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AHHOTALLUA
Bupowu taTeHTHOM Mo3auKu repcrka (PLMVd) BKJTto-
YyeH B EOMHBIN ITepedeHb KapaHTUHHBIX 00bEKTOB
EBpasuiickoro 5KOHOMHUYECKOT0 COi03a. Bupous 3a-
pakaeT KOCTOUKOBBIE TIJIOAOBbIE KYIbTYPbI, BBI3bIBAS
3HAUUTENbHBIE TTOTEPHU ypoxkasd. PLMVd gnuTtenbHOe
BpeMs cumuTalicd MOoHO(aroM, 3apakallluM JIUIIb
TIEPCUK, OHAKO 3aTeM ObLJI BBISIBJIEH Ha 60OJIBITINHCTBE
IPYTUX KOCTOUKOBBIX IIJIOZOBBIX KYJIBTYP, @ TaKXKe Ha
rpyie. Bupou pacripocTpaHseTcs ¢ 3apa’keHHBIM I10-
CaZI0YHBIM MaTEPUAJIOM, JIETKO IIEPEHOCUTCS TIPUBUB-
KoM 3apakeHHbIMU YUepeHKaMU UJIN [TOYKaMU 1 OUeHb
YacTO — KOHTAMUHUPOBAHHBIM MHCTPYMEHTOM ITPY 06-
pe3Ke U IIPUBUBKE PaCTEHUN.

Knwuesvte cnosa. Peach latent mosaic viroid,
PLMVd, xombiieBass PHK, M30JI9ThI, CUMIITOMBI, POJI
Pelamoviroid.

BBEJIEHUE

0JIe3Hb TII0Ji HBIHEIIHWMM Ha3BaHUEM
«JJaTeHTHas MoO3auKa Ilepcuka» Obliaa
BIIepBbIe omnmumcaHa B 1976 1. BoO ®paH-
WU TI0 pe3yJibTaTaM TECTUPOBAHUS Ha
VHIUKATOPHOM KJIOHe nepcuka GF-305
PasIMYHBIX COPTOOOPA3IOB IIEPCU-
Ka, npoucxopamux u3 CIIA u AnoHuun
(J.C. Desvignes, 1976). HasBaHue BU-
pouza MPOM3OILI0 OT OCOOEHHOCTEHW ero OHOJIOTHUH,
a UMEHHO — IJIMTEJIBHOro (o 5—7 JIeT) JIaTEeHTHOTrO I1e-
proma Ha MOJIOABIX 3apakKeHHbIX pacTeHua9X. Hannuue
CTOJIb AJIUTEJBHOTO JAaTEHTHOTO IIepUoJia 3aTPYyLHIET
BBISIBJIEHVE BUPOU/IA [0 CUMIITOMAaM 1 06yCJIOBJIMBAET
BO3MOYXHOCTb €TI0 HIIMPOKOr0 pacIpoCTpaHeHUd C Ja-
TEHTHO 3apaKeHHBIMU pacTeHusamu. PLMVd aBiseTcs
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ABSTRACT
Peach latent mosaic viroid (PLMVd) is included in the
Common List of Quarantine Objects of the Eurasian
Economic Union. The viroid infects stone fruit crop,
causing significant crop losses. For a long time PLMVd
was considered a monophage infecting only peach, but
then it was detected on most other stone fruit crops, as
well as on the pear. The viroid spreads with contami-
nated planting material, is easily tolerated by grafting
with contaminated cuttings or buds, and very often by
contaminated tools when pruning and grafting plants.

Keywords. Peach latent mosaic viroid, PLMVd, cir-
cular RNA, isolates, symptoms, genus Pelamoviroid.

INTRODUCTION

he disease under the current name “peach

latent mosaic” was first described in 1976

in France based on the results of testing on

the indicator peach clone GF-305 of various

peach cultivars originating from the USA
and Japan (J.C. Desvignes, 1976). The name of the vi-
roid comes from the peculiarities of its biology, name-
ly, a long (up to 5-7 years) latency period on young
infected plants. Such a long latency period makes it
difficult to identify the viroid by symptoms and makes
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BPEIOHOCHBIM TIaTOTEHOM ITePCUKa U IPYTUX KOCTOYU-
KOBBIX TIJIOJIOBBIX KYJIBTYP, BBI3BIBAIOUIUM CHUXKE-
HHe KauecTBa M KOJMYECTBA IIJIOLOB 1 IIOCTEIIEHHOe
BBIPOXKIeHUEe AepeBbeB. COTJIACHO eNUHBIM KapaH-
TUHHBIM (QUTOCAHUTAPHBIM TpeboBaHuaM EASC 1o-
CaJOYHBI MaTepuasl IIepCuKa XU MUHIAJIS IOJDKEeH
ITPOMCXOAUTD U3 30H, CBOGOAHBIX OT PLMVd (Perenue
CoBeta ESK ot 30 HOs16pst 2016 1. N2 157).

