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PE3OME

Plum pox virus (PPV) e npnunHute-
NAT Ha Wapka, Hal-onycTowwmTenHaTa Bu-
pycHa 6onect npu poa Prunus. MbpBute
cBefeHua ca ny6nvkyBaHM OT ATaHacoB
npe3 1932 B bvarapua. PacTeHusaTa
rOCTONPUEMHULM C MKOHOMMYECKO 3Hauye-
HMe ca CuMHA CnMBa, npackoBa U kancus,
HO Mu3cfeABaHUATa MokasBaT Cblo W
HAKOM TPEBOXHW HaNUuusa npu yepelua u
BULWLIHA. MNMopaamn n3MeHYMBOCTTa Ha BUPY-
ca ca OTKpUTU AeBeT MOeKyNsapHO pas-
nnyHn PPV wama. B YHrapusa npeobna-
pasat wamose PPV-M, PPV-D n PPV-
Rec. Vl3cnegBaHna OT pas/ivyHn Obpxasu
nokassar, Ye BUPYCHUTE LLLaMOBe npeano-
yuTat cneynuduyHM rocTonpUeMHNLN UAK
Mo-4eCTOTO MPUCBLCTBME HA pPas/IMyHU
N3TOUYHULMN.

SUMMARY

Plum pox virus (PPV) is the
causative agent of Sharka disease, the
most devastating viral disease on Prunus
species. The first report was published by
Atanasoff in 1932 from Bulgaria. The
economically important host plants are the
plum, peach and apricot species but
studies show some disturbing
occurrences on cherry and sour cherry as
well. The variability of the virus shows that
nine molecularly different PPV strains
have been discovered. In Hungary the
PPV-M, PPV-D and the PPV-Rec strains
are in majority. Surveys from different
countries suggest that the virus strains
have some host preference or more
frequent presence on different hosts.
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3a fJa ce v3cnegsa Tasn xapakre-
puctuka Ha BuMpyca B HaCTOALLOTO W3-
cnegpaHe ca B3eTu 36 SIMCTHM Npo6u oT
€CTeCTBEHO 3apa3eHo neTHageceTrogmLL-
HO HacaxgeHve, no 12 npobu oT BCeku
Bua (CMHA cnvBa, MpackoBa W Kaicus).
TpuTe BMAa ObpBeTa ca pPasnosioKeHU
elH1 [0 ApyrM B OBOLIHATa rpajuvHa,
pasgeneHn OT NbT C LWKMpOYMHA 2 m,
KOeTO BOAM [0 CEepuOo3eH LUaHC 3a 3apa-
351BaHe OT BCEKU HasIMYEeH BUPYCEH LLaM.
BupycHaTa umHbekuus e noTebpheHa oT
nncTHUTE npobu, kato PPV wamoBe ca
yCTaHOBEeHM ype3 TpaanunoHHua RT-PCR
mMeToz. Cnopef pesynratute ca ycTaHo-
BeHn PPV-D, M, n Rec n3onartu, Kakto un
CMeCeHN UHtekuuu.

Knouosn aymu: PPV, wawmose,
npegnoynTaH  rocTONpUEMHWUK,  CUHA
C/vBa, npackoBa, kacus

CobkpaweHus: PPV = Plum pox virus,

M = Marcus, D = Dideron,
Rec = Recombinant, RT = o6patHa
TpaHckpunuusa, PCR = nonmmepasHo-

BEpPWKHA peakums

yBO/.

Plum pox virus (+ssRNA) e
yneH Ha cemeictBo Potyviridae.
MbpBUTE CMMMNTOMU ca Habnwpa-
BaHM npe3 1917-1918 npun cuHATa
chmBa B bbarapusa, a nbpBuAT
Joknaj e npeacrtaseH npes3 1932
oT ATaHacos. lNbpBMAT goknaj 3a
KOCTU/IKOBM C MKOHOMWYECKO 3Ha-
yeHVe B YHrapus e HarnpaBeH OT
Szirmai 3a kalicun (1948), ot Husz
n Klement 3a cuHute cnveun (1950)
m ot Neémeth 3a npackoBuTe
(1963). PPV 3apa3fBa He camo
KOCTU/IKOBM BUAOBe, HO U 6agem
(Pribék et al., 2001), kakto U
TpbHka (Salamon and Palkovics,
2002), KOATO e ecTeCcTBeH AUB roc-
TONPUEeMHMK, 3acTpallaBsall, OBOLL-
HUTE rpaguHn, KaTo pe3epBoap Ha

In this research 36 leaf samples
were taken from naturally infected, 15-
year-old plantation, 12 samples from each
significant species (plum, peach and
apricot) to investigate this attribute of the
virus. In the orchard this three species
located next to each other separated by a
2m wide road, resulted a serious chance
for infection by any present virus strain.

