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AHHOTALIUA

Bupoupg py6IleBaTOCTU MJOLOB SI0JOHU
(Apscaviroid cicatricimali, Apple scar skin viroid,
ASSVd) aBysieTcsa OgHUM 13 0C000 OITaCHbBIX (DHUTOIIA-
TOTE€HOB, TIOPAXKAIINX CEMEUKOBBIE 1 KOCTOUKOBBIE
MIJIO0LOBBIE KYyJIbTYPhl. BupoumgHasa nH(pEKIIUI
peCTaBJIsIeT IOTEHIIMAJBbHYIO OIIaCHOCTh, KOTOPast
MOJKET HaHECTH YKOHOMUYECKUH yIepb Mpou3BoJI-
CTBY IJIOZOBBIX KyJbTYyp. HanboJiee pacmpocTpaHeH-
HBIM cItocobom mepenauu ASSVd sBjseTcs KOHTaK-
THas Imepenmava (MexaHWUYeCKU 4vepes pabouwme
MHCTPYMEHTHI), a TaK)Ke uepes MPUBUBKY (OT
3apa’keHHOT0 pacTeHMs K 3J0pPOBOMY). B cTaTbe
npuBeleHa KpaTkas o630pHas mHMOPMALUA II0
BUPOUY, a TAK)Ke TTIOKa3aHbI JaHHbIE 10 anipobauu
OJIUTOHYKJEOTUIOB AJSA AuarHocTuku ASSVd
meTomoM ITLIP B pexxumMe peanbHOro Bpemenu (TILP-
PB) Cc MCIT0OJIb30BAaHUEM OTEUYECTBEHHBIX PEAKTHUBOB.

[IpoBepKy pabOThl OJUTOHYKJIEOTUIOB OCYIIEe-
CTBJISJIY C IIOMOLIbI OTEYECTBEHHBIX HAaGOPOB
pearenToB kommaHuu 00O «HII® CunuToa» u 3A0
«EBporen». [IJg IIpoBeleHNS SKCIIEPUMEHTOB I10
OIleHKe CIeI(UIHOCTY IPANMEPOB UCIIOIb30BaIN
pasuyYHble U30JIAThl GJIM3KOPOACTBEHHBIX BUPOU-
OB U3 ceMelcTB Avsunviroidae u Pospiviroidae. B
IaHHOU paboTe MPOBEIEH aHAJIU3 OJIUTOHYKJIEOTH-
OB C HCIIOJb30BaHUEM OHJalH-cepBuca NCBI
Primer-BLAST. B ucciemoBaHUU IIPOBEAEHO MHO-
’KECTBEHHOE BbIPpaBHUBAaHUE HYKJEOTUAHBIX
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ABSTRACT

Apple scar skin viroid, ASSVd (Apscaviroid
cicatricimali) is a particularly dangerous
phytopathogen affecting pome and stone fruit crops.
Viroid infection poses a potential threat that can
cause economic damage to fruit production. The most
common pathways of ASSVd are contact (mechani-
cally through tools) and grafting (from an infected
plant to a healthy one). This article provides a brief
overview of the viroid and presents data on the
validation of oligonucleotides for ASSVd diagnostics
with real-time PCR using Russian reagents.

Oligonucleotide performance was tested using
Russian Syntol and Evrogen reagent kit. Various
isolates of closely related viroids from the
Avsunviroidae and Pospiviroidae families were used
to conduct experiments assessing primer specificity.
In this study, oligonucleotide analysis was performed
using the NCBI Primer-BLAST online service.
Multiple nucleotide sequence alignments of apple
fruit scarring viroid isolates were performed using
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IoCJIeI0BaTeIbHOCTEN U30JIATOB BUpOUa pyoIleBa-
TOCTH ILJIOJOB S0JIOHM C IIOMOIIBIO CIIEIIMAJIbHBIX
nporpamMmM MAFFT u AliView. BuonH(popMaTHuiecKu
MMPOaHAJIN3UPOBAHbI BULOCIIENU(DUYHBIE OJIUTOHYK-
JIEOTHUIbI HA BOBMOXXHOCTb 06pa30BaHMsI BTOPUYHBIX
CTPYKTYp — HINWJIEK U AUMEPOB, KOTOPbIe MOTYT
MTOBJIUSATDH HAa JUATHOCTUKY (DUTOMATOreHa. YCTaHOB-
JIeHOo, uTo rmpaiMepsbl CASSVd/hASSVd u ASS-F/ASS-R
CITOCOOHBI 06Pa30BBIBATH HOJIBIIOE KOJUUYECTBO
BTOPUYHBIX CTPYKTYP, KOTOPble MOTYT MPUBECTU K
JIOXKHOTIOJIOXKUTEJNIBHOMY pe3yibTaTy. C IOMOIIbIo
npaiiMepoB ASSVd-F91/ASSVd-R291, ASS-F/ASS-R u
30HIa ASS-P BO3MOXXHO UIeHTU(OUIINPOBATh BUPOU],
pyb11eBaTOCTHU JIOO0B 16710HU MeToioM [TLIP-PB.

Knrouesole cnosa. Apscaviroid cicatricimali,
ASSVd, ceMeuKOBbIe KYJIbTYPbl, KOCTOUKOBBIE
KYyJIbTYPbl, KAPAaHTWH pPaCTeHUN.

BBEJEHUE

penu pasJuYHbIX GUTONATOTEHOB
TJIOJIOBBIX KYJbTYP 0CO00€ IOJIoXKe-
HUe 3aHUMAaIOT BUPOUILI. BUPOUIbI —
5T0 MH(PEKIMOHHbIe MAaTOTeHHI,
COCTOAINME U3 OJHOIEIIOUeUHOH
KoJb1leBOll PHK, KOTOPBIE BBI3BIBAIOT
pasnuuHbie 6GOJIE3HU PaCTEHUH,
HaHOCSI OTPOMHBIN YKOHOMUYECKUN
yuiep6. [TOCKOJbKY BTU IMATOTEHBI HE KOAUPYIOT
6eJIKY, OHUW MCIIONb3YIOT OEJKM pPacTeHUI-X03sIUHa
JLJIST BBITIOJIHEHUST BCEX CBOMX OCHOBHBIX (DYHKITUM,
BKJIIOUAS pPemJUKaIllNI0, TPAHCHOPTUPOBKY U
ImaToreHes. Bupoubl mepemarTcs BETE€TATUBHBIM
Pa3MHOXeHUEM/IIPUBUBKON U MeXaHUYECKOU
VHOKYJISIIMEelN, HallpuMep, Yepes HCII0Jb30BaHME
3arps3HEeHHbIX JIE3BUM BO BpeMs 00pe3KU 1 IPUBUB-
ku (Diener, 2001; Walia et al., 2014; [IpuxoAbKo U Ap.,
2021; Tianetal.,2022).

Il ceMeuKOBBIX ILJIOJOBBIX KYJIbTYyp 0coboe
3HAUeHNEe MMEeeT BUPOUJ py6leBaTOCTHU IJIOLOB
s6mouu (Apscaviroid cicatricimali, Apple scar skin
viroid, ASSVd), KOTOPBIi BJISIETCS TUTIOBBIM BUIOM
poxma Apscaviroid cemeiicTBa Pospiviroidae (EPPO
Global Database, 2025). Bupou, BbI3bIBaeT 60JIe3HU
py61ieBaToCTH IJIOMOB (scar skin) si6JI0HU, TISTHHC-
ToCTH ILIOAOB s160uHu (dapple apple), sMuaTocTu
momoB rpymu (pear fruit dimple), p>xaBoi KOXKUIIBI
miofoB rpymu (pear rusty skin), MOpIIMHUCTOCTHU
nnozoB rpyuiu (pear fruit crinkle) (Walia et al., 2012;
Hadidietal.,2017; Tianetal.,2022).

[TepBble coobuieHMsT 0 6oJjie3HU PyO6IlEBATOCTHU
ILJI0NOB sA6J0HU moaBuiuch B 1930-x rr. B Kurae.
VH(eKIIMS IIPUBeJia K CEPhe3HbIM IIOTEPSIM YPOXKas B
Kurae B 1950-x I'T., 0cO6eHHO B patioHe JIT0AyHCKOTO
TIOJIyOCTPOBA, TZie ObLIY ITOPa’KeHbI ThICIUYU TEPEBb-
€B, a IUIOAbI A6JIOHU TTEPeCcTau IIPOLaBaThCs M3-3a
HETOBapPHOI'0 BHEIIHEro BUIa. Bojie3Hb MOBIMIIA HA
BhIpalllBaHKe OCHOBHOTO COpTa s0Ji0HK B KuTae —
Red Fuji. B HeKOoTOpPbIX MPOBUHIIMAX IllaHbCH,
[Isabcu 1 X265 6051ee 50% mepeBbeB ObLIV TOPaXKe-
HBI 5Tol GojesHbio (Liu et al., 1957; Hadidi et al.,,
2017). B 1953 r. B KuTae 6ojie3Hb ObLia OIIMCaHa U
mojiydyusia HazBaHue Manshu-sabika-byo (601e3Hb
mo6ypeHus TIJIOIOB MaHbUXKYPCKOU SOJIOHM), UIU
Sabika (6osie3Hb MaHBYIKYPCKOU AOJIOHM), TTO

specialized MAFFT and AliView software. Species-
specific oligonucleotides were bioinformatically
analyzed for the formation of secondary struc-
tures—hairpins and dimers—that may affect the
diagnosis of the phytopathogen. It was found that the
cASSVd/hASSVd and ASS-F/ASS-R primers are
capable of forming a large number of secondary
structures, which can lead to false-positive results.
Using the primers ASSVd-F91/ASSVd-R291, ASS-
F/ASS-R and the probe ASS-P, it is possible to identify
the apple fruit scarring viroid using the real-time PCR
method.

Key words. Apscaviroid cicatricimali, ASSVd, pome
crops, stone fruit crops, plant quarantine.

INTRODUCTION

mong the various phytopathogens of fruit

crops, viroids occupy a special position.

Viroids are infectious pathogens consist-

ing of single-stranded circular RNA that

cause various plant diseases, causing
enormous economic losses. Since these pathogens do
not encode proteins, they utilize host plant proteins to
perform all their essential functions, including
replication, transport, and pathogenesis. Viroids are
transmitted by vegetative propagation/grafting and
mechanical inoculation, for example, through the use
of contaminated blades during pruning and grafting
(Diener, 2001; Walia et al., 2014; Prikhodko et al.,
2021;Tianetal.,2022).