OB30PHAA NH®OPMAIIUA

Bupoupbl 66111 OTKPBITEI T.0. JuHepoM B 1971 T.
OH ’Xe MPeAJIOKUI TEPMUH «BUPOU». BUpOUIbI IBJISI-
I0TCS IaTOreHaMU PaCTeHUM. BUpouibl — MH(MEKIINOH-
HbI€ aTeHThI, ITPEICTABIAIONINE CO60 KOBAJIEHTHYIO
3aMKHYTYI0 KoJiblleByl0 PHK, KOoTOpas cOmep>XUT OT
246 no 467 mykieoTunos. JTa PHK umeeT 0oTueTivBO
BBIPQ)KEHHYI0 BTOPUYHYIO CTPYKTYPY. He MeHee nByx
TpeTell ocHOBaHMM B cocTaBe PHK BUPOUIIOB MOXET
OBITH CIIapPeHO 3a CYeT KOMIIJIEMEHTAPHbBIX B3anMO-
IeCTBUY, IPUBOIANIMX K 06pa30BaHMI0 yYaCTKOB U3
IBOMHOU criupanu 1 HeGONbUIUX TIeTeJib U3 Hecla-
PEHHBIX HYKJIEOTHUIOB, WaK mmuiaek. CJI0XKHAsA BTO-
puYHasg CTPYKTypa obecrieunBaeT 3aUUTy BUPOU/A OT
HyKJea3 kJeTku. BupounHas PHK He komupyeT 6eKu.
PenuKkaiiys OCyIIeCcTBJISEeTCS KIETOUYHBIM (hepMeH-
ToM — JIHK-3aBucumon PHK-monumepasoii. MexaHU3M
perInKay BUPOU/IOB OCYIECTBIISIETCS 110 TIPUHITUTTY
«karsmerocs kKoybiia» (rolling circle). PHK HeceT Bcio
nH(pOPMAIINIO O CIIEMUMUIHOCTHA X035MHA: 0 6100~
rUYecKoM IUKJe, UHQEKIUU, peNJIuKaIuu, BHyTPU-
1 MEXKJIETOUHOM ABVKEHUHU, IIPEOJOJIEHUY 3aIHUThI
pacTeHVs ¥ HOBOM ITUKJe UHQPEKIIMY. MHOTOUUCTIEH-
Hble BTOPUYUHbIE U TPETUUYHBIE CTPYKTYPHbIE 3JIeMeH-
TBI UMEIOT pellalolnee 3HaYeHre IJis BceX PyHKIIMi
BUpoua. YacTo IposIBJIeHUE CUMIITOMOB SIBJISIETCS pe-
3yJIbTATOM B3aUMOJIEICTBYIS C PACTEHUEM-X03IUHOM.

Bupouabl mogpasmessiioTcsa Ha 2 OCHOBHBIX Ce-
MencTBa: Pospiviroidae, KOTopble PENIUIIUPYIOTCSI
IIOCPEJICTBOM MeXaHM3Ma aCUMMETPUUYHOTO «KaTs-
Ierocs KoJibIla» B gape, u Avsunviroidae, KoTopbie
PEIINIIUPYIOTCS B XJIOPOTLJIACTAaX ITOCPECTBOM Me-
XaHU3Ma CUMMETPUYHOIO «KaTAUIETrOCs KOJIbIla»
(F. Di Serio et al., 2017).

Bupous maTeHTHON Mo3auku mepcuka (Peach
latent mosaic viroid, PLMVd) aBasgeTcsI TUIOBBIM
npemcraBuTesieM poxa Pelamoviroid ceMeicTBa
Avsunviroidae. B HacTosIIee BpeMs 3TOT ITaTOTeH
pacmpocTpaHeH B 33 cTpaHax EBponbl, A3uu, AGpu-
k1, AMepuku u Oxkeanuu (EPPO, 2021). ViHbopMaIius
0 BBISIBJIEHWU 3TOTO BUpPoUa B Poccutickoi demepa-
IIUY OTCYTCTBYeT.

PLMVd mnpepncraBisgeT coboii 6ecKancumHY0
KOJIBLIEBYI0 OfiHOLlernoueyHyto PHK, jjokain3oBaHHYIO
B KJIeTKaX MHPUIIMPOBAHHBIX PaCTeHUN, KOTopas He
BBISIBJISIETCS [Ia’ke MPY MCIIOJb30BAHUM JIEKTPOH-
HOr0 MUKpOCKoIa. B 3aBucumMocTu oT usonugara, PHK
PLMVd coctouT u3 335-351 HykjeoTuna. Bropuunasa
crpykrypa PHK PLMVd nMeeT cl0’kKHOE pa3BeTBJIEH-
HO€ CTPOEHUE U COMEP)XUT MOCIe0BATEIbHOCTH,
y4acTBYIOIIUE B CO3LaHUU PUOO3UMHBIX CTPYKTYP
B hopmMe rosoBku MoJiota (Hammerhead), Heo6xomm-
MBIX JIJI caMopaclierieHus memneit PHK, 4To xapak-
TEPHO JIJIs1 TIpeficTaBUTeJel ceMelicTBa Avsunviroidae
(C.Hernandez, R. Flores, 1992; A. Shamloul et al., 1995;
S. Ambros et al., 1998; R. Flores et al., 1998) (puc. 1).

Y TunmoBbIX uU30J9TO0B PLMVd, BBIIBIIEeH-
HBIX Ha IIepCHKe, TeHOM dallle BCEero COCTOUT U3

it possible for its wide spreading with latently infec-
ted plants. PLMVd is a harmful pathogen of peach and
other stone fruit crops, causing a decrease in the quali-
ty and quantity of fruits and the gradual degeneration
of trees. According to the Common Quarantine Phy-
tosanitary Requirements of the EAEU, planting mate-
rial for peaches and almonds must come from zones
free from PLMVd (Decision of the EEC Council of No-
vember 30, 2016 No. 157).

OVERVIEW

Viroids were discovered by T.O. Diner in 1971, he also
proposed the term “viroid”. Viroids are plant patho-
gens. Viroids are infectious agents, which are cova-
lent closed circular RNA, which contains from 246 to
467 nucleotides. This RNA has a distinct secondary
structure. At least two-thirds of the bases in the RNA
of viroids can be paired due to complementary inter-
actions, leading to the formation of sections from a
double helix and small loops of unpaired nucleotides,
or hairpins. The complex secondary structure pro-
tects the viroid from cell nucleases. Viroid RNA does
not encode proteins. Replication is carried out by a
cellular enzyme — DNA-dependent RNA polymerase.
The viroid replication mechanism is based on the
principle of the rolling circle. RNA carries all the in-
formation about the specificity of the host: about the
biological cycle, infection, replication, intra- and in-
tercellular movement, overcoming the plant’s defense
and a new cycle of infection. Numerous secondary and
tertiary structural elements are critical to all viroid
functions. Symptoms are often the result of interac-
tions with the host plant.

