. This is achieved by circulating the
blood that comes directly from the fins at the extrem-
ities, which is cooler, directly to the testes, thus main-
taining the testes at a lower temperature.

Spermatozoa are produced in the testes from pu-
berty till death, ensuring there is a continuous supply
throughout the reproductive life of mammals.
Therefore men can continue to reproduce late into
their dotage. The oldest father on record is an
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Australian who fathered his last child at 92 years of
age. This is in direct contrast to the limited number of
eggs that exist in females (discussed further in Chapter
6). However, although sperm production is continu-
ous, sperm production and quality are known to
decline as men age [6].

Social and behavioural
gamete selection
The female is the one, in most species, that carries the
offspring, nurturing their development until finally
giving birth, and thus it is the female that provides
the vast majority of the investment in the production
of young. Therefore, it is in her interest to ensure that
her investment is for an offspring that has the best
chance of survival, i.e. has the best genes. Thus it is in
the female’s best interest to ensure that she mates with
the ‘best’ male. There are some exceptions to female
pregnancy, notably seahorses, where the male carries
the eggs attached to his abdomen for the duration of
gestation and gives birth to numerous miniature sea-
horses. The ‘best’ criteria for a mate vary with species
depending on the reproductive strategy employed.
Therefore, since in most species it is the female that

has the greater investment, sperm selection is the focus
of social and behavioural gamete selection.

A variety of successful strategies exist to achieve a
reliable source of spermatozoa. One option is a
monogamous partnership with a tried and tested
male. This ensures reliable functional sperm are avail-
able on demand. Furthermore, a male that is making a
large investment into the offspring has greater interest
in supporting their development.

Angler fish, which live at considerable depth in a
very barren environment, have evolved an unusual
strategy to ensure a reliable supply of sperm. For
many years only female Angler fish were caught,
which intrigued scientists as to the reproductive strat-
egy employed. However, a number of females had a
small but noticeable bulge on a part of their abdomen,
and only when this was analysed did it become appa-
rent that this appendage formed the remainder of the
male’s body. Upon encountering a female, a male
Angler fish bites into the side of the female and
becomes permanently attached (Fig. 1.1). The male’s
body atrophies and nutritional support for the
remaining tissue is provided by the female’s body.
Sperm are released into the female Angler fish as a
result of hormonal stimulation by the female.

(b)(a)

(d)(c)

Figure 1.1 Male gametes. (a) human
sperm; (b) mouse sperm; (c) wood mouse
sperm trains; (d) angler fish.

Chapter 1: Sexual reproduction: an overview

3

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-16640-9 - Textbook of Clinical Embryology
Edited by Kevin Coward and Dagan Wells
Excerpt
More information

http://www.cambridge.org/9780521166409
http://www.cambridge.org
http://www.cambridge.org


However, this of course means that the female’s choice
of mate is unchangeable after the male has attached to
the female. Therefore, although there is a continual
supply of male gametes, there is no ability for the
female to select the strongest male to supply the fittest
sperm, a system that has evolved in many species. This
particular strategy is fascinating, not only in its own
right, but it can also potentially reveal insights into
how foreign tissue can be accepted by a host more
generally.

The females of some species, including many birds
and reptiles, have evolved a reproductive tract with the
capability of storing sperm to ensure a constant sup-
ply. The female tract contains crypts where sperm can
be stored for a considerable length of time. Gould’s
wattled bats mate in autumn and store the sperm
through hibernation until fertilization the following
spring. Turtles can store sperm for 4 years and snakes
have been known to store sperm for up to 7 years.
Understanding the mechanisms involved that enable
sperm to be stored at body temperature for such pro-
longed periods of time without any ill effects would
clearly be an advantage to storing sperm for use in
breeding programmes and for in vitro fertilization
(IVF). Furthermore, additional insight would be
gained by understanding not only how these special-
ized cells exist for this long period of time, but also
how they are unaffected by increased temperature.
Eliminating the need for cryopreservation for storing
sperm would clearly be a great advantage for many
aspects of reproductive biology.