Apple scar skin viroid is of particular importance
for pome fruit crops (Apscaviroid cicatricimali, Apple
scar skin viroid, ASSVd), which is the type species of
the genus Apscaviroid of the family Pospiviroidae
(EPPO Global Database, 2025). The viroid causes
apple scar skin, dapple apple, pear fruit dimple, pear
rusty skin, pear fruit crinkle (Walia et al., 2012; Hadidi
etal.,2017; Tianetal.,2022).

The first reports of ASSVd appeared in China in
the 1930s. The infection caused severe crop losses in
China in the 1950s, particularly in the Liaodong
Peninsula region, where thousands of trees were
affected, and the apple fruit became unmarketable
due to its unmarketable appearance. The disease
impacted the cultivation of China's main apple
variety, Red Fuji. In some provinces of Shanxi,
Shaanxi, and Hebei, more than 50% of trees were
affected by this disease (Liu et al., 1957; Hadidi et al.,
2017).In1953, the diseasewasdescribed in Chinaand
named "Manshu-sabika-byo" (Manchurian apple
browning disease) or "Sabika" (Manchurian apple
disease), based on the results of experiments on
viroid transmission through grafting (Ohtsuka, 1935;
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pesynbTaTaM SKCIIEPUMEHTOB T10 Iepeiade BUPOUaa
yepes npuBuBKy (Ohtsuka, 1935; Ohtsuka, 1938;
Walia et al., 2014). Takxxe B 1950-X I'T. B 26JI0HEBOM
cany (mrtat Heio-Ismmmup, CIIA) Gblia oTMedeHa
00JIe3Hb IIATHHUCTOCTU ILJIOLOB SIGJIOHM, II03Ke OHa
Habiroganach B Beaukoopuranuy, Kutae u SImoHuu
(Leeetal.,2001; Hadidietal.,2017).

3areM, B 1953 r., IOABUIUCH COOOLIEHUA O
00J1e3HY TIJIOOBLIX B IpedekType Harauo (AnoHus),
a B 1970-x rT. 3Ta 60JIe3Hb HAOGJIOAATIACh U B JPYTUX
OCHOBHBIX paliOHaX BbIpaI[MBaHUS A6JI0Hb B SITTOHUU
(Hadidi et al., 2017). CuMniToOMbI 60JI€3HU TIPOSIBJIS-
JIUCH JIMIIb Ha ILJIOLAX; Ha JIUCThAX M CTBOJIAX
IepeBbeB CHUMITOMOB 3apaXeHUsa He OBIIO
(Takahashi, 1987). B 1960-1962 rr. B Kutae ormeua-
JIOCh, 4TO 0K0JIO 90% JIepeBbeB I'PYII ObLIN ITOPaXKe-
HbI60se3HbI0 (Liuetal., 1962).

V3HayaJbHO CUUTAJOCH, YTO BO3OYymUTEIEM
6oJie3HEN SIBJISIETCS BUPYC M3-3a €r0 CIIOCOGHOCTHU
TiepeaBaThbCsd Yepes TpaHCITaHTaHT (Koganezawa,
1985). 1 Tosbko B 1980-x rr. 6blJa BBIABUHYTA
TUIIOTE3a O BUPOUIHOM STUOJIOTUM TAaHHBIX 60Jie3-
Heti (Waliaetal.,2012).

[TpenmosaraeTcs, YTO IIEPBUYHBIHM apeas ASSVd
HaxonuTcs B CeBepo-BocTouHoi Asum (Kurtaii u
slmouwus), rae oH HaruGojee MIUPOKO PAaCIIPOCTPAHEH.
A ero orpaHMYeHHOE paclIpOoCTpPaHEeHUWE B CTpaHax
EBponbl 1 AMEpUKU SABJISETCA pPe3ysbTaTOM II€PBO-
HavyaJIbHOM WHTPOAYKIMU KOMMEPUYECKUX COPTOB
TLJIOJIOBBIX KYJIBTYP U3 BBIIIEYTIOMSIHYTHIX a3UaTCKUX
crpas (Kyriakopoulou, Hadidi, 1997). I'pyma MuHa-
JIeBUIHAS Ha IIPOTSHKEHUM MHOTUX BEKOB IIPou3pac-
TaeT B ropax ['peruu, u paHee ee ceMeHa IIHMPOKO
KCIIOJb30BAJNIUCh IJIST MOJYUYEHUST CEMEHHBIX
TIOJTBOER C I1€JIbI0 ITOCJIeIYIOIEl MPUBUBKY KYJIbTYP-
HBIX COPTOB I'PyIIM U aiiBbl. [IpucyrcTBue ASSVd B
pacTeHUSIX TPYIIU B TOPaX, BAAJIY OT JIF060TO BMeIa-
TeJIbCTBA YeJIOBEKA, TI03BOJISIET IIPEAMOJI0KUTh, YTO
BUPOUJ, ABJISIETCSA POLHBIM 1Jisg ['penuu. B cBg3u ¢
3TUM HE MCKJIHYeHa BO3MOXXHOCTb, UTO I'pernus,
pacnosoxxeHHass B Cpequ3eMHOMOPCKOM PETUOHE,
SIBJISETCS BTOPBIM IEHTPOM IIPOUCXOXIEHUSI
Bupouga. OueBULHO, MHPUIIMPOBAHNE PACTEHUM
TIPOUCXOIUIIO C TIOMOIIbI0 3apaXKeHHOT0 MaTepuaa
yepes npuBuBkKy (Kyriakopoulou, Hadidi, 1997;
Kyriakopoulou et al., 2001). [To3nHee maHHBIU
BUPOUJ GbIJ BBISIBJIEH Ha KYJbTUBUPYEMBIX U
OUKOPACTYIIUX PAaCTEHUSIX YepellHu B [penun
(Kaponietal.,2013).

T'eHOM BUpOMIA PyOII€BATOCTH ILIOAOB SI6JIOHUI
OBbLJI CEKBEHUPOBAH B 1987 T. 1 IIpeCTaBIIsSIET COO0H
O HOLIEIIOYeuHy0 KoJyblieByr0o PHK, cocroguiyoo u3
330 mykseoTumoB (Hashimoto, Koganezawa, 1987).

OCHOBHBIM PaCTEHUEM-X03IMHOM JIJIs BUPOUIa
aBiigeTcda A0J0Hg oOblikHOBeHHasd (Malus domestica
(Suckow) Borkh). [ToMyuMo0 16/10HY, BUPOUT, MHDUIIY-
pPyeT U Apyrue pacTeHus U3 ceMercTBa Rosaceae:
s6a0us gukas (M. sylvestris (L.) Mill.), rpyira o6bIKHO-
BeHHas (Pyrus communis L.), Tpylia MUHIAJIeBULHAS
(P. amygdaliformis Vill.), 6emas KuTalickas rpyia
(P. bretschneideri Rehder), rpyma rpymeaucTHas
(P. pyrifolia (Burm.f.) Nak.), rpyma yccypuiickas
(P. ussuriensis Maxim.), mepcuk (Prunus persica (L.)
Batsch), abpukoc (P armeniaca L.), yepentus (P. avium
L.), rumaiarickas suind (P, cerasoides D.Don) (Walia et
al., 2012; Walia et al., 2014; Kaponi et al., 2024; CABI,
2025).

Ohtsuka, 1938; Walia et al., 2014). Also, in the 1950s,
apple fruit spot disease was noted in an apple orchard
(New Hampshire, USA), and later it was observed in
the UK, China, and Japan (Leeetal.,2001; Hadidietal.,
2017).

Then, in 1953, reports of the disease appeared in
Nagano Prefecture, Japan, and in the 1970s, the
disease was observed in other major apple-growing
areas of Japan (Hadidi et al., 2017). Symptoms of the
disease appeared only on the fruits; there were no
symptoms of infection on the leaves or trunks of the
trees (Takahashi, 1987). In China, between 1960 and
1962, it was noted that about 90% of pear trees were
affected by the disease (Liuetal.,1962).

Initially, it was believed that the causative agent
of the diseases was a virus, due to its ability to be
transmitted through a transplant (Koganezawa,
1985). It was only in the 1980s that the hypothesis of a
viroid etiology of these diseases was put forward
(Waliaetal.,2012).

The primary distribution of ASSVd is believed to
be in Northeast Asia (China and Japan), where it is
most widespread. Its limited distribution in Europe
and America is the result of the initial introduction of
commercial fruit varieties from the aforementioned
Asian countries (Kyriakopoulou and Hadidi, 1997).
The almond-shaped pear has been grown in the
mountains of Greece for centuries, and its seeds were
previously widely used to produce seed rootstocks for
subsequent grafting of cultivated pear and quince
varieties. The presence of ASSVd in pear plants in the
mountains, far from any human intervention,
suggests that the viroid is native to Greece. Therefore,
the possibility cannot be ruled out that Greece,
located in the Mediterranean region, is a second
center of origin for the viroid. Apparently, the plants
were infected by grafting contaminated material
(Kyriakopoulou and Hadidi, 1997; Kyriakopoulou et
al., 2001). Later, this viroid was detected on cultivated
and wild cherry plantsin Greece (Kaponietal.,2013).

The genome of ASSVd was sequenced in 1987
and is a single-stranded circular RNA consisting of
330nucleotides (Hashimoto, Koganezawa, 1987).

The main host plant for ASSVd is the common
apple tree (Malus domestica (Suckow) Borkh). Apart
from apple trees, the viroid also infects other plants
from the Rosaceae family: M. sylvestris (L.) Mill., Pyrus
communis L., P. amygdaliformis Vill., P. bretschneideri
Rehder, P, pyrifolia (Burm.f.) Nak., P. ussuriensis Maxim.,
Prunus persica (L.) Batsch, P armeniaca L., P. avium L., P
cerasoides D.Don) (Waliaetal.,2012; Waliaetal.,2014;
Kaponietal.,2024; CABI, 2025).

ASSVd has been detected in various apple
tissues: leaves, stems, peel, fruit pulp, rootstocks, and
roots. However, symptoms of viroid infection appear
only on the fruit, not on the leaves and stems. Stunting
of plant growth is the primary symptom of most viroid
diseases (Hashimoto, Koganezawa, 1987; Hurtt,
Podleckis, 1995; Desvignes et al., 1999; Kim et al.,
2010; Waliaetal.,2014; Lietal.,2023).
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Puc. 1. CuMmnTOMBI: A — KOPUYHEBAS
pybueBaTocTb Ha nnopax A6y10HuU;

a6noHu; C — aMuaToCTb Ha nioaax 2018)
rpyww (Di Serio et al., 2018)

ASSVd 6b11 06HapyXeH B Pa3JIUYHBIX TKaHIX
s0JIOHU: B JIUCThAX, CTEOJIAX, KOXYype, MAKOTU
MIJIOIOB, TOABOSIX U KOPHAX. OOHAKO CUMIITOMBI
3apakeHus BUPOUJOM MPOSIBISIOTCS TOJbKO Ha
TJIOMIaX, HO He MPOSIBJISIOTCS Ha JIUCThIX U CTEBIIIX.
3aJep)kKa pocTa pacTeHUWU SIBJISETCS OCHOBHBIM
CUMIITOMOM OOJIBIIMHCTBA BUPOULHBLIX GOJie3HEN
(Hashimoto, Koganezawa, 1987; Hurtt, PodlecKkis,
1995; Desvignes et al., 1999; Kim et al., 2010; Walia et
al.,2014;Lietal.,2023).

