STONE FRUIT BREEDING IN LITHUANIA

Lukosevicius. Ripens early July. Fruit
round, 6g, attractive, verK tasty. Skin
yellowish with a red blush. Flesh me-
dium firm, juicy, sweet. Stone 0.3g,
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easily removed. Tree moderately vig-

orous, resistant to cherry leaf spot

{lCoccomyces hiemalis). Produces
eavy crops yearly.

Cross Protection Against Virus Diseases in Fruit Trees
RuDAINA H. ALREFAI AND SCHUYLER S. KORBAN

Abstract

Fruit trees are commonly infected with plant
viruses. Several methods have been used to
eradicate viruses from tl[l)lemt tissues including
chemotherapy, thermotherapy, in vitro Propa-
gation, and a combination of some of these
protocols. Recent advances in molecular tech-
niques have provided a new approach for devel-
oping virus resistant genotypes. Genetic engi-
neering of virus resistance into plants has been
accomplished using several strategies including
satellite-RNA-mediated resistance, antisense
RNA-mediated resistance, and coat protein-
mediated resistance, among others. Current ad-
vances in using coat protein-mediated resistance
have proven promising in protecting several
agronomic crops against virus infection. More
recently, a number of fruit crop species have
been transformed with coat protein genes of
important plant viruses and promising results
have been obtained. This is a general review of
cross J)rotection strategies used in combatting
virus diseases and the current advances made in
genetic engineering of virus resistance in fruit
trees.

Most fruit crops are susceptible to
virus diseases; in most cases, viruses
cause reductions in yield and/or fruit
?uality resulting in small, deformed

ruits. Viruses multiply in plant cells
or tissues and spread throughout the
whole tree, producing disease symp-
toms. Some genotypes are tolerant to
virus infection and the virus may spread
after it multiplies without causing dis-
ease symptoms. Viruses are transported
from cell-to-cell and within vascular
tissues, and therefore nuclei, chloro-
plasts, and mitochondria are easily
infected (52). Most viruses, such as

cowpea mosaic virus and turnip yellow
mosaic virus, attach themselves to cer-
tain membranes in the cytoplasm (52).

Viruses contain the genetic informa-
tion specifying the symptoms pro-
duced, therefore different viruses in-
duce different symptoms on a species
or in different varieties or cultivars of

- a single species. This diversity can be

used for selection and breeding for
resistance (52). Backcrossing to culti-
vated and wild varieties of a plant can
lead to an improved variety selected
for a desired combination of charac-
ters. By identifying resistant genotypes
and crossing them with commercially
important cultivars, breeders working
with agronomic crops were able to
develop disease resistant plants. Some
plant breeders transferred genes from
a non-cultivated plant species to a
crop variety in a related species via
interspecific hybridization. This ap-
roach was later extended for trans-
erring genes from wild species to
cultivated relatives in the same genus
via intergeneric hybridization (1%).
McKinney (31) reported that when
a tobacco plant was infected with a
mild strain of tobacco mosaic virus
(TMV), it did not develop severe dis-
ease symptoms upon superinfection
with a highly virulent strain of TMV,
The strategy of purposely infecting
plants with a mild virus strain to pro-
tect against a severe strain is called
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“cross-protection.” This approach was
used to minimize damage of commer-
cial plants by virus infection. Tomato
plants were protected against severe
strains of TMV and tomato mosaic
virus (ToMV) by infecting them with
an avirulent strain of the virus (41).
Upon superinfection of a plant by a
severe strain of a virus, tﬁe rate of
virus spread is reduced and some plants
do not develop symptoms at all. How-
ever, there may be some disadvantages
for such cross-protection (3). First,
infection by the mild strain may cause
significant yield loss; second, a severe
strain might evolve from the mild
strain leading to more serious disease
incidence; third, the challenge virus
may act synergistically with the pro-
tecting strain to cause a more severe
disease.

Importance of Control of
Virus Diseases in Fruit Trees

Virus infection of vegetatively prop-
agated fruit trees is serious and wide-
spread. Sometimes, symptoms are rela-
tively mild, or the virus may be latent
(i.e. infection without symptoms) in
infected cultivars. Once a tree is in-
fected, it will remain infected for life.
Symptoms and crop losses caused by
the virus in an individual tree may
vary from season to season, but in
cases of severe infections or in order
to prevent virus spread to adjacent
hea?thy trees, the grower may have to
remove infected trees. Loss of income
due to tree loss, costs of replacement,
and delayed years to fruiting, can
seriously hurt a fruit grower.

Many viruses infect fruit trees and
cause yield loss or damage to fruits
(Table 1). Another economic consider-
ation reflecting the importance of plant
viruses on fruit trees is the high cost of
preventive or control measures requir-
ed to avoid infection. These include
chemical sprays to control insect vec-
tors, breeding for disease resistance,
and virus indexing and certification to
provide healthy planting stock.