In humans, a reliable source of spermatozoa for
procreation is achieved by the existence of monoga-
mous relationships. This is however an unusual cir-
cumstance in the animal world, where monogamous
relationships are not very common. Even in species
that appear to be monogamous, genetic testing of off-
spring and parents has revealed that many offspring
are actually fathered by a different male. In this con-
text, evolutionarily it might be advantageous to bring
up offspring with a tried and tested partner from
previous years; however, this male may not be the
fittest male available and therefore mating with one
deemed fitter by the female is clearly the way to obtain
the best genetics for the offspring.

In most species, partner choice is influenced by
perceived fitness which has many guises. It is most
easily characterized in non-humans where the deter-
minants appear much less complex and have been
documented in many species from multiple genres.

The goal in choosing the fittest mate is to ensure the
offspring are given the best opportunity genetically to
compete with the fittest of their generation. However,
markers of fitness in different species can be remark-
ably obscure to the human eye. Some of the more
obvious, for example, large antlers for fighting to
establish male hierarchy, can be readily understood.
We can also appreciate the song voice of various song
birds. Whereas the long expansive plumes of the pea-
cock are hard to understand as a mark of function but
as a display to differentiate between males, it is under-
standable. Therefore, the ‘fittest’ male is not necessa-
rily the fittest to survive the environment butmay be in
possession of the best genes to ensure their offspring
also possess desirable partner traits and thus have the
greatest chance of mating.

In contrast, partner selection in humans is
extremely complex. Unlike other primates including
mountain gorillas, where the dominant male is the
strongest male, we have established a social structure
with less aggressive principals in an evolved society
and therefore strong, large males are not necessarily
the optimum choice. Intelligence and a ‘sense of
humour’ are also key factors in human mate choice
[7]. Although since studies indicate that human mate
choice is also dependent on an individual’s specific
major histocompatibility complex (MHC; important
for immunity) as detected by body odour, this indi-
cates that a primitive and subconscious aspect still
exists for human mate choice. Furthermore, one of
the most intriguing developments in human partner
choice in the developed world is that, unlike all other
primates and the majority of mammals, females now
also ‘exhibit’ to compete for partners. Women are no
longer the choosers of their mate but are also being
chosen.

Fertilization
One question is why sperm binding is species-specific
if it occurs within the reproductive tract of sexually
reproducing species? The answer is that it is most
likely a remnant from our early ancestry when fertil-
ization occurred externally and has not been lost.
However the exact mechanisms that regulate sperm
binding to the egg zona pellucida in mammals have yet
to be elucidated. There is considerable controversy in
the field, with numerous hypotheses based on clear
and convincing data, albeit conflicting [8–10] (this is
discussed further in Chapter 10).
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Embryo development and gestation
Preimplantation embryos generated during assisted
reproduction that are surplus can be stored for further
reproductive cycles. Currently this requires cryo-
preservation; however this does result in a degree of
embryo damage and loss. Therefore, since these
embryos are extremely precious, developing new
methods to improve viability of preserved embryos
would be advantageous. For instance, a number of
marsupials, including the tammar wallaby, generate a
blastocyst which remains quiescent in the female’s
reproductive tract for almost a year until the environ-
ment is once again optimal for reproduction [11]. This
blastocyst is generated to enable the tammar wallaby to
rapidly resume pregnancy if the existing offspring dies.
Understanding the mechanisms that can maintain a
viable blastocyst at this stage for this long period of
time would of course be of great use clinically in the
preservation of blastocysts, as this would prevent loss
during the cryopreservation procedure.

One of the most interesting and unexpected dis-
coveries in recent years is that mothers often retain a
small number of cells from the fetus they have carried.
Therefore mothers are effectively chimaeras. A high
proportion of fetal cells in mothers have been linked to
an increased incidence of autoimmune disease [12].
Understanding the mechanisms of not only how these
cells cross the placenta but also how they contribute to
the onset of autoimmune disease is a field of active
scientific research.

