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AHHOTALIUA
[TpoBeieHa OIleHKa TPUMEHUMOCTH (BaTUIAIINS) IBYX
TECTOB Ha OCHOBE TOJIUMEPa3HOU IEMTHON peakInuu
B peaJbHOM BpeMeHU U TecTa B popmaTe FLASH ¢ KoM-
MepuecKuMu HabopaMu AJs Beiaenenus JHK u mis
amMmInUKauy ITPOU3BOJICTBA POCCUMCKUX KOMIIA-
Hun 000 «ArpoJuartHoctuka» 1 000 «CUHTOI», a TaK-
JKe C UCII0JIb30BaHMEM OTeUeCTBEHHbBIX aMILIM(UKa-
TOPOB [JI4 BBISIBJIEHUS F'eHETUUECKOr0 MaTepuajia
KOMILJIEKCA BO3OyAUTe el KapaHTUHHOTO 3a60jeBa-
HUs 6ypoil 6aKkTepuaibHON rHUIU KapTodess Ralsto-
nia solanacearum sensu lato B paCTUTEIBHOM 3KCTPAKTe
KapTodesa 1 po3. AHAJIUTUUECKas YyBCTBUTEJIbHOCTD
TECTOB [Jig GOJBUIMHCTBA IITAMMOB COCTaBHJIA
102-10° KOE/Ma. IToBTOPSI€eMOCTh ¥ BOCIIPOU3BO/IU-
MOCTb TeCTOB Ha OCHOBe [IlIP B peajlbHOM BpeMeHU
3aBUCEJIU OT UCIOJIb3yeMOT0 Mprubopa. 3HAUEeHUS pa-
6oumnx kpuTepueB 10 100% IoJydYeHbI HA JEeTEKTHU-
pytonreM ammaudukatope «JIT-1aliT» IPOU3BOACTBA
komnaHuu 000 «JJHK-TexHnosorusg». Ha ocHoBaHUM
pe3ysbTaTOB MCIBITaHUHE Ha6opbl 000 «Arpo/luarto-
CTHKa» MOT'YT GbITh PEKOMEHI0BAHbI /)15 IPOBEIEHUS
YHUBEPCAJbHBIX OTOOPOYHBIX TECTOB IIPU BHITIOJTHE-
HUU JIabOPATOPHBIX UCCIeN0BaHNI 06Pa3I[0B ITOJIKa-
PAHTUHHOY MPOAYKIIUY Ha BhIBJIeHNE BO30yAMTEIe !
BUIOBOTO KoMILIekca. TecT ¢ HaGopoM OO0 «CHUHTOJI»,
crennUUHBIN K R. solanacearum pacse! 3 6uoBapa 2,
MOJET OBITh MCIIOJIb30BaH JAJIs IO TBEPXKIEHUS I10-
JIOKUTEJIbHOTO Pe3yibTaTa 0OT60POYHOTO TEeCTa WU
B KauecTBe OTOOPOYHOI0 TIPU UCCIIENOBAaHUYU 06pas-
1I0B U3 30H pacnpocTpaHeHud R. solanacearum pacsel 3
6roBapa 2, a Tarke i suddepeHaabHON 1UarHo-
CTUKY 3TOU T'PYTIIIHL.

Knrouesvie cnosa. Kaptodens, posa, 6ypast THUIb
KapTodesis, [MarHoCTUKa, Balugaius, KapaHTUH.
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ABSTRACT
The validation of two tests based on gPCR and a FLASH
test with commercial kits for DNA isolation and ampli-
fication produced by Russian companies AgroDiagnos-
tika and Syntol was assessed, as well as using Russian
amplifiers for identification of the genetic material of a
complex of causative agents of the quarantine disease,
brown rot and bacterial wilt Ralstonia solanacearum sen-
su lato, in extract of potatoes and roses. The analytical
sensitivity of tests for most strains was 10>-10° CFU/ml.
The repeatability and reproducibility of RT-PCR tests
depended on the instrument used. The values of the
working criteria up to 100% were obtained on a qPCR
machine DT-light manufactured by DNA-Technology.
Based on the test results, AgroDiagnostika kits can be
recommended for carrying out universal screening
tests during laboratory studies of regulated products
samples to identify pathogens of the species complex.
The test with the Syntol kit, specific to R. solanacearum
race 3 biovar 2, can be used to confirm a positive result
of the screening test or as a screening test when exam-
ining samples from the spread areas of R. solanacearum
race 3 biovar 2, as well as for differential diagnosis this
group.

Key words. Potatoes, rose, brown potato rot diag-
nostics, validation, quarantine.
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BBEJIEHUE

036ynuTesb Oypoll GaKTepuaJibHOMU
rHunu  Kaptodens (Ralstonia sola-
nacearum (Smith) Yabuuchi, Kosako,
Yano, Hotta & Nishiuchi) — kapanTus-
HBIM OOBEKT HJsg TeppuTopuu EBpa-
3UHCKOr0 SKOHOMMYECKOTO COI03a
(EADC). TMaToreH, MOpakaroIIuil Imac-
JIEHOBbIE KYJIBTYPBI U apaxuc B A3uw,
Ha tore CIIIA u B FO)xHO¥ AMepuKe, ObLI U3BECTEH C KOH-
na XIX Beka M B HaCTOsIee BpeMd pPaclipoCTPaHUIICA
MIPAaKTUYECKU 110 BCEMY MUPY OT SKBATOPUAJIbHBIX
obutactelr mo mupoT CeBepHOI EBpoIb! 1 [TaTaroHuu
(EPPO, 2004; EPPO Global Database, 2021). BakTepuu
ITOPAa’Kai0T COCYAUCTYI0 CUCTEMY, BbI3bIBAsI CUMITTOMBbI
VBIZAHUS 1 TU6eIb IIMPOKOT0 KPyTa PaCTEeHU.

I repputopun PO 1 EASC B HacTod1ee BpeMs
HaubOJNBIINYA PUCK IIPEACTaBIsIeT IIopakeHre Kap-
todens (Solanum tuberosum L.) ¥ PYTUX TTACJIE€HOBBIX
KYJIBTYP, OJJHAKO CITMCOK BKOHOMUYECKU 3HAUMMBIX
pacTeHuil — X0351€B IIaTOreHa MPOLOJKAET ITOTIOJIHSITh-
cs1. Bo3bynuTenb GbLT BhISIBJIEH Ha CBeKJe (Beta vulga-
ris L.) na TariBane (Lin et al, 2015), Ha pose (Rosa Sp.)
B Hugepnangax (Tjou-Tam-Sin et al., 2017), Ha ThIK-
BeHHBIX KynbTypax (Cucurbitaceae) B dnonuu (Horita
et al.,, 2014), Kutae (She et al., 2018) u Ha MapTUHUKE
(Wicker et al., 2007), na roxyouke (Vaccinium corymbo-
sum L.) B CIIIA (Norman et al., 2018), Ha TeKOPaTUBHBIX
KyJbTypax, B T. U. KyJIbTUBUPYEMBIX B OTKPBITOM I'PYH-
Te (EPPO Global Database, 2021).

Co BpeMeHU OIMKMCAHUSA MUKPOOPTAHU3M GBI
MHOTOKpPaTHO pekjaccuduimpoBaH. B HacTosgIIee
BpeMs Ha OCHOBE XapaKTepPUCTUK reHoMa poz Ralsto-
nia oTHeceH K ceMercTBy Burkholderiaceae, Bkito-
4YeHHOMY B KJjacc Betaproteobacteria, Torma xak
10 HeJlaBHEro BpeMeHU Ha 0CHOBe MOPQO0JIOT0-010-
XUMUYECKUX CBOUCTB rpyIina Ralstonia solanacearum
sensu lato Bxomuia B poJ Pseudomonas, Ha TaHHBIN MO-
MEeHT OTHeCeHHBbIH K kjlaccy Gammaproteobacteria
(EPPO Global Database, 2021).

BHyTpY T'PYIITBI MITAMMOB Ha OCHOBE UX OMOXU-
MHYECKOI'0 ¥ aTOTE€HHOI'0 IoJuMopdu3Ma BhIIEsI-
10T 5 6moBapos (bv.) u 5 pac, He Bcerjia KOPPeIupyo-
mux Mexxay coboit (Buddenhagen et al., 1962). PaGoTbl
I10 KJIaCCU(DUKAIIAY IITAMMOB Ha OCHOBE T€HETUUECKOTO
(brHTepIPUHTUHTA, CEKBEHUPOBAHMS ITOCIEI0BATEb-
HocTel reHa 16S pPHK 1 Me)XreHHOro yyacTtka 16-23S,
MOCJIEIOBATEIbHOCTEN T€HOB TOJUTraJIaKTyPOHAa3bl
Y DHIOTJIIOKaHA3bI TTI03BOJIMJIN BRIAEIUTD 4 (rIoTUIIA
(I - rraMMBbI @3MATCKOTO ITPOMCXOXKIEHNUS, I — ITaMMBbI
I0KHOAMEPHUKAHCKOTO ITPOUCX0XaeHMd, Il — mraMMmsbl,
BBISIBJIEHHBIE B BBICOKOTOPHBIX patioHax Adppuku, IV —
IITaMMbl 13 VIHIOHEe3UH, SITOHNY ¥ ABCTPAJIN), 00b-
enuHsONIMe 23 cekBeBapa. [10CKOJIbKY reHETUYECKOe
CXOJICTBO HEKOTOPBIX I'PYIII NITAMMOB, OlleHUBAaeMOE
meTomoM JHK-IHK-rubpuamsanuy, 3a4acTyo ObLI0
MeHee 70%, Fegan u Prior (2005) TTpeJIoXKUIA paccMa-
TpuBaTh R. solanacearum Kaxk BULOBOM KOMILIEKC.

B 2014 r. TaKCOHOMMUS BHUJ0BOT0O KOMILJIEKca R. s0-
lanacearum sensu lato 6bli1a IepecMOTpeHa Ha OCHOBE
KOMOMHAIIMY F€HOMHBIX ¥ NPOTEOMHBIX XapaKTe-
puctuk (Safni et al., 2014). BUmoB0o# KOMILJIEKC ObLI
pasmenied Ha 3 Buma: Ralstonia solanacearum (Smith)
Yabuuchi et al. emend. Safni et al., Ralstonia pseudoso-
lanacearum Safni et al. u Ralstonia syzygii (Roberts et al.)
Vaneechoutte et al. HoBoe paszmejeHue BUIOB COBIIA-
laeT ¢ TIpenpIayinei kiaccudukranuein GUIOTUIIOB:

INTRODUCTION

he causative agent of potato bacterial wilt

(Ralstonia solanacearum (Smith) Yabuuchi,

Kosako, Yano, Hotta & Nishiuchi) is a qua-

rantine object for the territory of the Eura-

sian Economic Union (EAEU). The pathogen
affecting Solanaceae crops and peanuts in Asia, the
southern United States and South America has been
known since the late 19 century and has now spread
to almost the entire world from equatorial regions to
latitudes in Northern Europe and Patagonia (EPPO,
2004; EPPO Global Database, 2021). Bacteria infect the
vascular system, causing wilting symptoms and death
of a wide range of plants.

For the territory of the Russian Federation and
the EAEU, the greatest risk is currently posed by da-
mage to potatoes (Solanum tuberosum L.) and other So-
lanaceae crops, however, the list of economically im-
portant host plants of the pathogen continues to grow.
The causative agent has been identified on beets (Beta
vulgaris L.) in Taiwan (Lin et al, 2015), on roses (Rosa
sp.) in the Netherlands (Tjou-Tam-Sin et al., 2017),
on Cucurbitaceae crops in Japan (Horita et al., 2014),
China (She et al., 2018) and in Martinique (Wicker et
al., 2007), on blueberries (Vaccinium corymbosum L.) in
the USA (Norman et al., 2018), on ornamental crops,
including those cultivated in the open field (EPPO
Global Database, 2021).

Since the description, the microorganism has
been reclassified many times. Currently based on
genome characteristics, the genus Ralstonia belongs
to the family Burkholderiaceae, included in the class
Betaproteobacteria, whereas until recently, on the
basis of morphological and biochemical proper-
ties, the group Ralstonia solanacearum sensu lato was
part of the genus Pseudomonas, currently referred to
the class Gammaproteobacteria (EPPO Global Data-
base, 2021).

Within the group of strains, on the basis of their
biochemical and pathogenic polymorphism, 5 biovars
(bv.) and 5 races are distinguished, which are not al-
ways intercorrelated (Buddenhagen et al., 1962). The
work on the classification of strains based on gene-
tic fingerprinting, sequencing of the 16S rRNA gene
and 16-23S intergenic region sequences, polygalac-
turonase and endoglucanase gene sequences made it
possible to identify 4 phylotypes (I — strains of Asian
origin, II — strains of South American origin, III -
strains identified in high-altitude regions of Africa,
IV - strains from Indonesia, Japan and Australia),
combining 23 sequevars. Since the genetic similarity
of some groups of strains, assessed by DNA-DNA hyb-
ridization, was often less than 70%, Fegan and Prior
(2005) proposed to consider R. solanacearum as a spe-
cies complex.

In 2014, the taxonomy of the species complex
R. solanacearum sensu lato was revised based on a com-
bination of genomic and proteomic characteristics
(Safni et al., 2014). The species complex was divided
into 3 species: Ralstonia solanacearum (Smith) Yabuu-
chi et al. emend. Safni et al., Ralstonia pseudosola-
nacearum Safni et al. u Ralstonia syzygii (Roberts et al.)
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R. pseudosolanacearum (punotun I u III), R. solanacearum
(bummotum I) u R. syzygii (bunotumn IV) (Safni et al., 2014;
EPPO, 2018; EpoxoBa, 2020). B COOTBETCTBUM C TAKCO-
HOMMWYECKUMU U3MEHEHUSIMU TPYTIIIBI, IJISI KOPPEKTHU-
poBKU [TepeuHs KapaHTUHHBIX 06beKTOB P®, a mo3xe
u EA3C, B 2018-2019 rT. 6611 IPOBeNeH aHaIu3 Gu-
TOCAaHUTAPHOTO PUCKA HOBBIX BUIOB IIJISI TEPPUTOPUY
P®. Ha ocHOBaHUU JINTEPATyPHBIX UCTOUHUKOB, a TaK-
’Ke TIPOBE/IEHHBIX aBTOPaMU BETeTaIllMOHHBIX OTIbITOB
Bce 3 BUIa KOMILIEKCA ObLIY ITPHU3HAHbI IIOTEHIINAIb-
HO OIIaCHBIMU [Jig TeppUTOpUU PP U npenjioKeHbl
K BKJIIOUEHUI0 B EAVHBIN MepeuyeHb KapaHTUHHBIX
06bexToB EASC (IllHetimep u np., 2021).

C mOMOIIbI0 COBPEMEHHBIX METOMOB JUATHO-
CTUKU BO30OYyAUTENb OYypOl THUJIU BIEePBbIe HA TEP-
putopuu P® 6bLI BeIABIEH VPKYTCKUM (QUIMATIOM
®I'BY «BHUVKP» B IpO0BOJILCTBEHHOM KapTodesie
n3 KHP B 2008 .