Hampumep, Bo ®paniuu (1995-1998 rr.) 6b11m
ITPOBEAEHBI OITBITHI 10 KUCKYCCTBEHHOMY 3apPa’keHUI0
ASSVd 42 KoMMepuecKMUX COpPTOB Ab6JoHU. [1o
pesyabTaTaM YyBCTBUTENbHOCTHY K BUPOULY BhIZeie-
HO HECKOJIbKO T'PYIMIN OCHOBHBIX COPTOB SIGJIOHU:
TonepaHTHbIe (Baujade, Belrene, Golden Delicious,
Granny Smith, Jonagold, Pink Lady, Reine des
Reinettes, Reinette Grise du Canada, Smoothee),
cnaboBocunpuumMmuuBbie (Akane, Ambassy,
Delbarestivale, Fuji u mytauTs! Fuji, Gala u MyTaHTbI
Gala, Redwinter, Spurkoop), BoCIpUUMUYUBbIE
(Delbard Jubilé, Elstar u myTtanTsl Elstar, Festival,
Querina, Sunris), 6oaee BocupuuMuuBbie (Ace,
Charden, Early Red One, Red Chief, Red Delicious,
Starkrimson), BeicokoBocmpuumMuuBbie (Belchard,
Braeburn, Hillwell u myranTer Hillwell, Indo). Ha
TOJIEPAHTHBIX COPTaX JIUIIb HA OTAEJIbHBIX ILJI0AAX
pPa3BUBAJIMCh HEOTUETJIMBBIE IATHA UJIU cjaboe
u3MeHeHNne OKpacku. Ha c1aGoBOCIPUUMYMBBIX U
BOCIIPUMMYHUBBIX COPTax y YacTH ILJIOLOB pa3BUBa-
JIach MIATHUCTOCTD CJIA00UM WU YMEPEHHOU MHTEH-
cuBHOCTHU. Ha 6ojiee BOCIIPUMMYUBBIX COPTAX [IOUTHU
BCe TLJIOMbI U3MEHSLIN OKPACKY WJIM UMEJIH MISITHA, a y
CeMEeHHOI YallleuKy Pa3BUBaJIUCh P>KaBbIe OITPOOKO-
BeBIIVe MITHA. Ha BhICOKOBOCIIPUUMYUBBIX COPTaX
pasBUBaIVCh UHTEHCUBHBIE CUMIITOMBI Py6IleBaTOC-
TH, PaCTPEeCKUBAHUSA U HEKPOTHU3AIMU IIJOL0B,
KOTOpbie yTpauMBaJu TOBAapHbIE KauyecTBa
(Desvignesetal.,1999).

ASSVd B eCTeCTBEHHBIX YCJIOBUAX IOPAXKaeT
WCKJIIOUUTEJIBHO IPEBECHbIE PACTEHUS, B IEPBYIO
ouepeb CEMEUKOBbIe M KOCTOUKOBBIE ILJIOLOBBIE
IepeBbsa. OMHAKO BUPOUM MMEET MUPOKUM KPYT
SKCIIEPUMEHTaJbHbIX PACTEHUI-X03s1€B: OTypel]
(Cucumis sativus L.), Tomat (Solanum lycopersicum L.),
GakyaxkaH (S. melongena L.), ropox (Pisum sativum
Lam.), daconb (Phaseolus vulgaris L.), Tabak (Nicotiana
benthamiana Domin, N. tabacum L., N. glutinosa L.),
kuHoa (Chenopodium quinoa Willd.), maps (C.
amaranticolor D. Don). BO3MOXXHOCTb 3apaKeHU 9TUX
pacTeHuM B MPUPOAHBIX YCIOBUSIX HE M3ydajach
(Waliaetal.,2014; Waliaetal.,2015;Lodh, 2017).

Fig. 1. Symptoms: A) Brown scarring on
apple fruit; B) Pale spots on apple fruit ’
B — 6neaHble NATHa Ha KOXULLe NonoB skin; C) Pear fruit crinkle (Di Serio et al., ble (Akane, Ambassy, Delbarestivale,

For example, in France (1995-1998),
experiments were conducted on
artificial infection of 42 commercial
apple varieties with ASSVd. Based on
the results of susceptibility to the
viroid, several groups of main apple
varieties were distinguished: tolerant
(Baujade, Belrene, Golden Delicious,
Granny Smith, Jonagold, Pink Lady,
Reine des Reinettes, Reinette Grise du
Canada, Smoothee), slightly suscepti-

Fuji and Fuji mutants, Gala and Gala

mutants, Redwinter, Spurkoop),

susceptible (Delbard Jubilé, Elstar
and Elstar mutants, Festival, Querina, Sunris), more
susceptible (Ace, Charden, Early Red One, Red Chief,
Red Delicious, Starkrimson), highly susceptible
(Belchard, Braeburn, Hillwell and Hillwell mutants,
Indo). On tolerant varieties, only a few fruits devel-
oped indistinct spots or mild discoloration. On
slightly susceptible and susceptible varieties, some
fruits developed mild to moderate spotting. On more
susceptible varieties, almost all fruits showed
discoloration or spots, and rusty, corky spots devel-
oped on the calyx. On highly susceptible varieties,
severe scarring, cracking, and necrosis of the fruits
developed, rendering them unmarketable (Desvignes
etal.,1999).

ASSVd naturally infects exclusively woody
plants, primarily pome and stone fruit trees. However,
the viroid has a wide range of experimental host
plants: Cucumis sativus L., Solanum lycopersicum L.,
S. melongena L., Pisum sativum Lam., Phaseolus
vulgaris L., Nicotiana benthamiana Domin, N.
tabacum L., N. glutinosa L., Chenopodium quinoa
Willd., C. amaranticolor D.Don. The possibility of
infection of these plants in natural conditions has not
been studied (Walia et al.,, 2014; Walia et al., 2015;
Lodh,2017).

When infected with ASSVd, pale spots form on
the skin of apple fruit (see Fig. 1-B). The surface of the

Puc. 2. CuMnTOMBI
3apakeHusa ASSVd Ha
He3penom sibnoke u3 parioHa from the Olympia region of
Onumnus Ha MenonoHHece,  the Peloponnese, Greece
Ipeuus (Kaponi et al., 2024) (Kaponi et al., 2024)

Fig. 2. Symptoms of ASSVd
infection on an unripe apple
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[Ipu 3apakeHuu
BUpOUAOM pybiieBa-
TOCTHU ILIOMLOB SI0JIOHU
obpasyioTcsa 6iaemHbIe
MSITHA Ha KOXWUILE
nJa0L0B a6yioHU (CM.
puc. 1, B). IToBep-
XHOCTh IIITEH MOJXKET
IIOKPBIBATHCSI KPACHO-
Oypoy MY KOpUUHE-
BOUI OmpPOOKOBERBIIEH
TKaHbI, KOTOpas B
BU/IE ITOJIOC MJIY IEJIbIX
CEeKTOPOB pacIpocTpa-
HSETCS TI0 TIoAy (CM.
puc. 1, A, puc. 3).
[IaTHaA yacTo pacTpec-
KHUBalTCS (CM. puc. 2).
3apa)keHHbIe MJOJbI
YacTO OCTAKTCH
MEJIKUMU U )KECTKMMHU, IIJIOX0 BhI3PEBIINMU U UMEIOT
HENPUSATHBIN BKyc. CUMIITOMBI 3apakeHUs Ha
MJIoJaX TPYIIU TPOSIBJISIOTCS B BUME IMUYaTOCTU
(MOPIIMHUCTOCTH) KOXKUILBI (CM. puc. 1, C). CumriTo-
MBI Ha IJIOAAX S0JI0HY 0OBIYHO HE COIIPOBOXKIAIOTCSI
Halu4yreM KaKUX-JIu0O0 CUMIITOMOB Ha JINCThSX.
Bupoua MOXXeT UMETh HJUTEJbHBIN JIATeHTHBIN
Tepuo, B CBOMX pacTeHuax-xosseBax (Shamloul et
al., 2004; Sipahioglu et al., 2009; Hadidi et al., 2017; Di
Serioetal.,2018;Kaponietal.,2024).

Apple scar skin viroid cHuxaeT ToOBapHBIN BUJ,
JI0/I0B s1610HU (YMeHbIIeHWe pasMepa, o6pas3oBa-
HUe pPyOIlOB, HEPAaBHOMEPHOE OKpalliuBaHUe
KOJKYPBI), UTO HETaTUBHO CKa3bIBAETCS Ha IIPOU3BO-
ncre hpykToB (Diener, 1971; Li et al., 2023). 3apaxke-
HUE BUPOUIOM MOXXET IIPUBECTU K 3HAUYUTEJIbHBIM
SKOHOMUYECKUM ITOTEPSIM ¥ CHVIKEHUIO YPOXKATHOCTH.

B HacTosmee Bpems ASSVd pacrpocTpaHeH B
crpaHax Asum (Mupwus, Vipas, Kutaii, Pecry6imka
Kopes, Sdnonus), EBponsl (Benukobpuranus,
Ipenuqa, Oauudg, Utanud, [loabma, Typuusa, dpaH-
nus), CeBepHoit AMepuku (Kamama, CIIA), FOXHOMI
Amepuku (Apreutuna) (CABI/EPPO, 2025).

