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Alternative splicing: increasing
diversity in the proteomic world

Brenton R. Graveley

How can the genome of Drosophila melanogaster contain fewer genes than the
undoubtedly simpler organism Caenorhabditis elegans? The answer must lie
within their proteomes. It is becoming clear that alternative splicing has an
extremely important role in expanding protein diversity and might therefore
partially underlie the apparent discrepancy between gene number and
organismal complexity. Alternative splicing can generate more transcripts from a
single gene than the number of genes in an entire genome. However, for the vast
majority of alternative splicing events, the functional significance is unknown.
Developing a full catalog of alternatively spliced transcripts and determining
each of their functions will be a major challenge of the upcoming proteomic era.
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A major undertaking of the post-genomic era will be
the description and functional characterization of the
full complement of proteins (i.e. the proteome)
expressed by an organism. DNA recombination, RNA
editing and alternative splicing make this task more
difficult than it first appears as these processes
increase the number of proteins that can be
synthesized from each gene. As a result, the number
of proteins in the proteome is by no means equivalent
to the number of genes, but can exceed it by literally
orders of magnitude. The mechanism most widely
used to enhance protein diversity, with regard to the
number of genes affected and the breadth of

organisms itoccursin, is alternative splicing (Box 1).
Alternative splicing can generate multiple
transcripts encoding proteins with subtle or opposing
functional differences that can have profound
biological consequences. In this article, | will discuss
the prevalence of alternative splicing and the amount
of diversity it can create, provide examples of several
complex alternative splicing events and, finally,
discuss the issue of how much of the observed
alternative splicing actually represents errors or
‘noise’ in the system. Readers should refer to an
excellent recent review by Smith and Valcarcel for
more information about the biochemical mechanisms
of alternative splicing.

It's all around us

All eukaryotes contain inTRoNs (see Glossary) in at
least some of their genes although the number can
vary considerably from organism to organism. For
example, only 250 out of the 6000 genes in
Saccharomyces cerevisiae contain introns2, whereas
most of the estimated 35 000 human genes3* are
thought to contain introns. But how many of these
genes encode transcripts that are alternatively
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Box 1. Types of alternative splicing

Glossary

Every conceivable pattern of alternative splicing is
found in Nature. Exons can have multiple 5¢- or 3¢-
splice sites that are alternatively used (Fig. la,b).
Cassette exons are fully contained exons that are
alternatively used. Single cassette exons can reside
between two constitutive exons such that the
alternative exonis either included or skipped

(Fig. Ic). Alternatively, multiple cassette exons can
reside between two constitutive exons such that the
splicing machinery must choose between them
(Fig. Id). Finally, introns can be retained in the mRNA
and become translated (Fig. le). The constitutive
exons are depicted as open boxes and alternative
exons are shaded. The lines above and below the
boxes show possible alternative splicing events.
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spliced? Only three S. cerevisiae genes are currently
known to encode alternatively spliced transcripts®S.
The fact that all of these were identified
experimentally and not predicted by in silico
methods, four years after completion of the yeast
genome sequence, underscores the tremendous
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Exon: A portion of a pre-mRNA thatis retained in a
fully processed mRNA. Exons can either be
constitutive (included in all MRNAS) or alternative
(included in only some mRNAS).

Expressed sequence tag (EST): Short sequences
(100-500 nucleotides) typically from one end of a
cloned cDNA. ESTs are useful in gene
identification, determining the tissue distribution of
transcripts and identification of alternatively
spliced transcripts.

Intron: An RNA segment that is excised from a
pre-mRNA by the spliceosome.

messenger RNA (mMRNA): A mature transcript
typically generated by post-transcriptional
processing of a larger precursor molecule, the
pre-mRNA. mRNAs are typically exported from the
nucleus to the cytoplasm where they are translated.
Pre-mRNA: A primary transcript that is a precursor
toan mRNA.

Ribosome: A macromolecular machine that
facilitates mRNA translation. Like the spliceosome,
the ribosome is composed of both protein and
RNA.

RNA editing: A post-transcriptional RNA
processing event in which specific nucleotides are
chemically modified. For example, the conversion
of adenosine to inosine is catalyzed by a family of
enzymes called adenosine deaminases. This type
of RNA processing event can alter the identity of a
single amino acid in the encoded protein.
RNA-mediated interference (RNAI): The
phenomenon whereby double-stranded RNA
identical to exonic sequences of a given gene acts
post-transcriptionally to interfere with gene
expression. This is mediated by the specific
degradation of transcripts containing sequences
identical to the double-stranded RNA.
Spliceosome: The macromolecular machine that
catalyzes the splicing reaction. The spliceosome
consists of five small nuclear RNAs and between

50 and 100 proteins. Throughout this review, the
terms ‘spliceosome’ and ‘splicing machinery’ are
used interchangeably.

