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AHHOTALIUA
Bupyc mapku (ocrsl) ciuB (Plum pox virus, PPV) aB-
JISIeTCSI CAaMbIM BPeJJOHOCHBIM BUPYCHBIM ITaTOTE€HOM
KOCTOUYKOBBIX IIJIOLOBBIX KyJIbTyp. PPV xapakTtepusy-
eTCsI BLICOKOI TeHeTUUeCKOM BaprabeIlbHOCThIO 1 €T
MUpPOBad MOMYyNAL U ITogpasnendgercd Ha 10 wraM-
MOB, IPeICTaBISIIIINX CO60M MOHO(pUIETHYECKHE
TPYTIIIBbI TeHETUYECKY 6JIM3KOPOICTBEHHBIX U30JISITOB.
XapakTepHOU 0cO6eHHOCTDIO MOIYJISAIUY BUPYyca ap-
Ku ciuB B Poccutickoi demepaliuy IBISETCS HaIuume
SHAEMUYHBIX IITAMMOB X CAMO€E BBICOKOE B MUPE Te-
HeTH4YecKoe pazHoobpasue, 06yCI0BIEHHOE TIPUCYT-
cTBUeM 7 mrTaMMoB 3Toro Bupyca (C, D, M, Rec, W, CR
u CV) 3 10 usBecTHbIX. [lITaMMbl PPV pasniuyaioTcs
110 aHTUTEHHBIM U 3ITHUIEMUOJIOTMYECKIM CBOMCTBAM,
KpPYTY X0351€B, reorpaduuecKoi pacpoCTPaHEHHOCTH
U IaTOTEHHOCTMU [IJ19 PA3JIMYHBIX BULOB KOCTOUKOBBIX
KyJbTyp. BUpyc mIapKu CJAUB BbI3bIBAET HA JIMCThSIX
U ILJIOLAX KOCTOUYKOBBIX KYJIBTYD Pa3jiUuuHble TUIIBI
CUMIITOMOB, HEKOTOPbBIE U3 KOTOPBIX ABJISIOTCS LOCTA-
TOUHO BUAOCIEUDUIHBIMYU U MOTYT UMETh BakHOE
IVarHOCTUYECKOe 3HAUeHNe IIPY IIPOBeIeHnY o6ciie-
IoBaHUM. BeccuMIITOMHbBIE nHGp KUY A1 PPV He Xa-
PaKTepPHBI, HO CTEIIEHD BhIPAXKEHHOCTH CUMIITOMOB
MOJKET CyIIeCTBEHHO BapbUPOBAThCS B 3aBUCUMOCTHU
OT BUJla PACTEHUI-X035MHA, IITAMMa BUPyCa, CE30Ha
U KJIMMaTUYeCKUX yCJIoBUM. g guarHocTuku PPV
paszpaboTaHbI HaJIEXKHbIEe UMMYHOXVMUYECKUE U MO-
JIEKYJIIPHbIE METOABI AHAJIN3a, OJHAKO JUAaTHOCTUKA
10 CUMIITOMAaM I10-IIPEXHEMY SABJISETCH LOCTATOYHO
9 (GHEKTUBHBIM M HEIOPOTUM CIIOCOO0M ITIEPBUYHOIO
BBISIBJIEHUS PACTEHUN, 3apPaKEHHBIX STUM BUPYCOM.
B cTaThe IPUBOAUTCS aHAJIU3 MHOTOJIETHUX HaOI0-
IeHUU M0 CUMIITOMATOJIOTUM OCHOBHBIX IITAMMOB
BUPYyca MIapKu CJIUB, PAacIpoOCTPaHeHHBIX B Poccuii-
cxkot denmepanuu. KoHCTaTUPOBAHO, UTO Haubojee
JIETKO NUATHOCTUPYEMBIMU HA BCEX KOCTOUKOBBIX
KyJbTypax SIBJISIOTCS CUMIITOMBI U30JIITOB IITaMMa
D. CuMOTOMBI M30JATOB mTamMmmMa W, Kak IIpaBuUJo,
MaCKUPYITCS BO BTOPOU MOJIOBUHE BETE€TAIIMOHHOTO
ce3oHa. CuMNITOMBI M30J9TOB ImTaMMOB C 1 CR 6oJiee
WHTEHCHUBHO Pa3BUBAKTCSI Ha KOPHEBOU ITOPOCIU
pacTeHU BULIHY, M MeHee — Ha IJIOJOHOCIIIUX Je-
peBbsx. Onpegensmllee 3HaUeHUE AJ19 3P PEKTUBHO-
T'0 BBISIBJIEHUSI CUMITTOMOB BUPYCa IMIapKU CJIUB UMeeT
poBeleHKe 00CIeqOBaHU B OIITUMAaJIbHbIE CPOKH,
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ABSTRACT
Plum pox virus, PPV, is the most harmful viral patho-
gen of stone fruit crops. PPV is characterized by high
genetic variability and its world population is divided
into 10 strains, which are monophyletic groups of ge-
netically closely related isolates. A characteristic fea-
ture of the PPV population in the Russian Federation
is the presence of endemic strains and the highest
genetic diversity in the world, due to the presence of
7 strains of this virus (PPV-C, PPV-D, PPV-M, PPV-Rec,
PPV-W, PPV-CR and PPV-CV) out of 10 known. PPV
strains vary in antigenic and epidemiological prop-
erties, host range, geographic distribution and patho-
genicity for different stone fruit species. PPV causes
different symptoms on the leaves and fruits of stone
fruits, some of which are quite species-specific and can
be of important diagnostic value during inspections.
Asymptomatic infections are not typical for PPV, but
the severity of symptoms can vary significantly de-
pending on the host plant species, virus strain, season
and climatic conditions. Reliable immunochemical
and molecular analysis methods have been developed
for diagnosing PPV, but symptom-based diagnosis is
still a fairly effective and inexpensive way to initial-
ly identify plants infected with this virus. The article
provides an analysis of long-term observations on the
symptomatology of the main PPV strains common in
the Russian Federation. It has been stated that the
symptoms of PPV-D isolates are the most easily diag-
nosed on all stone fruit crops. The symptoms of PPV-W
isolates, as a rule, are invisible in the second half of
the growing season. Symptoms of PPV-C and PPV-CR
isolates develop more intensively on the root shoots of
cherry plants, and less on fruit-bearing trees. Conduct-
ing examinations at optimal times, which occur in late
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KOTOPbIE TIPUXOAATCS Ha TT03JHEBECEHHUY U DaHHE-
JIETHUU TIePUO].

Knrouesvle c106a. KOCTOUKOBbIE TIJIOJOBbIE KYIIb-
TYypBl, UMMYHOMEPMEHTHBIN aHANW3, oJMMepas3Has
1ernHas peakiius, paiiMepsl, HITAMMBL.

BBEJEHUE

upyc mapku (ocmbl) cauB (Plum pox
virus, PPV; pon, Potyvirus, ceM. Potyvir-
idae) BbI3BIBAET Y KOCTOUKOBBIX KYJIb-
Typ 60JI€3Hb, HA3bIBAEMYIO IAPKOM.
Peakiiusg pacTeHUS Ha 3apakeHue
5TUM BUPYCOM COTIPOBOXKIAETCS Ha-
KOIJIEHWEM aKTUBHBIX (DOPM KUCJIO-
pofia, UYTO TIPUBOAUT K ITOPaAXKEHUIO
XJIOPOILJIACTOB, (POTOCHHTETUUECKOTO aIlllapaTa 1 pas-
BUTHUIO BUAVMBIX CUMIITOMOB MH(EKITUY HA JINCTHIX,
IJI0Max, IBeTKax u ceMeHax (Clemente-Moreno et al.,
2015). Bupyc cnoco6eH 3apa)kaTh MPAaKTUYECKU BCE
pacTeHUsT KOCTOUYKOBBIX KYJBbTYP poma Prunus (ceM.
Rosaceae), a Tak)ke psi paCTeHUH U3 IPYTUX TAKCOHO-
Muueckux rpymnn (EPPO, 2024).

PPV cuuTaeTcd caMblM BPeJOHOCHBIM BUPYC-
HBIM ITaTOT€HOM KOCTOUYKOBBIX IJIOJIOBBIX KYJIbTYD,
BBI3BIBAET MpeXaAeBpeMeHHOoe MaccoBoe (mo 100%)
orajlaHue IJI0A0B, CHIYKAET UX KaueCTBO, UYTO IIPU-
BOLUT K 3HAUUTENIbHBIM IIOTEPSIM ypOXKas IMepcuka,
abpuKOCa, CIIMBBI M JPYTUX SKOHOMUYECKY 3HAYMMBIX
KyJbTYyp. EXXeromHbl# yuepb OT 3TOro BUpyca B MUpe
OIIEHVBAETCS B COTHU MUJIJILOHOB €BPO, 8 KOJIMUECTBO
YHUYTOXXEHHBIX 3aPa’KEHHbBIX JIePEBHEB UCUUCIISIETCS
muinuoHaMmu (Cambra et al., 2006).