ITepexBaThl R. solanacearum B P® 6b11u 3aduKcu-
pOBaHbI U3 caenyonux crpaH: Eruner u KHP (c 2011 T
MpPaKTUYeCKy exeronHo), Mugusa (2011, 2015), Bauria-
nmemr (2014, 2015), Asep6atimxan (2017, 2021), Mpau
(2016, 2017, 2018), I'pysus (2021). B 2016 r. B 1a6o-
paTopuio VpkyTckoro guanajia OT YaCTHOTO JINIIA T10-
crynui o6pazer; 6aHAHOB C CUMIITOMAaMU «KPOBSHOM
6oJie3Hn». ViccienoBaHYs TOTBEPAUIN IIPUCY TCTBUE
BO30yAUTENIS, OTHOCSIIEr0CS K BULOBOMY KOMILJIEKCY
R. solanacearum sensu lato M BBI3BIBAIOIIETO «KPOBSIHYIO
60Jie3Hb» B IHJIOHE3UX U COCEIHUX OCTPOBHBIX I'OCY-
nmapcrax (https://fsvps.gov.ru/fsvps/print/news/16317.
html). PrCK IpOHUKHOBEHHUS Pa3IUYHBIX BULOB KOM-
mjiekca Ha Tepputoputo EA3SC ocTaeTcs BBICOKUM, UTO
TpebyeT obecrieueHus ero HaJle)KHOTO BBISBIIEHUS
B IApTUSX MOAKAPAHTUHHOMN NMPOAYKIIUY U TIPU IIPO-
BeJleHnU 06CJIeIOBaHNS TEPPUTOPUH.

B 2018, B cBSI3U ¢ pekJiaccuuKaie BUI0BOr0
KoMILIeKca Ralstonia solanacearum sensu lato, GBI BBITTY-
el o6HOoBJIeHHBIN CTaHmapT EBporelickoil u Cpenu-
3eMHOMOPCKOM OpraHu3aliuy 1o KapaHTUHY U 3alIUTe
pacrenuii (EOK3P) PM 7/21 (2) Kak IJis oTIpenesieHrs
KOMILJIeKCa B IIeJIOM, TaK U AJig guddepeHInaaibHON
IMarHOCTUKY IMITAMMOB, OTHOCSIIIUXCSI K BHOBD BhIJIe-
genubiM BugaM (EPPO, 2018). PoccuiickuMu KoMIIa-
HUSAMU ObLIN Pa3paboTaHbl TOTOBbIE HAGOPHI AJI MO-
JIEKYISIPHOU AUATHOCTUKY BO36yAMTeN s 6ypoii THUIIU.
bakTepuosorudeckasa koyekuusga ®IrbyY «BHUVKP»
OblLJIa TIOTIOJIHEHA HOBBIMHU KOJIJIEKIIMOHHBIMHY IITAM-
MaMu BUJIOBOTO KOMILIEKCa, 6JIM3KUX BUMOB, LPYTUX
TIaTOreHOB KapTo(eJis, a TAK)XKe OPUTUHAJIbHBIMU U30-
JISTaMU, BBIZEJIEHHBIMU 13 JIa60OPATOPHBIX 00Pa3IIoB.
TakuM 06pa3oM, K HaCTOSILeMy BpeMeHU BO3HUKJIA
Heo6XOIMMOCTb TIePEeCMOTPa UCIIOJb3yEMbIX B aK-
KpeouTOBaHHBIX JlabopaTopusx Poccenbxo3Haa3opa
PYKOBOZICTB T10 IMarHOCTUKe BUIOB KOMILIEKca R. so-
lanacearum sensu lato.

[Ipu vccaemoBaHUY 00PAa3IloB ITOAKAPaHTUHHON
TIPOAYKIIUY Ha BbISIBJIEHNE MUKPOOPTAaHU3MOB HaU-
0oJiee IPUMEHUMBI TECThI Ha OCHOBE OJIUMepPa3sHOu
LIETTHOM peakiuu ¢ payopecueHTHON MeTKou (TTLP
B peanbHOM BpeMmeHu (TTLP-PB) unu ¢JyopecieHT-
Hag aMITM(UKAIIUI C JeTeKIIel 110 KOHEUHOU TOY-
ke (FLASH)) (3aBpueB u zp., 2007; Pe6puKoB u 1p.,
2009). 3T TECThl COUETAIOT II0TEHIINAJIbHO BBICOKHE
YyBCTBUTEIBHOCTD, CIIELU(DUUHOCTE, CKOPOCTH U IIPO-
U3BOJIUTEIbHOCTD MCIIOJTHEHNS, & TAaK)Ke YHUBEPCAIb-
HOCTh OCHAaIlleHUs JabopaTOpUM U IMPOU3BOJICTBEH-
HBIX TIPOIIECCOB, XaPaKTEPHBIX [IJISI MOJIEKYJISIPHBIX

Vaneechoutte et al. The new division of species coin-
cides with the previous classification of phylotypes:
R. pseudosolanacearum (phylotype I and III), R. sola-
nacearum (phylotype II) and R. syzygii (phylotype IV)
(Safni et al., 2014; EPPO, 2018; Yerokhova, 2020). In
accordance with the taxonomic changes of the group,
in order to adjust the List of quarantine objects of the
Russian Federation, and later the EAEU, in 2018-2019,
a pest risk analysis of new species for the territory of
the Russian Federation was carried out. Based on the
literature, as well as the vegetation experiments car-
ried out by the authors, all 3 species of the complex
were recognized as potentially dangerous for the terri-
tory of the Russian Federation and were proposed for
inclusion in the Common List of Quarantine Objects of
the EAEU (Shneyder et al., 2021).

Using modern diagnostic methods, the causative
agent of brown rot was first detected in the Russian
Federation by the Irkutsk branch of FGBU “VNIIKR”
in food potatoes from the PRC in 2008.

R. solanacearum was reported in Russia from the
following countries: Egypt and China (almost eve-
ry year since 2011), India (2011, 2015), Bangladesh
(2014, 2015), Azerbaijan (2017, 2021), Iran (2016,
2017, 2018), Georgia (2021). In 2016, the laboratory of
the Irkutsk branch received a sample of bananas with
symptoms of “blood disease” from an individual. The
studies confirmed the presence of a pathogen belong-
ing to the species complex R. solanacearum sensu lato
and causing “blood disease” in Indonesia and neigh-
boring island states (https://fsvps.gov.ru/fsvps/print/
news/16317.html). The risk of introduction of various
species of the complex into the territory of the EAEU
remains high, which requires ensuring its reliable de-
tection in batches of regulated products and during a
survey of the territory.

In 2018, due to the reclassification of the species
complex Ralstonia solanacearum sensu lato, an updated
European and Mediterranean Plant Protection Orga-
nization (EPPO) PM 7/21 (2) Standard was released
both for the definition of the complex as a whole and
for the differential diagnosis of strains related to new-
ly isolated species (EPPO, 2018). Russian companies
developed ready-made kits for molecular diagnostics
of the causative agent of brown rot. The bacteriologi-
cal collection of the FGBU “VNIIKR” was replenished
with new collection strains of the species complex, re-
lated species, other potato pathogens, as well as ori-
ginal isolates isolated from laboratory samples. Thus,
by now, it is necessary to revise the guidelines for di-
agnostics of the species of the complex R. solanacearum
sensu lato used in the accredited laboratories of the
Rosselkhoznadzor.

When examining samples of regulated products
for the detection of microorganisms, tests based on
a polymerase chain reaction with a fluorescent la-
bel (real-time PCR (RT-PCR) or fluorescent amplifica-
tion-based specific hybridization (FLASH)) are most
applicable (Zavriev et al., 2007; Rebrikov et al., 2009).
These tests combine the potentially high sensitivi-
ty, specificity, speed and productivity of execution,
as well as the versatility of laboratory equipment and
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METO/JIOB C TOHMKEHHBIM PUCKOM KOHTaMUHAIIWUY IPO-
OyKTaM¥ aMIJIUu(UKaIMK 110 CPAaBHEHUIO C KJIacCHUYe-
ckoii [TLP. [ToaTOMy KCIIOJIb30BaHMe NaHHbBIX TECTOB
IIJIs CKpUHMHTA 06pa3IioB B KApaHTUHHBIX JJabopaTo-
PUSIX OCTAETCS MTPUOPUTETHBIM.

B cooTBeTCTBUM C TPeOOBAHUSIMMU K TeCTaM, HC-
IMOJIb3yeMbIM J1a60PaTOPUAMU, aKKPeoUTOBAHHBI-
MU B cooTBeTcTBUU co Ctanmaprtom ISO/IEC 17025
(Crammapt ISO/IEC 17025, 2017) u CraHZapToM
EOK3P PM 7/98 (4) (EPPO, 2019) nisa nabopaTopui,
CMEeUANU3UPYIIUXCI HAa OUAaTHOCTUKE BPELHBIX
OpraHM3MOB PacTeHMNH, He0OXOIMMO MCITI0JIh30BaTh
TEeCThI, KOTOPbIE IPOLLIU IIPOIeAYPY OLleHKY IpuMe-
HUMOCTH (BaJIUAAIIMY) Y TPU3HAHBI HaIEKHBIMU U I0-
CTOBEPHBIMU.

B cBs3U ¢ BhINIECKa3aHHBIM 1I€JIbI0 HACTOSIIETO
KCCeN0BAaHUS CTajla OlleHKa IPUMEHUMOCTHU TECTOB
Ha ocHoBe IILIP ¢ ¢uyopeciieHTHON MEeTKOM ¢ KOM-
MepuecKuMu HabopaMu POCCHUUCKUX HPOU3BOIU-
TeJiel IJisg BhIIBJIeHUs (CKPUHMHTA) TeHETUUYECKOTO
MaTepuraja BUJOB KOMILJIeKca R. solanacearum sensu
lato B pacTUTENIbHBIX DKCTPAKTaX MIJIS BKJIIOUEHUS UX
B 00HOBJIEHHbIE METOJIUECKYIE PEKOMEHIAIUY 10 BbI-
SIBJIEHUIO U UAeHTU(PUKALIUY BO30OYyAUTENS.

MATEPUWAJIbBI U METO/1bI

VicnipITaHUS TPOBOAUNYN Ha 6a3e HAyUHO-METOMAU-
YEeCKOT0 OTZejla BUPYCOJIOTUU U GAKTEPUOJIOTUU
1 VcnbITaTeabHOTO JlaGopaTopHOro 1entpa (MJILL)
OT'BY «BHUVIKP» B COOTBETCTBUU C TPeOGOBAHUAMU
Crangmapra EOK3P PM 7/98 (4) (EPPO, 2019).

[IpoBenu OIlEHKY NMTPUMEHUMOCTHU [BYX TECTOB
Ha ocHOBe [111P-PB ¢ ucnosb3oBaHueM CIIeLyI0IX KOM-
MepUuecKUX HabOPOB MIJig aMILTuUKauy: «Ralstonia sola-
nacearum-PB, paca 3 bv. 2 u paca 1 bv. 1» (OO0 «CHUHTOJI»)
u «Bypag 6akTepuanbHas THUIb Ralstonia solanacearum
Rt» (OO0 «Arpo/lmarHoCTrKa»), a TAK)Ke PeBaATHIAIIII0
TecTa c HabopoM «Bypas 6aKkTepuasibHas THUIb Ralstonia
solanacearum F» B hopmate FLASH (OO0 «Arpo/luarto-
cTuKa»). Kommepueckre HaG0Oph! BKIIFOUAIOT BHYTPEH-
HUU KOHTPOJIb aMItiudukaiiiy (BK), HeoOXOLUMBIH ITPH
paboTe C pacTUTENIbHBIMU SKCTPaKTaMu. JIJisT BbIJese-
Hus JHK mcrnosib30BaIy KOMMepUecKruil Habop «I[1po-
6a-I'C» (000 «Arpo/IarHOCTUKAa»).

AMIIIUUKAIINI0 TPOBOAUIN B COOTBETCTBUU
C MHCTPYKIUSMU NTPOU3BOAUTENeN Ha60pOB Ha 060-
PYZAOBaHUU OTEYECTBEHHOTO ITIPOM3BOACTBA. [IJisd TecTa
B ¢hopmaTe FLASH mcrosb30Baau TEPMOILIUKIED «Tep-
uk» (000 «IHK-TexHOoJIoTUs»). [IJI TeCTOB Ha OCHOBE
TTLIP-PB OIBITHI 110 OITPeAeeHUI0 aHATUTUYECKOHN UyB-
crBUTENbHOCTY (AY), aHATUTUUECKOU CIIeIIN(DUIYHOCTH
(AC), cenextuBHocTH (C) 1 rmoBTopsiemoctH (IT) IpoBo-
IV Ha JeTeKTUPYIoleM aMIindurarope «IT-maniT»
(000 «IHK-TexHoa0TUsI»). [JIs OTIpeieIeHr s BOCIIPO-
M3BOAVMOCTH (B) MCIIONBb30BaIY IPUOOPEI «IT-IIpaiim»
(000 «JHK-TexHomorus») u «AHK-32» (000 «CHUHTOII»).

OTBITHI IPOBOAUJIU C UCKYCCTBEHHO 3apakeH-
HBIMU 3KCTPAKTaMU PACTEHUIN-X035€B, IMOJyUYeH-
HBIMU M3 CMECHU SKCTPAKTOB, IPUTOTOBJIEHHBIX CO-
IJIaCHO JuarHocTudyeckuM ctaumapTam (EPPO, 2004;
CTO BHUVKP 4.009-2013) npu IIpOBeIeHUY UCCIEI0-
BaHUs 06pasiioB B VJIL] ®I'BY «BHUUKP» u mpusHaH-
HBIX YMCTBIMU. IKCTPAKTHI C [oOaBJIeHUEM IIUIIEPUHA
xpaHunu npu remneparype —20 °C. OCHOBHBIE OIIbIThI
ITPOBOJIVJIV C DKCTPAaKTaMM KJIyoHell kapTodens, ce-
JIeKTUBHOCTS (C) Ompemessiy C UCIIOJb30BaHHEeM SKC-
TPaKTOB PO3 U 3€JIEHbIX YacTel KapTodes.

production processes, typical for molecular methods
with a reduced risk of contamination by amplification
products compared to classical PCR. Therefore, the use
of these tests for screening of samples in quarantine
laboratories remains a priority.

In accordance with the requirements for tests
used by laboratories accredited in accordance with
ISO/IEC 17025 (ISO/IEC 17025, 2017) and EPPO
Standard PM 7/98 (4) (EPPO, 2019) for laboratories
specialized in the diagnosis of plant pests, it is ne-
cessary to use tests that have passed the procedure
for assessing the applicability (validation) and are re-
cognized as reliable.

Therefore, the purpose of this study was to assess
the applicability of tests based on fluorescent label PCR
with commercial kits of Russian manufacturers for the
detection (screening) of the genetic material of the spe-
cies complex R. solanacearum sensu lato in plant extracts
forinclusion in the updated guidelines for the detection
and identification of the pathogen.

MATERIALS AND METHODS

The tests were carried out on the basis of the Research
and Methodology Department of Virology and Bacte-
riology and the Testing Laboratory Center (TLC) of
FGBU “VNIIKR” in accordance with the requirements
of EPPO Standard PM 7/98 (4) (EPPO, 2019).

The applicability of two RT-PCR-based tests us-
ing the following commercial amplification kits was
evaluated: “Ralstonia solanacearum-RT, race 3 bv. 2 and
race 1 bv. 1” (Syntol) and “Brown bacterial wilt Ralsto-
nia solanacearum Rt” (AgroDiagnostika), as well as test
revalidation with the kit “Brown bacterial wilt Ralsto-
nia solanacearum F” in FLASH format (AgroDiagnosti-
ka). Commercial kits include an internal amplification
control (IC) required when working with plant extracts.
For DNA isolation, a commercial kit “Proba-GS” (Agro-
Diagnostika) was used.