Bupou 9BiaseTcs OOHUM 13 HarboJjiee OIacHbIX
BO30ymuTesel 60Jie3Hel TLIOIOBBIX KYIbTYP B Kutae
¥ SITIOHUH, XOTSI B OOJIBIIMHCTBE CTPaH — IIPOU3BOIU-
TeJel A6JI0K (pUTOIIATOreH BCTPEYAETCS OTHOCU-
TeabHO penko (Hashimoto, Koganezawa, 1987;
Desvignes et al., 1999). B oCHOBHBIX peruoHax
npousBoAcTBa A6J0Hh B KuTae nmHMeKIMOHHAS
HarpysKa BUPOuIOM KoJjiebseTcsaoT 4,8 1o 48,6% (Liet
al., 2023). CUMIITOMBI 3apa’keHus BUPOUIOM HaOJIIO-
Ianuch B Pecrtybsiike Kopest Ha HECKOJIBKUX COPTax
a6mouu (Kim et al., 2006). B I0xxHo#1 Kopee ASSVd
HMIXPOKO pacIpocTpaHeH Ha copTax s06JIOHKM Sansa,
Fuji, Chukwang, Miki-Life, Hongrou Songbongeum Ha
IOTe CTPaHbI, BbI3bIBAsI HA HUX MIITHUCTOCTD ILJIO0B
(Kwon et al., 2002). B GoJIBIIIMHCTBE PaliOHOB BhIpa-
muBaHUs S6JOHb B mTaTe XuMauvaja-Ilpagern
(Mupgus) ypoBeHb 3apaskeHus ASSVd cocraBui 27,6%
B 2012 1., 4TO ABJSETCSI CaMbIM BBICOKKM IIOKa3aTe-
JIeEM Cpely WCCIeNyeMbIX BUPOUMHBIX U BUPYCHBIX
MIaTOTeHOB CEMEUYKOBBIX KYJIbTYpP, PaclpoCTpaHeH-
HBIX B 3THX pabonax (Kumar et al., 2012). Bupoug,
BBIIBJISIIM Ha pacTeHusax s6yjoHum coprta Golden
Delicious u rpymu copra Dargazi B IpOBUHIIUU
Xopacau-PesaBu (Mpan) (Yazarlouetal.,2012). Takxxe

a6noHu (Sipahioglu et al., 2009)

Fig. 3. Brown scar skin on apple fruit (Sipahioglu
et al., 2009)

spots may become covered with a reddish-brown or
brown corky tissue, which spreads across the fruit in
stripes or entire sectors (see Fig. 1-A, Fig. 3). The spots
often crack (see Fig. 2). Infected fruits often remain
small and tough, do not ripen well, and have an
unpleasant taste. Symptoms of infection on pear fruit
appear as pitting (wrinkling) of the skin (see Fig. 1-C).
Symptoms on apple fruit are usually not accompa-
nied by any symptoms on the leaves. The viroid can
have a long latent period in its host plants (Shamloul
etal., 2004; Sipahioglu et al., 2009; Hadidi et al., 2017;
DiSerioetal., 2018;Kaponietal.,2024).

ASSVd reduces the marketability of apple fruits
(size reduction, scarring, uneven peel coloring),
which negatively impacts fruit production (Diener,
1971; Li et al., 2023). Viroid infection can lead to
significanteconomiclosses and reducedyields.

Currently, ASSVd is widespread in Asian
countries (India, Iran, China, Republic of Korea,
Japan), Europe (Great Britain, Greece, Denmark, Italy,
Poland, Turkey, France), North America (Canada,
USA), South America (Argentina) (CABI/EPPO, 2025).

Viroid is one of the most important pathogens of
fruit crops in China and Japan, although in most
apple-producing countries the phytopathogen is
relatively rare (Hashimoto and Koganezawa, 1987;
Desvignes et al., 1999). In the main apple-producing
regions of China, the viroid infection load ranges from
4.8 to 48.6% (Li et al., 2023). Symptoms of viroid
infection have been observed in the Republic of Korea
on several apple varieties (Kim et al., 2006). In South
Korea, ASSVd is widespread on Sansa, Fuji,
Chukwang, Miki-Life, Hongro, and Songbongeum
apple varieties in the south of the country, causing
fruit spotting (Kwon et al.,, 2002). In most apple-
growing areas of Himachal Pradesh, India, the ASSVd
infection rate was 27.6% in 2012, which is the highest
among the studied viroid and viral pathogens of pome
crops common in these areas (Kumaretal.,2012). The
viroid was detected on Golden Delicious apple and
Dargazi pear plants in Razavi Khorasan Province, Iran
(Yazarlouetal.,2012). ASSVd is also widespread in the
Eastern Anatolia Region, Turkey (Sipahioglu et al.,
2009).
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ASSVd mupoko pacipocTpaHeH B peruoHe BocTou-
"oy AnaTosimu (Typuus) (Sipahioglu et al., 2009).

CBezeHus 0 pUTOCAHUTAPHOM CTaTyce BUPOUIA
TIPeACTaBJIEHBI B TAGIUIIE.

OCHOBHBIM IIyTeM pacripocTpaHenus ASSVd
SaBJgeTCS NHQUIVMPOBAHHBIN IT0CAZOYHbBIN MaTepu-
aJT BOCIPUUMYMBBIX PACTEHUM-X035€B, TAK KaK 9TOT
TIaTOTEH JIETKO IIePEeHOCUTCS Ha 30POBbIe PACTEHUSI
Ipu IIPUBUBKE Ha HUX 3apak€HHBIX UEPEHKOB MU
ToYeK, a Takke Pabouymii MHCTPYMEHT — 3arpPsA3HEH-
HBII COKOM pacTeHus cekatop (Heo et al., 2019; Li et
al., 2023). OTMeUYeHO, UTO B HU3KOH CTEIIEHN BO3MOXK-
Ha Iepefadya BUPOUIA Uepe3 ceMeHa 3apa’keHHbIX
nepesbeB (Hurtt, Podleckis, 1995; Kim et al., 2006;
Walia et al., 2015). Bp110 yCTaHOBJIEHO, UTO ITepeayva
BUPOMUAA MOJXET OCYIIECTBISATHCSI HAaCEKOMBIM-
MEePEHOCUYNKOM — TEIJUYHOU OEeJIOKPBIJIKOU
(Trialeurodes vaporariorum Westwood) u TabauHOI
0eJIOKPBILIKOI (Bemisiatabaci Genn.) (Walia et al., 2015;
Lodh,2017; Tianetal.,2022).

Ha pasmHoxeHue ASSVd cymecTBeHHOe
BIWSHNE OKA3bIBAET TeMIlepaTypa. Hampumep, mipu
UHOKYJISIIIMYA 3KCIEPUMEHTANbHbBIX PACTEHUM-
X034d€eB CHMMIITOMBI 3apa>XeHUsd IIOABJIAJINCH IIPU
temrmieparype ot 20 70 30 °C (Waliaetal.2014).

Information on the phytosanitary status of the viroid
ispresentedinthetable.

The main pathway of ASSVd spread is infected
planting material from susceptible host plants, as this
pathogen is easily transferred to healthy plants by
grafting infected cuttings or buds onto them, as well
as by working tools - pruning shears contaminated
with plant sap (Heo et al., 2019; Li et al., 2023). It has
been noted that, to a low degree, transmission of the
viroid is possible through the seeds of infected trees
(Hurtt and Podleckis, 1995; Kim et al., 2006; Walia et
al., 2015). It has been established that transmission of
the viroid can be carried out by an insect vector —
Trialeurodes vaporariorum Westwood and Bemisia tabaci
Genn (Waliaetal.,2015;Lodh,2017; Tianetal.,2022).

Temperature has a significant impact on ASSVd
reproduction. For example, when inoculating
experimental host plants, infection symptoms
appeared at temperatures between 20°C and 30°C
(Waliaetal.2014).

Ta6J1. 1. PuTOCAHUTAPHBIN CTAaTyC BUPOUA PyOGIIEeBATOCTH ILJIO/IOB AGJIOHU

(EPPO Global Database, 2025)

Table. Phytosanitary status of ASSVd (EPPO Global Database, 2025)

CtpaHa CraTtyc I'ox BritoueHud B [lepeuenb KBO
Country Status Year of inclusion in Quarantine Pest List
Kanaga KapaHTHHHBII BpeJHbII OpraHnusM A
Canada Quarantine pest 1
H3paunib KapaHTHHHBII BpeJHbIi OpraHnusM -
Israel Quarantine pest 00
HNopnanuga Croucok Al
Jordan List Al 2013
IIBeiinapusa PeryiupyeMblii HeKapaHTUHHBII BPeHBIH OPraHU3M
Switzerland Regulated non-quarantine pest 2019
BenukoGpuTtaHua  PeryaupyeMblil HeKapaHTUHHBIN BPeHBIA OPraHU3M S
United Kingdom Regulated non-quarantine pest
EC PeryaupyeMblii HeKapaHTUHHBIN BpeJHBIH opraHusM (npusiosxkeHue IV) 2019
EU Regulated non-quarantine pest (Appendix IV)
MATEPUAJIBI U METO/bI MATERIALS AND METHODS

B ucciefoBaHUSIX WCIOJNb30BaJU CIEAYIOUe
pedepeHcHbIe M30JIThl BUPOUIOB U3 KOJIEKI[UU
DSMZ (TepMaHus): JJaTEeHTHOW MO3auWKU IIepPCUKa
(PLMVd PC-1134), py61ieBaTOCTH IJIOMOB sSI0JOHU
(ASSVd PC-1136), my3sIpyaToro paka KOpPbI TPYIIN
(PBCVd PC-1135), sk3okopTuca murpycoBbix (CEVdA
PV-0942; CEVd PV-1163), KapJIMKOBOCTU BEPXYIIEK
TomaTta (TASVd PV-1151, TASVd PV-0971), nateH-
THBIM Bupoun komymHeu (CLVd PV-1068), menko-
mnomHocTu nepiia (PCFVd PC-1181, PCFVd PV-1067),
KapJukoBocTu xpusaHteM (CSVd PC-0735), xjopo-
TUYHON KapaukoBocTu ToMmara (ToCDVd PV-1148,
ToCDVd PC-0916), BepeTEeHOBUJHOCTHU KIYOGHEH
kaptodens (PSTVd PV-0860); a TakyKe H30JSIThI
BUPOUA BEPETEHOBUIHOCTH KJIIyOHElN KapTodess
(PSTVd VIZR-07, ®TBY «BHUUWKP») u Bupouma
JKeNTON Kpamyartoctu BuHorpaga (GYSVd Syn-10,
000 «CuHTOJI»). BCe BhIIIEIIepeurCIeHHbIE N30JISThI
KCIIOJIb30BANIUCh AJiI OIEHKU CIelu(pUIHOCTHU
aHaJIM3UPYyEMbIX TPaliMepoB.

The following reference isolates of viroids from
the DSMZ collection (Germany) were used in the
studies: Peach latent mosaic viroid (PLMVd PC-1134),
Apple Scar Skin Viroid (ASSVd PC-1136), Pear blister
canker disease (PBCVd PC-1135), Citrus exocortis
viroid (CEVd PV-0942; CEVd PV-1163), Tomato apical
stunt viroid (TASVd PV-1151, TASVd PV-0971),
Columnea latent viroid (CLVd PV-1068), Pepper chat
fruit viroid (PCFVd PC-1181, PCFVd PV-1067),
Chrysanthemum Stunt Viroid (CSVd PC-0735),
Tomato Chlorotic Dwarf Viroid (ToCDVd PV-1148,
ToCDVd PC-0916), Potato spindle tuber viroid (PSTVd
PV-0860); as well as isolates of potato spindle tuber
viroid (PSTVd VIZR-07, FGBU "VNIIKR") and
Grapevineyellow speckle viroid (GYSVd Syn-10,
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All potential self-annealing sites

5' GCCTTCGICGACGACGACAG
3' GRCAGCAGCAGCTGCTICCG
5" GCCITCGICGACGACGACAG
3' GACAGCAGCAGCTGCITCCG

5' GCCTTCGICGACGACGRCAG

3' GACAGCAGCRGCTGCITICCG

5' GCCTTCGTICGACGACGACAG
3" GRCAGCAGCAG

CIGCTICCG

3I

Synthol). All of the above
isolates were used to evaluate the
specificity of the analyzed
primers.

