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AHHOTAILIUA
B036ynuTeNb )KeJTOr0 CAU3UCTOr0 HaKTepro3a Imiie-
Hus! Rathayibacter tritici (Carlson & Vidaver) Zgurska-
ya et al. BXoauT B EAVHBIN ITepeyeHb KapaHTUHHBIX
00beKTOB EBPa3niickoro SKOHOMUYECKOT'0 COI03a. BhI-
cTpas uAeHTU(GUKALYS BO3OYIUTENS SIBISIETCS BaX-
HBIM BJIEMEHTOM B chepe KapaHTHHA PacTeHuil. MeTor,
[ILIP B pexxuMe «peajibHOro Bpemenun» (I1LP-PB) Hau-
0oJiee OIITMAaJIEH IIPY IIPOBEIeHN Y JIaG0PATOPHOM I1-
arHOCTUMKY. B HACTOSAIIMY MOMEHT CYIIECTBYET TOJIbKO
nBa tecta [1LIP-PB nuis unentudukauuu Rathayibacter
tritici, paspaboranHbie Postnikova et al., 2017. TecTsl
npenHasHAvYeHb! AJg ugeHTudukramnuu Rathayibacter
tritici B UMCTBIX OaKTepUaJIbHBIX KyJIbTypax. CBeZleHusd
0 3HAUYEHUSIX OCHOBHBIX ITapaMeTPOB MPUMEHNMOCTH
TecTa ITIIP-PB — aHAJIUTUUYECKON CIIeu(PUIHOCTH,
BKJIIOYAs SKCKJII03UBHOCTD 1 MHKJIIO3MBHOCTD, 11 aHAa-
JINTUYECKOU YYBCTBUTENIBHOCTH, — a TAKXXe 00 UCITbITA-
HUSX TecTa IJis 00HapyKeHU ITaToreHa B PaCTUTENb-
HBIX 06pasIax B OPUTMHAIBHON CTaThe OTCYTCTBYIOT.
Llenbio HacTosAmel paboThl ABISIACH OIlEHKA IIPU-
MEHUVMOCTU pPaHee u3BeCcTHBIX TecTOB [ILP-PB pmuga
uneHTuGUKaInm R. tritici. MaTepuajlaMu UCCIeNOBa-
HUU ABJIAINUCH ITAMMBI R. tritici, a TakXe 26 IIITAMMOB
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ABSTRACT
Bacterial ear rot of wheat Rathayibacter tritici (Carlson
& Vidaver) Zgurskaya et al. is included in the Common
List of Quarantine Pests of the Eurasian Economic
Union. Rapid identification of the pathogen is an im-
portant element in the field of plant quarantine. The
“real time” PCR method (real-time PCR) is the most
optimal for laboratory diagnosis. Currently, there are
only two real-time PCR tests for identification of Ra-
thayibacter tritici developed by Postnikova et al., 2017.
The tests are designed to identify Rathayibacter tritici
in pure bacterial cultures. The original article does not
contain information on the values of the main parame-
ters of the real-time PCR test applicability — analytical
specificity, including exclusivity and inclusivity, and
analytical sensitivity, as well as on testing the test for
detecting the pathogen in plant samples. The aim of
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GakTepult poma Rathayibacter, BKJIT0Uasi BCe CyIIE€CTBY-
[01Me BUIbl BHYTPU YKa3aHHOTO pofa. B pesysnbraTe
OLIeHKU ITpuMeHuMOocTU TecToB [11IP-PB nyig ngentu-
(ukanmy Bo36yIUTEIS XKEJITOTO CAU3UCTOT0 6aKTepHu-
03a MIneHuI bl Rathayibacter tritici 6p1J10 yCTaHOBJIEHO,
YTO 3HaUEHNE NHKII3UBHOCTU — CIIOCOOHOCTY TeCcTa
UIeHTUOUIIMPOBATh BCe MHOT00Opasye MTaMMOB
6akTepuy BHYTPU BUHA — IJIisI UCCIeIyEMbBIX TECTOB
cocrasigeT 83,3%. Vcrionb3oBaHYe YKa3aHHbBIX TECTOB
T03BOJIUJIO UAEHTU(DUIIUPOBATD 5 U3 6 IITAMMOB IeJie-
BoTO 06bekTa — Rathayibacter tritici. 3HaueHUE SKCKJTIO-
3UBHOCTHY — CIIOCOOHOCTHY TeCTa OTJINYATh IiejieBbie
IITaMMBI OT HelleJIeBbIX — cocTaBmyio 100% n1g obomx
TecToB. TecTsl [T11[P-PB, paspaboTannbie Postnikova et
al., 2017, HecMOTpPS Ha UX BBICOKYIO SKCKJII03UBHOCTh
(100%), HEMPUMEHUMBI IJisT GUTOCAaHUTAPHOU Iua-
THOCTUKHU, TIOCKOJIBKY B CJIydyae UX IIPUMeHeHUs JI0-
CTaTOYHO BBICOKUM SIBJISIETCS PUCK JIOXKHOOTPHUIIATEIb-
HBIX Pe3yJbTAaTOB U, KaK CJIeICTBUE, TPOHUKHOBEHUS
KapaHTUHHOTO (pUTOIIaTOreHa Ha HOBbIE TEPPUTOPUN.