Amplification was carried out in accordance with
the instructions of the kit manufacturers using Rus-
sian equipment. For the test in FLASH format, a Tertsik
thermal cycler (DNA-Technology) was used. For RT-PCR
tests, experiments to determine analytical sensitivity
(ASen), analytical specificity (AS), selectivity (S), and
repeatability (R) were carried out on a PCR machine
DT-light (DNA-Technology). To determine reproduci-
bility (Reprod), we used DT-Prime (DNA-Technology)
and ANK-32 (Syntol) devices.

Experiments were carried out with artificially in-
fected extracts of host plants obtained from a mixture
of extracts prepared according to diagnostic standards
(EPPO, 2004; STO VNIIKR 4.009-2013) when examin-
ing samples at the TLC of FGBU “VNIIKR” and recog-
nized as pure. The extracts with the addition of glyce-
rol were stored at —20 °C. The main experiments were
carried out with extracts of potato tubers; selectivity (S)
was determined using extracts of roses and green parts
of potatoes.

To determine ASen and AS, 6 strains from the
French Collection of Microorganisms (CFBP) and
2 strains from the National Collection of Phytopatho-
genic Bacteria (NCPPB, Great Britain) belonging to the
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Inga onpenenenus AY u AC 6bLIN HCITOJIb30BaHbI
6 mTaMMOB 13 ®PaHILY3CKOM KOJIEKITUY MUKPOOPTa-
Hu3MoB (CFBP) u 2 mrtaMMa 13 HalioHaIbHOM KOJLIEK-
nuu pruTonaToreHHbIX bakTepuii (NCPPB, Benukobpu-
TaHWU), TPUHALJIeXKale KOMILIeKCy R. solanacearum
s.l. (tabu. 1, 2), B koHieHTpanuu (10Y) 102-10° KOE/MJI.

Kpome Toro, gas oueHku AC MCIIOJb30Baau
MITaMMBbl U3 BBINIEYKAa3aHHBIX KOJIJIEKIIMH, a TaKXKe
13 HeMellKol KOJIJIeKIIMY MUKPOOPraHU3MOB U KJie-
TOYHBIX KyJIbTYyp (DSM), Kojnekuit AreHTcTBa 6€30-
MacHOCTU MPOJoBOJbCcTBUS PuuaAsHIUU (EVIRA),
®I'BHY BHUU®, ®TBY «BHUUKP» (VNIIKR) 1 130J14-
TBI, BbizeseHHbIe aBTOpaMu (DN). Mcnonb3oBaiu JHK
CyCITIeH3UM YMCTBIX KyJAbTYp R. solanacearum s. 1., npy-
TUX IITAMMOB, BbIJIEJIEHHBIX 13 PACTeHUI KapTodesd,
a Tak)Ke KOJUIEKIIMOHHBIX IITAMMOB OaKTEpPUM CeM.
Burkholderiaceae, gpyrux ceMeicTB, a TaK)Xe ITaTore-
HOB, TIOPaXkKaloIIMX pacTeHUsA-X03sgeBa. [Jisg orpeaeie-
HUS 3HIOCIIeU(PUIHOCTY TECTOB Ha ocHOBe [11[P-PB
OBLJIM MCIIOJb30BaHbI 14 KOJJIEKIIMOHHBIX IITAMMOB
BUIOBOTO KOMILIeKca R. solanacearum s. 1. (Tabi. 1). Ok-
30CIeNUMUUHOCTD ONIPENENANIN C UCIIOJIb30BAHUEM
15 KOJIJIEKIIMOHHBIX IITaMMOB, ITOPaXarwIuX pacTe-
Hus-xo3geBa: Clavibacter michiganensis subsp. sepedoni-
cus (VNIIKR 0139), Dickeya chrysanthemi pv. chrysanthemi
(DSM 4610), D. dadantii subsp. dadantii (DSM 18020),
D. dianthicola (CFBP 3705), D. solani (DSM 28711), D. zeae
(DSM 18068"), Dickeya sp. (EVIRA DC 10, D-9 (VNIIKR
0144), D-33 (VNIIKR 0145), D. fil. (VNIIKR 0146)), Pec-
tobacterium atrosepticum (EVIRA ECA 2, DSM 180777,
Pa393 (VNIIKR 0143)), P wasabiae (DSM 180747"), P. caro-
tovorum (DSM 301687), 7 mrammoB ceM. Burkholderia-
ceae: Burkholderia cepacia (CFBP 22277), B. gladioli pv.
Sladioli (CFBP 2427%"), B. graminis (CFBP 67347), B. plan-
tarii (CFBP 3997"), Paraburkholderia caryophylli (CFBP
1370, CFBP 24297, CFBP 3819), a Takxxe 9 M30JIITOB
W3 TOopaXeHHOTOo KapTodensd: Arthrobacter castelli
(VNIIKR 0073 (BHMK® 1870)), VNIIKR 0415, VNIIKR
0416, DN 417, DN 418, DN 419-1, DN 419-2, DN 582,
DN 583.

JomonHuTeNbHO O omnpeneseHus AC 6bLIu
WCTOJIb30BaHbI JJAHHBIE MTPEAbIAYIIUX UCCen0Ba-
Hui. g Tecta Ha ocHoBe [TI[P-PB (OO0 «CHHTOJI»)
OBIJIO TIPOAHAIU3UPOBAHO 16 HeEIlleJeBhIX IIITAMMOB:
D. dianthicola (D3B1, D3B2, D17), D. dadanthii (DFILL),
Dickeya sp. (D33), C. m. subsp. sepedonicus (Cms 204,
MCMS1, CMS6889 (NCPPB 2137)), C. m. subsp. michi-
ganensis (CM 4761 (CMM1), HE 11 (CMM2)), Pantoea
stewartii subsp. stewartii (Sw4), P. dispersa (PD1), Pseu-
domonas syringae pv. syringae (ICMP 9032, ICMP 9067);
Xanthomonas fragariae NCPPB 1469), X. oryzae pv. oryzae
(NCPPB 3002) (Kopues, Konnuna, 2012).

Ilns omipeiesieHUs SHAOCTIEIN(UIHOCTY TECTa
B hopmaTe FLASH B mpeAbIAyIIMX UCCTIEeL0BAHUIX
(IpenoBa, Kysuenosa, 2012) ucnoab3oBaiu 6ojee
40 uzonaToB R. solanacearum pac 1, 2 u 3, BbIJIeJIEHHBIX
IpU IPOBeleHUU UCCliejoBaHUs 00pa3iioB KiIybHel
kapTodens us PO, Erunrta, Uaguy u KHP B 1abopaTo-
puu 6axtepuosiornu ®TBY «BHUWKP», B JIeHUHTpaI-
ckoit 1 KpacHomapckoit MBJI, a Tak»Ke KOJIJIEKIIMOHHbBIX
mTaMMOB. KoJITeKIIMOHHbBIe NITAMMbBI M OCHOBHbBIE
U30JISTHI TIPUBEIeHbI B Tabaulle 1. Iy oTipeiesieHus
9K30CcHenn(pUUHOCTY UCI0JIb30BaJN 31 HelleaeBoun
mraMM: Bacillus sp., C. m. subsp. sepedonicus (Cms 204,
CMS6889 (NCPPB 2137)), C. m. subsp. michiganensis (CM
4761 (CMM1), HE 11 (CMM2), Cmm Yu-1), Dickeya chry-
santhemi pv. chrysanthemi (DSM 4610), D. c. pv. parthenii

R. solanacearum s. 1. (Tables 1, 2), at a concentration
(10Y)102-10¢ CFU/ml.

In addition, strains from the above collections,
as well as from the German collection of microorga-
nisms and cell cultures (DSM), collections of the Fin-
nish Food Safety Agency (EVIRA), FGBNU “VNIIF”,
FGBU “VNIIKR” and isolates obtained by the authors
(DN). We used DNA of suspensions of pure cultures
of R. solanacearum s. 1., other strains isolated from po-
tato plants, as well as collection strains of bacteria of
the family Burkholderiaceae, other families, and host
pathogens. To determine the endospecificity of RT-
PCR-based tests, 14 collection strains of the species
complex R. solanacearum s. 1. were used (Table 1). Exo-
specificity was determined using 15 collection strains
affecting host plants: Clavibacter michiganensis subsp.
sepedonicus (VNIIKR 0139), Dickeya chrysanthemi pv.
chrysanthemi (DSM 4610), D. dadantii subsp. dadan-
tii (DSM 18020), D. dianthicola (CFBP 3705), D. solani
(DSM 28711), D. zeae (DSM 18068"), Dickeya sp. (EVIRA
DC 10, D-9 (VNIIKR 0144), D-33 (VNIIKR 0145), D. fil.
(VNIIKR 0146)), Pectobacterium atrosepticum (EVIRA
ECA 2, DSM 180777, Pa393 (VNIIKR 0143)), P wasabiae
(DSM 180747), P. carotovorum (DSM 301687), 7 strains
of the family Burkholderiaceae: Burkholderia cepa-
cia (CFBP 2227"), B. gladioli pv. gladioli (CFBP 2427°T),
B. graminis (CFBP 67347"), B. plantarii (CFBP 39977),
Paraburkholderia caryophylli (CFBP 1370, CFBP 24297,
CFBP 3819), as well as 9 isolates from infected pota-
toes: Arthrobacter castelli (VNIIKR 0073 (VNIIF 1870)),
VNIIKR 0415, VNIIKR 0416, DN 417,DN 418, DN 419-1,
DN 419-2, DN 582, DN 583.

Additionally, data from previous studies were used
to determine AS. For the test based on RT-PCR (Syn-
tol), 16 non-target strains were analyzed: D. dianthi-
cola (D3B1, D3B2, D17), D. dadanthii (DFILL), Dickeya
sp. (D33), C. m. subsp. sepedonicus (Cms 204, MCMS1,
CMS6889 (NCPPB 2137)), C. m. subsp. michiganensis
(CM 4761 (CMM1), HE 11 (CMM2)), Pantoea stewartii
subsp. stewartii (Sw4), P. dispersa (PD1), Pseudomonas Sy-
ringae pv. syringae (ICMP 9032, ICMP 9067); Xanthomo-
nas fragariae NCPPB 1469), X. oryzae pv. oryzae (NCPPB
3002) (Kornev, Kopina, 2012).

To determine the endospecificity of the test in
the FLASH format in previous studies (Drenova,
Kuznetsova, 2012), more than 40 isolates of R. sola-
nacearumraces 1, 2, and 3 were used, isolated during
the study of potato tuber samples from the Russian
Federation, Egypt, India and China in the bacterio-
logy laboratory of FGBU “VNIIKR”, in the Leningrad
and Krasnodar Interregional Veterinary Laboratories,
as well as collection strains. Collection strains and
main isolates are shown in Table 1. To determine
exospecificity, 31 non-target strains were used: Ba-
cillus sp., C. m. subsp. sepedonicus (Cms 204, CMS6889
(NCPPB 2137)), C. m. subsp. michiganensis (CM 4761
(CMM1), HE 11 (CMM2), Cmm Yu-1), Dickeya chrysan-
themi pv. chrysanthemi (DSM 4610), D. c. pv. parthenii
(NCPPB 516), D. dianthicola (D3B1, D3B2, D9, D17,
D33), Dickeya sp. (D1, D8, D9B, D9Tr), Micrococcus sp.,
Pantoea agglomerans (DSM 1619, DSM 3493), P. disper-
sa (PD1), Pseudomonas syringae pv. syringae (ICMP 9032,
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(NCPPB 516), D. dianthicola (D3B1, D3B2, D9, D17,
D33), Dickeya sp. (D1, D8, D9B, D9Tr), Micrococcus sp.,
Pantoea agglomerans (DSM 1619, DSM 3493), P. disper-
sa (PD1), Pseudomonas syringae pv. syringae (ICMP 9032,
ICMP 9067), Xanthomonas campestris pv. campestris
(Bel-5, Dasch-1), X. fragariae (NCPPB 1469), X. oryzae
(106, 6163, 8182), X. oryzae pv. oryzae (NCPPB 3002),
X. vesicatoria (1111/B).

OmbIThI 110 o1Tpefenenuto C, [Tu B mpoBoanIy C uc-
roJib3oBaHueM mramma 0424 (R. solanacearum pacsr 3
bv. 2 CFBP 3857) B koHIleHTpanuu 5 X 102 KOE/mn
B 6—10-KpaTHOI TOBTOPHOCTH.

I IpUTOTOBJIEHUS UCKYCCTBEHHO 3apakeH-
HBIX 9KCTPAKTOB U3 CyTOYHBIX KYyJbTYP, BbIPAIEeHHbBIX
Ha IIEeIITOHHO-APOXKEeBOM INII0OKO3HOM arape (EPPO,
2004; CTO BHMUKP 4.009-2013), roTroBusix 6a30BYI0
cycrneH3uio ¢ KoHreHTpanuei 102 KOE/ma B 10-mM
tdocharrom 6ydepe (EPPO, 2004; CTO BHUMKP 4.009-
2013). KoHIIeHTpAaIUIo TyCTOM CyCIIEH3U U OTIPEIEIISIIN
yamredHbiM MeTozioM Koxa (Eropos, 1995) u joBoAMIN
10 He0OX0IMMOTI'0 3HaUeHNs. [OTOBUJIY PaCTUTEIbHbIE
9KCTPAKTHI, 3apa’keHHbIe BO3OYAUTENSIMU B HEOOXO 1 -
MOM KOHIIEHTPAIUU.

M3 5KCTPaKTOB IOTOBUJIU 006pas3ilbl 06beMOM
200 MKJI. B kauecTBe OTPULLATEIBHOIO KOHTPOJIbHO-
ro o6pasia Beienenusa JHK (OKB) ucrosb3oBanau
200 MKJI COOTBETCTBYIOLIEr0 YMCTOTO SKCTpaKTa. Ha
Kaxable 10 06pasIioB MCIOJIb30BAIN HE MEHEE OIHO-
ro OKB. B kauecTBe I10JI0)KUTEJBHOI'0 KOHTPOJIbBHOTO
obpasiia Beigenenus (ITKB) ucmosnb3oBaan 200 MK 3a-
PaXeHHOTO SKCTPaKTa ¢ KoHIleHTpamuen 10° KOE/MiI.
['oTOBBIE 9KCTPAKTHI U BhIZeaeHHY0 JHK xpanuiu npu
TeMIieparype —20 °C.

CenextuBHOCTS (C) Onpenesisiiv IIyTeM CpaBHe-
HUS 3HaYeHUU B AJ19 pasHbIX cybcTpaToB. [Ipu 5TOM
HEeJIOCTOBEPHbIE 3HAUEHUSI CUNTAJIU OTPUIIATEIbHBIMU
KaK IoKa3aTejb BIUSHUSA cybcTpaTa Ha 3hheKTUuB-
HOCTb TecTa. [Ipu onipeneneHuu B yunThIBaIU PE3YJIb-
TaThI ONBITOB I10 onipenesieHuto AY, C u I1. HemocTtoBep-
HbIE 00Pa3Ilbl TECTUPOBAJIY IIOBTOPHO C pa3BeIeHUEM
IHK B Boze pjis ITLIP (1 : 1). ITosoXXUTeJbHbIE 3HAUE-
HVS TIOBTOPHBIX TECTOB YUUTHIBAJIY IPU ONIPEleIeHU N
[Tu B kaK KpUTEPUEB, OTPaAKAIOIIUX AJMAarHOCTUYECKUE
BO3MOXXHOCTH TECTA.

