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Asteroid 3753 won’t hit the Earth soon,
and we may well avoid physical contact with
this particular 5-km companion indefinitely.
Many puzzles remain, however, concerning
the origin and evolution of all the co-orbital
systems. At least now there is a growing real-
ization among planetary scientists that an
improved understanding of these intimate
1:1 relationships is essential to studies 
ranging from planetary accretion to ring
dynamics.
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non does occur in other mammals such as
the mouse3. Skuse et al.1 have now tested the
hypothesis that imprinting occurs at a gene
that influences social cognition by compar-
ing women with Turner’s syndrome, whose
single X chromosome came from their
father, with those whose X chromosome was
derived from their mother. In doing so, 
they have identified the first known case of
imprinting on the human X chromosome.

Despite having normal intelligence,
females with Turner’s syndrome tend to
show social difficulties4 — among the Turn-
er’s syndrome girls of school age who were

studied by Skuse et al., many had been ‘state-
mented’ (the official British system of noting
special educational needs). But considerably
more of the girls whose X chromosome was
maternally derived (Xm) were in this catego-
ry than those who had received their X chro-
mosome from their father (Xp). Moreover,
the Xm girls were judged to have more clini-
cally significant social difficulties, such as
offensive or disruptive behaviour, than the
Xp girls or normal males and females. 

The differences were explored further
using a battery of psychological tests, includ-
ing a newly devised parental-report scale to
measure social cognition in their offspring.
This showed that the Xp females had much
better social cognition than the Xm patients,
although both groups fared less well 
than normal (XX) female controls. The Xp

females also had better verbal IQ than the Xm

patients, but the authors suggest that the 
differences in social cognition and behaviour
might be more closely related to subtle 
differences in cognitive ability that are not
normally measured by conventional intelli-
gence tests. In particular, there were signifi-
cant differences between Xp and Xm patients
in an attribute called ‘behavioural inhibi-
tion’. This is measured by a set of tests in
which selecting an appropriate response
requires the concurrent inhibition or sup-
pression of an inappropriate response. On
the behavioural-inhibition task, Xp females
had similar average scores to normal females,
who in turn scored better than normal males.

Skuse et al. did a further set of experi-
ments on a small group of patients in whom
only part of the short arm of the paternally
derived X chromosome was missing. In
such cases, the partially deleted chromo-
some is usually inactivated. However, these
women obtained similar scores in the social
dysfunction tests to the Turner’s syndrome
Xp patients. These data indicate that there is
an imprinted gene on the X chromosome
that influences social functioning and relat-
ed cognitive abilities. This gene escapes X-
chromosome inactivation, and it is located
either on the long arm of the chromosome,
or on a small region of the short arm near
the centromere. Such a gene can partly
explain the male–female differences in
social cognition, as well as in susceptibility
to developmental disorders such as autism.
But it does not provide the whole story,
which is likely to involve an interplay
between many genes and interacting 
environmental factors5.

This research raises two important
issues, both of which are controversial. The
first concerns the more general causes of 
differences in behaviour between the sexes.
This includes both normal behaviour, such
as different gender roles, and disorders such
as depression (more common in women)
and alcoholism (more common in men).
Throughout most of the second half of this
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One of the puzzles of human gender
differences is why boys are more vul-
nerable than girls to developmental

disorders — such as autism — that affect lan-
guage and social functioning. There has long
been a suspicion that this could, in part, be
explained by a more general sex difference,
whereby women are usually better than men
at those aspects of cognition that enable
smooth social interactions (‘social cogni-
tion’). Although such differences might be
acquired, and reflect differing male and
female social roles, they might also be part of
the in-built biological dimorphism that
results from the genetic difference between
males and females. This intriguing possibili-
ty is explored by Skuse and colleagues1 on
page 705 of this issue, in a study of cognitive
function in Turner’s syndrome — a sporadic
chromosomal disorder in which all (or part)
of one X chromosome is missing. Patients
have a female appearance and, usually, nor-
mal levels of general intelligence, but they
have poorly developed secondary sexual
characteristics, and short stature. 