Current Methods for Controlling
Virus Diseases in Fruit Trees
Different approaches have been used
to control virus diseases and their
spread in fruit trees. These approaches
include production of virus-free stocks,
chemo era]ily, in vitro propagation of
lants, and thermotherapy. In the fol-
owing section, each of these methods
will be discussed.

1) Virus-free stocks

One of the most successful methods
of control is the exclusion of virus
diseases from new orchards. The accu-
racy of the diagnostic procedure deter-
mines the reliability of this technique.
Fridlund (11) developed a uniform
and rapid method for detecting Prunus,
Malus and Pyrus viruses in North
America using greenhouse indexing.
This was done by planting healthy
rootstocks in plastic containers; inocu-
lations were made by simultaneousl
double-budding two inoculum bud};
and one woody indicator bud to each
healthy seedling. Seedlings were cut
back after one week to force indicator
buds to grow and maintained at con-
stant temperatures in the greenhouse.
Indicators usually showed symptoms
four weeks following inoculation.

An Interregional Research Project
(IR2) was initiated to obtain virus-}ree
cultivars and clones of deciduous fruit
trees, verify their freedom from vi-
ruses, maintain healthy stock in iso-
lated repositories, and distribute small
amounts of budwood to research cen-
ters and/or industry (12). In addition
research was conducted on techniques
for identifying and detecting viruses
and host pi,ants. Greenhouse indexing
is accurate, efficient, and more eco-
nomical than field indexing. The aver-
age time for symptom development
in woody indicators can be reduced
from one year to three or four weeks,
therefore avoiding problems associated
with herbaceous indicators and reduc-
ing chance errors due to climate and
other environmental factors (11).
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Table 1. Some examples of viruses that infect deciduous fruit trees.

Group Virus Fruit Crop
Capillovirus Apple stem grooving apple
Caulimovirus  strawberry vein banding strawberry
blueberry red ringspot blueberry
Closterovirus  apple chlorotic leaf spot pear, apple, peach, apricot, quince
grapevine leaf roll grape
Ilarvirus apple mosaic apple, plum
tulare apple moaic apple
black raspbery latent black raspberry
prune dwarf peach, plum, sour cherry
purnus necrotic ring spot peach, sweet cherry, plum
Nepovirus blueberry leaf mottle blueberry, grape
grapevine bulgarian latent  grape
grapevine chrome mosaic  grape
grapevine fan leaf grape
raspberry ringspot raspberry, strawberry, red currant, cherry, grape
strawberry latent ringspot  strawberry, raspberry, blackberry, black currant,
red currant, cherry, elderberry, grape, plum,
peach
peach rosette mosaic grape, peach
cherry leaf roll cherry, blackberry
cherry rasp leaf cherry, peach, apple
Rhabdovirus  raspberry vein chlorosis red raspberry, loganberry
strawberry crinkle strawberry
Ungrouped black raspberry necrosis red and black raspberry
blueberry shoestring blueberry
raspberry bushy dwarf red and black raspbery, loganberry, boysenberry

Serological methods such as immu-
nosorbent electron micoscopy (IEM)
(22) and enzyme-linked immunosor-
bent assay (ELISA) (32 & 37) have
been used for virus indexing. IEM has
been used to detect apple chlorotic
leafspot virus ?ACLSV) and plum pox
virus (PPV) (22). Using polyclonal
antibodies, ELISA has been used to
verify the presence of 41 isolates of
ilarviruses in Prunus and Malus, repre-
senting the entire symptomatic and
serological range of prunus necrotic
ringspot virus (PNRSV), apple mosaic
virus (ApMV), and prune dwarf virus
(PDV &2). Reactions with compo-
nents of healthy plants often develo
with polyclonal antibodies in ELIS

tests. Poul and Dunez (37) described
the production of monoclonal anti-
bodies against ACLSV as well as their
characterization and use for virus de-
tection using the double antibody
sandwich ELISA. Their results showed
that monoclonal antibodies can im-
prove the sensitivity and specificity of
the detection assay over polyclonal
antibodies.
2) Chemotherapy

Virus diseases in orchards are pri-
marily controlled through use of virus-
free stocks. However, established
healthy trees might become infected
with viruses via vector such as pollen
and aphids, among other agents. Con-
sequently, there is a need to develop
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practical and effective alternatives to
controlling virus diseases in deciduous
fruit trees. Several studies have been
conducted to determine whether cer-
tain chemicals can be used successfully
against viruses and virus-like agent
(VLA) in woody hosts. Ribavirin, a
fuanosine analogue, was applied as a
oliar spray to two-year-old Prunus
serrulata L. trees infected with the
non-sap-transmissible VLA of green
ring mottle (GRM) (18). Weekly appli-
cations of 500ppm ribavirin prevented
symptom development on newly de-
veloping foliage, and gradually elimi-
nated the infective agent from previ-
ously infected older wood. After one
year, ribavirin treatments were discon-
tinued and VLA and its symptoms
were not detected in shoots or limbs.
However, this treatment was not suc-
cessful in eliminating PNRSV from
Prunus persica L. (18).

