
Methods
Surveys
Our data for the recent survey period come from 261 km of formal line transects19 and
4,793 km of reconnaissance surveys (‘recces’20) performed while evaluating existing and
potential protected areas in Gabon. The sampling sites were chosen because they were
thought to contain uncharacteristically high large-mammal densities, whereas sampling
locations from the national survey in 1981–1983 were spread more uniformly across
Gabon. The survey data were also collected before the ongoing Ebola epidemic in
northeast Gabon and neighbouring Congo (http://www.who.int). Therefore, the figures
for decline that we report below are likely to underestimate substantially the true
magnitude of ape decline.

Surveys in both sampling time periods were based on counts of sleeping nests rather
than live gorillas or chimpanzees, which are secretive and difficult to observe during
surveys. Because discriminating between gorilla and chimp nests can be difficult, we
pooled gorilla and chimp data and analysed the rate at which ape nest groups (not
individual nests) were encountered along line transects and recces. Raw encounter rate
data are shown in Fig. 2. Evidence that encounter rates of ape nest groups should be
directly proportional to ape density is provided in Supplementary Information, along
with a detailed discussion of analytical methods.

Measurement of ape decline
To estimate the magnitude of ape decline, we took a ‘spatial modelling’ approach21. For
each sampling period, we estimated the functional relationship between nest group
encounter rate and important predictor variables, cut Gabon into a 30 arcsec grid
(approximately 1 km2 cells), and interpolated encounter rate in each grid cell given the
predictor variable values for that cell. We confined ourselves to analysing the effects of two
predictor variables: distance from the closest of Gabon’s major urban centres and distance
from documented human Ebola outbreaks. We do not include analyses with predictor
variables that varied on a smaller scale because our sampling sites tended not to include the
full range of predictor values on smaller scales. For example, few sampling sites were near
towns or heavily deforested areas, so that analyses of the effects of these factors on
encounter rates of nest groups tended to produce obviously spurious results. Our
analyses indicated a strong increase in nest group size with increasing distance from human
Ebola outbreak sites (R2 ¼ 0.012, P ¼ 0.00002, n ¼ 1,434). Therefore, when interpolating
the value for each cell in the Gabon grid, we multiplied the predicted nest group encounter
rate by the predicted nest group size. We then estimated the percentage ape decline by
averaging nest encounter rates across grid cells, dividing the average for the recent surveys by
the 1981–1983 average, subtracting the quotient from one, and multiplying by 100. Without
including the effect of declining group size, the analysis suggested a nest group encounter
rate decline of 46% (95% confidence interval ¼ 23–63%).

Analysis of bushmeat sale and consumption
Sales of bushmeat were recorded at 11 markets in Gabon between January 2000 and July
2002. Analysed surveys included between 21 and 426 days per market and 80,528
bushmeat sales from 42 species, of which 7,686 (9.5%) were of whole animals. Prices per
unit mass for whole animal sales were calculated using published average adult body
weights22. Prices of alternative protein sources were recorded monthly in a sample of shops
in each town. In Libreville, we visited 518 randomly chosen households once each between
January and April 2001 for a total of 1,793 consumption days. We asked about: (1)
consumption of meat over the previous three days; (2) household income in the previous
month; and (3) household assets.
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The dopamine-containing projection from the ventral tegmental
area of the midbrain to the nucleus accumbens is critically
involved in mediating the reinforcing properties of cocaine1,2.
Although neurons in this area respond to rewards on a subsecond
timescale3,4, neurochemical studies have only addressed the role
of dopamine in drug addiction by examining changes in the tonic
(minute-to-minute) levels of extracellular dopamine5–9. To inves-
tigate the role of phasic (subsecond) dopamine signalling10, we
measured dopamine every 100 ms in the nucleus accumbens
using electrochemical technology11. Rapid changes in extracellu-
lar dopamine concentration were observed at key aspects of drug-
taking behaviour in rats. Before lever presses for cocaine, there
was an increase in dopamine that coincided with the initiation of
drug-seeking behaviours. Notably, these behaviours could be
reproduced by electrically evoking dopamine release on this
timescale. After lever presses, there were further increases in
dopamine concentration at the concurrent presentation of
cocaine-related cues. These cues alone also elicited similar,
rapid dopamine signalling, but only in animals where they had
previously been paired to cocaine delivery. These findings reveal
an unprecedented role for dopamine in the regulation of drug
taking in real time.

