
Artificial effectors with implications for
biotechnology. We have shown that the repeat
region of TAL effectors has a sequential nature
that corresponds to a consecutive target DNA se-
quence. Hence, it should be feasible to generate
effectors with novel DNA binding specificities.
Seven artificial effectors (ArtX) were generated,
three with 10.5 and four with 12.5 randomly as-
sembled repeats. They were constructed as N-
terminal fusions to GFP and tested for induction
of Bs4 promoter-reporter fusions containing pre-
dicted target DNA sequences. All seven effectors
induced the GUS reporter only in the presence
of the corresponding target DNA box (three are
shown in Fig. 3, C to E, and fig. S8). The effectors
showed GFP fluorescence exclusively in the plant
cell nucleus afterAgrobacterium-mediated expres-
sion, indicating the production of full-length pro-
teins. This shows that we are able to design DNA
binding domains that target a specific DNA
sequence.

Our code for recognition specificity of TAL
effectors solved a 20-year enigma dating from the
cloning of avrBs3, the first TAL effector gene (26).
The repeat regionmediates direct binding to DNA
(9). Here, we discover how target specificity is
encoded. One repeat corresponds to one base pair
in the DNA, and the tandem array of repeats cor-
responds to a consecutive DNA sequence. Target
DNA specificity is based on a two–amino acid
motif per repeat, enabling the deduction of a sim-
ple code to predict the DNA target preference of
TAL effectors. We have experimentally identified
the following recognition preferences: HD = C;
NG=T;NI =A;NS=A,C,G, or T;NN=AorG;
and IG = T. Because many TAL effectors are ma-

jor virulence factors (4, 5), the knowledge of host
targets will enhance our understanding of plant
disease development caused by xanthomonads.

In addition, we successfully designed artifi-
cial TAL effectors that act as transcription factors
with novel DNA-binding specificities. Zinc finger
transcription factors, which encode DNA binding
specificity in their tandem zinc finger units, have
been engineered to bind chosen DNA sequences,
leading to gene control systems of great utility for
biotechnology (27, 28). Similarly, the TAL effec-
tors use aDNAbinding code that can be exploited
to generate DNA binding domains for any DNA
target.
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Modulated High-Energy
Gamma-Ray Emission from the
Microquasar Cygnus X-3
The Fermi LAT Collaboration*†

Microquasars are accreting black holes or neutron stars in binary systems with associated
relativistic jets. Despite their frequent outburst activity, they have never been unambiguously
detected emitting high-energy gamma rays. The Fermi Large Area Telescope (LAT) has detected a
variable high-energy source coinciding with the position of the x-ray binary and microquasar
Cygnus X-3. Its identification with Cygnus X-3 is secured by the detection of its orbital period in
gamma rays, as well as the correlation of the LAT flux with radio emission from the relativistic jets
of Cygnus X-3. The gamma-ray emission probably originates from within the binary system,
opening new areas in which to study the formation of relativistic jets.

Cygnus X-3 (Cyg X-3) motivated to a
large extent the development of high-
energy gamma-ray astronomy. Detec-

tions of Cyg X-3 were reported in the 1970s

and early 1980s at energies of tens of mega–
electron volts, tera–electron volts, peta–electron
volts, and possibly exa–electron volts, generat-
ing considerable excitement as these identified

the system as a prime source of cosmic rays (1–3).
However, the detections remained doubtful in
part because observations in the late 1980s and
in the 1990s by a more sensitive generation of
ground-based telescopes failed to confirm the tera–
electron volt and peta–electron volt detection of
Cyg X-3 (4, 5), and also because both the COS-B
satellite (6) and the CGRO-EGRET satellite (7)
could not find emission from the source in the
giga–electron volt range.

Here, we report the detection of a variable high-
energy gamma-ray (100 MeV to 100 GeV)
source that we identify with Cyg X-3 based on
its location, the detection of a modulation of the
gamma-ray flux at the orbital period of the bi-
nary system, and the gamma-ray variability cor-
related with the radio emission originating from
the relativistic jets of Cyg X-3.

Cyg X-3 is a high-mass x-ray binary system
(2) with a short orbital period of 4.8 hours (8),
located in the Galactic plane at a distance of
~7 kpc from Earth (9). The nature of the compact
object—neutron star or black hole—is still subject
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to debate; however, the companion is known to
be the Wolf-Rayet star V1521 Cyg (10). After
its discovery in 1966 (11), Cyg X-3 was inten-
sively observed over a wide range of wavelengths.
It frequently becomes the brightest radio source
among the binary systems with major flares be-
cause of its relativistic jets (12–14), which qualify
the source as a microquasar. The variable emis-
sion observed from microquasars, ranging from
radio frequencies up to a few hundreds of kilo–
electron volts, is induced by the interplay be-
tween the stellar companion, the accretion flow,
the optically thin electron corona, and the rela-
tivistic jets (15–17).