Ha ocHOBaHNHU aHaJiM3a MOJHBIX ITOCIeI0oBa-
TEeJIbHOCTEH reHOMa B HACTOSIIee BpeMs PasindaioT
10 mrrammoB Bupyca: Dideron (D), Marcus (M), Recom-
binant (Rec), Cherry (C), Cherry Russian (CR), Cherry
Volga (CV), El Amar (EA), Winona (W), Turkish (T) u An-
cestral (An) James et al., 2013; Glasa, Candresse, 2020).
[IITaMMBbI IPEACTaBILI0T cO601 MOHOUIETUUECKYIE
TPYIIIIBI TeHEeTUYEeCKU OJIU3KOPOICTBEHHBIX U30JIs-
TOB. Hapsmy ¢ TOUeUYHBIMY MYTallMSIMY BaXXHYIO POJIb
B aBoJtoIMY PPV urpaet pexomouHanug (Glasa et al.,
2004; Glasa, Candresse, 2005; Hajizadeh et al., 2019).

MItammel PPV paznuyarnTcd 0 aHTUTE€HHBIM
U 3TMUIEMUOJOTUYECKUM CBOUCTBAM, KPYTYy X0O35€B,
reorpadryeckoil pacIpoCTPaHEHHOCTH U IIaTOreH-
HOCTH JAJISI Pa3JINYHBIX BUIOB KOCTOUKOBBIX KYJIBTYP.
B 3apy6esxHoii EBporie, CpeizaeMHOMOPCKOM 6acceli-
He, cTpaHax A3uu 1 AMepUKHU IIXPOKO pacIipocTpa-
HeHbl mTaMMBI D, M 1 Rec, ocTajibHbIE BCTpEeUYaTCI
penko u (MJIn) SHAEMUYHBI IJIs ONTPefeeHHbIX PETH-
0HOB. Tak, n30agThI IITaMMa EA HalileHbl [IOKA TOJIb-
Ko B Erumnte, a mramMma T — Tosibko B Typuuu. Enus-
CTBEHHBIN U3BECTHBIN M30JAT mTamMMa An (AL-11pl)
obHapyxeH B An6anuu (EPPO, 2024). IlItammsl C, CR,
CV u W BBISIBJIEHBI, 32 MAJIBIMU UCKJIIOUEHUSIMHU, ITOKaA
TOJIBKO Ha TeppuTopuu 6biBIIETO0 CCCP (TIpUX0abKO
uap.,2011,2012;2012a; 2013; Prikhodko et al., 2013,
2016; Glasa et al., 2012, 2013, 2014; Sheveleva et al.,
2012; 2013; Chirkov et al., 2013, 2016, 2018, 2018a;
2022; Shneyder et al., 2017).

spring and early summer, is crucial for the effective
identification of PPV symptoms.

Key words. stone fruit crops, enzyme-linked im-
munoassay, polymerase chain reaction, primers,
strains.

INTRODUCTION

lum pox virus, PPV; genus Potyvirus, fami-

ly Potyviridae, causes a disease called shar-

ka in stone fruit crops. The plant’s response

to infection with this virus is accompanied

by the accumulation of reactive oxygen spe-
cies, which leads to damage to chloroplasts, the pho-
tosynthetic apparatus and the development of visi-
ble infection symptoms on leaves, fruits, flowers and
seeds (Clemente-Moreno et al., 2015). The virus can
infect almost all stone fruit plants of the genus Prunus
(fam. Rosaceae), as well as plants from other taxonomic
groups (EPPO, 2024).

PPV is considered the most harmful viral patho-
gen of stone fruit crops, causing premature massive
(up to 100%) fruit drop, reduces their quality, which
leads to significant losses in the yield of peaches, apri-
cots, plums and other economically important crops.
The annual worldwide damage from this virus is esti-
mated at hundreds of millions of euros, with millions of
destroyed infected trees (Cambra et al., 2006).

Based on the analysis of complete genome se-
quences, 10 strains of the virus are currently dis-
tinguished: PPV-Dideron (D), PPV-Marcus (M),
PPV-Recombinant (Rec), PPV-Cherry (C), PPV-Cherry
Russian (CR), PPV-Cherry Volga (CV), PPV-El Amar
(EA), PPV-Winona (W), PPV-Turkish (T) and PPV-An-
cestral (An) (James et al., 2013; Glasa, Candresse,
2020). The strains represent monophyletic groups of
genetically closely related isolates. Along with point
mutations, recombination plays an important role in
the PPV evolution (Glasa et al., 2004; Glasa, Candresse,
2005; Hajizadeh et al., 2019).

PPV strains vary in antigenic and epidemiologi-
cal properties, host range, geographic distribution and
pathogenicity for different stone fruit species. PPV-D,
PPV-M and PPV-Rec are widespread in Europe, the Med-
iterranean basin, countries of Asia and America, the rest
are rare and (or) endemic to certain regions. Thus, PPV-
EA isolates have so far been detected only in Egypt, and
PPV-T - only in Turkey. The only known PPV-An isolate
(AL-11pl) was detected in Albania (EPPO, 2024). PPV-C,
PPV-CR, PPV-CV and PPV-W have been detected, with
few exceptions, so far only in the territory of the former
USSR (Prikhodko et al., 2011, 2012; 2012a; 2013; Prik-
hodko et al., 2013, 2016; Glasa et al., 2012, 2013, 2014;
Sheveleva et al., 2012; 2013; Chirkov et al., 2013, 2016,
2018, 2018a; 2022; Shneyder et al., 2017).

Thus, a characteristic feature of the PPV popu-
lation in Russia is the presence of endemic strains
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TakuM 06pa3oM, XxapaKTePHOU 0CO6GEHHOCThIO
TIOTIYJISIIIVY BUPYcCa Mapku cauB B Poccuu sBJsieTCS
HaJIMuye YHAEeMUYEeCKUX MITaMMOB U CaMO€e BBICOKOE
B MUpe reHeTUUecKoe pasHoobpasye, 06yCI0BIeHHOE
TIPUCYTCTBUEM Ha €e TEPPUTOPUU 7 IITAMMOB ITOTO
Bupyca (C, D, M, Rec, W, CR u CV) u3 10 U3BECTHBIX.
[TpeBanupywiiue B EBporne u Boctounom CpenuseM-
HoOMOpbe mrTaMmbl PPV-D, PPV-M u PPV-Rec, o Bcel
BUAMMOCTH, OBIIM MHTPOAYIMPOBaHBI B Poccuio
C eBPOIIENCKUMU COPTAMU PA3JIMYHBIX KOCTOUKOBBIX
KyJnbTyp. BiiMi3K0e POJICTBO POCCUNCKUX U eBpOMeli-
CKMX M30JIITOB 3TUX IITAMMOB IIOATBEPXKAAETCS (pu-
JIOTEHETUYECKUM aHaJIM30M I10CJeL0BaTEIbHOCTEN
UX TeHOMOB. XapakTepHas 0COOEHHOCTD MOMYJIAIUU
1apKy CIUB — pacIpocTpaHeHHOCTh mTaMmoB W, C,
CR u CV uckitouunTesibHO B Poccutickoit ®emepaliiuu.
Ha ¢punoreHeTnuueckux qepeBbax, pEKOHCTPYUPOBAH-
HBIX Ha OCHOBE YaCTUUHBIX WJIV IIOJHBIX [10CIEL0BA-
TEJIbHOCTEN reHOMa, 3TU MITAMMbl IPYIIUPYIOTCS
B OTZEeJNbHBIN cybkacTep. ®uloreHeTUUECKUN aHa-
Jun3 nokasbiBaeT, uyTo mraMMbl W, C, CR u CV umenu
ob11ero npeKa, v, Io-BUAMMOMY, 3Ta SBOJIOLIIOHHAS
BETBb ITOJIyUNJia Pa3BUTHE HA TEPPUTOPUU COBPEMEH-
HOUM Poccuu. I'unoTeTuyecKuil MpeoK MOT BO3BHUK-
HYTb B Poccuu mim IPOHUKHYTH U3 [lepemHel niu
CpenHelt A3uu ¢ 3apaXeHHBIMU PACTEHUSIMU T1JI0/I0-
BBIX KOCTOYKOBBIX KyJIbTyp. OLHUM U3 10KAa3aTEJIbCTB
BBILIEUBJIO)KEHHOW TUIIOTE3BI SIBJISETCS LIUPOKOE
pacnpocTpaHeHue mwramMmma PPV-W Ha cTapopyccKux
COPTax CIWBBI HAPOJHOM CEJIEKIINHU, PA3MHOXKaeMbIX
KopHeBOU mopociybio (Uupkos, [Tpuxombko, 2015;
Chirkov et al., 2018; 2022).