RNA extraction from the
isolates was performed using the
Sorb-GMO-B reagent kit (Syntol,
Russia). The following
oligonucleotides were used for
identification of ASSVd by real-
time PCR: cASSVd/hASSVd (Di
Serio et al., 2002), ASSVd-
F91/ASSVd-R291 (Bae, 2015; Bak
et al.,, 2017), ASSVd-F/ASSvd-
R/ASSVd-P (Malandraki et al.,

Puc. 4. BapyaHT BTOPUYHbIX CTPYKTYpP ANA
npanmMepoB cASSVd/hASSVd, untepdceiic
Oligonucleotide Properties Calculator (cpoTo

aBTOPOB) authors)

Brigenenue PHK uccienyemMbiXx U30JISTOB
OCYIIECTBJISIJIN C MIOMOINbI0 Habopa peareHTOB
«Cop6-TMO-B» (OO0 «HII® CuuToN», Poccus). Jjs
ugeHTUDUKAIIMU BUPOUZAa Py6GIeBaTOCTU ILJIOLOB
s60HU MeTomoM I[ILIP-PB HMCIONB30BaIN CIIENYIO-
e onuronykiaeoTunbl: cASSVd/hASSVd (Di Serio et
al., 2002), ASSVd-F91/ASSVd-R291 (Bae, 2015; Bak et
al., 2017), ASSVd-F/ASSVd-R/ASSVd-P (Malandraki et
al., 2015). [ljis TpoBepPKY pabOThI OJIUTOHYKJIEOTUIOB
KCIIOJIb30BaJII OTEeUeCTBEHHbIe HAaOOPhI pPeareHTOB
kommianuu OO0 «HIT® CuHTOM»: 2,5X peaKIuOHHAas
cMmech gias npoBegeHuda I[I1JP-PB B mpucyrcTBuu
kpacuTteyngs EVA Green, Habop peareHTOB [OJ4
npoBeneHus I[P, coBMelleHHONW C peaknuen
obpaTHoit Tpanckpuniuu ([ILIP-OT), a Takxe HA60P
OneTube RT-PCR SYBR (3AO «EBporeH») M0 UHCTPYK-
LIUSIM, IIpUjIaraeMbIM K HabopaM. JlaHHbIH hopMaT
[P aBnsieTca MHPOPMATUBHBIM — JAEeTEKIIUI
MPOLYKTOB OCYIIECTBJSETCS HEIOCPEACTBEHHO B
xoze Iporecca amMnauuKaiuu, a He I0cje Hee.
JOTIONMHUTENbHO NJaHHBIN (popMaT MO3BOJAET
OTpenensiTh HAJINUNE/OTCYTCTBUE BTOPUUHBIX
CTPYKTYP U cHellu(UUYHOCTh TTpavMepoB. s
peakuy o6paTHOM TPAHCKPUIIIIUY MCIIOJb30BaIu
Habop peareHToB «OT-1» (OO0 «HII® CuHTOJI»).
[ToctanoBky IILIP-PB ocymecTBasAIN Ha mpubope
CFX96 Bio-Rad Laboratories, Inc. (CIIIA).

OJIUTOHYKJIEOTUAbl CUHTE3UPOBAHbI OTeUe-
cTBeHHOM KoMmmauuel AO «'eaTeppa» U IIpemoCcTaB-
JIeHBI B JUO(PUIN3UPOBAHHOM BuIe. Pabouasa
KOHIIEHTPAIUs OJIUTOHYKJIEOTUAOB — 10 IIMOJIb/MKJI.

[IpenBapuUTENIbHO BCE TECTUPYEMbIE OJIUTOHYK-
JIeoTUAbI 611U 6MOMH(pOPMATUUECKY TPOBEPEHBI HA
BO3MOXHOCTb 06pa30BaHMWs BTOPUYHBIX CTPYKTYD
(unwmiiex, ZUMEPOB), TEMIIEPATYPy IJIaBJIEeHUS U
cnenu@UUYHOCTh ITOCaiKU. BbIJIM MCHOJAb30BaHbI
oHJaltH-cepBuCHl Multiple Primer Analyzer (Thermo
Fisher Scientific Inc., 2025) u Oligonucleotide
Properties Calculator (Oligo Calculator, 2025). s
MHO>XECTBEHHOTO BBIPABHUBAHUSA HYKJIEOTUIHBIX
mocJieloBaTeJIbHOCTEN BUpoOUAA pPybIleBaTOCTU
MJIOJOB g06JI0HY ObIjIa MCIIOJIb30BaHa IIporpaMmMa
MAFFT Bepcus 7.526 ¢ mOCIeny0IIel BU3yaansaliy-
et B nporpaMmme AliView Bepcus 1.27. AHanus
OJINTOHYKJIEOTU/IOB ITPOBOAUJIU C TIOMOIIIbIO OHJIAMH-
cepBuca National Center for Biotechnology Informa-
tion Primer-BLAST (NCBI Primer-BLAST, 2025).

Fig. 4. Secondary structure variant for
cASSVd/hASSVd primers, Oligonucleotide
Properties Calculator (photo by the

2015). To test the performance of
the oligonucleotides, we used
Russiam reagent kits by Syntol:
2.5x Reaction Mixture for Real-
Time PCR in the Presence of EVA
Green Dye, a Reagent Kit for PCR Combined with the
Reverse Transcription Reaction (RT-PCR), and the
OneTube RT-PCR SYBR Kit (Evrogen) according to the
instructions included with the kits. This PCR format is
informative — product detection occurs directly
during the amplification process, rather than after it.
Additionally, this format allows for determining the
presence/absence of secondary structures and
primer specificity. The OT-1 reagent kit (NPF Syntol)
was used for the reverse transcription reaction. RT-
PCRwas performed on a CFX96 Bio-Rad Laboratories,
Inc. (USA).

The oligonucleotides were synthesized by the
Russian company GenTerra and provided in
lyophilized form. The working concentration of the
oligonucleotidesis 10 pmol/pl.

All tested oligonucleotides were preliminarily
bioinformatically checked for the possibility of
forming secondary structures (hairpins, dimers),
melting temperature, and binding specificity. The
online services Multiple Primer Analyzer (Thermo
Fisher Scientific Inc., 2025) and Oligonucleotide
Properties Calculator (Oligo Calculator, 2025) were
used. For multiple alignment of the nucleotide
sequences of the apple fruit scarring viroid, MAFFT
version 7.526 was used, followed by visualization in
AliView version 1.27. Oligonucleotide analysis was
performed using the online service National Center
for Biotechnology Information Primer-BLAST (NCBI
Primer-BLAST, 2025).

RESEARCH RESULTS

Bioinformatics analysis revealed that the
cASSVd/hASSVd oligonucleotides can form GC-rich
secondary structures (see Fig. 4). The predicted
melting temperature for this primer pair was 70°C.
Primer validation revealed that the hASSVd
oligonucleotide is located in a region where some
isolates of the target viroid exhibit polymorphisms
that could interfere with primer annealing and lead to
false-negative results (see Fig. 5).
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ELI03146 1. 1:1-330 Apple scar skin viroid variant ASSvd_AM7, complete genc

FI974069, 1:1-330 Apple scar skin vircad done Eurydioe-1, complete genome
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FIA74064, 1:1-330 Apple scar skin vircad done Lynkestis-3, complete genome
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1l Apple scar Wi & ELry C tegemome “cggtgallasaggagcegeccagcactaagecggacyggegeceet
Fr669529. 1:1-330 mmﬁwdmhmu.wﬂth\rﬂm::fptpagaaa,'a' mgCCcagractaageoggacpgpeopgeeen
EOTABGAOE 1: 1_FW Asnls sear slin wienid samalaba sossress lealatatdatbar = |- - - o - 0 0 L 0 -0 o oL Lo Lo ool os

sssggagevgecageacrasgleggacggegeece
AAAgFAPgETgEC AU ATV AagUo g acgPgEqgeoeE®
aaaggAagCcEgccAagcactaagCECggACggEgLECCE
saaggagecegllcigeacraagecggacggegece®
CACT AAFOCPPACPPETUE G E
cactaagccggacggeogecctk

232 A FAFE T FECAPE AT I AP T FPACTIETECE T
sssaggagrcegeccagrcactaagecggacggeogeccck

Puc. 5. ®parMeHT MHOXXeCTBEHHOI0 BbIpaBHMBaHUS
nocnepoBatenbHocTel ASSVd 1 obnacTb nocagku npanmepa
hASSVd (choTo aBTOpOB)

Fig. 5. Fragment of multiple alignment of ASSVd sequences and
the landing region of the hASSVd primer (photo by the authors)

EU031451, 1: 1-330 Apple scar shin viroid variant ASSVd_AMY, complete g
FJ974069. 1:1-330 Apple scar skin viroid clone Eurydice-1, complete geno
GQ249349. 1: 1-330 Apple scar skin viroid isolate Arnissa-570, complete g
F1974064. 1:1-330 Apple scar skin viroid done Lynkestis-3, cmpletegem
EU031450. 1: 1-330 Apple scar skin viroid variant ASSVd _AMG :
MN432247. 1:1-330 Apscaviroid -:.‘catru:lmah isolate SHO-1, complete gen
FJ974094, 1:1-330 Apple scar slin viroid isolate Korinthos 1, complate gen

EUD3 1459, 1: 1-330 Apple scar skin viroid variant ASSVd_AMS, complete g
F1874066. 1:1-327 Apple scar skin viroid done Ydroussa-1, complete gent
F1974063. 1: 1-330 Apple scar skin viroid done Lynkestis-2, complete gent
ELI031462. 1: 1-330 Apple scar skin viroid variant ASSVd_AMS, complete g
EUD31458. 1:1-330 Apple scar skin viroid variant ASSVd_AM4, complate g
ELID31463. 1:1-328 Apple scar skin viroid variant ASSVd_AMS, complate
MH 105023, 1: 1-329 Apscavirold deatridmali isolate SPNSN-fuji-4-9, comci
MH 105024, 1:1-329 Apscaviroid dcatricimali isolate SPNSN-fuji-3-13, comg
PP235905, 1: 1-329 Apscaviroid dcatricmali isclate ASSVd TL5-2, complete
PP236986. 1: 1-329 Apscaviroid dcatricmali isolate ASSVd TL2-4, complete
FMN376409, 1:1-328 Apple scar skin virold isolate 680, cdone 2