We present the results of the Fermi Large
Area Telescope (LAT) observations of the Cygnus
region between 4 August 2008 and 2 September
2009 [see the supporting online material (SOM)
for details] (Fig. 1). The pulsar PSR J2032+4127
is located very close (~30 arc min) to Cyg X-3
and contributes substantially to the LAT photons
at the location of Cyg X-3. However, because it
exhibits relatively narrow pulses (18), it enabled
us to select the LAT data using the off-pulse phase
intervals of PSR J2032+4127, a procedure that
preserves 80% of LAT live time. We then per-
formed an unbinned maximum-likelihood spec-
tral and spatial fitting analysis of a 15°-radius
region centered on the position of Cyg X-3.
Adding a source consistent with the location of
Cyg X-3 in the fitting procedure improves the
fit significantly. The overall significance of the
LAT source at this position amounts to more
than 29 standard deviations (29s). The position
of the LAT source is right ascension (J2000) =
308.05° and declination (J2000) = 40.96° with a
statistical uncertainty (95% confidence level) of
0.04°, which is consistent with the location of
Cyg X-3.

We also constructed the LAT light curve on
4-day (Fig. 2) and 2-day time scales in order to
highlight the gamma-ray variability of the LAT
source, which is mostly dominated by two main
active periods: 11 October to 20 December 2008
[modified Julian date (MJD) 54750 to 54820]
and 8 June to 2 August 2009 (MJD 54990 to
55045). These phases of activity may be con-
sistent with one or several flares, with the
brightest flare possibly being observed at the
end of each period. The peak flux can be as
high as ~2 × 10−6 photons cm−2 s−1 above 100
MeV.

We have fitted the spectrum of CygX-3 in the
two active periods with a simple power law using
the data set created from the off-pulse phase in-
tervals of PSR J2032+4127. We obtained a spec-
tral index G of 2.70 T 0.05 [statistical (stat)] T
0.20 [systematic (syst)]. The systematic error
was estimated by using different sets of models
for the diffuse emission. In view of the soft

spectrum and the bright, complex, diffuse emis-
sion in this region, this spectral parameter may
have a larger systematic uncertainty. However,
for this preliminary spectral index, the average
photon flux of the LAT source in the active pe-
riods is [1.19 T 0.06 (stat) T 0.37 (syst)] × 10−6

photons cm−2 s−1 above 100MeV, corresponding
to an energy flux of [4.0 T 0.3 (stat) T 1.3 (syst)] ×
10−10 erg cm−2 s−1. This corresponds to a gamma-
ray luminosity Lg of ~ 3 × 1036 (distance/7 kpc)2

erg s−1, which is similar to what was originally
reported by the SAS-2 satellite (19) in the early
1970s for Cyg X-3 in a similar energy range.
The AGILE satellite also reported gamma-ray
flares in the vicinity of Cyg X-3 at a similar
epoch (20).

To securely identify the LAT source with Cyg
X-3, we performed a timing analysis to search
for the 4.8-hour orbital period (8) of Cyg X-3.
For that purpose, we created a light curve for the
LAT source using aperture photometry and
1000-s time bins. We extracted photons within
a circular region with a radius of 1°, centered on
Cyg X-3 in the energy range from 100 MeV to
100 GeV. We calculated the power spectra for
both the entire light curve and also for only the
active periods identified above (Fig. 2). Because
1000 s is shorter than the sky survey rocking
period of Fermi, the exposure of Cyg X-3 varies
considerably from time bin to time bin. We there-
fore weighted the contribution of data points to
the power spectrum by their relative exposures.
Although no orbital modulation is apparent when

the entire data set is used, two peaks, correspond-
ing to the orbital period of Cyg X-3 and its
second harmonic (in addition to low-frequency
noise), stand out when the analysis is restricted
to the two periods of enhanced emission (Fig.
3A). The nominal probability of a false detec-
tion for a period of arbitrary frequency is 3.6 ×
10−5, taking into account the number of trials.
To investigate whether the modulation seen at
the orbital period of Cyg X-3 could be an ar-
tifact, we also extracted light curves and cal-
culated power spectra for all sources in the
Fermi Bright Source List. In no case did we
see significant modulation at the orbital period
of Cyg X-3. A maximum-likelihood analysis of
light curve photons (SOM) shows that the
probability of finding a modulation as strong
as the LAT signal with the known period of
Cyg X-3 is ~ 2.4 × 10−9. This confirms that the
LAT source displays the orbital period of Cyg
X-3 and therefore secures its identification with
Cyg X-3.

