ulatory factors? Finally, because linker hi-
stones have been implicated in DNA repair
and apoptosis (18, 19), do they act in these
cellular processes by compacting chro-
matin or through some other, yet to be dis-
covered mechanism? The next decade of
research on linker histone variants (7), as
well as on core histone variants (20), may
yield as much insight about cell regula-
tion as the past decade has about histone
modification.
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PALEOCLIMATE

Do | Hear a Million?

James W. C. White

Antarctica, and it has just heated up
in a big way. The bidding started with
80,000 for the Byrd Ice Core. Vostok raised
the bid to 160,000 and then 420,000. Now
a new ice core, the European Project for
Ice Coring in Antarctica (EPICA) Dome C
core, has raised the bid to a startling
740,000. No, we're not talking money here,
but something very precious, to paleocli-
matologists at least, and that is years. At a
site in east Antarctica, a team of European
and Russian researchers from about a
dozen countries have recovered an ice core
that extends back in time 740,000 years,
nearly twice as long as our previously
longest ice core record. They report their
findings in this week’s Nature (1). Through
their efforts, they have opened doors to sci-
entific problems that we once thought were
not accessible with ice cores, and raised the
tantalizing possibility that 1-million-year-
old ice is waiting for us somewhere near
the bottom of the Antarctic Ice Sheet.
What’s in a million? In this case it’s not
just a magical number that captures our at-
tention, but it is also a key time in the his-
tory of climate on Earth, a time when the
pattern of climate change and sea level
changes shifts from a clearly Milankovitch
world dominated by the obliquity of Earth’s
orbit, to one with larger sea level changes
dominated by a periodicity of 100,000
years. Where this 100,000-year periodicity
comes from is one of the still unanswered,
yet fundamental questions in paleoclima-
tology. Records of oxygen isotopes in ben-
thic foraminifera, tiny recorders of the vol-
ume of glaciers on the planet, tell us that
about 1 million years ago, this climate shift
occurred (see the figure), but they have not
thus far been able to tell us why. Ice cores

There is a bidding war going on in
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bring to the table new data that tell us about
forcing factors of climate, including con-
centrations of greenhouse gases such as
carbon dioxide and methane, and dust lev-
els in the atmosphere, as well as estimates
of temperature and precipitation amounts.
Until recently, ice core scientists rarely

spoke in terms of a million years. With the
EPICA results, one can be sure that the
race to get there is on in earnest. In fact, ice
core scientists from around the world, at a
recent meeting of the International Part-
nerships in Ice Core Sciences (2), made the
goal of retrieving an ice core of 1 million
years or more one of their top priorities for
the upcoming International Polar Year
(www.ipy.org) in 2007-2008. With a new
spirit of global cooperation among ice core
researchers not seen in at least a decade, the
odds of finding that ice seem rather good.
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The longer view. (Top) The 3'®0 of benthic foraminifera from Site 849 in the Pacific Ocean, a proxy
for glacial ice and sea level (7). (Bottom) The 3D (deuterium/hydrogen ratio) of ice, a proxy for air

temperature, in the new EPICA ice core (7).
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But the EPICA core “only” goes back
740,000 years. Does that mean it’s a bust?
Hardly. The EPICA team members focus
on several important climate stories that
are within EPICA’s long reach. About a
half-million years ago, a less obvious, but
potentially very important change in the
nature of those 100,000-year-long cycles of
glaciation occurred. Called the Mid
Bruhnes Event, this time is marked by a
significant increase in the amplitude of sea
level changes (see the figure). In interest-
ing contrast, at EPICA, although the glacial
periods appear equally cold regardless of
how much ice volume exists, the last five
interglacial periods are the only ones in the
past 740,000 years that are as warm as our
climate is today. Prior to 430,000 years in
the EPICA record, the warm periods are re-
ally cool periods, and are less obvious as
“interglacials.” Perhaps EPICA is telling us
that we need to revisit the term “inter-
glacial,” and define a third, intermediate
cool climate state between full glacials and
full interglacials. It’s worth noting that in
the past 430,000 years, the percentage of
time that climate was as warm as it is today
is quite small, about 5 to 10%, and before
that time, it appears to never have been that
warm. Our current climate appears to be a
rarity, if not an anomaly. Again, we don’t
know why, but it is hoped that the answers
will come as the new core is analyzed for
the full suite of measurements available in
ice cores, and as others of equal or longer
age are recovered.

