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Maleness and Femaleness

Sex Determination, Differentiation and Inter-
sexuality in Placental Mammals. R. H. F.
Hunter. Cambridge University Press, New York,
1995. xxii, 309 pp., illus., + plates. $79.95 or
£50.

The sex of the mammalian embryo is deter-
mined at the moment of conception; if the
egg is activated by a Y-bearing sperm, the
fetus is destined to be male. But determina-
tion is not enough, and there is an enor-
mous amount of differentiation that must
occur to achieve what we recognize as the
adult male phenotype. Prior to sex differen-
tiation, the fetus is sexually neutral, with a
primitive undifferentiated gonad and a dou-
ble set of genital ducts. The first steps in sex
differentiation occur in the male and in-
volve changing the bipotential gonad into a
testis and subsequent regression of one set
of ducts. It is classically held that sex deter-
mination in mammals is a simple event in
which perhaps only a single gene on the Y
chromosome decides whether the generic
gonad develops into a testis or an ovary.
Female differentiation has been considered
the default pathway, as it occurs only in the
absence of a proper Y chromosome. After
reading this book one will certainly agree
with the author that “so splendid an organ
as the functional testis (or ovary) must in-
volve programming by many genes.” Al-
though he rejects the hypothesis that the
road to female sex differentiation is merely
a default pathway, there is little here that is
contrary to it. The book deals mainly with
these processes in the male, because so little
is known about female sex differentiation.
Many genes have at one time been con-
sidered candidates for the sex determinant
on the Y chromosome, including the HY
antigen and the ZFY zinc finger protein,
and these are discussed along with genes
that play a role in the development of gen-
ital ducts and external genitalia. Two of
them with important roles in male sex dif-
ferentiation have been identified so far:
one, the gene in the sex-determining region
of the Y chromosome (SRY), has a pivotal
role in the cascade leading to the differen-
tiation of the testes; the other, the autoso-
mal gene encoding the anti-Miillerian hor-
mone (AMH) produced in testicular Sertoli
cells, is responsible for the regression of
Miillerian ducts, which are the ducts that in

females develop into oviducts and uterus.
Both are fully discussed with respect to
what is known and what remains to be
elucidated. We are reminded that despite
the ever-increasing amount of detail avail-
able, the precise mechanisms underlying
the conversion of a primitive gonad into
testicular or ovarian tissue and the develop-
ment of secondary sexual characteristics re-
main unknown.

Hunter’s intent was to write an academic
text for advanced undergraduates and grad-
uate students interested in developmental
biology and reproductive physiology, and
the book is more concerned with physiology
and genetics than with chemistry. It is a
pleasure to read because of Hunter’s clear
style and elegant exposition, which, as he
points out in another context, “are aspects
of scholarship not always conspicuous in
the latter part of the twentieth century.” It
is also a successful amalgamation of infor-
mation from many mammalian species.

The normal mechanisms of sex determi-
nation and normal differentiation of the
gonads and genital ducts are considered sep-
arately from the anomalous sexual develop-
ment in domestic species, laboratory ro-
dents, and humans. Each chapter was in-
tended as an essay in its own right, which
results in some repetition, but this is not a
problem. The material of which I have prior
knowledge is accurately summarized, and
most of the important references are includ-
ed. For me the best parts of the book are the
first four chapters, dealing with the normal
mechanisms, as they not only present the
facts but also document well the history of
these discoveries, providing insights into
the scientific process; novel findings suggest
hypotheses, which may later be rejected on
the basis of new evidence. Clearly the
search for genetic sex determinants has in-
volved several false starts. I am not as en-
thusiastic about the presentation of abnor-
mal sex differentiation, which seems to lack
an organized approach and in many cases
especially with respect to domestic animals,
is phenomenological, mainly because the
sexual phenotypes in those animals have
not been well defined physiologically. Fur-
thermore, the term “intersex” seems too
general and too vague to be useful for the
analysis of aberrations in the sex determi-
nation-differentiation pathway. On the
other hand, the value of such mutants for
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elucidating normal mechanisms and as mod-
els for future studies is evident. Much of our
knowledge about the fate of germ cells and
the ontogeny of ovotestis in hermaphrodites
comes from studies of XX-XY chimeras—
mixed-cell lineages occurring spontaneously
in humans and farm animals and those cre-
ated in tetraparental rodents, which are dis-
cussed in the chapter on chimeras. The
chapter that considers asymmetries in the
reproductive system seems to belabor the
matter; aside from the asymmetry in the rate
of gonadal growth (testes ahead of ovary),
which probably leads to earlier differentia-
tion in the male, and the unexplained uni-
lateral occurrence of ovotestes, the signifi-
cance of asymmetries—such as unequal
growth of left and right gonad and differenc-
es in distribution of germ cells and in testic-
ular weights—is far from clear and may turn
out to be trivial.

