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Abstract

Transgenic plum Prunus domestica, clone C-5 was budded on virus free St. Julien
rootstocks and inoculated by bud grafting with PPV-M (Plum pox virus M-strain,
originated from plum), PPV-M +ACLSV, PPV-M + PDV, or PPV-M + ACLSV +
PDV. Non-inoculated plants were used as controls. Transgenic and control plants
were planted in an open field. PPV symptoms, including mild diffuse spots and
rings, appeared in the second year after inoculation in transgenic plants inoculated
with PPV-M, and in plants inoculated with all virus combinations. The presence of
PPV was confirmed by ELISA and ISEM. Severe PPV symptoms appeared in leaves
produced from non-transformed inoculum buds (IB) from plants inoculated with
PPV-M and in combinations PPV-M + ACLSV, ACLSV and PPV-M + ACLSV +
PDV. No symptoms of ACLSV appeared in combinations with ACLSV, but the
presence of virus in leaves of transgenic C-5 plums was confirmed by ELISA. No
symptoms of PDV appeared in combinations with PDV and results of ELISA were
negative.
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Introduction

10 years ago five clones of Prunus domestica L. transformed with the coat protein
gene of Plum pox virus were obtained (Scorza et al. 1994). The clone C-5 when
tested under glasshouse conditions showed a high level of resistance to PPV
(Ravelonandro et al. 1997, Scorza et al. 2001). Malinowski et al. (1998) demon-
strated that while highly resistant, trees of clone C-5 are not immune to PPV.
PPV-D strain was found in chip bud-inoculated test trees but only mild symptoms
of PPV were observed (Malinowski et al. 2003). Trees of C-5 exposed to
aphid-vectored PPV did not become infected (Hily et al. 2004). The high level re-
sistance of P. domestica, clone C-5 was confirmed in a field test in Romania
(Ravelonandro et al. 2002).

The aim of research with P. domestica clone C-5 in the Czech Republic is to eval-
uate the interaction of Plum pox virus, M-strain, and combinations of PPV-M with
Prune dwarf (PDV) and Apple chlorotic leafspot (ACLSV) viruses with transgenic
plants of clone C-5 grown in the field. Results of the first two years of this field trial
initiated in 2002 are presented.

Material and methods

Transgenic plums

Budwood of plum P. domestica clone C-5 transformed with the coat protein gene
of Plum pox virus (Scorza et al. 1994) was prepared in USDA-ARS Appalachian Fruit
Research Station, Kearneysville, USA, and sent to the Research Institute of Crop
Production, Prague-Ruzyni, Czech Republic. C-5 buds were grafted onto virus free
rootstocks of St. Julien in a screenhouse in March 2002. 55 trees of P. domestica,
clone C-5/St. Julien were obtained.

Inoculation of viruses, field trial

Transgenic plum trees were inoculated in August 2002 by budding with Plum
pox virus, M-strain (PPV-M), and with combinations of PPV-M + Prune dwarf virus
(PDV), PPV-M + Apple chlorotic leafspot virus (ACLSV), and PPV-M + PDV +
ACLSV. Buds from trees infected with individual viruses were used for chip
bud-inoculation. Buds of GF-305 infected with PPV-M originated from Italy, Medi-
terranean Agronomic Institute, Bari-Valenzano. Buds of plum cv. ‘Emma
Leppermann’ infected with ACLSV and plum SLSA 7/19 infected with PDV origi-
nated from The Research Institute for Fruit Growing Holovousy, Czech Republic.
11 plum trees were used for each virus combination. 11 non-inoculated trees of
P. domestica, C-5 were used as a control. Trees were planted in the field in March
2003. The plantation was established in isolation, being surrounded by grass and
cereals in a diameter of one kilometer.
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Visual, serological and immunological evaluation

Plants of individual combinations (control, PPV-M, PPV-M + PDV, PPV-M +
ACLSV, PPV-M + PDV + ACLSV) were monitored by symptom evaluation, ELISA
and ISEM testing during the vegetative period in 2003 and 2004. Commercial
ELISA Kkits of Bioreba (Switzerland) were used in DAS-ELISA (Clark and Adams
1977) for detection of PPV, PDV, ACLSV. PPV immunoglobulins in the dilution
1:2000 were used for immunosorbent electron microscopy of PPV.