Normal females have two X chromo-
somes, and normal males have one X and 
one Y chromosome. But whereas females
inherit one X chromosome from each of
their parents, males always receive their X
chromosome from their mother (Fig. 1).
This means that, as well as the different 
chromosomal constitution, there is another
possible source of male–female differences
resulting from the phenomenon known as
genomic imprinting2. This refers to the find-
ing that the same genes can result in different
phenotypes (expressed characteristics) de-
pending on whether they are inherited from
the mother or from the father. 

Although the mechanism of imprinting
is not fully understood, part of the process
involves methylation of DNA, which can
effectively result in a gene from one or other
parent being ‘switched off ’. To date there
have been no reports of imprinting on the
human X chromosome, but the phenome-
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Figure 1 Females with Turner’s syndrome have
only one complete X chromosome, which may
have come either from their mother (a) or from
their father (c). They may also have deletions of
part of the X chromosome, for example the short
arm of the paternally derived chromosome (b).
Skuse et al.1 studied these patients, and showed
that Turner’s syndrome females with a
paternally derived X chromosome (Xp) have
much better social skills than those with a
maternally derived X (Xm). They conclude that
social functioning is influenced by an imprinted
gene on the X chromosome that is switched off
when the gene is inherited from the mother. And
they believe that this may explain male–female
differences, such as why men (who only have a
maternally derived X chromosome) are more
susceptible to developmental disorders that
affect language and social functioning. 
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century, with the increasing emphasis on
sexual equality, there has been a tendency to
play down the possible role of biology in
accounting for psychological differences
between men and women. Now, for the first
time, we have evidence about the location of
a gene that plays a part in behavioural sexual
dimorphism, challenging the prevailing
belief that gender differences are largely 
culturally determined.

The second controversial issue relates to
the kind of behaviour that this gene influ-
ences. Skuse and colleagues1 call it social cog-
nition, but they show that it is associated
with other aspects of cognitive ability. This
raises the very real possibility that genes con-
tributing to more commonly studied types
of cognitive ability, such as those measured
by IQ tests, will also soon be localized and
eventually identified. Genetic research on IQ
has often provoked hostility, not least
because it has been open to political misuse6.
Nevertheless, the evidence is consistent and

cognitive ability seems to be substantially
heritable5. As for other aspects of behaviour,
it is likely that each contributing gene will
have only a small effect on the total pop-
ulation variation, which almost certainly
involves many genetic and environmental
factors. So the geneticist wishing to dissect
out the molecular basis of behaviour needs
to be prepared not just for controversy, but
also for complexity.
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Two papers on aluminium2,3 had already
attracted the attention of the mineral-
physics community. In laser-heated dia-
mond-anvil cell experiments, Kesson et al.2

were able to synthesize silicate perovskite
containing up to 25 mol% Al2O3. They
demonstrated that Al2O3 in solid solution
could be accommodated in perovskite and
that there was no need for new, unknown,
aluminous minerals in the lower mantle.
Iron tends to destabilize perovskite, so that
perovskites with a high iron content do not
exist. However, Kesson et al. showed that
Al2O3 extends the stability field of magnesian
perovskite towards iron-rich compositions,
up to 75% atom% Fe.

The lower-mantle assemblage of magne-
siowüstite and perovskite results from the
disproportionation of (Mg,Fe)2SiO4 and
other silicates, and it has been experimental-
ly verified that iron preferably partitions into
magnesiowüstite. In the other recent paper
on aluminium, Wood and Rubie3 have
shown that, in the presence of Al2O3, per-
ovskite and magnesiowüstite have similar
values of the Fe/(Fe+Mg) ratio.

