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regions of a galaxy, little or no afterglow emis-
sion would be expected from a short GRB.

Nevertheless, when the light curves of tens
of short GRBs that had been observed inde-
pendently by BeppoSAX and NASA’s BATSE
satellite were summed up, they revealed hard,
or high-frequency, X-ray tails lasting several
tens of seconds8,9. It was an indication, albeit of
limited statistical significance, that some long-
lived emission was indeed present, and left
open the possibility that the X-ray afterglows
of short GRBs had been missed not because of
their faintness, but simply because none of the
available X-ray cameras was pointing the right
way. The launch in November 2004 of Swift, a
new NASA satellite carrying a wide-field hard-
X-ray imager, was intended to eliminate that
possibility. 

Elsewhere in this issue, the fast and precise
localization of two short GRBs is reported in
four papers1–4. Gehrels et al. (page 851)1 report
the identification by Swift of a first event (GRB
050509B) on 9 May this year. The satellite was
slewed rapidly in the direction of the burst,
enabling its narrow-field X-ray telescope to

pinpoint to within 10 arcseconds (1/360th of a
degree) a source of faint X-ray emission one
minute after the burst. This allowed the
authors to assign a likely origin for the burst —
a luminous, non-star-forming elliptical galaxy
at a redshift of 0.225. 

Villasenor et al. report (page 855)2 the
observation of a second short burst, GRB
050709, pinpointed by NASA’s HETE2 satellite
on 9 July this year. Fox et al. (page 845)3 and
Hjorth et al. (page 859)4 found long-lived 
X-ray and optical afterglows following this
burst, and could thus associate it unambigu-
ously with a star-forming galaxy at a redshift of
0.16. This second event would thus seem at
first glance to share some properties — a defi-
nite afterglow and an origin in a star-forming
galaxy — with long GRBs. 

Taking the distance of its source into
account, however, the luminosity of the X-ray
afterglow of GRB 050709 is, in fact, some three
orders of magnitude lower than that typical 
of a long burst. Short GRBs might also be
expected to occur in younger galaxies where
stars are still forming, as well as in elliptical
galaxies (which tend to consist of older stars),
as anything from a few million to several bil-
lion years can separate the formation of the
compact objects and their merger10. Having
said that, two more short bursts localized by
Swift in recent months (see ref. 3 and refer-
ences therein) also seem, like GRB 050509B
(ref. 1), to originate in elliptical galaxies — a
predominance that seems to indicate that 
the progenitor stars on average evolved over
billions of years. 

The energy output of the short GRBs can be
easily derived once the distance of the source
is established (assuming the emission is
isotropic), and is found to be in the range of
1048–1050 erg. Again, this is around 1,000 times
lower than that of long GRBs. It is nonetheless
large enough to rule out flares from highly
magnetized neutron stars, known as soft 
�-ray repeaters (SGRs)11, as the explanation
for the bursts. It does not, however, preclude 
the possibility that some short bursts might 
be the product of an SGR in a nearby exter-
nal galaxy. 

The properties of the long-lived afterglow
emission observed for GRB 050709 are consis-
tent with the possibility that the emission
arises from low-density surrounding material
that is shocked by a collimated (directed) rela-
tivistic blast wave — the same process thought
to be at work in the long bursts. But the lower
energy of the short bursts, together with the
fact that they originate closer to Earth in a
mixture of galaxy types, suggest that short and
long GRBs are in fact separate populations.
The observed characteristics1–4 of the short
GRBs are all consistent with models of the
merger of two neutron stars, or of a neutron
star with a black hole.

Several questions remain. First, if short
bursts are preferentially associated with nearby
bright elliptical galaxies, why has no such
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Measurements of the X-ray afterglow of long �-ray bursts largely clarified
the origin of these bright flashes of cosmic radiation. Their shorter-lived
siblings are now beginning to divulge their secrets, too.

The distance, energy output and source of the
mysterious flashes of high-energy radiation
known as short �-ray bursts have so far
resisted all attempts at their elucidation.
Observations presented in this issue1–4 estab-
lish for the first time the cosmological distance
of the bursts and provide solid support for the
favoured theoretical model for their origin. In
this scheme, short �-ray bursts are the expres-
sion of the enormous energy released when
two compact objects — remnants of exploded
stars in the form of highly dense neutron stars
or black holes — merge. 

Scientists have been fascinated by �-ray
bursts (GRBs) for more than 30 years. The
most glamorous celebrities of the sky, they
appear unpredictably, and — after a brief and
intense show, during which their brightness
overwhelms that of any other celestial source
of �-rays — they disappear. There are two
classes of burst, identified according to their
duration: long (longer than two seconds) and
short5. The source of long bursts was revealed
in 1997, thanks to the precise and fast localiza-
tion capabilities of the BeppoSAX satellite put
into orbit by the Italian and Dutch space agen-
cies. The result was the discovery of the bursts’
fainter, long-lived afterglow emission at X-ray6

and optical7 frequencies, lower than the origi-
nal �-ray emission. The observations linked
these events to the explosive collapse of the
cores of young, massive stars in sub-luminous,
star-forming galaxies at redshifts of 1–2. (The
redshift of cosmological radiation is an indica-
tor of a source’s distance; a redshift of z indi-
cates that the Universe has expanded by a
factor of 1+ z since the radiation was emitted.)