Viroids are divided into 2 main families: Pospi-
viroidae, which replicate through the asymmetric
rolling circle mechanism in the nucleus, and Avsun-
viroidae, which replicate in chloroplasts through the
symmetric “rolling circle” mechanism (F. Di Serio
etal.,, 2017).

Peach latent mosaic viroid (PLMVd) is a typical
representative of the genus Pelamoviroid of the family
Avsunviroidae. Currently, this pathogen is spread in
33 countries in Europe, Asia, Africa, America and Oce-
ania (EPPO, 2021). There is no information on the de-
tection of this viroid in the Russian Federation.

PLMVd is a circular single-stranded RNA with-
out capsid (protein coating) localized in the cells of
infected plants that is not detectable even when us-
ing an electron microscope. Depending on the iso-
late, PLMVd RNA consists of 335-351 nucleotides.
The secondary structure of PLMVd RNA has a complex
branched structure and contains sequences involved
in the creation of ribozyme structures in the form of
a hammerhead, which are necessary for self-cleav-
age of RNA strands, which is typical for members of
the family Avsunviroidae (C. Herndndez, R. Flores,
1992; A. Shamloul et al., 1995; S. Ambrés et al., 1998;
R. Flores et al., 1998) (Fig. 1).

In typical isolates of PLMVd found on peach,
the genome most often consists of 336-337 nucleo-
tides (C. Hernadndez, R. Flores, 1992; A. Shamloul et
al., 1995). PLMVd isolates that cause calico symptoms
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336-337 mykneorunos (C. Hernandez, R. Flores, 1992;
A. Shamloul et al., 1995). M3oaaTel PLMVd, BrI3bIBaIO-
L€ CUMIITOMBI KQJINKO, TeHeTUYECKY OTINYAIOTCS OT
THUIIOBBIX U30JIITOB, MHAYIUPYIOIIUX CUMIITOMBI MO-
3aUKU. DTU Pa3Jnursd 06yCIOBIEHbBI BCTaBKOM 12-13
HYKJIEOTHUJIOB, ITOCPEJICTBOM KOTOPKIX U BBI3bIBAETCS
WHAYKIIUS CUMITOMOB ajbbuHuaMa (S. Ambrds et
al., 1998; M. Malfitano et al., 2003). B Micna"Huu GbLIA
BBISIBJIEHEI 2 n3o0ysaTa PLMVd (V1 u V2), 3apakaromuiue
pacTeHus MepCcUKa B JIATEHTHOU (hOpMe U CYIIEeCTBEH-
HO TeHEeTUYECKU OTINYAIOIINECS OT BCEX APYTUX 13-
BECTHBIX U30JIITOB 9TOr0 Bupouga. Mzongarer V1 u V2
OBLIM OTHECEHBI K KJIaccy Il TeHeTUUEeCKUX BAPDUAHTOB
PLMVd, a Bce ApyTrue N3BeCTHBIE U30JISATHI — K KJjtaccy I
(P. Serra et al., 2017).

PLMVd MOHO BBIIBUTH B JIUCTHAX, IIJIOAAX, [10-
Gerax 1 KOpHSAX pacTeHUl mepcruka, Kak mpu 6eccrum-
IITOMHOM MH(MEKINH, TaK U IIPY HAJTUUYNY TUITNUYHBIX
cuMniToMoB 3apaxkeHus (R. Flores et al., 1992, 1998).

Kak u Bce Bupou bl cemMelicTBa Avsunviroidae,
PLMVd pasMHOXaeTcd U HaKallJINBaeTCsd B XJIOPO-
IJiacTax KJIeTOK pPacTeHUM, HO He B SIIpaxX KJIETOK.
ITpu 3ToM PLMVd npenMyniecTBEHHO JIOKAJIU3yeTCs
B XJIOPOILJIACTAX KJIETOK ITaJMCaJgHOM IIapeHXKUMbI
(F. Bussiere et al., 1999).

OCHOBHBIMU pPAaCTEHUSAMU — X03seBaMu PLMVd
ABJIAIOTCS nepcuk (Prunus persica) U TUOPUIBL IepP-
CHKa ¢ MUHJAJIEM U CIWBOM. Bupoum 3apakaeT Tak-
’Ke IPYrre KOCTOUYKOBBIE KYJIbTYpPbI: abpukoc (Prunus
armeniaca), Muaganb (Prunus amygdalus), cnuBy no-
MamHiow (Prunus domestica), Yepemunio (Prunus aviun)
(EPPO, 2021). B dnouuu PLMVd 6bL1 BBISIBJIEH TaKXe
Ha CJIMBe KUTaCcKOU (Prunus salicina) v abBpuKoce TOH-
ckoM (Prunus mume) (H. Osaki et al., 1999). B I'periuu
u TyHuce PLMVd 6511 06HapyXeH Ha Ipylile JoMalrHen
(Pyrus communis) m rpyuie guxou (Pyrus amygdaliformis)
(P. Kyriakopoulou et al., 2001; I. Fekih Hassen et al.,
2004; 1. Boubourakas et al., 2008).

3apakeHue BUPOULOM 3[L0POBBIX PACTEHU TTPO-
UCXOAWT B Pe3yJbTaTe IPUBUBKY 3aPaKeHHBIMU Ye-
PEeHKaMM WM ITOYKaMU 1 0Ue€Hb YaCTO — KOHTAMUHU-
POBaHHBIM MHCTPYMEHTOM ITPU 00PE3Ke U TIPUBUBKE
pacrennii (R. Flores et al., 1992; A. Hadidi et al., 1997).

B HeCKOJIbKUX ITPOBEJIEHHBIX BKCIIEPUMEHTAX He
yCTaHOBJIEHA BO3MOXXHOCTH nepemauu PLMVd ¢ ceme-
Hamu nepcuka (J.C. Desvignes, 1986; M. Barba et al.,
2007). BMecTe ¢ TeM BUPOU, MOXXET ITPUCYTCTBOBATh
B 060JI0YKE TIJIOZOB U CEMSIIONAX, HO He MHPUITUPYET
3aPOZBIII, YTO, BEPOSTHO, ¥ OOYCJIOBIIBAET HEBO3MOX-
HOCTb ceMeHHOU nepemauu (M. Barba et al., 2007).