Bupyc mapku CIvB BbI3bIBAET HA JIUCTHSIX U ILJIO-
J1aX KOCTOUKOBBIX KYJIBTYD Pa3JIMUHbIe TUITbl CUMIITO-
MOB, HEKOTOPBIE 13 KOTOPBIX IBJISIOTCS TOCTAaTOYHO
BUJOCHEIUDUUHBIMU U MOTYT UMETb AUATrHOCTU-
JecKoe 3HaueHUe. B To )Ke BpeMsI MHTEHCUBHOCTD
U TUIIBI TIPOSIBJIEHUSI CUMIITOMOB MOTYT CyIIeCTBEHHO
BapbMPOBATHCS B 3aBUCUMOCTHU OT IITAMMOBOM TIPU-
HaJIJIEXKHOCTHU U30JISTOB. B JaHHON cTaThe MPUBENEH
aHaJIU3 CUMIITOMATOJIOTUY POCCUNCKUX U30JISITOB BU-
pyca LapKy CJINB Ha OCHOBHBIX PACTEHUAX-X03g9€eBax
B 3aBUCUMOCTH OT IITAMMOBOM ITPUHA/IJIEKHOCTY U30-
JIITOB 9TOTO BUpYycCa.

MATEPUAJIBI U METO/IbI

Vi3yueHue pacIpoCTPaHEHHOCTY BUPYyCa MapKY CIUB
MIPOBOJWJIN COTPYAHUKU TIOJBEIOMCTBEHHOro Poc-
ceJbX03Ha30py Becepoccuiickoro meHTpa KapaHTu-
Ha pactenuii (PI'BY «BHUUKP») B X0oZe CUCTEMAaTH-
YeCcKUX 00cHeJoBaHNYN HaCaXIEHUN KOCTOUKOBBIX
KyJIbTYP B Pa3JIUYHBIX CyObeKTax Poccuiickoit deme-
panuu B 2008-2020 rT. O6¢eoBaHUS OCYILECTBISAIN
B IPOMBINIJIEHHBIX caZlaX U MUTOMHHKAX KOCTOUKO-
BBIX TJIOJIOBBIX KYJIBTYP, HA JAYHBIX U ITPUYCaeOHbBIX
yJacTKax, JJaHAMa@THRIX HACAKIEHUSAX U Ha JUKO-
PACTYIIUX PACTEHUSIX, COTJIACHO MEXIOCYLapCTBEH-
Homy crtanpgapty 'OCT 33505-2015 «KapaHTuH
pacTeHui. MeTOAbl BBIABIEHUS U UACHTU(GUKAIINN
MMOTUBUMPYCA MAapPKU CIAUB», ¢ hoTorpadpoBaHUEM
CUMIITOMOB BUPYCOMOL00HBIX aHOMAIUH.
OTob6paHHBIE pPaCTUTENIbHbIe 06pa3iibl obcie-
IoBayiy B jabopaTopuu Ha Hajnuuume PPV. [lepBuu-
HBIY CKPUHUHTOBBIM TECT IPOBOAUJIN METOIOM
HN®A c TecT-cucTeMaMy Ha OCHOBE ITOJMKJIOHAJIb-
HBIX aHTUTEN hupm Adgen (BemukobpuTanus), ACD,

and the highest genetic diversity in the world, due to
the presence of 7 strains of this virus on its territory
(PPV-C, PPV-D, PPV-M, PPV-Rec, PPV-W, PPV-CR and
PPV-CV) out of the 10 known ones. The strains PPV-D,
PPV-M and PPV-Rec, which are prevalent in Europe
and the Eastern Mediterranean, were apparently in-
troduced into Russia with European varieties of var-
ious stone fruits. The close relationship of Russian
and European isolates of these strains is confirmed
by phylogenetic analysis of their genome sequences.
A characteristic feature of PPV population is the prev-
alence of strains PPV-W, PPV-C, PPV-CR and PPV-CV
exclusively in the Russian Federation. On phylogenetic
trees reconstructed from partial or complete genome
sequences, these strains are grouped into a separate
subcluster. Phylogenetic analysis shows that strains
PPV-W, PPV-C, PPV-CR and PPV-CV had a common
ancestor, and, apparently, this evolutionary branch
developed on the territory of modern Russia. The hy-
pothetical ancestor could have originated in Russia or
invaded from Western or Central Asia with infected
stone fruit plants. One of the proofs of the above hy-
pothesis is the widespread distribution of the PPV-W
strain on old Russian plum varieties of folk selection,
propagated by root shoots (Chirkov, Prikhodko, 2015;
Chirkov et al., 2018, 2022).

PPV causes different types of symptoms on the
stone fruit leaves and fruits, some of which are quite
species-specific and may be of diagnostic value. At
the same time, the symptoms intensity and types can
vary significantly depending on the isolate strain.
This article provides an analysis of the symptomatol-
ogy of Russian PPV isolates on the main host plants,
depending on the strain affiliation of the isolates of
this virus.

MATERIALS AND METHODS

The prevalence of PPV was studied by researchers of
FGBU “VNIIKR”, subordinate to Rosselkhoznadzor,
during systematic surveys of stone fruit plantings in
various regions of the Russian Federation in 2008-
2020. The surveys were carried out in industrial gar-
dens and nurseries of stone fruit crops, in summer
cottages and garden plots, landscape plantings and
on wild plants, in accordance with the interstate stan-
dard GOST 33505-2015 “Plant Quarantine. Methods
for detecting and identifying PPV”, with photographing
symptoms of virus-like anomalies.

Selected plant samples were examined in the lab-
oratory for the presence of PPV. The primary screening
test was carried out by ELISA with test systems based
on polyclonal antibodies from Adgen (UK), ACD, Agdia
(both USA), Bioreba (Switzerland), DSMZ and Loewe
(both Germany) and test systems based on monoclo-
nal antibodies 5B-IVIA from Agritest (Italy), according
to the instructions supplied with the kits. Confirmatory
tests were carried out with test systems for real-time
PCR (RT-PCR) for PPV from Agrodiagnostica and Syn-
thol (both RussiarT), a test system for FLASH-PCR for
PPV (Agrodiagnostica) and the classical RT-PCR meth-
od with primers P1/P2 (Wetzel et al., 1991), 3 "'NCP

2024 rod - 20 net Poccenbxo3Hadsopy 4



OWATHOCTUKA  DIAGNOSIS

Agdia (o6e — CIIIA), Bioreba (IllBefiriapus), DSMZ
u Loewe (06e — [epMaHMs) 1 TECT-CUCTEMbI Ha OCHOBE
MOHOKJIOHaJIbHBIX aHTUTeN 5B-IVIA dhupmer Agritest
(Utanus), corjiacHO mpujiaraeMbiM K HabopaM MH-
cTpykiuaM. [ToaTBepxgaoilre TeCThl TPOBOAUIIN
c TecT-cuctemamu gu4 I[11IP B pealbHOM BpeMeHU
(OT-TILIP-PB) k PPV ¢hupm ArpoguarHoctvuka u CuH-
ToJI (06e — Poccust), TecT-cucteMoi aJist FLASH-TILIP
K PPV (ArpomyarHoCTHKa) ¥ METOIOM KJIAaCCUUECKOM
OT-TILIP c mpaiimepamu P1/P2 (Wetzel et al., 1991),
3’'NCP sense/3 'NCP antisense (Levy, Hadidi, 1994)
¥ sl/as2 (ArpoguarHOCTHKA), KOTOPbIE€ ITO3BOJISIOT
IOUArHOCTUPOBATh KOMILJIEKC 130J4TOB PPV BHe 3aBU-
CHMMOCTHM OT UX IITaMMOBOM npuHamiaexHoctu (I1pu-
XOIIbKO U Ip., 2019).