The long-wavelength afterglow of short
GRBs has until now evaded detection. The
inference — that their afterglow is simply
much dimmer than that of the long GRBs —
fits with the merger model favoured to explain
short GRBs. This model starts with the super-
nova explosions of two massive progenitor
stars in a binary system, which collapse under
their own weight to form extremely dense neu-
tron stars or, in the case of more massive prog-
enitors, black holes. The kick imparted to these
compact objects by their supernova explosion
sends them into less-dense spaces in their
galaxy, where they eventually merge, produc-
ing the short �-ray burst (Fig. 1). The afterglow
of a burst is produced when material ejected 
by the explosion at relativistic speeds inter-
acts with the surrounding medium. There-
fore, because the merger occurs in less-dense

Figure 1 | Bursting onto the scene. The current
most favoured model of the formation of short 
�-ray bursts (short GRBs) is supported by 
recent observations1–4. In this model, two
extremely dense compact objects — remnants of
exploded stars such as neutron stars or black
holes — merge, sending out a highly directed
emission at �-ray frequencies. 
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galaxy been found previously in locations
where short GRBs have been well defined12?
This may be because the population of pro-
genitors had different properties, or because
these were distant events originating in faint
galaxies that have yet to be identified. Second,
why does the afterglow of GRB 050709 show3

evidence of flaring X-ray activity two weeks
after the short burst? This is particularly 
puzzling because it suggests a long-lived
energy injection from the central engine 
driving the burst. 

As occurred with their longer cousins, the
discovery of long-lived afterglows of short
GRBs sets the stage for detailed studies of these
exotic cosmic explosions through their emis-
sions of electromagnetic radiation. In the
future, there is the exciting prospect of detect-
ing gravitational waves from these events

using the second generation of laser inter-
ferometry detectors, LIGO and VIRGO. ■
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of genes — 16S ribosomal genes, unique to
bacteria — from DNA extracted from the 
fungus (which would include DNA of any
bacteria living inside it). They found that the
16S sequences belong to bacteria of the genus
Burkholderia, a group that occupies a remark-
ably wide range of ecological niches2. Burk-
holderia 16S genes were not found in strains of
Rhizopus that do not release the toxin. 

Using laser microscopy, the authors were

able to observe bacteria living inside toxin-
producing Rhizopus strains. They then treated
these strains with antibiotics and showed,
again with laser microscopy, that the fungus
no longer contained the bacteria. Bacterial
genes were not evident in these bacterium-
free strains, and the fungus did not release
detectable amounts of rhizoxin.  

From these findings, it seemed likely that
Burkholderia bacteria were producing the
toxin that causes rice seedling blight. But 
Partida-Martinez and Hertweck went further.
Bacteria that live inside other organisms are
notoriously difficult to culture on artificial
media, and many are considered uncultur-
able3. However, Partida-Martinez and Hert-
weck successfully isolated the bacteria and
cultured them without their fungal host. They
showed that it was indeed a pure culture of a
species of Burkholderia and that it produced
the toxin in artificial media. When the bac-
teria were reintroduced into a bacterium-free 
fungus, the fungus again produced significant
amounts of rhizoxin. Although the toxin stops
cell division in human cells, for example, it
clearly doesn’t harm the fungus. 

The exciting aspects of this research1 go
beyond the prospects for controlling seedling
blight in rice and using rhizoxin to treat 
cancer: the existence and evolution of such a
symbiosis between the fungus and bacterium
are in themselves intriguing. Close relatives of
Burkholderia are well known as symbionts 
that commonly live inside other fungi, called
arbuscular mycorrhizal fungi, which in turn
live symbiotically in the roots of most plant
species4,5. The role of these bacteria in myco-
rrhizal fungi has remained elusive because 
of the difficulty of culturing them. So the 
new work also tells us more about a Burk-
holderia–fungus association.  

Finally, Partida-Martinez and Hertweck
found that although bacterial production of
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A fungus and a bacterium have been found in a symbiotic alliance that
attacks rice plants. Rice feeds more people than any other crop, but the
significance of this finding extends beyond its potential agricultural use.

Rice suffers from a serious disease called
seedling blight. The cause was thought to be a
toxin released by some species of the fungal
group Rhizopus. The toxin kills root cells, 
after which the fungus digests the remains of
the dead root. But as Partida-Martinez and
Hertweckreport on page 884 of this issue1, that 
is not the case — they find that the toxin is 
produced not by the fungus, but by bacteria
that live in symbiosis inside it. 

This finding may help in controlling
seedling blight, no minor consideration given
that rice feeds more people in the world than
any other crop plant (Fig. 1). Moreover, the
toxin — rhizoxin — stops cell division in some
lines of human cancer cells. It is under investi-
gation as a potential antitumour agent, so
identification of the genes involved in rhizoxin
production could also provide lessons for 
cancer researchers. 

An enzyme, a polyketide synthase (PKS),
has been implicated in the biosynthesis of 
rhizoxin, which is associated with only some
species, or strains, of Rhizopus. But when 
Partida-Martinez and Hertweck looked for
fungal PKS genes in the genome of Rhizopus
strains known to release the toxin, they could
not find them. However, the authors did detect
PKS genes in the fungus that were similar to a
known class of bacterial PKS genes. 

The next and obvious question was whether
these genes really exist in bacteria living inside
the fungus. Partida-Martinez and Hertweck
first amplified and sequenced a particular set

Figure 1 | Rice under cultivation in Vietnam. World production in 2004 exceeded 600 million tonnes7,
but rice plants are prey to many diseases, including seedling blight. 
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