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AHHOTALIUA
Bupowu] jaTeHTHONU Mo3auku nepcuka (PLMVd) saB-
JIIeTCS KapaHTUHHBIM BPEIHBIM OPraHU3MOM, BKJIIO-
YeHHbIM B EIVHBIN ITepeuyeHb KapaHTUHHBIX 06bEKTOB
EBpasmiickoro 3KOHOMUYECKOTO COI03a B CITMCOK Ka-
PAHTUHHBIX BPEIHBIX OPTaHU3MOB, OTCYTCTBYOIIUX Ha
TeppuTopry EBPasuiiCKOro SKOHOMUYECKOTO COI03a.

Bupowu[ jaTeHTHOM MO3auKy IepcurKa rmopa)aeT
KOCTOYKOBBIE TLJIOJIOBBIE KYJIbTYPBI, BBI3bIBasI 3HAUN-
TeJIbHBIE TOTEPU YPOXKasd. MEeTObI BRIABICHUS U UJIEH-
TudurKauy 3Toro naroreHa B Poccutickoit demepanuu
6pLIM paspaboranbl corpysHukaMu OI'BY «BHUMKP»
B 2015-2018 rT.

B cTaThe NIPUBOASATCS PE3yAbTAaThl UCTIBITAHUN
¥ BaauIAIMK HECKOJbKUX Iap BUAOCHEIIn(UUHBIX
ITPaliMepPOB, UCIIOJIb3yEeMbIX B MUPOBOU ITPAKTUKE JIJIsT
nuarHocTuky PLMVd MeTomoM ToJimMepa3Hou 11ell-
HoM peakruu ([1LIP), a TakXe pPe3yJIbTaThl S3KCIIEPU-
MEHTOB C IpariMepaMu, pa3paboTaHHBIMY aBTOPaAMU.

Knrwwuesnvte cnoea. Peach latent mosaic viroid,
[1LIP, obpaTHas TPAHCKPUMLUS, CIeINu(MUIHOCTD,
YyBCTBUTEJNBHOCTD, BOCITPOU3BOAUMOCTbD.

BBEJEHUE

WPOUJ, JJaTEeHTHOM MO3auKM IIEePCUKa
(Peach latent mosaic viroid, PLMVd)
SIBJISIETCS  TUIIOBBIM IIPENCTaBUTE-
JeM poga Pelamoviroid cemelicTBa
Avsunviroidae. 3TOT IaToTeH OT-
CYTCTBYeT Ha TEPPUTOPUIX CTPaH,
Bxogamux B cocraB EAJC (Poccusg,
Keipreidcrad, KazaxcraH, ApMeHUd,
Besapych).

PLMVd mnpepncraBisgeT coboii 6ecKamcUAHYIO
KOJIBLIEBYIO OfiHOLlennoueuyHyto PHK, jokain3oBaHHYIO
B KJIeTKaxX MHOUIIMPOBAaHHBIX PAaCTeHUM, KOTOpas He
BBIABJISIETCS TaKe IPU UCII0JIb30BAHUY DJIEKTPOHHOTO
MUKPOCKOTIA. 3-3a OTCYTCTBUS GEJIKOBOIM 060JI0UKY
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ABSTRACT
Peach latent mosaic viroid (PLMVd) is a quarantine pest
included in the Common List of Quarantine Objects of
the Eurasian Economic Union, the list of quarantine
pests absent in the Eurasian Economic Union.

PLMVd affects stone fruit crops, causing signifi-
cant yield losses. Methods for the detection and iden-
tification of this pathogen in the Russian Federation
were developed by the specialists of FGBU “VNIIKR” in
2015-2018.

The article presents the results of testing and va-
lidation of several pairs of species-specific primers
used in world practice for the diagnosis of PLMVd by
the polymerase chain reaction (PCR) method, as well
as the results of experiments with primers developed
by the authors.

Key words. Peach latent mosaic viroid, PCR, re-
verse transcription, specificity, sensitivity, repro-
ducibility.

INTRODUCTION

each latent mosaic viroid, PLMVd, is a typi-
cal representative of the genus Pelamoviroid
of the family Avsunviroidae. This pathogen
is absent in the territories of the EAEU coun-
tries (Russia, Kyrgyzstan, Kazakhstan, Ar-

menia, Belarus).
PLMVd is a capsid circular single-stranded RNA
localized in the cells of infected plants, which is not
detected even when using an electron microscope.
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NpUMeHeHNe CEPOJIOTUUECKUX METOOB IUAaTHOCTUKY
JLJIs BBIIBJIEHUSI BUPOU/IA JIATEHTHON MO3auKY IePCH-
Ka HEBO3MOJKHO.

Ilns onpepenenns PLMVd ucmosb3yoT 610TeCTbI
Ha pacTeHUSIX-UHAUKATOPAX ¥ MOJIEKYJISIPHbIE METOZbI
OUArHOCTUKMU.

BriepBrie meTop ITLIP ajis BeiaBiaeHuss PLMVd GbLt
ampo6upoBan B CIIIA ¢ UCITOJIb30BaHUEM ITPAiMEPOB
PLMVd-c/PLMVd-h (Shamloul et al., 1995). B manbHeii-
1IeM IPyTuMU aBTOPaMu ObLIM pa3paboTaHbl Tpaime-
PBI 4JIS1 UCTIOJIb30BAHUA B PA3JIMYHBIX MOAUMDUKAITASTX
metoga [TIP. TeM He MeHee MeXIYHAPOLHO [IPU3HAH-
HBIN JYaTrHOCTUYECKUH ITIPOTOKOJI BhISIBJIEHYS U UIIEH-
tudukanyu PLMVd mo-mipe)kHeMy OTCyTCTBYeT. B Poc-
cuiickoi denmepaliu 10 UCCIeN0BAHNM CIIEIIUAIICTOB
®I'BY «BHUVKP» ntuargoctuka PLMVd metomom ITLIP
He 6bLJIa aripo6upoBaHa.

MATEPUAJIBI U METO/1bI

OKCIIEPUMEHTHI ITPOBOIUIINCE CO CIEAYIOIMINMY U30JIsI-
TaMU BUPOUA JaTeHTHON MO3auKu mepcuka: PLMVd
PC-1134 (DSMZ, T'epmanus), PLMVd-IVIA (IVIA, Vcma-
Hus), Magn-1, Pyt-1, Pyt-2 u Pyt-3 (®I'BY «BHUVIKP»,
Poccus). Msonarer PLMVd — Magn-1, Pyt-1, Pyt-2
u Pyt-3 — 6b1I1U BBISIBJIEHBI U UJeHTUDUIUPOBAHBI
ClelyaJucTaMU Hay4yHOTo rnoppasngeieHus @by
«BHUVKP» B myiogax mepcuka UMIIOPTHOTO IIPOUC-
XOXKJIeHUsI. 3apaKeHHbIM MaTepuaJl XpaHUJICcd Ipu
Temneparype —80 °C.

O1eHKy cienu(UIHOCTY UCIBITYEMBIX TpaiiMe-
POB IIPOBOAMIIY C pepePEeHTHLIMY U30JIITaMU Helle-
JIEBBIX BUPOUIOB U3 KoJteKIuy DSMZ: Bupoua py6-
LeBaTOCTH ILJIOHOB 16y0HM (ASSVd PC-1136), BUpouaa
My3BpIpyYaToOro paka kopsl rpymu (PBCVd PC-1135),
BUPOUJA BEePETEHOBUAHOCTHU KIyOHEN KapTodens
(PSTVd PV-0860) u Bupouma KapJauKOBOCTH XPHU3aH-
TeMbI (CSVd PV-0735).

Beigenenve PHK n3yyaeMbIX 130J19TOB BUPOULA
BBITIOJIHSJIN CO CJIEIYIOUMMY KOMIIJIEKTaMU PEareHTOB
JLJIS BBIZIEJIEHV ST HYKJIEMHOBBIX KHUCJIOT, U3TOTOBJIEHHBI-
MU OTeYeCTBEHHBIMU ITPOU3BOAUTENIMU: «[Tpoba-HK»
(000 «ArpollmarnocTtuka», Poccus) «HK-M-Cop6»
u «®utoCopb» (06a — 000 «CuHTOI», Poccus).

Il peakiiuy 06paTHON TPAHCKPUIIIIUY UCIIOJb-
30BaJiu cjeylolirie Habophl U peareHThI:

1) «<KOMIIJIeKT peareHToB IJis 06paTHOM TpaHC-
kpunium» (000 «Arpo/luarHocTuka», Poccus), B co-
cTaB KOTOPOro BXoauT mpariMep OT-Random;

2) «cMMLV RT Kit» (3A0 «EBporen», Poccus);

3) «First Strand cDNA Synthesis Kit» (Thermo Sci-
entific, CIIIA);

4) «Thermo Scientific Maxima First Strand cDNA
Synthesis Kit RT-qPCR» (Thermo Scientific, CIIIA).

[Ipu ITIOCTAaHOBKE pPeaKuy 00paTHON TPAHCKPUII-
LMY WCIIBITBIBANIM CleAyomue npaimepsr: Oligo dT,,
Oligo dT,,, Random dN, 1 Random dN,.

Habops! UCI0Ib30BaJIV COTJIACHO UHCTPYKIIUAM
(GUpPM-TIPOU3BOAUTENEN.

