Preliminary results of in vivo thermotherapy of plum,
apricot and peach cultivars artificially infected
with PPV-M and PPV-D strains of Plum pox virus
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ABSTRACT: The elimination of Plum pox virus (PPV) in different stone fruit cultivars was verified by the method of
thermotherapy in vivo. Trees of two plum cultivars Cacanska lepotica and Svestka domaci, apricot cultivars Leskora
and Velkopavlovicka, and peach cultivars Redhaven and Earliglo were used. They were infected artificially with two
strains of the virus (PPV-D, PPV-M). Two cycles of thermotherapy in vivo were performed. During the first cycle,
16 trees of plum, apricot and peach were treated for 15 days at 37°C. In the second thermotherapy cycle, 10 trees of
individual cultivars of plum, apricot and peach were treated for 22 days at 37°C. In the first thermotherapy (T1), 8 trees
out of 16 died; PPV was eliminated in 2 trees of cv. Ca¢ansk4 lepotica, 1 tree of cv. Svestka domdci and 2 trees of cv.
Velkopavlovicka. In the second thermotherapy (T2), 1 of 10 treated trees died. The virus was eliminated in 2 trees of
cv. Cac¢anska lepotica, 1 tree of cv. Leskora, 2 trees of cv. Velkopavlovicka, and 1 tree of cv. Redhaven. Nine (T1) and
seven (T2) months after the thermotherapy, the presence of PPV was detected in 6 out of 11 originally recovered trees
using ELISA. Out of 26 trees, 4 trees remained recovered: 2 plum trees and 2 apricot trees. One of these trees, apricot
cv. Leskora was originally infected with PPV-M strain, whereas the other three with PPV-D strain. None of the 10 peach

trees was treated successfully.
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The Plum pox virus (PPV) belongs among the
most devastating plant viruses and, at the pres-
ent time, it occurs not only throughout most
European countries but also in North and South
America, Asia and Africa. Only Australia and
New Zealand have not been tainted with this vi-
rus, yet. It is widely spread in the Czech Republic
and the virus-free material of stone fruits for out-
planting is available only due to the fact that the
production of nursery material is derived from
parental virus-free plants of individual cultivars
which are cultured and maintained in isolation.
However, the chance of random contamination of
the parental plants with sharka cannot be ruled
out. It can appear in the case of culturing new
sharka-resistant stone fruit cultivars, or a cultivar
infected with sharka can be imported and would
need a treatment.

It is possible to eliminate PPV in plants using
classical thermotherapy in vivo; other possibilities
are thermotherapy or chemotherapy in vitro in cul-
tures of stone fruits. Until now, only a few original
reports dealing with elimination of PPV by in vivo

thermotherapy have been reported; their treatment
protocols vary and are not in one line. Also, none
of the published papers specified the PPV strain
infecting the trees. We therefore verified the in-
dividual methods and protocols on elimination of
PPV in different stone fruits. Up to the 1980s, the
protocols of in vivo thermotherapy were mostly
used when the infected plants were exposed to
higher temperature for a few weeks. MiNno1u (1975,
1976) used alternating temperatures of 36°C, 46°C
and 60°C for a period of 37 days to eliminate PPV
from plum trees. KEGLER (1967, 1968) used the
temperature of 37°C for 2—3 weeks, followed with
grafting the recovered green shoots on virus-free
rootstocks. For the elimination of viral complexes
PPV, Prunus necrotic ringspot virus (PNRSV) and
Prune dwarf virus (PDV) from four plum cultivars,
JANECKOVA (1993) used a combined method of in
vivo thermotherapy and in vitro chemotherapy of
plants in 2 cycles: 1% cycle (fall) 3 weeks 34.5°C and
1 week 37.5°C; 2™ cycle (spring) a stepwise tem-
perature increase from 20°C to 34°C in the course
of 8 days, followed by 4 weeks at 36.5°C and 2 days
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at 37.5°C. She then collected shoot-tops of grafted
plants and cultured them in vitro, continuing with
chemotherapy using ribavirin.