Knrouesvie cnoea. BakTepUO3bl 3€PHOBBIX KYIIb-
Typ, (UTOCAHUTAPUS, MOJIEKYJISIPHO-TeHEeTUYECKUe
meTonpbl, [TIIP-PB, nuarHocTuka 60je3HelN pacTeHNH,
nuaeHTUupuKaImg QUTOIIaTOTE€HOB.

BBEJIEHUE

eJITbIYI CIU3UCTBHIN GaKTepumo3s
MIIIIeHUIIbI, BRI3bIBAEMBIN (prTOMIA-
ToreHHOU 6akTepuelt Rathayibacter
tritici (Carlson & Vidaver) Zgurska-
ya et al., cmocobeH mopaxaTh Ta-
KUe pacTeHusd, KakK IIIeHuIIa MsT-
kag (Triticum aestivum L.), 14MeHb
(Hordeum L.) u kaHapeeuyHUK Malbiii (Phalaris minor
Retz.) (Gupta, Swarup, 1972; Paruthi et al., 1987; Post-
nikova et al., 2017; Park et al., 2017; Murray et al.,
2017; Starodumova et al., 2024). OCHOBHBIM HUCTOUY-
HUKOM 3apa’keHUs BO3OYAUTEIEM JKEeJTOTO CIAU3U-
cToro 6akTepuosa SIBJSETCS MOBPeXIeHUe pacTe-
HU-X03s51€B HEMaTomaMu Anguina tritici (Sabet, 1954).
B ciydyae 4aCTUYHOTO Pa3BUTUS GOJIE3HU, MOXKET
HabJII0IaThCS TTOTEePs YPOXKaUHOCTHY 3epHa 10 70%,
a IIpHU IIOJIHOM ITOPa’KeHU U KOJIOChEB ceMeHa He 06-
pasyrorcs (Paruthi et al., 1987).
[TaToreH BXOAUT B ENMHBIN ITepevyeHb KapaHTUH-
HBIX 00beKTOB EBpa3uiickoro SKOHOMMUECKOTO COI03a
(Pemenue... N2 158). [logKkapaHTUHHOU IPOLYKIINEH,
K KOTOPOU TIPeAbSIBISIOTCS CIIellnajibHble KapaHTUH-
Hble (PUTOCAaHUTAaPHBIE TPEOOBAHMUS II0 €€ IIPOUCXO0-
JKIEeHUI0 U3 30H, CBOOOIHBIX OT R. tritici, ABJIAIOTCA
ceMeHa ITIIeHUIIbI U TpuTukaie (Pemenue... N2 157).
Kpome Toro, 6akTepus SIBISETCS KapaHTUHHBIM 00b-
exToM nuisa TyHuca, [pysuu, Banrnazeima, Y36eku-
craHa u Mosmossl (CioBapeBa, 2023; O6HOBIEHHbIE
¢urtocanuTapHble TpeboBaHug Bauraanema 2015 r.;
[TepeyeHb BpeIHBIX OPTaHN3MOB KapaHTUHHOIO 3Ha-
YeHUs i1 Pecriy6iuky YabekucTtaH; [lepedeHb Bpe-
HBIX OPraHK3MOB, BBO3 1 PACIIPOCTPaHEHe KOTOPhIX
B Pecniy6simke MoJiioBa 3aTipeleH).
KineTku R. tritici TpeCTaBIASIIOT CO60M rpaMIlo-
JIOXKUTEJIbHbIe, HeIIOABU)KHbIE, adPO0HbIe, IIPSIMbIe
WUJIU CJIETKa U30THYTBIE TTAJIOUKM, pa3Mep KOTOPbhIX

this work was to assess the applicability of previous-
ly known real-time PCR tests for the identification of
R. tritici. The study materials were R. tritici strains, as
well as 26 strains of bacteria of the genus Rathayibacter,
including all existing species within this genus. As a
result of assessing the applicability of real-time PCR
tests for the identification of the causative agent of
bacterial ear rot of wheat Rathayibacter tritici, it was
found that the inclusivity value — the ability of the test
to identify the entire diversity of bacterial strains with-
in a species — for the studied tests is 83.3%. The use of
these tests allowed us to identify 5 out of 6 strains of
the target object — Rathayibacter tritici. The exclusivi-
ty value — the ability of the test to distinguish target
strains from non-target ones —was 100% for both tests.
The real-time PCR tests developed by Postnikova et al.,
2017, despite their high exclusivity (100%), are not ap-
plicable for phytosanitary diagnosis, since in the case
of their use the risk of false negative results and, as
a consequence, the introduction of the quarantine pest
into new territories is quite high.

