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Sustainable agriculture is a form of agriculture with minimal Dependent transmission mechanisms. Heterologous encapsida-
ecological impact that maintains a productive agroecosystem while tion, phenotypic mixing (Fig. 1 [3]) and transcapsidation (Fig.
realizing maximum economic returns. Plant disease control plays 1 [2]) are used here sensu Rochow (19). For an in-depth treatment
an important role in the economics of sustainable agriculture, of dependent transmission as well as the phenomena of heter-

Since no curative measures can be taken once viruses infect ologous encapsidation in relation to vector transmission of plant
plants, control has concentrated on several different measures viruses, the reader is referred to Rochow (18), Falk and Duffus
aimed at reducing virus spread, removing virus sources, breeding (9), and Creamer and Falk (8).
for virus resistance, providing disease-free starting material (e.g., Heterologous encapsidation leading to changes in transmis-
seed or budwood indexing), providing disease escape by varying sibility is a unique and significant feature of aphid plant-virus
cultural methods, etc. This variety of unrelated measures makes relationships for at least two reasons. First, all three types of
virus control labor-intensive and therefore expensive, aphid-virus relationships-nonpersistent, semipersistent, and

When genetic engineering evolved as a tool for introducing persistent-include examples of the dependent-transmission
genes into agronomically important plants, engineering virus phenomenon. Second, the examples include many crops, virus
resistance (cross-protection) (10) became both a high priority and groups, and species of aphid.
one of the first successful applications of biotechnology in plant Since transcapsidation or phenotypic mixing may change the
agriculture. Although the actual mechanism of cross-protection vector range of a virus, heterologous encapsidation could lead
or genetically engineered cross-protection is unknown, many lab- to the creation of an apparently "new" disease. Although this
oratories around the world are engineering transgenic plants to is well described under conditions of mixed infections, one must
express the coat protein of one or many different viruses in the also consider the possibility of a similar phenomenon in Cp-
hope that the plants will exhibit cross-protection against sub- transgenic plants. The situation in a Cp-transgenic plant is
sequent virus infection in the field. In all likelihood, this will depicted in Fig. 1, where the virus (V) replication is neither tem-
lead to a large number of requests for environmental introductions porally nor spatially separate from the transgenetically produced
of engineered plants without a risk assessment of the sort coat protein (Cp). Transgenic coat protein (Cp in Fig. 1) in the
advocated here, as necessary to ensure a sustainable and pro- viral capsid may therefore make the nucleic acid from particle
ductive agroecosystem. In this communication I want to specif- V transmissible by aphid species different from those that normally
ically examine issues related to genetically engineered cross- transmit particle V by either transcapsidation (particle 2) or
protection and to insect transmission of plant viruses. phenotypic mixing (particle 3). If this different aphid species has

There are several characteristics of a virus or its replication a plant-host range distinct from those of the usual vector, nucleic
that impinge on the assessment of the possible dangers of the acid of particle V could thus be introduced into a "new" host
release of virus coat-protein-transgenic (Cp-transgenic) plants in range, where it can initiate replication. If particle 2 or 3 alone
the environment. was transmitted to the new host, the resulting infection would

When we take into consideration that the coat protein of several produce only particles similar to V. But such particles, now in
important plant viruses plays a role in determining virus trans- a host distinct from the original, could be acquired and transmitted
missibility by insect vectors, two replicative phenomena need to by still other aphid species that feed on the new host and not
be weighed in the risk assessment of Cp-transgenic plants: on the original host range of V. Thus, particle V could become

1. Transcapsidation (Fig. 1) of virus RNAs in mixed infections transmissible by an aphid species to a plant-host range, both
occurs in nature and has led to altered virus-vector specificities quite different from the plant and aphid involved in the original
(8,9,17,18). V Cp

2. Template switching in vivo has been described as common
for picornaviruses and, recently, for plant viruses (1,3). 0 C8

If these two phenomena are active alone or in combination, e
virus infections of Cp-transgenic plants in the agroecosystem could 8OCO
lead to altered vector specificities in the progenies of viruses |
infecting these plants, or novel virus genomes could arise by
recombination between transgenic mRNAs and infecting viral
RNAs. In monocultures of Cp-transgenic plants every virus Simultaneous viral replication and expression of the
infection is in essence a double infection (in regard to the Cp transgenic coat protein gene.
gene). The probabilities for recombination are increased
considerably when compared to monocultures of nontransgenic
plants (15).

Although critical questions concerning the mechanism of cross-

protection and engineered cross-protection are still unanswered
(2), it is quite obvious that plants expressing viral coat protein 0
are exhibiting potentially agronomically useful levels of disease
resistance. It is therefore only a matter of time before we will 1 2 3
see engineered cross-protection used in sustainable agriculture. Fig. 1. Possible combinations of viral RNA and capsid proteins in theHowever, the advances made may be negated by the problems Fi .1 osbecmiain fvrlRAadcpi rtisih

progeny virus in a virus-infected coat-protein-transgenic plant. Shown
that we might have created. are the infecting virus (V) and its identical offspring (1), the coat protein

(Cp) for which the plant is transgenic, and the possible capsid combinations
© 1991 The American Phytopathological Society when transcapsidation (2) or phenotypic mixing (3) occurs (19).

Vol. 81, No. 6, 1991 585



infection. Because of the change of both host and vectoring aphid, We, as scientists working in the field, should be in the forefront
the identity of virus V before and after these events might not of risk assessment. Rather than dismissing questions from USDA,
be easily recognized. Thus, the net result would be an expansion APHIS, or EPA on the danger of coat protein in transgenic
of both the host and vector range of the virus, plants entering the food chain, we should be asking the relevant

Heterologous encapsidation is common within the luteovirus questions. We are developing biotechnology for and with industry;
group when mixed infections occur (8,9) and has now been shown its success is our success, and that success determines our
to occur in CP-transgenic plants (16). The possibilities of continued support. If applications of our technologies require
heterologous encapsidation become even more menacing when the formulation of pertinent questions on risk assessment, let
dependent transmission occurs among viruses of different, un- us do it now rather than thirty years from now. History indicates
related groups, such as pea enation mosaic virus, the helper, and that the euphoria of the moment tends to silence the questioning
bean yellow veinbanding virus (4). Pea leaf roll virus, a typical voices. It has happened with chlorinated hydrocarbons and
luteovirus, can also serve as a helper in this complex. The evidence countless other products that were not assessed adequately or
regarding the mechanism of persistent virus transmission suggests in a technically pertinent manner when they became available.
that specific coat proteins are involved in the specificity of aphid Let us assess the risk now and do it right to provide the basis
transmissibility (6,11,12,13,18). for the successful applications of these technologies without

Heterologous encapsidation has been emphasized here in rela- repeating the mistakes of the past.
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