Splice sites: The junctions between exons and
introns at which the chemical reactions that
mediate intron removal occur. The 5¢ splice site is
the junction between the 5¢ end of the intron and
the 3¢ end of the exon. The 3¢ splice site is the
junction between the 3¢ end of the intron and the 5¢
end of the exon.

difficulty of predicting whether genes encode
alternatively spliced transcripts.

Recent estimates, based on analyses of ExPRESSED
SEQUENCE TAGS (ESTS), suggest that the transcripts
from 35% of human genes are alternatively spliced”®.
However, this number is likely to be an
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Fig. 1. Alternative splicing of the slo gene. (a) The mammalian cochlea. The cochlea is a snail-like
structure of the inner ear that contains hair cells organized along a basilar membrane. The basilar
membrane traverses the length of the curled-up cochlea. (b) The cochlea is sliced transversely as
shown in (a) and the section of the cochlea containing the basilar membrane and the hair cells
depicted. There are four rows of hair cells, one inner hair cell and three outer hair cells, situated above
the basilar membrane. (c) The cochlea is unrolled to reveal the basilar membrane viewed from above.
The four hair cells are arranged in rows along the length of the basilar membrane. The hair cells are
tuned to unique narrow sound frequencies along the basilar membrane creating a tonotopic gradient.
Atone end of the membrane, hair cells are tuned to respond to a frequency of 20 Hz, where as hair
cells at the other end respond to 20 000 Hz. (d) Organization of the human slo gene. The exon-intron
organization of the slo gene (determined by an analysis of draft sequence of the human genome) is
depicted. The constitutive splicing events are indicated below the gene and alternative splicing events
are depicted above the gene. The constitutive exons are white and the alternative exons are shaded.
The STREX exon is purple. (e) Isoforms of the Slo protein lacking sequences encoded by the STREX
exon have fast deactivation kinetics and low Ca?* sensitivity, where as isoforms containing STREX-
encoded sequences have slower deactivation kinetics and higher Ca2* sensitivity.

underestimate. First, the human EST collection
(http://wvww.ncbi.nlm.nih.gov/dbEST) does not
represent all protein coding sequences and for most
genes, ESTs only cover a portion of the transcript. For
example, a recent study found that only about half of
the annotated genes on human chromosome 22 are
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represented in the current EST database®. Moreover,
26% and 65% of the ESTSs correspond to the extreme
5¢ or 3¢ end, respectively, of any given transcript°.
Because much of the functionally significant
alternative splicing will occur in the coding region of
the transcript, many alternative splicing events
might be overlooked by EST comparisons.

Second, and perhaps more importantly, many
alternative splicing events are very rare and occur
only in a specific tissue at a specific time in
development and/or under certain physiological
conditions. These types of splicing events will probably
not be well represented in EST collections. For these
reasons, the current EST collection might not provide
an accurate estimate of the number of alternatively
spliced genes and as a result, the number of
alternatively spliced genes will undoubtedly be
inaccurate for many years. Taking these issues into
consideration, the prediction that 35% of human genes



Fig. 2. Alternative
splicing of the neurexin
genes. (a) Organization of
the human gene encoding
neurexinl. The
exon-intron structure of
the human neurexin |
geneis depicted (L.
Rowen and B. Graveley,
unpublished). The
constitutive splicing
events are indicated
below the gene and
alternative splicing events
are depicted above the
gene. The constitutive
exons are white and the
alternative exons are
shaded. Exon 20 is
indicated. Human
neurexins lland Il have a
very similar exon-intron
organization (L. Rowen
and B. Graveley,
unpublished). (b) Model
for the function of the
alternative splicing of
exon 20 in b-neurexin I.
b-neurexin | (presentin
the presynaptic cell)
lacking sequences
encoded by exon 20 can
interact with neuroligin
presentinthe
postsynaptic cell, and
thus function to initiate
synaptogenesis. In
contrast, b-neurexin |
containing exon 20
encoded sequences can
not interact with
neuroligins. This form of
b-neurexin I might
indirectly function in
releasing synapses.
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encode alternatively spliced transcripts is likely tobe a
significant underestimate®!, and we might, in fact,
find that the majority of transcripts expressed from
human genes are alternatively spliced.

