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sion extending into the visible part of the
spectrum. Photonic crystal fibers can also
be made with very small cores, to produce
useful nonlinear effects over a much shorter
length for a given optical power. This may,
for example, be of benefit to the above-men-
tioned frequency translation from four-wave
mixing, where practical results could be ob-
tained with lower powers, in shorter fibers,
or from a combination of the two.

The scaling of optical powers can go in
the opposite direction as well. For example,
Ouzounov et al. (5) recently showed that
the peak powers of femtosecond-long soli-
ton pulses in photonic crystal fibers are in-
creased by several orders of magnitude over
the powers they would have in ordinary
fibers. The main reason for this effect is
that the core in their fibers is a hollow pipe,
which has no nonlinearity. The required
nonlinearity is provided by the surrounding
glass cladding, which is penetrated by only
a very small fraction of the light fields.

Photonic crystal fibers can do more than
just extend the range of known phenomena:
They can also make possible the observa-
tion of brand-new ones. Nearly 18 years
ago, Mitschke and Mollenauer observed
that subpicosecond-width solitons shift
continuously and rapidly to lower optical
frequencies as they travel down an (ordi-
nary) fiber (6). This “soliton self frequency
shift”—which was also discovered earlier
in the former Soviet Union by Dyanov et al.
(7) through numerical simulations—arises
from continual Raman pumping of the low-
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quency is not merely a fasci-
nating new bit of physics. As
the authors point out, the con-
comitant exponential gain of
the Cherenkov radiation may
provide the basis for a new
and possibly useful class of
optical parametric amplifiers.
Sixteen years ago, when
Yablonovitch first announced his ideas for
what he called “photonic crystals” (9), those
ideas were largely met with skepticism and
even derision. Recently, however, the field
has bloomed, and the results that are now
being obtained—especially those with the
photonic crystal fibers—have given real
substance and great practical significance to
Yablonovitch’s concept. As is often the case
with the best ideas in science, this field be-
gan with a (seemingly) outlandish dream.

Wavelength (nm)

Ordinary versus photonic crystal fibers. Group-velocity dis-
persions (GVD) (expressed as time delay per unit of wavelength
change per unit of fiber length) of three different photonic crys-
tal fibers (PCFs) and an ordinary fiber (SMF) as a function of op-
tical wavelength. The dispersion is "anomalous” when GVD > 0.
Insets: Electron micrographs of the core areas of (left) a PCF,
(right) an ordinary fiber.
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Heirlooms in the Attic

Mark Johnston and Gary D. Stormo

hances are that your attic is as clut-
Ctered as ours, a repository of the

leavings of your life. If you were to
take its inventory, it is likely that much of
it would now be deemed garbage: things
that are destined for the dumpster. But you
are also likely to discover some treasures
there, things that Sydney Brenner has
termed junk: stuff you're glad you saved
because it still has value.

The inventory of the human genome is
revealing a surprisingly large amount of
potential treasures among the stretches of
DNA sequence that evolution has saved for
us. A recent comparison of human and
mouse genome sequences revealed that 5%
of the genome is conserved between these
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two species, a surprising excess over the 1
to 2% of DNA that codes for proteins (7).
Some of that sequence conservation can be
accounted for by noncoding RNA
(ncRNA) genes, but probably not much.
That leaves an unexpectedly large amount
of functional sequence to be accounted for.

On page 1033 of this issue,
Dermitzakis, Antonarakis, and colleagues
(2) describe a collection of these “con-
served non-genic sequences” (CNGs) that
are remarkable for their high degree of
conservation throughout the mammalian
lineage. The authors previously identified
CNGs on human chromosome 21 through
their conservation in the mouse genome,
and they provided compelling evidence
that most of them do not code for protein
and are not ncRNAs (3). In their new study,
they extend that analysis by identifying
CNGs in a wide spectrum of mammals.

They chose 220 of the CNGs on human
chromosome 21 that seemed unlikely to
code for protein or to be ncRNAs, and then
attempted to amplify these sequences by
polymerase chain reaction (PCR) from the
DNA of 12 mammalian species as diverse
as the monkey and the platypus. They ob-
tained most of the CNGs from at least one
species in addition to human, and more
than 25% of them were recovered from at
least 10 species.

The degree of sequence conservation of
the CNGs is, in many cases, astonishing.
They are much more conserved than typical
protein-coding genes or known ncRNA
genes. The most highly conserved CNGs,
those found in at least 12 species, exhibit a
nucleotide substitution rate across the mam-
malian evolutionary spectrum that is less
than half that of protein-coding regions. In
one stark example (figure S2A of
Dermitzakis et al.), a 100-nucleotide region
contains a total of only six nucleotide differ-
ences compared with the human sequence
in all 13 species analyzed (and no difference
in the platypus sequence). This is such a
high degree of sequence conservation that it
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makes one worry about trivial artifacts, such
as contamination of PCR samples with
DNA from more closely related species, but
the authors took precautions that make this
unlikely. Furthermore, most of the CNGs
could be found in the dog genome, which
they did not need to obtain by PCR because
its sequence was determined at The Institute
for Genomic Research (4). The degree and
length of conservation of the CNGs is espe-
cially surprising because this was not ob-
served in a recent multispecies comparison
of the genomes of six yeast species (5). In
that study, highly conserved sequences,
most of which are probably transcription
factor binding sites, are appropriately
short and are embedded in less conserved
sequences. The CNGs in mammalian
genomes are much more extensive and
more highly conserved than anything seen
in yeast, even though the evolutionary
time separating monotreme mammals
from placental mammals is longer (by a
factor of at least 3) than that separating the
different yeast species. These findings im-
ply that the CNGs are subject to a very
strong and continual selective constraint,
enabling them to remain largely un-
changed for as long as 300 million years.
Dermitzakis et al. estimate that there are
about 60,000 CNGs in the human genome,