Key words. Bacteriosis of grain crops, phytosani-
tary, molecular genetic methods, real time PCR, plant
disease diagnosis, phytopathogens identification.

INTRODUCTION

acterial ear rot of wheat caused by Rathay-
ibacter tritici (Carlson & Vidaver) Zgurskaya
et al., can affect such plants as wheat (Triti-
cum aestivum L.), barley (Hordeum L.) and lit-
tle seed canary grass (Phalaris minor Retz.)
(Gupta, Swarup, 1972; Paruthi et al., 1987; Postnikova
etal.,2017; Parketal.,2017; Murray etal., 2017; Staro-
dumova et al., 2024). The main infection source of bac-
terial ear rot of wheat is damage to host plants by nem-
atodes Anguina tritici (Sabet, 1954). In case of partial
development of the disease, a loss of grain yield of up
to 70% can be observed, and if the ears are complete-
ly affected, seeds are not formed (Paruthi et al., 1987).

The pathogen is included in the Common List of
Quarantine Pests of the Eurasian Economic Union (De-
cision... No. 158). Regulated articles to which special
quarantine phytosanitary requirements are imposed
on their origin from areas free from R. tritici are wheat
and triticale seeds (Decision... No. 157). In addition,
the bacterium is a quarantine pest for Tunisia, Geor-
gia, Bangladesh, Uzbekistan and Moldova (Slovareva,
2023; Updated phytosanitary requirements of Bangla-
desh 2015; List of quarantine pests for the Republic of
Uzbekistan; List of pests, the import and distribution of
which is prohibited in the Republic of Moldova).

R. tritici cells are gram-positive, non-motile, aero-
bic, straight or slightly curved rods measuring 1.1-1.6
um long and 0.5-0.6 ym wide (Zgurskaya et al., 1993;
Park et al., 2017; Shashkov et al., 2020).

On general-purpose solid nutrient media such
as nutrient broth-yeast extract (NBY) (Postnikova
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cocrassgeT 1,1-1,6 MKM B fauHy 1 0,5-0,6 MKM B 11U~
puny (Zgurskaya et al., 1993; Park et al., 2017; IllamI-
KOB U Zp., 2020).

Ha TBepbIX MUTATEIbHBIX CPelax 06Iero Ha3Ha-
YeHUs, TaKUX KaK IMIUTATEJbHBIN OYIbOH-APOXOKEBON
skcTpakT (NBY) (Postnikova et al., 2017), DpoxiKeBO
eNnTOHHO-TIOKO3HBIN arap (YPGA) (EPPO PM 7/60 (2),
2016), R2A (Reasoner, Geldreich, 1985) u np., R. tritici
06pasyeT SIPKO-)KeJIThle KPYTJble KOJIOHWUY, HEIPO-
3pavyHbIe Ha 6OJIBITUHCTBE cpey, (CM. puc. 1).

BricoTa npoduid, popma Kpasg u pazMep KoJio-
HUU MOTYT OTJINYAThCS B 3aBUCUMOCTHU OT HCIIOJIb3Y-
emoti cpennl (Postnikova et al., 2017; Park et al., 2017;
Muvingi et al., 2020; O6osieHckuii, CiioBapesa, 2024).
Zgurskaya c coaBT. B pe3ysibTaTe usyueHus R. tritici
MPUBOAAT IOAPOOHOE OMUCAHME ero GMOXUMUYe-
CKMX XapaKTEePUCTUK U UX OTIUYUN OT XapaKTepu-
CTUK GJIM3KOPOACTBEHHBIX BUAOB (Zgurskaya et al.,
1993). UnenTudurKamusa JaHHOTO BO3OyAUTENS Cpe-
IV Ipyrux 6aKTePUM KIaCCUUECKUMU MUKPOBUOJIO-
TMYeCKUMU MeTOoJaMU BO3MOXXHA, HO HEOOXOLUMBIHA
B JAaHHOM CJIy4yae 3Tall NU30JSAIIUYA YNCTON KYJIbTYPbI
3aHUMAaeT AOCTATOYHO JJIUTEJIbHOE BpeMd — 0T 4 10 20
cyTok (Gupta, Swarup, 1972; Postnikova et al., 2017).
KpomMme TorO, OmumbKa B pea3ysibTaTaxX UAeHTU(UKAIIIY
KapaHTUHHBIX ITATOT€HOB HEJOMTYCTUMa, ITOCKOJIbKY
BJIE€YeT 3a cO60¥ OrpaHWYEHUST TOPTOBJIU U IAPyrue
TIOCJIEICTBYS. B 3TOM CBSA3Y ITTOJIOKUTEbHBIN PE3YJIb-
TaT uneHTuduUKauu R. tritici TpebyeT MOATBEPXKIe-
HUS IPYTUMU METOJaM1, OCHOBAaHHBIMU HA Pa3inyd-
HBIX OMOJIOTUYECKUX ITPUHITHTIAX.