Ribavirin was added to a tissue cul-
ture medium to eliminate systemic
infection of apple shoot cultures with
ACLSV (17). Sequential indexing
showed that all treated shoots were
virus-free following subsequent trans-
fers to a ribavirin-free medium, then
to a greenhouse, and finally to the
field. A sugar-free triazole base of
ribavirin was similarly tested and found
to be ineffective (1');. Ribavirin com-
pletely suppressed symptom expression
when injected into orchard trees during
the fall and to greenhouse-grown
grafted trees infected with ApMV (4).
Injections of ribavirin in the sprin
reduced symptom expression but di
not completely control the ApMV in-
fection. Injection of the antiviral com-
pound into trees showing symptoms
of scar skin or dapple apple disease,
or direct application of this compound
to individual fruits did not produce
significant changes in fruit symptoms.

From a practical stand point, foliar
applications of ribavirin offer an ad-
vantage over thermotherapy, meristem
culture, micrografting, or virus-index-
ing, as it is a cheaper, faster, and

simpler method. The main limiting
factor for the general use of ribavirin
is the narrow range of plant viruses
controlled by this compound.

3) In vitro propagation of plants

In vitro propagation can be used for
inactivation of viruses in woody plants
and for studying plant-virus interac-
tions. Sweet cheery clones infected
with PNRSV, PDV, and CLSV viruses
were cultivated in vitro on a Murashige
and Skoog (34) medium rich with
hormones, such as adenine sulphate,
kinetin, indoleacetic acid and 2-isopen-
tene (6). Intensive shoot proliferation
by repeated subculturing resulted in
significant decrease of the virus content
in shoots. The hormonal composition
of the culture medium seemed to play
an important role in the competition
between cellular and viral muﬁiplica-
tion and hence, resulted in reduction
in virus multiplication.

4) Thermotherapy and chemotherapy

of in vitro cultures

In vitro propagated clones of sweet
cherry infected with ACLSV, PNRSV
or a complex of PNRSV and PDV
were subjected to a gradual increase
of temperature up to 32-34°C (7).
Surviving shoots were recovered and
transferred to a rooting medium and
moved to the greenhouse. One month-
old plants were indexed by ELISA.
Heat treatment was successful with
only one of the two cultivars tested.
Therefore it is possible to combine
tissue culture and heat treatment tech-
niques to obtain better results than
with either treatment alone. The dis-
advantage of this approach is that
some plants are more sensitive to heat
treatment than others (7). Moreover,
some viruses multiply faster at high
temperatures; while others require
lower temperatures for survival (13).

The additive effect of combining
tissue culture and chemotherapy to
eliminate ACLSV, PNRSV and PDV
from infected sweet cherry was also
tested (7). A virazole concentration of
50-100 mg/1 was effective in eliminat-
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ing ACLSV from all shoots, but had
no influence on PDV replication and
only a slight effect on PNRSV multipli-
cation. Cyanoguanidine appeared to
stimulate shoot development but had
no antiviral activity against these vi-
ruses. Therefore, eliminating viruses
with heat therapy and chemotherapy
depends on the virus, method of elimi-
nation, and probably the genetic back-
ground of the plant host.

5) Genetically engineered plant virus

resistance

Recently, recombinant DNA tech-
niques have provided new alternatives
for genetic improvement of agricultural
crops. The development of regenera-
tion and gene transfer systems for
fruit crops is an important ongoing
effort in various research programs.
These technologies will provide prom-
ising opportunities for introducing
novel and useful genes of economic
importance into fruit crops. Currently,
significant progess has been made to
introduce virus resistance into a num-
ber of plant species; so far this has
been accomplished mainly in annual
and forage crops. These promisin
accomplishments should be extende
to important perennial fruit crops. The
following strategies have been used to
introduce virus resistance into plants.