Another key new finding of the EPICA
team is the recovery of the full interglacial
period at 410,000 years ago (Marine

Isotope Stage 11, or MIS11). MIS11 is the
only interglacial period in the EPICA
record that is as warm as, and as long as,
our interglacial period, known as the
Holocene. We have basked in relative
warmth for the past 12,000 years, consid-
erably longer than the 4000- to 6000-year
lengths of the previous three interglacials
as seen in the Vostok ice core (3). This is
more than a game of one-upmanship, as
we have needed this long period of stable
and warm climate to develop modern,
complex societies. Although it is an ar-
guable point, it seems unlikely that human
societies could have evolved to their im-
pressive level of today in interglacials of
6000 years or less. So why is our inter-
glacial longer than most? Some would ar-
gue that it’s a matter of how much, where,
and during what season the Sun’s energy
reaches the planet (4). Others, notably
Ruddiman and Thompson (5), assert that
humans impacted climate as early as 6000
years ago, with extra methane generated
from rice cultivation and extra carbon
dioxide from biomass burning, possibly
keeping the next ice age at bay. The
EPICA CO, and CH, results from MIS11
don’t resolve this controversy, but it’s
worth noting that both greenhouse gases at
MIS11 don’t show the steady rise during
that period that they do during the
Holocene. It’s also worth noting that
MIS11 was about 28,000 years long, so
perhaps we should not be expecting an ice
age any time soon anyway. Any hopes for
the Holocene eventually being the longest
interglacial period, by the way, appear to
be dashed by recent evidence that human-

caused warming began in the 1960s or
1970s (6), ending the Holocene and start-
ing the Anthropocene. We’ll have to settle
for being number two.

The new EPICA ice core is a tantaliz-
ing mixture of wonderful new data, new
questions added to unanswered old ones,
and great promise once the full analyses
are done. At 740,000 years, it’s a remark-
able record. This austral summer, the
EPICA crew will go back to retrieve the
last few hundred meters of ice left. Given
our past experience with ice at the bottom
of ice cores, it may be mixed and folded
and thus climatologically unusable. Even
if that’s the case, and it may well not be,
the ice core community now has its sights
set on collecting even older ice. Do I hear
a million?
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DEVELOPMENTAL BIOLOGY

Hox Genes in the Limb:
A Play in Two Acts

Jacqueline Deschamps

uring embryonic development,
Dtetrapod limbs emerge from the

lateral plate mesoderm at specific
positions along the embryonic axis.
Nascent limb buds are already endowed
with anterior-posterior (AP) polarity, as
evidenced by the asymmetric expression
of dHand, Gli3, and some of the Hox
genes, including a set of genes on the 5’
side of cluster HoxD (see the figure).
Interplay between anteriorly restricted
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Gli3 and posteriorly restricted dHand is
thought to prepattern the limb bud (7).
This prepatterning results in the forma-
tion of the zone of polarizing activity
(ZPA) in the posterior of the limb bud (2),
which expresses the signaling molecule
Sonic Hedgehog (SHH) (3). This marks
the second phase of limb development
during which SHH signaling feeds back
onto the early limb controller genes, rein-
forcing their transcription posteriorly or
repressing their expression anteriorly.
This second phase initiates morphogene-
sis of the most distal limb structures, the
digits. Mouse embryos lacking Shh ex-

hibit limb truncations suggesting that this
gene is essential for digit formation.
Recent work shows that Shh and GIi3 are
dispensable for generating limb skeletal
elements, but are required for specifying
digit identity (4, 5). Inactivation of GI/i3
rescues the digit phenotype in Shh-defi-
cient mouse embryos presumably by re-
leasing GLI3-mediated repression of the
5"HoxD genes that play an important part
during the second phase of limb develop-
ment. Hox genes are typically expressed
along the embryonic axis in the order in
which they lie in their clusters. The ex-
pression of 5'HoxD genes is restricted to
posterior embryonic tissues. In addition,
these genes are expressed in dynamic pat-
terns in developing limb buds, and are es-
sential for digit development (6).

On page 1669 of this issue, Zakany et
al. (7) reveal that the 5'HoxD genes con-
tribute to patterning of limb buds much
earlier than the second phase of limb
bud development. Early posterior re-
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