MoneKynsIpHO-TeHETUYECKY€ METO bl [T03BOJIS-
10T 6oJiee HaJe)XHO, 10 CPaBHEHUIO C KJIaCCUUECKU-
MU, UAeHTU(QUIIMPOBATh (UTOIIATOTEHHbBIE OAKTEPUU
(TTpuxoxbko u Ap., 2021; TapakaHoB u Ap., 2024).
Cpeny MOJIEKYJISIPDHO-TEHETUUECKUX NUATHOCTUYE-
CKUX METOJIOB HauboJiee YHUBEPCAJNbHBIM, a IIOTOMY
IITMPOKO MPUMEHUMBIM B UCITBITATENbHBIX (DUTOCAHU-
TapHBIX JJabopaTopuax aBisgeTcs Metox 1P B pexu-
Me «peasbHOro BpeMeHnm» (ITIIP-PB) (Ignatyeva et al.,
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et al., 2017), yeast peptone glucose agar (YPGA)
(EPPO PM 7/60 (2), 2016), R2A (Reasoner, Geldreich,
1985), etc., R. tritici forms bright yellow round colonies
that are opaque on most media (see Fig. 1).

The profile height, edge shape and colony size may
vary depending on the medium used (Postnikova et al.,
2017; Park et al., 2017; Muvingi et al., 2020; Obolensky,
Slovareva, 2024). Zgurskaya et al. (1993), as a result
of studying R. tritici, provide a detailed description of
its biochemical characteristics and their differenc-
es from the characteristics of closely related species.
Identification of this pathogen among other bacteria
by classical microbiological methods is possible, but
the required stage of pure culture isolation takes quite
along time — from 4 to 20 days (Gupta, Swarup, 1972;
Postnikova et al., 2017). In addition, an error in quar-
antine pathogens identification is unacceptable, since
it entails trade restrictions and other consequences. In
this regard, a positive result of R. tritici identification
requires confirmation by other methods based on dif-
ferent biological principles.

Molecular genetic methods allow more reliable
identification of phytopathogenic bacteria compared
to classical methods (Prikhodko et al., 2021; Tarakan-
ovetal.,, 2024). Among the molecular genetic diagnos-
tic methods, the most universal and therefore widely
applicable in phytosanitary testing laboratories is
the real-time PCR method (Ignatyeva et al., 2021; Do-
moratskaya et al., 2024). Species-specific real-time
PCR tests make it possible to quickly and accurately
identify the causative agent of the disease (Karakay,
Ignatyeva, 2024). When introducing a test into diag-
nostic practice, an assessment of its applicability is
required, within the framework of which the key test
parameters are established (EPPO PM 7/76 (5), 2018).
These parameters are analytical specificity (AS), which
shows the ability of the test to reliably distinguish the
target organism from non-target ones, and analytical
sensitivity (ASen), which reflects the minimum de-
tectable content of the target in the tested DNA sample
(EPPO PM 7/98 (3), 2018; Slovare-
va, Kornev, 2020; Beloshapkina,
Pisareva, 2024). Additionally, two
indicators characterizing AS were
introduced - inclusivity, or the
ability of the test to identify the
entire diversity of bacterial strains
within a species, and exclusivity,
or the ability of the test to distin-
guish target strains from non-tar-
get ones (EPPO PM 7/98 (3),2018).

Two real-time PCR tests have
been developed for the identifica-
tion of R. tritici: BTRITF1/BTRITR1/
BTRITP1 and BTRITF2/BTRITR2/
BTRITP1 (Postnikova et al., 2017).
The tests are designed to identify
R. tritici in pure bacterial cultures.
There is no information on the AS
and ASen values, as well as on try-
ing out the test for detecting the

Puc. 1. KonoHnuu Rathayibacter tritici

Ha cpene R2A cnycta 19 cyTokK
MHKY6upoBaHua npu Temnepatype 25 °C
(cpoTo P. P. O6oneHckoro)

Fig. 1. Rathayibacter tritici colonies
on R2A medium after 19 days
of incubation at 25 °C
(photo by R. R. Obolensky)
dutocaHutapusi. KapaHtuH pacteHuin 28
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Ta6ua. 1. lllTamMbl Rathayibacter tritici, ucnoyib3yeMbie B pa6oTe
Table 1. Rathayibacter tritici strains used in the work

N¢ HomepmramMmma HoMmep mTaMma B IPyrux KOJJIEKIMAX
n/m Strain number Strain number in other collections

HWCTOUHUK, CTPpaHa
Source, country

BKM Ac-1603" | VKM Ac-1603T;

1 VNIIKR-B-0837"  ATCC 11403; CCUG 23914; CIP 104038; DSM 7486;
ICMP 2626; JCM 9309; LMG 3728; NCPPB 1857; CFBP 1385

Triticum aestivum L., ErumeT
Triticum aestivum L., Egypt

BKM Ac-2585 | VKM Ac-2585;

