
junction light emitter. Therefore, a single 
carrier charging or injection event never 
affects subsequent events. 

A continuous charging of unit charge e 
to the pn junction does not necessarily re- 
sult in a single carrier injection, and so a 
subsequent single photon emission has no 
correlation with a single carrier charging by 
the receiver output photocurrent. There- 
fore. there can be no direct corres~ondence 
between a single photon detected by the re- 
ceiver and single photon emission by the 
emitter. One may argue that if a pn junc- 
tion is supplied with a unit charge e by the 
photocurrent, then a single photon should 
be emitted from the junction because of the 
energy conservation law. A single photon 
is certainly emitted as a result of the unit 
charging if one waits for a very long time, 
but then an emitted single photon is com- 
pletely masked by many thermal photons 
emitted during the same time interval. 

However. the collective effect of manv 
carriers can still self-regulate the number of 
injected carriers in a macroscopic limit. A 
detailed calculation (7) indicates that the 
iniected carrier number is regulated to be- - 
low the Poisson limit only when the measure- 
ment time To is long enough or the current 
1 is large enough so that the average number 
of carriers n, = (I/e)T, exceeds kBTC/e2. The 
condition can be understood as the collec- 
tive junction voltage increase or drop by n, 
carriers, (e/C) n,, being equal to the thermal 
voltage kBT/e. For a typical pn junction 
light emitter with C = 1 nF and T = 300 K. " 

this critical carrier number is on the order 
of lo8. The observed intensitv auantum , . 
correlation between an incoming and out- 
going wave (1, 2) is indeed in this macro- 
scopic limit. Hence, the proposed device 
cannot regenerate a signal energy with the 
accuracy An, better than (kBTC/e2)lI2= lo4. 

To reach the single photon limit, such 
as in an ideal QND measurement, the 
junction voltage increase or drop (e/C) 
by single carrier charging or injection must 
be much larger than the thermal voltage 
kBT/e. In such a case, the continuous charg- 
ing of a unit charge e and discrete injection 
of a single carrier have one-to-one corre- 
spondence (Fig. 1B) (8). The above re- 
quirement, e/C ,, kBT/e, is known as the re- 
quirement for Coulomb blockade in a tun- 
nel iunction (9). lust as this condition must . . ,  
be met for regulated single electron tunnel- 
ing (high-precision current standard) (9), 
single photon manipulation with a semi- 
conductor pn junction also must satisfy this 
condition (8). 

Given developments in nanostructure 
fabrication technologies, we can expect 
great effort in this area. A quantum optical 
repeater consisting of semiconductor re- 
ceiver and emitter must meet the goal of a 
single photon manipulation before a QND 

measurement can be possible. Recent re- 4. V. B. Braginsky eta/., Science209,547 (1980). 

such as those in (1, 21, are steps along 5. For a recent review on experimental QND mea- 
surements, see P. D. Drummond et a/., Nature 

the way, but the goal still remains elusive. 365, 307 (1993). 
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Will Transgenic Crops Generate New 
Viruses and New Diseases? 

Bryce W. Falk and George Bruening 

Plan t  viruses cause significant losses of im- 
portant food and fiber crops. To  stop these 
harmful viruses, agriculturists have tried 
several strategies, including use of insecti- 
cides or other agents to reduce the number 
of virus vectors or removal of the ~ l a n t s  that 
are the source of the virus. Other defenses 
include the use of virus-free plant propaga- 
tion material and the introduction of resis- 
tance genes into crop species by traditional 
plant breeding. Each of these methods has 
its practical drawbacks, and their effective- 
ness varies from crop to crop, location to 
location, and even year to year. A recent 
and potentially powerful new approach is to 
express certain segments of plant virus ge- 
nomes in transgenic plants, a procedure 
that confers resistance against the corre- 
sponding virus (1, 2). Is there risk in this 
method? A report by Greene and Allison in 
this issue of Science (3) clearly and elegant- 
ly shows that genomic recombination can 
occur when transgenic Nicotiana benthami- 
ana plants expressing a segment of a cow- 
Dea chlorotic mottle virus (CCMV) ge- 
iomic RNA are inoculated with a mutant 
CCMV that contains a deletion. The trans- 
genic RNA of the plant and the genomic 
RNA of the virus are apparently available in 
sufficient quantities and in the proper form 
and place to allow recombination. Could 
such recombination produce dangerous new 
viruses? Greene and Allison cautiously con- 
clude that "RNA recombination should be 
considered when analyzing the risks posed 
by virus-resistant transgenic plants." 

Most known plant viruses have small ge- 
nomes composed of single-stranded RNA, 
usually of 10,000 nucleotide residues or less. 
RNA-RNA recombination is a rare event 
in plant virus replication but presumably 
contributes to evolution of the viral ge- 
nome (4-6). Indeed, under strong selective 

The authors are in the Department of Plant Pathology 
and Center for Engineering Plants for Resistance 
Against Pathogens (CEPRAP), University of California, 
Davis, CA 95616, USA. 

pressure for the recombinant RNA, inter- 
molecular RNA-RNA recombination has 
been demonstrated for four groups of RNA 
plant viruses-alfalfa mosaic virus, bromo- 
viruses, carmoviruses, and tombusviruses 
(7-1 1), and for the plant pararetrovirus 
cauliflower mosaic virus (12). RNA-RNA 
recombination occurs between closely re- 
lated RNA molecules, but also between dis- 
similar RNAs-possibly at sites of similar 
RNA structure (4, 13). 

Under usual agricultural conditions plant 
viruses have many opportunities to interact 
genetically. Viral genes are already distrib- 
uted over vast acreages by insect and other 
natural virus vectors and by infected propa- 
gation materials (for example, seeds, seed 
potatoes, tree and vine cuttings). These in- 
fected plants can then be infected again by 
other viruses. These multiple, as well as 
single, infections occur commonly in both 
crop and weed hosts. For example, cucurb- 
its {including melons, cucumbers, and 
squash [a genetically engineered, virus-re- 
sistant version of which may be released 
soon (14)]) are often doubly infected by vi- 
ruses. Indeed, five inde~endent viruses 
have been recovered from a single plant 
(15). Mixed infection probably occurs even 
more often than reported, because sublimi- 
nal infections (16, 17) (in which inocu- 
lated cells become infected but the infec- 
tion does not spread) go undetected. In 
fact. most ~ l a n t  viruses can infect most 
plant protoplasts, suggesting that individual 
plant cells can easily be infected by viruses 
that do not infect the whole plant. Mixed 
subliminal and conventional infections 
have likely already brought together combi- 
nations of virus genes that some have as- 
sumed could be in proximity only when a 
virus infects a plant that is transgenically 
expressing the genes of other viruses (1 8). 
Thus, recombination in the field, between 
a virus that cannot svstemicallv infect a 
particular plant and viruses that do, does 
not have a zero probability. 

SCIENCE VOL. 263 11 MARCH 1994 1395 



1 - 
V 

Plants inoculated per recombinant 




