@ © 1996 Nature Publishing Group http://www.nature.com/naturebiotechnology
ANALYSIS RESEARCH NEWS

Sleeping satellites: A risky prospect

Mark Tepfer and Mireille Jacquemond

Plants can be made resistant to virus infec-
tion by transformation with genes that
express sequences from the target virus.
Shortly after the first publications describ-
ing virus-resistant transgenic plants, it was
pointed out that the use of certain viral
genes could perhaps entail ecological
risks'. The article by Palukaitis and Rooss-
inck! in this issue confirms that consider-
able risks can be associated with genes
encoding satellite RNA (sat-RNA) that con-
fer resistance to cucumber mosaic virus
{CMV). Potential risks associated with
CMYV sat-RNA have been reviewed recently
in detail®.

CMYV is one of the most widely occurring
plant viruses. It infects more than 800 plant
species and has a considerable negative
impact on agriculture worldwide. In addi-
tion to an RNA genome, certain strains of
CMYV naturally harbor an RNA of 330-400
nucleotides, called sat-RNA, that depends
on the virus for its entire cycle, has no signif-
icant similarity with the viral genome, and
apparently does not encode protein. Sat-
RNAs are capable of attenuating CMV
strains, resulting in a sharp decrease in virus
titer in infected plants and an almost com-
plete lack of symptoms. Several groups have
created plants that express sat-RNA genes
and are thus highly tolerant to CMV infec-
tion®. Unfortunately, some sat-RNAs—only
in conjunction with certain hosts—exacer-
bate rather than attenuate symptoms. The
best-known example is lethal tomato necro-
sis, epidemics of which have resulted in
severe losses in southern Italy* (see Fig. 1)
and in Spain’. Other sat-RNAs also lead to
stunting in tomato or pronounced mosaics
in tomato or tobacco.

The sequence and secondary structure of
CMV sat-RNAs are highly conserved, and
thus sequence differences underlying symp-
tom attenuation or worsening can be very
slight. As shown in Figure 2, there are four
known positions where a point mutation
can transform an attenuating sat-RNA into
one inducing lethal tomato necrosis’. In
addition, a point mutation at a different part
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of the sat-RNA leads to induction of a severe
mosaic in tobacco’. Thus, the danger lies in
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Figure 1. A tomato field in southern Italy devastated by
lethal necrosis in 1988 by a strain of CMV with a
necrogenic sat-RNA.

Figure 2. Structure of a typical CMV satellite RNA
showing point mutations imparting deleterious effects
(mutations leading to tomato necrosis are shown in red
and the position involved in tobacco mosaic is shown in

yellow).

the possibility that, even with a gene that
encodes an entirely beneficial sat-RNA, on
infection with CMYV, the sat-RNA will be
amplified to a high level, during which a
point mutation can lead to a deleterious
variant, which could then be transmitted to
other host plants.

Although this sequence of events was
expressed as a hypothesis some years ago,
the fact that the appearance of deleterious
forms of sat-RNA was a rare event in nature
suggested that such mutations were unlikely
to occur in transgenic plants. It was also
reassuring that during several years of
large-scale field cultivation in China of
tobacco plants transformed with a sat-RNA
gene, no deleterious effects were observed,
either in the tobacco fields or in neighbor-
ing plants®. Now, Palukaitis and Roossinck
have shown that a deleterious sat-RNA can

arise by mutational drift, and that it can
have a selective advantage over the parent
sat-RNA  species, becoming
the dominant element in the
sat-RNA population from
which it arose.

Do the results of Palukaitis
and Roossinck mean the end
of projects for the commer-
cial use of CMV sat-RNA
genes? Although the experi-
mental laboratory conditions
they used may facilitate the
appearance of sat-RNA vari-
ants relative to field condi-
tions, their results are a clear
warning of the gravity of the
potential risks. One would be
hard put to eliminate all pos-
sibilities of mutation to dele-
terious forms, because the.
nucleotides that are involved
in tomato necrosis are differ-
ent from those involved in
tobacco yellow mosaic, and
could well be different from
those involved in tomato
white leaf or tomato stunting.
However, there is at least one
possibility for creating safer
sat-RNAs that might well be
worth exploring. If the sat-
RNA could be modified in a
manner to prevent encapsida-
tion, this would prevent its
transmission to other plants,
and could thus limit any new
mutants to the initially
infected plant. As other plant
viruses are known to have
genomes with precise, well-defined sites of
initiation of encapsidation, it is not unrea-
sonable to suppose that this is the case for
CMV sat-RNAs, and that their modifica-
tion could lead to biologically contained
sat-RNAs of greatly reduced ecological risk.
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