2 VNIIKR-B-1014 ICMP 2623; ICPB CT103

Triticum aestivum L., UHIUS
Triticum aestivum L., India

3 VNIIKR-B-1015 BKM Ac-2586 | VKM Ac-2586;

ICMP 2624; ICPB CT106; NCTC 6255

Triticum aestivum L., ErumeT
Triticum aestivum L., Egypt

BKM Ac-2587 | VKM Ac-2587;

4 VNIKR-B-1016 ICMP 2625; ATCC 11402

Triticum aestivum L., UHIUS
Triticum aestivum L., India

BKM Ac-2588 | VKM Ac-2588;

9 VNIRRT ICMP 2627; NCPPB 471

Triticum aestivum L., UHIWS
Triticum aestivum L., India

BKM Ac-2589 | VKM Ac-2589;

6 VNIIKR-B-1018 ICMP 2628

Triticum aestivum L., IpaH
Triticum aestivum L., Iran

Mpumeuanume: VNIIKR — MccnenoBatenbckas KONMEKUMUa HayuyHo-MmeToauyeckoro otaena ®roy «BHUMKP» (Poccusa),

BKM — Bcepoccuiickas konnekumsa MukpooprannsmoB (Poccus), ATCC — American Type Culture Collection (CLUA),

CCUG - Culture Collection, University of Goteborg (LLBeuwns), CIP — Collection de 'Institut Pasteur (PpaHuus),

DSM — Deutsche Sammlung von Mikroorganismen und Zellkulturen (fepmanus),

ICMP-PDDCC - Culture Collection of Plant Diseases Division (HoBaa 3enaHgus), JCM — Acronym used by the Microbiology
section of the College of Biology and Environmental Sciences (Kutai), BCCM-LMG - Collection of the Laboratorium

voor Microbiologie en Microbiele Genetica (Benbrus), NCPPB — National Collection of Plant Pathogenic Bacteria
(BenukobpuTaHus), CFBP — Collection Francaise des Bacteries Phytopathogenes (dpaHuus), ICPB — International Collection
of Phytopathogenic Bacteria (CLLA), NCTC — National Collection of Type Cultures (Benukobputanus)

Note: VNIIKR — Research collection of the Research and Methodology Department of FGBU “VNIIKR” (Russia),

VKM — All-Russian collection of microorganisms (Russia), ATCC — American Type Culture Collection (USA), CCUG — Culture Collection,
University of Goteborg (Sweden), CIP — Collection de U'Institut Pasteur (France), DSMZ — Deutsche Sammlung von Mikroorganismen
und Zellkulturen (Germany), ICMP-PDDCC - Culture Collection of Plant Diseases Division (New Zealand), JCM — Acronym used by
the Microbiology section of the College of Biology and Environmental Sciences (China), BCCM-LMG — Collection of the Laboratorium
voor Microbiologie en Microbiele Genetica (Belgium), NCPPB — National Collection of Plant Pathogenic Bacteria (UK),

CFBP — Collection Francaise des Bacteries Phytopathogenes (France), ICPB — International Collection of Phytopathogenic

Bacteria (USA), NCTC — National Collection of Type Cultures (UK)

2021; Tomopankasa u ap., 2024). BumocnenuduaHbie
TecThl [TIIP-PB mat0T BO3MOXXHOCTD GBICTPO ¥ TOUHO
uAeHTUUIIMPOBaTh Bo30yauTess 6oesnu (Kapakai,
Vruatbesa, 2024). [Ipu BHeIpeHNM TeCTa B JUarHo-
CTUYECKYI0 TPAKTUKY TPeOyeTcs OIleHKa ero pume-
HUMOCTH, B paMKaX KOTOPOM yCTaHABJIMBAIOT KJIIO-
yeBble mapamerprl Tecta (EPPO PM 7/76 (5), 2018).
TakuMu nmapaMeTpaMu SBJSIOTCS aHAJIUTUYECKAS
cnenupuuHOCTh (AC), MOKa3bIBaKOIas CIIOCOOHOCTH
TecTa JOCTOBEPHO OTJINYATh I1eJIEBOI OPraHu3M OT He-
1EeJIEBBIX, U AHAJUTUYECKAS YYBCTBUTEIbHOCTE (AY),
OTpaXkamwIilas MUHUMAJbHOE NEeTEKTUPYEMOE COLlEP-
’)KaHUe 1IeJIeBOM MUIIEHU B TeCTUPYeMOM o0pasiie
IOHK (EPPO PM 7/98 (3), 2018; CioBapeBa, KopHes,
2020; BenomankuHa, [Tucapesa, 2024). JOTIOJHUTEIb-
HO BBeJIeHbI IBa ITOoKa3aTes, xapakrepusyouine AC —
WHKJIIO3UBHOCTb, WJIM CITOCOOHOCTD TeCTa UAeHTUDU-
1UpPOBaTh Bce MHOTroo6pa3ue MTaMMOB OaKTepuu
BHYTPH BUJA, M SKCKJIFO3UBHOCTH, WJIM CITOCOGHOCTH
TecTa OTJNYaTh IeJieBble IITaMMbl OT HeIleJeBhIX
(EPPO PM 7/98 (3), 2018).