Diversity, diversity, diversity

Another important question is how many
alternatively spliced transcripts can be synthesized
from a single gene? If each gene can produce two mrna
isoforms, the proteome would be twice as complex as
the genome. However, the complexity of the proteome
would be significantly higher if alternative splicing
can create a much greater extent of transcript
diversity. It turns out that several genes do, in fact,
encode transcripts that are alternatively spliced to
produce not only hundreds or thousands, but even
tens of thousands of different MRNAs. Below | will
describe three genes, in order of increasing
complexity, for which alternative splicing is used to
produce extraordinary molecular diversity.

Tuning hair cells

To experience the sounds of a symphony fully, our ears
must have the ability to detect a remarkable range of
frequencies. Within the cochlea of the inner ear
individual hair cells are arranged in four rows along
the length of the basilar membrane (Fig. 1a—c). Each of
these hair cells is tuned to respond to a unique and
narrow range of sound frequencies in such a way that
there is a tonotopic gradient across the length of the
basilar membrane (Fig. 1c). The collective response of
activated hair cells is what we interpret as sound. Hair
cell tuning is thought to be mediated, in part, by the
alternative splicing of transcripts expressed from the
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calcium-activated potassium channel gene, slo. This
leads to the production of multiple protein isoforms
that have subtle functional differences, translating
into profound biological consequences?2.

There are at least eight sites of alternative splicing
in the slo transcript that are conserved among
vertebrate species'®14 (Fig. 1d). At most of these sites
there is a single alternative exon that can either be
included or excluded, or a constitutive exon
containing alternative 5¢ or 3¢ spLIcE sITES. Because
each alternative splicing event appears to be
controlled independently, it is estimated that >500
different slo mRNAs can be synthesized?!?.
Importantly, this alternative splicing is functionally
relevant. Some of the Slo protein isoforms have been
shown to vary in their physiological properties. For
example, Slo isoforms encoded by mRNAs containing
the STREX exon (stress axis-regulated exon) have
slower deactivation kinetics and higher Ca2*
sensitivity than isoforms expressed from mRNAs
lacking this exon!® (Fig. 1e). Unfortunately, very little
is known about how the alternative splicing of slo
transcripts is regulated.

Neuronal signaling and synaptogenesis

The neurexins are a family of neural proteins present
in vertebrates that have important functions as
receptors for neuropeptides’® and as adhesion
molecules that participate in synaptogenesis'’. The
isolation of multiple cDNAs from rat and cow
revealed that over 1000 different neurexin mRNAs
could potentially be synthesized from three genes by
virtue of alternative promoter usage and alternative
splicing?® (Fig. 2a).
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Fig. 3. Alternative
splicing of the gene
encoding Drosophila
Dscam. (a) The
organization of the Dscam
gene. The constitutive
splicing events are
indicated below the gene
and alternative splicing
events are depicted above
the gene. The constitutive
exons are white and the
alternative exons are
shaded. The Dscamgene
contains four sites of
alternative splicing at
exons 4, 6,9 and 17. There
are 12 variants of exon 4,
48 variants of exon 6, 33
variants of exon 9 and 2
variants of exon 17. Only
one variant exon from
each position is included
in the Dscam mRNAs.
Alternative exons 4, 6,
and 9 encode alternative
versions of
immunoglobulin repeats.
(b) Functional
consequences of Dscam
alternative splicing. The
Dscam protein functions
as an axon guidance
receptor. Itis thought that
each Dscam variant will
interact with a unique set
of axon guidance cues.
The form of Dscam shown
on the left will interact
with guidance cue A. The
form of Dscam shown on
the right contains
different sequences
encoded by exons 4, 6 and
9 and thus interacts with
guidance cue B, rather
than guidance cue A.
Neurons expressing the
form of Dscam shown on
the right will be attracted
in a different direction
than neurons expressing
the form shown on the
left.
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The proteins encoded by some of these alternatively
spliced mRNAs have altered specificities for their
ligands®®20, and it has been proposed that the diversity
of neurexin proteins might be a component of a code
that specifies neural connectivity?!. For example, it is
now known that the interaction of b-neurexins present
in pre-synaptic cells with neuroligins on the surface of
post-synaptic cells is sufficient to trigger synapse
formation!”. Importantly, this interaction only occurs
if the b-neurexin is encoded by an mRNA lacking an
alternative exon (exon 20) at splice site 4 — proteins
synthesized from exon 20-containing transcripts do
not interact with neuroligins?®. This is consistent with
the observation that, in tissue culture, excess
recombinant b-neurexin | produced from a cDNA
lacking exon 20 can inhibit synaptogenesis, whereas
b-neurexin | synthesized from a cDNA containing
exon 20 does not'’. Although the precise function of b-
neurexins containing exon 20-encoded sequences is
not known, it is tempting to speculate that the relative
ratio of the two protein isoforms could determine
whether functional synapses are formed or broken
(Fig. 2b). Thus, alternative splicing of the neurexin
transcripts might have a direct role in controlling the
formation and maintenance of synapses. Elucidating
how the splicing of neurexin PRe-mRrnNAs is regulated
will undoubtedly provide significant insight into the
function of the vertebrate nervous system.