Reproductive strategies
Mammals exhibit a variety of options for the develop-
ment of offspring ranging from almost embryonic to
fully formed (Fig. 1.2). Offspring born to marsupials
reflect the least developed infants or newborns.
Kangaroo offspring greet the world a mere 2 cm
long, blind and hairless newborn (newborns this unde-
veloped are known as altricial). Humans are also altri-
cial, being unable to care for themselves and relying
entirely on their parents for all their requirements.
This is in extreme contrast to precocial guinea pigs
which are born fully formed and mobile after 6 weeks’
gestation. Humans invest a great deal into their off-
spring, with each baby born representing significant
investment and also requiring considerable future
input and investment. Human offspring require
many years of care and nurturing. Many mammals
choose to invest in a number of offspring as opposed
to focusing on raising a singleton. Altricial offspring
are usually a characteristic of larger litters, however, as
observed for kangaroos and humans, this is not a
universal trend.

The newborn kangaroo has to make its way
squirming and wriggling up the mother’s stomach to
the lip of her pouch into which it descends, attaches to
a nipple and remains there for the next 6 months.
Despite being born in an almost embryonic form, the
newborn kangaroo achieves this feat unaided.
Interestingly, although human offspring are born
requiring considerable care and attention, if left to

(a) (b)

(c) (d)

Figure 1.2 Newborn development of
(a) the altricial human; (b) mouse;
(c) kangaroo; and (d) the precocial
offspring of the guinea pig.
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their own devices after birth, they will, of their own
accord, make their way up their mother’s stomach to
the breast for their first feed (personal communica-
tion, Professor Peter Hartmann, University of
Western Australia).

Young kangaroos suckle for up to a year and dur-
ing this time the composition of the milk changes from
carbohydrate-rich to fat-rich milk. Other species
employ different strategies and suckle their young for
a considerably shorter period of time. Hooded seals
suckle their young for a mere 4 days with milk con-
taining 60% fat; as opposed to 4% in cattle and
humans. During this time the pup doubles in size,
generating vast reserves of blubber [13]. The fur seal,
however, adopts a different strategy where pup feeding
is intermittent [14]. The pup is fed for a number of
days and then is abandoned for up to 4 weeks when the
mother leaves the pup to forage for herself before
returning to resume feeding. Interestingly, unlike
humans, lactation in this species can be turned off
and then on again without any apparent changes to
the morphology of the mammary glands. The absence
of feeding in a lactating woman leads to irreversible
changes that result in involution of the mammary
glands and the cessation of lactation. Therefore,
understanding the molecular mechanisms of ceasing
and restarting lactation would clearly be advantageous
to human biology.

Male lactation is not a normal event but does occur
in two species of Old World fruit bat [15].
Interestingly, human male lactation has been docu-
mented in certain clinical conditions and therefore
the biological machinery for lactation exists in males.

Gestation length also exhibits a great deal of varia-
tion, not only between species but also within.
Although human gestation is 40 weeks or 280 days,
between 37 and 42 weeks is considered normal.
Pregnancies that continue unabated for longer result
in labour being induced to ensure mother and child
remain healthy. However, as always, there are excep-
tions. One human pregnancy has been documented
lasting 375 days, approximately 12.5 months. The
prenatal doctors described fetal growth as slow but
normal, resulting in the birth of a girl weighing a
non-exceptional 6 lb 15 oz. The mechanisms that
regulate gestation are therefore complex and differ
considerably between species depending on the repro-
ductive strategy employed, i.e. the number of offspring
and the level of development required when born. For
example, for some species such as antelopes, horses

and elephants, it is imperative that the newborn is able
to be up walking and running within a few hours and
therefore gestation is relatively long to enable adequate
development. For other species such as mice, cats and
dogs, where gestation is relatively short, numerous
helpless individuals are born.

Population dynamics
The ultimate goal for an individual, as stated at the
beginning of this chapter, is to reproduce, generating
offspring capable of passing on the individual’s
genes. Therefore, of all the offspring produced, for a
population to remain stable, each individual has to
reproduce a single individual capable of breeding.
Consequently, all of the other offspring produced
will most likely provide food for other species.
Humans in most developed countries are able to
make active choices about the number of offspring
they produce and have many tools at their disposal to
assist with this decision. Contraceptives and aware-
ness ensure that most humans are able to decide when
and where to invest their energy to produce the next
generation.