Ins orpaboTky qumarHoctuku PLMVd meTomom
kjnaccudeckoi [P 6bIIM UCHBITAaHBI TTpaliMepshl
cPLMVd/hPLMVd (Loreti et al., 1999), RF-44 F/RF-43 R
(Ambros et al., 1998), PLMVd-P1F/PLMVd-P1R, PLMVd-
P3F/PLMVd-P4R, PLMVd-P9F/PLMVd-P2R (HMOBB
OT'BY «BHUUKP»*).

* HMOBB ®IrBY «BHUUKP» — HayuHO-MeTOAMYECKUA OTaEN
Bupyconorun n 6aktepuonoruv @Y «BHUNKP».

Due to the lack of a protein coat, the use of serologi-
cal diagnostic methods for detecting the PLMVd is im-
possible.

To identify PLMVd, bioassays on indicator plants
and molecular diagnostic methods are used.

The PCR method for detecting PLMVd was first
tested in the USA using the PLMVd-¢/PLMVd-h prim-
ers (Shamloul et al., 1995). Later, other authors de-
veloped primers for use in various modifications of
the PCR method. However, an internationally recog-
nized diagnostic protocol for the detection and iden-
tification of PLMVd is still lacking. In the Russian
Federation, before the research of specialists of the
FGBU “VNIIKR”, the diagnosis of PLMVd by PCR was
not tested.

MATERIALS AND METHODS

Experiments were carried out with the following
PLMVd isolates: PLMVd PC-1134 (DSMZ, Germany),
PLMVd-IVIA (IVIA, Spain), Magn-1, Pyt-1, Pyt-2, and
Pyt-3 (VNIIKR, Russia). PLMVd isolates — Magn-1,
Pyt-1, Pyt-2 and Pyt-3 — were detected and identi-
fied by specialists of the scientific department of the
FGBU “VNIIKR” in peach fruits of imported origin. The
infected material was stored at —80 °C.

Evaluation of the specificity of the tested primers
was carried out with reference isolates of non-target vi-
roids from the DSMZ collection: apple scar skin viroid
(ASSVd PC-1136), pear blister canker viroid (PBCVd PC-
1135), potato spindle tuber viroid (PSTVd PV-0860) and
chrysanthemum stunt viroid (PV-0735).

Isolation of RNA of the studied viroid isolates was
performed with the following sets of reagents for the
isolation of nucleic acids manufactured by domestic
manufacturers: PREP-NA (AgroDiagnostica, Russia)
NK-M-Sorb and FitoSorb (both — Syntol, Russia).

The following kits and reagents were used for the
reverse transcription reaction:

1) “Reagent kit for reverse transcription” (AgroDiag-
nostica, Russia), which includes the primer OT-Random;

2) “MMLV RT Kit” (Evrogen, Russia);

3) “First Strand cDNA Synthesis Kit” (Thermo Sci-
entific, USA);

4) “Thermo Scientific Maxima First Strand cDNA
Synthesis Kit RT-gPCR” (Thermo Scientific, USA).

When staging the reverse transcription reac-
tion, the following primers were tested: Oligo dT. , Oli-
godT,,, Random dN, and Random dN, .

The kits were used according to the manufactu-
rer’s instructions.

For testing PLMVd diagnostics by the method of
classical PCR, primers were tested cPLMVd/hPLMVd (Lo-
retietal., 1999), RF-44 F/RF-43 R (Ambros et al., 1998),
PLMVd-P1F/PLMVd-P1R, PLMVd-P3F/PLMVd-P4R,
PLMVd-P9F/PLMVd-P2R (RMDVB FGBU “VNIIKR"¥).

The primersIB-Fw/IB-Rev(Boubourakaset.al.,2011)
and PLMVd-P1F/PLMVd-P1R (RMDVB FGBU “VNIIKR”)
tested by real-time PCR (RT-PCR) with the addition of
SYBR Green dye.

18’

* Scientific and Methodological Department of Virology
and Bacteriology, FGBU “VNIIKR”.
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Tao6auina 1

XapakTepHCcTHKa IpaiiMepoB, HCII0JIb30BAHHbIX B 9KCIIEPUMEHTAX JJI OTPa60TKHU

auargoctuku PLMVd meTogom ITLIP
Table 1

Characteristics of primers used in experiments for testing PLMVd diagnostics by PCR

Hassanue nmpaiimepa ITocJieioBaTeIbHOCTb 5'~3’
Primer name Sequence 5’3’

JJmmHa npoaykTa (1. 0.) ABTOp
Product length (bp) Author

PLMVd RF-43 R

CTGGATCACACCCCCCTCGGAACCAACCGCT

340 Ambrés et al., 1998
PLMVd RF-44 F TGTGATCCAGGTACCGCCGTAGAACT
cPLMVd AACTGCAGTGCTCCGAATAGGGCAC ,

337 Loreti et al., 1999
hPLMVd CCCGATAGAAAGGCTAAGCACCTCG
PLMVd-H CTCGCAATGAGGTAAGGTG
PLMVd-C ACGTCGTAATCCAGTTTCTAC 100 Luigi, Faggioli, 2011
PLMVd-P CTTCTGGAACCAAGCGG
PLMVd-P1F AAGGCTAAGCACCTCGCAAT 08 HMOBB ®I'BY «BHUUKP»
PLMVd-P1R TTTCTACGGCGGTACCTGGA RMDVB FGBU “VNIIKR”
PLMVd-P3F GCCGTATCTCAACGGCTCAT 050 HMOBB ®I'BY «BHUNKP»
PLMVd-P4R GAGGGGACCGGGTTTGAATC RMDVB FGBU “VNIIKR”
PLMVd-P9F GCATCCCAGCGACTCATCA . HMOBB ®I'BY «BHUMKP»
PLMVd-P2R GAGGGGACCGGGTTTGAATC RMDVB FGBU “VNIIKR”
IB-Fw ACC TCG CAA TGA GGT AAG

118-120 Boubourakas et. al., 2011
IB-Rev GGT TTG AAT CCC GGG TAG A

[Tpaiimepsl IB-Fw/IB-Rev (Boubourakaset. al., 2011)
1 PLMVd-P1F/PLMVd-P1R (HMOBB ®I'BY «BHUNKP»)
UCIbITEIBaAU MeTonoM IILIP B peaJlbHOM BpPEMEHU
(TILIP-PB) ¢ mo6aBieHueM KpacuTeyis SYBR Green.

«KoMIuieKT peareHToB 1 [T P-aMmudukauu
kK-IJHK Peach latent mosaic viroid» (OO0 «Arpo/lua-
rHOCTHMKa», Poccus) u npaiiMepsr PLMVd-H/PLMVd-C
c3ou10M PLMVd-P (Luigi, Faggioli, 2011) ucnsIThIBaJIU
meTtogomM ITLIP-PB.

XapaKTepUCTUKA UCITBITYEMBIX ITPAMEPOB PU-
BeJeHa B Tabaulie 1.

Ins moctanoBku ITIP B akcriepuMeHTax ¢ PLMVd
OBLIU UCITBITAHBI CIIEAY0INe KOMMepUueckre Habophl
peareHToOB:

1. «Screen Mix-HS» (3A0 «EBporen», Poccus);

2. «5x MasPP TagMIX-2025» ¢ KpaCcHBIM Kpacure-
JaeM (3AO0 «/Iuanart JITa.», Poccus);

3. «Thermo Scientific Dream Taq Green PCR Mas-
ter Mix (2X)» (Thermo Scientific, CIIIA);

4. «5x MagPP TagMIX-2025» (3A0 «[Iuasnat JITm.»,
Poccus);

5. «Thermo Scientific Maxima Hot Start Green PCR
Master Mix (2X)» (Thermo Scientific, CIIIA);

6. «One-step RT-PCR kit» (Qiagen, HumepaaHbl);

7. «SuperScript III Platinum SYBR Green one-step
gPCR kit with ROX» (Invitrogen, CIIIA);

8. «qPCRmix-HS SYBR» (3A0 «EBporen», Poccus);

9. «qPCRmix-HS SYBR + High ROX» (3A0 «EBpo-
reH», Poccus);

10. «2,5x PeaKIioOHHasA CMeCh JJisl [IPOBeEeHUs
[TIIP-PB B mpucytcTBruu ROX» (000 «CunTOJN», Poccus).

HeTexnuio pesynbTaToB I[P B hopmaTte «dopes»
OCYIIECTBJISLIU C TIOMOLIBI0 3eKTpodopesa B 1,5%-M
arapo3HOM Trejie. BeJIlMunHy IIPOAYKTOB aMIIIudrKa-
LIV U3MEPSJIN, UCIIOJIb3Yysd MapKep MOJIEKYISIPHOTO

“Set of reagents for PCR amplification of c-DNA
Peach latent mosaic viroid” (AgroDiagnostica, Russia)
and PLMVd-H/PLMVd-C primers with a PLMVd-P probe
(Luigi, Faggioli, 2011) were tested by RT-PCR.

The characteristics of the tested primers are
shown in Table 1.