The many figures in the book are gener-
ally well done and helpful. The photographs
are not as useful, mainly because of poor
labeling. However, the frontispiece is an
exceptionally fine photomicrograph show-
ing the moment of sex determination in
hamster oocytes.

[ am pleased to have this concise and
well-written summary of what is known and
hypothesized about mammalian sex deter-
mination and differentiation on my shelf as
a reference. The index is excellent, and
there are many important references up to
1994.

Barbara R. Migeon
Johns Hopkins Hospital,
Baltimore, MD 21205, USA

Patterns

The Algorithmic Beauty of Sea Shells. HANS
MEINHARDT. Springer-Verlag, New York,
1995. xii, 204 pp., illus., + diskette. $49.95,
DM78, 6S608.40, or sFr75.

One of my earliest memories is of a collec-
tion of Kwakiutl hats owned by my paternal
grandfather. These hats, common on the
West Coast of Vancouver Island when he
was a young man, were woyen from cedar
bark and bore elaborate designs inspired by
the highly regular patterns on sea shells,
particularly those of surf clams. The hats
even looked like clam shells, designed to
protect the wearer from the West Coast
rains. | often wondered how the clams that
inspired these patterns managed to create
designs that were so similar from shell to
shell and yet also different, both in the
regularity of the pattern and in the detail. It
seemed clear to me that a blueprint of some
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A collection of complex shell patterns. ‘“To show
their inherent similarities, they are arranged such
that each subsequent pattern contains elements
of the preceding patterns as well as new fea-
tures.” [From The Algorithmic Beauty of Sea
Shells)

kind was used by the animal but equally
clear that individuals were exercising some
artistic license.

The truth about these patterns still
eludes us, and we know little about their
cellular and molecular basis. But it is now
fairly certain that periodic patterns in gen-
eral can be explained by models that pos-
tulate short-range activating and long-
range inhibiting forces. This idea, first out-
lined by Wigglesworth in 1940 to describe
spatial patterns in insects, was cast in gen-
eral chemical and mathematical terms by
Allan Turing in 1952.

In this beautiful book Meinhardt sets out
to convince us that models such as he and
Alfred Gierer have developed to explain
relatively simple patterns in animals and
plants can indeed explain shell patterns.
Their theory also invokes short-range acti-
vation and long-range inhibition. Mein-
hardt says in his introduction that he was
inspired to try modeling shell patterns while
dining on one of his subjects in an Italian
restaurant. The task proved more difficult
than he expected, given the complexity of
many of the patterns in both space and time.

How successful has he been? How do we
recognize success? Clearly, a model should
account both for the theme and for the
variations seen in the object of our atten-
tion, for both the blueprint and the artistic
license. It should also have fewer parame-
ters than there are variables in the pattern
itself, otherwise it is just a representation of
the data set. It should also capture the
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dynamics of the process, the intermediate
states on the way to the final pattern. At
the same time, there are demands we can-
not reasonably make of the model in the
absence of experimental results: it cannot
be expected to distinguish one kind of
chemical or physical basis for the patterning
system from another.

It turns out that the explanatory power
of the Meinhardt and Gierer formalism is
very great indeed. Many of the patterns in
this book have been plausibly simulated by
computer using, for the most part, a pair of
coupled non-linear differential equations.
The generic patterns—parallel lines and
tongues on Clithon oualaniensis, overlapping
lines of parallel triangles in two colors on
Conus species, bifurcating, diverging lines
of pigment on the whelks, chains of con-
nected triangles on Lioconcha, and mirror-
symmetric patterns on the bivalve mollusks
simulated by the Kwakiutl peoples with
their hats—are faithfully reproduced. The
variability from shell to shell is there too, as
are some of the details of the transition
from the initial to the final pattern. Occa-
sionally the number of assumptions needed
to explain the apparent superposition of
two patterns pushes the reader’s attention
to the limit, but it is not clear that fewer
assumptions would suffice. In any case, oth-

Above, "'Stages in the for-
mation of stripes. If the auto-
catalytic reaction saturates
at low activator concentra-
tions, more cells remain ac-
tivated but at a lower level.
Stripes are the preferred
pattern since activated cells
have activated cells as
neighbors and non-activat-
ed cells are nearby into
which the inhibitor can dif-
fuse.” Above right, ““Gener-
ation of pattern diversity. In

Position —

ers should be stimulated by this work to try
to design simpler models.