The orbital period of Cyg X-3 has been re-
ported to show secular change (21). To obtain
the predicted parameters of Cyg X-3 at the time
of our LAT observations, we therefore used the
parabolic ephemeris of Cyg X-3 (21) and de-
rived a period of 0.199692441 (35) day and an
epoch of minimum x-ray flux of MJD 54,856.693
(10). This is consistent with the period obtained—
P = 0.199655 (46) day—from the maximum-
likelihood analysis of the LAT light curve. We
compared the LAT light curve from the active

*All authors with their affiliations appear at the end of this
paper.
†To whom correspondence should be addressed. E-mail:
stephane.corbel@cea.fr (S.C.); Robin.Corbet@nasa.gov (R.C.);
Guillaume.Dubus@obs.ujf-grenoble.fr (G.D.)

Fig. 1. 200-MeV to 100-
GeV Fermi/LAT gamma-ray
counts map of a 14° ×
14° region centered on
the position of Cyg X-3
and corresponding to the
active periods discussed
in the text. The map (with
no background subtraction)
was adaptively smoothed
by imposing a minimum
signal-to-noise ratio of
15. It shows the region
around Cyg X-3 encom-
passing emission from
three bright gamma-ray
pulsars (PSR J2021+4026,
PSR J2021+3651, and PSR
J2032+4127), as well as
the strong Galactic diffuse
emission of the Cygnus
region. The locations of
PSR J2021+4026 and PSR
J2021+3651 are indi-
cated by black squares,
and PSR J2032+4127 is
indicated by a cross. The
position of Cyg X-3 is
shown by the circle. (Inset)
Similar image for the central portion (4° × 4°), corresponding to the off-pulse data set from PSR
J2032+4127 (which is not detected in the off-pulse data). A total of ~3400 counts were detected
from the LAT gamma-ray source at the position of Cyg X-3.
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time ranges folded on the orbital period to the
folded 1.5- to 12-keV x-ray light curve of Cyg
X-3 from the Rossi X-ray Timing Explore All-
Sky Monitor (RXTE/ASM) (Fig. 3B). The folded
x-ray and gamma-ray light curves have the same
asymmetric shape, with a slow rise followed by
a faster decay. However, a striking contrast is
that the phase of LAT maximum flux is close to
the phase of minimum x-ray count rate. Indeed,
the LAT minimum trails the x-ray minimum by
0.3 to 0.4 in phase. Further observations will be
needed to interpret the small (~0.1) shift in LAT
maximum that occurs from the first to the sec-
ond active period (SOM).

The soft x-ray light curves (1.5 to 12 keV)
from the RXTE/ASM and hard x-ray light
curves (15 to 50 keV) from the Swift/BAT
satellite indicate that all LAT gamma-ray active
periods from Cyg X-3 correspond to the soft
x-ray state of the source (fig. S2). Cyg X-3 is
known to flare in radio in the soft state (22),
with associated relativistic plasma ejection
events (12–14). We have therefore compiled
the radio data from our regular monitoring with
the AMI telescope and the OVRO 40-m tele-

scope at 15 GHz. Inspection of the LAT and
radio light curves of Cyg X-3 (Fig. 2) indicates
that the LAT active periods occur close to radio
flares. To quantify the relation between the gamma-
ray and radio emission, we have calculated the
discrete cross-correlation function normalized
only by the sample variance (fig. S3). We find
a positive correlation between the two wave
bands. The overall correlation is dominated by
the strong radio and gamma-ray flare around
MJD 54810. The peak in the cross-correlation is
significant at more than ~3s (the exact value de-
pending on the assumed noise properties of the
LAT data on Cyg X-3). The lag of the radio
light curve to the gamma rays is not well con-
strained; a bootstrapping technique shows that it
is 5 T7 days.

The detection of Cyg X-3 by the LAT during
periods of relativistic ejection events is impor-
tant for linking and understanding the different
components of an accreting binary system (the
wind of the Wolf-Rayet star, the compact object,
and the accretion disk, corona, and relativistic
jets). A variable hard tail above 30 keV with a
power law index G ≈ 2 is present in some in-

stances (the ultrasoft state) of the soft x-ray state
associated with the onset of radio flaring epi-
sodes (22). The tail has been reported to extend
up to several hundred kilo–electron volts (23).
The Fermi flux is compatible with the extrapo-
lation of this tail to 100 MeV but has a steeper
spectrum, suggesting that we are seeing the high-
energy end of a spectral component peaking in
soft gamma rays.