Axon guidance

Perhaps the most complex event that takes place
during development is the migration and connection
of neurons. Even in a ‘simple’ organism such as
Drosophila melanogaster, which contains only
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~250 000 neurons, accurately wiring neurons
together would appear to be a daunting task. This
process must involve a remarkable system to
accurately and reproducibly direct growing axons to
their destination. In flies, the gene encoding the
Down syndrome cell adhesion molecule (Dscam)
appears to fulfill at least part of this role?2. Dscam
encodes an axon guidance receptor with an
extracellular domain that contains ten
immunoglobulin (Ig) repeats. The most striking
feature of the Dscam gene is that it's pre-mRNA can
be alternatively spliced into over 38 000 different
mMRNA isoforms (Fig. 3a). This is 2-3 times the
number of predicted genes in the entire organism.
Each mRNA encodes a distinct receptor with the
potential ability to interact with different molecular
guidance cues, directing the growing axon to its
proper location (Fig. 3b).

This gene has a very unusual exon—intron
organization, the like of which has not been seen
before?2. As shown in Fig. 3, the majority of the
alternatively spliced exons encode variants of Ig
repeats 2, 3and 7, which are encoded by the
alternative cassette exons 4, 6 and 9, respectively.
There are 12 variants of exon 4, 48 variants of exon 6
and 33 variants of exon 9. Each mature Dscam mRNA
contains only one variant ofexon 4,6 and 9. In
addition, there are two variants of exon 17, of which
only one is included in Dscam mRNAs. The synthesis
of Dscam transcripts has many parallels with today’s
popular lottery drawings. Imagine there are four
containers each containing multiple numbered balls —
12,48, 33 and 2 in this case. To arrive at the winning
number (transcript), one ball from each container is



selected. Is this how Dscam transcripts are spliced
together, or is the splicing somehow regulated?
Although nothing is known about this, there must be
some degree of control because Dscam transcripts
always contain one variant exon at each position, yet
never more than one variant??. Because each of the
variant exons contains both a 5¢ and 3¢ splice site, it
is possible that each of the alternative exons could be
joined together in a long string. Thus, we must
understand not only the mechanism by which one
variant is selected at each position, but also why the
other variants are not used. Understanding how the
complex splicing of the transcripts encoded by this
gene is regulated will help to elucidate how the
specificity of axon guidance is established.

Even more diversity

These three genes are by no means the only examples
of complex alternative splicing events, but they
illustrate how this process can significantly expand
the complexity of the proteome. This issue becomes
even more complex when other RNA processing
events, such as RNA EDITING, are considered. For
example, the paralytic (para) gene, which encodes the
major voltage-gated action potential sodium channel
in Drosophila, contains 13 alternative exons?324 (R.
Reenan, pers. commun.) and can potentially
synthesize 1536 different mMRNAs. However, para
transcripts also undergo post-transcriptional RNA
editing at 11 known positions?>. Considering both
RNA editing and alternative splicing, 1 032 192
different para transcripts can theoretically be
synthesized from this single gene. Importantly, the
majority of both the alternative splicing and RNA
editing sites are likely to be functionally relevant as
they are conserved between distantly related
Drosophila species?326, Of course, it is not known
whether each of the possible variants is actually
expressed: answering this question will require heroic
efforts. The tremendous diversity of transcripts
expressed from the slo, neurexin, Dscam and para
genes illustrates the magnitude of the task faced in
determining an organism’s proteome.

Is all of this for real?