Dopamine-containing neurons in the ventral tegmental area are
synchronously activated (55–80% of neurons burst for up to
200 ms) on presentation of natural reinforcers or associated cues3.
It has been proposed that this burst of activity causes transient
changes in forebrain extracellular dopamine that provide a real-
time learning signal for reward12. Such a dopamine surge may
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modulate specific aspects of goal-directed behaviours for natural
rewards and perhaps drug rewards, and may have evolved through
the formation of learned associations between these reinforcers and
environmental cues. To investigate these possibilities with respect to
drug abuse we used fast-scan cyclic voltammetry11 to measure
subsecond changes in dopamine in the nucleus accumbens of rats
performing cocaine self-administration.

A carbon-fibre microelectrode was positioned into the nucleus
accumbens of rats that were trained to lever press for intravenous
cocaine, and extracellular dopamine was monitored every 100 ms.
Release of dopamine was evoked before the session by electrical
stimulation (24 pulses, 60 Hz, 120 mA) of the ventral tegmental area
(Fig. 1) to confirm that the microelectrode was in a dopamine-rich
area. Electrical stimulations were not applied again until immedi-
ately after the session, when they were used to verify that evoked
dopamine release was still detectable. During experimental sessions,
rats (n ¼ 6) lever pressed for cocaine (0.33 mg) 3.4 ^ 0.9 times in
quick succession within the first few minutes (load-up), followed by
stable rates of lever pressing (every 364 ^ 20 s) for the remainder of
the session (19.7 ^ 1.5 total responses over 2 h; see Fig. 2a). Time
locked to every operant response for cocaine (116 responses), there
were detectable transient increases in extracellular dopamine that
occurred both in the seconds before (pre-response) and after (post-
response) the lever press (Fig. 2b, c).

The post-response component was tightly time locked to the
lever press across trials and animals. There was a sharp inflection in
extracellular dopamine, which peaked (64.9 ^ 16.1 nM) at
1.8 ^ 0.4 s and returned to baseline 4.7 ^ 0.5 s after the response.
This inflection occurred at the lever press and the concurrent onset
of cocaine delivery paired to an audiovisual cue. In humans, cocaine

paraphernalia and other drug-related cues can elicit intense craving
for cocaine and thereby influence drug taking13,14. Furthermore,
stimuli that had been paired with cocaine cause tonic increases in
dopamine in the core (but not shell) of the nucleus accumbens in
rats9. To test whether these types of cues might evoke phasic
dopamine signalling, ‘probe’ trials (n ¼ 6 rats) were completed
where the audiovisual stimulus was randomly presented by the
experimenter in the absence of a lever press or cocaine delivery.
These caused rapid increases (93.9 ^ 12.2 nM) in the extracellular
dopamine concentration (Fig. 3), beginning at 0.1 ^ 0.0 s, peaking
at 2.2 ^ 0.5 s and returning to baseline 5.7 ^ 0.8 s from the probe
onset. The concentration, onset latency, rise time and duration of
these signals were not significantly different when the probes
were presented before (4 trials) or during (12 trials) the self-
administration session (P . 0.05), indicating that the presence of
cocaine was not a requirement for the neurochemical change. The
amplitude, time of peak and return to baseline after the cue onset
were not significantly different than the post-response component
for lever pressing at the same recording site (P . 0.05, paired t-test).
Conversely, the audiovisual stimulus did not evoke dopamine
release in rats where this stimulus had never been paired to cocaine
delivery (n ¼ 4), not even in the presence of cocaine (n ¼ 3; Fig. 3b).
Hence, this signalling requires learned associations between cocaine
and stimuli that were previously paired with its infusion.