[TepBUYHYI UIAeHTUPUKAIIUIO LITAMMOB PPV
npoBoauiu metonoM TAS-ELISA ¢ TecT-cucTeMamMu
Ha OCHOBE MOHOKJIOHAJIbHBIX aHTuTes 4DG5, Al, AC
u EA-24, cnequUYHBIX COOTBETCTBEHHO K IITaM-
maMm D, M, C u EA nipousBozcTBa pupmbl Agritest
(Uranus). JaabHEUIIYIO UAeHTUDUKAIIUIO ITAMMOB
PPV ocyIiecTBISIN MeTOAOM Kjaccudyeckoit OT-TILIP
C UCTOJIb30BAHUEM CJeAYIoUUX MTaMMcIenudpuy-
HBIX TIpaliMepoB: K mTamMmmy D — mpatimepst P1/PD
(Candresse et al., 1995), mD3/mDS5 (Subr et al., 2004)
u M1/M5 (Szemes et al., 2001), k mrtaMmmy M — mipatime-
pet P1/PM (Candresse et al., 1995), mM3/mM5 (Subr
et al., 2004) u M6/M7 (Szemes et al., 2001), k mTam-
My Rec — npaiiMepsl mM3/mD5 (Subr et al., 2004),
k mrammy C — mpatimepsl CSoc-2/HSoC-2 (Nemchinov,
A. Hadidi, 1998) u M10/M11 (Szemes et al., 2001),
Kk mramMMy W — npatiMmepsr 3174-sp-F3/3174-sp-R1
(James, Varga, 2004) u W8328F/W8711R (Glasa et al.,
2011) u k mramMmmy CR — mpatimepsl CR8597F/CR9023R
(Glasa et al., 2013). OkoHYATENbHYIO UIEHTU(DUKAIIAIO
IITAMMOB BUPYCa IAPKU CJIWB BBITIOJHSIN METOLOM
CEeKBEHUPOBAHUS TOJYUEHHBIX TPOAYKTOB aMILJIN-
¢ukal Uy reHeTu4YecKoM aHajusatope ABI PRISM
3500 (Applied Biosystems, CIIIA) ¢ UCITOJIb30BAHUEM
Habopa BigDie Terminator v.1.1 Cycle Sequencing
Kit, corJlacHO peKOMeHJallsIM IIPOMU3BOAUTENSA. AHA-
JIV3 TIOJIyYEeHHBIX T0CJIeN0BaTEIbHOCTEHN TTPOBOIUIN
C UCIIOJIb30BaHUEM IMaKeTa mmporpamMMm BioEdit 7.051
u MEGA 4.0.

PE3VJIBTATBI U OBCYKJEHHE

B pesyibTaTe MHOTOJETHUX HCCJeNOBAaHUUN HaMU
OBLIO BBISBJIEHO 395 M30JIATOB BUPYCA IAPKU CJIUB,
oTHOcamuxca K mramMmmam D (148 usonaros), W (109
u30ya4T0B), CR (85 usongaros), C (27 u30a9TOB), M
(25 mzonaToB) u Rec (1 m304T), KOTOPbIe XPaHAT-
cs B pabouell KOJJIEKIIUY BUPYCOB HAYYHO-METO-
nu4deckoro orgena supycosioruu by « BHUMKP».
Ananus pacnpocTpaHeHHocTu PPV Ha TeppuTopuu
Poccuu MpuBeieH B Psjie TIPeINIeCTBYIONUX My06In-
kanui (Prikhodko et al., 2013, 2013a; 2016; Yup-
KOB, [Ipuxombko, 2015). MHOTOUYMCIEHHbIE U30JISThI
mramMmoB C, CR, CV, D, M, Rec 1 W OBIJIY BBISIBJIEHBI
Takxxe Bupycojgoramu MI'Y umenu M.B. JlJomoHO-
COBa B Pa3JIMYHBIX perrnoHax EBpOIercKol yacTu
Poccutickoit ®demepanum (Sheveleva et al., 2012,
2013; Chirkov et al., 2013, 2016, 2018, 2018a, 2022;
3akyb6aHckuii u gp., 2016).

ITomaBasoliee 6OJbIIMHCTBO BBISIBJIEHHBIX OUa-
TOB BUpYcCa IIapKY CJIUB K HACTOSIIEMY BPeMeHU JINK-
BUIUPOBAHO.

sense/3 "NCP antisense (Levy, Hadidi, 1994) and s1/
as2 (Agrodiagnostica), which allow diagnosing a com-
plex of PPV isolates regardless of their strain affiliation
(Prikhodko et al., 2019).

The primary identification of PPV strains was
carried out by the TAS-ELISA method with test sys-
tems based on monoclonal antibodies 4DG5, Al, AC
and EA-24, specific for strains PPV-D, PPV-M, PPV-C
and PPV-EA, respectively, produced by Agritest (Italy).
Further identification of PPV strains was carried out
by classical RT-PCR using the following strain-specific
primers: for PPV-D — primers P1/PD (Candresse et al.,
1995), mD3/mD5 (Subr et al., 2004) and M1/M5 (Sze-
mes et al., 2001), PPV-M — primers P1/PM (Candresse
et al., 1995), mM3/mM5 (Subr et al., 2004) and M6/M7
(Szemes et al., 2001), PPV-Rec — primers mM3/mD5
(Subr et al., 2004), PPV-C — primers CSoc-2/HSoC-2
(Nemchinov, Hadidi, 1998) and M10/M11 (Szemes et
al., 2001), PPV-W - primers 3174-sp-F3/3174-sp-R1
(James, Varga, 2004) and W8328F/W8711R (Glasa et
al., 2011) and for PPV-CR — primers CR8597F/CR9023R
(Glasa et al., 2013). The final identification of PPV
strains was performed by sequencing the obtained
amplification products on an ABI PRISM 3500 genetic
analyzer (Applied Biosystems, USA) using the BigDie
Terminator v.1.1 Cycle Sequencing Kit, according to
the manufacturer’s recommendations. Analysis of the
obtained sequences was carried out using the BioEdit
7.051 and MEGA 4.0 software package.

RESULTS AND DISCUSSION

As aresult of long-term research, 395 PPV isolates were
identified belonging to strains PPV-D (148 isolates),
PPV-W (109 isolates), PPV-CR (85 isolates), PPV-C (27
isolates), PPV-M (25 isolates) and PPV-Rec (1 isolate ),
which are stored in the working viruses collection of
the Research and Methodology Department of Virology
and Bacteriology, FGBU “VNIIKR”. An analysis of the
PPV prevalence in Russia is presented in some of the
previous publications (Prikhodko et al., 2013, 2013a;
2016; Chirkov, Prikhodko, 2015). Numerous isolates
of PPV-C, PPV-CR, PPV-CV, PPV-D, PPV-M, PPV-Rec
and PPV-W were also identified by virologists of Lo-
monosov Moscow State University in various regions of
the European part of the Russian Federation (Shevele-
va et al., 2012, 2013; Chirkov et al., 2013, 2016, 2018,
2018a, 2022; Zakubansky et al., 2016).

The vast majority of identified PPV outbreaks
have now been eliminated.

Prunus domestica in the European part of the Rus-
sian Federation is dominated by PPV-D and PPV-W.
These strains are spread over a vast territory: from
Novgorod Oblast in the north to the Republic of Dages-
tan and the Republic of Crimea in the south. PPV-M
isolates were detected only in Krasnodar Krai and
Stavropol Krai. A few PPV-Rec isolates were detected
on this crop only in Stavropol Krai.

Prunus x rossica is dominated by PPV-D isolates;
PPV-W are much less common.

Significant differences were stated in the symp-
tomatology of the identified isolates, which depended
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Ha cinuse gomautaeit (Prunus do-
mestica) B EBpomeiickoii yactu PO
JLOMUHUDPYIT wtaMMbl D u W Bupyca
WapKW CJIWB. OTU WITAMMBI PaclIpo-
CTpaHeHbl HA OTPOMHOU TEPPUTOPUU:
oT HoBropojcKoi o6acTu Ha CeBepe
o Peciy6nuku JlarectaH v Pecrry6iin-
Kz KpeIM Ha tore. M3014ThI iTaMMa M
OBLIV BBISBJIEHBI JUIIb B KpacHOmap-
ckoM u CTaBpPOIIOJILCKOM Kpagax. He-
MHOTOUYVCJIEHHbIE M30JSThI MITaMMa
Rec BbISBJIEHBI HAa 3TOU KYJIBTYPE JIUIIb
B CTaBpPOIIOJILCKOM Kpae.

Ha ciuBe pycckoii (Prunus x rossi-
ca) mpeobyrafaT U30JISTh ITaMMa D;
3HAUUTEJIbHO PeXe BCTPEeYaloTCs U30-
JaTeI rramMmma W.

KoncTaTupoBaHsbl CylleCTBEHHEBIE
pas3inumg B CUMIITOMATOJIOTUY BBISIB-
JIEHHBIX U30JISITOB, KOTOPbIe 3aBUCEIN
OT UX UITAMMOBOU NMPUHAAJIEKHOCTH,
YCTOMYMBOCTY PACTEHUII-X0351€B U T10-
TOLHBIX YCJIOBUM BETETAIIMOHHOTO Ce-
30Ha.

B TUIIMUHBIX CIIyyasgX CUMIITOMBI
IIapKY Ha JINCThSIX KOCTOUKOBBIX KYJIb-
TYP MOSIBJISIIOTCS Ha IIEPBBIX BECEHHUX
JIMCTBHAIX M0CJe LOCTU)KEHUS UMY HOD-
MaJIbHOU BEJIMUWHBI.