YcTaHOBJIE€HA BO3MOXXHOCTDb PaCIIPOCTPaHEeHUS
PLMVd c 3apaXeHHOU HbLILIIONA. [Ip 5TOM BUPOUT,
BBISIBJISLIV KaK HA TIOBEPXHOCTH, TaK ¥ BHYTPU ITbLIb-
1eBBIX 3epeH. ITocie OIbIIeHUS 3apPa’keHHOU ITbLIbION
TIPOUCXOAUJIO 3apakeHre CeMsH, IIJI0OH0B 1 IT06eroB
OITBIJIIEMBIX PACTEHUU C TTOCHEAYIOIIUM Pa3BUTUEM
cucteMHoi nudexiuu (M. Barba et al., 2007).

YcTaHOBI€HA BO3MOXXHOCTD PACIIPOCTPaHEHUS
BUPOU/IA 3eJIeHOM TTIePCUKOBOM Tael — Myzus persicae,
HO MIPOILEHT HepeHoca 6blI HU3KKUM. B TO ke BpeMd
PLMVd He pacnpocTpaHseTcsd KJIellaMu U TIAIMU
BUIOB Aphis gossypii u Aphis spiraecola (J.C. Desvignes,
1986; R. Flores et al., 1992).

Ha GosbIlyie pacCTOTHUS BUPOUJ, PacIIpocTpa-
HSeTCs C 3apakeHHBIMM CaKeHIlaMU M YepeHKa-
MU, T03TOMYy Haubosee 3DPEeKTUBHBIM MeETOLOM
MIpeIoTBPAalleHNsI ero PacIpPOCTPaHEHUS SIBJISETCS

are genetically different from the type isolates that in-
duce mosaic symptoms. These differences are due to
the insertion of 12—-13 nucleotides, through which the
induction of albinism symptoms is caused (S. Ambros
et al., 1998; M. Malfitano et al., 2003). In Spain, 2 iso-
lates of PLMVd (V1 and V2) were identified, infecting
peach plants in a latent form and significantly geneti-
cally different from all other known isolates of this vi-
roid. Isolates V1 and V2 were classified as class II of
PLMVd genetic variants, and all other known isolates
were classified as class I (P. Serra et al., 2017).

PLMVd can be detected in the leaves, fruits, shoots
and roots of peach plants, both in asymptomatic infec-
tions and in the presence of typical infection symptoms
(R. Flores et al., 1992, 1998).

Like all viroids of the Avsunviroidae family, PLMVd
multiplies and accumulates in chloroplasts of plant
cells, but not in cell nuclei. In this case, PLMVd is pre-
dominantly localized in the chloroplasts of the palisade
parenchyma cells (F. Bussiere et al., 1999).

The main PLMVd host plants are peach (Prunus per-
sica) and hybrids of peach with almonds and plums. Vi-
roid also infects other stone fruit crops: apricot (Prunus
armeniaca), almond (Prunus amygdalus), plum (Prunus
domestica), sweet cherry (Prunus avium) (EPPO, 2021). In
Japan, PLMVd was also detected on the Chinese plum
(Prunus salicina) and Japanese apricot (Prunus mume)
(H. Osaki et al., 1999). In Greece and Tunisia, PLMVd
was found on a common pear (Pyrus communis) and al-
mond-leaved pear (Pyrus amygdaliformis) (P. Kyriako-
poulou et al., 2001; I. Fekih Hassen et al., 2004; I. Bou-
bourakas et al., 2008).

Viroid infection of healthy plants occurs as a result
of grafting with infected cuttings or buds and, very of-
ten, with contaminated tools during pruning and graf-
ting (R. Flores et al., 1992; A. Hadidi et al., 1997).

Several experiments did not establish the possi-
bility of transferring PLMVd with peach seeds (J.C. Des-
vignes, 1986; M. Barba et al., 2007). At the same time,
the viroid can be present in the membrane of fruits
and cotyledons, but does not infect the embryo, which,
probably, determines the impossibility of seed trans-
mission (M. Barba et al., 2007).

The possibility of spreading PLMVd with conta-
minated pollen has been established. In this case, the
viroid was detected both on the surface and inside the
pollen grains. After pollination with contaminated pol-
len, the seeds, fruits and shoots of pollinated plants
were infected, followed by the development of syste-
mic infection (M. Barba et al., 2007).

The possibility of spreading the viroid of the
green peach aphid Myzus persicae has been established,
but the transmission rate was low. At the same time,
PLMVd is not spread by mites and aphids of the species
Aphis gossypii and Aphis spiraecola (J.C. Desvignes, 1986;
R. Flores et al., 1992).

Viroid spreads over long distances with infected
seedlings and cuttings, so the most effective method
to prevent its spread is to use healthy certified plan-
ting material.

According to the reaction of peach varieties, all
PLMVd isolates can be divided into 3 groups: 1) latent,

duTtocaHutapusa. KapaHTuH pacteHuin 22
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Puc. 1. MNepBryHasa n BTOpMUHas CTPYKTypa pedepeHTHOro
nsonata PLMVd M83545 (C. Hernandez, R. Flores, 1992)

HCIIOJIb30BaHUE 3JJ0POBOTO CEPTUMUIIMPOBAHHOTO
IMOCaZl0uHOI0 MaTepraa.

[To peakIIny COPTOB ITepcrKa Bce n30JaThl PLMVd
MOJKHO TIO/IPa3MIeJIUTh Ha 3 TPYIIGL: 1) JaTeHTHEIE,
4alre BCero BCTPeUaUecs B IPUPO/IE U TTOCITYKUB-
IIIe OCHOBAHMEM JJIs Ha3BaHU JAHHOTO BUA; 2) BbI-
3BIBAIOIME MO3aWKY WU MSTHUCTOCTh JIUCThEB pas-
JINYHOM CTeIeH! MHTEHCUBHOCTH, 3) BhI3bIBAIOLIME
cumnTombl kKanuko (J.C. Desvignes, 1980).