PE3VYJIBTATBI U OBCYKJEHUE

Ananumuuecxas cneyuguurocms (AC)

B xome ucnblTaHUU 6bLIO MOKA3aHO, UTO TECTHI
B (hopmarte ITLIP-PB u FLASH c Ha6opamu OO0 «Arpo-
IuarHocTuKa», comepsxkaliue UIeHTUYHbIE OJUTO-
HYKJIE€OTUbI, TIO3BOJISIIOT BBISIBIATH FeHEeTUUYECKUH
MaTepuaj BCeX IMPOAHAJIM3WPOBAHHBIX HITAMMOB
U U30JIITOB BUJ0OBOr0 KOMILIeKca R. solanacearum s. 1.
Hecnenuduueckux peakiiuii c HelleJIeBbIMU IITaM-
MaMu He oTMeueHo. TakuM o6paszoM, AC TeCTOB paBHA
100% (Tabu. 1).

TecT ¢ Ha6opoM OO0 «CUHTOJI» IJisT BHISIBIIEHUS
IITaMMOB paceI 3 bv. 2 1 packl 1 bv. 1, B COOTBETCTBUU
co cruenuduKanuei MPoOu3BOIUTENS, [TO3BOJISIET BbI-
SIBJIITH MTaMMBbI R. solanacearum pacsl 3 bv. 2. Kpome
TOT0, 6BLIIN TTOJIyYEHBI CJIa6bIe TIOJIOKUTETbHBIE PeaK-
IIUY B OMHOM U3 IByX IOBTOPHOCTEM AJIST CYCTIEeH3UH
YUCTBIX KyJAbTyp mramma 0421 (R. syzygii subsp. indo-
nesiensis CFBP 7288) u tTumnosoro mramma 0423 (R. so-
lanacearum CFBP 20477), oTHocauerocsd kK bv. 1 He-
ycTaHOBJIeHHOH packl (Ct 34,9 u 35,1 COOTBETCTBEHHO),
4TO GBLIO OI[EHEHO KaK OTPUIIATEbHBIA Pe3ybTar.

ICMP 9067), Xanthomonas campestris pv. campestris
(Bel-5, Dasch-1), X. fragariae (NCPPB 1469), X. oryzae
(106, 6163, 8182), X. oryzae pv. oryzae (NCPPB 3002),
X. vesicatoria (1111/B).

Experiments to determine S, R and Reprod were
carried out using strain 0424 (R. solanacearum race 3
bv. 2 CFBP 3857) at a concentration of 5 x 102CFU/ml
in 6-10 replicates.

To prepare artificially infected extracts from daily
cultures grown on peptone-yeast glucose agar (EPPO,
2004; STO VNIIKR 4.009-2013), a base suspension with
a concentration of 108 CFU/ml in 10-mM phosphate
buffer was prepared (EPPO, 2004; STO VNIIKR 4.009-
2013). The concentration of the thick suspension was
determined by the Koch plate method (Egorov, 1995)
and adjusted to the required value. Prepared plant ex-
tracts infected with pathogens in the required concen-
tration.

Samples with a volume of 200 uL were prepared
from the extracts. As a negative control sample of DNA
extraction (NCS), 200 ul of the corresponding pure ex-
tract was used. For every 10 samples, at least one RCW
was used. As a positive control sample of isolation
(PCSI), we used 200 ul of contaminated extract with
a concentration of 10° CFU/ml. The prepared extracts
and isolated DNA were stored at —20 °C.

Selectivity (S) was determined by comparing Re-
prod values for different substrates. In this case, unre-
liable values were considered negative as an indicator
of the influence of the substrate on the effectiveness of
the test. When determining Reprod, we took into ac-
count the results of experiments to determine ASen, S,
and R. Invalid samples were retested with a dilution of
DNA in water for PCR (1 : 1). Positive values of repeat-
ed tests were taken into account when determining R
and Reprod as criteria reflecting the diagnostic capa-
bilities of the test.

RESULTS AND DISCUSSION

Analytical specificity (AS)

During the tests, it was shown that the tests in the
RT-PCR and FLASH format with AgroDiagnostika kits
containing identical oligonucleotides make it possible
to identify the genetic material of all analyzed strains
and isolates of the species complex R. solanacearum s. 1.
There were no nonspecific reactions with non-target
strains. Thus, the AS of tests is 100% (Table 1).

Test with a Syntol kit for the detection of strains
of race 3 bv. 2 and races 1 bv. 1, in accordance with
the manufacturer’s specification, allows the detec-
tion of strains of R. solanacearum race 3 bv. 2. In ad-
dition, weak positive reactions were obtained in one
of two replicates for suspensions of pure cultures of
strain 0421 (R. syzygii subsp. indonesiensis CFBP 7288)
and species strain 0423 (R. solanacearum CFBP 20477),
belonging to bv. 1 of unknown race (Ct 34.9 and 35.1,
respectively), which was assessed as a negative re-
sult. In experiments to determine ASen with strains
not belonging to the race 3 bv. 2, negative results were
obtained for samples with a concentration of 102-10°
CFU/ml (Table 1). There were no nonspecific reactions
with non-target strains. Thus, our studies have shown
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Ta6auia 2

AHajIMTHUYeCcKas YyBCTBUTEJIBHOCTD TecTOB B (popmare IIIIP-PB u FLASH c oTeuecCTBEHHbIMU
KOMMepueCcKUMM HaGopaMH J1J1s BbISIBJI€HUS BO30yAuUTeeil BUIOB KoMILIeKca Ralstonia solanacearum

sensu lato B pacTUTEJIbHOM 3KCTpaKTe!
Table 2

Analytical sensitivity of RT-PCR and FLASH tests with Russian commercial kits for detecting pathogens
of the Ralstonia solanacearum sensu lato species complex in plant extract!

Bupb! komiiekca Ralstonia solanacearum sensu lato
Species of Ralstonia solanacearum sensu lato complex
= Ralstonia
s |= | Ralstonia solanacearum pseudosolanacearum
aé Ralstonia
g E paca5s pacal syzygii
2 o 6uoBap 5 |G6uoBap 3 subsp.
z g paca 3 Guosap 2 6uoBap 1 race5 race 1 indone-
¥ |O | race 3 biovar 2 biovar 1 biovar 5 |biovar 3 siensis
E (0040 0424 0039 0423 0425 0422 0499 0421
ﬁ & | NCPPB CFBP NCPPB CFBP CFBP CFBP CFBP CFBP
glé | 2316 3857 2315 20477 1412 6442 6424 7288
&N & E I P [==] <+ ¢ & = )
SHEE N R R EE N E N N E N E R A
B anlelEllsl =82 B|x52E = b =56 =56 =56 =R E =R
Bl @ el Bl Slc| & |S|<|El@| B S<|ER| B« B |g<| & |g|<| & |g|<| ¥ [g«|S|<| 4 |g|<
28 I |88 8k| 3 (8=lEel S|8=l8e| 38| 38| 3|8 3|8 3|58 3|8
HIF| WX (OIM (<X (O] N (2O W (L (<R (< (< (|| (I
1,03 | x° x [38,9| x X X X X X X X X X X X X X X X X X X
10 |0,99| - - 139,5| x X X X X X X X X X X X X X X X X X X
4,67|41,8(132,1(39,2| x X X X X X X X X X X X X X X X X X X
6,35|36,3(31,5|36,3|1,12| - - 10,95| - - 13,00|36,2|0,99| - |1,15( - |1,08| - [1,06| - - 10,97| -
10* |7,93(38,0(32,5(36,3(1,03|36,7| - |3,09| - - [1,32136,8(2,94| - (1,19| - |1,11| - |1,09| - - (0,98 -
4,46 | 36,2 |32,4|36,6 (4,93 |37,9|33,4(4,05/36,8| - |5,75|36,4|4,36/39,0(1,09|37,8|4,07(38,5|1,15| - - |1,03| -
8,99 (33,3(30,1|34,0(9,28|35,1|31,9(7,57|34,4(33,1(8,14|32,7 (4,28 - [4,80(36,5|4,42|39,5|3,45| - - (1,00 -
10° [10,10(33,2|30,1|34,3(9,14 (35,3 (32,7 (2,72|34,3|32,0(7,67|33,1(5,78|35,9|4,96|36,2|6,32|36,4(6,40| - - 1,10 -
10,30| 32,7 | 30,1 | 34,1 |8,56 35,1 | 31,6 |7,56| 35,3 |32,0|7,84|33,0(5,76|37,9|6,81|36,5|6,37|35,8(525| - - [0,95| -
, 10,20(29,8 (27,2 | 35,6 |/10,70| 31,3 | 29,4 {9,19| 30,8 | 29,6 [{10,0| 29,8 | 6,26 32,2 (9,70 | 33,3 | 6,89 | 34,7 | 2,72 | — - 15,94|36,5
10
10,70/ 29,8 | 27,7 | 34,1 |110,80| 31,8 | 29,2 9,67 | 31,4 | 29,6 |9,76| 29,7 |8,49|31,8|9,91 | 33,4 |8,07 | 33,9 | 5,38 | 36,6 | 37,8 (9,06 36,1
10° |11,60| 23,8 | 20,8 | 26,9 |11,70| 25,0 | 22,3 |9,42| 24,8 | 23,1 |9,84| 23,0 |9,68| 25,7 |13,20| 26,3 |10,60| 26,4 |11,50| 29,8 | 31,6 |8,73| 30,2

1 Onsa R. solanacearum bv. 1 (CFBP 20477), R. pseudosolanacearum
(CFBP 6442) n R. syzygii (CFBP 7288) nony4eHbl oTpuuaTenbHble
pesynbTathl TecTa ¢ Habopom 000 «CuHTON» (He NpUBEAEHbI).

2 insi Tecta Ha ocHoBe FLASH faHHble npeacTaBieHbl

B OTHOCUTESbHBIX eAnHMLAX (hTlyopecLeHLMM OTHOCUTENBHO
¢hoHoBbIX 06pasuoB; ans MLP-PB ykasaH Ct.

3 OnbIT NpoBELEH C HE3ABUCUMO MPUTrOTOBNEHHBIMK 0bpasLamu.
LOHK Ka)kaon KoHUueHTpauuu bbina BolgeneHa B 1-kpaTtHomn
NMOBTOPHOCTU, aMnAncrKaumns — B 3-KpaTHOW. [N KOHLEeHTpauum
10° KOE/Mn nprBefeHo cpefHee 3HaueHne NoBTOPHOCTEN,

015 KoHueHTpauum 104 KOE/Mn — KpalHue 3HaYeHns MOBTOPHOCTEN.
4 MoBTopHasa amnandukaums nocne xpaHeHus npu —20 °C.

5 MNosTopHOe BbineneHne AHK 13 MCKycCTBEHHO 3apaXKEHHbIX
3KCTPaKTOB, XpaHumBLmnxca npun —20 °C.

 MiccnefoBaHUS He MPOBOAMIINUC.

— MOSIOXUTESbHbIN pesynbTar
— OoTpuUUATeNbHbIN pesynbTaT
— HeOCTOBEpHbI pe3ynbTaT

1 For R. solanacearum bv. 1 (CFBP 20477), R. pseudosolanacearum
(CFBP 6442) and R. syzygii (CFBP 7288) — negative test results
with a Syntol kit (not shown).
2 For the FLASH-based test, data are presented in relative
fluorescence units relative to background samples; for RT-PCR,
Ctis indicated.
3 The experiment was carried out with independently prepared
samples. DNA of each concentration was isolated in 1-fold
replication, amplification — in 3-fold. For a concentration
of 10° CFU/ml, the average value of replicates is given,
for a concentration of 104 CFU/ml — the extreme values of replicates.
4 Re-amplification after storage at —20 °C.
5 Re-isolation of DNA from artificially contaminated extracts stored
at-20 °C.
 No studies have been carried out.

— positive result

— negative result
—unreliable result

dutocaHutapus. KapaHtuH pactenunii 10
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B onbiTax o onpeneneHuto A4 co mraMmMaMu, HE OT-
HOCAIIMMUCS K pace 3 bv. 2, 6bLIY ITOJIyYeHbI OTPUILA-
TeJIbHbIE Pe3yJIbTaThI JIJIs1 00pPa31i0B ¢ KOHIIeHTpalveln
10%>-10°KOE/mu (Taba. 1). HecnenmupuyecKuX peakinii
C HelleJIEBBIMU IITaMMaMU He OTMeueHo. TakuM 00-
pa3oM, B HaIIUX MCCIeNOBaHUIX ITOKa3aHa BbICOKas
crennpUIHOCTD TecTa K R. solanacearum pacsl 3 bv. 2.
Bormpoc 0 3a4BJI€HHOM ITPOXU3BOIUTENIEM BO3MOXKHO-
CTHU BBISIBJSATE R. solanacearum pachl 1 bv. 1 ¢ MOMOIIIbIO
IAaHHOTO TEeCTa He U3y4JaJics.

AHanumuuecxas uwyscmeumenvHocmo (AY)

B ombITax 110 OTIpeieIeHUI0 aHAJIUTUUECKOM CcIIe-
nuduaHocTH (AC) 6bLIIO0 OTMEUEHO, UTO IJIT HEKOTOPBIX
HITaMMOB BUJIOBOI'0O KOMILJIeKca R. solanacearum s. 1. 3Ha-
YeHUS TIOPOTOBOTO IIMKJIA CYIIeCTBEHHO OTJIUYAINCh
OT XapaKTEPHOI'0 ITOKA3aTeJIs IJIs CyCTIEH3UN YUCThIX
KYJIBTYP, COCTaBJISBIIETO OKOJIO 15-20, ¥ HaXOAUJIUCH
Ha oTMeTKe oT 30,5 1o 32,0 (Tabi. 1). B ¢BI31 C 3TUM
OBLIIO BBIIBUHYTO MTPEATIONIOKEHE O BO3SMOXKHOM 3aBU-
cuMocTH AY TecTOB OT BUJa M/UJIM LITaMMa ITIaTOTeHa,
YTO paHee OBLJIO OIMCAHO JJIs TecTa Ha ocHoBe LAMP
o Lenarcic et al. (2014), BryroueHHOTO B CTaHmapT
PM 7/21 (2) (EPPO, 2018). OmbIThI OBLIN TIPOBEEHbI
C BOCbMbI0 KOJIJIEKIIMOHHBIMU IITAMMaMU BUL0BOTO
KOMIIJIEKCA. Pe3ybTaThl IpeICTaBIeHbI B TabuuIle 2.

Onsg mraMMoB R. solanacearum pachl 3 bv. 2 AU
BCEX MCIIBITyeMbIX TECTOB ObljIa TPaKTUUYECKU O UHA-
KOBA JIJIs KayKIOr0 M3 IIITAMMOB, HO Pa3jinyajiach MexX-
ny mrammamu. Tak, aig mramma 0040 (NCPPB 2316)
AY coctaBuia 10'-10% KOE/mJ1, Torga Kak JJjisd mrTaMMma
0424 (CFBP 3857) AU 6bLi1a Ha IOPSLOK HYKE W COCTa-
Buia 102-10° KOE/mi1.

A4 TecToB ¢ HabopaMu mpousBoacTBa 000 «Arpo-
IuarHocTuka» K TpeM ImmTamMmaMm R. solanacearum
bv. 1 u R. pseudosolanacearum bv. 5 Tak)Xe cOCTaBuUJIa
10%2-10° KOE/mu. [Iyig mtaMma R. syzygii subsp. indone-
siensis AU He oTJIiMyajach JJis 000MX TECTOB, OJHAKO CO-
craBuia ToibKo 10* KOE/MJI, 9YTO yKa3blBaeT Ha MEHbD-
IIee CPOJICTBO TECT-CUCTEM K JAHHOMY IITaMMy.