FJ974072. 1:1-329 Apple scar skin viroid clone Eurydice—4, complete geno
F1374070. 1: 1-329 Apple scar skin viroid done Eurydice-2, complete geno
FMNAROSZT, 1:1-330 Annle srar <kin virnid romnlete nenome . izalate Wild ©

8. .
gAaCcg-AAgQgF-=—"="==* CCggrTgagaaagg
gacg-aagg--"" - ccggrgagaaagyg
L B e T R e i ccggtgaia;agg
gacg-aagg--=-=== ccggtgaaaagyg
Foieg - g g - - ceggrgagasagy
gacg-aagg=-=-=-=-=- cegygrgagasaagg
gacg-aagg==="=* coggrTrgagaaadgeg
FACg- ATy T TTTT ceggTgagaaagy
ey T AT s cCcggtgagaaagyg
gy - ARy === cceggTtgagaaaggyg
e el o e et ceggrgagaaagy
gacg-aag=-=-=-====-= cggrgaBlaaagyg
gaAcgT ALy - TTT T cggrvgalaaagy
gacg-aagg-~- -7 777 Cg’gt!l 4 adaagag
N a3Fnt- 32aandns = ==== e a3 a3 ane

Puc. 6. DparMeHT MHOXXeCTBEHHOIO BbipaBHMBaHUS Fig.
nocnepoBatenbHocTel ASSVd 1 o6nacTb nocagku npanmepa

ASSVd-F91 (choTo aBTOpOB)

PE3YJIbTATBI UCCJIEJOBAHUM

PesynbTaThl 6MOMHGOPMATUUECKOTO aHaJIM3a
MOKa3aJiy, YTO OJUTOHYKJIeoTumbl cASSVd/hASSVd
MoryT o6paszoBbiBaTh GC-60oraThie BTOPUYHBIE
CTPYKTYpBI (cM. puc. 4). PacueTHas TeMIiepaTypa
TJIaBJIeHUS IJIS JaHHOU maphl IPaiiMepoB COCTaBU-
ja 70 °C. T[IpoBepka mpaliMepoB IoKasajia, 4TO
onuronykjeotus, hASSVd pacroyioxxkeH B 06JacTy,
rie y HEKOTOPBIX U30JIITOB I[eJIEBOTO BUPOUA
IPUCYTCTBYIOT HOJAUMOP(GU3MBI, KOTOPble MOTYT
TIOBJIMSATH Ha OTXKUT JAHHOTO TIpaiMepa U IPUBECTU
KJIO)KHOOTPUIIATEIbHOMY Pe3ylbTaTy (CM. puc. 5).

Ananu3 mapbl npaiimepoB ASSVA-F91/ASSVd-
R291 moxasaj, 4TO OHA He 06pasyeT BTOPUUHBIX
CTPYKTYyp. TeMIiepaTypa iasjieHusa — 67 °C. Hecmo-
TP Ha OTCYTCTBUE WINUJEK U AUMEPOB, HaHHBIE
mpanMepsl PACIOaralnTcsa B 06JIaCTIX C IOJIUMOP-
¢dusmamu (cM. puc. 6, puc. 7). Takoe pacrojoxeHne
OJIUTOHYKJIEOTHUAOB 3HAUUTEJNBHO COKpalLaeT
KOJINYECTBO IMOTEHINAJbHO JETEKTUPYEMBbIX
M30JIITOB/IITAMMOB BUPOU/a Py6IIeBaTOCTY IIJIOIOB
SI6JIOHMN.

[TocnemHel aHAJIM3UPYEMOU Iapoy MpaMepoB
I nAeHTU(UKALIUY 1IeJIEBOT0 BUpouaa Obiy ASS-
F/ASS-R c 3ougmomMm ASS-P nmiysa nmoctanosku ITLIP-PB.
JanHas KoMOUHAIIMS He CO3aeT MNuiIeK, Ho ASS-R

6. Fragment of multiple alignment of ASSVd sequences and

the landing region of the ASSVd-F91 primer (photo by the
authors)

Analysis of the ASSVd-F91/ASSVd-R291 primer
pair showed that it does not form secondary struc-
tures. Melting temperature is 67°C. Despite the
absence of hairpins and dimers, these primers are
located in regions with polymorphisms (see Fig. 6,
Fig. 7). This arrangement of the oligonucleotides
significantly reduces the number of potentially
detectable ASSVdisolates/strains.

The final primer pair analyzed for target viroid
identification was ASS-F/ASS-R with the ASS-P probe
forreal-time PCR. This combination does not produce
hairpins, but ASS-R can form a dimer (see Fig. 8). It
should also be noted that the probe is only 13 nucleo-
tides long, and due to the presence of a fluorophore
and quencher, the 5'- and 3'-terminal nucleotides
may not be involved in annealing, which significantly
reducesthe specificity and sensitivity of this probe.

®duTtocaHuTapus. KapaHTtuH pactenuit 30



OWATHOCTUKA  DIAGNOSIS

MH427538. 1: 1-331 Apscaviroid acatridmali isolate RC-3, complete seque
HQ326096. 1: 1-331 Apple scar skin virold isolate AY 10ch12, complate ger
HQ326093, 1: 1-331 Apple scar skin viroid isolate AY 10g3, complete gener
X71599.1:1-331 Dapple Apple Viroid complete nudeotide sequence
MH105027. 1: 1-332 Apscaviroid ceatricimali isolate SPHIY-wanglin-1-5, cc
PP236985. 1: 1-332 Apscaviroid cicatricmal isolate ASSVd TL2-3, complets
MH105031. 1: 1-332 Apscaviroid ccatricimali isolate BDSYY-xinnonghong-1
MH 105033, 1: 1-332 Apscaviroid cicatricimali isolate BDSYY -xinnonghuang-
MH 105032, 1: 1-332 Apscaviroid deatridmali isolate BDSYY-xinnonghong-1
MH 105029, 1: 1-333 Apscaviroid deatricimali isolate SPHIY -wanglin-2-2, cc
MH 105030, 1: 1-328 Apscaviroid deatridmal isolate SPHIY-wanglin-3, com
MH 105021, 1: 1-328 Apscaviroid dcatridmali isolate SPNSM-fuji-1-7, comph
MGE91838.1:1-329 .ﬁps::awmd dcatricmali isolate SPNSM-fui-1-1, r_un'du
MH105025, 1: 1-325 Aps 0id l:icatncn'rlai isolate SPNSH ﬁu -3-4
ELI031466.1:1-330
FI974100. 13 1- mﬁpﬂcmsla\wmd isola
KP765435, 1:1-330 Apple scar skin viroid isolate *r‘eongwna. complate genc
EUD31480. 1: 1-330 Apple scar skin viroid variant ASSVd_PE4, complete ge
F1974102. 1: 1-330 Apole scar skin viroid izolate Olvmoéa. complete osnomr

gococgrtgrogtrcaaagaaadadaagagrogrgagag
gceierg:g Cadagaaaraagagegrgagang
geegetgeg@casagaaszasagagegrgagayg
geccgeoctgeog@c aaagaaaddagagegrgagag
gecgertgegic adagaaadagagegrgagag
geecgetgegic aaagassaagagegrgagag
gcocgretgocg@c adagaadaddagagecgrgagang
gecgergegic adaagaasrsagagegrgagag
geegetgeglcasagaassragagegrgagag
gcocgeoctgeocg@caadaagaadaadadagageocgtgagag
geecgeergegce aaagaaasagagegrgagag
geegetgeglcasagaasrasagagegrgagag
gecocgrectgeocgc Aadagaaadagagocgrgagag
g e 4 A& A& A A A aAagegrgagag
o P P PTU . ; - ;- 51515
gococgeoetgrogtocaadadgaaddagageocgrgagag
gecgeEgegeEcadagaarsdagageygergagag
geegetgegrcadagaasaagagegrgagag
T cCcoctocotCcaadaadaadadadaavcacocovoaTanm

Puc. 7. ®parMeHT MHOXXeCTBEHHOrO BbipaBHMBaHMS

nocneposaresnibHocTelt ASSVd 1 o6nacTb nocagku nparMepa

ASSVd-R291 (choTo aBTOpOB)

MOXKeT 06pa30BbIBATHL AuMeDp (cM. puc. 8). JoIoJaHU-
TEJIbHO X0UETCsI OTMETUTh, YTO pasMep 30HIa BCETO
13 HyKJIEOTUI OB, BBUAY HAJIUUYUA Y Hero Guryopodo-
pauracuTesns, 5'- u 3'-KOHIIEBbIE HYKJIEOTUAbI MOTYT
He y4acTBOBaTh IIPU OTXKUTE, YTO 3HAYUTEJIHHO
CHMI)KAeT CHelUuDUUYHOCTb U YYBCTBUTEIBHOCTD
TaKoTO 30HIa. TeMIlepaTypa ILIaBJIeHUS COCTaBUIIA
67, 66 1 65 °C cooTBeTcTBEHHO. OGJIACTh IIOCAAKU
npaiimepoB ASS-F/ASS-R u 30H1a ASS-P HaxXoAUTCS B
HamboJiee KOHCEPBATUBHBIX PETMOHAX C HEOOJBIITUM
KOJIMYECTBOM MOJUMOP(PU3MOB (CM. puc. 9), 4To
yBeINUMBaeT KOJUUYECTBO JETEKTUPYEMbIX W30JIs-
TOB/1ITAaMMOB ASSVd.

Fig. 7. Fragment of multiple alignment sequences of ASSVd and
the landing region of the primer ASSVd-R291 (photo by the
authors)

Self-Dimera:

LEE-R

S-TITACCOUURARCACCSTATIOTIYT -
11 I 11l

<-TQUQTTATCCAcAaagggoCattT-5

1 dimer for:

Croas Primer Dimers:

Puc. 8. BapuaHT BTOpUYHbIX CTPYKTYP O/ npariMepa
ASS-R, uHtepderic Multiple Primer Analyzer (hoto aBTOpOB)
Fig. 8. Secondary structure variant for the ASS-R primer,
Multiple Primer Analyzer interface (photo by the authors)

Hidsalib Loi-J4E ADRHE RCAT BN VFdK GOHLe

HRI2HREAL L2131 Apple scor skin virokd solate BFCECETgICCNCEPEENEgCA o EARTE BER T HCgCCpEt ARt CgATETUAC I CCgPREgRePEECCCE Pt o CA CECRE pEECR B B!
WFLEA0.E:R-330 Dappla Appla Viesld complaite n QFPECE T R gra POt JEgOE QA ACA L AR O - EOEgEa QAT AaQE OO FQadT P dPa PO FA AL JEEOEOE dRAPATATET!
MHI030Z7,1:1-332 Apscreraid ocstriomall mob hpgrccagrecclccpcrgogrtgcracctacacatcgogreprtapt cpAT DAY COgRYt gRApTESCCE gk aCACY cAaT pER R R L)
PREIGIES.1:1-332 Apscerantid cioatricimall Bala L L e A LR A LR LR R

JREEERRIE LSRR RN CECIRNE EatunARR ALRERETS N UYL AAVENIEERERCOALEUAYS CLRELINR ELES LR it )
{ouoaonusordeonergellosecaratansascsqeespar s cgarondscssegnasaysn: ENEITICICTISNSERETS.