[TepBble CUMIITOMBI 60JIE3HU HA PACTEHUIX ITeP-
CUKa MHOTA IPOSBISIOTCS Yepes 2 rofa mocje mo-
caJlK¥ 3apa’keHHBIX PACTeHUH, HO Jalle — yepes 57
JaeT. Hambojiee TUIIMYHBIMY CUMIITOMaMU SIBJISIFOTCS
3aJlep)KKa 1IBeTeHN s, PACIlyCKaHM JUCThEB U CO3pe-
BaHUA ILIOHOB. [I[poTeKkaHUe BCEX ITUX IPOIECCOB
ITPOUCXOUT C 3aJIEPXKKOM Ha 4—6 nHel. Ha IucThax
BOCIHPUMMUYMBLIX COPTOB IIEePCHKA MOSBJISIETCI Kpe-
MOBO-)XeJITas MO3arKa, XJIOPOTUYeCKast IITHHUCTOCTD,
OKauMJIeHUE KUJIOK U B HanboJjiee OCTPBIX CIydasax —
KaJIMKO (aJIbOMHM3M), BhIpaXKaloleecss B Pa3BUTUH Ha
JINCTBSIX GOJIBIINX YUACTKOB SIPKO-)KEJITOTO UJIU Kpe-
MOBOTO IIBeTa. Ha HEKOTOPBIX COPTAX PA3BUBAIOTCS y3-
KUe JINCThS C 6JIeTHO-3eJIeHOM OKPacKol 1 HeKpo3aMu
Ha )KUJIKaxX.

3apa)keHHbIe TIJIObl HEIIPaBUJIbHOU (DOPMBEI,
yIJIOLleHHbIe, 6/IeJHO OKpallleHHbIe, YaCTO MMEIT
TPEeIUIVHbI Ha IIJIOLOBOM IIIBE U MsATHA 60jiee CBETION
OKpAacKY Ha KOXKUIIE, UX KOCTOUKM OOBIYHO YBeJnUe-
HBI U UMEIOT OKPYyIIIyio hopMy. Ha mioax HEKOTOPbhIX
COPTOB TepCcUKa 06PasyTCs TaKKe XJIOPOTUYECKE
IISITHA.

Ha jierecTkax IIBETKOB HEKOTOPbIE U30JISATHI Ma-
TOreHa BbI3BIBAIOT MOSIBJIEHNE XapPaKTEPHBIX IITPUXOB
WY OJINHHBIX JINHUY CBETJI0-KPACHOTO IIBETA.

HekoTopble M30JSATHI BbI3BIBAIT HEKPO3 II0-
YeK U JPEeBECHUHBbI, a TaKXe SIMYATOCTh IPEeBECH-
HBI (puc. 2, 3). TUIMYHBIM TIPU 3apakeHuu PLMVd
SIBJISIETCSI 00pa30BaHIEe XapaKTEPHOTO OTKPBITOIO rabu-
Tyca kponsl (J.C. Desvignes, 1986; M. Luigi et al., 2010).

Fig. 1. Primary and secondary structure of the reference isolate
PLMVd M83545 (C. Hernandez, R. Flores, 1992)

most often found in nature and which served as the ba-
sis for the name of this species; 2) causing mosaic or
leaf spotting of varying degrees of intensity; 3) causing
symptoms of calico (J.C. Desvignes, 1980).

The first symptoms of the disease on peach plants
sometimes appear 2 years after the infected plants are
planted, but more often after 5-7 years. The most com-
mon symptoms are delayed flowering, leaf opening and
fruit ripening. The course of all these processes occurs
with a delay of 4—-6 days. On the leaves of susceptible
peach varieties, a creamy yellow mosaic, chlorotic spot-
ting, vein bordering and, in the most acute cases, calico
(albinism) appear, which is expressed in the develop-
ment of large areas of bright yellow or cream color on
the leaves. Some varieties develop narrow leaves with
a pale green color and necrosis on the veins.

Infected fruits are irregular, flattened, pale in co-
lor, often have cracks on the fruit suture and lighter
spots on the skin, their stones are usually enlarged and
rounded. Chlorotic spots are also formed on the fruits
of some peach varieties.

On flower petals, some pathogen isolates cause
characteristic streaks or long lines of light red color.

Some isolates cause bud and wood necrosis, as
well as wood pitting (Fig. 2, 3). Typical during PLMVd
infestation is the formation of a typical open crown
habit (J.C. Desvignes, 1986; M. Luigi et al., 2010).

As a result of PLMVd contamination, the quanti-
ty and quality of peach fruit is reduced (R. Flores et al.,
1998; A. Myrta et al., 2003).

It should be considered that on the leaves, fruits
and flowers of peach, some other viruses and viroids
can also induce similar symptoms, in particular the
hop stunt viroid (HSVd), the Prunus necrotic ringspot
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Puc. 2. AMuatocTb

Fig. 2. Wood pitting
apesecutbl (oto aBTopoB)  (photo by the authors)

B pesynbrare 3apakeHuss PLMVd cHuXaeTcs KO-
JIMUECTBO 1 KauecTBO IIozoB repcuka (R. Flores et al.,
1998; A. Myrta et al., 2003).

Heo6X0AMMO YUUTBIBATE, UYTO HA JIMCTHAX, TIII0OJAX
¥ IIBETKAX ITEPCUKA CXOLHbIE CUMIITOMBI MOTYT UH/LY-
IIMPOBATh TaK)Ke HEKOTOPbIE IPYrrie BUPYChI ¥ BUPOU-
IIbI, B YaCTHOCTY BUPOUJ, KapJauKoBoCTH xMeJtst (HSVd),
UJIapPBUPYC HEKPOTUUYECKOM KOJIbIIEBOM MATHUCTOCTH
KoCcTOUKOBbIX (PNRSV), moTuBupyc mapku caus (PPV).
B cBs13U ¢ 9TUM BbI3biBaeMble PLMVd CMIITOMBI HEJIb-
3 IPU3HATh BUIOCTIEIIU(PUIHBIMHA.