The virus infection was verified from the
leaf samples and the PPV strains were
identified by conventional RT-PCR
method. According to the results PPV-D,
M, and Rec isolates, furthermore mixed
infections were detected.

Key words: PPV, strains, host
preference, plum, peach, apricot

Abbreviations: PPV =
M = Marcus, D = Dideron,
Rec = Recombinant, RT = reverse
transcription, PCR = polymerase chain
reaction

Plum pox virus,

INTRODUCTION

Plum pox virus (+ssRNA) is a
member of the Potyviridae family.
The first symptoms of the presence
were observed in 1917-1918 on

plum in Bulgaria, and the first
report was taken in 1932 by
Atanasoff.

In Hungary the first report from the
economically important stone fruits
was taken by Szirmai from apricot
(1948), by Husz and Klement from
plum (1950) and by Németh from
peach (1963). PPV infects not only
stone fruits but almond (Pribék et
al., 2001) and blackthorn (Salamon
and Palkovics, 2002) as well,
which is a natural wild host species
endanger orchards as a reservoir.
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3apa3a. 3HaYeHMeTo Ha pacTeHus-
Ta pesepBoapy Ha 3apasarta ce
nogueHssa, aduante BUPYCOHO-
cuTenun (JINCTHM BbLUKK - 6.1.) pas-
npocTpaHaBaT BuMpyca Mo Henep-
3UCTEHTEH HauuH. JINCTHUTE BbLU-
K/ UrpadaT Hal-3Haummarta posisi 3a
pa3npocTpaHeHNeTo Ha BMpyca Ha
MaUiKu pa3cTtosiHus. Haii-epekTms-
HW nNpeHocuTenu npu BugoseTe OT
poa Prunus ca Bugosete Myzus
persicae n Aphis spiraecola, HO
CblL0 TOSIKOBA 3HaYMMK 3a pas-
npocCTpaHeHNeTo My nMpu  Apyru
pacTteHus ca Aphis fabae nnu Aphis
hederae (Labonne et al., 1995).
TpuTe Hali-yecTo cpeLaHu
wama Ha PPV B YHrapua ca
PPV-M, PPV-D n PPV-Rec (Adam
et al., 2015). WambT D ¢ dopeHckun
Npomn3xop, e yCTaHOBEH MNpu Kancu-
eBu AbpeBeTa. OCHOBHO ce cpella
MPW CUHA CNnBa 1 Kacusata, pagko
npn npackoBara (Myrta and
Boscia, 2001), Bbnpekn 4ye Dallot
et al. onucesar Hakon PPV-D un3ona-
TW, KOUTO MoraT edpeKTMBHO Aa 3a-
pas3AT npackoBeHu abpeeTta (1998).
WambT PPV-M nponsnunsa ot
Mepuma (Myrta et al.,, 1998), Ho e
LUMPOKO pasnpocTpaHeH B udAna
EBpona n npuunHABa CEpPUO3HU
Npo6/1eEMN B NPACKOBEHWN Hacaxae-
HUA, HO MOXe fa 3apasn CbLo
CVHATa cnmBa u Karicuata. Adpuan-
Te pa3npocTpaHaBaT TO3M LWam no-
edpekTUBHO, 0TKONKOTO PPV-D.
MoBeyeTo PPV-Rec wn3onatn
ca OT C/IMBOB TOCTOMNPUEMHUK, HO
karicusita 1 npackosata (M pasnyHu
rocronpuemMHuuM OT Buga Prunus)
Morat fga 6bgar WHeKkTUpaHu upes

The importance of the reservoir
plants are underrated, the aphid
vectors spread the virus in a non-
persistent manner.