a. Satellite-RNA-mediated resistance

Harrison (19) transformed tobacco
plants with a cDNA copy of cucumber
mosaic virus (CMV) satellite RNA.
Upon inoculation of transformed plants
with the helper virus, development of
disease symptoms and CMV accumu-
lation were suppressed. Inoculation
with a closely related virus, tomato
aspermy virus (TAV), showed a similar
effect but with no decrease in TAV
accumulation. These responses suggest
that symptom suppression does not
necessarily depend on a decrease in
virus replication. Tobacco plants that
expressed a full-length satellite RNA
of tobacco ring spot virus (TRSV) or
its complementary sequence as RNA

transcripts showed heno_iy ic resis-
tance when infected with I?SV (14).
b. Antisense RNA-mediated protection
Tobacco plants were transformed
with a copy of CMV coat protein
(CP) gene cloned in an opposite orien-
tation (antisense) (5 & 45). Transgenic
plants expressing the CMV-CP anti-
sense transcript were protected upon
inoculation with CMV. This protection
was overcome by the presence of high
concentration of the helper virus in
the inoculum. Similar results were ob-
tained upon inoculation of transgenic
plants that express the potato virus X-
antisense CP with PVX (20). It was
reported that plants expressing tran-
scripts complementary to the TMV-
CP sequence and containing the tRNA-
like structure at the 3’-end of the
transcript were better protected than
those without the tRNA-like structure,
the replicase binding sequence (39).
In all cases, protection %y the CP-
antisense copy was overcome by high
concentrations of the inoculum.

c. Coat protein-mediated resistance

“Coat protein-mediated resistance”
refers to the resistance caused by the
expression of a virus CP gene in trans-
genic plants (2). To induce this type of
resistance, the genomic organization
of the virus has to be known. Resistance
has been developed against viruses
that belong to eight ditterent groups
described below. ~
Potexvirus. Tobacco plants transforme
with potato virus X coat protein gene
(PVX-CP) were found to ge protected
against PVX infection and accumulated
lower levels of the virus than untrans-
formed plants (CP") (20). Inoculation
of transgenic plants with PVX-RNA
did not overcome resistance. Likewise,
analysis of the PVX-CP* potato plants
for resistance to inoculation with PVX
showed a delay in symptom develop-
ment and a reduction in the accumula-
tion of the virus (21). A correlation
was observed between the level of CP
expression and the reduction in virus
accumulation.
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Table 2. Summary of virus resistance conferred by viral coat protein genes in

fruit crops.
Virus Group Host Reference
Plum pox virus (PPV) Potyvirus Apricot W& AU
Plum 46
Grapevine fanleaf virus (GFLV) Nepovirus Grape -
Papaya ringspot virus (PRSV) Potyvirus Papaya 9
Plum 46
Citrus tristeza virus (CTV) Closterovirus Carrizo citrange 33
Sour orange 33

°This unpublished work was conducted by Moet & Chandon Company, Paris, France.

Cucumovirus. Expression of cucumber
mosaic virus coat protein gene (CMV-
CP) in transgenic tobacco plants caused
a reduction in virus accumulation and
symptom development upon inocula-
tion with the challenge virus (5). This
reduction was found to be independent
of virus concentration in the inoculum.

Carlavirus. Mackenzie (28) reported
absence of symptom development and
lack of virus accumulation and sys-
temic spread of potato virus S (PVS)
upon inoculation of PVS-CP" tobacco
plants with PVS-ME strain. Transgenic
plants were also protected against
inoculation with PVS-RNA.

Tobraviruses. Nicotiana plants trans-
formed with tobacco rattle virus
(TRV)-TCM strain coat protein gene
were found to be resistant to infection
with TRV-TCM strain but not with
TRV-PLB strain (49). The primary
structure of the coat proteins of these
two strains is identical but differs in the
RNA2 noncoding 3™-terminal sequence.
Transformed plants showed a high
degree of resistance to infection with
pea early browning virus (PEBV) due
to the homology between RNAZ2 se-
quence of TRV-TCM and PEBV (49).

Potyviruses. Plants expressing soybean
mosaic virus coat protein (SMV-CP)
were protected upon subsequent in-
fection with two serologically unrelated
potyviruses, potato virus Y (PVY) and
tobacco etch virus (TEV), that are
pathogenic to tobacco (48). Potato
plants transformed with PVY-CP and

PVX-CP overcame infection with PVX
and/or PVY by mechanical inoculation
(25). Plants were also resistant to infec-
tion with PVY by viruliferous green
peach aphids.

Transgenic Nicotiana benthamiana
plants expressing the coat protein gene
of watermelon mosaic virus IT (WMVII)
or zucchini yellow mosaic virus
(ZYMV) showed protection against
six other potyviruses (35). Apparently,
transgenic plants expressing a potyvirus
coat protein gene show at least a no-
ticeable level of protection against
symptom development when: chal-
lenged by other potyviruses. Similar
results were obtained when tobacco.

lants expressing papaya ringspot virus
FPRSV) coat 1Fl)rot,ein were challenged
with three other potyviruses (26).

Alfalfa mosaic virus (ALMV ). Proto-
plasts of ALMV-CP* plants showed
protection when inoculated with ALMV
virions (27). However, infection of
these protoplasts with ALMV RNAsl-
3 overcame the resistance conferred
by ALMYV coat protein expressed in
pf;nts (51).