[Tpu 3apaXeHUU PACTEHUH CIUBBI
noMaliHel usojdaramMu mramma PPV-D

Ol

Puc. 1. CumnToMbl xnopoTuyveckon konbyatoctu  Fig. 1. Chlorotic
XapPaKTEepPHO HaJW4u€ CHUMIITOMOB 3 nucTbsX pacTeHUii CIMBbI OMaLIHEN

ring symptoms on the leaves

B BHUJe KOJIel] MJIU KOJbIeBOU IAT-  (Prunus domestica), 3apakeHHbIx poccunickumn  of Prunus domestica, infected

HUCTOCTY Pa3IMUYHON NHTEHCUBHOCTU  M3onsiTamu wramma PPV-D pasnuyHoro
MIPOSIBJIEH NS, KOTOPAasd BJIMXKe K OCEHM  eorpatuyeckoro npoucxoxaeHus:

OGBIYHO BHUAOM3MEHSIETCS B XJIOPO- 1 - U3onarT LipZ-13, c. EBpasua-21, Jliuneukas
obnacTb, 2 — usonat RzG-1, MockoBckas

obnactb, 3 — usonar VolV-103,
Bonrorpapckas obnactb, 4 M usonst S-1,
c. PeHknop, Jlusa, MockoBckas obnacTb),
MIOXKeJITeHUe XXUJIOK JIUCTbeB. TaKhue 5 _ y30na7 STNC-3, MockoBckas o6nacTb,
CUMIITOMBI TUIINYHBI KaK OJd €BPO- 6 - usonat RamD-1, MockoBckas 06nacTb
neiickux (EPPO, 2024)), Tak 1 gJist poc-  (choto HO.H. NMpuxopbko)

TUYECKUI PUCYHOK. Ha HEKOTOPBIX
copTax CAWBbI, HAPALY C BBILMIEOIIN-
CaHHBIMU CHMIITOMaMH, Pa3BUBAETCS

CUHCKUX 130J9TOB PPV aTOTO IITamMMa
(Puc. 1-2).

HawunbGojsiee MHTEHCHUBHBIE U YETKO IIPOSBIIAIO-
IIYeCcs CUMIITOMBI KOJbYATOCTY U KOJbIEBOM IIAT-
HUCTOCTY O0O6BIYHO HABJIIOLA0TCS B TIEPUOJT C KOHITA
Mas 10 KOHIIA NIOHS TP YCIOBUY YCTOMUMBBIX THEB-
HBIX TeMmepatyp He Boime 25 ° C. ITpu 60Jiee BBICOKUX
JIHEBHBIX TEMIIEPATYPAX STU CUMIITOMBI JJOCTATOYHO
6pIcTpO (B TeueHue 7-10 mHelt) TpaHCHOPMUPYIOTCS
B XJIOPOTUYECKUY PUCYHOK HeoIlpeaeeHHON dhop-
MBI, COUETAIIUNCI C MTHTEHCUBHOU XJIOPOTU3aliel
TJIaBHBIX )KUJIOK JUCTheB. OJJHAKO Jake MPU yCJI0-
BUU BBICOKOU TeMITepaTyphbl BO3AyXa B ITO3HEJIET-
HUM-PAaHHEOCEHHU! MEPUOJ, CUMIITOMBI 3apPaskeHU s
pacTeHuy CIWBBHI JOMAIIHEHN M30JATAMM HITaMMa
PPV-D MOXXHO fuarHoCTUPOBATh BILJIOTH 10 Hauaja
JINCTOTIaIa.

Ha nucThax 3apa’keHHBIX PACTEHUHN CIUBbI PyC-
CKOW, WJIM aJIbIYM pyccKou (Prunus x rossica), M30JsIThI
mramMma PPV-D npeumylecTBEHHO BbI3bIBAKOT CUM-
TITOMbBI UHTEHCHUBHOTO ITOXKEJITeHN TJIaBHBIX KUJIOK
JINCThEB, MHOT/Ia COYETAIOIIEr0CS C CUMIITOMaMU MEX-
JKMJIKOBOTO XJIOPOTUYECKOTO pucyHka (Puc. 3). B oT-
JIMYKe OT CJUBBI JOMAaIIHEH, Ha MHOUIIMPOBAHHBIX

with Russian PPV-D isolates
of various geographical origin:
1 - LipZ-13, c. Eurasia-21,
Lipetsk Oblast, 2 - RzG-1,
Moscow Oblast, 3 - VolV-103,
Volgograd Oblast, 4 - S-1,
Renklod Liya, Moscow Oblast,
5 - STNC-3, Moscow Oblast,
6 — RamD-1, Moscow Oblast
(photos by Yu.N. Prikhodko)

on their strain affiliation, the resistance of host plants
and the weather conditions of the growing season.

In typical cases, PPV symptoms on the leaves of
stone fruit crops appear on the first spring leaves after
they reach normal size.

When domestic plum plants are infected with
PPV-D isolates, they are characterized by the symp-
toms in the form of rings or ring spots of varying in-
tensity, which usually changes into a chlorotic pattern
closer to autumn. In some plum varieties, along with
the symptoms described above, yellowing of the leaf
veins develops. Such symptoms are typical for both
European (EPPO, 2024) and Russian PPV isolates
(Fig. 1-2).

The most intense and clearly manifested symp-
toms of ringing and ring spotting are usually ob-
served from late May to late June, subject to stable
daytime temperatures not exceeding 25°C. At higher
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BUPYCOM PACTEHUSAX CIUBBI PYCCKOU
WHTEHCUBHOCTb Pa3BUTHUSI CUMIITOMOB
IIPOTPECCUPYET K KOHITY BETeTAIOH-
HOTI'0 Ce30Ha.

Ha pacTeHusx CIMBBI JOMallIHEeH,
3apa)keHHBbIX M30JIATaMM IITaMMa
PPV-W, cMMOTOMBI KOJIbIIEBOU IIAT-
HUCTOCTY HaBJIIOA0TCS OUYEHD PELIKO,
a mpeob6jagamIiuil TUM CUMITOMOB
TIPeCTaBISET COO0U XJTOPOTUUECKUY
PUCYHOK Pa3jInuHONM MHTEHCUBHOCTU
nposiBjaeHus. Yalle BCETO 3TU CUM-
TITOMBI BBIPa)XEHBI CJ1a60 ¥ 3aMeTHBI
JINIIb ITPU TPOCMOTPE JIUCTHERB B TIPO-
xojaieM cBeTe. OJHAKO Ha JIUCTbIX
HEKOTOPBIX COPTOB PAa3BUBAETCS J0-
CTaTOYHO WHTEHCUBHBIN XJOPOTU-
yeckud pucyHok (Puc. 5). Hauunas
C CepenuHbI JeTa, 1 0CO6EeHHO B yC-
JIOBUSIX )KapPKOM TOTO/IbI, CUMIITOMBI
u3054T0B Wwramma PPV-W cyiectBeH-
HO ocJyiabeBalOT U Kak Gbl pa3MbIBa-
I0TCSI, yTpauuBas AUAarHOCTUYECKOe
3HaueHue. Takue CUMITOMBI JIErKoO
CITyTaTh C BO3[IEMCTBUEM PABJIMUHBIX
HebJaTONMPUATHBIX abUOTUYECKUX
(axTopoB. JIUCThS, pacIIyCcKawIuecs
B YCJIOBUSIX YKapPKOU MOTOMIbI, OGBIYHO
He UMeIOT CUMIITOMOB M 3apa’XeHbl
BUPYCOM B JIJaTeHTHOU hopme. Hambo-
Jiee CJIO)KHO JUAarHOCTUPOBATh ITaMM
PPV-W Ha KOpHeCOOGCTBEHHBIX COPTaX

CJIMBBI OTE€UECTBEHHON HAPOJAHOM C€~  pyc, 2, CUMNTOMbI XJIOPOTUYECKOI KonbLeBoi  Fig. 2. Chlorotic ring-

JIEKIIUHY, IVPOKO PACTIPOCTPAHEHHBIX  MNATHUCTOCTU Ha JIMCTbAX PACTEHUI CIUBbI

spot symptoms on the leaves

Ha JaYHBIX U MpUycamebHbIX yyacT- AomalHei (Prunus domestica), 3apakeHHbIX of Prunus domestica, infected

Kax. Ha JINCThAX TaKMX COPTOB MOTYT  POCCUICKMMU N30ISITAMM WTaMMa

pa3BUBATBCS JIMIID ciiabble XJ0po3pr, P PV-D pasnuuHoro reorpaguyeckoro
npoucxoxpeHus: 1 — nsonar RZT-3,

MockoBckasa obnacTtb, 2 — usonart Z-12,
MockoBckasi o6nactb, 3 — usonsr LipK-205,
Jluneukas obnactb), 4 — usonar STN-42,
CMMIOTOMATOJOrUsS WITAMMA  Mockosckas o6nactb, 5 — nsonat D-008,
PPV-W ma camBe pycckoii (Puc. 5) Pecny6nuka [JarectaH, 6 — nusonst RZT-2,