For PCR in experiments with PLMVd, the following
commercial reagent kits were tested:

1. “Screen Mix-HS” (Evrogen, Russia);

2. “5bx MasPP TagMIX-2025” with red dye (Dialat
Ltd., Russia);

3. “Thermo Scientific Dream Taq Green PCR Mas-
ter Mix (2X)” (Thermo Scientific, USA);

4. “5x MagPP TaqgMIX-2025” (Dialat Ltd., Russia);

5. “Thermo Scientific Maxima Hot Start Green PCR
Master Mix (2X)” (Thermo Scientific, USA);

6. “One-step RT-PCR kit” (Qiagen, Netherlands);

7. “SuperScript III Platinum SYBR Green one-step
gPCR kit with ROX” (Invitrogen, USA);

8. “qPCRmix-HS SYBR” (Evrogen, Russia);

9. “gPCRmix-HS SYBR + High ROX” (Evrogen, Rus-
sia);

10. “2.5x Reaction mixture for RT-PCR in the
presence of ROX “(Syntol, Russia).

Detection of PCR results was carried out using elec-
trophoresis in 1.5% agarose gel. Amplification products
were measured using a GeneRuler 100 bp Plus DNA mo-
lecular weight marker from Thermo Scientific, USA.

The validity of the amplification products was de-
termined by their sequencing.

CeHTs6pb N2 3 (7) 2021 49



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

Beca IHK GeneRuler 100 bp Plus ¢pupmer Thermo Sci-
entific, CIIIA.

BajuIHOCTH ITPOAYKTOB aMILTU(UKAIINY OITpe/ie-
JISITY TIyTEM WX CEKBEHUPOBAHMSA.

PE3YJIBTATHI UCCJIEJOBAHUM

[To pes3ysnbTaTaM UCCJIENOBAHUS YCTAHOBJIEHO, UTO
UCIIBITyEeMbIe TIPA¥MePhl XapaKTePU3yITCS BbICOKOH
crienu(pUIHOCThI0 K PLMVd, He pearupoBaju C 130-
JIITaMU HelleJIeBbIX BupoumoB ASSVd, PBCVd, PSTVd
u CSVd. 3¢ ¢heKTUBHOCTDL B BBISIBJIEHUUN H30JISITOB
11eJIeBOT0 00'beKTa CyIeCTBEeHHO pa3jauvajiack. Taxk,
npaiimepsl PLMVd RF-44 F/PLMVd RF-43 R (Ambroés
et al,, 1998), PLMVd-P1F/PLMVd-P1R u PLMVd-P9F/
PLMVd-P2R (HMOBEB ®I'BY «BHUMKP») I103BOJIIIN
IVarHOCTUPOBATh JIMIIb OT JIBYX J0 YETHIPEX U30JIs-
TOB PLMVd 13 1IeCTH UCITBITYEMBIX, B CBSI3U C YEM UX
IajibHelillee UCIIbITaHWe ObLIIO IPU3HAHO HEelleJIeco-
06pa3HbIM.

IOng mmarHoctuku PLMVd c mpatimMmepamu
cPLMVd/hPLMVd (Loreti et al., 1999) u PLMVd-P3F/
PLMVd-P4R (HMOBBE ®I'BY «BHVVKP») ObLIU UCIIbI-
TaHbI 1-3TATHBIN U 2-3TamHbIN (hopmats ITLIP ¢ 06paT-
Ho¥ TpaHckpunime (OT-TILIP) 1 4 Habopa peareHTOB
s [TIP: «OneStep RT-PCR Kit» (Qiagen), «Thermo Sci-
entific Maxima Hot Start Green PCR Master Mix (2X)»
(Thermo Scientific), «Screen Mix-HS» («<EBpoOTreH»),
«5x MasPP TaqMix-2025» («Juasat»). [IJ1s OIeHKY BOC-
MIPOU3BOAUMOCTHU PE3YJITATOB SKCIIEPUMEHTA C KaXK-
IBIM HaOOPOM peareHTOB ObLJIO ITPOBEIEHO HCCIeN0Ba-
HUE B 3-KPaTHOU ITOBTOPHOCTH.

I[Ipu uCIIOJNIb30BAaHUM TIpatiMepoB cPLMVd/
hPLMVd (Loreti et al., 1999) npu HnpoBeLeHUU
B 1-srarmaoM popmaTe OT-ITLIP c HaGopoOM peareHTOB
«OneStep RT-PCR Kit» (Qiagen) crieniupuyeckue mpo-
IYKTbI TNIAHVPYEeMOU BeJIMUNHBI ObLIY TTOJYyYeHbI JIJIs
IATH M30a9TOB PLMVd m3 11ecTy UCIbITyeMbIX. [1pu
9TOM JJIsl TPeX U30JIITOB HabJwjasach HU3Kas BOC-
TIPOU3BOAUMOCTD Pe3yIbTaTOB BbIIBIeHUS. [IOTIBITKA
OTITUMU3UPOBATH 3TOT TECT ITyTEM U3MEHEHUS TEMIIE-
paTyphl OTXKUTA [TPaiMepOB He MMPUBEJA K )KeJlaeMbIM
pesynbTaTaM. CllesiaH BbIBOJ, O HU3KOU NIPUTOLHOCTU
manHoro opmara 1-stamuoi OT-TILIP mJis BeIsBIIE-
Hus PLMVd ¢ ucnosb3oBaHmueM mpaimepoB cPLMVd/
hPLMVd (Loreti et al., 1999) (Tabu. 2).

[Ipy ucnelTaHKUY OpaiiMepoB cPLMVd/hPLMVd
(Loretietal., 1999) meTomoMm 2-atamHoit OT-TTLIP Ha pe-
3yJbTAThHI TECTOB 3aMeTHOE BJIUSHNIE OKa3bIBaJI CIIOC06
IpoBeIeHus 06paTHON TpaHcKpunuu. Tak, [TLIP ¢ Ha-
6opom peareHToB «Thermo Scientific Maxima Hot Start
Green PCR Master Mix (2X)» (Thermo Scientific) u ¢
kIHK, cuHTe3upoBaHHON HabopoM «First Strand cDNA
Synthesis Kit» (Thermo Scientific) u yHuBepcasibHBIMU
npaiimMepamu Random dN, + Oligo dT, ,, mo3Bosisia -
arHOCTUPOBATh 5 M30/1TOB PLMVd 13 IEeCTU UCTIBITY-
eMbIX. [ToJIoKUTEeNbHAS PeaKkIius He Oblia IToTydYeHa
JIUIIB € 130J9TOM PLMVd-IVIA, KOTOPBIH IpeacTaBIs-
eT co60i COK MH(MUIIMPOBAHHOTO PACTEHUS TTIEPCUKA,
HaHeCeHHBIN Ha MeMOpaHy AJiT XpaHeHUs HYKJIeNn-
HOBBIX KUCJIOT; 9TOT U30JISIT XapaKTepu3yeTcs: OUeHb
HU3KOU KOHIIEHTpalreh. B To )xe BpeMs 2-3TarnHas
OT-TILP ¢ Ha6opoM peareHTOB «Thermo Scientific
Maxima Hot Start Green PCR Master Mix (2X)» (Ther-
mo Scientific) u ¢ k/IHK, cCHHTe31pOBaHHOM ¢ HAG0pPOM
«MMLV RT Kit» («<EBporeH») 1 06paTHBIM crierudurye-
CKUM IIpatiMepom cPLMVd, mo3Bojinja JUarHoCTUPO-
BaThb BCE 6 UCIIBITYEMBIX U30JISTOB PLMVd.

RESULTS OF STUDIES

According to the results of the study, it was found that
the tested primers are characterized by high specificity
for PLMVd, did not react with the isolates of the non-tar-
get viroids ASSVd, PBCVd, PSTVd, and CSVd. Efficiency
in identifying target isolates varied significantly. Thus,
the primers PLMVd RF-44 F/PLMVd RF-43 R (Ambros
etal., 1998), PLMVd-P1F/PLMVd-P1R, and PLMVd-P9F/
PLMVd-P2R (RMDVB FGBU “VNIIKR”) made it possible
to diagnose only two up to four PLMVd isolates out of six
subjects, in connection with which further testing was
considered inappropriate.

For the diagnosis of PLMVd with primers
cPLMVd/hPLMVd (Loreti et al., 1999) and PLMVd-P3F/
PLMVd-P4R (Research and Methodology Department of
Virology and Bacteriology of (RMDVB) FGBU “VNIIKR”),
1-step and 2-step PCR formats with reverse tran-
scription (RT-PCR) were tested and 4 PCR reagent
kits: OneStep RT-PCR Kit (Qiagen), Thermo Scientific
Maxima Hot Start Green PCR Master Mix (2X) (Ther-
mo Scientific), Screen Mix-HS (Evrogen), 5x MasDD
TagMix-2025 (Dialat). To assess the reproducibility of
the results of the experiment with each set of reagents,
a study was carried out in 3 replicates.

When using the cPLMVd/hPLMVd primers (Lore-
ti et al., 1999) in 1-step RT-PCR format with the One-
Step RT-PCR Kit (Qiagen), specific target-size products
were obtained for five PLMVd isolates out of six tested
ones. At the same time, low reproducibility of detec-
tion results was observed for three isolates. An attempt

M 12 3456 7M

Puc. 1. PesynbTaTbl 3KCNEPUMEHTOB C NpanMepamu
cPLMVd/hPLMVd (Loreti et al., 1999).