The pre-response component of dopamine signalling was vari-
able in its synchronization to the lever press (and was therefore
diminished in the signal-averaged trace). However, in the
4.1 ^ 0.6 s before the lever press, there was consistently a rise in
extracellular dopamine (Fig. 2c, second arrow) that was typically
preceded with a more transient increase (7.7 ^ 0.6 s before lever

Figure 1 Dopamine release in the nucleus accumbens evoked by a stimulus train

(24 pulses, 60 Hz, 120 mA; represented by the grey bar). The top part of the figure shows

the time course of dopamine concentration change. Inset, cyclic voltammogram obtained

at the end of the stimulus that is identical to that for dopamine measured after the in vivo

experiment. The bottom part of the figure shows a two-dimensional representation of the

voltammetric data from a single animal. Consecutive cyclic voltammograms are plotted

along the x-axis (time) with the applied potential (E app) on the y-axis and current changes

encoded in colour. Dopamine can be seen around the stimulation by the green peak

(oxidation) in the lower part of the trace that is accompanied by a smaller yellow peak

(reduction) in the upper part. The events that take place later in the trace (multiple peaks)

are not due to changes in dopamine concentration, but a basic pH change in the

extracellular space. This does not interfere with the dopamine signal because of the use of

the differential measurement.

Figure 2 Rapid increase in extracellular dopamine in the nucleus accumbens relative to

the lever-press response for cocaine. a, Individual lever-press responses (vertical lines)

for a representative rat are shown against time in the session. b, The red, inverted triangle

denotes the final lever approach before a lever press, represented by the black triangle,

during this session. The light-blue bar represents cocaine infusion (0.33 mg, 6 s); the

green bar represents the audiovisual stimulus (20 s), which is truncated at 10 s. The top

part shows the time course of dopamine concentration change. Inset, the cyclic

voltammogram obtained at the maximal dopamine change (red line) is superimposed on a

current-normalized one obtained during electrical stimulation (black line; r 2 ¼ 0.93). The

bottom part shows a two-dimensional representation of the voltammetric data with

current changes encoded in colour. Dopamine changes and the subsequent basic pH

change are revealed. The pH change was removed from the dopamine signal using a

differential measurement, and would otherwise erroneously appear as a drop in dopamine

below the baseline. c, The solid blue line is the mean dopamine change across all animals

(n ¼ 6) around the lever press, and the dashed blue line is the mean plus standard error.

Increases in dopamine before the lever press are highlighted by the arrows. The red,

inverted triangle shows the mean time of initiation of the final approach to the lever before

pressing (3.7 ^ 0.5 s before press).
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press; Fig. 2c, first arrow). During this period of time rats moved
around the chamber to varying degrees, and then approached the
lever before pressing. The initiation of this final approach
(3.7 ^ 0.5 s before the lever press) was after the first dopamine
transient and during the rise in the second transient (Fig. 2c), and so
we hypothesized that it is triggered by the dopamine changes. To test
whether transient changes in extracellular dopamine were sufficient
to initiate cocaine seeking, electrical stimulation of the ventral
tegmental area (24 pulses, 60 Hz, 120 mA) was used to deliver
controlled, phasic dopamine transients to the nucleus accumbens.
Stimulations were repeated every 120 s throughout sessions of
cocaine self administration (n ¼ 6) that were otherwise identical
to those in the first experiment. These elicited rapid changes in
extracellular dopamine in the nucleus accumbens (rise time of
about 0.6 s). When the behaviour in these animals was examined,
it was apparent that the electrical stimulations had a profound effect
(animal group by time interaction: F 30, 310 ¼ 3.06, P , 0.0001,
two-way analysis of variance (ANOVA); Fig. 4a). Responding
behaviour was highly elevated at 120 and 240 s after the previous
lever press, with an apparent trend at higher multiples of 120 s. The
amplitude of these successive peaks decreased in an exponential
manner, indicative of an event every 120 s that had a fixed prob-
ability of triggering lever pressing. Clearly the lever-pressing beha-
viour had synchronized to the stimulations, as this pattern was not
apparent in control (non-stimulated) rats.

To examine this synchronization with the stimulations more
closely, the distribution of lever pressing was replotted relative to
stimulation delivery (Fig. 4b). Predictably, the time-matched con-
trols that were not stimulated at time zero showed a random
distribution of lever presses with respect to this time. However, in
animals that were stimulated, the temporal pattern of responding

for cocaine was significantly skewed (animal group by time inter-
action: F23, 240 ¼ 2.88, P , 0.0001, two-way ANOVA) with a maxi-
mal probability of lever pressing 5–15 s after a stimulation. The
videotaped behavioural records revealed that stimulation was
immediately followed by the behavioural sequence that normally
preceded a lever press, including disengagement from stereotypy,
‘superstitious’ movement around the chamber and finally the
approach to the lever before pressing. Notably, the delay between
stimulation and lever press is in the range that the pre-response
dopamine component precedes the lever press in non-stimulated
rats (Fig. 2c). On the occasions where stimulation did not elicit a
lever press, behaviour typically ranged from an immediate pause in
stereotypy to all of the behaviours up to and including the lever
approach. Thus, stimulation was effective in initiating behaviours,
but the sequence was not always completed to yield cocaine delivery.
Similarly, non-stimulated rats often approach the lever between
presses without completing the response.