L L T T T T T T
MH10503 bagcsczgeasgrayacqrqecgasacscancazcegsqeegallagrcqaqegaacEorqRIcqEanacsraEqEEatatokaNaEaTtET)
HH105030,1:1- 328 Apscerergid cicetricimal isok hpyrcecspgrcogrepetgegrepecacclececoccgrgrcpetapscgagcppaciccgpaeglapecccctgiscocrcacpetcr g
MH105021.111-318 Apscnéreid cicairicimal Bak '.u-r:-::'.u:n::q:-:|o:q:q:tu-u:;o-::--'.ll:o:::q:q:-:p-u:iut:qaf:rq-.-'.l:a:q|q:ql-pc:a:q:f:::1#::.#-#1::1:l
HGEI1II, 1:1- 129 Apscavreid cicatricimal isok ;lu-rlr-:lr'utr:g:r[:tgrgrt|-:lrilr-:l=1lr'|l:'l:l:u:lg:lrul:rdyrrrqrrfgir1r:upg:g aptEcCTEgEECRECTCACPERER R RS
MH105035.1:1-315 Apacrireid ciceiridmal B0k hggcfcT QT oEQraMATgUgEEgacAcdTancorcogedEaperagrogagendsccBrana AgADaEATECEOEOEaEOATAEET
ELMI1496.1:1-330 Apple moor skin ok virnk b ggccchgrecgcopetgrgrhgecaccbanics o ‘et b T o b
FIBT4L09.1:1-330 Appla scer skin wiroid is0leba . b g @ o= oz QT o= qraMAE QOO g EADST 40T 0 -CEgEqFaPAT A QE OFaFENG40T a0 qUTEgPs NI FADAC FEEOE AT ORAMATATET
WPFASATE,1:1-300 Agple scer stn v isolebe | hpgcrcagrocpregstgcgEE g Aot anacREOgEaTEpEtagnEgaFEgactEcaggtgleyTeocoeyracarcaEpErEtan
EUNZLAA0.121-330 Apphe Scar skih Wokl ¥EFIN| b g§cE oz gT o= graRATgrgEE g CANST 40T 0 -CEgEgEaPATAQE EqAFOTIACEAE T qPAPIEAOICFEEOE AT ORAWATATET !
FIST4102,1:1-330 Agole 3cer stin vroid isolebe | hoscccaatcooremTEACAEE NS CACSE MRS oK CHCACCEEE ANA CTATE NN ACE COANNEONANSESCEENES SR T CREMET SRR

pedcsoTgrasgeagaTgEget e cacEtanta I:q:q::-c:-uLrqafofg.#:#:q|q:q|-HQEc:QEf:L::#:#.ﬂ|ﬂ:¢:LU

Puc. 9. BapyaHT BTOPUYHbIX CTPYKTYpP OS5 npanmepa
ASS-R, untepdperic Multiple Primer Analyzer (poTo aBTOpOB)

[To moJlyYyeHHBIM JaHHBIM OMOMH(pOPMaTHUYeC-
KOTO aHaJIX3a MOXXHO CIeJaTh BbIBOJ, UTO OOJIbIIMH-
CTBO ITPANMEPOB [IJIT UAEHTU(PUKAIIUU BUPOUIA
pyOIIEBATOCTH ILJIOAOB SI6JIOHU MOTYT 00Pa30BbIBATh
60JIbIIOE KOJUYECTBO BTOPUYHBIX CTPYKTYP, a
pacriojio)keHre 06JIacTU IIOCAAKK Ha II0JIUMOPPU3-
MaX CHMKAeT KOJUYECTBO JETEKTUPYEeMbBbIX W30Jis-
ToB/mrTaMMoB ASSVd. [Ty 60Jiee TOUHOTO OIIpeiee-
HUS BIWSHUS BTOPUYHBIX CTPYKTYP Ha cnenudud-
HOCTb U YYBCTBUTEJBHOCTb JUATHOCTUKU IIPOBeJe-
HO TecTupoBaHue MeTonoM [11IP-PB ¢ ucnonb3oBa-
HUEM MHTEPKaJMUPYIIEero KpacuTesysd. JaHHBIA
aHaJIN3 IIPOBOIMIICS IJIs 60JIee ITOJHOTO TOHUMAaHUS
0COOEHHOCTEN PaboThl OJUTOHYKJIEOTUIOB U MJIS
TOYHOM MHTEPIIPETAIIVY ITOJIyY€HHBIX PE3YIbTATOB.

[MocTanoBky [1L[P-PB mpoBoguiau Ha obpasiiax
Kak 11ejieBoro uzoysaTa ASSVd, Tak 1 Ha 6JIM3KOPOJI-
CTBEHHBIX BUpougax. O1eHKy PaboThl OJIUTOHYKJIEO-
TULOB MPOBOAUIN IO CIEAVIOIMIUM KPUTEPUIM:
OTCYTCTBYE CUTHAaJIa (PJIyOopeClieHIIY B OTPHUIlATENb-
HOM KOHTpOJIE, BTIpo6ax ¢ PHK 6J11M3KOPOICTBEHHBIX

Fig. 9. Fragment of multiple alignment of ASSVd sequences and
the landing region of the ASS-F primer (photo by the authors)

The melting temperatures were 67, 66, and 65°C,
respectively. The binding sites of the ASS-F/ASS-R
primers and the ASS-P probe are located in the most
conserved regions with a small number of
polymorphisms (see Fig. 9), which increases the
number of ASSVd isolates/strains detected.

Based on the bioinformatics analysis data, it can
be concluded that most primers for identifying ASSVd
can form alarge number of secondary structures, and
that targeting the planting region on polymorphisms
reduces the number of detected ASSVd iso-
lates/strains. To more accurately determine the
influence of secondary structures on diagnostic
specificity and sensitivity, real-time PCR testing using
anintercalating dye was conducted. This analysis was
conducted to better understand the performance of
the oligonucleotides and to accurately interpret the
results.

Hos6pb N2 4 (25) 2025 31
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BUJIOB, BBIXOJ, KUHETUUYECKON KPUBOM
10 38-T0 1I¥MKJIa. AHAJIX3 IIPOBOLUIIU C
WCIIOJIb30BAHUEM PETPECCUOHHOTO
MeToza. ga00 1

Ha puc. 10 rokasaHbl pe3yJIbTaTbl
TECTUPOBAHUA IIapPhl IpaliMepoB
cASSVd/hASSVd ¢ roToBOi peaKIIHOH- :
HOI CMECBI0 B ITPUCYTCTBUY KPacUTeNsT | &
EVA Green (OO0 «HII® CuHTOJI»), joon 1
KOTOPBIE MOKAa3bIBAIOT BBIXOJ, KPUBOU
payopecieHIIUN KaK y I€JI€BOTO
uzossiTa ASSVd PC-1136, Tak My APYTUX

nsoagaros (PLMVd PC-1134, CEVd PV-
1163, TASVd PV-0971, CLVd PV-1068,
PCFVd PC-1181,CSVd PC-0735, ToCDVd

PC-0916, PSTVd VIZR-07) u y oTpuiia-

TEJIbHOTO KOHTpoJid. Takue maHHbIe Puc. 10. PeynbraThl aHanusa

Fig. 10. Results of the analysis of

YKasbIBAIOT HA TO, YTO TECTUPyeMble nNpaimepos cASSVd/hASSVd c Habopom cASSVd/hASSVd primers with the kit

npadiMepbl 06pasylT BTOPUYHBIE «2,5X PEAKUMOHHAs cMech Ans

CTPYKTYDBI A He MOTYT UCIIOJIb30BaThest NPOBeAeHns MNLP-PB B npucytcTemm
kpacutensa EVA Green» (000 «HMN®

CuHTON»), nHTepchenic CFX96 Bio-Rad

IIpy IIPOBEAEHUU AUArHOCTUKM, TaK
KaK eCTh BBICOKHH PUCK IIOJIyUYeHUsA

(hoTo aBTOPOB)
JIOXKHOIIOJIOXKUTEJIbHOTO pe3yJibTaTa.

«2.5x Reaction mixture for RT-PCR in the
presence of EVA Green dye» (NPF
Syntol), CFX96 Bio-Rad interface (photo
by the authors)

YBenuueHue TeMIIepaTypbl OTXHKUTIa
MOJKET IIOMOYb N36aBUTHCS OT 06pa30-

BaHUSI BTOPUYHBIX CTPYKTYpP, HO IIPU 000
9TOM MOI'yT 6bITb CUJIbHBIE HOTepI/I B
YYBCTBUTEIbHOCTU CUCTEMBI.
TecTUpoBaHKEe NMpPaliMepPOB
ASSVd-F91/ASSVd-R291 moka3salo
HaJIMuye curHaja (IyOpecleHIINU Yy ﬂ 2000 -
IIeJieBoro Buga Ha 31,6 IIUKJIE U IOYUYTU
[OJIHO€ OTCYTCTBUE JIOKHOIIOJIOXK M-
TeJIbHOI0 peaynbraTa (cM. puc. 11). U3
BCEX TECTUPYEMBIX GIM3KOPOCTBEH-

Arrplification

HBIX BUPOUZOB TOJHKO y 06pPasIijoB Q
PSTVd VIZR-07 u TASVd PV-0971 6b1a L]
3aMeudeH MMogbeM KMHETUUYECKOH

i
P

KpuBOi Ha 40-M 11uKIIe. Takol pesyiib-

TaT MOXET OBbITh CBSA3aH C IPUCYTCTBU- Puc. 11. PeaynbraTbl aHanusa

Fig. 11. Results of the analysis of primers

eM eIVHUYHBIX KOIIMM maToreHa B npanmepos ASSVd-F91/ASSVd-R291c  ASSVd-F91/ASSVd-R291 with the kit
HeIleJIEBBIX 06pasIax UiIK ¢ Hecreru- HabopoM «2,5x peakunoHHas cmecb Ans “2.5x Reaction mixture for RT-PCR in the

¢duuHOM paboTol ITpaiMepoB.