The previous examples illustrate how alternative
splicing can generate an amazingly diverse collection
of proteins from a single gene. But how much
alternative splicing is real, and how much of it is
actually ‘noise’ in the system? Here | define noise as
either a mistake made by the splicing machinery or
an alternative exon that has no impact whatsoever on
the function of the encoded protein. Below I will
address both of these definitions of noise and their
relative contributions to the large amount of
alternative splicing that occurs.

Don’t blame the spliceosome
Most of the documented splicing errors are caused by
mutations in the genomic DNA that either destroy a
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normal splicing signal or create a new one?’. Other
instances of ‘mis-splicing’ are caused by mutations in
splicing regulatory proteins or their binding sites?8-30,
Although it has not been documented, it is also
possible that splicing ‘errors’ could result from
mutations introduced in the pre-mRNA during
transcription that create or destroy splice sites. In all
of these instances, the spLiceosomE itself is not at fault
—itis simply following the instructions present in the
pre-mRNA. In fact, there is not a single report of a
splicing error in which the ‘blame’ can be placed
clearly upon the spliceosome.

Like other macromolecular machines, the
spliceosome is probably not perfect and will
occasionally make mistakes. The riosomE, for
instance, makes an error once every 10 000 codons®?. If
we assume that the fidelity of splicing is similar to that
of translation and that an average human gene
contains ten introns, then one in every 1000 transcripts
would be inappropriately spliced. Of course, these
numbers are quite speculative and rigorous systems
for the quantitative analysis of splicing accuracy need
to be developed. Regardless, the take home message is
that true splicing errors probably occur at a very low
frequency and thus constitute a very small fraction of
entries in the EST database.

There are two possible fates for inappropriately
spliced transcripts — translation or degradation. On
the one hand, these transcripts can be exported from
the nucleus and translated, resulting in the
production of aberrant proteins. In many cases, such
aberrant proteins would not be functional, and would
not affect the cell negatively. However, it is possible
that some of the aberrant proteins synthesized from
mis-spliced MRNAs would have dominant functions —
asituation that could rapidly turn catastrophic. Thus,
the translation of aberrantly spliced transcripts must
occur at an extremely low frequency.

On the other hand, aberrantly spliced transcripts
might not be translated at all, but rather degraded to
prevent the synthesis of potentially harmful proteins.
Eukaryotes possess an mMRNA surveillance system
that scans newly synthesized mRNAs for the presence
of premature stop codons and, if detected, degrades
the defective mRNAs to prevent their translation32. A
number of different splicing errors could lead to the
insertion of premature stop codons in a transcript. For
example, improperly including exons or retaining
introns that contain stop codons can direct a transcript
to the mRNA surveillance pathway. Additionally,
some splicing errors could cause a shift in the reading
frame of a normal downstream exon, thus generating
an in-frame stop codon. It has been proposed that the
primary function of the mRNA surveillance system is
to eliminate improperly processed transcripts33.
However, recent data in Caenorhabditis elegans
suggests that the major targets of the mRNA
surveillance system are not aberrantly spliced RNAs,
but rather transcripts that are deliberately spliced to
contain premature stop codons as part of an intricate
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Box 2. Alternative splicing and functional genomics

An extremely important area of the functional genomics field will be to
determine the functional differences of proteins encoded by alternatively
spliced mRNAs. This could be done on a gene-by-gene basis in transgenic
animals that are unable to use a specific alternative exon either globally or in
a tissue-specific manner. However, given the large number of genes that
encode alternatively spliced transcripts, it will be necessary to develop high-
throughput methods to achieve this goal. The recent development of
methods for performing rna-mebiaTeD INTERFERENCE (RNAI) on a large-scale in
C. elegans®® could be applied to this problem. Libraries encoding double-
stranded RNA directed against alternative exons could be used to inactivate
transcripts containing those exons systematically. Future technological
advances might make this, or a similar, approach feasible in other model
organisms such as D. melanogasterand mice.
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autoregulatory systems34. These results point out that
putative erroneous splicing events deserve close
scrutiny before their dismissal.