Our findings reveal that rapid dopamine transmission occurs
during key components of cocaine-seeking behaviour and during
presentation of cocaine-associated stimuli. Rather than a pharma-
cological effect, dopamine increases in response to cues that have a
learned association with cocaine. Although previously suspected15,
the rapid nature of these signals has precluded them from being
detected until now, as previous studies used lower temporal
resolution techniques (sampling 200–6,000 times less frequently10)
that measure tonic dopamine levels. Nonetheless, tonic levels are of
utmost relevance to the current findings because they regulate
phasic dopamine release. Cocaine inhibits the dopamine transpor-
ter, slowing the clearance of extracellular dopamine, and thus
increases tonic levels7. When dopamine is tonically high in the
nucleus accumbens, terminal autoreceptors are activated, resulting
in inhibition of phasic dopamine release16. In addition, cocaine
elevates dopamine in the ventral tegmental area and thereby
activates somatodendritic autoreceptors that inhibit dopamine-
mediated cell firing17,18, presumably reducing the occurrence of
phasic events. During the intermittent pattern of cocaine delivery

Figure 3 Rapid increase in extracellular dopamine after probe presentation of cocaine-

associated stimuli. a, In rats trained to self administer cocaine paired with the audiovisual

stimulus, the extracellular dopamine concentration transiently increases during

presentation of this stimulus alone (green bar, truncated at 10 s). A representative time

course of dopamine concentration change and its associated colour plot reveal that

dopamine changes are apparent immediately after probe presentations. The cyclic

voltammogram at the maximal dopamine change (red line) concurs to that during

electrical stimulation (black line; r 2 ¼ 0.97). b, The solid blue lines are the mean

dopamine change around the 20-s stimulus presentation (green bar that starts at time 0,

truncated at 10 s), and the dashed blue lines are the mean plus standard error. The upper

trace is in animals that had been trained to lever press for cocaine paired to the stimulus

(n ¼ 6); the lower trace is in animals that had no experience of pairing between the

stimulus and cocaine (n ¼ 3). There was a significant interaction between animal group

and time (F 150, 1057 ¼ 1.83, P , 0.0001, two-way ANOVA). Asterisk, P , 0.05

compared with non-trained rats (Bonferroni post-tests).

Figure 4 Effect of electrically evoked dopamine release on lever-press responding for

cocaine. a, The histograms represent the distribution (20-s bins, truncated at 600 s) of

intervals between lever presses in rats that received electrical stimulation (24 pulses,

60 Hz, 120 mA every 120 s) to the ventral tegmental area (top, n ¼ 6) and non-stimulated

controls (bottom, n ¼ 6). There was a significant interaction between animal group and

time (F 30, 310 ¼ 3.06, P , 0.0001, two-way ANOVA). Double asterisk, P , 0.01; triple

asterisk, P , 0.001 compared with non-stimulated controls (Bonferroni post-tests).

b, The upper histogram represents the temporal distribution (5-s bins) of lever presses

with respect to stimulation. The time of the stimulation was designated as zero (grey

triangle). The lower histogram shows the distribution of lever presses over the same

window for time-matched (non-stimulated) controls. There was a significant interaction

between animal group and time (F 23, 240 ¼ 2.88, P , 0.0001, two-way ANOVA).

Double asterisk, P , 0.01; triple asterisk, P , 0.001 compared with non-stimulated

controls (Bonferroni post-tests).
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that is inherent to self administration, tonic levels of dopamine vary.
Extracellular dopamine accumulates during the load-up phase and
then cycles, peaking a few minutes after each cocaine infusion and
then falling. Once dopamine falls below a threshold concentration,
rats lever press for further cocaine5,6. It is at this time, when tonic
regulation of phasic dopamine is minimal, that the dopamine
transients accompanying cocaine seeking occur.