The hard x-ray tail is typically modeled as
being due to the Compton upscattering of pho-
tons from a soft photon source by high-energy
electrons in a corona (possibly the base of the
jets), although the physical processes responsi-
ble for the electrons’ acceleration are not yet
known (22, 23). It is likely that the gamma-ray
emission is due to the same process; however,
this is only possible if the emission region is not
too close to the accretion disk, or it would be
absorbed by pair production on the soft x-ray
photons (24). On the other hand, the gamma-ray
modulation suggests (25) that the emission re-
gion size and location are bounded by the or-
bital separation a ≈ 2.5 × 1011 cm.

With the emitting region located away from
the accretion disk but within the system, the
companion star provides the dominant radiation
field at the location of the electrons. Electrons
with energies of a few giga–electron volts can then
inverse Compton-scatter the ultraviolet (UV) pho-
tons from the star [surface temperature (T*) ≈
105 K] to gamma rays. The stellar radiation
field is not isotropic for the electrons, so the
upscattered emission also will be anisotropic,
causing a modulation of the gamma-ray emis-
sion. Assuming that the location of the electrons
is in phase with the compact object (as expected
for jets perpendicular to the orbital plane), max-
imum gamma-ray emission occurs when the
electrons are seen behind the Wolf-Rayet star;
that is, at superior conjunction when the en-
ergetic electrons directed toward Earth suffer
head-on collision with the stellar UV photons
(26). This corresponds to minimum x-ray emis-
sion if the x-ray modulation is due to Compton
scattering in the companion's wind as is usually
presumed (27). Infrared studies also support this
phasing of the orbit (28). The phase shift of the
gamma-ray minimum (fig. S1) from f = 0 might
be associated with misalignment of the axis of
the jets.

The inverse Compton energy-loss time scale
tic ≈ 1E −1

GeVs is short compared to the escape
time scale tesc = a/c ≈ 8 s, meaning that this
radiative process is quite efficient. The maxi-
mum observed gamma-ray luminosity Lg is 5 �
1036d27kpcerg s−1 above 100 MeV (for a spectral
index of G = 2.7), which is ≲10% of the x-ray
luminosity, suggesting that only a minor frac-
tion of the accretion power is released via par-
ticle acceleration. This contrasts with the few
other binaries (29) that are confirmed as high-
energy gamma-ray emitters. In these, the domi-
nance of gamma rays in the nonstellar radiative
output, the weakness of the x-ray emission

Fig. 2. Gamma-ray light
curve in two parts (top
and bottom panels) with
a likelihood analysis win-
dow of 4 days of the LAT
source at the location of
Cyg X-3. The LAT fluxes
(left axis) are expressed
in units of 10−6 photons
cm−2 s−1 above 100 MeV.
A power law shape with
spectral index of 2.7 is
assumed for Cyg X-3 in
the analysis. The param-
eters of the components
for the model of the dif-
fuse emission were held
fixed to the values ob-
tained in the global fit,
with the exception of
the normalization of the
Galactic diffuse compo-
nent that was left free.
The vertical dashed lines
illustrate the active pe-
riods discussed in the
text. The bottom horizon-
tal dotted line in each
panel indicates the aver-
age gamma-ray flux at
the location of Cyg X-3
outside the active pe-
riods. In addition, at the
top of each panel, we
show the Cyg X-3 15-
GHz radio flux (from the
AMI and OVRO 40-m
radio telescopes) as a function of time (axis on the right). An offset of 0.124 Jy has been removed
from the OVRO data to account for the effect of extended nearby sources that are resolved out by the
AMI interferometer. A horizontal dotted line at 0 Jy is also plotted for reference. Several radio flares
were detected during the LAT active periods.

5

2

1.5

1

0.5

0

0.0

4

3

2

1

0

700 750 800 850

LA
T

 F
lu

x 
(1

0-
6  

ph
 s

-1
 c

m
-2

)

5 2

1.5

1

0.5

0

0.0

4

3

2

1

0

900 950
Time (MJD -54000)

1000 1050

LA
T

 F
lu

x 
(1

0-
6  

ph
 s

-1
 c

m
-2

)

LAT Flux
OVRO 15 GHz (Jy)
AMI 15 GHz (Jy)

LAT Flux
OVRO 15 GHz (Jy)
AMI 15 GHz (Jy)

11 DECEMBER 2009 VOL 326 SCIENCE www.sciencemag.org1514

REPORTS

 o
n 

S
ep

te
m

be
r 

20
, 2

01
0 

w
w

w
.s

ci
en

ce
m

ag
.o

rg
D

ow
nl

oa
de

d 
fr

om
 

http://www.sciencemag.org


(<1034 erg s−1), and the lack of accretion signa-
tures suggest a compact pulsar wind (30).