2-3tanHas OT-NLUP; OT — Habopom «First Strand cDNA
Synthesis Kit» (Thermo Scientific) u npaiimepamu
Random dN, + Oligo dT,; NMLP — Ha6opom

«5x MasP? Mix-2025» («duanaT»).

O6pasupl: 1 - PLMVd PC-1134; 2 — Magn-1; 3 - Pyt-1;

4 - Pyt-2; 5 - Pyt-3; 6 — PLMVd-IVIA; 7 — oTpuuaTtenbHbIi
KOHTposb (Boga).

Fig. 1. Results of experiments with primers cPLMVd/hPLMVd
(Loreti et al., 1999).

2-step RT-PCR; OT — with First Strand cDNA Synthesis Kit
(Thermo Scientific) and Random dN, + Oligo dT,, primers;
PCR - with the kit “5x MasDD Mix-2025" (Dialat).
Samples: 1 - PLMVd PC-1134; 2 — Magn-1;

3 - Pyt-1; 4 - Pyt-2; 5 — Pyt-3; 6 — PLMVd-IVIA;

7 — negative control (water).
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Ta6auia 2

HTorosas Ta6auna OT-IILP ayasa npaiimepos cPLMVd/hPLMVd

Table 2

Summary table of RT-PCR for primers cPLMVd/hPLMVd

1-sTanHaa |2-3tanHada OT-IIIP
OT-IIIIP 2-step RT-PCR
1-step «Thermo Scientific Maxima
RT-PCR Hot Start Green PCR «MasP? Mix-2025» «Screen Mix-HS»
Master Mix (2X)» (Thermo | («/iuanar») («EBpOreH»)
Scientific) (Dialat) (Evrogen)
OGpaTHAasA TPAHCKPUIIITUI
Reverse transcription
z & s & z &
S:E| SiE| & S5 &
BEB M~ BED = BEB M2
E w R H oo A E wn R HoEa E wn R IS
829 M olg 829 M oldg 879 K olg
ngE > 8| &% ® 3 E > 8% ® g E > 8%
5E 5 S B 28 S BE 28 = &2
Ipaiimeps! gjasa OT Ipaiimeps gisa OT Ipaiimeps! gya OT
RT primers RT primers RT primers
Z Z z = Z zZ
s 1 T 5 T T 5 T q T
«One step g B g g I g B g B 3 g =) g =) I
Haonsrs reeck» | 88| 5| 2 | E5 | Es | 5 | s 8| =
Isolates (Qiagen) €0 | &5 % &5 | 5 % £S5 | &0 %
PLMVd PC-1134 + + + + + + + + + +
Magn-1 + + + + + + + + + +
Pyt-1 + + + + + + + + + +
Pyt-2 + + + + + + + + + +
Pyt-3 + i + + + + + + + +
PLMVd-IVIA = + + - + + = + +
ASSVd PC-1136 = = = = = = = = =
PBCVd PC-1135 = = = =
PSTVd PV-0860 = = = = = = = =
CSvd PV-0735 = = = = = = = = = =

AHaJIOTUYHbIE PE3YJIbTAThI OBLIY MTOJYUYEHbI JIJIST
nmparMepoB cPLMVd/hPLMVd (Loreti et al., 1999) npu
ITOCTAaHOBKE PeaKIluy ¢ HabopoM JIJIsg 06paTHOM TpaHC-
kpuniuu «MMLV RT Kit» (<KEBporeH») COBMECTHO C pe-
aKIIMOHHOM cMechio A [TLIP «5x MasPP TaqMix-2025»
(«ImajaT»).

B skcmepuMeHTax c mpatimepamu cPLMVd/
hPLMVd (Loreti et al., 1999) u HaGopoM peareHTOB
«Screen Mix-HS» («kEBporeH») cTabuIbHast aMILIU(pU-
Kalus cnenudruueckux MPoAyKTOB HABG0maNach I
ISITY M30J1siTOB PLMVd 13 11ecTy UCTIBITyeMBIX. B OIThI-
Te ¢ k/IHK, cuHTe3upoBaHHOUK HabopoM «MMLV RT Kit»
(«EBporeH») 1 06paTHBIM MpaiiMepoM cPLMVd, HabJito-
JAJIUCh TAK)Ke U CJIEJTbI CTIEM(DUYIECKOTO TTPOIYKTA JJIsT
IIIECTOT'0 UCITBITYeMOTO M30ysaTa PLMVd — IVIA (Ta6. 2).

B sKcmepuMeHTax ¢ HabopaMu peareHTOB IJd
ammupukanuu «Thermo Scientific Maxima Hot
Start Green PCR Master Mix (2X)» (Thermo Scienti-
fic) u «5x MasP? TaqMix-2025» («[JuajaT») 1 HaGopoM
nnsg obpaTHo# TpaHckpunuuu «First Strand cDNA
Synthesis Kit» (Thermo Scientific), Hapsamy co cemu-
(brueckumu, HabIIOLAIOCHh TAKXKe 00pa30BaHUe 1 He-
crenu(UIecKUX MPOLyKTOB aMIindukanuu (puc. 1).

TakuM 06pa3oM, TPOBeleHHbIE UCCIeN0BAHNUS I10-
KasaJii BO3BMOXXHOCTb AUarHocTuky PLMVd ¢ ncmnosib30-
BaHueM npaiiMepoB cPLMVd/hPLMVd (Loretietal.,1999).

to optimize this test by changing the primer anneal-
ing temperature did not lead to the desired results. It
was concluded that this format is not suitable for 1-step
RT-PCR for detecting PLMVd using primers cPLMVd/
hPLMVd (Loreti et al., 1999) (Table 2).

When testing the cPLMVd/hPLMVd primers (Lo-
retietal., 1999) by 2-step RT-PCR, the test results were
significantly influenced by the method of reverse tran-
scription. Thus, PCR with a set of reagents “Thermo Sci-
entific Maxima Hot Start Green PCR Master Mix (2X)”
(Thermo Scientific) and with cDNA synthesized by the
“First Strand cDNA Synthesis Kit” (Thermo Scienti-
fic) and universal primers Random dN, + Oligo dT,,,
allowed diagnosing 5 PLMVd isolates out of six sub-
jects. A positive reaction was not obtained only with the
isolate PLMVd-IVIA, which is the juice of an infected
peach plant coated on a membrane for storing nucleic
acids; this isolate has a very low concentration. At the
same time, 2-step RT-PCR with the Thermo Scientific
Maxima Hot Start Green PCR Master Mix (2X) reagent
kit (Thermo Scientific) and with cDNA synthesized
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VI3 IBYX MCHIBITAaHHBIX (hpopMaToB Kitaccuvecko ITIP
MIPEeuMYIIeCTBO UMeJ 2-3TAaMHbIN (hopMaT. YCTaHOB-
JIEHO, 4YTO ITpu IpoBeneHuu I11IP B 2-3TammHOM (Qop-
MaTe HeobOXO0IMMO HCIT0JIb30BaTh KJIHK, cuHTe3npo-
BaHHYIO C UCIIOJIb30BaHMEM OOPATHOTO ITpaliMepa
cPLMVd. [lnis ipoBenenus ITLIP c sTuMu nipatimepaMu
HamboJIee 11eJieco0b6pas3Ho HUCII0Ib30BaTh HAGOPEI pe-
areHToB «Thermo Scientific Maxima Hot Start Green
PCR Master Mix (2X)» (Thermo Scientific) u «Screen
Mix-HS» («<EBporen») (Tabi. 2).

Hawu6osee onTuMaibHbIE PE3YIbTATHI B BhISIBIIE-
Huy PLMVd metomom kiaccuueckou ITIIP Habjroma-
JINCh B DKCIIEPUMMEHTAaX C pa3paboTaHHBIMU CHEeIra-
nuctamu OT'BY «BHUVIKP» nipaifimepamu PLMVd-P3F/
PLMVd-P4R (HMOBB ®I'BY «BHUVIKP»). OTu IpaiiMephl
ObLIKM pa3paboTaHbl C UCIIOJb30BaHUEM IIPOTPAMMbI
Primer-BLAST k renomy usonsita PLMVd PL133A, BbI-
SIBJIEHHOT'0 Ha Tepcuke B Cepbuu U NeTIOHUPOBAHHOTO
non HoMepoM EF151298 B GenBank NCBI. AHanus in
silico TIOKa3aJl KOMILIEMEHTAPHOCTD 3TUX ITPaliMepoB
c reHoMoM 360 uzongaToB PLMVd, nemoHupPOoBaHHbBIX
B GenBank NCBI, 1 0TCyTCTBUE KOMILJIEMEHTAPHOCTHU
C TeHOMOM KaKUX-JI100 HelleJIeBbIX BUPOUIOB. [Tpu pe-
aKIIUY1 3TUX IPaiiMepoB C TeHOMOM U30J9TOoB PLMVd
amMIInUITUPyeTCs MPOAYKT BeIMYnHON 250-254 11. H.