B oTsiume OT MITaMMOB, OIIMCAHHBIX BhIIIe, A4 Tec-
TOB ¢ Habopamu mpou3sBozcTBa OO0 «Arpo[uarHoCTu-
Ka» B pas3HbIX (popMaTax 3HAUUTEIHHO OTJINYAJIach JJIs
mrramma 0499 R. pseudosolanacearum bv. 3 (CFBP 6424).
A4 TecTa B hopmaTe FLASH cocraBuia 10° KOE/ma, Tor-
na kak g [11P-PB 3HaueHue Kputepus, I0Jy4yeHHOe
IIPY TECTUPOBAHUU JIBYX CEPUI NCKYCCTBEHHO 3apa-
JKEHHBIX 3KCTPAKTOB, COCTaBUJIO JuIb 10%-10° KOE/Mm.

OTMeUeHO, 4To AJid TecToB co mramMmamu 0039
(NCPPB 2315) u 0040 (NCPPB 2316), moJiyueHHbBIMHU
13 BpUTaHCKOY HaIlMOHAJIbHON KOJIJIEKIINY PUTOIIA-
TOTeHHbIX 6aKkTepuit, AU Obla Bblllle, UeM C IPYTUMU
mraMMaMU 3TUX Xe rpymni. Tak, niag mramma 0039
MMOJIOKUTEJIbHbIE Pe3yJbTaThl TECTOB ¢ HabopaMu
000 «Arpo/luarHoctuka» B popmaTe FLASH u I1LIP-PB
OBLIY TTOJIyYEeHbl COOTBETCTBEHHO 1Jis 67-100% 06-
pasioB ¢ HU3KOM KoHIleHTpaluel — 102 KOE/mi. Tpu
9TOM JJISl IPYTUX MITAMMOB TIOJIOKUTEJIbHbIE PE3YJlb-
TaTHI [TPU JAHHOU KOHIEHTPAIIUYU OBLIN IMOJIyUYEeHBI
ns 33-67% u 0—-33% o6pasIioB.

Oco6bIili UHTEPEC MPEeNCTABJIIIOT Pe3yabTaThl
OTIBITOB I10 OTpeiesieH 0 AU BCeX UCITBITYEMbIX TECTOB
co mramMmmoM 0040, coctaBuBieit 10'-102 KOE/Ma1, kak
yKa3aHo BhIIIIE.

CorjmacHo pacueTraM, Iipu BeigeneHuu [JHK
n3 200 MKJI SKCTpakTa ¢ rnojyyeHueMm 100 MKJI o4yu-
meHHol JHK ¥ mpu KUCIIONB30BAHUUN IJIS aMILJIN-
ukanum 5 MKJ, eIUHUYHbIE KOTUU IeJu OynayT

a high specificity of the test for R. solanacearum, race 3
bv. 2. The question of the manufacturer’s declared
ability to detect R. solanacearum race 1 bv. 1 not stu-
died with this test.

Analytical sensitivity (ASen)

In experiments to determine analytical specifici-
ty (AS), it was noted that for some strains of the species
complex R. solanacearum s. 1. the values of the thresh-
old cycle significantly differed from the characteristic
indicator for suspensions of pure cultures, which was
about 15-20, and ranged from 30.5 to 32.0 (Table 1).
In this regard, a hypothesis was put forward about
the possible dependence of ASen tests on the species
and/or strain of the pathogen, which was previously de-
scribed for the LAMP-based test according to Lenarcic¢
et al. (2014) included in Standard RM 7/21 (2) (EPPO,
2018). The experiments were carried out with eight col-
lection strains of the species complex. The results are
presented in Table 2.

For strains of R. solanacearum race 3 bv. 2, the ASen
of all the tested tests was practically the same for each
of the strains, but differed among the strains. Thus, for
the 0040 (NCPPB 2316) strain, the ASen was 10'-102
CFU/ml, while for the 0424 (CFBP 3857) strain, the
ASen was quite lower and amounted to 10>-10° CFU/ml.

ASen tests with AgroDiagnostika kits for three
strains R. solanacearum bv. 1 and R. pseudosolanacearum
bv. 5 was also 102-103 CFU/ml. For the strain R. syzygii
subsp. indonesiensis ASen did not differ for both tests,
however, it was only 10* CFU/ml, which indicates a low-
er affinity of test systems for this strain.

Unlike the strains described above, the ASen tests
with AgroDiagnostika kits in different formats differed
significantly for the 0499 R. pseudosolanacearum bv. 3
(CFBP 6424). The ASen test in the FLASH format was
102 CFU/ml, while for RT-PCR the criterion value ob-
tained when testing two series of artificially infected
extracts was only 10*-10° CFU/ml.

It was noted that for tests with strains 0039
(NCPPB 2315) and 0040 (NCPPB 2316) obtained
from the British National Collection of Phytopatho-
genic Bacteria, the ASen was higher than with other
strains of the same groups. Thus, for strain 0039, po-
sitive test results with AgroDiagnostika kits in FLASH
and RT-PCR format were obtained, respectively,
for 67-100% of samples with a low concentration —
10%? CFU/ml. Moreover, for other strains, positive re-
sults at this concentration were obtained for 33-67%
and 0—-33% of the samples.

Of particular interest are the results of experi-
ments to determine the ASen of all tested tests with
strain 0040, which amounted to 10'-10% CFU/ml, as
indicated above.

According to calculations, when DNA is isolated
from 200 ul of the extract to obtain 100 ul of purified
DNA and when 5 pl is used for amplification, single cop-
ies of the target will react at a concentration of at least
2x 102 CFU/ml, i. e., the ASen of an effective test is the-
oretically should be 10?>-10° CFU/ml. Such values of the
working criterion were obtained for most of the strains
in this study, as well as when validating tests with si-
milar kits of these companies to identify the causative

MapTNe1 (9)2022 11
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TOITalaTh B PeakKIlnio IIPpK KOHIIEHTPAIllUY He MeHee
2 x 102 KOE/mi, T. e. AU 3(hheKTUBHOTO TeCTa TeOpe-
TUYECKU OoJikHa cocTaBuTh 102-10° KOE/mi. Takue
3HaUeHUs pPaboyero KpUTePUs MMOJIyUEeHbI AJs 60JIb-
IIUMHCTBA MITAMMOB B ITaHHOM KUCCJIeIOBAaHUY, a TAK)Xe
IPU ITPOBEAEHUY BaJIUIAIIIM TECTOB C aHAJIOTMYHBIMU
HabopaMu 3TUX KOMIIAHUY IJIS BbISBJIEHUS BO36OYIU-
TEeJISI 0XKOTa MJIOIOBBIX KyNbTyp Erwinia amylovora (Bur-
rill) Winslow et al. (IpenoBa, 2019).

YeTounBOE IIPEeBhIIIeHNEe PACUYETHOTO IT0Ka3aTe-
Jist AY yka3bIBaeT Ha KOTIUUHOCTE 11eJIeBOT0 (hparMeH-
Ta B 00pasile, KOTOPOE MOXKET ObITH BHI3BAHO ITPOUHBIM
CIIETIJIEHNEM KJIETOK, ITPUBOISIIINM K OIINOKE B OTIpe-
JIeJeHUY KOHIIEHTPAIIUY UCKYCCTBEHHO 3apaXKeHHBIX
9KCTPaKTOB. TaK)ke BO3MOXXHO HaJuure KOMUM Ieju
B reHOMe KJIETOK, HalIpUMeD, B CIy4Yae ee PacIiojoxKe-
HU4 B mtasMugHoun JHK.

Iosmopsemocms (I1), socnpoussodumocms (B)

u cenexmugrocms (C)

Ilns oripenenerus pabounx KpUTEPHEB TOBTOPSIE-
moctu (IT) u BocripousBoguMocTH (B) TecToB ¢ HaGopa-
mu OO0 «Arpo/lvarHocTuka», IpU3HaHHbBIX B IIPEAbILY-
IUX OTIBITAX YHUBEPCATbHBIMY K IIITAMMaM BUIOBOTO
KoMILekca R. solanacearum s. 1., BbIOpaiy 3 mramMMa, OT-
HOCSIIIIUXCS K PA3HBIM IPYIIIaM U [TOKA3aBIINX OJIU3KIE
sgauenus AY (10%2-10° KOE/min) (tabu. 3, 4).

[ToBTOpPsieMocTh TecTa B popmate FLASH nisa
mramma 0422 (R. pseudosolanacearum CFBP 6442)
BapbpupoBaja oT 20 10 90%. Bocripou3BoguMOCThb CO-
ctaBuiia 47%. g mramma 0423 (R. solanacearum bv. 1
CFBP 2047") suauenue Il cocraBuiio 80-100%, B —
93%. Paboume KpUTEPUM 3aBUCEJIM OT OIllepaTopa u,
BO3MOXXHO, OT YCJIOBUYM XpaHeHUs 06pasiioB (Tabi. 3).

TToBTOpPsieMOoCThb TecTa B (hopMmarte [LIP-PB c Habo-
poM OO0 «Arpo/luarHocTuka» gJis mramMmma 0422 Bapb-
npoBaJia oT 10 1o 70%. Bocripon3BOAUMOCTH COCTa-
Buia 50%. [lyg mtamma 0423 [T coctaBuiaa 70-100%,
B — 86%. Pabourie KpuTepuy 3aBUCENIN OT OIIEPaTOPa,
npubopa u, BO3MOXKHO, OT YCJIOBUY XpaHeHUs o6pas-
110B (TabJ. 3).

Kpome Toro, pabouue kputepuu I1, B u C 1151 Bcex
TECTOB OBLIIY OTIPEIeJIEHEI C UCTIOJb30BaAHKEM IITAMMA
0424 R. solanacearum CFBP 3857 pacsl 3 bv. 2 (Tab. 4,
5, 6).

Ing tecta B popmaTe FLASH 661U TTOJIyUeHBI
BbICOKMeE 3HaueHus [T - 90-100% u B — 95%. [l sKkc-
TPakTOB po3 3HaueHU s I1 u B Ha ypoBHe 100% 6bLIU
OJIU3KU K 3HAUEHUSIM, MOJYUEeHHBIM C 9KCTPaKTaMu
KapTodensa. OQHAKO AJiT SKCTPAKTOB PO3 B OOHOU
U3 MOBTOPHOCTEN OTMeUYeHBbl 3HAUYUTEJNbHO GoJiee
Huskue 3HaueHUsa BK 1 HeIoCTOBepHBIN pe3yJsibTaT
B OHOM 13 06pasIioB, YTO yKa3bIBAET HA BOBMOXKHBIE
TpynHocTu npu ourcTke JHK u3 manHoTrOo cy6eTpara.
JOCTOBEPHO TOJIOXKUTEJIbHBIN pe3ysibTaT MOJIyueH
B 92% 06pasiioB 9KCTPAKTOB Po3 (Tabi. 4).

Ing Tecta Ha ocHoBe III[P-PB c HaGopoM
000 «Arpo/luarHocTUKa» JIJisd 9KCTPAKTOB KJIyOHEN
KapTodessa mokazaHa BeICOKas [1 ¢ MCIIONIb30BaHUEM
npubopa «IT-nmaiT» (90-100%), ofHAKO IJIsT TIPU0OO-
pa «AHK-32» 3TOT mmokasaTresb cocTaBuJi Jullb 30%.
B oImbITe ¢ 9KCTpaKTaMM BETE€TATUBHBIX YaCTEH Kap-
Todensa 3HaueHU I1 11 pa3HbIX TPUOGOPOB HE OTIIN-
vanuch (90%), 0lHAKO 3HAUYEHHUS IOPOTOBbIX IIMKJIOB
(34,5-37,9 u 39,4-41,82 cOOTBETCTBEHHO) TaKXe
yKasbIBaJU Ha 60Jiee BBICOKYIO 3(p(hEKTUBHOCTD peak-
nuu Ha npubope «IT-maiiT». TakuM obpas3oM, 3HaUe-
Hue B Tecta Ha mpubope «IT-mauiT» cocTaBuio 93%,

agent of fireblight Erwinia amylovora (Burrill) Winslow
et al. (Drenova, 2019).

A persistent excess of the calculated ASen index
indicates the copy number of the target fragment in
the sample, which can be caused by strong adhesion
of cells, leading to an error in determining the concen-
tration of artificially infected extracts. It is also pos-
sible that copies of the target are present in the cell
genome, for example, in the case of its location in plas-
mid DNA.

Repeatability (R), reproducibility (Reprod)

and selectivity (S)

To determine the working criteria of repeat-
ability (R) and reproducibility (Reprod) of tests with
AgroDiagnostika kits recognized in previous experi-
ments as universal to the strains of the species com-
plex R. solanacearum s. 1., chose 3 strains belonging to
different groups and showing similar values of ASen
(102-10° CFU/ml) (Tables 3, 4).

The repeatability of the FLASH test for strain
0422 (R. pseudosolanacearum CFBP 6442) varied from
20 to 90%. The reproducibility was 47%. For strain
0423 (R. solanacearum bv. 1 CFBP 20477), the R value
was 80—-100%, Reprod — 93%. The performance criteria
depended on the operator and possibly on the storage
conditions of the samples (Table 3).

The repeatability of the test in the RT-PCR for-
mat with AgroDiagnostika kit for the strain 0422 va-
ried from 10 to 70%. The reproducibility was 50%. For
strain 0423, R was 70-100%, Reprod — 86%. The per-
formance criteria depended on the operator, the instru-
ment, and possibly the storage conditions of the sam-
ples (Table 3).

In addition, the performance criteria R, Reprod
and S for all the tests were determined using strain
0424 R. solanacearum CFBP 3857 race 3 bv. 2 (Tables
4,5,6).

For the test in FLASH format, high values of R —
90-100% and Reprod — 95% were obtained. For rose
extracts, the R and Reprod values at the 100% level
were close to the values obtained with potato extracts.
However, for rose extracts in one of the replicates, sig-
nificantly lower internal control of PCR (IC) values and
an unreliable result in one of the samples were not-
ed, which indicates possible difficulties in DNA puri-
fication from this substrate. A reliably positive result
was obtained in 92% of the samples of rose extracts
(Table 4).