The finding that electrically evoked dopamine transients influ-
ence behaviour and can actually trigger lever-press responses for
cocaine demonstrates that subsecond dopamine has a pivotal role in
drug-seeking behaviours. It is important to note that the beha-
vioural consequences of rapid dopamine transmission may be
context specific. For instance, the increase in dopamine after each
lever press (post-response) does not cause further cocaine seeking—
the animal engages in stereotypy for about 6 min before pressing
again. This is not altogether surprising as dopamine acts as a
‘neuromodulator’ of transmission in the nucleus accumbens, and
so its effects are dependent on the activity of other afferents19 (which
may alter with context20). Specifically, dopamine-containing
synapses are appositely located for modulation of information
conveyed by descending glutamate-mediated pathways21,22. This
information relates to memory, drive and motivation and is
integrated by the nucleus accumbens for the generation of goal-
directed movement23,24. Notably, the onset and duration of the rapid
dopamine signals are similar to phasic changes in nucleus accum-
bens cell firing that occur under similar experimental conditions24–

27. We propose that by modulating neural activity in this structure,
subsecond dopamine release has a key, real-time role in drug-
seeking behaviour. A

Methods
Cocaine self administration
Male Sprague–Dawley rats were implanted with an indwelling jugular catheter and one
week later were trained to self administer cocaine during 2-h daily sessions. The beginning
of the session was signalled by extension of a lever into the chamber below an illuminated
cue light. Each lever press resulted in cocaine delivery (0.33 mg, 6 s) and a 20-s audiovisual
stimulus25. This stimulus consisted of a change to general lighting of the chamber from the
focal cue light and a continuous auditory tone. During this 20-s period lever pressing had
no consequences. Once stable responding25 had been achieved in three consecutive
sessions, surgery for fast-scan cyclic voltammetry was performed28. Approximately one
week later, rats were allowed to self administer cocaine until stable behaviour was
re-established (one to two sessions).

Fast-scan cyclic voltammetry
Dopamine was detected by oxidizing it with a carbon-fibre microelectrode using fast-scan
cyclic voltammetry. The carbon-fibre microelectrode was held at 20.6 V against Ag/AgCl
between scans and then periodically driven to þ1.4 V and back in a triangular fashion at
400 V s21. We repeated scans every 100 ms. For analyte identification, current during a
voltammetric scan was plotted against the applied potential to yield a cyclic
voltammogram. Once dopamine had been voltammetrically verified, the current at its
peak oxidation potential was plotted against time to reveal the temporal profile of
dopamine concentration changes. To remove non-dopamine-mediated signals that occur
at the potential of the dopamine oxidation peak (for example, from pH or movement
artefacts), we used a differential measurement between the current at this potential
(around þ0.70 V against Ag/AgCl) and another one that included this interference (but
not dopamine). This was converted to dopamine concentration by calibration of the
electrode after in vivo use.

Non-trained rats
Rats (n ¼ 4) with no experience of cocaine were surgically prepared for voltammetry.
After recovery, they were habituated to the recording chamber and presented the
audiovisual stimulus (5 times, about 5 min apart) on several daily sessions. On the
experimental day, dopamine was monitored in the core of the nucleus accumbens and this
model was repeated. Some rats (n ¼ 3) were then administered cocaine (10 mg per kg
intraperitoneally) and 10 min later the experiment was repeated once more.

Signal identification
Dopamine was identified with chemical, anatomical, physiological and pharmacological
criteria29. Anatomical evidence for dopamine was provided by post-mortem, histological
verification. This confirmed that all the recording sites were in the core of the nucleus
accumbens. By stimulating dopamine-containing cell bodies before and after behavioural
sessions and detecting dopamine at the recording site (a well-characterized signal30) we
provided physiological evidence that we were recording from an area that could support
rapid dopamine release. Chemical evidence for dopamine was provided by the cyclic