Summary
There are many mechanisms employed by different
species to enable reproduction to occur successfully.
By studying not only human physiology but also that
of different species, we enhance our understanding of
the mechanisms that regulate physiology and also dis-
cover unexpected strategies that, when fully under-
stood, may be able to advance assisted reproductive
technology and human health.
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Chapter

2
Sexual development
Andy Greenfield

Introduction
Sex and its anatomical origins have been a source of
endless fascination for scientists and philosophers
since the time of the ancient Greeks, from chauvinist
Aristotelian notions that the semen contributes the
‘soul’ of the fetus while the female contributes mere
matter, through to Galen’s contention that the right
testis produces seed that generates a boy while that
from the left, a girl. Many proposals such as these,
based on evidence of varying quality, have been
made historically and have not stood the test of time.
The advent of improved microscopy, genetics
and, latterly, molecular biology has resulted in a con-
temporary, sophisticated understanding of how male
and female newborns appear in approximately equal
ratios. This chapter reviews some of our current
understanding of mammalian sexual development. It
is in no way an exhaustive review, but rather aims to
act as a primer for further study of the literature.

Two experimental observations still form the basis
of our understanding of how sex is established in
humans and other mammals: (i) The pioneering
experiments of Alfred Jost established that castrated
mammalian embryos develop as females. From this he
concluded that male development is induced in the
embryo by the activity of sex hormones produced by
the fetal testis. This observation is the experimental
basis of the much misunderstood remark that female
development is a ‘default’ pathway; (ii) The genetic
demonstration that the Y chromosome is a dominant
male determinant, in the late 1950s, suggested that,
once embryonic chromosomal sex is established at
conception, the Y chromosome is necessary and suffi-
cient to cause testis development. XY embryos develop
as males because, first, testis differentiation occurs
and, second, because the testis produces hormones
that masculinize extra-gonadal tissues. If an ovary

develops, such as in an XX embryo, or if no gonad is
present, the anatomical outcome is female.

It is the intention of this chapter to provide an
overview of the sequential events required for normal
male and female development. I will then offer a more
detailed account of the cell lineages of the developing
gonads and how these are established within a bi-
potential gonadal primordium. Finally, I will examine
what is known about the genes/proteins required to
orchestrate sexual development.

Development of the reproductive
organs: an overview
The mammalian fetus is sexually dimorphic, that is, it
comes in two distinct ‘flavours’: male and female.
However, these distinct sexes arise from what are
anatomically indistinguishable starting points in the
early embryo. For example, human embryos, whether
they are XX or XY in chromosome constitution,
develop in an identical fashion for the first twomonths
of gestation. Only subsequently do the fates of the
primordial reproductive organs diverge. In the
mouse, an important model organism for the study
of normal and abnormal sexual development and the
focus of much of this chapter, the first 11–12 days of
development (out of a total of around 19–21 days)
appear indistinguishable in XY and XX embryos. In
this section we will see how evolution has solved the
problem of how to generate sexually dimorphic repro-
ductive organs, with an interesting difference between
the gonads and the associated reproductive tracts. The
testis and ovary arise from a single bipotential primor-
dium (the genital ridge), while the male and female
reproductive tracts develop from distinct primordia
(the Wolffian and Müllerian ducts, respectively) that
are both present in the early embryo. Excellent reviews
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of these and other aspects of sexual development can
be found in [1], [2] and [3].

The mammalian gonad develops as an integral part
of the urogenital system. This is itself derived from
intermediate mesoderm that runs along the length of
the embryo either side of the midline. Traditionally,
the urogenital system is divided into three segments
distinguished from anterior to posterior as the pro-
nephros, mesonephros and metanephros (Fig. 2.1),
which arise along the Wolffian (nephric) duct. In
mammals the pronephros is vestigial and the meta-
nephros gives rise to the permanent kidney. The
mesonephros acts as an excretory organ in some spe-
cies, but it has a much more significant role to play in
the development of the embryonic gonad. The gonads
are first apparent on the ventromedial surface of the
mesonephros at around 10 days post coitum (dpc) in
the mouse. They are often called genital ridges at this
stage and from around 10.5 dpc are composed of
somatic cells derived from the mesonephros and pri-
mordial germ cells. The latter migrate into the gonad
from their site of origin at the base of the allantois. At
around 11.5 dpc in the mouse, the gonads of XX and
XY embryos are indistinguishable by microscopic
investigation of their morphology, although analysis