Tobamovirus. Tobacco mosaic virus
(TMV) CP-mediated protection against
infection with TMV was observed in
TMV-CP' plants (3 & 40). Infection of
U;-TMV CP" tobacco plants with TMV
U, strain or PV230 strain, which is
serologically related to U, strains
showed less development of local le-
sions and lower virus accumulation
than that of control plants (36). Powell
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(38) confirmed the need for the pres-
ence of the coat protein rather than
the coat protein mRNA sequences for
protection using specific mutagenesis
to delete the initiation codon from the
gene.

Ilarviruses. Van Dun (50) reported re-
sistance and low tobacco streak (TSV)
accumulation in TSV-CP* tobacco
plants inoculated with TSV. However,
these plants were not resistant to infec-
tion by ALMV or ALMV-RNA. This
demonstrated that endogenousli- ro-
duced TSV coat protein is capable of
activating the ALMV genome but does
not cross-protect against this virus (50).

Seed-borne viruses. Beet necrotic yel-
low vein coat protein gene (BNYVV-
CP) was cloned into a binary vector
and used to transform sugar beet hairy
roots via Agrobacterium rhizogenes
(8). Transformed hairy roots coulgd not
be infected with BNYVV to confirm
their resistance to viral infection, per-
haps due to physiological differences
between normal and transformed roots.

Outlook for Genetically Engineered
Virus Resistance in Fruit Crops
As presented in the above sections
enetic engineering of virus resistance
as been successfully demonstrated in
various annual and forage crops. There-
fore, it is important that this approach
be evaluated for its abiligl to protect
fruit crops against virus diseases. Ef-
forts for the development of regenera-
tion and gene transfer systems for
fruit crops such as apple, strawberry,
grape, peach, Rubus, among others,
are important for the introduction of
novel genes (16{. Currently, there are
a few successful efforts in fruit crops
that have been reported whereby the
coat protein gene of a plant virus ¥|ave
been engineered into fruit crops result-
ing in the develogment of virus-resis-
tant genottypes. summary of these
re;l))orted efforts is presented in Table 2.
lum pot virus H’PV), a member of

the potyvirus group, causes heavy yield
losses in plum, peach, and apricots

grown all over Europe (10). The com-
lete nucleotide sequence of PPV-

NA has been determined (29). The
coat protein gene of PPV has been
isolated, cloned, and characterized (30
& 43). Transgenic Nicotiana bentha-
miana, N. clevelandii, and N. tabacum
plants expressinf PPV coat protein
were engineered by Agrobacterium
tumefaciens (42 & 44). When chal-
lenged with PPV, plants showed a
reduction in accumulation of the virus
and inhibition of the systemic spread.
Immature apricot embryos have been
transformed with PPV coat protein
gene (23 & 24). Polymerase chain re-
action (PCR) was used to verify the
introduction of the PPV coat protein
gene into apricot embryos. Transform-
ed plants showed a clear band cor-
responding to the relevant sequence
within the coat protein gene (23). Much
more work needs to be done to de-
velop regeneration protocols from ma-
ture somatic tissues of apricot in order
to introduce the CP gene into eco-
nomically important cultivars. Trans-
genic plum plants carrying the poty-
virus papaya ringspot virus (PRSV
coat protein %ene have been develop
(46). One plant has shown resistance
to PRSV based on symptomology,
ELISA tests, and reverse transcriptase-
PCR assays. Plum plants have also
been transformed with the PPV-CP
gene and are currently being evalu-
ated for protection against PPV in-
fection (46).

Immature zygotic embryos of pa-
paya have been transformed with the
PRSV-CP gene (9). Putative transgenic
Ro papaya plants were assayed for
PRSV-CP expression and for presence
of the NPT-II and PRSV-CP genes
using PCR and genomic blot hybrid-
ization analyses. Four R, transgenic
lines carrying the PRSV-CP gene have
shown varying degrees of resistance
to PRSV. Citrus tristeza virus coat
protein gene (CTV-CP), a member of
closteroviruses, has been cloned and
sequenced (47). Internodal stem sec-
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tions of citrus seedling have been
transformed with a plant expression
vector containing the CTV-CP gene
(33). Transgenic plants of Carrizo cit-
range and sour orange expressing the
CTV-CP gene have been identified
based on glucuronidase (GUS) gene
expression, PCR, and Southern analyses
as well as immunoblot analysis with
antibodies to the coat protein. These
plants are currently being tested for
resistance to CTV infection (33).

In a recent unpublished report,
transgenic Chardonnay grapevine
plants carrying the coat protein gene
of the grapevine fanleaf virus (GFLV)
have been developed which are re-
portedly resistant to infection by the
virus. This work has been conducted
by Moet & Chandon Company in
Paris, France.