The other published works are based on elimi-
nation of PPV from stone fruits using in vitro
cultures. In this way, MoseLLA CHANCEL et al.
(1980) eliminated PPV and PNRSV from peach
trees. VERTESY (1981) eliminated PPV and PNRSV
using in vitro cultures from two plum rootstocks
and Isac (1985) eliminated PPV from three plum
cultivars. The important findings on methodol-
ogy for the elimination of viruses (including PPV)
from fruit trees are reported in the original pa-
per of KNAPP et al. (1995) and also in the work of
SPIEGEL et al. (1995). MINK et al. (1998) published
an overview of findings and utilization of ther-
motherapy for the elimination of viruses, viroids
and phytoplasmas from perennial plants. Further
developments towards the utilization of thermo-
therapy and chemotherapy in order to gain virus-
free stone fruits were presented by HOwELL et al.
(2001).

Our experiments have been designed to verify
the recovering methods for the elimination of PPV
from different stone fruits and the influence of PPV
strain on the recovery procedure.

We used the two most widely spread strains of
the virus, PPV-D and PPV-M, which infect plum,
peach and apricot trees. In the preliminary report,
the results of determining the conditions for in vivo
treatments of the above-mentioned stone fruit cul-
tivars are presented.

MATERIAL AND METHODS
Plant material

For the model experiment of thermotherapy in
vivo, following cultivars fruit were chosen:
plum — cv. Cac¢anska lepotica/St. Julien, and cv.

Svestka domadci/myrobalan;
apricot — cv. Leskora/St. Julien, and cv. Velkopav-
lovickd/M-VA-3;
peach — cv. Redhaven/B-VA-2, and cv. Earliglo/
B-VA-3.

Two-year-old trees were obtained from Research
and Breeding Institute of Fruit Growing Ltd., Ho-
lovousy. The trees were planted into containers on
October 1, 2005, and vernalized at 4°C during the
period of December 1, 2005 to January 10, 2006.
Afterwards, the trees were placed in a greenhouse
at 10°C. Two weeks later, the temperature was in-
creased to 20°C.
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Inoculation of trees with PPV-M and PPV-D,
testing the presence of virus

Two months after the placement into the green-
house the trees were inoculated with individual
PPV strains. For the inoculation of virus PPV in-
fected grafts from apricot cv. Karola (susceptible to
PPV ) were used; they were taken from trees infect-
ed with PPV-D or PPV-M. Each tree was inoculat-
ed with two buds. Five till ten trees of each cultivar
of plum, apricot and peach were inoculated with
individual strains of PPV. In the course of the veg-
etative season of 2006, the presence of PPV was not
detected. Trees were vernalized at 4°C again during
winter time. The presence of PPV-M and PPV-D
in individual trees was detected using ELISA till
spring 2007.

Thermotherapy in vivo

Two cycles of thermotherapy in vivo were per-
formed. In the first thermotherapy, the total of
16 trees of plum, apricot and peach cultivars were
treated: one apricot tree of cv. Velkopavlovicka and
two peach trees of cv. Earliglo were infected with
PPV-M; one apricot tree of cv. Leskora and two of
cv. Velkopavlovickd, three peach trees of cv. Red-
haven and one of cv. Earliglo, two plum trees of cv.
Cacanska lepotica and four of cv. Svestka domdci
were infected with the strain PPV-D. The thermo-
therapy was running for 15 days in a thermal room
with controlled light and temperature setup at
37°C. The light setup was 14h-day and 10h-night.
The temperature was increased stepwise from 20°C
to 37°C and left at that level for 15 days, followed
by a stepwise decrease down to 24°C. After the
thermotherapy in vivo was finished, the trees were
placed in greenhouse.

Ten trees were involved in the second treatment
(T2): one apricot tree of cv. Leskora and one of cv.
Velkopavlovicka, one peach tree of cv. Redhaven
and two of cv. Earliglo, and one plum tree of cv.
Cacanska lepotica were infected with PPV-M; one
apricot tree of cv. Velkopavlovickd, one peach tree
of cv. Redhaven, one plum tree of cv. Ca¢anska le-
potica and one of cv. Svestka domaci were infected
with PPV-D. The same light and temperature setup
was chosen for the second thermotherapy, but the
interval at 37°C was prolonged to 22 days. After the
thermotherapy was finished, the temperature was
subsequently decreased down to 25°C.