The aphids play the most important
role in the short distance spread of
the virus and the form of
epidemics. The most effective
vectors are the Myzus persicae
and the Aphis spiraecola, but
during the dissemination the role of
the aphids from non Prunus plants
could be equally significant such
as the Aphis fabae or the Aphis
hederae (Labonne et al., 1995).

The three common strains in
Hungary the PPV-M, PPV-D and
the PPV-Rec (Adam et al,
2015).The Dideron isolate origins
from France, and it was collected
from an apricot tree. The PPV-D
strain mainly occurs on plum and
apricot, and it is rare on peach
(Myrta and Boscia, 2001), however
Dallot et al. describe some PPV-D
isolates that can effectively infect
peach trees (1998).

The Marcus isolate collected
from peach, origins from Greece
(Myrta et al.,, 1998). The PPV-M
strain is widely spread all over
Europe and cause serious
problems in peach orchards, but it
can also infect plum and apricot.
Aphids can propagate this strain
more effectively than PPV-D.

Most of the PPV-Rec isolates
are from plum host, but the apricot
and peach (and different Prunus
hosts) can be infected by artificial
inoculation.
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N3KYCTBEHO 3apasdBaHe. Warnexaa
ye npegnoynTaHuATa KbM TOCTOMNPU-
eMHuKka Ha PPV-Rec wu3onatm ca
cxogHu ¢ PPV-D (Glasa et al., 2004).

MATEPVANT N METOON

Mpe3 naroto Ha 2015 r. ca
B3eTW ABaHajeceT JINCTHU Mpobwu:
OT c/mBa — copT "HayaHcka fieno-
Tnua", BBPXY nognoxka Prunus
cerasifera; npackosa — copT "Peg
XeBbH" BbpXy noanoxka Prunus
amygdalus (6agem) n kancusa —
copT "TOMKOT", BBbpXy [XaHKoBa
noasioxkka. 36 OoT nNpobuTe npomus-
XoXpgart OoT Apyrn ek3emnnasgpu Ho

OT CbllaTa rpaguHa 65130 A0
Bypaneuia.
CnuBoBuUTE, MNpPacKOBEHU WU

kalicneBn gbpBeTa ca pasfgeneHu
OT NbT WNPOK 2 meTpa (Pur. 1).

Morth

47428349, 18801234

Prunus domestica ‘Cacanska Lepotica’

®dur. 1. EkcnepnmeHTasiHO none
Fig. 1. The experimental field

Prunus persicae '‘Redhaven’

It seems that the host preference
of the PPV-Rec isolates is similar
to PPV-D (Glasa et al., 2004).

MATERIAL AND METHODS

Twelve leaf samples were
collected from Prunus domestica
‘Cacanska Lepotica’” on Prunus
cerasifera (myrabolan) rootstock,
from Prunus persicae ‘Redhaven’
on Prunus amygdalus (almond)
rootstock and from  Prunus
armeniaca ‘Tomcot’ on myrabolan
rootstock in the summer of 2015.
The 36 samples were originated
from different specimens but from
the same orchard near Budapest.

The plum, peach and apricot
trees were separated by a 2
metres wide road (Fig. 1).
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M3BnnuaHeto Ha PHK e
n3BbPLUEHO Ype3 Spectrum Plant
Total RNA Kit (Sigma-Aldrich) n
GenelJet Plant RNA Purification
Mini Kit (Thermo Scientific), cno-
pen PbkoBOACTBOTO Ha MPOM3BO-
antensa. 3a nogrotoBkata Ha
kOHK upe3 obpaTHa TpaHcKpunTa-
3a (Thermo Scientific) e nsnonsea-
Ha 1500 ng PHK. lMNpu peakunata
oT (Maiss et al., 1989), obpart-
HUAT npaiimep e M4T (Chen and
Adams, 2001) pasnonoxeH Ha 3’
Kpas, Ha nonvA-onawikata Ha
BMpyca. 3a pga ce noTBbpau
npucbcTtemeto Ha PPV wn 3a
naeHTMdukauma Ha TpuTe Hain-
yecTto cpewaHn PPV wama B YH-
rapus ca M3nonssaHu nparvimepu
mM5, mD5, mM3 wu mD3
(Ta6nmua 1) (Subr et al., 2004) 3a
PCR, HacoyeH/ KbM pekoMbuHa-
LUMOHHaTa Touka pas3nosioxeHa B 3’
Kpaii Ha reH Nlb. Pesyntarute ca
BMU3yann3npaHn 4vpes esiekTpodo-
pe3a ¢ 1 % arapo3eH ren. Ypes
TO3M MeToh, TpuTe LwWama wumart
pa3nimyHn PCR npoayktn (dwr. 2).