KOTOPBIE JIETKO CITyTaTh C CUMIITOMA-
My medUIIUTa a30Ta U U3BECTKOBOIO
XJIOpO3a.

with Russian PPV-D isolates

of various geographical origin:

1 - RZT-3, Moscow Oblast,

2 -Z-12, Moscow Oblast,

3 -LipK-205, Lipetsk Oblast),

4 -STN-42, Moscow Oblast,

5 -D-008, Republic of Dagestan,
6 — RZT-2, Moscow Oblast)

NpakTUUYeCKM UJIeHTUYHA CUMIITO- MockoBckas obnactb) (dhoto HO.H.Mpuxopbko)  (photos by Yu.N. Prikhodko)

MaTOJIOTUU STOr0 LITaMMa Ha CJIMBe
IoMamHeld. HaumHas ¢ cepeiluHbI BETeTaluOHHOTO
TIepUOa, XJIOPOTUUECKUY PUCYHOK BUIOU3MEHSIETCS
B 1uddy3HBIN XJI0P0O3, HEOTINUNMBIN OT CUMIITOMOB
nedunura MUHEPAJIbHOTO IUTAHUSA.

[Ipu 3apaXeHUU CJIUBBI JOMAUIHEN MITaMMOM
PPV-M HamboJjiee 4acTO Pa3BUBAETCS OTUETINBOE
TI0XKeJITEHVE [JIaBHBIX KUJIOK JIUCTHEB, NHOIZA coYe-
TalolIeecs ¢ KOJIbIIEBOU MATHUCTOCTBIO, IPUYPOUYEH-
HOU ualle BCero K BepxyuikaM Juctbes (Puc. 6). ITo
WHTEHCUBHOCTY IIPOSIBIIEHUS 3TU CUMIITOMBI OGBIYHO
3aHUMAKT [IPOMEXYTOUHOE II0JIOKEHYE MEXIY CUM-
TITOMATOJIOTYEel N30JIITOB mTaMMoB PPV-D u PPV-W.

Ha InCThSIX paCTEeHUN aJIbIYH, UJIU CIUBBI PACTO-
TIBIPeHHOU (Prunus cerasifera), B pe3ysbTaTe 3apaxe-
Husg PPV-D pa3BuBaeTCs XJIOPOTUUYECKUN PUCYHOK,
MIPUYPOYEHHBIN K TJIABHBIM XXUJIKAM U XOPOIIO pas-
JIMYUMBIN JIUIIb B IPOXOAsIneM cBeTe (Puc. 7). Takue
CUMIITOMBI Yallle BCEro Pa3BUBAIOTCSA Ha KOPHEBOU
TIOPOCJIU TIOJBOEB aJIbIUM, HA KOTOPbIE GbLIN ITPUBU-
Thl UHQUIIVPOBAHHBIE BUPYCOM IIPUBOU CJIUBHI [I0-
MalrHel. B To ke BpeMs Ha HEIIPUBUTHIX AUKOPACTY-
VX PACTEHUIX aJbluy CEMEHHOI0 IPOUCXOXKIEHUA

daytime temperatures, these symptoms quickly (with-
in 7-10 days) transform into a chlorotic pattern of un-
certain shape, combined with intense chlorotization of
the main leaf veins. However, even with high air tem-
peratures in late summer-early autumn, symptoms of
infection of domestic plum plants with PPV-D isolates
can be diagnosed until the beginning of leaf fall.

On infected Prunus x rossica leaves, PPV-D isolates
primarily cause symptoms of intense yellowing of the
main leaf veins, sometimes along with interveinal
chlorosis (Fig. 3). Unlike Prunus domestica, on virus-in-
fected Prunus x rossica plants, the intensity of symptom
development progresses towards the end of the grow-
ing season.

On Prunus domestica infected with PPV-W isolates,
chlorotic ring-spot symptoms are very rare, while
the most common symptom is chlorotic pattern of
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Puc. 3. CUMNTOMbI POCCUIACKUX U30NATOB WiTamma PPV-D, Fig. 3. Symptoms of the Russian PPV-D isolates
BbIsIBNIeHHbIX B Pecnybnvke KpbiM, Ha TIUCTbAX CUBbI detected in the Republic of Crimea, on Prunus x rossica
pycckoii (Prunus x rossica): 1 — uzonat Crimea-14, 2 — usonatr  leaves: 1 — Crimea-14, 2 — Crimea-27, 3 —Crimea-28
Crimea-27, 3 — usonart Crimea-28 (¢poto H0.H.Mpuxoabko) (photos by Yu.N. Prikhodko)

B yCJIOBUSX PP BUPYC MAapKU CIUB BCTPEUAETCS OUeHb
penko (Yupkos, ITpuxombko, 2015).

Ha a6pukoce o6bIKHOBEHHOM (Prunus armenia-
ca) B PO mpeuMyIeCTBEHHO PACIIPOCTPaHEH IMTaMM
PPV-D. Bckope 1ociie paciiycKaHus Ha JTUCThIX MHPU-
IIMPOBAaHHBIX PAaCTeHUH abprKoca MMOSBISIOTCS CBET-
JI0-3eJIeHbIe TIATHA U KOJIbITa, KOTOPbIE JIyUIlle Pasjin-
YKMMBI B IIPOXOZSIIIEM CBETE. B ITOCIeAyI0IEM Ha 9TUX
JINCTHSAX PA3BUBAETCS XJIOPOTUUECKUHN PUCYHOK, TPU-
YPOUEHHBIHN K )KMJIKaM ITePBOT0 ¥ BTOPOTO MOPSIIKA.
[1pY CUJIPHOM 3apa’keHUH STU CUMIITOMBI COUETAITCS
C MOPIIMHUCTOCTBIO U fedhopMatiien auctbes (Puc. 8).

different intensity. Most often, these symptoms are
weak and can be seen only when inspecting leaves
in transmitted light. However, a fairly intense chlo-
rotic pattern develops on the leaves of some varieties
(Fig. 5). Starting from mid-summer, and especially in
hot weather conditions, the symptoms of PPV-W iso-
lates significantly weaken and seem to blur, thereby
losing their diagnostic value. Such symptoms are easily
confused with the effects of various unfavorable abiotic
factors. Leaves that sprout in hot weather usually have
no symptoms and are latently infected with the virus.
It is most difficult to diagnose PPV-W on native-rooted
plum varieties of domestic selection, which are wide-
spread in summer cottages and household plots. Only
mild chlorosis can develop on the leaves of such vari-
eties, which can easily be confused with symptoms of
nitrogen deficiency and calcareous chlorosis.

The symptomatology of PPV-W on Prunus x rossi-
ca (Fig. 5) is almost identical to the symptomatology
of this strain on Prunus domestica. Starting from the
middle of the growing season, the chlorotic pattern
changes into diffuse chlorosis, indistinguishable from
symptoms of mineral nutrition deficiency.

i

N3oaaT RD-1, N3o0saT RamCh-2, When Prunus domestica is infected with PPV-M,

CJIMBa JOMAIIHASA CJIMBa JOMAIIHAS a distinct yellowing of the main leaf veins most often

(MockoBcKas 06J1aCTh) (MocKkoBcKas 06J1aCTh) develops, sometimes combined with ring spots, most
often confined to the leaf apex (Fig. 6). In terms of man-
ifestation intensity, these symptoms usually occupy an
intermediate position between the symptomatology of
PPV-D and PPV-W isolates.