For a test based on RT-PCR with an AgroDiagnos-
tika kit for potato tuber extracts, a high R was shown
using the DT-light machine (90-100%), but for the
ANK-32 device this figure was only 30%. In the experi-
ment with extracts of vegetative parts of potatoes, the
R values for different devices did not differ (90%), how-
ever, the values of the threshold cycles (34.5-37.9 and
39.4-41.82, respectively) also indicated a higher reac-
tion efficiency on the DT-light machine. Thus, the Re-
prod value of the test on the DT-light machine was 93%,
and taking into account the experience on the ANK-32
amplifier — 62%. Selectivity in relation to rose extracts
in comparison with extracts of tubers and vegetative
parts of potatoes, as well as for the test in the FLASH
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Ta6auna 3
IToBTOpsAEMOCTH U BOCIIPOU3BOAUMOCTH TecTOB B (hopmaTe FLASH u ITIITP-PB
c KoMMep4ueckuMu Ha6opamu 000 «Arpo/luarHocTHUKa»

Table 3

Repeatability and reproducibility of FLASH and RT-PCR tests
with commercial AgroDiagnostika kits

FLASH, Od! IIP-PB, Ct

FLASH, RF* RT-PCR, Ct

Tepuuk OT-maiT OT-npaiim

Tertsik DT-light DT-prime
Ne n/m onepartop 1 | oriepaTop 2 omnepartop 1 | oriepaTop 2
Ne operator 1 |operator 2 operator 1 |operator 2
IIOBTOpPHOCTH
Repetition 1 22 32 1 22 32 2 3

0422 Ralstonia pseudosolanacearum CEFBP 6442
1 5,77 0,91 0,94 36,4 38,1 = = =
2 4,80 1,63 3,56 = = = 39,2 39,0
3 1,06 5,26 0,93 36,7 = = 39,0 37,8
4 5,43 4,41 1,53 38,7 37,2 37,9 38,6 =
5 5,10 0,97 1,37 38,4 = = 38,8 38,9
6 4,35 3,39 3,67 = = = 39,5 38,9
7 4,62 0,94 1,07 = 37,6 = = 38,9
8 2,33 0,98 0,98 38,7 38,0 = 38,8 =
9 4,68 0,86 0,99 = 39,4 = 39,0 39,1
10 5,08 0,93 1,01 = = = = 37,7
g 90% 30% 20% 50% 50% 10% 70% 70%
B 36,7% 70%
ﬁeprod 47% 50%
0423 Ralstonia solanacearum bv. 1 CEBP 2047"

1 6,46 1,22 6,64 36,0 36,3 36,1 36,3 =
2 5,49 6,12 5,55 36,7 37,8 39,8 = 39,0
3 7,26 5,23 4,81 By 35,9 875 37,2 37,8
4 8,18 6,72 6,95 36,5 = = 38,6 =
5 6,40 5,82 1,04 35,3 = 40,1 37,8 38,9
6 3,65 6,56 4,23 37,4 37,5 36,6 38,7 38,9
7 8,10 0,98 2,19 36,7 36,8 37,3 38,5 38,9
8 2,06° 4,36 5,88 37,8 39,1 37,1 38,7 =
9 4,64 2,85 1,37 38,8 40,6 = = 39,1
10 6,18 4,97 3,76 38,3 38,2 36,0 38,7 37,7
g 100% 80% 80% 100% 80% 80% 80% 70%
B 87% 75%
Eeprod 93% 86%

1 0® - oTHOCUTENbBHbIE €AMHULLBI (hyOpPeCLeHLMM Mo CpaBHEHNIO ¢ hoHOBbIMU 0bpasuamu.
2 AMnnndmkaums npoeegeHa nocne xpaHeHus solgenerHon OHK npu —20 °C.

3 MorpaHnYHbIN pe3ynbTaT OLLEeHEH Kak NooXMTeNbHbIN, T. K. Ha NPaKTUKe Takne obpasLibl
LOMKHbI 6bITb MPOTECTUPOBAHBI MOBTOPHO C yBeNMYeHMeM obbema obpasua.

— MOSIOXKUTESbHbIN pesynbTat — OTpuLATeNbHbIN pesynbTart — MOrpaHuYHbIi pesynstar

1 RF - relative units of fluorescence compared to background samples.

2 Amplification was carried out after storage of the isolated DNA at —20 °C.

3 The borderline result is assessed as positive, since in practice such samples
must be retested with increasing sample volume.

— positive result — negative result — borderline result
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Tao6auna 4

CeJIeKTUBHOCTb, IIOBTOPAEMOCTH U BOCIIPOU3BOAUMOCTH TecTa B hopmaTe FLASH
c KoMMep4uyeckuM Ha6opoMm 000 «Arpo/luarHocTuka»!

Table 4

Selectivity, repeatability and reproducibility of the test in FLASH format

with a commercial AgroDiagnostika kit*

PesynbraThl (OTHOCUTEJILHBIE eAUHULIBI hiiyopecueHnu, OP)

- o Results (relative units of fluorescence, RF)

aCTHUTEJIbHBIN
JKCTPAKT Kiy6Hu kaprodens Po3b1
Plant extract Potato tubers Roses

1 2 1 2

IToBTOPHOCTH Lenan % Lenp g Leap g Leanb %
Repetition Target IC Target IC Target IC Target IC
1 6,22 11,10 6,58 11,70 512 4,30 6,31 15,90
2 5,48 10,70 5,96 11,50 2,53 0,75 6,02 14,00
3 0,97 13,10 5,92 11,60 3,452 0,92 7,20 14,30
4 6,79 11,0 4,44 11,40 591 0,82 6,49 13,90
5 6,80 12,0 5,15 12,40 6,78 2,32 7,13 10,80
6 5,68 11,20 6,60 12,10 4,58 0,79 6,97 10,50
7 5,95 11,30 5,94 12,10
8 4,65 10,30 4,40 11,50
9 4,13 12,50 5,99 12,50
10 6,15 12,12 6,73 12,00
II
R 90% 100% 100% 100%
B 95% 92%
S
. 95% 100%
Reprod
B

goma 97,5%
Reprod total

1 [na onbITOB UCMOMb30BaV KONMNEKLUMOHHbIN WwTamm 0424 R. solanacearum CFBP 38572.
2 Pe3ynbTart NnoslyyeH B LONOMHUTENbHON peakumm ¢ passefeHnem JHK obpasua

B Boge ona MUP (1:1).

1 Collection strain 0424 R. solanacearum CFBP 38572 was used for the experiments.
2 The result was obtained in an additional reaction with a dilution of the DNA sample in water for PCR (1: 1).

a c yueToM OIlbiTa Ha aMmudukatope «AHK-32» —
62%. CeJIeKTUBHOCTb B OTHOIIEHUU 3KCTPAKTOB PO3
B CPaBHEHUU C BKCTPAKTaMU KJIyOHeU U BeTeTaTuB-
HBIX YacTel KapTodesis, Kak U i TecTa B hoopMaTe
FLASH, niposiBujiachk B UHrubupoBanuu BK u momyue-
HUU HEJIOCTOBEPHBIX PE3YIbTATOB (TabJI. 5, puc. «I1po-
TOKOJI OTIBITA II0 OIIPefeJIEeHNI0 CeJIEKTUBHOCTHU TECTa
TILIP-PB c Ha6opoM OO0 «Arpo/lnarHOCTUKA»).

Onga olleHKM BIUAHUG aMOnjauduraTtopa
Ha B u yrouHeHus AU ¢ UCIIOJB30BaHUEM IpUbOPa
«AHK-32», OIOJTHUTEJNbHO IIPOBEJIU ONBIT C paHee
BhIesieHHOU JJHK 3KCTpPaKTOB, MHOKYJIUPOBAHHBIX
Pa3HBIMU IITaMMaMu BO36yauTesis B 60jee BBICOKOM
KoHIleHTpanuu — 103 KOE/mu. Oua amMnaudukaium
WCII0JIb30BaJIu 110 2 obpasiia JHK Kakaoro mraMma,
TTOKA3aBIINX ITOJIOXKUTEIbHBIN Pe3ysIbTaT Ha pubope
«IT-mauT».

B npenenax AY, cocrtaBuBiett 102 KOE/mi, [T Tec-
Ta Ha nnpubope «AHK-32» cocraBuia 75%, B ¢ yueTom
IAaHHBIX IBYX IIPU6GOPOB — 87,5%. 3HaUeHUs ITOPOTO-
BBIX ITUKJIOB Kak 1iejiu, Tak 1 BK 06pa31ioB 6b11M 3HA-
UNTEJIbHO HIDKE Ha JeTEeKTUPYLeM aMIIuduKaTope

format, manifested itself in the inhibition of IC and ob-
taining unreliable results (Table 5, Fig. “Experimental
protocol for determining the selectivity of the RT-PCR
test with AgroDiagnostika kit”).

To assess the influence of the amplifier on Reprod
and refine the ASen using the ANK-32, we additionally
conducted an experiment with previously isolated DNA
extracts inoculated with different strains of the patho-
gen at a higher concentration — 103CFU/ml. For amplifi-
cation, 2 DNA samples of each strain were used, which
showed a positive result on the DT-light.

Within the ASen, which amounted to 102 CFU/ml,
the R of the test on the ANK-32 was 75%, Reprod, tak-
ing into account these two devices — 87.5%. The values
of the threshold cycles of both the target and the IC of
the samples were significantly lower on the gPCR ma-
chine DT-light in comparison with ANK-32 (Table 6).
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Ta6auna 5
CeJIeKTUBHOCTbD, IOBTOPAEMOCTb U BOCIIPpOM3BOAUMOCTb TecTa ITIIIP-PB
Cc KoMMepuecKuM Ha6opom 000 «ArpoJluarHocTuka»!

Table 5
Selectivity, repeatability and reproducibility of the RT-PCR test
with a commercial AgroDiagnostika kit*

PesynbraTsl, Ct
.. | Results, Ct
PacTuTebHBIA
3KCTPAKT Kay6Hu kapTodess Ber. yacTu KapTodensa Po3b1
Plant extract Potato tubers Veg. parts of potatoes Roses
ITpuGop O T-aiT AHK-32 O T-sait AHK-32 A T-nmaitt
Device DT-light ANK-32 | |DT-light ANK-32 DT-light
IToBTOpPHOCTH
Repetition 1 2 3 1 1 2 3 12 22 3
1 36,0 35,7 35,8 = 36,2 35,8 41,45 35,5 37,1 37,6
2 36,3 37,4 36,0 40,18 37,6 35,9 39,62 37,7 36,3° 36,9
3 36,3 36,1 35,4 — 36,6 36,7 39,40 37,3 38,1 35,7
4 37,0 38,5 36,9 39,96 38,5 37,2 40,07 38,5° 36,4 38,2
5 36,0 37,0 85,7 - 36,2 36,5 41,47 36,7 36,7 35,5
6 36,7 36,1 34,5 = 35,3 36,1 41,82 37,1 25,5 36,4
7 36,3 35,5 37,2 - 37,2 - 42,64
8 37,5 35,1 36,2 = 35,7 = 40,48
9 37,3 - - - 36,5 35,4 40,25
10 37,9 36,4 35,5 40,15 35,9 B585! =
II
R 100% 90% 90% 30% 100% 80% 90% 100% 100% 100%
C,B . .
[ e 93% b'¢ 90% b'¢ 88,7%
S, Reprod . -
E 62% 90% 100%
Reprod
Boﬁmaﬂ I T-naiit 95%
Repro dtotal DT-Light
Boﬁmu 0,
88%
Reprod,

1 N onbITOB MCMNOJSIb30BaNU KONNEKLUMOHHbIN WwTaMm 0424 R, solanacearum CFBP 3857.
2 Peakuus BK onsa 6onblumHcTBa 06pasLoB oTpuLaTesibHa (CM. pUCYHOK).
3 Pe3ynbTat noflyydeH B AOMOMHUTENbHONM peakuuuy ¢ pa3segeHnem OHK obpasua B Boge ona MUP (1 : 1).

1 Collection strain 0424 R. solanacearum CFBP 3857 was used for the experiments.
2The IC reaction is negative for most of the samples (see Fig.).
3 The result was obtained in an additional reaction with a dilution of the DNA sample in water for PCR (1: 1).

«OT-maliT» Mo cpaBHEHUIO ¢ Tpubopom «AHK-32»
(Tabu. 6).

Ins Tecta Ha ocHoBe IIIIP-PB c¢ HabopoMm
000 «CuHTOJI» TaK e, KaK 1 [IJIsgd TecTa ¢ HabopoM
000 «Arpo/lmarHocTuka», OTMEUYe€HO 3HAUYUTEJIb-
HOe BIUsgHUe mpubopa Ha 3 GEeKTUBHOCTD PeakIuu
B o6pasiax kiybHel. CeIeKTUBHOCTh B OTHOLIEHUH
9KCTPaKTOB P03 B CPAaBHEHUU C IKCTPAKTAMU KJIy6-
HeU U1 BereTaTUBHBIX YacTel KapTodeis IIposIBrIach
B HeCTabMJIbHOCTHU 1 6ojiee HU3KUX 3HaueHuax [1u B
(Tabum. 7).

Paboure KpUTepPUU TECTOB Ha OcHOBe I[ILIP
¢ (hryopeciieHTHOM METKOM C 0Te4eCTBEHHBIMU KOM-
MepuyecKMMU HabopaMu I BeisiBaeHUs JHK BUIOB
KoMILIeKca R. solanacearum s. 1. B paCTUTEJIbHOM 3KC-
TpaKTe pacTeHU-X035€B IIPEICTAaBIEHEI B TAbIUIIE 8.

For a test based on RT-PCR with a Syntol kit, as
well as for a test with an AgroDiagnostika Kkit, a signi-
ficant effect of the device on the reaction efficiency in
tuber samples was noted. Selectivity in relation to rose
extracts in comparison with extracts of tubers and ve-
getative parts of potatoes manifested itself in instability
and lower values of R and Reprod (Table 7).

Working criteria for tests based on PCR with a
fluorescent label with Russian commercial kits for de-
tecting DNA of species of the R. solanacearum s. 1. in the
plant extract of the host plants are presented in Table 8.
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BbIBO/IbI

1) Zlns mecmos ¢ Habopamu npoussodcmsa 000 «Azpo-
Juaenocmurxa» B hopmate FLASH u I[1LIP-PB ycTaHOB-
JIEHBI CJIeiylolye 3HaYeH s pab0urX KPUTEPUEB:

— aHAJUTHUYEeCKas CIelu(PUIHOCTb TECTOB —
100%;

— aHaJIUTUYeCKasd YyBCTBUTEJIBHOCTH — 101-10?
nan 102-10° KOE/Mn pyig mitaMMoB Ralstonia sola-
nacearum u R. pseudosolanacearum CFBP 6442 pacsl 5
bv. 5 1 10* KOE/Ma giisg mraMMma R. pseudosolanacearum
CFBP 6424 pacsl 1 bv. 3 u R. syzygii subsp. indonesiensis
CFBP 7288;

— CEeJIEKTMBHOCTDb OTMeYeHa AJis SKCTpaKTa pos3
B CJIy4ae CoflepKaHYsI ITOBBIIIIEHHOI'0 KOJIMYECTBa pac-
TUTEJIbHbIX KOMIIOHEHTOB;

— IIOBTOPSIEMOCTh 1 BOCHPOW3BOAUMOCTh TEC-
TOB B MIpeJesiaX aHAJIUTUYECKON YYBCTBUTENbHOCTH
(5 x 102 KOE/mn) mocturanu 97,5 1 95% COOTBET-
CTBEHHO IIPU HUCIIOJIb30BAHUY aMILIN(UKATOPOB IPO-
usBogcTBa 000 «/JHK-TexHoJorus». VMicmoab30BaHUE
npubopa «AHK-32» (000 «CUHTOJI») CHUXXAJIO YyB-
CTBUTEJIbHOCTh TECTa Ha ITOPSIOK;

Tao6suia 6

IIoBTOPSAEMOCTH ¥ BOCIIPOU3BOIHUMOCTD
TecTta B hopmate IIIIP-PB c HaGopom
000 «Arpo/luarHoCTHKa» JIJi1 06pPa3Ii0B
c KoHLeHTpanueii 10° KOE/mu

Table 6

Repeatability and reproducibility

of the test in the RT-PCR format

with an AgroDiagnostika kit for samples
with a concentration of 102 CFU/ml

OGpas3sery Pe3ynbraTsl, Ct*

Sample Results, Ct*

ITpuGop OT-naiit AHK-32

Device DT-light ANK-32
Peakiua Lean BK Leanb BK
Reaction Target |IC Target |IC
0039 10°-1 2,7 26,4 37,30 31,44
0039 10%-2 33,1 26,5 37,84 31,53
004010°-1 36,7 26,8 37,45 31,49
0040 10°%-2 35,1 26,5 37,62 31,41
0422 10°-1 39,5 27,2 42,65 32,59
0422 10°-2 36,4 27,4 39,56 31,28
0423 10°-1 35,9 27,4 39,83 31,68
0423 10%-2 37,9 26,6 = 31,57
0424 10%-1 35,1 26,5 40,05 32,37
0424 10%-2 35,3 26,5 39,52 31,71
042510°-1 36,5 26,8 = 31,71
042510%-2 36,2 26,2 = 31,85
g 100% 75%

geprod 87,5%

* MNprBeOeHbl CpefHVe 3HAUYEHNSI ONbITOB MO onpenenexHnto AY.