Il penymnpexaeHus 3apaXeHusT pacTeHu:
BUPOUZOM HEOOXOAUMO COOIIONATH CIEYIOIIe Tpe-
6oBaHM:

- UCTI0JIH30BATh 3[JOPOBLIN CEPTU(GUIIPOBAHHBIM
TIOCaIOYHbIM MaTepual;

- ne3uH(GUIIMPOBATb UHCTPYMEHT, UCITOJIb3yEMbIH
MIPY IPUBUBKE U 00pE3Ke PACTEHNIH;

- OCYIIECTBJISTH 60PBOY C TIAIMU-TIEPEHOCYNKAMUY;

- BLIKOPYEBBIBATh 3apaKeHHbIE PACTEHUS;

- pa3MelaTh MaTOUHO-UePeHKOBbIEe Ca/lbl HE Me-
Hee YeM B 2 KM OT IIJIOAOHOCSIINX HaCaKICHUH.

3AKJ/IIOYEHUE

CoTpyAHUKAMU HAYUYHOTO TOApasmeleHus
®I'BY «BHMUKP» B HacTosllee BpeMs IIPOBOLUTCA
paboTa 1o pa3paboTKe CIenu(MUUHBIX U YYBCTBUTEI b-
HBIX METOZOB BhISIBJIECHHUS 1 UAeHTU(UKAIINY BUPOUIA
JIATEHTHOM MO3auKU Mepcuka. HeKoTophle pesyibTa-
TBI UCCJIENOBAHUM OYAYT TPEACTABJIEHBI B CIEAYIOLIEM
HOMepe XypHaJa.
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virus (PNRSV), and the plum pox virus (PPV). In this re-
gard, the symptoms caused by PLMVd cannot be con-
sidered species-specific.

To prevent viroid infection of plants, the following
requirements must be followed:

- use healthy certified planting material;

- disinfect tools used in grafting and pruning
plants;

- control aphid vectors;

- uproot infected plants;

- place mother-plantation gardens at least 2 km
from fruiting plantations.

CONCLUSION

The specialists of the research department of the FGBU
“VNIIKR” are currently working on the development of
specific and sensitive methods for the detection and
identification of the peach latent mosaic viroid. Some
research results will be presented in the next issue of
the journal.

REFERENCES

1. Decision of the EEC Council dated November
30,2016 No. 157.

2. Ambroés S., Herndndez C., Desvignes J.C.,
Flores R. Genomic structure of three phenotypically
different isolates of Latent mosaic viroid: Implications
of the existence of constraints limiting the heteroge-
neity of viroid quasi species. Journal of Virology, 1998;
72:7397-7406.

3. Barba M., Ragozzino E., Faggioli F. Pollen trans-
mission of Peach latent mosaic viroid. Journal of Plant
Pathology, 2007; 89 (2): 287-289.

4. Boubourakas I.N., Arambatzis C., Kyria-
kopoulou P.E., Dovas C. Amelioration of a reverse

dutocaHutapus. KapaHTuH pactenuii =~ 24



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

3. Barba M., Ragozzino E., Faggioli F., 2007. Pollen
transmission of Peach latent mosaic viroid. — Journal of
Plant Pathology, 89 (2): 287-289.

4. Boubourakas I.N., Arambatzis C., Kyriako-
poulou P.E., Dovas C., 2008. Amelioration of a reverse
transcription polymerase chain reaction (RT-PCR) for
the detection of ASSVd, PBCVd and PLMVd viroids, and
their presence in cultivated and wild pome and stone
fruits in Greece. — XX Int. Symp. Virus and Virus-like
Diseases of Temperate Fruit Crops, N° 781: 519-527.

5. Bussiere F., Lehoux J.,, Thompson D.A., Skrzec-
zkowski L.J., Perreault J.P., 1999. Subcellular localiza-
tion and rolling circle replication of Peach latent mo-
saic viroid: hallmarks of group A viroids. — Journal of
Virology, 73: 6353-6360.

6. Desvignes J.C., 1980. Different symptoms of
the peach latent mosaic. — Acta Phytopathol. Acad. Sci.
Hung, 183:183-190.

7. Desvignes J.C., 1986. Peach latent mosaic and
its relation to peach mosaic and peach yellow mosaic
virus diseases. — Acta Horticulturae, 193: 51-57.

8. Desvignes J.C.,1976. The virus diseases detect-
ed in greenhouse and in field by the peach seedling GF
305 indicator. — Acta Horliculturae, 67: 315-323.

9. Di Serio F., Li S.-F., Pallas V., Owens R.A.,
Randles JW., Sano T., Verhoeven J.T.J., Vidalakis G.,
Flores R., 2017. Viroid Taxonomy. In Viroids and satel-
lites. Eds Hadidi A., Flores R., Randles J.W., Palukaitis P.
Academic Press: 135-146.

10. Fekih Hassen I., Kummert J., Marbot S., Fakh-
fakh H., Marrakchi M., Jijakli M.H., 2004. First report of
Pear blister canker viroid, Peach latent mosaic viroid,
and Hop stunt viroid infecting fruit trees in Tunisia. -
Plant Disease, 88: 1164.

11. Flores R., Hernandez C., Avinent L., Hermo-
so A., Llacer G., Juarez J., Arregui J.H., Navarro L., Des-
vignes J.C., 1992. Studies on the detection, transmis-
sion and distribution of Peach latent mosaic viroid in
peach trees. — Acta Horticulturae, 309: 325-330.

12. Flores R., Hernandez C., Llacer G., Desvig-
nes J.C., 1998. Peach latent mosaic viroid — CMI/AAB
Descriptions of Plant Viruses, 362.