JInsg onTuMu3anuu paboThl
npatimepoB ASSVd-F91/ASSVd-R291
OBLIY MCIIOJIb30BaHbI JPyrue HaGOPbI
nis npoBeaenusd [P, B ToM urcie Habopsl ajs [P
C COBMEIIeHHOM peaKIuil 06paTHOM TPAHCKPUITIIUH.
PesynbTaThl TECTUPOBAHUS NAHHBIX ITPAaliMEpPOB C
HabopoMm peareHToB OneTube RT-PCR SYBR (3A0
«EBpOreH») IIpeicTaBJIeHbl Ha puc. 12.

[TosiyueHHbIEe Pe3yJbTaThl MOKA3bIBAIOT HAJIU-
yye curHaja QAyopeclleHIIMU IIOUYTU BO BCEX
TEeCTUPYEMBIX 06pasrax. Takoil pe3ysbTaT MOXKET
OBITH CBSI3aH C HEKOPPEKTHOU paboTol Habopa uiu
HEOIITUMAaJIbHBIMU yCJIOBUAMU NpoBeneHuda I[P
IJig MaHHOUW Iaphl MpaiMepoB B TECTUPYEMOM
Habope.

TectupoBaHue rnpanimMmepoB ASS-F/ASS-R u
30H1a ASS-P ITPOBOAUIY C UCIIOJIb30BaHUEM Habopa
peareuToB mjs mpoBenenHus [P, cOBMEIEHHON C
peakiuen o6paTHoi TpaHckpumiiuu (ITLIP-OT) (000
«HITI® CuHTOJ»). [Tody4yeHHbIE PE3YyJbTAaThl Mpem-
cTaBJIeHbl Ha puc. 13.

I[TosyyeHHBIE pPe3yJabTaThl TECTUPOBAaHUSI
oNnuronykjgeoTunoB ASS-F/ASS-R/ASS-P moka3bIBa-
0T HaJiuuue cCUrHajia QJIyopecleHIUU TOJIBKO Y

(choTo aBTOPOB)

nposepeHuns MNLLP-PB B npucyTcTBUK
kpacutensa EVA Green» (000 «HMN®
CuHTON»), nHTepcheiic CFX96 Bio-Rad

presence of EVA Green dye” (NPF
Syntol), CFX96 Bio-Rad interface (photo
by the authors)

Real-time PCR was performed on samples of
both the target ASSVd isolate and closely related
viroids. Oligonucleotide performance was assessed
using the following criteria: absence of a fluorescence
signal in the negative control, in samples containing
RNA from closely related species, and kinetic curve
recovery up tocycle 38. Analysis was performed using
aregression method.

Fig. 10 shows the results of testing the
cASSVd/hASSVd primer pair with the prepared
reaction mixture in the presence of EVA Green dye
(NPF Syntol), which show the yield of the fluorescence
curve for both the target isolate ASSVd PC-1136 and
otherisolates (PLMVd PC-1134, CEVd PV-1163, TASVd
PV-0971, CLVd PV-1068, PCFVd PC-1181, CSvd PC-
0735, ToCDVd PC-0916, PSTVd VIZR-07) and the
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negative control. These data indicate
that the tested primers form secondary

structures and cannot be used in
diagnostics, since there is a high risk of
obtaining a false positive result.
Increasing the annealing temperature
can help get rid of the formation of
secondary structures, but this can lead
to significant losses in the sensitivity of
the system.

Testing of the ASSVd-F91/ASSVd-
R291 primersrevealed the presence of a
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fluorescence signal for the target
species at cycle 31.6 and an almost
complete absence of false-positive

Puc. 12. Pe3ynbTaTtbl aHanu3a
npavimepoB ASSVd-F91/ASSVd-R291

results (see Fig. 11). Of all the closely

Fig. 12. Results of the analysis of ASSVd- related viroids tested, only PSTVd VIZR-
F91/ASSVd-R291 primers with the

c Habopom OneTube RT-PCR SYBR (3A0  OneTube RT-PCR SYBR kit (Evrogen),
«EBporeH»), untepceiic CFX96 Bio-Rad CFX96 Bio-Rad interface (photo by the

07 and TASVd PV-0971 samples showed
an increase in the kinetic curve at cycle
40. This result may be due to the
presence of single copies of the patho-

gen in non-target samples or to non-
specific primer performance..

To optimize the performance of the
ASSVd-F91/ASSVd-R291 primers, other
PCR kits were used, including PCR kits
with combined reverse transcription
reactions. The results of testing these
primers with the OneTube RT-PCR
SYBRreagentKkit (Evrogen) are shown in
Fig.12.

The obtained results show the

presence of a fluorescence signal in
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5:;. almost all tested samples. This result
may be due to incorrect operation of the
kit or suboptimal PCR conditions for the

Puc. 13. Pe3ynbTaTtbl aHanusa

MLLP, coBMeLLeHHOM C peakumen
obpaTHou TpaHckpunuuwm (MLP-OT)
(000 «HM® CuHTONY»), UHTEPChENC
CFX96 Bio-Rad (choTo aBTOpPOB)

1esieBoro obpasita ASSVd PC-1136. ITpeuMyIecTBOM
KCIIOJIb30BaHUS JAHHOTO Habopa SIBJISETCSI COBMe-
IeHue peakiuu o6paTHOM TpaHcKpunuuu c ITI[P-
PB, 4TO yBeIMUYMBAaET UYBCTBUTEIHHOCTh JUATHOC-
TUKU. JlaHHbIe TTpaliMepbl MOKA3bIBAIOT BBICOKYIO
crenuUIHOCTD, TOATOMY OHU OYAYT MCIIOIb30BaHbI
B TIOCJIEAYIOUMX OTBITaX [IJIsT OTIPEJeIEeHUs OCHOB-
HbIX aHAJIUTUYECKHUX XapPaKTEePUCTHUK.

3AKJIDYEHUE

CoTpyaHUKaMM HAyYHOTO IO pPa3esieHus
®I'BY «BHMUKP» B HacTosllee BpeMsa MPOBOAITCS
KCCIIeIOBAHUS I10 M3YUYEHUI OMOJIOTUUYECKUX
ocobeHHOCTeH Bupouja py6IeBATOCTU IMJIOLOB
A6JI0HH, CIIOCOO0B €r0 IMAarHOCTUKYU C JaJIbHEHIIe
paspaboTKOi HOPMATUBHOTO JOKyMeHTa MAJA
[IpUMeHeHNs BJIabopaTOPHOH ITPaKTUKE.

[TIpoBeneHHbIE MCCIELOBAHUS ITOKA3AJM, UTO
npanimepsl cASSVd/hASSVd crioco6HBI 06pa3oBbI-
BaTh BTOPUYHBIE CTPYKTYPbI, TEM CaMbIM CO3[aBasd
PUCK MOy YEHYS JIOXKHOITOJI0KUTETHHOTO PE3YIbTa-
Ta. VMicxons u3 MOJIyUYeHHBIX pe3ylbTaTOB, JaHHAA

Fig. 13. Results of the analysis of
onuroHykneotupos ASS-F/ASS-R/ASS-P oligonucleotides ASS-F/ASS-R/ASS-P

Cc HabopoMm peareHToB ans nposegeHns  with a reagent kit for PCR combined with
the reaction of reverse transcription
(PCR-RT) (NPF Syntol), interface CFx96 ~ combined with the reverse transcrip-

Bio-Rad (photo by the authors)

given primer pairin the testKit.

Testing of the ASS-F/ASS-R pri-
mers and the ASS-P probe was per-
formed using a reagent kit for PCR

tion reaction (RT-PCR) (NPF Syntol).
Theresultsare presentedin Fig. 13.

The obtained results from testing
the ASS-F/ASS-R/ASS-P oligo-
nucleotides show the presence of a fluorescence
signal only for the target sample, ASSVd PC-1136. The
advantage of using this kit is the combination of the
reverse transcription reaction with real-time PCR,
which increases diagnostic sensitivity. These primers
demonstrate high specificity and will therefore be
used in subsequent experiments to determine the
mainanalytical characteristics.

CONCLUSION

Researchers of FGBU "VNIIKR" are currently
conducting study into the biological characteristics of
ASSVd, methods for its diagnosis, and the subsequent
development of a regulatory document for use in
laboratory practice.

Conducted studies have shown that the
cASSVd/hASSVd primers can form secondary
structures, thereby creating a risk of false-positive
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nmapa npaiMepoB He OyZeT MCIIOJIb30BATHCI B
JaIbHEeNIINX WCccliefoBaHuAX. [IpU TeCTUPOBaHUU
npaiimepoB ASSVdA-F91/ASSVd-R291 oTMeudeHO, UTO
OHU BBISBJISIOT L€JIEBOM BUPOUJ. B maibHEUMINX
UCCIIeIOBAHUAX OyIeT ITPOBOAUTHCS UX alIpO0aIus C
IpyruMu Habopamu peareHToB 1Jis [TLIP u momomHuT-
TEJIbHOM OIITUMU3aI el peakiiuu. OJIUTOHYKJIEOTH -
Ibel ASS-F/ASS-R/ASS-P pais TILP-PB Takke OymyT
MIPOTECTUPOBAHBI IPYrUMU HabopaMu peareHTOB
OTEeUYeCTBEHHOTO IIPOU3BOACTBA. JIJIsI NUCTIOIb3yeMbIX
npaiMepoB B JajbHelIeM OyAyT ompeneseHbl
OCHOBHBIE aHAJINTUYECKUE XapaKTEPUCTUKU.

Dunancuposanue. ViccieLoBaHNUA BbIIIOJIHEHBI B
paMKax rocyfapcTBeHHOro 3amanus (per. N2 ETUCY
HMOKTP125031103530-8).

Baaeodaprocme. ABTODHI BRIPAXKAOT Garogap-
HOCTB OTZEeJy NUArHOCTUKU IMaTOTEHOB PAaCTEeHUU
000 «CuHTOJI» 3a IpefOoCTaBJIeHVE U30JIATA BUPOU-
Ia [oJis UCCJIeJOBaHUH.
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quantitative real-time nucleic acid sequence based
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results. Based on these results, this primer pair will
not be used in further studies. Testing of the ASSVd-
F91/ASSVd-R291 primers revealed that they detect
the target viroid. Further studies will involve testing
them with other PCR reagent kits and further optimi-
zation of the reaction. The ASS-F/ASS-R/ASS-R
oligonucleotides for real-time PCR will also be tested
with other Russian reagent kits. The main analytical
characteristics of the primers used will be further
determined.
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number EGISUNIOKTR 125031103530-8).
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