Inga npeatTuduranuu R. tritici pazpaboTaHo
nBa Tecrta IIIIP-PB: BTRITF1/BTRITR1/BTRITP1
u BTRITF2/BTRITR2/BTRITP1 (Postnikova et al.,
2017). TecTnl IpeIHa3HAYEHbI AJI UAeHTU(DUKALUN
R. tritici B YnMCTBIX 6aKTePHAJbHBIX KyJIbTypax. CBeme-
HU 0 3HayeHUgx AC u AY, a TakyKke 00 UCIIbITAaHUIX
TecTa IJisi 06HaPYKEHUS TTaTOTeHa B PACTUTEJbHBIX
o6pasIax OTCyTCTBYIOT, UTO He IT03BOJISIET CHEJIaTh
BBIBOJ, 0 TpuMeHuMOCTU TecTOB BTRITF1/BTRITR1/
BTRITP1 u BTRITF2/BTRITR2/BTRITP1.

pathogen in plant samples, which does not allow us to
conclude on the applicability of the BTRITF1/BTRITR1/
BTRITP1 and BTRITF2/BTRITR2/BTRITP1 tests.

The aim of this work was to evaluate the appli-
cability of the real-time PCR tests BTRITF1/BTRITR1/
BTRITP1 and BTRITF2/BTRITR2/BTRITP1 for R. tritici
identification.

MATERIALS AND METHODS

The research materials were the R. tritici strains:
VNIIKR-B-0837T, VNIIKR-B-1014, VNIIKR-B-1015,
VNIIKR-B-1016, VNIIKR-B-1017, VNIIKR-B-1018
from the Research Collection of the Research and
Methodology Department of FGBU “VNIIKR” (Russia)
(see Table 1).

Apart from R. tritici strains, 17 bacterial strains
belonging to all known species of the genus Rathay-
ibacter were used: R. toxicus, R. rathayi, R. iranicus, R. fes-
tucae, R. caricis, R. oskolensis, R. agropyri v R. tanacetum
(see Table 2).

The study materials also included bacterial strains
identified using molecular genetic, spectrometric and
biochemical analyses as representatives of the genus
Rathayibacter (Slovareva et al., 2024) (see Table 3).

Thus, the study was conducted using 32 strains
isolated from plants of the families Poaceae, Fabaceae,
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Ta6J1. 2. IIlTaMMbI MPOUYKX BUIOB GaKkTepuii poaa Rathayibacter,
KpoMe Rathayibacter tritici, ucriosib3yembie B paéoTe

Table 2. Strains of other bacteria species of the genus Rathayibacter,
except Rathayibacter tritici, used in the work

HasBaHue
N2 Homep miTaMMa GaKTEpPUH

Homep mTamMma B pyrux

KOJUIEKIUAX HcTouHMEK, cTpaHa

n/u Strain number Bacterium Strain number in other collections Source, country
1 VNIIKR-B-0454 Rathayibacter BKM Ac-1600 | VKM Ac-1600; Phalaris minor Retz., ABcTpanus
toxicus ICMP 6309; LMG 7339; PDDCC 6309  Phalaris minor Retz., Australia
. BKM Ac-1601" | VKM Ac-1601T; .
2 VNIIKR-B-0451" f;t’zlgy.lb @Cler C1p 104036; DSM 7485; ICMP 2574; gzzy Z": fﬁg%g Ziz ]i ;Iz‘?va;ezigsgnm
7l JCM 9307; LMG 7288; NCPPB 2980 THsE ”
BKM Ac-16027 | VKM Ac-1602T;
3 VNIIKR-B-0457" Rathayibacter ~ CCUG 23897; CIP 104037; DSM 7484; Triticum aestivum L., VIpaH
iranicus ICMP 3496; ICPB CI148; JCM 9308; Triticum aestivum L., Iran
LMG 3677; NCPPB 2253; CFBP 807
Rathayibacter BKM Ac-1390" | VKM Ac-1390%; Festuca Tourn. ex L., Poccus
-R- T ) y
4 VNIKR-B-0458 festucae DSM 15932; JCM 13577 Festuca Tourn. ex L., Russia
Rathayibacter BKM Ac-1799" | VKM Ac-1799%; Carex L., Poccusa
-B- T ) )
R caricis DSM 15933; JCM 13576 Carex L., Russia
6  VNIIKR-B-0455 Rathayibacter BKM Ac-2121T | VKM Ac-21217; Androsace villosa subsp. koso-poljanskii (Ovcz.) Fed.
oskolensis BCCM/LMG 22542 Androsace villosa subsp. koso-poljanskii (Ovcz.) Fed.
Rathayibacter BKM AC_ZSZ? RES Elymus smithii (Rydb.) Gould, CIITA (KanudopHus)
7 VNUIKR-B-0450 o ropyri DSM 104101, Elymus smithii (Rydb.) Gould, USA (California)
8TopyT ATCC TSD-78 e . :
Rathayibacter BKM Ac-2596" Tanacetum vulgare L., Poccus
-R- T )
8  VNIKR-B-0459 tanacetum VKM Ac-2596" Tanacetum vulgare L., Russia
n Rathayibacter BKM Ac-2761 Tanacetum vulgare L., Poccust
VOISR o “tanacetum” VKM Ac-2761 Tanacetum vulgare L., Russia
10 VNIIKR-B-0499 Rathayibacter  BKM Ac-2630 Rhaponticum repens (L.) Hidalgo, Y36ekucTau
“acroptylon” VKM Ac-2630 Rhaponticum repens (L.) Hidalgo, Uzbekistan
11 VNIIKR-B-0461 Rathayibacter BKM Ac-3063 | VKM Ac-3063; x Triticosecale Wittm. & A.Camus, Poccus
festucae 20M31-111 x Triticosecale Wittm. & A.Camus, Russia
Rathayibacter BKM Ac-3064 | VKM Ac-3064; Hordeum vulgare 1.., Poccus
12 VNIKR-B-0827 Sestucae 21K1-3 Hordeum vulgare L., Russia
n Rathayibacter BKM Ac-3061 | VKM Ac-3061; Triticum aestivum L., Poccus
L2 ORI DReD oskolensis 22B16-68 Triticum aestivum L., Russia
14 VNIIKR-B-0831 Rathayibacter 9901-338 Hordeum vulgare L., Poccus
festucae Hordeum vulgare L., Russia
T Rathayibacter : Hordeum vulgare L., Poccust
(5 I8 eRpiey festucae 2T ES Hordeum vulgare 1.., Russia
16 VNIIKR-B-0834 Rathayibacter 99C1-370 Hordeum vulgare L., Poccus
festucae Hordeum vulgare L., Russia
n Rathayibacter BHUUKP (WUJILI) 0554 Lathyrus oleraceus Lam., Poccus
L7 RIS festucae VNIIKR (TLC) 0554 Lathyrus oleraceus Lam., Russia