13. Hadidi A., Giunchedi L., Shamloul A.M., Pog-
gi-Pollini C., Amer A.M., 1997. Occurrence of Peach
latent mosaic viroid in stone fruits and its transmis-
sion with contaminated blades. — Plant Disease, 81:
154-158.

14. Hernandez C., Flores R., 1992. Plus and minus
RNAs of Peach latent mosaic viroid self-cleave in vitro
via hummerhead structures. — Proc. Natl. Acad. Sci.
USA, 89:3711-3715.

15. Kyriakopoulou P.E., Giunchedi L., Hadidi A.,
2001. Peach latent mosaic and pome fruit viroids in
naturally infected cultivated pear Pyrus communis and
wild pear P. amygdaliformis: implications on possible
origin of these viroids in the Mediterranean region. —
Journal of Plant Pathology, 83: 51-62.

16. Luigi M., Faggioli F., Barba M., Giunchedi L.,
2010. Identification and characterization of Peach la-
tent mosaic viroid and Hop stunt viroid in different
peach cultivars showing dapple fruit, fruit yellow mo-
saic and cracked suture symptoms: 215 Int. Conf. Virus
and other Graft Transmissible Diseases of Fruit Crops.
Julius-Kuhn-Archiv., 427: 373-374.

17. Malfitano M., Di Serio F., Covelli L., Raga-
zzino A., Hernandez C., Flores R., 2003. Peach latent
mosaic viroid variants inducing peach calico contain

transcription polymerase chain reaction (RT-PCR) for
the detection of ASSVd, PBCVd and PLMVd viroids, and
their presence in cultivated and wild pome and stone
fruits in Greece. XX Int. Symp. Virus and Virus-like
Diseases of Temperate Fruit Crops, 2008; N2 781:
519-527.

5. Bussiere F., Lehoux J.,, Thompson D.A., Skrzec-
zkowski L.J., Perreault J.P. Subcellular localization and
rolling circle replication of Peach latent mosaic viroid:
hallmarks of group A viroids. Journal of Virology, 1999;
73:6353-6360.

6. Desvignes J.C. Different symptoms of the peach
latent mosaic. Acta Phytopathol. Acad. Sci. Hung, 1980;
183:183-190.

7. Desvignes J.C. Peach latent mosaic and its re-
lation to peach mosaic and peach yellow mosaic virus
diseases. Acta Horticulturae, 1986; 193: 51-57.

8. Desvignes J.C. The virus diseases detected in
greenhouse and in field by the peach seedling GF 305
indicator. Acta Horliculturae, 1976; 67: 315-323.

9. Di Serio F., Li S.-F., Pallas V., Owens R.A.,
Randles J.W., Sano T., Verhoeven J.T.J., Vidalakis G.,
Flores R. Viroid Taxonomy. In Viroids and satellites.
Eds Hadidi A., Flores R., Randles J.W., Palukaitis P. Aca-
demic Press. 2017; 135-146.

10. Fekih Hassen I., Kummert J., Marbot S., Fakh-
fakh H., Marrakchi M., Jijakli M.H. First report of Pear
blister canker viroid, Peach latent mosaic viroid, and
Hop stunt viroid infecting fruit trees in Tunisia. Plant
Disease, 2004; 88: 1164.

11. Flores R., Hernandez C., Avinent L., Hermo-
so A., Llacer G., Juarez J., Arregui J.H., Navarro L., Des-
vignes J.C. Studies on the detection, transmission and
distribution of Peach latent mosaic viroid in peach
trees. Acta Horticulturae, 1992; 309: 325-330.

12. Flores R., Hernandez C., Llacer G., Desvignes
J.C. Peach latent mosaic viroid — CMI/AAB Descriptions
of Plant Viruses. 1998; 362.

13. Hadidi A., Giunchedi L., Shamloul A.M., Poggi-
Pollini C., Amer A.M. Occurrence of Peach latent mosaic
viroid in stone fruits and its transmission with conta-
minated blades. Plant Disease, 1997; 81: 154-158.

14. Hernandez C., Flores R. Plus and minus RNAs
of Peach latent mosaic viroid self-cleave in vitro via
hummerhead structures. Proc. Natl. Acad. Sci. USA,
1992;89: 3711-3715.

15. Kyriakopoulou P.E., Giunchedi L., Hadidi A.
Peach latent mosaic and pome fruit viroids in natu-
rally infected cultivated pear Pyrus communis and wild
pear P. amygdaliformis: implications on possible origin
of these viroids in the Mediterranean region. Journal of
Plant Pathology, 2001; 83: 51-62.

16. Luigi M., Faggioli F., Barba M., Giunchedi L.
Identification and characterization of Peach latent
mosaic viroid and Hop stunt viroid in different peach
cultivars showing dapple fruit, fruit yellow mosaic and
cracked suture symptoms: 215t Int. Conf. Virus and
other Graft Transmissible Diseases of Fruit Crops. Ju-
lius-Kuhn-Archiv., 2010; 427: 373-374.

17. Malfitano M., Di Serio F., Covelli L., Ragaz-
zino A., Hernandez C., Flores R. Peach latent mo-
saic viroid variants inducing peach calico contain

Mionb N2 2 (6) 2021 25



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

a characteristic insertion that is responsible for this
symptomatology. — Virology, 313: 492-501.

18. Myrta A., Di Terlizzi B., Savino V., 2003. Virus
and virus-like diseases of stone fruits, with particular
reference to the Mediterranean region. — Options Medi-
terraneennes, Serie B, N245: 129-133.

19. Osaki H., Yamaguchi Y., Sato Y., Tomita Y.,
Kawai Y., Miyamoto Y., Ohtsu Y., 1999. Peach latent mo-
saic viroid isolated from stone fruits in Japan. — Ann.
Phytopathol. Society Japan, 65: 3—-8.

20. Serra P., Bertolini E., Martinez M.C., Camb-
ra M., FloresR., 2017. Interference between variants of
Peach latent mosaic viroid reveals novel features of its
fitness landscape: implications for detection. — Scienti-
fic Reports, 7: 42825. DOI: 10.1038/step42825.