of gene expression at this stage indicates that each
organ has already become committed to a distinct
fate. The term ‘sex determination’ refers to this com-
mitment and intensive study over the last 30 years has
shed light on its molecular basis. Subsequent to this
commitment, the male and female gonads undergo a
series of complex molecular and cellular events result-
ing in the differentiation of the testis or ovary. By
13.5 dpc in the mouse, the testis is clearly distinguish-
able in the XY embryo on the basis of its larger size,
pattern of vascularization and, most notably, the
appearance of testis cords. At this stage, the embryonic
testis already exhibits the anatomical pattern found in
its adult counterpart. In contrast, the ovary is a smaller
structure with fewer overt morphological differences
when compared to the bipotential gonadal primordium.
However, ultrastructural investigations have revealed
a distinct pattern of ovarian differentiation. This pro-
cess of sexually dimorphic differentiation following sex
determination was until recently considered to be
founded on cell lineage commitment that was essen-
tially irreversible. However, studies of gene function in
mutant mice have revealed that ovarian morphology is
actively maintained in adult female mice and disrup-
tion to genes required for this maintenance can result

PRONEPHROS

MESONEPHROS

METANEPHROS

Müllerian (paramesonephric) duct

Wolffian (mesonephric) duct

G

Figure 2.1 The developmental origins of the
urogenital system. The three embryonic regions
(pronephros, mesonephros, metanephros) are
indicated, as are the developing male (Wolffian) and
female (Müllerian) reproductive tracts. The gonad (G)
forms on the surface of the mesonephros.
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in reprogramming of somatic cells and subsequent
transdifferentiation of the ovary to a testis [4].

The Wolffian duct first appears in the mouse
embryo in transient fashion, associated with the
pronephros in the form of short segmental swellings
(Fig. 2.1). These subsequently fuse to form a stable,
continuous tubular structure that runs the length of
the urogenital system, terminating in the cloaca. The
ureteric bud, an outgrowth of the Wolffian duct
towards its caudal end, interacts with surrounding
metanephric mesenchyme to form the metanephros,
or permanent kidney. The role of the Wolffian duct in
sexual development is to act as the anlage or primor-
dium of the future male reproductive tract structures:
the vas deferens, epididymis and seminal vesicle. This
developmental programme is dependent on the pres-
ence of testosterone produced by the testis.

The Müllerian duct, the primordium of the female
reproductive tract, forms from around 12.0 dpc in
the mouse from cells at the anterior end of the

mesonephros derived from the coelomic epithelium.
An epithelial anlage then segregates from the coelomic
epithelium and extends caudally through a process
involving rapid cell proliferation [5]. The Müllerian
duct runs parallel to the Wolffian duct, in a lateral
position, for the length of the mesonephros before
turning towards the midline, where it fuses with the
contralateral duct before reaching the cloaca. In the
female (XX) embryo the Müllerian duct differentiates
into the oviduct, uterus and upper vagina. In contrast,
due to the absence of testosterone, the Wolffian duct
regresses. The converse situation occurs in male (XY)
embryos: anti-Müllerian hormone (AMH) from the
testis causes the Müllerian duct to regress by a process
involving apoptosis. The presence of testosterone pro-
motes Wolffian duct differentiation. In this way, the
developing gonad controls the fate of the male and
female reproductive tract anlagen (Fig. 2.2).

Later in gestation, another testicular hormone,
INSL3, results in descent of the testes into an inguinal

XXXY

AMH, T

CSL

GuGu

INSL3, T

K

Figure 2.2 Sexually dimorphic
development of the male and female
reproductive tracts from a
morphologically identical ground-state. In
XY males, the developing testis produces
anti-Müllerian hormone (AMH) and
testosterone (T) that result in loss of the
Müllerian duct (red) and growth of the
Wolffian duct (blue), respectively. INSL3
from Leydig cells also results in growth of
the gubernaculum (Gu) and descent of
the testis. In contrast, the absence of AMH,
T and INSL3 in females results in growth
and differentiation of the Müllerian duct
and atrophy of the Wolffian duct. The
female gubernaculum does not grow and
the cranial suspensory ligament (CSL)
maintains the ovary in its position close to
the kidney (K).
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