Interpreted as the propagation time of rela-
tivistic ejecta, the 5-day delay (still uncertain,
however) between the onset of gamma-ray and
radio flaring implies that the radio emission
occurs at ≈1.3 × 1016 cm [≈900 astronomical
units ≈ 125 milli–arc sec (mas)] away from the
system. Indeed, radio emission during flares is
known to occur farther out in the jet on scales of
hundreds of astronomical units (at a distance
from the core of few tens of milli–arc seconds),
with measured projected expansion velocities
around 10 mas/day [0.5 to 0.6 c (14)].

Unique characteristics of Cyg X-3 as com-
pared to all other microquasars are the very tight
orbit and very strong Wolf-Rayet wind. With a
wind mass loss ~10−5 solar mass year−1 and a
wind velocity ~1000 km s−1 (10), the densities
(hereafter n13 in units of 1013 cm−3) reach 1013

cm−3 at the location of the compact object, which
is orders of magnitude more than in all other
systems. Thus, although we have discussed a lep-
tonic origin for the giga–electron volt photons, if
cosmic ray protons are also accelerated in the
source, they could have substantial interaction
with the nuclei in the stellar wind, producing
charged and neutral pions that would decay into
gamma rays and neutrinos. The time scale for
proton-proton interaction is tpp ≈ 100n−113 s > tesc.
Assuming a 10% transfer efficiency of the pro-
ton energy into secondary particles, the required
proton luminosity is ~10(tpp/tesc)Lg. Thus, the non-
thermal energy would be larger than or (if the
protons are confined) comparable to the x-ray
luminosity. If this scenario is correct, some-
thing that the observation of neutrinos from this
source would confirm, then the dense environ-
ment of Cyg X-3 could provide an opportunity

to study the high-energy proton content in mi-
croquasars and their contribution to cosmic ray
protons.
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Organic Nonvolatile Memory
Transistors for Flexible Sensor Arrays
Tsuyoshi Sekitani,1 Tomoyuki Yokota,2 Ute Zschieschang,3 Hagen Klauk,3 Siegfried Bauer,4
Ken Takeuchi,1 Makoto Takamiya,5 Takayasu Sakurai,5 Takao Someya1,2,6*

Using organic transistors with a floating gate embedded in hybrid dielectrics that comprise a
2-nanometer-thick molecular self-assembled monolayer and a 4-nanometer-thick plasma-grown
metal oxide, we have realized nonvolatile memory arrays on flexible plastic substrates. The small
thickness of the dielectrics allows very small program and erase voltages (≤6 volts) to produce
a large, nonvolatile, reversible threshold-voltage shift. The transistors endure more than 1000
program and erase cycles, which is within two orders of magnitude of silicon-based floating-
gate transistors widely employed in flash memory. By integrating a flexible array of organic
floating-gate transistors with a pressure-sensitive rubber sheet, we have realized a sensor matrix
that detects the spatial distribution of applied mechanical pressure and stores the analog
sensor input as a two-dimensional image over long periods of time.

Electronic devices are traditionally fabricated
using inorganic semiconductors, rigid sub-
strates, and high-temperature manufactur-

ing methods. In contrast, organic semiconductors
can be processed at low temperatures and on large-
area polymeric substrates. This has allowed for the
development of a variety of electronic devices on

flexible plastic substrates, including solar cells (1),
light-emitting diode displays (2), field-effect transis-
tors (3), transponders (4), sensors (5), actuators (6),
and nonvolatile memory transistors (7–11). Non-
volatile memory transistors are potentially useful
to individualize radio-frequency transponders or
to store data obtained by large-area sensor arrays

for later read-out. Most of the organic memory
transistors reported to date exploit the electric field–
induced remnant polarization in ferroelectric poly-
mer films (7–11). A considerable limitation of
ferroelectric polymer memory transistors is that
the coercive field required to reverse the macro-
scopic polarization increases with decreasing film
thickness (12), which makes it difficult to obtain a
large enough memory window with program and
erase voltages below about 20 V. Also, due to the
substantial surface roughness of the ferroelectric
polymer films, the carrier field-effect mobility in
these transistors is usually quite low (<0.1 cm2/Vs).
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