Przemyslaw Prusinkiewicz (the editor of
the Virtual Laboratory series to which this
book belongs) and Deborah R. Fowler have
contributed a chapter to the book in which
Meinhardt’s simulations are run in three
dimensions. These are very successful. Each
is keyed to a figure in the text, and they
have the look of the real object. The text is
accompanied throughout by a DOS-based
collection of programs and tours that are
very easy to use and modify (instructions are
included) on a 486 machine with a math
co-processor. This is one of the strongest
features of the book, since by varying param-
eters in the various algorithms one quickly
develops a feel for the relative importance of
the elements that make up each model.

How close, then, does this work bring us
to an understanding of sea shell patterns?
As | mentioned above, processes involving
short-range activating and diffusing chemi-
cals whose synthesis is coupled to the syn-
thesis, decay, and diffusion of long-range
inhibiting chemicals have formal properties
that are generic, which is to say that many
forms of short-range activation and long-
range inhibition can be (and have been)
imagined and studied. At about the same
time Meinhardt realized that diffusing
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order to show that minute differences lead to different patterns two simulations are plotted on top of each
other (black and red).” Though ‘‘the same cells are activated initially . . . different random fluctuations
exist. At early stages (top of the figure) both patterns are very similar; the black pattern is largely covered
by the red. Small differences decide whether branch formation occurs. After a few generations of
branching, the patterns are completely different.” Bottom, *‘Lioconcha hieroglyphica: large triangles with
a fine structure. The simulation is based on a two inhibitor model . . . plus a [pigment-cell] hormone for
simultaneous termination of many triangles. Oscillations cause the fine structure of triangles.” [From The

Algorithmic Beauty of Sea Shells]
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chemicals could be used as a model for the
generation of shell patterns Ermentrout de-
veloped a model using a neural net. Because
the pigment-excreting cells in the mantle of
a mollusk are under neural control, it is
plausible to approach the problem by way of
well-understood neural mechanisms that
activate pigment synthesis locally while in-
hibiting it laterally. Formally, Ermentrout’s
models and results are similar to those de-
scribed by Meinhardt, a feature of neural
net models he points out. Thus, the main
result and interest of The Algorithmic Beauty
of Sea Shells is to show how a very large
range of complex and beautiful patterns can
be understood by an elegant insight. Al-
though nearly 200 pages of text on this one
topic may seem a bit much for some readers,
the book is clearly written with many ap-
peals to common experience for beginners.
And it helps that the modeled subjects are
beautiful. In effect a celebration of the pow-
er of analytical thinking, the book would
make a splendid gift for anyone with an
interest in how a mathematical model is
designed and executed as well as anyone
interested in the subject matter itself.
Edward C. Cox
Department of Molecular Biology,
Princeton University,

Princeton, NJ 08544, USA
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Vignettes: Veiled Presences

Men'’s first names are designated by initials (e.g. Smith, J. D.) except for knights
and baronets or where it is necessary to distinguish between two men with the
same initials and surname, at the same institution; or, in the case of non-Western
names of two or more elements none of which is abbreviated.

Women’s names are normally indicated by the inclusion in full of one first name
(unless the university, department or individual has requested otherwise), any
other first names being represented by initials only (e.g. Smith, Mary J.). The word
“Mrs.” may be included in the entries for married women, but “Miss” is omitted when
a first name is given in full, unless it is likely to be unfamiliar as such to English-

Where, as a matter of policy, an institution does not wish to differentiate
between male and female staff, a note to that effect is printed at the head of its

—“Notes on the University Chapters” in Commonwealth UniversitiesYearbook:
A Directory to the Universities of the Commonwealth and the Handbook of Their
Association, 1994 edition, volume 1 (Association of Commonwealth Universities)

Counting heads in University departments . . . is by no means a straightforward

—Deirdre O’Sullivan, in Equity Issues for Women in Archaeology
(Margaret C. Nelson, Sarah M. Nelson, and Alison Wylie,

Eds.; American Anthropological Association)
|
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