* The average values of the experiments to determine
the ASen are given.

Homep mynku | Maesmachucatop npoGupen | Ct, Fam| Gt Hex Pesynstar
Al 0424 ger-uact.-1 362 26.4 +
A2 424_ger-uzct-2 376 26.7 *
A3 424_per-uact.-3 366 267 +
A4 0424_ger-uact.-4 385 268 +
AS 0424 _weruact-5 362 269 o
AB 0424 _serusct-§ 353 266 +
A7 0424 _geruact-7 372 26,7 +
AB 424_per-mor.- 357 265 +
B1 0424 _seruact-0 36.5 265 o
B2 0424 _seruamct-10 359 26,7 +
B3 (OKE_gar._uacmn 26,7 -
B4 0424 _poaw-1 355 +
BS 0424_poaw-2 3.7 +
B6 424_poswe-3 73 +
B7 424_posu-4 Ha
B8 0424 _poaw-5§ 36.7 +
C1 424_posw-5 371 +
C2  oxm.eom 295 =
C3 NKB_10_8 251 2686 +
C4 MKA 261 265 +
Cs |O—KA 266 -

* Pyuwoil (Moporoswi) weton avanwsa (B.F)  Thieshold EAM =732  ThmssbaklHEX =
PucyHok. MpoTtokon Fig. Experimental
onbiTa no onpeneneHno protocol for determining
CeNeKTUBHOCTU TecTa the selectivity of the
MNLUP-PB c Habopom RT-PCR test with
000 «ArpofuarHoctuka» an AgroDiagnostika kit

SUMMARY

1) For tests with AgroDiagnostika kits in FLASH for-
mat and RT-PCR, the following values of working crite-
ria are set:

— analytical specificity of tests — 100%;

— analytical sensitivity — 10'-10% or 102-10°3
CFU/ml for the strains Ralstonia solanacearum and
R. pseudosolanacearum CFBP 6442 race 5 bv. 5 and
10* CFU/ml for the strain R. pseudosolanacearum
CFBP 6424 race 1 bv. 3 and R. syzygii subsp. indone-
siensis CFBP 7288;

— selectivity was noted for rose extract in the case
of the content of an increased amount of plant com-
ponents;

— the repeatability and reproducibility of tests
within the analytical sensitivity (5 x 102 CFU/ml)
reached 97.5 and 95%, respectively, when using
DNA-Technology amplifiers. The use of the ANK-32
device (Syntol) significantly reduced the sensitivity of
the test;

—the test criteria did not differ in general, however,
for the strain R. pseudosolanacearum CFBP 6424 race 1
bv. 3 the analytical sensitivity of the test in FLASH for-
mat reached 10>-10° CFU/ml, the reproducibility of the
test was slightly higher.

2) For a test based on RT-PCR with a Syntol kit, in ac-
cordance with the manufacturer’s specification, endo-
specificity is shown for R. solanacearum strains race 3
bv. 2. Exospecificity was 100%. Other performance cri-
teria were slightly lower than those of the tests with the
AgroDiagnostika kits:

— the repeatability and reproducibility within the
analytical sensitivity (5 x 10> CFU/ml), determined us-
ing the qPCR machine DT-light by DNA-Technology,
were 50-90% and 77%, respectively. When using the
ANK-32 device, a decrease in the sensitivity of the test
was also noted;

— analytical sensitivity was determined as
10% CFU/ml.
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CeJjIeKTUBHOCTbD, IOBTOPSAEMOCTD U BocnpoussoauMocTs Tecta III[P-PB ¢ koMMepuyeckum

Ha6opoM 000 «CHHTOJI»*

Table 7
Selectivity, repeatability and reproducibility of the RT-PCR test with a commercial Syntol kit*
PesynbraTsl, Ct
.. | Results, Ct
PacTuTebHBIA
3KCTPaKT Kay6uu kapTodeis Ber. uacTu KapTodeJs Po3bl
Plant extract Potato tubers Veg. parts of potato Roses
ITpuGop O T-naiit AHK-32 OT-naitt AHK-32 O T-naiit
Device DT-light ANK-32 | |DT-light ANK-32 | |DT-light
IToBTOPHOCTH
Repetition 1 2 3 1 1 3 2 1 2 3
1 31,0 82,3 31,7 = 2.5 = = 34,5 34,1 32,9
2 31,8 = S22 = 33,7 32,7 36,88 = 34,4 31,5
3 32,2 32,8 32,1 - 33,9 - - — 33,9 31,8
4 = 2.9 322 = 33,8 32,8 38,1 = 33,6 =
5 = 33,2 S22 = 33,7 32,8 36,87 34,0 = 33,1
6 31,8 = 32,3 34,24 23,5 32,6 37,63 330 34,1 33,5
7 31,8 2.5 2.5 = 33,9 34,3 38,59
8 = 32,5 = = = 82,3 =
9 31,4 32,6 31,4 = 32,3 L3 36,46
10 32,0 33,0 2.2 34,96 33,4 = 35,63
I1
R 70% 80% 90% 20% 90% 70% 80% 50% 83% 83%
C’ B}.‘lT—Jlaﬁ'r
— 80% X 80% X 72%
S, Reprod,, ...
B 65% 80% 72%
Boﬁmaﬂ JT-naiit 77%
ReprOdtmal DT-light
B
_ 71,6%
Reprod,

* [1NA ONbITOB MCMNOJb30BaNN KONNEKLUMOHHbIN wTaMm 0424 Ralstonia solanacearum CFBP 3857.

* Collection strain 0424 Ralstonia solanacearum CFBP 3857 was used for the experiments.

— KPUTEPUU TECTOB B II€JIOM HE OTJIUYAJIUCH, Of-
Hako njs mraMmma R. pseudosolanacearum CFBP 6424
pacei 1 bv. 3 aHaTUTHUYECKAs YYBCTBUTEIHHOCTD TECTA
B (hopmaTe FLASH mocTturana 102-10° KOE/mu, Boc-
ITPOU3BOAUMOCTh TECTA ObLNIa HECKOJBKO BEIIIIE,

2) [ns mecma Ha ocHose IILIP-PB ¢ Habopom
000 «CunmoJi» B COOTBETCTBUU CO crieludpuKaluei
MIPOM3BOIUTENS SHIOCIEIIN(UYHOCTD ITOKa3aHa I
IITaMMOB R. solanacearum pacsl 3 bv. 2. IK30CIIEU-
truunocTb cocTaBmsia 100%. [Tpoume paboure KpUTe-
puu 6BLIY HECKOJIBKO HIKE, UeM ¥ TECTOB ¢ HabopaMu
00O «Arpo/lmarHoCTuKa»:

— MNOBTOPSIEMOCTb M BOCIIPOU3BOJUMOCTH
B Ipelejiax aHAJUTUUYECKUU YYBCTBUTEIbHOCTU
(5 x 10% KOE/mi), ortpefiefieHHbIe C UCIIOJIb30BaHUEM
amriuguraropa «IT-maiT» 000 «IHK-TeXHOJIOrusa»,
coctaBusiu 50-90% u 77% COOTBETCTBEHHO. [1pu uc-
ImoJb3oBaHuM Ipubopa «AHK-32» Takxe 0OTMEUYEHO
CHUW)XEHUE YYBCTBUTEJbHOCTHU TECTA,;

— aHAJIUTHUYeCcKasl YyBCTBUTEJIbHOCTH ObljIa OTIpe-
neseHa Kak 10° KOE/mut.

CONCLUSION

Based on an assessment of the applicability of tests
with commercial kits of Russian companies for
DNA isolation Proba-GS, for amplification in FLASH
format and RT-PCR of AgroDiagnostika and for am-
plification in RT-PCR format of Syntol for identify-
ing the species of Ralstonia solanacearum complex sen-
su lato in plant extracts have been found suitable
for routine testing of regulated products. Tests with
AgroDiagnostika kits can be used as screening tests
for samples of any origin. Test based on RT-PCR with
a Syntol kit, specific to R. solanacearum race 3 bv. 2,
can be used as a screening test in the study of pro-
ducts manufactured in the European Union, as well
as for the differential diagnosis of R. solanacearum
race 3 bv. 2.
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Tao6auna 8

CBopHad Ta6Jiuiia pa6ounux KpuTepueB TeCcToB Ha ocHoBe I11IP ¢ (hyiyopecuieHTHOI MeTKOM
C OT€EYE€CTBEHHBIMU KOMMEPUYECKUMHU HaﬁopaMH

Table 8

Summary table of the working criteria of tests based on PCR with a fluorescent label

with Russian commercial kits

PaGouue kputepuu st AY 5 x 102 KOE/mut
Working criteria for ASen 5 x 10> CFU/ml
AC, % Bocmipouss., %
e AS, % Reprod., %
KOE/mn
TecT ASen, IHIO- JK30- CeJieKT. IMoBTOP., % |AT-7maiiTr | OGuwasa
Test CFU/ml Endo- Exo- Select. Repet., % DT-light Total
1
FLASH 10°-10°  [100 100 POSbL 90-100 X 97,5
roses
TIIP-PB 0351
«Arpo/luarHoCcTHUKa» 102-10° 100 100 % (30%» 80-100 |95 88
RT-PCR AgroDiagnostika
MIIP-PB «CUHTOJ» R. solanacearumr. PO3BI
103 100 20?) 50-90 |77 71,6
RT-PCR Syntol 3bv. 2 roses 207

1 CeleKTMBHOCTb 3KCTPaKTa po3 He oKasblBasa BAWsHKS Ha B, TpebyeTcs 6onee TwaTenibHas NOArOTOBKA CYCNEH3UM 1 ouncTka OHK.

2 ins npnbopa «AHK-32».

1 The selectivity of the rose extract did not affect Reprod; more careful preparation of the suspension

and DNA purification are required.
2 For ANK-32.

3AKJIIIOYEHUE

Ha ocHOBaHUY OILIEHKY MPUMEHUMOCTH TECTHI C KOM-
MepuecKUMHU HabopaMU POCCUNCKUX KOMIIaHUN AJIs
Boimenenusa JHK «I[Ipo6a-I'C», gy aMiindukaium
B (popmaTe FLASH u TII[P-PB OO0 «Arpo/luarHoCTu-
Ka» u oy ammugukaiuu B popmarte ILIP-PB 000
«CHUHTOJI» IJI BBISIBJIEHUS BUAOB KOMILIeKca Ralstonia
solanacearum sensu lato B paCTUTENbHBIX DKCTPAKTAX
MIPU3HAHBI TPUTOJLHBIMY JIJIST TPOBEJEHUS] PYTUHHBIX
UCCJIEIOBAHUN TOAKAPAHTUHHOMN MTPONYyKIIUHU. TeCTh
¢ Habopamu npousBozcTBa 000 «Arpo/luarHoCcTUKa»
MOTYT OBITh UCII0JIb30BAHBI B KaueCTBe OTOOPOUHBIX
LISl ¥cclieqoBaHMs 06pas3IloB JIIOGOr0 IPOUCXOXKIE-
Hus. TecT Ha ocHoBe ITI[P-PB ¢ Ha6opoM OO0 «CuH-
TOJI», CIIelIU(PUUHBIN K R. solanacearum pacsl 3 bv. 2,
MOXET OBITH MCIIOJIb30BAH B Ka4eCTBE OTGOPOUHOTO
TIPY UCCIIeIOBAaHUY ITPOIYKITUY, TPOU3BEIeHHOU B EB-
pocoro3e, a Takxke mJist fuddepeHIInaIbHON TUarHo-
cTukHu R. solanacearum pacsl 3 bv. 2.

CIIMCOK JINTEPATYPBI

1. IpeHosa H., 2019. OxO0r IJIOLOBLIX KYJIbTYP
B Poccuiickoit ®enepaliuu 1 COBpeMeHHbIE ITOIXObI
K ero AuarHocTuke. — [1JI0JIOBOACTBO U SITOJOBOICTBO
Poccum, N2 58:131-137.

2. IIpenosa H., KysHerosa A., 2012. Banuganu4a
meTonma FLASH-TILIP pmJisi BeIIBJIeHUS BO36OymUTENSI
O6ypoi 6akTepuanbHOU rHUAM KapTodens Ralstonia
solanacearum (Smith) Yabuuchi et al. B kapTodenbHOM
skcTpakTe. — PI'BY «BHUUKP», BpIKOBO, 28 C.

3. EpoxoBa M., 2020. HoBag kjaccudukanus
6axtepuu Ralstonia solanacearum — Bo36ynuTens 6ypoi
THUJIY KapTodens. — 3anuTa U KapaHTUH pacTeHulH,
Ne12:6.

4. 3aBpues C., Pazanues /I., Komkuua T., 2007.
SbdeKTUBHBIY 3KOHOMUYECKUIN METOH, UYYBCTBUTEb-
HOM OWMATHOCTUKMW U UAEHTU(UKAIUU [IaTOTEHOB

REFERENCES

1. Drenova N. Fire blight in the Russian Federa-
tion and current approaches to its diagnostics [Ozhog
plodovykh kultur v Rossiyskoy Federatsii i sovremen-
nyye podkhody k yego diagnostike]. Pomiculture and
small fruits culture in Russia, 2019; 58: 131-137 (in Rus-
sian).

2. Drenova N., Kuznetsova A. Validation of the
FLASH-PCR method for detecting the causative agent
of brown bacterial rot of potatoes Ralstonia solanacearum
(Smith) Yabuuchi et al. in potato extract [Validatsiya
metoda FLASH-PCR dlya vyyavleniya vozbuditelya bu-
roy bakterialnoy gnili kartofelya Ralstonia solanacearum
(Smith) Yabuuchi et al. v kartofelnom ekstrakte].
FGBU “VNIIKR”, Bykovo, 2012, 28 p. (in Russian).

3. Yerokhova M. New classification of the bacteri-
um Ralstonia solanacearum — the causal agent of potato
brown rot [Novaya klassifikatsiya bakterii Ralstonia so-
lanacearum —vozbuditelya buroy gnili kartofelya]. Plant
Protection and Quarantine, 2020; 12: 6 (in Russian).

4. Zavriev S., Ryazantsev D., Koshkina T. An effi-
cient diagnostic method for the identification of pota-
to viral pathogens [Effektivniy ekonomicheskiy metod
chuvstvitelnoy diagnostiki i identifikatsii patogenov
kartofelya]. Potato growing in Russia: topical problems
of science and practice: materials of the international
congress “Potatoes. Russia —2007”, M. 2007; 100-103.
ISBN 978-5-7367-0643-3 (in Russian).