\

MN3o0iaT Crimea-22 N3o0aatT STNA-7,

CJIMBA JIOMAaNIHSIS CJIMBA JIOMaIIHAS

(Pecny6iinka Kpbim) (MocKkoBcKast 06J1aCTh)

Puc. 4. CAMNTOMbI POCCUIACKUX Fig. 4. Symptoms of Russian PuUC. 5. CUMNTOMbI 30ONSIT Fig. 5. Symptoms of the

¥301ATOB Wramma PPV-W Ha PPV-Wisolates on the Crimea-12 wramma PPV-W  PPV-W isolate Crimea-12

JINCTbAX CNUBDI :u,omaumeﬁ leaves of Prunus domestica: Ha NINCTBAX CAMBBI PYCCKOW  on Prunus x rossica leaves

(Prunus domestica): 1 - usonar 1 -RD-1, Moscow Oblast, (@oTo H0.H. MpuxoabKo) (photo by Yu.N. Prikhodko)

RD-1, MockoBckas o6nacTb, 2 — RamCh-2, Moscow

2 — usonat RamCh-2, Oblast, 3 —Crimea-22,

MockoBckasa obnactb, 3 —usonat Republic of Crimea,
Crimea-22, Pecnybnuka Kpbim, 4 — STNA-7, Moscow
4 — nzonat STNA-7, MockoBckas  Oblast) (photos by
obnactb) (hoto KO.H.Mpuxopbko)  Yu.N. Prikhodko)
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Puc. 6. CUMNTOMbI POCCUIACKUX
n3onatos wrtamma PPV-M,
pacnpocTpaHeHHbIX

B CTaBpOMosibCKOM Kpae,

Ha JIUCTbAX C/IMBbI AOMaLUHEN leaves: 1 -StG-27,
(Prunus domestica): 1 - usonar Stanley variety,

StG-27, copt Ctennu, 2 —mnsonat 2 — StM-7, Kabardinskaya
StM-7, copt KabappuHckas early variety (photo by
paHHsa (doTo HO.A. WHewpgepa)  Yu.An.Shneyder)

Fig. 6. Symptoms of
Russian PPV-M isolates
spread in Stavropol Krai
on Prunus domestica

VHTEHCUBHOCTDh Pa3BUTHUSA CUMIITOMOB JOCTUTAET
MaKCHUMyMa B UI0JIe, a 3aTEeM IIOCTEIIEHHO CHUKAETCS
BILJIOTH IO TIOJTHOY MaCKUPOBKYU K KOHILY BeTreTaluu.
Ha nucThax, paclyCTUBLIUXCS B O3HEeBECEHHUNU
U JIETHUY TIEPUO]T, CUMIITOMBI Yallle BCET'0 OTCYTCTBY-
10T, I03TOMY 3apa’keHHbIE JUCThI HEOOXOIMMO BBISIB-
JIITh Y OCHOBaHUS 06eTOB. B yCIIOBUSX JKapKOU IM0-
TOJIbI CUMIITOMBI MOTYT IIOJTHOCTBI0 MaCKUPOBAThCS.

Ha JIUCThsIX paCTEHUM BULITHYU BOUJIOUHOM (Prunus
tomentosa) B P® pacripocTpaHeHsbl mTaMMbl D u W Bu-
pyca mapku caus. [Ipu 3apaxeHuu mrammom PPV-D
pPa3BUBAKTCSA TUIIMYHBIE [IJIS MAapPKU CUMIITOMBI:
CBETJIO-3€eJieHble UJU CBETJIO-XJIOPOTUYECKYE TISITHA,
KOJIBIA MJIM TIOJIOCHI HA JIUCTHSIX, OUE€Hb YaCTO IIPUY-
POYEHHBIE K )KUJIKaM MepBoro nopsaka (Puc. 9, 1-2)

Ha pacTeHusX BUIIHU BOMJIOYHOM, 3apaKeHHON
mraMMoM PPV-W, B paHHeBeCeHHUU ITIepuo, pa3Bu-
BaIOTCS MHTEHCHUBHBIE CUMIITOMBI XJIODOTUYECKOTO
PUCYHKA U MOXXeJITeHUS XKUJIO0K, YaCTO CoUeTalolue-
cqa ¢ peopmanueir popmel ucTheB. (Puc. 9). OgHaKO
IIpY HaCTYIJIEHUU TIePUOJA KAaPKOU ITOTObI CUIIBHO
TTOBPEXI€HHbBIE JINCThSI 0OBIYHO OTIA/IAl0T, 4 HA BHOBD
OTPaCTAMUUX JUCThIX PA3BUBAIOTCS JIUIIb c1abo3a-
METHbIe CUMIITOMBI OKaMJIEHU S KU -
Jgok (Puc. 9, 3)

Kak ye oTMedasoch, Xxapak-
TEepPHON 0COGEHHOCTBIO MOMYISIIUYN
BUDYyca IIapKu cjiuB B Poccuiickoit
denepanuu SIBJISETCS MIUPOKOE
pacnpocTtpaHeHue mraMmoB C, CR
u CV, 3apakawuux BUIIHIO OOBIK-
HOBeHHYIO (Prunus cerasus). O HEMHO-
TOYMCJIEHHBIX CJIyYasX BbISBIEHUS
mramMMa C coo6Iajoch B HECKOJIbKUX
BOCTOUYHOEBPOIENCKUX CTPaH, TOTIa
Kak wrtaMMbl CR u CV pacripocTpaHe-

al., 2022).

. Puc. 8. CumnTtombl PPV-D (usonsar
Hbl HCKII04nTeNbHO B PO (Chirkovet  crimea-53, Pecny6nuka Kpbim)

Ha NMNUCTbAX a6pm<oca 06bIKHOBEHHOTO

Puc. 7. Cumntombl PPV-D  Fig. 7. Symptoms of PPV-D
(n3onar Z-3, MockoBckaa  (Z-3, Moscow Oblast)
0651aCTb) Ha NIUCTbAX on Prunus cerasifera
anbluu (Prunus cerasifera) leaves (photos by

(choTo HO.H.Mpuxoabko) Yu.N. Prikhodko)

On Prunus cerasifera leaves, the infection with
PPV-D causes chlorotic patterns along with main veins,
which is easily distinguished only with transmitted
light (Fig. 7). Such symptoms most often develop on the
Prunus cerasifera root shoots of rootstocks onto which
virus-infected Prunus domestica were grafted. At the
same time, on ungrafted wild Prunus cerasifera plants
of seed origin in the Russian Federation, PPV is very
rare (Chirkov, Prikhodko, 2015).

On Prunus armeniaca in Russia, the most common is
PPV-D. Soon after sprouting, light green spots and rings
appear on the leaves of infected apricot plants, which
are better visible in transmitted light. Subsequently,
a chlorotic pattern develops on these leaves, confined to
the veins of the first and second order. With severe infec-
tion, these symptoms are combined with leaf wrinkling
and deformation (Fig. 8). The intensity of the symp-
toms reaches a maximum in July, and then gradually
decreases until complete camouflage by the end of the
growing season. On leaves that sprout in late spring and
summer, symptoms are most often absent, so infected
leaves must be identified at the base of the shoots. In hot
weather, symptoms may be completely invisible.

On Prunus tomentosa in Russia, the most common
are PPV-D and PPV-W. When infected with PPV-D, there
are typical PPV symptoms: light green or light chlorotic
spots, rings or stripes on leaves, very often confined to
the first order veins (Fig. 9, 1-2)

Fig. 8. Symptoms of PPV-D
(Crimea-53, Republic of Crimea)
on Prunus armeniaca leaves

[Ipu 3apakeHuu mTaMMOM (Prunus armeniaca) (oto KO.H.Mpuxopbko) (photos by Yu.N. Prikhodko)

PPV-C Ha JIUCTBhIX 3apa’keHHBIX pPac-

TEeHWU BUNIHY 1 X KOPHEBOM ITOPOCIY HAaBGJII0Ial0TCs
CUMIITOMBI KOJIbII€BOM MMATHUCTOCTHU, HEPETYIIPHOTO
PUCYHKA CBETJIO-3€JIEHOW OKPAaCKH, MATEH U Kparl-
YaTOCTY HETIPABMJILHON (POPMBI OT CBETJIO-3€JI€HOI'0

dutocaHuTapusa. KapaHTuH pactenunii Ne 3 (20) 2024 9
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Puc. 9. CuMNTOMbI U30N1ATOB WITaMMa
PPV-D n PPV-W, pacnpocTpaHeHHbIX

RD-2 wtamma PPV-D, 2 — nsonat RD-4
wramma PPV-W (choTo HO.H.Mpuxopbko)

10 KPEMOBO-XKEJITOTO 1jBeTa. HEKOTOphIe U3 ITUX I15-
TeH 3aTeM HeKpoTusupywrcs (Puc. 10). 3T¥ CUMIITO-
MBI JIyUllle BEIPa’KeHbI Ha INCThSIX KOPHEBOU ITOPOCIIH,
HO B L1€JIOM OHU XOPOIIO Pa3JIMYUMBbI JIMIIb IIPU IIPO-
CMaTpPUBAHUU B IPOXOJISIIEM CBETE.

PacTeHus BUIIHU, 3apaXeHHble MU30JIATaMU
mramMMa PPV-CR, ©UMeIOT MHOI TUII CUMIITOMOB. [1pe-
00J1a5a0I UM TUIIOM CUMIITOMOB SIBJISETCS IIOXKEJI-
TeHME TJIaBHBIX )KUJIOK U XJIOPOTUYECKUUN PUCYHOK,
YTO MPUBOAUT K IedopMalluy MJIaCTUHOK JINCThEB.