IIpa#iMmepsr PLMVd-P3F/PLMVd-P4R (HMOBB
®I'BY «BHUVIKP») ObLIN UCIBITAHBI C IIECThI0 U30-
aaramu PLMVd B 1-sTanmHoOM U 2-3TalTHOM hopMaTax
OT-TILIP c Habopamu peareHToOB «OneStep RT-PCR Kit»
(Qiagen) (mas 1-sTanmHoro ¢popmara), «Thermo Scien-
tific Maxima Hot Start Green PCR Master Mix (2X)»
(Thermo Scientific), «Screen Mix-HS» («EBporeu»)
u «5x MasPP TaqMix-2025» («[IuamaT») (Ijasg 2-sTam-
Horo (opmara). [Ipu 3TOM 2 IocJaegHUX Habopa pe-
areHTOB WCHBbITHIBANU ¢ KJHK, cuHTe3upoBaHHOU
IByM4a crmocobamu: HabopoMm «First Strand cDNA
Synthesis Kit» (Thermo Scientific) ¢ mpaiimepamu
Random dN, + Oligo dT,, u Ha6opom «MMLV RT Kit»
(«<EBporen») ¢ obpaTHbIM mpaiiMepom PLMVd-P4R.

[lo pesynbTaTaM uccie[OBaHNS YCTAaHOBIEHA BO3-
MOXXHOCTB 3(h(heKTUBHOTO UCIIOJIb30BAHUSA TPAiMEPOB
PLMVd-P3F/PLMVd-P4R (HMOBB ®I'BY «BHUUKP»)
npu npoBenenuu OT-TILP kak B 1-sTalmHOM, Tak
U B 2-3TallHOM (hopMaTax.

Pexxumbl OT-TILIP mJist MCIIOJb30BaHUS ITpaiMe-
poB PLMVd-P3F/PLMVd-P4R: o6paTHas TPaHCKPUII-
U — 110 METOAUKE TIPOMU3BOIUTEIIS; aMILIM(PUKAIIVS:
npelBapuTesbHad JeHaTypauusa — 5 MuH. rnpu 95 °C,
3aTeM 40 nukiaos (95 °C — 30 cek., 60 °C — 45 cexk.,
72 °C — 60 cek.), huHaJIbHAST SJIOHTAIIUSA — 5 MUH.

IIpu npoBefeHuu 2-stanHoir OT-TILIP c Ha-
GopaMu peareHToB «Screen Mix-HS» («EBpoOren»)
u «5x MasPP? TaqMix-2025» («/lnajiaT») IpeuMylie-
CTBO MMeJIO ucmojab3oBaHue kKJIHK, cuHTe3upoBaH-
HO¥ HabopoM «MMLV RT Kit» («<kEBporeH») c mpaime-
poM PLMVd-P4R, 110 cCpaBHEHUIO C HCITOJIb30BaHUEM
k/JHK, cunTe3upoBaHHOM HabopoM «First Strand cDNA
Synthesis Kit» (Thermo Scientific) u nmpafimepamu
Random dN, + Oligo dT . TIpu ucnonib3oBanuy Habopa
pearenToB «Thermo Scientific Maxima Hot Start Green
PCR Master Mix (2X)» (Thermo Scientific) Ha6aroganach
HU3Kas BOCIIPOU3BOLUMOCTD PE3YIHTATOB (TabJI. 3).

TakxuM o6pas3oM, NIPOBeJleHHble dKCIIepUMEH-
TBI TIOKA3aJIx BBICOKYI0 3 (EeKTUBHOCTD ITPaiiMepoB
PLMVd-P3F/PLMVd-P4R, koTopble pa3paboTaHbl
cnenuanuctaMu ®I'BY «BHUMKP» u MoryT ObITh pe-
KOMEH0BAHbI IJIs TECTUPOBAHUS ITOIKAPAHTUHHON

with the MMLV RT Kit (Evrogen) and reverse spe-
cific primer cPLMVd, made it possible to diagnose
all 6 tested PLMVd isolates.

Similar results were obtained for the cPLMVd/
hPLMVd primers (Loreti et al., 1999) when the reac-
tion was set up with the MMLV RT Kit (Evrogen) togeth-
er with the 5x MasDD TaqMix-2025 PCR reaction mix-
ture (Dialat).

In experiments with the ¢cPLMVd/hPLMVd
primers (Loreti et al., 1999) and the Screen Mix-HS
reagent kit (EvrogenEvrogen), stable amplification of
specific products was observed for five PLMVd iso-
lates out of six subjects. In the experiment with cDNA
synthesized by the MMLV RT Kit (Evrogen) and the re-
verse primer cPLMVd, traces of the specific product
were also observed for the sixth test isolate PLMVd —
IVIA (Table 2).

In experiments with amplification reagent kits
“Thermo Scientific Maxima Hot Start Green PCR
Master Mix (2X)” (Thermo Scientific) and “5x MasDD
TagMix-2025” (Dialat) and a set for reverse transcrip-
tion “First Strand cDNA Synthesis Kit” (Thermo Scien-
tific), along with specific ones, the formation of nonspe-
cific amplification products was also observed (Fig. 1).

Thus, our studies have shown the possibility of
diagnosing PLMVd using the cPLMVd/hPLMVd prim-
ers (Loretiet al., 1999). Of the two formats tested, clas-
sical PCR had the advantage of the 2-step format. It
was found that when carrying out PCR in a 2-step for-
mat, it is necessary to use cDNA synthesized using the
reverse primer cPLMVd. To carry out PCR with these
primers, it is most advisable to use the Thermo Sci-
entific Maxima Hot Start Green PCR Master Mix (2X)
(Thermo Scientific) and Screen Mix-HS (Evrogen) re-
agent kits (Table 2).

The most optimal results in the detection of
PLMVd by the classical PCR method were observed
in experiments with the primers PLMVd-P3F/
PLMVd-P4R (NMOVB FGBU VNIIKR) developed by
specialists from the VNIIKR. These primers were de-
signed using the Primer-BLAST program against the
genome of the PLMVd PL133A isolate found in peach
in Serbia and deposited under the number EF151298
at GenBank NCBI. In silico analysis showed the com-
plementarity of these primers with the genome of
360 PLMVd isolates deposited in GenBank NCBI, and
the absence of complementarity with the genome
of any non-target viroids. When these primers re-
act with the genome of PLMVd isolates, a product of
250-254 bp is amplified.

Primers PLMVd-P3F/PLMVd-P4R (RMDVB
FGBU “VNIIKR”) were tested with six PLMVd isolates
in 1-step and 2-step RT-PCR formats with OneStep
RT-PCR Kit (Qiagen) (for 1-stage format), Thermo Sci-
entific Maxima Hot Start Green PCR Master Mix (2X)
(Thermo Scientific), Screen Mix-HS (Evrogen) and
5x MasDD TaqMix-2025 (Dialat) (for 2-stage format).
At the same time, the last 2 reagent kits were test-
ed with cDNA synthesized by two methods: the First
Strand cDNA Synthesis Kit (Thermo Scientific) with the
Random dN, + Oligo dT,, primers and the MMLV RT Kit
(Evrogen) with the reverse primer PLMVd-P4R.

duTtocaHuTapusa. KapaHTuH pacteHuin 52



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

Ta6auia 3
HTorosas Ta6sauia OT-IILP aaa npaiimepos PLMVd-P3F/PLMVd-P4R
Table 3
Summary table of RT-PCR for primers PLMVd-P3F/PLMVd-P4R
1-sranHasa |2-3tanHas OT-IILIP
OT-IILIP 2-step RT-PCR
lR-'IS'-t[e’I()lR «Thermo Scientific Maxima ) )
Hot Start Green PCR «MasP? Mix-2025» «Screen Mix-HS»
Master Mix» (2X) (Thermo | («/IuajiaT») («<EBporen»)
Scientific) (Dialat) (Evrogen)
OGpaTHas TPAHCKPUIILLUSA
Reverse transcription
z & s & s &
8,5 3 8,5 3 8L E 3
s 5.8 [ s 54 2o s &2 [
£§2a3 R §% 3 R~ £33 B &~
P ) & olg = B old 8o 2 olg
n g g =88 2R > 8| & n o E > 3%
iS5 E2¢  |Ffs ER: |zfs| E:c
Ipaiimeps! giaa OT Ipaiimeps gisa OT IIpaiimeps! gyaa OT
RT primers RT primers RT primers
2. /5. /%5 |8.18. /% |58. (8. |¢%
«One step § g § g - § 5 § L= ] § g § g -
U301TBI RTPCR» |E & TS E TS T o E TS TS E
Isolates Qiagen) |5 |&€5 |& €5 |88 |= €5 |88 |=
PLMVd PC-1134 + + + + + + + + + +
Magn-1 + + + + + + + + + +
Pyt-1 + + + + + + + + + +
Pyt-2 + + + + + + + + + +
Pyt-3 + + + + + + + + + +
PLMVd-IVIA + + + + + + + - + +
ASSvVd PC-1136 = = = = = = = = - -
PBCVd PC-1135 = = -
PSTVd PV-0860 = = = = = = = -
CSvd PV-0735 = = = = = = = = - -

MpOoAyKIIMY Ha Hajinuue PLMVd. [laHHbIe TpaliMephl
BO3MO’KHO MCIIOJIb30BaTh Kak B 1-3TamHoM hopmaTe
OT-TILIP HaGopoMm peareHToB «OneStep RT-PCR Kit»
(Qiagen), Tak u B 2-3TartHOM (hopMaTe C Pa3IUIHbIMU
HabopaMu peareHTOB, U3 KOTOPHIX IIPEUMYIIECTBO
UMeI0T Habopbl «5x MasPP TagMix-2025» («JuayaT»),
«Screen Mix-HS» («EBporeH»). IIpu NpoBegeHUU
OT-TILIP B 2-sTanHoM hopMaTe HEOOXOLUMO HCIIOJNb-
30BaTh KJHK, cuHTe3npoBaHHyI0 HabopamMu «MMLV RT
Kit» (<EBporen») c o6paTHBIM NpatiMmepoM PLMVd-P4R.
Pe3ynbTaThl HEKOTOPBIX SKCIIEPUMEHTOB C IIpaliMepa-
My PLMVd-P3F/PLMVd-P4R mipeficTaBieHbl Ha PUC. 2.