MpumeuaHue: VNIIKR — iccnepoBaTtenbckas KOnnekums HayuyHo-metogmdeckoro otaena ®rboy «BHUNKP»,
BKM — Bcepoccuiickas Konnekuma MukpoopraHuamos (Poccus), ATCC — American Type Culture Collection (CLUA),
CCUG — Culture Collection, University of Géteborg (LLseuus), CIP — Collection de 'Institut Pasteur (dpaHums),

DSM - Deutsche Sammlung von Mikroorganismen und Zellkulturen (fepmanus), ICMP- PDDCC — Culture Collection of Plant

Diseases Division (HoBasa 3enanaus), JCM — Acronym used by the Microbiology section of the College of Biology and Environmental

Sciences (Kutait), BCCM/LMG - Collection of the Laboratorium voor Microbiologie en Microbiele Genetica (benbrus),
NCPPB - National Collection of Plant Pathogenic Bacteria (Benukobputanus), CFBP — Collection Francaise des Bacteries
Phytopathogenes (®paHuusa), ICPB — International Collection of Phytopathogenic Bacteria (CLUA),

BHUWKP (UL) — ViccnepoBaTenbckas Konnekums McnbitatensHoro nabopatopHoro LeHTpa GrbY «BHUNKP» (Poccus)

Note: VNIIKR — Research collection of the Research and Methodology Department of FGBU “VNIIKR” (Russia),

VKM - All-Russian collection of microorganisms (Russia), ATCC — American Type Culture Collection (USA),

CCUG — Culture Collection, University of Goteborg (Sweden), CIP — Collection de 'Institut Pasteur (France),

DSMZ — Deutsche Sammlung von Mikroorganismen und Zellkulturen (Germany), ICMP-PDDCC - Culture Collection of Plant
Diseases Division (New Zealand), JCM — Acronym used by the Microbiology section of the College of Biology and Environmental
Sciences (China), BCCM-LMG - Collection of the Laboratorium voor Microbiologie en Microbiele Genetica (Belgium),

NCPPB — National Collection of Plant Pathogenic Bacteria (UK), CFBP — Collection Francaise des Bacteries Phytopathogenes
(France), ICPB — International Collection of Phytopathogenic Bacteria (USA),

VNIIKR (TLC) — Research collection of the Testing laboratory

center of FGBU “VNIIKR” (Russia)
®duTtocaHuTapus. KapaHTuH pacTeHui
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Ta6J. 3. lllTaMmbl GakTepuii poga Rathayibacter
C HEYCTAHOBJIEHHOM BU/I0BOM MPUHAJJIEKHOCTBIO, HCII0JIb3yeMbI€ B paGoTe

Table 3. Strains of bacteria of the genus Rathayibacter
with unspecified species affiliation used in the work

Homep mtamma Ha3Banue 6akTepun HoMep mTaMMa B APYTUX KOJJIEKIUSX

Nem/m Strain number Bacterium Strain number in other collections VICcTOYHHK, CTPaHa