The presence of PPV in trees after the treatment
and their placement in a greenhouse was deter-
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Table 1. The results after the finished in vivo thermotherapy of plum, apricot and peach trees infected with PPV-M

and PPV-D

Total number of trees Number of died trees ~ ELISA positive ELISi:;iEZ—PCR

?rtslr;e Cultivar PPV-M  PPV-D  PPV-M  PPV-D PPV-M PPV-D PPV-M  PPV-D
TKTF T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2

Plum Cacdanskd lepotica 0 1 2 1 - 0 0o o0 -0 0 0 - 1 2 1

Svestka domaci 0 0 4 1 - - 2 0 - - 1 1 - - 1 0

Apricot  Leskora 0 1 1 0 - 0 1 - - 0 0 - - 1 0o -

Velkopavlovicka 1 1 2 1 1 0 0o o0 -0 0 o0 0o 1 2 1

Peach Redhaven 0 1 3 1 - 0 2 - -0 1 - - 1 0o -

Earliglo 2 2 1 0 1 2 1 - 1 - 0o - 0 0 0o -

mined using DAS-ELISA. The trees in which the
presence of virus was not detected by ELISA were
tested using RT-PCR, immediately after the treat-
ment and 9 (T1) or 7 (T2) months after the treat-
ment.

Detection of PPV using DAS-ELISA

For the detection of PPV with DAS-ELISA
(CLARK, ADAMS 1977), commercial polyclonal an-
tibodies were used (IgG and IgG conjugated with
alkaline phosphatase) from the Loewe Company
(Germany). Six leaves were collected from differ-
ent parts of the tested tree and were combined to
prepare a representative sample: 1 g of leaves was
homogenized in extraction buffer using manual
homogenizer and 200 ul was pipetted into 2 wells
of microtitre plate. Results were evaluated on the
spectrophotometer Dynatech MR 5000 at 405 nm.
ELISA tests were done before treatment, 2 weeks
after the treatment, and 9 (T1), eventually 7 (T2),
months after the treatment.

Detection of PPV by RT-PCR

RT-PCR was used for testing of the trees for which
negative DAS-ELISA results were obtained imme-
diately after the thermotherapy and 7-9 months
later. The total RNA was isolated from samples of
0.1 g of leaf tissue, using an RNeasy Plant Mini Kit
(Qiagen) according to the manufacturer’s instruc-
tions. Primers P1, P2 (WETZEL et al. 1991) and GO
Taq polymerase (Promega Corporation) were used
for the RT-PCR amplification. Aliquots of PCR
products were run on 1% agarose gel. DNA was
stained with SYBR Green (Invitrogen).
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RESULTS AND DISCUSSION

The results of in vivo thermotherapy of apricot,
peach and plum cultivars from both cycles are giv-
en in Table 1. A total of 8 trees out of 16 (50%) died
in the course of the first thermotherapy. One plum
tree of cv. Velkopavlovickd and one peach tree of
cv. Earliglo, both infected with PPV-M, one apricot
tree of cv. Leskora, two peach trees of cv. Redhaven,
one peach tree cv. Earliglo, and two plum trees of
cv. Svestka domadci, all infected with PPV-D, did
not survive the therapy. DAS-ELISA and RT-PCR
conducted after the thermotherapy proved the
presence of PPV in one peach tree of cv. Earliglo
infected with PPV-M, and in one peach tree of cv.
Redhaven and one plum tree of cv. Svestka domici,
both infected with PPV-D. A total of five trees were
recovered: two trees of cv. Cacanské lepotica, one
tree of cv. Svestka domaci, and two trees of cv.
Velkopavlovickd. The results were verified using
RT-PCR. In three other trees the presence of PPV
was detected using ELISA after nine more months:
one tree of cv. Cacanska lepotica, one tree of cv. Vel-
kopavlovicka, and one tree of cv. Svestka domdci.
Only two trees were recovered, namely the culti-
vars Cacanskd lepotica and Velkopavlovicka. The
results were proved by RT-PCR.