Tuning out the noise

How much of the alternative splicing that takes place
is noise? Of all the alternative splicing known, only a
handful of examples have clear functions and
biological relevance ascribed. The most famous
example is the Drosophila sex-determination system
in which an alternative splicing cascade involving the
transcripts of at least five genes (sxl, tra, msl2, dsx,
and fru) culminates in the expression of male or
female physical and behavioral traits3s. However, in
most cases, the relevance of alternative splicing is not
known. For some alternative splicing events,
functional consequences have been inferred based on
the changes in the protein sequence introduced by an
alternative exon (for example, Dscam??). For other
genes, however, the functional consequences of
alternative splicing are not obvious. Some groups
have failed to detect differences in the activity of
protein isoforms. However, negative results by no
means indicate that there are no functional
differences. It is equally, if not more, likely that the
sequences encoded by an alternative exon confer very
subtle, yet important biological effects upon the
protein, undetectable by the experiments performed.
Unfortunately, in most instances, experiments that

address functional differences between protein
isoforms encoded by alternatively spliced transcripts
have not even been performed. Thus, the fact remains
that the functional relevance of the vast majority of
alternative splicing events is unknown and will
probably remain that way for some time to come. One
of the greatest challenges of the functional genomic
and proteomic research in the future will be to fill this
void (see Box 2).

One way to determine whether an alternative
splicing event is real or represents noise is to examine
whether italso occurs in a related species. The
nucleotide sequence of functionally neutral alternative
exons will not be under selective pressure and should
not be conserved in distantly related species, whereas
functionally relevant alternative exons should be. In
fact, a recent comparison of the C. elegans genome with
a portion of the genome of the related worm
Caenorhabditis briggsae revealed that the intron
sequences flanking alternatively spliced exons are
frequently conserved between the two species3¢. Upon
the completion of the mouse genome, this type of
analysis will be relatively straightforward for human
genes encoding alternatively spliced transcripts. There
is, however, one caveat —alternative exons that are not
evolutionarily conserved are not necessarily
unimportant but might simply have evolved recently.
This is not that far-fetched because single point
mutations can create new splice sites?” and potentially
introduce a new alternative exon. In fact, there are
documented cases in which the splicing patterns of
paralogous genes differ across species®.

Conclusion

Alternative splicing has a significant and under-
appreciated role in expanding proteome diversity.
Hopefully, many will take from this review the fact
that we are generally ignorant of the scope of
functionally relevant alternative splicing events. This
simply underscores the tremendous amount of work
ahead of us. One confounding fact emerging from the
deluge of genomic sequence is that the number of
genes does not seem to correlate with the complexity
of an organism. C. elegans®’, D. melanogaster3 and
Homo sapiens®# are predicted to contain ~19 000,

14 000 and 35 000 genes, respectively. It does not
seem possible that the complexity of an organism can
be explained by the one gene, one protein hypothesis.
Thus, what some consider noise might actually be
crucial in facilitating the development of complex
organisms from a limited number of genes.
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Talk, What would they Say?) to the
beastly (Men and Other Reptiles) and
botanical (Risa Glickman’'s Why
Cucumbers are Better than Men).

Why do they hate us so much? And why
do so few males stand up for their own?
Faced with this torrent of oestrogen-
fuelled invective, The Phallic Quest;
Priapus and Masculine Inflation or Naked
and Erect: Male Sexuality and Feeling can
but wilt (although Awakening from the
Deep Sleep: a Powerful Guide for
Courageous Men might go some way to
help).

Such works reflect a potent sense of
difference, fuelled by biology. Men, it
seems, are slaves to the tedious little
chromosome that switches their sexual
machinery onto the rocky track to
manhood. The pathetic fallacy, that
human nature is driven by genes, is alive,
well and available on-line.

Males are, of course, different from
females. They have smaller gametes, for a
start. The reason behind, and the
consequences of, that protoplasmic
imbalance lie behind much of biology.
Linda Mealey’s new book is, in part, a
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clear statement of where we stand in the
battle for sexual understanding. From the
origin of sex, to the ratios of males to
females and why some women cannot
draw the line at which the surface ofa
half-full glass of beer settles when tipped,
much of reproductive life is there. Some is
familiar, but much is not and, with 2000
citations, this is, it seems, a worthy
addition to the scientific study of sex
differences.

That is until it gets to humans; then it
begins to fall apart. Of course men and
women differ in behaviour — peek into any
urinal to see how. Perhaps, indeed, man'’s
penchant for murder or masturbation
traces itself to the hypothalamus: as
might his moderately ridged (and perhaps
sexually selected) genital organ. But,
damn it, let's have some proof. After all,
Drosophila behaviour asks for no less; but
when it comes to ourselves, scientific
standards fly out of the window.

Some of the research reported here is
fine, some is batty (‘killer sperm’ come to
mind), but huge tranches are simply soft-
headed. Thus, we learn that mate-
guarding is an evolved strategy whereby