about twice the number of coding genes.
This is satisfyingly similar to the conclu-
sion of another multispecies comparison by
Thomas and colleagues, who used a very
different strategy (6). They chose a 1.8-
megabase region of human chromosome 7
that includes 10 genes. They determined the
sequences of the orthologous regions of 13
other vertebrate species: nine mammals, a
bird (chicken), and three fish. Using some-
what different criteria, they identified “mul-
tispecies conserved sequences” (MCSs).
Only about one-third of these conserved se-
quences overlap with protein-coding re-
gions, again revealing the large amount of
noncoding DNA that is under functional se-
lection. Of course, the amount of conserva-
tion varies depending on the species:
Nearly all of the coding MCSs are apparent
in both the chicken and fish genomes,
whereas only about 29% of the noncoding
MCSs are found in the chicken genome
with almost none in the fish genome.
What might the function of these CNGs
be? The first thing that comes to mind is
that they are regulatory regions controlling
gene expression. However, many of them
look too conserved to consist of protein
binding sites (which are usually highly de-
generate), and it is hard to imagine the sites
being as densely packed as they would
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need to be to account for the length of the
conserved sequences. Other possibilities
for what they could do include acting as
structural components of chromosomes, al-
though it is equally difficult to imagine that
these sequence elements require such a
high degree of conservation. Uncovering
the part that CNGs play in the cell will cer-
tainly require experimentation, and that ac-
tivity is likely to occupy many people for
quite some time.

Early in the Human Genome Project,
people argued about what to sequence.
Some advocated determining just the se-
quence of the protein-coding regions, be-
cause the vast majority of the genome is
“junk” DNA. This would, they argued, be
cost effective because most of the impor-
tant information is in protein-coding DNA.
Given what we’ve learned about the jewels
in the genome’s attic, aren’t we glad they
sequenced it all?

References

1. R. H.Waterston et al, Nature 420, 520 (2002).

2. E.T.Dermitzakis et al., Science 302, 1033 (2003); pub-
lished online 2 October 2003 (10.1126/science.
1087047).

. E.T. Dermitzakis et al,, Nature 420, 578 (2002).

. E.F.Kirkness et al., Science 301, 1898 (2003).

. P.Cliften et al.,, Science 301, 71 (2003); published on-
line 29 May 2003 (10.1126/science.1084337).

6. J.W.Thomas et al., Nature 424, 788 (2003).

v AW

ATMOSPHERIC SCIENCE

Drought in the Sahel

Ning Zeng

arid region in West Africa between the
Sahara desert and the Guinea coast
rainforest—has experienced a drought of
unprecedented severity in recorded history.
The drought has had a devastating impact
on this ecologically vulnerable region and
was a major impetus in the establishment
of the United Nations Convention on
Combating Desertification and Drought.
Two reports in this issue shed light on the
likely causes of the drought and its conse-
quences for atmospheric dust transport.
Two main hypotheses have been pro-
posed for the cause of the drought. The
first focuses on anthropogenic factors such
as overgrazing and conversion of woodland
to agriculture. Both of these processes tend
to increase surface albedo (less sunlight is
absorbed) and reduce moisture supply to
the atmosphere. They thus lead to less pre-

Since the late 1960s, the Sahel—a semi-
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cipitation and even less favorable condi-
tions for vegetation (/—3). The second in-
vokes large-scale atmospheric circulation
changes triggered by multidecadal varia-
tions in global sea surface temperature
(4-6) (see the figure).

On page 1027 of this issue, Giannini et
al. (7) report the most comprehensive mod-
eling study to date of the ocean temperature
scenario. The authors analyzed the results
from a state-of-the-art atmospheric general
circulation model (GCM) developed at
NASA Goddard Space Flight Center. When
forced by observed global sea surface tem-
peratures from 1930 to 2000, the model re-
produced much of the variability in the ob-
served Sahel rainfall. The results provide
strong evidence that global sea surface tem-
perature is a major forcing in this region.
Using a statistical tool called principal com-
ponents analysis, Giannini e al. show that
Sahel rainfall is most closely related to a
largely tropical sea surface temperature
anomaly pattern that spans the Pacific,
Atlantic, and Indian oceans.

Another characteristic of the Sahel rain-

fall variability is the apparently different
influence from different ocean basins on
interannual and interdecadal time scales (6,
8). By decomposing the modeled Sahel
rainfall into a high-frequency and a low-
frequency component, Giannini et al.
achieve high reproducibility compared to
the observations on both interannual and
interdecadal time scales. Furthermore, they
identify the contributions from different
ocean basins on different time scales.

The Sahel is one of the most climatical-
ly sensitive zones in the world because of
the influence of a wide range of factors,
such as its unique geographic location. The
results reported by Giannini ef al. are en-
couraging signs that GCMs have improved
substantially in recent years, raising the
hope for better climate prediction on sea-
sonal to interannual time scales.

Compared to the ocean scenario, the role
of land use change has been more difficult
to quantify. Given a large change in land
surface properties that could conceivably be
caused by human activities, atmospheric
models can simulate a substantial reduction
in rainfall. However, the question more rel-
evant to the recent Sahel drought is whether
such large anthropogenic disturbance has
actually taken place. A recent study of pop-
ulation dynamics and land use history sug-
gests a modest land use change over the last
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