Recently, the coat protein gene of
apple mosaic virus (ApMV) has been
isolated, cloned, and characterized in
our laboratory gl). The ApMV coat
protein gene will be transferred into
apple and plum. Other groups are also
working on isolating coat protein genes
of other important plant viruses such
as the blueberry scorch virus, tomato
ring spot virus, raspberry mosaic virus,
leaf roll virus, ané) stem pitting virus,
among others. These advances will
provide new opportunities for genetic-
ally engineering virus resistance into
various fruit crops.

All the above reported advances in
introducing coat protein genes of some
viruses into various genotypes of fruit
crops are very promising, and provide
good examples of the useful strategies
of genetic engineering in developing
new genotypes of important commer-
cial fruit crops with resistance to plant
viruses.

Literature Cited
1. Alrefai, R. H., Shiel, P J., Domier, L. L.,
D’Arcy, C. J., Berger, P H. and Korban, S. S.
(1994). The nucleotide sequence of apple
mosaic virus coat protein mgizne has no ho-
mology to other Bromoviridae coat protein
genes. J. Gen. Virol. In press.

2.

10.

11.

12.

13.

14.

15.

16.

. Fitch. M.

FRUIT VARIETIES JOURNAL

Beachy, R. N. (1990). Coat protein-mediated
resistance against virus infection Ann. Rev.
Phytopathol. 28: 451-474.

. Beachy, R. N., Powel, P A., Nelson, R. S.,

Rogers, S. G. and Fraley, R. T. (1987).
Transgenic ‘plants that express the coat pro-
tein gene of tobacco mosaic virus are resis-
tant to Infection By TMV. UCLA Symp.
Mol. Cell. Biol. New York, N.Y., Alan, ﬁ
Liss. 48: 205-213.

. Cheplick, S. M. and Agrios, G. N. (1983).

Effects of injected antiviral compounds on
gpple mosaic, scar skin, and dapple apple
iseases of apple trees. Plant Disease 67:
1130-1133.

. Cuozzo, M., O’Connell, K. M., Kaniewski,

W, Fang R. X., Chua, N. and Tumer, N. E.
(1988). Viral protection in transgenic tobacco
plants expressing the cucumber mosaic virus
coat protein or its antisense RNA. Bio/ Tech-
nology 6: 549-557.

. Deogratias, J. M., Dosba, F. and Lutz, A.

(1989a). Erradication of prune dwarf virus,
prunus necrotic ringspot virus, and apple
chlorotic leaf spot virus in tissue cultured
sweet cherry. Can. J. Plant Pathol. 11: 332-336.

. Deogratias, J. M., Dobsa, F. and Lutz, A.

(1989b). Eradication of prune dwarf virus
in sweet cherries by a combination of
chemotherapy, thermotherapy and in vitro
culture. Can. J. Plant Pathol. 11: 337-342.

. Ehlers, U., Commandeur. U., Frank, R,

Landsmann, J., Koenig, R. and Burgermeis-
ter, W. (1991). Cloning of the coat protein
gene from beet necrotic yellow vein virus
and its expression in sugar beet hairy roots.
Theor. Appl. Genet. 81: TT1-782.

EL, Manshardt, R. M., Gonsalves,
D., Slightom, J. L. and Sanford. J. C. (1992).
Virus resistant papaya Elants derived from
tifsues bombarded wit colz;t %‘ote;lin eII:)e
of papaya ringspot virus. Bio/Technol 10:
1466-1%7’&.
Franchi, R. I., Milne, R. G. and Hutta. T.
(1985). Atlas of Plant Viruses Vol II. CRC
Press, Boca Ratoon. Florida. pp. 183-217.
Fridlund, P. R. (1980a). Glasshouse indexin
for fruit tree viruses. Acta Phytopath. Acad.
Scient. Hungar. 15: 153-158.
Fridlund. PR (1980b). The IR-2 program
for obtaining virus-free fruit trees. Plant
Disease 64: 826-830.
Fridlund. P. R. (1970). Temperature effects
on virus disease symptoms in some Prunus,
Malus and Pyrus cultivars. Washington Agric.
Exp. Station. Bulletin 726: 1-6.
Gerlach, W. L., Liewellyn D. and Haseloff,
J. P. (1987). Plant virus resistance based on
the satellite RNA of tobacco ringspot virus.
J. Cell Biochem. Suppl. 12C: 239.
Goodman. R. M., Hauptli, H., Crossway, A.
and Knauk, V. C. (1987). Gene transfer in
crop improvement. Science 236; 48-54.
Hammerschlag, F. A. and Litz, R. (1992).
Biotechnology of Perrenial Fruit Crops. CAP
International. Oxnord.



17.

18.

19.

21.

25.

. Kerlan, é., Mille

. Laimer da

. Ling, K., Namba,

Cross PROTECTION AGAINST VIRus Diseases IN Fruir TREES

Hansen. A. J. and Lane, W. D. (1985). Elimi-
nation of apple chlorotic leafspot virus from
apple shoot cultures by ribavirin. Plant Dis-
ease 69:134-136.