voltammogram, which offers information specific to the analyte. The cyclic
voltammograms of signals after lever press responses or audiovisual stimuli were
compared to those from electrical stimulations at the same recording site and those from
in vitro calibration of the electrode. It is important to note that in addition to electro-
oxidation, both movement artefacts and ionic changes in the extracellular space (especially
pH; see Fig. 1) produce current at the electrode. These can be identified readily with fast-
scan cyclic voltammetry and eliminated from dopamine signals using differential
measurements. However, 3,4dihyroxyphenylacetic acid (DOPAC) could contribute to our
measurements: it is present in the extracellular fluid in dopamine-containing terminal
regions and can be electro-oxidized. It is formed by monoamine oxidase, which operates
on a minute timescale. Thus, DOPAC concentration should not change rapidly.
Nonetheless, to examine pharmacologically the contribution of DOPAC to our signals we
carried out some additional experiments in the presence of the monoamine oxidase
inhibitor, pargyline (75 mg per kg intraperitoneal administration). The amplitudes of the
signals after presentation of the audiovisual stimulus (n ¼ 3) or a lever press for cocaine
(n ¼ 1) were not attenuated in the presence of pargyline (data not shown), confirming
that DOPAC was not a contributor.
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Tillering in rice (Oryza sativa L.) is an important agronomic trait
for grain production, and also a model system for the study of
branching in monocotyledonous plants. Rice tiller is a specialized
grain-bearing branch that is formed on the unelongated basal
internode and grows independently of the mother stem (culm) by
means of its own adventitious roots1. Rice tillering occurs in a
two-stage process: the formation of an axillary bud at each leaf
axil and its subsequent outgrowth2. Although the morphology
and histology2,3 and some mutants of rice tillering4 have been well
described, the molecular mechanism of rice tillering remains to
be elucidated. Here we report the isolation and characterization
of MONOCULM 1 (MOC1), a gene that is important in the
control of rice tillering. The moc1 mutant plants have only a
main culm without any tillers owing to a defect in the formation
of tiller buds. MOC1 encodes a putative GRAS family nuclear
protein that is expressed mainly in the axillary buds and func-
tions to initiate axillary buds and to promote their outgrowth.

To identify genes involved in the control of rice tillering, we have
screened for mutants with altered tiller numbers from collections
derived from spontaneous mutations or g-ray radiation and ethyl
methanesulphonate (EMS) mutagenesis. A spontaneous monoculm 1
(moc1) mutant is of particular interest, because moc1 plants nearly
completely lose their tillering ability, producing only one main
culm, in contrast to the multiple tillers in wild-type plants (Fig. 1).
Genetic analysis with reciprocal crosses between moc1 and wild-type
plants revealed that moc1 possesses a recessive mutation in a single
nuclear locus. Allelic tests between the moc1 mutant and five
recessive tillering mutants with reduced culm number (rcn1 to
rcn5)4 indicated that MOC1 is a previously unknown locus that is
involved in the control of rice tillering.

In the seedling stage, no obvious morphological difference could
be observed between moc1 and wild-type plants. However, during
the tillering stage, beginning from the fourth complete leaf for-
mation, tillers emerged from sheaths of the subtending leaves in
wild-type plants, but no tillers arose from leaf axils of moc1 plants
(Fig. 1a–d). Up to the heading stage, wild-type rice plants produced

not only primary tillers on the main culm, but also secondary ones
on the primary tiller culms. In moc1 mutants, however, no primary
tillers other than a main culm could be observed, and therefore no
secondary tillers were seen either (Fig. 1e, f). Similarly, moc1
panicles also produced much fewer rachis-branches and spikelets
than did wild-type plants (Fig. 1g, h). In contrast to phenotypic
alterations observed in aerial organs, roots appear to be unaffected
in moc1 plants (Fig. 1a–f).

The MOC1 locus was mapped primarily to the long arm of
chromosome 6 of O. sativa between markers R1559 and S1437
(Fig. 2a), and was subsequently fine-mapped to a 20-kilobase (kb)
region using newly developed molecular markers (Fig. 2a, b;
Supplementary Table 1). Annotation of the 20-kb sequence identi-
fied an open reading frame (ORF) that encodes a protein highly
homologous (44% identity) to the tomato LATERAL SUPPRES-
SOR (LS)5. In tomato, loss-of-function mutation in LS causes a
branchless phenotype owing to a failure in axillary meristem
initiation. This result suggests that the rice ORF with homology
to the tomato LS is very probably the MOC1 gene.