During the second thermotherapy (T2), when
only 10 trees underwent the treatment, only two
trees died. The presence of virus was proved by
ELISA in one plum tree of cv. Svestka doméci and in
one peach tree of cv. Earliglo. Total of six trees were
recovered: 2 plum trees of cv. Cacanskd lepo-tica
(one infected with PPV-M and one with PPV-D),
1 apricot tree of cv. Leskora (PPV-M), 2 apricot
trees of cv. Velkopavlovicka (one infected with
PPV-M and one with PPV-D), and 1 peach tree of
cv. Redhaven (PPV-M). The results were verified
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Table 2. Overview of results 9 (T1) or 7 (T2) months after the finished in vivo thermotherapy

Total number

ELISA and RT-PCR negative

Stone fruit Cultivar of trees PPV-M PPV-D
T1 T2 T1 T2
Plum Cacanska lepotica 4 0 0 1 1
Svestka doméci 5 0 0 0 0
Apricot Leskora 2 0 1 0 0
Velkopavlovické 5 0 0 1 0
Peach Redhaven 5 0 0 0 0
Earliglo 5 0 0 0 0

using RT-PCR. After another seven months, the
presence of PPV was detected using ELISA in four
other trees: 1 plum tree of cv. Cacanska lepotica,
2 apricot trees of cv. Velkopavlovickd, and 1 peach
tree of cv. Redhaven. ELISA results were verified
using RT-PCR. Only two trees were recovered:
1 plum tree of cv. Cac¢anska lepotica and 1 apricot
tree of cv. Leskora.

An overview of the results of ELISA and RT-PCR
tests in the following year is shown in Table 2. Out
of the total of 26 trees, 4 trees were recovered:
2 plum trees of cv. Cac¢anska lepotica, 1 apricot
tree of cv. Velkopavlovické and 1 apricot tree of cv.
Leskora. None of the peach trees was successfully
treated. Most peach trees died during the ther-
motherapy. As peach trees belong to thermophilic
stone fruit species, it will be unavoidable to identify
the reason of their high mortality rate during the
thermotherapy. To consider the results as final, it
will be necessary to test the recovered trees again
in the next vegetative season.

Three original reports dealing with elimination
of PPV with in vivo thermotherapy of plum culti-
vars have been published, whereas no paper has
been published on elimination of PPV in apricot
and peach using in vivo thermotherapy. MiNoI1U
(1975, 1976) used alternating temperatures of 36°C,
46°C, and 60°C for a period of 37 days. In our at-
tempts most of the peach trees died at the tem-
perature of 37°C during 15 (T1), and 22 (T2) days.
KEGLER (1967) dealing with plums used the same
temperature of 37°C for 2—3 weeks and obtained
similar results as in our trials. JANECKOVA (1993)
applied cycles of in vivo thermotherapy of plum
cultivars Cacanska lepotica, Gabrovska, Carska,
and Wazon’s Gage using the temperatures from
34.5 to 37.7°C and intervals from 8 days to 4 weeks
in combination with chemotherapy. The efficiency
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of therapy was 90% for PPV. It is difficult to com-
pare partial published results with complex (plum,
apricot, peach, different PPV strains) and more
uniform (in vivo thermotherapy at 37°C) investiga-
tion in our trials resulting in the 15% efficiency of
in vivo thermotherapy of plum and apricot trees;
in vivo thermotherapy of peach trees has not been
successful, yet.

References

CLARK M.E, ADAMS A.N., 1977. Characteristic of the
microplate method of enzyme-linked immunosorbent
assay for the detection of plant virus. Journal of General
Virology, 34: 51-57.

HOWELL W.E.,, EASTWELL K.C,, LI T.S.C., 2001. Heat
treatment, chemotherapy and hydroponic culture for ob-
taining virus-free trees of sweet cherry. Acta Horticulturae,
550: 455-457.

ISAC M., 1985. Eliberarea de virusuri se micropropagarea
unor soiuri de prun prin utilizarea tehnicii in vitro. Pro-
ductia vegetala — Horticultura, 8: 30-33.

JANECKOVA M., 1993. Eliminace komplexu vira (PPV,
PNRSV, PDV) ze slivoni kombinaci in vivo a in vitro kultur.
Védecké prace ovocnarské, 13: 51-64.

KEGLER H., 1967. Eine einfache Apparatur zur Warmebe-
handlung viruskranker Obstpflanzen. Archiv fiir Garten-
bau, 15: 69-74.

KEGLER H., 1968. Obstgeholze, In: KLINKOWSKI M. (ed.),
Pflanzliche Virologie. Vol. III. Berlin, Akademie Verlag:
140-315.