RNA extraction was
performed by Spectrum Plant
Total RNA Kit (Sigma-Aldrich) and
GenelJet Plant RNA Purification
Mini  Kit (Thermo  Scientific)
according to the manufacturer’s
instruction. For cDNA preparation
by RevertAid Reverse
Transcriptase (Thermo Scientific)
1500 ng RNA were used. In the
RT reaction (Maiss et al.,, 1989)
the reverse primer was the M4T
(Chen and Adams, 2001) located
at the 3’ end, at the polyA tail of
the virus. To confirm the presence
of PPV, and for the identification of
the three most common PPV
strains in Hungary the mM5, mD5,
mM3 and the mD3 primers (Table
1.) were used (Subr et al., 2004) in
the PCR, targeted the
recombination breakpoint located
in the 3’ end of the NIb gene. The
results were visualised by gel
electrophoresis on 1 % agarose
gel. By this method the tree strain
have different PCR products in
length (Fig. 2.).

Tabnuua 1. OpneHTaumna Ha NnpaimMmepun, CEKBEHLUVM U Lies1IEBU FTEHOMHU y4acTbLu
Table 1. The primer orientations, the sequences and the targeted genomic

regions
Mpaiimep (opueHTayus) CekBeHuust eHOMEH y4acTbk
Primer (orientation) Sequence (5'-3)) Genomic region

MAT (-) GTTTTCCCAGTCACGACT 5 polyA tail
mM5 (+) GCTACAAAGAACTGCTGAGAG 3'NIb-5'CP
mM3 (-) CATTTCCATAAACTCCAAAAGAC 3'NIb-5'CP
mD5 (+) TATGTCACATAAAGGCGTTCTC 3'NIb-5'CP
mD3 (-) GACGTCCCTGTCTCTGTTTG 3'NIb-5'CP
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M PPV-M PPV-Rec PFV-D M

1000 bp  Se— —
664 bp
— — 605 bp

®dur. 2. MNMpoaykT Ha PCR oT Tpu wama B 1% arapo3eH ren
Fig. 2. The PCR product of the three strains on 1 % agarose gel

PE3YNITATU N OBCBXOAHE
Pe3yntatute oT u3cnenBaHe-
TO nocoysat, 4ye Plum pox virus
npucbTBa B OBOLLHATa rpajuHa
npu wuscnefBaHNTe AbpBeTa Ha
CWHW C/IMBW, NPackoBu u Kalicun. B
36 MUCTHM nNpobwu ca OTKPUTKU
wamose PPV-D, PPV-M u PPV-
Rec upe3 TpaguumoHHa RT-PCR.
Cepem npobwn ca oTpuuaresiHu
(20%), pecet ca 3apaseHu camo C
PPV-M (28%), wecT ca 3apa3eHu ¢
PPV-D (16.5%), n B eauH cnyyai e
HabnogaBaHa UHQpekuna ot PPV-
Rec (2.5%). YcTtaHOBeHMU ca geBeT
cMmeceHn uHdekumn Ha PPV-M+D
(25%), n TpN wWHpekunun PPV-
M+Rec (9%) (dwur. 3).

RESULTS AND DISCUSSION

The results of the study
indicate that the Plum pox virus
was present in the orchard on the
investigated plum, peach and
apricot trees. In the 36 Ileaf
samples PPV-D, PPV-M and PPV-
Rec strains were detected by
conventional RT-PCR. Seven
samples were negative (20%), ten
was individually PPV-M infected
(28%), six was PPV-D infected
(16.5%) and in one case PPV-Rec
infection was observed (2.5%).
Nine PPV-M+D mixed infection
(25%), and three PPV-M+Rec
infection (9%) were identified
(Fig. 3) among the trees.
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North

47.428349, 18.801234

Prunus domestica ‘Cacanska Lepotica’