UyBCTBUTEJbHOCTh TECTOB C HpaliMepamu
PLMVd-P3F/PLMVd-P4R (HMOBB ®I'BY «BHUUKP»)
OLIEHWBAJIM Ha MPUMEpPE BYX U30JATOB BUPOUIA —
PLMVd PC-1134 1 Magn-1. Beifienienuie PHK rmpoBoguin
Habopamu «I[Ipoba-HK» («<Arpo[luarHocTuka») u «duTo-
Cop06-M» («CUHTOJI»). 115 TocTaHOBKHU [T1]P B 1-3TartHOM
(opmaTe ncnosnbzoBay Habop peareHTOB «OneStep RT-
PCR Kit» (Qiagen). [Iyisg [P B 2-3TarHoM dhopMaTe A1
06paTHOM TPaHCKPUIIITUY TPpUMeHann «MMLV RT Kit»
(«EBporeHn») ¢ o6paTHbeIM npaiMepomM PLMVd-P4R, mis
amMIunuKaum — «Screen Mix-HS» («kEBporen»).

ITpu nipoBenenuu OT-TILIP B 1-aTartHOM popmaTe
c HabopoM peareHToB «OneStep RT-PCR Kit» yeTkuit
OJIOXKUTEJIbHBIN CUTHAJ 0Jd n3oiaara PLMVd PC-1134

According to the results of the study, the possibili-
ty of effective use of primers PLMVd-P3F/PLMVd-P4R
(RMDVB FGBU “VNIIKR”) was established when carry-
ing out RT-PCR in both 1-step and 2-step formats.

RT-PCR modes for using primers PLMVd-P3F/
PLMVd-P4R: reverse transcription — according to the
manufacturer’s method; amplification: preliminary
denaturation — 5 min. at 95 °C, then 40 cycles (95 °C -
30 sec., 60 °C — 45 sec., 72 °C — 60 sec.), final elonga-
tion — 5 min.

When carrying out a 2-step RT-PCR with the
Screen Mix-HS (Evrogen) and 5x MasDD TaqMix-2025
(Dialat) reagent kits, the advantage was given to the use
of cDNA synthesized by the MMLV RT Kit (Evrogen) with
the PLMVd-P4R primer, compared to using the cDNA
synthesized by the First Strand cDNA Synthesis Kit
(Thermo Scientific) and the Random dN, + Oligo dT
primers. When using a set of reagents “Thermo Sci-
entific Maxima Hot Start Green PCR Master Mix (2X)”
(Thermo Scientific), low reproducibility of results was
observed (Table 3).
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a) 1-stanHas OT-MUP c Ha6opom
«OneStep RT-PCR Kit» (Qiagen)
a) 1-step RT-PCR

with OneStep RT-PCR Kit (Qiagen)

M12 3 45 67

b) 2-atanHasa OT-MNLP; OT — Habopom
«MMLV RT Kit» (<kEBporeH»)

u nparimMepom PLMVd-P4R; MLLP -
HabopoM «Screen Mix-HS» («EBporeH»)

b) 2-step RT-PCR; RT — with “MMLV RT Kit”

(Evrogen) and primer PLMVd-P4R; PCR -
with the kit “Screen Mix-HS” (Evrogen)

1 2 34M6 7

c) 2-atanHasa OT-MNLP; OT — Ha6opoMm
«First Strand cDNA Synthesis Kit»
(Thermo Scientific) n npaiimepamu

Random dN, + Oligo dT,; MLP — HaGopom
«5x Mas®® TaqMix-2025» («Ouanar»)

c) 2-step RT-PCR; RT — with First
Strand cDNA Synthesis Kit (Thermo
Scientific) and Random dN, + Oligo dT
primers; PCR — with the kit “5x MasDD
TagMix-2025” (Dialat)

d) 2-atanHas OT-MUP; OT — Habopom
«MMLV RT Kit» (<kEBporeH»)

u npaimepom PLMVd-P4R;

MLLP — HabopoMm «5x MasPP
TagMix-2025» («Quanar»)

d) 2-step RT-PCR;

RT — with “MMLV RT Kit” (Evrogen)
and primer PLMVd-P4R;

PCR - with the kit “5x MasDD
TaqMix-2025” (Dialat)

O6pasubi: 1 — PLMVd PC-1134; 2 — Magn-1; 3 — Pyt-1; 4 — Pyt-2; 5 — Pyt-3;
6 — PLMVd-IVIA; 7 — oTpuuaTenbHbIi KOHTpoNb (Boga).

Samples: 1 — PLMVd PC-1134; 2 — Magn-1; 3 — Pyt-1; 4 — Pyt-2; 5 — Pyt-3;
6 — PLMVd-IVIA; 7 — negative control (water).

Puc. 2. PesynbTaTbl HEKOTOPbIX 3KCNEPUMEHTOB

¢ nparimepamu PLMVd-P3F/PLMVd-P4R
(HMOBB ®IrbY «BHUUKP»)

Fig. 2. Results of some experiments
with primers PLMVd-P3F/PLMVd-P4R
(RMDVB FGBU “VNIIKR”)

Thus, the experiments car-
ried out showed the high efficien-
cy of the PLMVd-P3F/PLMVd-P4R
primers, which were developed by
the specialists of VNIIKR and can
be recommended for testing re-
gulated products for the presence
of PLMVd. These primers can be
used both in a 1-step RT-PCR for-
mat with the OneStep RT-PCR Kit
(Qiagen) and in a 2-step format
with various reagent kits, of which
the 5x MasDD TaqMix-2025 (Dialat)
and “Screen Mix-HS” (Evrogen)
have an advantage. When carrying
out RT-PCR in a 2-step format, it
is necessary to use the cDNA syn-
thesized by the MMLV RT Kit (Ev-
rogen) with the reverse primer
PLMVd-P4R. The results of some
experiments with the PLMVd-P3F/
PLMVd-P4R primers are shown in
Fig. 2.

The sensitivity of tests with
primers PLMVd-P3F/PLMVd-P4R
(RMDVB FGBU “VNIIKR”) was as-
sessed using the example of two vi-
roid isolates — PLMVd PC-1134 and
Magn-1. Isolation of RNA was car-
ried out with the sets “PREP-NA”
(AgroDiagnostica) and “Fito-
Sorb-M” (Synthol). To set up PCR in
a 1-step format, a OneStep RT-PCR
Kit (Qiagen) was used. For PCR in
a 2-step format, the MMLV RT Kit
(Evrogen) with the reverse primer
PLMVd-P4R was used for reverse
transcription, and Screen Mix-HS
(Evrogen) was used for amplifica-
tion.

When carrying out RT-PCR in
a 1-step format with the OneStep
RT-PCR Kit, a clear positive signal
for the PLMVd PC-1134 isolate, re-
gardless of the kits used for RNA
isolation, was observed at a dilu-
tion of juice extracts of 107% inclu-
sive (Fig. 3), and for isolate PLMVd
Magn-1 —at a dilution of 102 inclu-
sive.

When PCR was carried outin a
2-step format with a set of reagents
“Screen Mix-HS” (Evrogen) for both

BHE 3aBHUCUMOCTU OT HCIIOJIb3yeMbIX HAOOPOB IJs
BhimeneHus PHK HaGromalics Mpyu pasBeleHun 9KC-
TPaKTOB coka B 10-% BKIOUUTENbHO (puc. 3), a AJg
uzossata PLMVd Magn-1 — npu pa3BefeHuu B 1072
BKJIIOUUTEJIHHO.

ITpu npoBegenuu TP B 2-sTanHOM (hopMaTe
c Ha6opoM peareHTOB «Screen Mix-HS» («<EBporen»)
151 060X M30JIITOB BUPOUIA ITOJOXKUTENbHBINA CUT-
HaJ HabJwomaNcd py pasBemeHun B 1073 mocie uc-
oJib30BaHus IOJs BbimeaeHus PHK Habopa «duTo-
Cop6-M» («CuHTOJI») 1 B 1072 — mocJje UCII0JIb30BaAHMS
Habopa «I1poba-HK» («<Arpo/luarHoCTrKa»).

Ilns BeigBiIeHus PLMVd metomoMm ITLIP B peasib-
HOM BPE€MEHU B IPUCYTCTBUYU WMHTEPKAJIUPYIOIIETO

viroid isolates, a positive signal was observed at a dilu-
tion of 10-% after using the kit “Fitosorb-M” (Synthol)
and at 1072 — after using the set “PREP-NA” (AgroDiag-
nostica).