Hansen. A. J. (1984). Effect of ribavirin on
green ring mottle causal agent and necrotic
ringspot virus in prunus species. Plant Dis-
ease 68:216-218.

Harrison. B. D., Mayo, M. A. and Baulcombe,
D. C. (1987). Virus resistance in transgenic
plants that express cucumber mosaic virus
satellite RNA. Nature 328:799-805.

. Herllenwa1¥:]CI._,I Fang, R. X., Kianiewski, W.
. H. an

K., Chua, Tumer, N. E. (1988).
Analysis of the mechanism of protection in
transgenic plants expressing the potato virus
X coat protein or its antisense RNA. The
EMBO J. 7:1273-1280.

Hoekema, A., Huisman, M. J., Molendijk,
L., Van den Elzen, P J. M. and Cornelissen,
B.J. C. (1989). The Genetic engineering of
two commercial potato cultivars for resis-
tance to potato virus X. Bio/Technology

7:273-278.

B. and Dunez, J. &1981).
Immunosorbent electron microscopy for de-
tecting chlorotic leaf spot and plum pox
viruses. Phytopatholog 71:400—4&.
amara Machado, M., da Camara
Machado, A., Hanzer, V., Weif, H., Renger,
F., Steinkellner, H., Mattanovich, D., Plail,
R, Kna]i{), E., Klathoff, B. and Katinger, H.
(1992). Regeneration of transgenic plants of
runus armeniaca containing e coat protein
%f%.% of plum pox virus. Plant Cell Repts.

. Laimer da Camara Machado, M., da Camara

Machado, A., Mattanovich, D., Rengfr, F,
Hanzer, V., Steinkellner, H., Durniok, B.,
Himmler, G. and Katinger, H. (1990). Coat
protein mediated protection ggginst plum

ox virus. Acta Hort. 280:577-580.

awson, C., Kaniewski, W., Haley, L.,
Rozman, R., Newell, C., Sanders, P and
Tumer, N. E. (1990). Engineering resistance
to mixed virus infection in a commercial
potato cultivar:Resistance to potato virus X
and potato virus Y in transgenic russet bur-
bank. Bio/ Technology 8:127-134.
S., Gonsalves, C., Sligh-
tom, J. L. and Gonsaives, D. (1991). Protec-
tion against detrimental effects of potyvirus
infection in transgenic tobacco plants ex-
pressing the papaya ringpot virus coat

rotein gene. Bio/Techno 9:752-758.

esch-Fries, L. S., Halk, E., Merlo, D.,

Jarvis, N., Nelso, S., Krahn, and Burhop, L
(1987). Expression of alfaifa mosaic virus
coat protein gene and anti-sense cDNA in
transformed tobacco tissue. Molecular Strate-
gies gl' %Z)p Protection. Alan R. Liss, Inc.

. R&ckenzie,'D. J. and Tremaine. J. H. (1990).

Transgenic Nicotiana debneyii expressing
viral coat protein are resistant to 6'Fot,ato
virus S infection. J. Gen. Virol. 71:2167-2170.

29.

31

32.

ar.

39.

41.

. Murashige

29

Maiss, E., Timpe, U., Brisske, A., Jelkmann,
W, Casper, R., Himmler, G., Mattanovich,
D. and Katinger, W. D. (1989). The complete
nucleotide sequence of plum pox virus RNA.
]. Gen Virol. 70:513-524.

. Mattanovich, D., Himmler, G., Laimer, M.,

Maiss, E., Renger, F., da Camara
Machado, A.Hanzer, V., Casper, R. and
Katinger, H. (1988). Expression of the plum
pox virus coat protein region in Escherichia
coli. Virus Genes 2:119-127.
McKinney, H. H. (1929). Mosaic disease in
the Canary Islands, West Africa, and Gibral-
tar. J. Agric. Res. 39:557-578.
McMorran,‘]. P and Cameron, H. R (1983).
Detection of 41 isolates of necrotic ringspot,
apple mosaic and prune dwarf viruses in
runus and Malus by enzyme linked immu-
nosorbent assay. Plant Disease 67:536-538.

. Moore, G. A., Gutierrez-E, A., Jacono, C.,

McCaffery, M.and Cline, K. (1993). Produc-
tion of transgenic citrus plants expressing
the citrus tristeza virus coat protein gene.
HortSci. 28:512.

T. and Skoog, F. (1962). A revised
medium_ for rapid growth and bioassays
with tobacco tissue cultures. Physiol. Plant.
15:473-497.

. Namba. S., Ling, K., Gonsalves, C., Sligh-

tom. J. L. and Gonsalves, D. (1992). Protec-
tion of transgenic plants expressing the coat
protein gene of watermelon mosaic virus II
or zucchini yellow mosaic virus against six
potyviruses. Phytopath 82:940-946.