21. Shamloul A.M., Minafra A., Hadidi A., Gi-
unchedi L., Waterworth H.E., Allam E.K., 1995. Peach
latent mosaic viroid: nucleotide sequencing of an Ita-
lian isolate, sensitive detection using RT-PCR and geo-
graphic distribution. — Acta Hortic, 386: 522—-530.

22. EPPO, 2021. EPPO Global Database. URL:
https://gd.eppo.int (maTa o6pamenus: 10.03.2021).

NHPOPMAIIUA OB ABTOPAX

Ipuxoabko I0puit HukosiaeBuY, KaHIUIAT CEJIb-
CKOXO035IICTBEHHBIX HayK, BeIYIIVH HAyYHBIN COTPYI-
HUK HAay4YHO-MeTOAUUYEeCKOT0 OT/esia BUPYCOJIOTUY
u 6axrepuosoruy ®I'BY «BHUMKP, p. 1. BEIKOBO, I. Pa-
MeHCKoe, MockoBckas 061., Poccus; e-mail: prihodko_
yurib9@mail.ru.

KupaeBa TaTbsgHa CTemaHOBHA, HAYUHBIHN CO-
TPYAHUK HAYYHO-METOLUYECKOTO OTIEJIa BUPYCOJIO-
ruu u 6akTepuosioruu ®Ir'BY «BHUVKP», p. 1. BBIKO-
BO, I. PameHckoe, MockoBckasa 006i1., Poccug; e-mail:
zhivaeva.vniikr@mail.ru.

Jlo3oBasa EBreHus HukojiaeBHaA, HayUHBIN CO-
TPYLHUK oTzhesia acnupadTypsl ®I'BY «BHUUKP»,
p. 1. BBIKOBO, . PaMeHcKoe, MocKoBcKas 00J1., Poccus,
e-mail: evgeniyaf@mail.ru.

IMueiigep I0puit AHApeeBUY, KaHIUIAT GKO-
JIOTUYECKUX HAYK, U. 0. 3aMECTUTENSI SUPEKTOPA,
HavyaJIbHUK HAayYHO-METOAUYECKOT0 U 3KCIIePUMEH-
TAJIbHOTO I[€HTPA, CTAPUINN HAYUYHBIA COTPYIHUK
SI'BY «BHUUKP», p. 11. BEIKOBO, I. PaMeHCKO0e, MOCKOB-
ckas 006J1., Poccust; ORCID 0000-0002-7565-1241, e-mail:
yury.shneyder@mail.ru.

Kapumosa EjsieHa BjajuMupoOBHA, KaHIUAT
61OJIOTUYECKUX HAYK, CTAPIININ HAyYHBIA COTPYAHUK
HAyYHO-METOLUYECKOTO OTAEJIa BUPYCOJOTUY U HaK-
Tepuosioruu ®I'bY « BHUUKP», p. 1. BeikoBoO, I. PamMeH-
ckoe, MockoBckasi 0641., Poccust; ORCID 0000-0001-6474-
8913, e-mail: elenavkar@mail.ru.

a characteristic insertion that is responsible for this
symptomatology. Virology, 2003; 313: 492-501.

18. Myrta A., Di Terlizzi B., Savino V. Virus and vi-
rus-like diseases of stone fruits, with particular refe-
rence to the Mediterranean region. Options Mediterra-
neennes, Serie B. 2003; N2 45: 129-133.

19. Osaki H., Yamaguchi Y., Sato Y., Tomita Y.,
Kawai Y., Miyamoto Y., Ohtsu Y. Peach latent mosaic vi-
roid isolated from stone fruits in Japan. Ann. Phyto-
pathol. Society Japan, 1999; 65: 3-8.

20. Serra P., Bertolini E., Martinez M.C., Camb-
ra M., Flores R. Interference between variants of Peach
latent mosaic viroid reveals novel features of its fitness
landscape: implications for detection. Scientific Reports,
2017; 7:42825. DOI: 10.1038/step42825.

21. Shamloul A.M., Minafra A., Hadidi A., Gi-
unchedi L., Waterworth H.E., Allam E.K. Peach latent
mosaic viroid: nucleotide sequencing of an Italian iso-
late, sensitive detection using RT-PCR and geographic
distribution. Acta Hortic, 1995; 386: 522-530.

22. EPPO, 2021. EPPO Global Database. URL:
https://gd.eppo.int (last accessed: 10.03.2021).

INFORMATION ABOUT THE AUTHORS

Yuri Prikhodko, PhD in Agriculture, Leading
Researcher, Research and Methodology Department
of Virology and Bacteriology, FGBU “VNIIKR”, Bykovo,
Ramenskoye, Moscow Oblast, Russia; e-mail: prihodko_
yurib9@mail.ru.

Tatyana Zhivaeva, Researcher, Research and
Methodology Department of Virology and Bacteriology,
FGBU “VNIIKR”, Bykovo, Ramenskoye, Moscow Oblast,
Russia; e-mail: zhivaeva.vnitkr@mail.ru.

Evgenya Lozovaya, Researcher, Postgradu-
ate Study Department, FGBU “VNIIKR”, Bykovo, Ra-
menskoye, Moscow Oblast, Russia; e-mail: evgeniyaf@
mail.ru.

Yuri Shneyder, PhD in Biology, Acting Deputy Di-
rector, Head of Research and Methodology and Experi-
mental Center, Leading Researcher, FGBU “VNIIKR”,
Bykovo, Ramenskoye, Moscow Oblast, Russia; ORCID
0000-0002-7565-1241, e-mail: yury.shneyder@mail.ru.

Elena Karimova, PhD in Biology, Leading Re-
searcher, Research and Methodology Department of
Virology and Bacteriology, FGBU “VNIIKR”, Bykovo,
Ramenskoye, Moscow Oblast, Russia; ORCID 0000-0001-
6474-8913, e-mail: elenavkar@mail.ru.

duTtocaHuTapusa. KapaHTuH pacteHuin 26