To detect PLMVd by real-time PCR in the presence
of the SYBR Green intercalating dye, the IB-Fw/IB-Rev
primers were tested (Boubourakas et al., 2011). It was
found that these primers are most expedient to use
with the SuperScript ITI Platinum SYBR Green one-step
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kpacuTensg SYBR Green IpoBeileHO UCIIbITAHME ITPai-
mepoB IB-Fw/IB-Rev (I. Boubourakas et al., 2011). Ycra-
HOBJIEHO, UTO 3THU IMpaiMeprl HauboJiee 1iejiecoobpas-
HO KCIIOJIb30BaTh C HabopaMu peareHToB «SuperScript
I1I Platinum SYBR Green one-step qPCR kit with ROX»
(Invitrogen) B 1-aTanuom ¢popmarte OT-TTILP-PB uiu
«gPCRmix-HS SYBR + High ROX» (<EBporeH») B 2-3Tall-
HoM (opmare. [Iag 2-3TamHOro hopMaTa He06X0IUM
IpeaBapuUTeNbHbIN cuHTEe3 KJHK ¢ HaGopoM mjst 06-
patHo# TpaHckpunuuu «MMLV RT Kit» (<kEBporen»)
1 06paTHBIM crieruuUecKuM rpaiiMepoM IB-Rev.

[TpoBefieHa OTITUMU3A1IUs TeCTOB «KOMIIIEKT pe-
arenToB ma [T P-ammindukanuy kK IHK Peach latent
mosaic virus» («<ArpoJluarHoCTrKa»).

[Tpu o1ieHKe crIelU(UIHOCTHY JaHHOT0 Habopa He
OBLJIO OTMEUEHO HecelnprIecKol peakiiuu ¢ pede-
PEHTHBIMU M30JIITaMU HEIleJIeBbIX BUPOUIOB: ASSVd,
CSvd, PBCVd u PSTVd.

YcTaHOBIJIEHO, UTO AJi mocTaHoBKM [1IIP Habo-
poM «KoMT1uieKT peareHTOB aJj4 [T P-aMminpukanuu
kJJHK Peach latent mosaic virus» («<ArpoJIluarHocTu-
Ka») B paBHOI cTeneHu 3(pPEeKTUBHO UCIIONb30BaAHIE
kJHK, cuHTe3mpoBaHHOU HabopoM IJs o6paTHOH
TpaHckpumniuu «MMLV RT Kit» («kEBpores») c mpai-
mepamu Random dN, + Oligo dT,, unu Ha6opoM AJis
06paTHOM TpaHCKPUNIVY «KOMILIEKT peareHTOoB JJis
00paTHOU TPaHCKPUIIUU» («ATPOJ[MarHOCTUKA»)
c nparimepoM OT-Random. HeCKOJIBKO XyZIIYe Pe3yiib-
TaThl ObLIY MTOJIyUYeHbI 1Jis1 KIHK, cCuHTe3upoBaHHON
HabopoM 1y obpaTHOM TpaHcKpunuuu «First Strand
cDNA Synthesis Kit» (Thermo Scientific) ¢ mpaimepa-
mu Random dN, + Oligo dT,, (puc. 4).

[TonoXUTEeNbHbIEe CUTHAJBI OJg W30JATA
PLMVd-IVIA Habao0mannuch Ha 04eHb BBICOKOM IIOPO-
rosoM 1ukie — 40,0-40,3. BeigBJIeHNE OATHA OCTaJIb-
HBIX M30JIITOB AOCTUTAJOCh HA TTIOPOTOBBIX IUKJIAX
oT 26,6 no 37,5. In4 BeIgBIeHUS n30a49T0B PC-1134,
Pyt-1 u Pyt-2 npeumyinectBo numena k/JHK, cuntesu-
poBanHag Habopom «MMLV RT Kit», a 19 U30JI9TOB
Magn-1 u Pyt-3 — k[HK, cuHTe3upoBaHHasg Ha6opoM
«KoMIJIeKT peareHTOB JJis1 06paTHOM TPAHCKPUIIITAY»
(«Arpo/IluarHOCTHKA»).

YCcTaHOBJIEHO, UTO YYBCTBUTEJIbHOCTD BBISBJIE-
HUS U30JIITOB 1IeJIeBOTO 00 beKTa Habopa mJis [TLIP-PB
Kk PLMVd «Kom1uieKT peareHToB AJis ITIP-amMmmingu-
karuu kJJHK Peach latent mosaic virus» («Arpo/lua-
THOCTUKA») BapbupyeT oT 10° 1o 1072 B 3aBUCUMOCTU
OT crtoco60B BhifesieHrsa PHK 1 BapuaHTOB ITpoBeze-
HUS 06paTHOM TpaHCKpuUIuu. B o6pasmax ¢ kIHK,
CUHTE3VPOBAaHHOU HabopoM «KOMILJIIEKT peareHTOB
s 06paTHOUW TpaHCKpUIIIMU» («ATpo/lMarHOCTHU-
ka») u npanMepoM OT-Random, YyBCTBUTEJIBHOCTD
coctaBuyia 1072 gyt PHK 060UX HUCITBITYEMBIX HU30JISI-
TOB Bupouza, PLMVd PC-1134 u Magn-1, BblJleJieHHOMN
HabopoMm «IIpoba-HK» («ArpoJ/lmarHoctuxa»). Ilpu
KCIIOJIb30BaHMU 115 Bbifenenrs PHK Habopa «duto-
Cop6-M» («CUHTOJI») YYyBCTBUTEIbHOCTDb BbISIBJIEHUS
usongara PLMVd PC-1134 coctaBuaa 1071, a usosudara
Magn-1 — 10° B Tecrtax ¢ k/IJHK, cuHTe3upOBaHHOMI
HabopoMm «MMLV RT Kit» («EBporeH») u mpanmepa-
mu Random dN, + Oligo dT,,, YyBCTBUTEIBHOCTD BbI-
aBjaeHusd usonsgta PLMVd PC-1134 cocrtaBuiyia 102
u 107! nisa PHK, BeifesieHHOM Habopamu «I1poba-HK»
(«ArpoJluarHoctuka») u «®utoCop6-M» («CHHTOJI»)
COOTBETCTBEHHO. Ha YyBCTBUTEJbHOCTh BHISIBJIEHUS
nsojngara Magn-1, koTopas coctaBuia 107t BapuaHT BbI-
nenenust PHK He oka3bIBaJ CyIleCTBEHHOT'O BIUSHUS.

¢PCR kit with ROX (Invitrogen) in 1-step RT-PCR-RT
format or gPCRmix-HS SYBR + High ROX (Evrogen) in
a 2-stage format. For the 2-step format, preliminary
cDNA synthesis is required with a reverse transcrip-
tion kit “MMLV RT Kit” (Evrogen) and a reverse speci-
fic primer IB-Rev.

Optimization of the tests “Set of reagents for PCR
amplification of cDNA Peach latent mosaic virus”
(AgroDiagnostica) was carried out.

When assessing the specificity of this kit, no
nonspecific reaction with reference isolates of
non-target viroids was noted: ASSVvd, CSvd, PBCVd
u PSTVd.

It has been established that for PCR with the kit
“Kit of reagents for PCR amplification of cDNA Peach
latent mosaic virus” (AgroDiagnostica), it is equally
effective to use cDNA synthesized by the kit for re-
verse transcription “MMLV RT Kit” (Evrogen) with
primers Random dN,, + Oligo dT,, or reverse tran-
scription kit “Reagent kit for reverse transcription”
(AgroDiagnostica) with primer OT-Random. Some-
what worse results were obtained for cDNA synthe-
sized by the First Strand cDNA Synthesis Kit (Ther-
mo Scientific) with the Random dN, + Oligo dT,,
primers (Fig. 4).

Positive signals for isolate PLMVd-IVIA were ob-
served at a very high threshold cycle of 40.0-40.3.

Puc. 3. OnpegeneHne 4yBCTBUTENIbHOCTU BbisiBNeHus PLMVd
meTogom OT-TLLP c ncnonbsoBaHnem npanmepos
PLMVd-P3F/PLMVd-P4R.

BoipeneHne PHK — HabopoM «PutoCop6-M» («CuHTON»),
OT-MNUP — Habopom «OneStep RT-PCR» (Qiagen) n npaiiMepamu
PLMVd-P3F PLMVd-P4R.

O6pasupl: 1 — PLMVd PC-1134 (koHueHTpauusa — 32,7 Hr/MKN);
2 - PLMVd PC-1134/1:10; 3 - PLMVd PC-1134/1:100;

4 - PLMVd PC-1134/1:1000; 5 - PLMVd PC-1134/1:10000;

6 — PLMVd PC-1134/1:100000; 7 - PLMVd PC-1134/1:1000000;

8 — PLMVd PC-1134/1:10000000; 9 — oTpuuaTesbHbli KOHTPOSb.

Fig. 3. Determination of the sensitivity of detection
of PLMVd by RT-PCR using primers PLMVd-P3F/PLMVd-P4R.

Isolation of RNA — with the kit “PhytoSorb-M” (Synthol),
RT-PCR — with the kit “OneStep RT-PCR” (Qiagen) and primers
PLMVd-P3F PLMVd-P4R.