Fig. 9. Symptoms of PPV-D
and PPV-W, spread in

B MocKoBCKoI 0651aCT1, Ha NUCTbAX BUWHK  Moscow Oblast, on Prunus
BounouHon (Prunus tomentosa): 1 — usonat tomentosa leaves: 1 — RD-2
of PPV-D, 2 - RD-4 of PPV-W
(photos by Yu.N. Prikhodko)

On PPV-W infected Prunus tomento-
sa, in the early spring, intense symptoms
of chlorotic pattern and yellowing of the
veins develop, often combined with leaf
deformation (Fig. 9). However, with hot
weather, severely damaged leaves usual-
ly fall off, and only subtle symptoms of
vein banding develop on newly growing
leaves (Fig. 9, 3)

As already noted, a characteris-
tic feature of the PPV population in the
Russian Federation is the widespread
distribution of the strains PPV-C, PPV-
CR and PPV-CV, infecting Prunus cerasus.
Rare PPV-C infections have been re-
ported from several Eastern European
countries, while PPV-CR and PPV-CV are
present only in the Russian Federation
(Chirkov et al., 2022).

When infected with the PPV-C
strain, the leaves of infected cherry
plants and their root shoots exhibit
symptoms of ring spots, an irregular
pattern of light green color, spots and
irregular mottling from light green to
creamy yellow. Some of these spots then become ne-
crotic (Fig. 10). These symptoms are better expressed
on the leaves of the root shoots, but in general they are
clearly visible only when viewed in transmitted light.

Cherry plants infected with PPV-CR isolates
have a different type of symptoms. The predominant
type of symptoms is yellowing of the main veins and
a chlorotic pattern, which leads to deformation of the
leaf blades. Ring spot symptoms are less common. To-
wards the end of summer, you can notice that areas of

Puc. 10. CUMNTOMBI POCCUMCKMX U30NSATOB WITaMMa
PPV-C pasnuuHoro reorpacmyeckoro npoucxoxaenuss  geographical origin on Prunus cerasus: 1 — VolK-143, Volgograd,
Ha NUCTbSAX BULWHM 06bIkHOBEHHOW (Prunus cerasus): 2 -IIM-1, Moscow Oblast, 3 -SamSad-14, Samara Oblast,
1 - usonaTt VolK-143, r. Bonrorpag, 2 — usonar IIM-1, 4 - SarH-10, Saratov Oblast, 5 -STNA-1, Moscow Oblast,

MockoBckas o6nacTtb, 3 — usonar SamSad-14,
Camapckasi obnactb, 4 — usondart SarH-10,
CaparoBckas obnactb, 5 — usonsat STNA-1,
MockoBckas o6nacTtb, 6 — nsonat STNA-2,
MockoBckasi o6nacTb (cpoto HO.H.Mpuxoabko)

Fig. 10. Symptoms of Russian PPV-C isolates of different

6 — STNA-2, Moscow Oblast (photos by Yu.N. Prikhodko)
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/
Puc. 11. CUMNTOMbI pOCCUMCKUX n3onsaToB wramma PPV-CR Puc. 11. Symptoms of Russian PPV-CR isolates
pasnuyHoro reorpamueckoro NPOUCXOXKAEHNUS HA IUCTbAX BULLHU of different geographical origin on Prunus cerasus:
06bIkHOBeHHoV (Prunus cerasus): 1 — usonat SamSG-27, Camapckas 1 - SamSG-27, Samara Oblast, 2 - SamSG-29,
obnactb, 2 — uzonat SamSG-29, Camapckas obnactb, 3 — usonsat SarG, Samara Oblast, 3 -SarG, Saratov Oblast, 4 — SamSad-1,
CaparoBckas obnactb, 4 — usonsat SamSad-1, Camapckasi obnactb, Samara Oblast, 5 -SarH-1/12, Saratov Oblast

5 — usonar SarH-1/12, Capatoeckas ob6nactb (choTo HO.H. Mpuxogbko)  (photos by Yu.N. Prikhodko)

CUMIITOMBI KOJIbIIEBOM IMSTHHUCTOCTY BCTPEYAIOTCS
pexe. K KOHILy JieTa MOXXHO 3aMETUTh, YTO y4acT-
KU JIUCThEB C UHTEHCUBHBIMY CUMIITOMaMU OOJIbIIE
nmoiBepKeHbl HeKpo3y (Puc. 11). TIpu 3TOM Ha Ju-
CTbSIX B HWIKHE!N YacTU ONHOJIETHUX IT06EroB Ipeu-
MYIIleCTBEHHO Ha6JII0/Ial0TCS OTUETIVBbIe CUMIITOMBI
TIOXKeJITEeHUS TJIaBHBIX )KMJIOK, Ha JINCThIX B CpeHeln
YacT¥ 06eroB — MPUYPOUEHHBIH K KUJIKAM XJIOPOTHU-
YeCKUU UJIN CBETJIO-3eJIeHbI PUCYHOK U KOJIblleBas
MSATHUCTOCTD, 4 HA BEPXYIIEUYHBIX JINCThIX — CIa60-
BbIpa)XeHHAad MSATHUCTOCTDb B COUYETAHUU C Jedopma-
IMey TJIaCTUHOK. YacTo JIMCThS C BEPXYIIEK IT0OETOB
He MMeI0T CUMIITOMOB. Bce 5TH CMIITOMBI OOBIUHO 60-
Jiee OTUYETJIMBbI Ha JINCThSIX KOPHEBOU ITOPOCIU, YEM
Ha B3POCJBIX JePEBBIX.

[Tpu 3apakenuu mwrammoM PPV-CV Ha JuCTBAX
pacTeHUY BUITHU Pa3BUBAETCS XJIOPOTHUYECKAs ITSAT-
HUCTOCTB (Puc. 12), KOTOpPasi HAITOMUHAET CUMIITO-
MaTUKy HeKOTopbix u30yasaToB PPV-C (Chirkov et al.,
2018).

3AKJ/IIOYEHUME

Bupyc 1mapKy CIWB BbI3bIBAE€T Ha JUCTbIX U ILJIOAAX
KOCTOUKOBBIX KYJIBTYP Pa3JIMYHbIE TUIIBI CUMIITOMOB,
HEKOTOPbIE 13 KOTOPBIX SIBJISIOTCS JOCTATOUHO BUIO-
cnenu@UIYHBIMU U MOTYT UMEThb BaXKHOE JUATHOCTH-
YyecKoe 3HaUYeHUe MPU MPoBeJeHun 06CieJOBaHUM.
3HaHWEe CUMIITOMATUKKU STOTO BUPYyCA MO3BOJISET
OCVIIECTBJISITH €T0 pPaHHEe BhIIBJIEHNE Ha BOCIPU-
MMYUBBIX KOCTOYKOBBIX KYJIbTYpax U 3HAUUTEIbHO
COKpalaTh KOJHMUYECTBO 00pas10B, OT6MPaeMbIX [JIsd
MIPOBEIeHN JIabOPaTOPHBIX MCCaeoBaHUM. OLHAKO
IIPY BTOM HEOOXOJUMO YUNUTHIBATh, UTO TUIT U UHTEH-
CUBHOCTDb Pa3BUTUS CUMIITOMOB MOTYT CYIIEeCTBEH-
HO BapbMPOBAThCHI B 3aBUCUMOCTU OT IITAaMMOBOM
MIPUHAIJIEXKHOCTY MU30JIITOB BUPYyCa, yCTOMUYUBOCTH
pacCTeHUI-X0359€B U TEKYIUX MOTOAHBIX YCIOBUU.
Omnpenenslnee 3HaUYeHUE UMEET IIPOBEeHNE 00CIe-
JIOBaHUII B ONITUMAaJIbHbIE CPDOKHU, KOTOPbIE TTPUXOISAT-
cs Ha TI03JHEeBECeHHU I 1 paHHEJIeTHUM [TePUO,.

leaves with intense symptoms are more susceptible to
necrosis (Fig. 11). At the same time, on the leaves in the
lower part of annual shoots, clear symptoms of yellow-
ing of the main veins are predominantly observed, on
the leaves in the middle part of the shoots - a chlorotic
or light green pattern confined to the veins and ring
spots, and on the apical leaves - mild spotting in com-
bination with blade deformation. Often leaves from the
shoot tips do not show symptoms. All these symptoms
are usually more pronounced on the leaves of the root
shoots than on mature trees.

When infected with PPV-CV, chlorotic spotting de-
velops on the leaves of cherry plants (Fig. 12), which
resembles the symptoms of some PPV-C isolates
(Chirkov et al., 2018).

CONSCLUSION

PPV causes various types of symptoms on stone fruit
leaves and fruits, some of which are quite species-spe-
cific and may have important diagnostic value during
inspections. Understanding the symptoms of this virus
allows for its early detection on susceptible stone fruit
crops and significantly reduces the number of samples
taken for laboratory testing. However, it must be taken
into account that the type and intensity of the symp-
toms can vary significantly depending on the virus iso-
late strain, the resistance of host plants and current
weather conditions. Conducting surveys at optimal
times, which occur in late spring and early summer, is
of paramount importance.
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