Prunus persicae '‘Redhaven’

negative
PPV-K
PPV-D
PPV-Rec
PPV-M+D

PPV-KW+Rec

800000

®dur. 3. Pe3ayntartn OT eKCNepMeHTasHO none
Fig. 3. The results on the experimental field

B cnyvante Ha npobute ot
npackosn, 50% oT mn3cnenBaHuTe
AbpBeTa ca 3apas3eHn camo OT
PPV-M, HO B eanHageceT npobu e
oTKput PPV-M Kkato npu 42% vnma
nHpekuna ot PPV-M+D. M3onatu
Ha PPV-D He ca OTKpUTu camocCTO-
ATEJIHO NMpPU NPacKOBEHN AbPBETA,
a nsonarbT PPV-Rec n3o6uwo He
€ OTKPWUT.

42% OT n3cnefBaHuTe Kaicu-
eBu Npobu ca oTpuLartesiHM CNpsimMo
Tpute PPV wama. 16% oT npobute
ca mnscnegsaHn ot PPV-M, 8% ca
3apaseHn camo oT wama PPV-D.
Mpu kancumte, 32% OT npobute
CbAbpXaTr cMeceHaTa WHpeKLma
M+D, cnopep Hawute pesyntartu
wamose PPV-M n D ce nosssasart
npuénusntenHo npu 50-50% ot

In case of peach samples
50% of the studied trees were
infected by only PPV-M, but in
eleven samples PPV-M was
detected as in 42% PPV-M+D
infection occurred. PPV-D isolates
were not detected solo in peach
trees, and PPV-Rec isolate was
not detected at all.

42% of the examined apricot
samples were negative to these
three PPV strains. 16% of the
samples were infected by PPV-M,
8% were infected by PPV-D strain
individually. In case of apricot 32%
of the samples contain M+D mixed
infection, according to our results
the PPV-M and D strains occur
approximately 50-50% on the
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n3cnefBaHuTe Kancmesn gbpeeTa.
PekombuHaHTeH un301atr He e
OTYETEH HUTO NPU KalCcMeBun, HATO
npv NpackoBeHu obpBeTa.

Mpy NpobuTe OT CUMHMU CIMBU
e 3abefia3aH camMo eauH oTpuua-
TeneH pesynrtar, U ca OTKPUTK
BCMYkKM Tpu wama. 40% ot
C/IMBOBUTE NPO6K ca 3apas3eHn C
PPV-D, 16% c PPV-M un 8% ca
3apaseHn ot PPV-Rec. B Tpu
cnyyaa (24%) e noTBbpAeHa
nHekuunsa ot PPV-M+Rec.

n3BO4UN

Mpn wun3cnepsaHUTe npacko-
BEHW ObpBeTa, cnopen oyakBaHUS-
Ta, npeobnagasa wam PPV-M. OT
12 pwbpBeTa, 11 ca 3apaseHu c
TO3M WamMm U1 efHa oTpuuatesHa
npoba npousnu3a OT AbPBO B
MHOrO JIOWO CbCTOsAHME. Bbnpeku
ye nsonatnte PPV-D He ce npeHa-
CAT e(EeKTMBHO OT JIUCTHUTE
BbLUKW M He ce cpeLlarT 4yecTo npu
npackosuTe, MNOYTU MOMOBUHATA
n3cneaBaHn nNpackoBeHW npobwu
6axa CbC CMeceHa WHekuna ot
PPV-M+D.

EcTecTBeHUTE 3apasnm Ha
npackosn c¢ PPV-Rec ca MHoro
peakn 1 He ycnsaxme ga oTKpuem
PEKOMOUHAHTHM 130/1aTu B Npobu-
Te OT npackoBa (Hanpumep B
npoekTa SharCo, oT 223
pPeKOMOWHAHTHM un3o0/1aTa, efuvH
npousnu3a ot npackosa).

TpyaHo e pa ce Hanpasu
3aK/loyeHre Mo OTHOLWeHWe Ha
kaiicueBute  gbpBeTa, MNOHexe
noytM nosioBMHaTa npobu ca
oTpuuarenHu. [lpu 3apaseHuTe

examined apricot trees.
Recombinant isolate was detected
neither on apricot nor on peach
trees.