. Nelson, R. S., Powell, P A. and Beachy, R.

N. (1987). Lesions and virus accumulation
in inoculated transgenic tobacco plants ex-
pressing the coat protein gene of tobacco
mosaic virus. Virology 158:126-132.

Poul, F. and Dunez, J. (1989). Production
and use of monoclonal antibodies for the
detection of apple chlorotic leafspot virus.
J. Virol. Methods 25:153-166.

. Powell, P A., Sanders, P R, Tumer, N.,

Fraley, R. T and Beachy, R. N. (1990).
Protection against tobacco mosaic virus in-
fection in transgenic plants requires accumu-
lation of coat protein rather than coat &;‘otein
RNA sequences. Virology 175:124-130.

Powell, P A., Stark, D. M., Sanders, P. R.
and Beachy, R. N. (1989). Protection against
tobacco mosaic virus in transgenic plants
that express tobacco mosaic virus antisense
16‘91\513 roc. Natl. Acad. Sci. USA 86:6949-

. Powell, B A., Nelso, R. S., De, B., Hoffmann,

N., Rogers, S. G., Fraley, R. T. and Beachy,
R. N. (1986). Delay of disease development
in transgenic plants that express the tobacco
mosaic virus coat protein gene. Science
232:738-743.

Rast, A. T. B. (1972). M II-16, an artificial
symptomless mutant of tobacco mosaic virus
for seedling inoculation of tomato crops.
Neth ]. Plant Pathol. 78:110-112.



30

42.

45.

FRUIT VARIETIES JOURNAL

Ravelonandro, M., Monsion, M., Teycheney,

P-Y, Delbos, R. P and Dunez, ]?'(1992¥

Transgenic tobacco plants that contain the

Ellum pox virus (PPV) coat protein gene.
orticulturae 309:191-196.

. Ravelonandro, M., Varveri, C., Delbos, R.

and Dunez, J. (1988). Nucleotide sequence
of the capsid protein gene of plum pox
gotyvirus. J. Gen. Virol. 69:1509-1516.
egner, F., da Camara Machado, A., Laimer
da Ciamara Machado, M., Steinkelinel; H.
Mattanovich, D., Hanzer, V., Weiss, H. an
Katinger, H. (1992). Coat protein mediated
resistance to plum pox virus in Nicotiana
celvelandii and benthamiana. Plant Cell
Repts. 11:30-33.
Rezaian, H., Skene. K. G. M., and Ellis, J. G.
(1989). Anti-sense RNAs of cucumber mosaic
virus in trans%enic plants assessed for control
of the virus. Plant Mol. Biol. 11:463-471.

. Scorza, R., Levy, L., Damsteeg{i V., Yepes,

M., Cordts, J., Haddidi, A., Slightom, J.,
Gonsalves, D., Callhan, A., and Ravelonan-
dro, M. (,1993)‘ Transformation of plum
(Prunus domestica L.) with potyvirus coat
protein genes and the reaction of plants to
inoculation with plum pox virus. HortSci.
28:512-513.

47.

48.

49.

51.

52.

. Van Dun,

Sekiya, M. E., Lawrence, S. D., McCaffery,
M., and Cline K. (1991). Molecular cloning
and nucleotide sequencing of the coat pro-
tein gene of citrus tristea virus. J. Gen. Virol.
72:1013-1020.

Stark, D. M. and Beachy, R. N. (1989).
Protection against potyvirus infection in
transgenic plants:Evidence for broad spec-
i%l;l resistance. Bio/Technology 7:1257-

Van Dun, C. M. P. and Bol, J. F (1988).
Transgenic tobacco plants accumulating
tobacco rattle virus coat protein resist infec-
tion with tobacco rattle virus and E;a early
browning virus. Virology 167:649-652
C. M. P, Overduin, B., Vloten-
Doting, L. V. and Bol, J. F. (1988). Transgenic
tobacco expressing tobacco streak virus or
mutated alfalfa mosaic virus coat protein
does not cross-protect against alfalfa mosaic
virus infection. Vifolog¥ 164: .
Van Dun, C. M. P, Bol, J. F. and Vloten-
Doting, L. V. (1987’). Expression of alfalfa
mosaic virus and tobacco rattle virus coat
rotein genes in transgenic tobacco plants.
irology 159:299-305.
Van Loon, L. C. (1987). Disease induction
by plant viruses. Adv. Virus Res. 33:205-254.

We get your
profits
headed in

the right direction.

Growers of fine fruit trees since 1905.

Call for listings of 1995 varieties.

INC.

SINCE 1905

Adams County Nursery

P.0. Box 108 « Nursery Road » Aspers, PA 17304

(717) 677-8105 « (717) 677-4124 FAX