5. Kornev K., Kopina M. Report on laboratory
tests of the “Ralstonia solanacearum-RT” reagent kit to
identify the causative agent of potato brown rot Ralsto-
nia solanacearum race 3 bv. 2 by real-time polymerase

duTtocaHutapusa. KapaHTtuH pactenuin 18



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

kapTodens. — KaprodeneBoncTBo Poccun: akTyasb-
Hble TPO6JIeMbl HAYKX U TPAaKTUKU: MaTepPUaibl MEX-
IyHapomHoro kKoHTpecca «KapTodenb. Poccus — 2007,
M.: 100-103. ISBN 978-5-7367-0643-3.

5. Kopses K., Kontuua M., 2012. OTueT 0 1poBe-
JleHU Y JJaboPaTOPHBIX UCITBITAHWM HabOpa PeareHToB
«Ralstonia solanacearum-PB» [Jisl BbIIBIEHUS BO36YI1-
TeJisg 6ypoi ruuu Kaptodens Ralstonia solanacearum
paca 3 bv. 2 MeToI0M ITOJIMMEPA3HOM IIEITHOU peaKIuu
B peasibHOM BpeMenu ([1LIP-PB).— BbikoBo, 18 c.

6. Pe6pukos /[I., CamartoB I, Tpodumos [I. u mp.
[TLIP B peasnibHOM BpeMeHU. — M.: BMHOM. JlabopaTo-
pust 3HaHuM, 2009, 223 c¢. ISBN 978-5-9963-0086-0.

7. EropoB H. PyKOBOZCTBO K IIPaKTUUYECKUM 3a-
HATUSAM 10 MUKpobuosoruu: Yueb. mocobue. 3-e U3M,.,
nepepab. u gorr. — M.: MI'Y, 1995, 224 c.

8. Craugmapt ISO/IEC 17025:2017 «O61me Tpe6o-
BaHUS K KOMIIETEHITUY UCITBITATENbHBIX U KaJubpo-
BOYHBIX JIJAOOPATOPULI».

9. CTO BHUUKP 4.009-2013 «BosbyauTtens 6y-
poii 6akTepuasibHON rHUIN KapTodend Ralstonia sola-
nacearum (Smith) Yabuuchi et al. MeTozbI BbIIBJIEHUSA
U UJEeHTUPUKAIUU».

10. IIueitgep E., Ipenosa H., KapumoBa E., 2021.
KapanTtunuble gjis Poccuiickoy ®emepauy 6aKTepu-
03Bl BUZIOB Ralstonia. — ®uTocanuTtapusi. Kapantuu
pactenui, 7 (3): 10-26.

11. Buddenhagen 1., Sequeira L. & Kelman A.,
1962. Designation of rases of Pseudomonas sola-
nacearum. — Phytopathology, 52: 726.

12. EPPO, 2004. PM 7/21 (1): Ralstonia sola-
nacearum. Diagnostic protocols for regulated pests. —
EPPO Bulletin, 34: 173-178.

13. EPPO, 2018. PM 7/21 (2): Ralstonia sola-
nacearum, R. pseudosolanacearum and R. syzygii (Ralstonia
solanacearum species complex). — EPPO Bulletin, 48 (1):
32-63.

14. EPPO, 2019. PM 7/98 (4): Specific require-
ments for laboratories preparing accreditation for a
plant pest diagnostic activity. — EPPO Bulletin, 49 (3):
530-563.

15. Fegan M. & Prior P., 2005. How complex is the
“Ralstonia solanacearum species complex”. In: Bacteri-
al Wilt Disease and the Ralstonia solanacearum Species
Complex. — American Phytopathological Society, St
Paul, MN (US): 449-461.

16. Horita M., Tsuchiya K., Suga Y., Yano K.,
Waki T., Kurose D., Furuya N., 2014. Current classifica-
tion of Ralstonia solanacearum and genetic diversity of
the strains in Japan. — Journal of general plant patho-
logy, 80 (6): 455—-465.

17. Lenarci¢ R., Morisset D., Pirc M., Llop P,
Ravnikar M., Dreo T., 2014. Loop-mediated isothermal
amplification of specific endoglucanase gene sequence
for detection of the bacterial wilt pathogen Ralstonia so-
lanacearum. — PLoS ONE, 9 (4), e96027. URL: https://doi.
org/10.1371/journal.pone.0096027.

18. Lin C., Chuang M., Wang J., 2015. First report
of bacterial wilt caused by Ralstonia solanacearum on
chard in Taiwan. — Plant Disease, 99 (2): 282.

19. Norman D., Bocsanczy A., Harmon P., Har-
mon C., Khan A., 2018. First report of bacterial wilt
disease caused by Ralstonia solanacearum on blueber-
ries (Vaccinium corymbosum) in Florida. — Plant Disease,
102 (2): 438.

20. Safni I., Cleenwerck I., De Vos P., Fegan M.,
Sly L., Kappler U., 2014. Polyphasic taxonomic revision

chain reaction (RT-PCR) [Otchet o provedenii labora-
tornykh ispytaniy nabora reagentov «Ralstonia sola-
nacearum-RV» dlya vyyavleniya vozbuditelya buroy
gnili kartofelya Ralstonia solanacearum rasa 3 bv. 2 me-
todom polimeraznoy tsepnoy reaktsii v real’'nom vre-
meni]. Bykovo, 2012; 18 p. (in Russian).

6. Rebrikov D., Samatov G., Trofimov D. et al. Real
time PCR [PCR v realnom vremeni]. M., BINOM, Labo-
ratoriya znaniy, 2009; 223 p. ISBN 978-5-9963-0086-0
(in Russian).

7. Egorov N. Guide to practical training in micro-
biology: Textbook. 3ed., Rev. and additional. M., MSU,
1995; 224 p. (in Russian).

8. Standard ISO/IEC 17025:2017 “General re-
quirements for the competence of testing and calibra-
tion laboratories” (in Russian).

9. STO VNIIKR 4.009-2013 “The causative agent
of brown bacterial rot of potatoes Ralstonia solanacearum
(Smith) Yabuuchi et al. Detection and identification
methods” (in Russian).

10. Shneyder E., Drenova N., Karimova E. Ralsto-
nia spp. bacterioses quarantine for the Russian Fede-
ration. Plant Health and Quarantine, 2021; 7 (3): 10-26.

11. Buddenhagen I., Sequeira L. & Kelman A. De-
signation of rases of Pseudomonas solanacearum. Phyto-
pathology, 1962; 52: 726.

12. EPPO. PM 7/21 (1): Ralstonia solanacearum. Di-
agnostic protocols for regulated pests. EPPO Bulletin,
2004; 34:173-178.

13. EPPO. PM 7/21 (2): Ralstonia solanacearum,
R. pseudosolanacearum and R. syzygii (Ralstonia solanacearum
species complex). 2018; EPPO Bulletin, 48 (1): 32—63.

14. EPPO. PM 7/98 (4): Specific requirements for
laboratories preparing accreditation for a plant pest di-
agnostic activity. 2019; EPPO Bulletin, 49 (3): 530-563.

15. Fegan M. & Prior P. How complex is the “Ralsto-
nia solanacearum species complex”. In: Bacterial Wilt
Disease and the Ralstonia solanacearum Species Com-
plex. American Phytopathological Society, St Paul, MN
(US), 2005; 449-461.

16. Horita M., Tsuchiya K., Suga Y., Yano K.,
Waki T., Kurose D., Furuya N. Current classification
of Ralstonia solanacearum and genetic diversity of the
strains in Japan. Journal of general plant pathology, 2014;
80 (6): 455-465.

17. Lenarci¢ R., Morisset D., Pirc M., Llop P,
Ravnikar M., Dreo T. Loop-mediated isothermal ampli-
fication of specific endoglucanase gene sequence for
detection of the bacterial wilt pathogen Ralstonia sola-
nacearum. PLoS ONE, 2014; 9 (4), €96027. URL: https://
doi.org/10.1371/journal.pone.0096027.

18. Lin C., Chuang M., Wang J. First report of bac-
terial wilt caused by Ralstonia solanacearum on chard in
Taiwan. Plant Disease, 2015; 99 (2): 282.

19. Norman D., Bocsanczy A., Harmon P., Har-
mon C., Khan A. First report of bacterial wilt disease
caused by Ralstonia solanacearum on blueberries (Vac-
cinium corymbosum) in Florida. Plant Disease, 2018;
102 (2): 438.

20. Safni I., Cleenwerck 1., De Vos P., Fegan M.,
Sly L., Kappler U. Polyphasic taxonomic revision of the
Ralstonia solanacearum species complex: proposal to

MapTNe1(9) 2022 19



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

of the Ralstonia solanacearum species complex: propos-
al to emend the descriptions of Ralstonia solanacearum
and Ralstonia syzygii and reclassify current R. syzygii
strains as Ralstonia syzygii subsp. syzygii subsp. nov.,
R. solanacearum phylotype IV strains as Ralstonia syzygii
subsp. indonesiensis subsp. nov., banana blood disease
bacterium strains as Ralstonia syzygii subsp. celebesen-
sis subsp. nov. and R. solanacearum phylotype I and III
strains as Ralstonia pseudosolanacearum sp. nov. — Int. J.
Syst. Evol. Microbiol., 64: 3087-3103. URL: https://doi.
org/10.1099/ijs.0.066712-0.

21. She X., He Z., Li H., 2018. Genetic structure
and phylogenetic relationships of Ralstonia solanacearum
strains from diverse origins in Guangdong Province,
China. — Journal of Phytopathology, 166 (3): 177-186.

22. Tjou-Tam-Sin N., van de Bilt J., Westenberg M.,
Bergsma-Vlami M., Korpershoek H., Vermunt A.,
Meekes E., Teunissen H., Van Vaerenbergh J., 2017. First
report of bacterial wilt caused by Ralstonia solanacearum
in ornamental Rosa sp. — Plant Disease, 201 (2), 378 p.

23. Wicker E., Grassart L., Coranson-Beaudu R.,
Mian D., Guilbaud C., Fegan M., Prior P., 2007. Ralstonia
solanacearum strains from Martinique (French West In-
dies) exhibiting a new pathogenic potential. — Applied
and Environmental Microbiology, 73 (21): 6790-801.
URL: https://doi.org/10.1128/AEM.00841-07.

24. O TOTEHIIMAJbHBIX PUCKAaX, CBI3aHHBIX
C BBO30M B cTpaHy 6aHaHOB. OQULIMaNbHbIN calT Pe-
JIlepaJbHOM CITYKOBI 10 BeTEPUHAPHOMY U (DUTOCAHU-
tapHoMy Hazzopy (Poccenbxo3Han3op). — URL: https://
fsvps.gov.ru/fsvps/print/news/16317.html (zaTa o6pa-
menusa: 10.09.2021).

25. EPPO Global Database. — URL: https://gd.eppo.
int (maTa obpamienus: 30.09.2021).

NHPOPMAIIUA OB ABTOPAX

JpeHoBa Harasua BacujbeBHA, CTapIINiA Ha-
VUHBIN COTPYNHUK HAyYHO-METOLUYECKOTO OTAesa
BupycoJioruu u 6aktepuosoruu ®IrBY «BHUVKP»,
p. 1. BBIKOBO, I. PaMeHcKoe, MocKoBcKas 00J1., Poccus;
ORCID 0000-0003-4020-2910, e-mail: drenova@mail.ru.

WrHaTtbeBa UpuHa MuxaiiJioBHa, Hay4YHbIH CO-
TPYOHUK jJabopaTopum 6aKTEPUOJIOTUM U aHAJIMU3a
I'MO ®I'BY «BHUVIKP», p. 1. BeikOBO, I. PaMeHCKoe,
MockoBckas 06J1., Poccus; ORCID 0000-0003-1047-0105,
e-mail: babiraignirmi@yandex.ru.

KonzparbeB MakcuM OJieroBUY, arpoOHOM Hayy-
HO-MEeTOANYEeCKOT0 OT/iejia BUPYCOJIOTUHY 1 6aKTEePUO-
gorum ®I'BY «BHUUKP», p. 1. BeikoBo, I. PamMeHCKoe,
MockoBcKkas 06J1., Poccus; e-mail: affut24@rambler.ru.

Iueiigep Enena IOpbeBHA, CTapIINi HAyYHbIH
COTPYLHUK HAYyYHO-METOLUYIECKOr0 OT/IeJIa BUPYCOJIO-
ruu u 6aktepuosiornu ®rBY « BHUUKP», p. 1. BBIKOBO,
r. PaMeHckoe, MockoBckad 0641., Poccus;
e-mail: seunch@mail.ru.

emend the descriptions of Ralstonia solanacearum and
Ralstonia syzygii and reclassify current R. syzygii strains
as Ralstonia syzygii subsp. syzygii subsp. nov., R. sola-
nacearum phylotype IV strains as Ralstonia syzygii subsp.
indonesiensis subsp. nov., banana blood disease bacteri-
um strains as Ralstonia syzygii subsp. celebesensis subsp.
nov. and R. solanacearum phylotype I and III strains as
Ralstonia pseudosolanacearum sp. nov. Int. J. Syst. Evol.
Microbiol., 2014; 64: 3087-3103. URL: https://doi.
org/10.1099/ijs.0.066712-0.

21. SheX., He Z., Li H. Genetic structure and phy-
logenetic relationships of Ralstonia solanacearum strains
from diverse origins in Guangdong Province, China.
Journal of Phytopathology, 2018; 166 (3): 177-186.

22. Tjou-Tam-Sin N., van de Bilt J., Westen-
berg M., Bergsma-Vlami M., Korpershoek H., Ver-
munt A., Meekes E., Teunissen H., Van Vaerenbergh J.
First report of bacterial wilt caused by Ralstonia sola-
nacearum in ornamental Rosa sp. Plant Disease, 2017;
201 (2), 378 p.

23. Wicker E., Grassart L., Coranson-Beaudu R.,
Mian D., Guilbaud C., Fegan M., Prior P. Ralstonia sola-
nacearum strains from Martinique (French West Indies)
exhibiting a new pathogenic potential. Applied and Envi-
ronmental Microbiology, 2007; 73 (21): 6790-801. URL:
https://doi.org/10.1128/AEM.00841-07.

24. About the potential risks associated with the
import of bananas into the country. Official website of
the Federal Service for Veterinary and Phytosanitary
Surveillance (Rosselkhoznadzor). URL: https://fsvps.
gov.ru/fsvps/print/news/16317.html (last accessed:
10.09.2021).

25. EPPO Global Database. URL: https://gd.eppo.
int (last accessed: 30.09.2021).

INFORMATION ABOUT THE AUTHORS

Nataliya Drenova, Senior Researcher, Research
and Methodology Department of Virology and Bacterio-
logy, FGBU “VNIIKR”, Bykovo, Ramenskoye, Moscow
Oblast, Russia; ORCID 0000-0003-4020-2910,
e-mail: drenova@mail.ru.

Irina Ignatieva, Researcher, Bacteriology and
GMO Analysis Laboratory, FGBU “VNIIKR”, Bykovo, Ra-
menskoye, Moscow Oblast, Russia;

ORCID 0000-0003-1047-0105,
e-mail: babiraignirmi@yandex.ru.

Maksim Kondratiev, Agronomist, Research and
Methodology Department of Virology and Bacteriology,
FGBU “VNIIKR”, Bykovo, Ramenskoye, Moscow Oblast,
Russia; e-mail: affut24@rambler.ru.

Elena Shneyder, Senior Researcher, Research and
Methodology Department of Virology and Bacteriology,
FGBU “VNIIKR”, Bykovo, Ramenskoye, Moscow Oblast,
Russia; e-mail: seunch@mail.ru.

duTtocaHutapus. KapaHTtuH pactenuin 20