We therefore amplified the corresponding ORF from moc1 and
wild-type plants with polymerase chain reaction (PCR) and
sequenced it. DNA sequence comparison revealed a 1.9-kb retro-
transposon inserted in this ORF in the moc1 mutant. Confirmation
of the retrotransposon-interrupted ORF as MOC1 was achieved by
functional complementation. A binary plasmid carrying a 3.2-kb
wild-type genomic fragment containing the entire ORF plus a 1.5-kb
upstream region (pC8247), but not the one carrying a C-terminal
truncation (pC8247S) (Fig. 2b), was able to rescue the monoculm
phenotype of the moc1 mutant (Fig. 1i, j). In DNA blot analysis of
T2 progeny from a self-pollinated transgenic line, the co-segregation
of the transgene and the tiller phenotype is further evidence that the
ORF homologous to LS is indeed the MOC1 gene (data not shown).
DNA blot analysis also indicated that MOC1 is a single-copy gene in
the rice genome.

The MOC1 complementary DNA was cloned by reverse tran-
scription (RT)–PCR using total RNA prepared from rice seedlings.
Alignment of the cDNA and genomic DNA sequences revealed no
introns in the MOC1 gene, as is the case in the tomato LS5. The first
in-frame ATG of the transcript (position 1) initiates an ORF
encoding a protein of 441 amino-acid residues (Fig. 2c; Supplemen-
tary Fig. 1a). In moc1, the 1.9-kb retrotransposon is inserted at
position 948, causing a premature translation stop that results in a
truncated fusion protein of 338 amino-acid residues with the last 22
residues encoded by the retrotransposon sequence (Fig. 2c; Sup-
plementary Fig. 1b).

Figure 1 Phenotype and complementation of the moc1 mutant. a–f, Comparison of

tillering abilities between wild-type and moc1 plants at the onset of tillering stage (a, b),

at the peak of tillering stage (c, d), and at the heading stage (e, f). Arrows show emerging

tillers in wild-type plants or empty leaf sheaths in the moc1 mutant. g, h, Panicles of wild-

type and moc1 plants. Arrows show bract nodes missing rachis-branches in the moc1

plant. i, j, The moc1 plants harbouring one and three MOC1 transgene copies.
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corrigenda

Fungus-growing ants use
antibiotic-producing bacteria to
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We reported in this Letter that, on the basis of its cell-wall chemistry,
the bacterium associated with the fungus-growing ant Acromyrmex
octospinosus is in the genus Streptomyces (Streptomycetaceae:
Actinomycetes). It has been brought to our attention by Nature
that R. Wirth, T. Wagner, C. Kost, I. Böttcher, W.-R. Arendholz and
M. Redenbach (manuscript submitted) do not find evidence of a
specialized relationship between bacteria in the genus Streptomyces
and fungus-growing ants in the genus Acromyrmex. Our ongoing
molecular phylogenetic analyses reveal that the specialized symbio-
tic bacterium associated with Acromyrmex is not a species of
Streptomyces, but is instead in the actinomycetous family Pseudono-
cardiaceae (C.R.C. and M. Cafaro, manuscript in preparation).
This genus-level misidentification does not affect our other
conclusions. A

High brightness electron beam from
a multi-walled carbon nanotube

Niels de Jonge, Yann Lamy, Koen Schoots & Tjerk H. Oosterkamp

Nature 420, 393–395 (2002).
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The small round spot visible in Fig. 3 does not represent the actual
emission pattern, but is an artefact caused by a low-operation
voltage of the micro-channel plate. This measurement error has
no effect on the value of the reduced brightness as it was not
determined from the measurement of the emission pattern. A
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addendum

HIV-1 superinfection despite broad
CD81 T-cell responses containing
replication of the primary virus
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Ben T. Davis, Paul K. Lee, Erica L. Maier, Jason Harlow,
Philip J. R. Goulder, Christian Brander, Eric S. Rosenberg
& Bruce D. Walker
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The partial length HIV consensus sequences for virus A (day 18) and

virus B (day 1,170) have been submitted to GenBank as accession

numbers AY247251 and AY268493, respectively. A
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erratum

Subsecond dopamine release
promotes cocaine seeking

Paul E. M. Phillips, Garret D. Stuber, Michael L. A. V. Heien
R. Mark Wightman & Regina M. Carelli

Nature 422, 614–618 (2003).
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In this Letter, the x axis of Fig. 4b should have ranged from 260 s to

þ60 s with 0 s at the grey triangle. A
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