KNAPP E., HANZER V., WEISS H., DACAMARA MACH-
ADO A., WEISS B.,, WANG Q., KATINGER H., LAIMER
DA CAMARA MACHADO M., 1995. New aspects
of virus elimination in fruit trees. Acta Horticulturae,
386: 409-418.

MINK G.I., WAMPLE R., HOWELL W.E., 1998. Heat

treatment of perennial plants to eliminate phytoplasmas,

95



viruses, and viroids while maintaining plant survival. In: ~ SPIEGEL S., STEIN A., TAM Y., 1995: In vitro thermo-

Habibr A. (ed.), Plant Virus Disease Control. St. Paul, Min- therapy of Rosaceous fruit trees. Acta Horticulturae, 386:
nesota, American Phytopathological Society: 332—345. 419-420.

MINOIU N,, 1975. New investigations on Plum pox (sharka) ~ VERTESY J., 1981. Elimination of Plum pox virus from plum
virus. Acta fiir Phytopathologie und Pflanzenschutz, (Prunus domestica L.) rootstocks by meristem culture. In:
11:389-397. Plant Virology. Proceedings of the 9™ Conference of the

MINOIU N., 1976. Essais chemotherapie du virus de la sharka Czechoslovak Plant Virologists, Brno 31. 8.—4. 9. 1981:
sur prunier. Bulletin Information. Sharka No. 2: 13-15. 197-203.

MOSELLA CHANCEL L., SIGNORET P.A., JONARD J.,, WETZEL T., CANDRESSE T., RAVELONANDRO M., DU-
1980. Sur la mise au point de techniques de microgreffage NEZ]J., 1991. A polymerase chain reaction assay adapted
d’apex en vue de Iélimination de deux types de particules to Plum pox potyvirus detection. Journal of Virological
virales chez le pecher (Prunus persica Batsch.). C. R. Acad- Methods, 33: 355-365.

emie Sciences, Series D, 290: 287-290.
Received for publication September 10, 2008
Accepted after corrections February 2, 2009

Predbézné vysledky in vivo termoterapie odriad Svestky, merunky
a broskvoné umeéle infikovanych kmeny PPV-M a PPV-D viru Sarky Svestky

ABSTRAKT: V raznych odridach peckovin byla metodou in vivo termoterapie ovéfovdna eliminace viru $arky
§vestky, Plum pox virus (PPV). Byly pouzity stromy dvou odrid $vestky, Ca¢anska lepotica a Svestka domdéci,
odrid merunky Leskora a Velkopavlovickd a odrid broskvoné Redhaven a Earliglo, uméle infikovanych dvéma
kmeny viru (PPV-D, PPV-M). Byly provedeny dva cykly termoterapie in vivo. Béhem prvniho cyklu bylo lé¢eno
16 stromu $vestky, merunky a broskvoné 15 dni pfi 37 °C. Ve druhé termoterapii bylo 1é¢eno 10 strom jednotli-
vych odrud $vestky, merunky a broskvoné 22 dni pfi 37 °C. Béhem prvni termoterapie (T1) odumfelo osm stromi
z $estnacti. PPV byl eliminovan ve dvou stromech $vestky Cac¢anska lepotica, v jednom stromu Svestky domaci
ave dvou stromech merunky Velkopavlovickd. Ve druhé termoterapii (T2) odumfel jeden strom z deseti lécenych.
Virus byl eliminovan ve dvou stromech $vestky Cac¢anskd lepotica, v jednom stromu meruiiky Leskora, ve dvou
stromech merunky Velkopavlovickd a v jednom stromu broskvoné Redhaven. Devét (T1) a sedm (T2) mésic
po termoterapii byla pritomnost PPV zjisténa pomoci ELISA v Sesti z jedendcti pivodné ozdravenych stromd.
Ze dvaceti $esti léCenych zustaly ¢tyfi ozdravené stromy: dva stromy $vestky a dva stromy merunky. Jeden z téchto
stromu, merunka odridy Leskora, byl pivodné infikovin PPV-M kmenem, zatimco v dalsich tfech pfipadech to
bylo PPV-D kmenem. Zadny z deseti strom@ broskvoné se nepodarilo tispésné vylécit.

Klic¢ova slova: virus $arky svestky (PPV); merurika; broskvon; $vestka; ovocné stromy; termoterapie in vivo
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