Results and discussion

The vegetative period of 2003 was very dry, trees grew little and required peri-
odic watered. No symptoms of PPV, PDV, and ACLSV appeared during the year
2003. ELISA of several tested plants did not reveal the presence of PPV. PPV symp-
toms appeared only in leaves that grew from IB infected with PPV.

Trees of C-5 started to grow in 2004. PPV symptoms, milder diffuse spots
(Phot. 1) and rings (Phot. 2) appeared in the second year after inoculation in leaves
of C-5 inoculated with PPV-M, and in leaves of C-5 inoculated with all virus combi-
nations, PPV-M + ACLSV, PPV-M + PDV, and PPV-M + ACLSV + PDV. PPV
symptoms appeared in June 2004 and virus presence was confirmed by ELISA

Phot. 1. Diffuse spots, symptoms of PPV in leaves of Prunus domestica, clone C-5 infected
with PPV-M (photo by J. Poldk)
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Phot. 2. Diffuse rings, symptoms of PPV in leaves of Prunus domestica, clone C-5 infected
with PPV-M + PDV + ACLSV (photo by J. Poldk)

in the middle of June on most inoculated trees. PPV symptoms in C-5 parts of trees
were much milder in comparison with IB parts.

Severe PPV symptoms appeared in IB leaves growing from buds infected with
PPV-M and PPV-M + PDV. Very severe PPV symptoms appeared in IB leaves in-
fected with PPV-M + ACLSV (Phot. 3), and with PPV-M + PDV + ACLSV (Phot.
4). IB leaves showed clear effects of the combination of PPV with ACLSV but no
symptoms of ACLSV appeared in leaves of either IB or C-5.

The evaluation of individual trees and combinations in June 2004:

1. Trees inoculated with PPV-M

Nine trees were evaluated, two trees died. PPV symptoms appeared in leaves of
C-5 parts of seven trees, and PPV was detected by ELISA.

2. Trees inoculated with PPV-M + PDV

10 trees were evaluated, one tree died. PPV symptoms appeared in C-5 leaves of
10 trees, and the presence of PPV was demonstrated by ELISA with low absor-
bance values. PDV was not detected by ELISA in leaves of C-5. PDV was detected
by ELISA in leaves that grew from IB.

3. Trees inoculated with PPV-M + ACLSV

11 trees were evaluated. PPV symptoms appeared in leaves of C-5 of 11 trees,
PPV was detected by ELISA. ACLSV was also detected in leaves of all 11 trees by
ELISA, but no symptoms of ACLSV appeared in C-5 and IB portions of trees.
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Phot. 3. Very severe symptoms of PPV in leaves of non-transgenic part
of tree derived from inoculum buds infected with PPV-M + ACLSV
(photo by J. Poldk)

Phot. 4. Very severe symptoms of leaves of non-transgenic part
of tree derived from inoculum buds infected
with PPV-M + PDV + ACLSV (photo by J. Poldk)
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Phot. 5. Decorated PPV particles in leaves of transgenic C-5 plum infected with PPV-M.
Bar represents 300 nm (photo by M. Jokes)

4. Trees inoculated with PPV-M + PDV + ACLSV

11 trees were evaluated. PPV symptoms appeared in leaves of all trees. PPV was
detected in 10 trees by ELISA. The absorbance values were high. PDV was not de-
tected in leaves by ELISA and no symptoms of PDV appeared. PDV was detected by
ELISA in leaves growing from IB. ACLSV was detected in leaves of all 11 trees, but
no symptoms of ACLSV appeared in C-5 or IB portions of trees.

5. Non-inoculated control trees

11 trees were evaluated. No virus symptoms appeared in leaves of trees, PPV,
PDV, and ACLSV were not detected by ELISA.

The presence of complete PPV particles was confirmed in C-5 by immuno-
sorbent electron microscopy (ISEM), and by decoration of virus particles (Phot. 5).
PPV particles were detected by ISEM in plum trees inoculated with all four combi-
nations of viruses (1-4).

The evaluation of interactions of PPV, PDV, and ACLSV with transgenic plants
of C-5 plum will continue in the following years. The relative concentration of PPV
protein in leaves of transgenic plants will be evaluated in the next year.
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