From plum samples one
negative result was observed, and
all of the three strains were
identified. 40% of the plum
samples were infected by PPV-D,
16% with PPV-M and 8% was
PPV-Rec infected. In three cases
(24%) PPV-M+Rec infection was
verified.

CONCLUSIONS

Among the examined peach
trees the PPV-M strain was in
majority as it was expected. From
12 trees 11 were infected by this
strain and the one negative sample
was originated a tree which was in
very bad condition. Despite the
PPV-D isolates are not effectively
transmittable by aphids and not too
common on peach, almost the half
of the studied peach samples were
infected by this strain in a mixed
infection with PPV-M.

Naturally PPV-Rec infected
peach trees are very rare
according to studies (e.g. in
SharCo project  from 223
recombinant isolates one
originated from peach), and in

connection with these results we
do not manage to detect
recombinant isolates in the
samples.

It is hard to make conclusion
in regards of apricot trees,
because almost the half of the
samples were negative. In the
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AbpBeTa wamose PPV-D n PPV-M
ce nosiBABaT MO OTAENIHO U B
CMeCeHN NHgekuunn.

OuvakBaHeTO 6e 3a npeobna-
pasal, PPV-D, HO B Ta3n 4acT Ha
oBoOLHaTa rpaguHa PPV-M ycnsasa
NIECHO fJa ce pa3npocTpaHn KbM
kalicneBuTe AbpBeTa OT NpPackoBu-
Te, ype3 Hal-eheKTUBHMUA MPEHO-
cuten M. persicae, KOeTo BoAu A0
npnénunsntenHo 50-50% 3apasa oT
wamose Marcus u Dideron. B
HacCToALWOTO u3cneABaHe He ca
YCTaHOBEHW PEKOMOUHAHTHU WK30-
natn npu Kancusra.

Mpn cnuBoBUTE AbpBETA,
cnopef, oyakBaHWATa, ca OTKPUTU
TpuTe wama obuyaliHn 3a YHra-
puA, KaKTo N cmeceHaTa HJeKums
Ha PPV-M+Rec. /IHTepecHO e, 4e
n3mexzay npoomute OT NPackoBu K
kalicum cmeceHata WHGEKUMs Ha
D+M e uyecTto cpeliaHa, npu
C/IMBOBUTE MpPo6M e OTKPUT camo
M+Rec. PekoMGUHaHTHUTE n30na-
TW ce cpewiar camo npu CUHATa
CN1Ba B TO3UN €KCMNEPUMEHT.

Cnopep Hawwute pesynrtartu,
B eKcnepumeHTasiHata OBOLUHA
rpagmHa npeobnagasa wam PPV-
M; oT 36 npobu, 22 cbabpxaT
TO3Y BUA, U30/1aT B CaMOCTOATEIHA
UM cMeceHa 3apasa. 15 npobu ca
3apaseHu ot wam PPV-D u B 4
npo6u e otTkpuT PPV-Rec.

Bposat Ha npobuTe e npeka-
NNEHO MaJTbK 3a Cepuo3HU 13BoaM,
HO npegnouyMTaHneTo Ha PPV wa-
MOBETe KbM TOCTONPUEMHULMTE,
cromeHaTu B npoy4saHeTo
n3rnexaja ce noTBbpxaasa

virus infected trees PPV-D and
PPV-M strains occur individually
and in mixed infection.

The expectation was PPV-D
dominance, but in this part of the
orchard PPV-M could spread
easily to apricot trees from peach
by the most effective vector M.
persicae, result the approximately
50-50% infection by Marcus and
Dideron strains.

In this study recombinant isolate
was not identified on apricot.

On the plum trees the three
strains common in Hungary were
identified as it was expected, and
PPV-M+Rec mixed infection was
detected on this part of the
orchard. It is interesting that
among the peach and apricot
samples D+M mixed infection was
frequent; in the plum samples only
M+Rec was detected.
Recombinant isolates only occur
on plum in this experiment.

According to our results in the
experimental orchard the PPV-M
strain is dominant; from 36
samples 22 contain this type of
isolate in solo or mixed infection.
15 samples were infected by PPV-
D strain and in 4 samples PPV-
Rec were detected.

This number of samples is
too low for serious conclusions, but
the host preference of PPV strains
mentioned by studies seems to be
confirmed.
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