So it seems to be established that alumini-
um controls the iron content of perovskite.
McCammon’s results1 take us a step further
and raise exciting new problems. Iron is a
transition metal, and can take two degrees of
oxidation: Fe2+ and Fe3+, the ferrous and fer-
ric forms, respectively. McCammon availed
herself of the fact that iron is one of the 
few elements amenable to Mössbauer spec-
troscopy to determine its degree of oxidation
in perovskite containing aluminium.
Whereas iron is mostly present as Fe2+ in alu-
minium-free perovskite, the relative amount
of Fe3+ significantly increases to about 50%
in the presence of aluminium.

McCammon’s data suggest that Fe3+ sub-
stitutes for silicon in the octahedral sites as
well as for Fe2+ in dodecahedral sites. The
instability of iron-rich perovskites is usually
ascribed to the large crystal-field energy of
Fe2+ in dodecahedral sites. The presence of
iron as Fe3+ in octahedral sites may not be 
subject to such restrictions. Al3+ might also
occupy both sites. The sum of Al and Fe in
octahedral and dodecahedral sites should 
balance for electrical neutrality. There would
then be no need to introduce charge-com-
pensating vacancies, as would be the case if
Fe3+ only substituted for Fe2+ in dodecahedral
sites. Quasi-chemical accounting of point
defects, currently performed to investigate the
various possible controls of diffusion, should
not only take aluminium into account, but
also consider where it sits in the lattice.

Fe3+ ions are much smaller than those of
Fe2+. Depending on which type of site they
occupy, they may induce distortions of 
the framework of octahedra different from
those in aluminium-free perovskite. Also,
the lattice parameters may be different,
hence the density and equation-of-state of
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species A fit in dodecahedral sites between
octahedra. Various distortions of the frame-
work are possible, imparting different physi-
cal properties to the crystals. In the lower-
mantle silicate perovskite (Mg,Fe)SiO3,
which is stable only at pressures higher 
than about 25 GPa, Si4+ ions are inside the
octahedra and Mg2+ and Fe2+ ions are 
randomly distributed between octahedra.

The deep interior of the Earth retains
many secrets, and geophysicists and
geochemists still hold conflicting

views about some of its features. There is,
however, one point on which everybody
seems to agree: the lower mantle, between
the depths of 670 and 2,900 km, essentially
consists of an assemblage of crystals of 
magnesium and iron oxide, with sodium
chloride structure (magnesiowüstite), and
of magnesium and iron silicate, with 
perovskite structure.

Aluminium is abundant in the Earth’s
crust. But it is a minor element in the mantle,
and in that context has been practically
ignored. Now, however, in a paper on page
694 of this issue1, Catherine McCammon
reports results that should lead us to re-
consider the importance of aluminium in
the lower mantle. Using Mössbauer spec-
troscopy, she found that, although iron is
normally present mostly as Fe2+ ions in the
perovskite silicate, the proportion of Fe3+

may increase to about 50% in perovskite
containing as little as 3.3 mol% Al2O3. At first
sight, this may not seem to be an Earth-
shaking discovery, but the consequences for
our understanding of the dynamics of the
lower mantle (as well as for the chemistry of
perovskites) could be momentous.

Perovskite structure is one of the most
widespread crystal structures for com-
pounds with the formula ABO3. It can be
simply described as a tridimensional frame-
work of corner-linked octahedra of oxygen
atoms (Fig. 1). A cation of species B is nested
inside every octahedron, while cations of

Figure 1 Crystal structure of the silicate
perovskite: silicon atoms are nested inside
oxygen octahedra (in blue; the oxygen atoms,
not represented, are at the corners of the
octahedra). The divalent cations Mg2+ or Fe2+ are
represented as balls (red) between the octahedra.
McCammon’s results1 suggest that Al3+ and Fe3+

cations may substitute for silicon or Fe2+, and in
consequence affect the properties, especially the
electrical conductivity, of the lower mantle.
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