Samples: 1 — PLMVd PC-1134 (concentration — 32.7 ng/ul);
2 - PLMVd PC-1134/1:10; 3 - PLMVd PC-1134/1:100;

4 - PLMVd PC-1134/1:1000; 5 - PLMVd PC-1134/1:10000;
6 — PLMVd PC-1134/1:100000; 7 - PLMVd PC-1134/1:1000000;
8 — PLMVd PC-1134/1:10000000; 9 — negative control.
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Homep The detection of the remain-

AYHKN NpeHTucthmkatop npobupku Cp, Fam | Cp, Hex |PesynbTar ing five isolates was achieved
Al | PLMVd-PC1134_OT - («Arpo[iMarHocTuka») 34,4 | 30,2 + at threshold cycles from 26.6
A2 | Magn-1_OT - («Arpo[luarHocTmka») 31,0 29,8 + to 37.5. To identify isolates
A3 | Pyt-1_OT - («Arpo[uarHoctmka») 31,6 33,7 + PC-1134, Pyt-1, and Pyt-2, the
A4 | Pyt-2_OT - («Arpo[uarHocTuka») 3815 31,8 + c¢cDNA synthesized with the
A5 | Pyt-3__OT - («<Arpo[MarHoCTUKa») 33,3 31,5 + MMLV RT Kit had an advantage,
A6 | PLMVd-IVIA_OT - («ArpouarHoctuka») 40,3 31,2 + and for isolates Magn-1 and
A7 PLMVd- PC1134_OT - MMLV RT Kit 29,4 29,7 + Pyt-3, the ¢cDNA synthesized
gi r;gz'lagr ;4':'4{'\'/‘\;_?2:” 22’2 28’2 I with the Reverse Transcription
B2 | Pyt-2_OT - MMLV RT Kit 33,2 | 31,0 + Reaglet n;:zlltjéﬁi?ﬁ;ﬁgﬁ?&cﬁ&
B3 | Pyt-3__OT - MMLV RT Kit 355 | 30,6 + o e
B4 | PLMVd IVIA_OT - MMLV RT Kit 40,0 | 30,9 + the sensitivity of detecting iso-
B5 | PLMVd- PC1134_OT  First Strand cDNA Synthesis | 32,0 | 30,2 + lates of the target object of the
B6 | Magn-1_OT - First Strand cDNA Synthesis 356 | 30,8 + RT-PCR kit to PLMVd “Kit of re-
B7 | Pyt-1_OT — First Strand cDNA Synthesis 283 | 31,0 + agents for PCR amplification of
B8 | Pyt-2_OT - First Strand cDNA Synthesis 34,8 | 31,3 + cDNA Peach latent mosaic vi-
C1 | Pyt-3__OT - First Strand cDNA Synthesis 37,5 | 31,2 + rus” (AgroDiagnostica) varies
C2 | PLMVd-IVIA_OT - First Strand cDNA Synthesis 30,9 - from 10° to 102 depending on
C3 | K- 31,1 - the methods of RNA isolation and
C4 | K+ 28,4 31,0 + options for performing reverse

Puc. 4. BnuaHue Tpex BapuaHTOB NpoBeaeHnst 06paTHON TpaHCKPUNUUM Ha 3(h(heKTUBHOCTb
BbisiBNieHUsi usonatos PLMVd Ha6opom «KoMnnekT peareHToB ans MUP-amnancmkaunm
kOHK Peach latent mosaic virus» gna NUP-PB k PLMVd («ArpouarHoctuka»)

transcriptions. In samples with
cDNA synthesized by the kit “Re-
agent kit for reverse transcrip-
tion” (AgroDiagnostica) and the
primer OT-Random, the sensiti-

Hole vity was 1072 for the RNA of both
number Tube ID Cp, Fam| Cp, Hex| Result tested viroid isolates, PLMVd
Al | PLMVd-PC1134_OT - (AgroDiagnostica) 34.4 30.2 + PC-1134 and Magn-1, isolated
A2 | Magn-1_OT - (AgroDiagnostica) 31.0 29.8 + by the kit “Sample-NK “(Agro-
A3 Pyt-1_OT - (AgroDiagnostica) 31.6 33.7 + Diagnostica). When using the kit
A4 | Pyt-2_OT - (AgroDiaEgnostic.a) 33.5 31.8 + “FitoSorb-M” (Synthol) for RNA
’:2 zihia-?\;;; (égrol?;aggn?:t;:a) tica) zgg gig * isolation, the detection sensiti-
- - (AgroDiagnostica b . + . .

A7 | PLMvd- PC1134_OT - MMLV RT Kit 294 | 297 | + vity of the PLMVd PC-1134 iso-
A8 | Magn-1_OT — MMLV RT Kit 325 | 30.3 + late was 1(3) » and the Magn-1
B1 | Pyt-1_OT - MMLV RT Kit 266 | 306 | + isolate —10°. In tests with cDNA
B2 | Pyt-2_OT — MMLV RT Kit 332 | 310 | + synthesized by the MMLV RT Kit
B3 | Pyt-3__OT - MMLV RT Kit 355 | 30.6 + (Evrogen) and primers Random
B4 | PLMvd IVIA_OT - MMLV RT Kit 40.0 | 30.9 + dN,, + Oligo dT,,, the detection
B5 | PLMVd- PC1134_OT - First Strand cDNA Synthesis | 32.0 | 30.2 + sensitivity of the PLMVd isolate
B6 | Magn-1_OT - First Strand cDNA Synthesis 35.6 30.8 + PC-1134 was 1072 and 107! for
B7 Pyt-1_OT - First Strand cDNA Synthesis 28.3 31.0 + RNA isolated with the PREP-NA
B8 Pyt-2_OT - First Strand cDNA Synthesis 34.8 31.3 + (AgroDiagnostica) and Fito-
C1 | Pyt-3__OT - First Strand cDNA Synthesis 7.5 L2 + Sorb-M (Synthol) respectively.
Cc2 PLMVd-IVIA_OT - First Strand cDNA Synthesis 30.9 - The detection sensitivity of the
€3 | K- 31.1 - Magn-1 isolate, which was 1071,
C4 | K+ 28.4 31.0 + was not significantly affected by

Fig. 4. Influence of three variants of reverse transcription on the efficiency of detecting

the RNA isolation option.

PLMVd isolates using the kit “Kit of reagents for PCR amplification of cDNA Peach latent

mosaic virus” for PCR-RT to PLMVd (AgroDiagnostica)

3AKJ/IIOYEHUE

IIpoBeeHHbBIE YKCIIEPUMEHTHI TTI03BOJISIOT PEKOMEH-
noBaTh «KoMIwieKT peareHToB aJid [TIIP-amonuguka-
nuu K-JTHK Peach latent mosaic virus» («<ArpoJluarto-
CTHUKa») IJI IIPOBeeHNs CKPUHUHIOBBIX TECTOB Ha
Hanuuue PLMVd.

C ncrosib30BaHMEM CKPUHUHIOBOI'O TecTa ¢ «KoM-
TIJIEKTOM peareHToB AJis [TIIP-ammnugukanum k-JHK
Peach latent mosaic virus» («ArpoJluarHoCTHKa»)
U TTOATBEPXKIAIONIET0 TeCTA METOMIOM KJIACCUYECKOH
[1LIP c mpatiMmepamu PLMVd-P3F/PLMVd-P4R (HMOBB
®I'BY «BHUUKP»), 2 nzongara PLMVd BbIIBIE€HBI B 00-
pasiax moAKapaHTUHHOM ITPOAYKIINY, OTOOPaHHBIX
B XOJie TIPeOTIPy30UHbIX 06C/Ief0BAaHUY B TUTOMHU-
Kax Tanumn.

CONCLUSION

The experiments carried out
make it possible to recommend
the “Set of reagents for PCR amplification of c-DNA
Peach latent mosaic virus” (AgroDiagnostica) for
screening tests for the presence of PLMVd.
Using a screening test with the “Kit of reagents for
PCR amplification of c-DNA Peach latent mosaic virus”
(AgroDiagnostica) and a confirmation test by the method
of classical PCR with primers PLMVd-P3F/PLMVd-P4R
(RMDVB FGBU “VNIIKR”), 2 isolates PLMVd detected
in samples of regulated products taken during pre-
shipment surveys in nurseries in Italy.

dutocaHuTapus. KapaHTuH pacteHuii = 56
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B mpoiiecce IpoBeIeHHbIX UCCIeL0BaHNUH OTpa-
6oTaHa AUAarHOCTMKA BUPOUJA JIATEHTHOU MO3auKU
IIepCrKa, OCHOBAHHAs Ha UCII0Jb30BaAHUY PA3JIUUHbBIX
MonupUKaIIUY ITOJMMEPA3HON LIEITHOM peakiuu. Ta-
KVM 06pa3oM, OTIMCAHHbBIE B CTaThe UCCIIeIOBAHYS JIET-
JIY B OCHOBY pa3paboTaHHBIX BIIepBbie B Poccuiickoi
denepaly METOINYECKUX PEKOMEHIAIINH I10 BBISB-
JIEHUIO U UAeHTUDUKAIIMY STOTO IIaToTeHa.
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In the course of the research carried out, the diag-
nostics of the PLMVd was developed, based on the use of
various PCR modifications. Thus, the studies described
in the article formed the basis for the methodological
recommendations for the detection and identification
of this pathogen developed for the first time in the Rus-
sian Federation.
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