I UNKEBns Mg SRS VACIIE T st Focon
Bl
s VNIKRDOSL Ragbasersp  SSACSOTVIACIOSS D s o
s NGBS Ruwiersp.  SSACHOIVOIACIO e et o
s UNIKRBOR9 Mo SAICSOSIVOUCI T et . Focon
6 UNIKD0R Rahaiuerep.  DAACIOSVOACOS i . Pocus
T UNIKRBO2 Ratabaersp.  SRACIOSSIVKIACSOSE i duun Dl o
8 VNIIKR-B-0833  Rathayibacter sp. 22C1-362 ZZ:Z;’ZZ;ZEZ; ﬁg?l‘;‘;?;
o sows e T D05 e A

MpumeuaHue: VNIIKR — ViccnepoBatenbckas Konnekums HayuyHo-metoamyeckoro otaena Oroy «BHUUMKP»,
BKM — Bcepoccuiickas konnekuma MmukpooprannsmoB (Poccus), BHUUKP (ML) — MiccnepoBaTtenbckas KoMnekums

WcnbitatensHoro nabopatopHoro ueHTpa ®rbY «BHUNKP»

Note: VNIIKR — Research collection of the Research and Methodology Department of FGBU “VNIIKR” (Russia),
VKM — All-Russian collection of microorganisms (Russia), VNIIKR (TLC) — Research collection

of the Testing laboratory center of FGBU “VNIIKR”

Llenbio HacToAIEeN PabOThl ABIAIACH OIleHKA
npuMeHuMocTu TecToB ITLP-PB BTRITF1/BTRITR1/
BTRITP1 u BTRITF2/BTRITR2/BTRITP1 gy uneHTuU-
dukanum R. tritici.

MATEPUWAJIBI U METO/IbI

MarepuajaMu KCCJEeOBAHUN SBJSJUCH IITaM-
Mbl R. tritici: VNIIKR-B-0837T, VNIIKR-B-1014,
VNIIKR-B-1015, VNIIKR-B-1016, VNIIKR-B-1017,
VNIIKR-B-1018 u3 MccaemoBaTesIbCKONM KOJJIEKI U
Hay4dyHO-MeTopu4deckoro orgena ®I'BY «BHUMKP»
(Poccus) (cM. Tabu. 1).

Kpome mTaMMoB R. (ritici, UCIIOJb30BaJU
17 mTaMMOB GaKTepuil, MpUHALJIEXKAIUX BCEM KU3-
BECTHBIM BUAAM popa Rathayibacter: R. toxicus, R. ra-
thayi, R. iranicus, R. festucae, R. caricis, R. oskolensis,
R. agropyriu R. tanacetum (cM. TabJ1. 2).

MaTepuajaMy MCCIeL0BAHUS TAKXKe SIBJISINCD
GaKkTepuaJibHbIe MITAMMBbI, UAEHTUDUIIVPOBAHHBIE
C TOMOIIbI0 MOJIEKYJISIPHO-TE€HETUYECKOTO, CIIEK-
TPOMETPUUECKOT0 ¥ OMOXMMUYECKOTO aHAJIN30B KakK
npeacTaBuTeNu poja Rathayibacter (CioBapesa u zp.,
2024) (cm. TabJ. 3).

TakuM o6pasoM, ucCCliefoBaHUE IIPOBOIU-
JIX C UCITOJIb30BaHMEM 32 MITAMMOB, BbIAEJIEHHBIX
u3 pacteHuli ceMelicTB Poaceae, Fabaceae, Asteraceae
u Primulaceae. VI3 Hux 6 — R. tritici, 17 — npencTaBu-
TeJIN OPYTUX BUOB pona Rathayibacter m 9 6akTepuu
pozna Rathayibacter c HeyCTaHOBJIEHHOM BUIOBOM ITPU-
HaJJIeXKHOCTDIO.

B ombITax MCIIOJNb30BANU CYCIIEH3UU UHU-
CThIX 0aKTEpPUAJIbHBIX KYJbTYP B KOHIIEHTPAIUU
10°-107 KOE/min. KynbTUBUpPOBaHUE MPOBOLUIU

Asteraceae and Primulaceae. Of these, 6 were R. tritici,
17 were representatives of other species of the genus
Rathayibacter and 9 were bacteria of the genus Rathayi-
bacter with an unspecified species affiliation.

In the experiments, suspensions of pure bac-
terial cultures were used at a concentration of
10°-107 CFU/ml. Cultivation was carried out for 48 h
at a temperature of 25 °C on agarized R2A medium
(Reasoner, Geldreich, 1985), modified by adding 5 g
of agar per 11 of medium (per 1 I of medium: 0.5 g of
peptone, 0.5 g of yeast extract, 0.5 g of glucose, 0.5 g
of casein hydrolysate, 0.3 g of sodium pyruvate, 0.5 g
of starch, 0.3 g of K,HPO,, 0.024 g of MgSO, x 7H,0,
23 g of agar).

DNA extraction was performed using the Pro-
ba-GS kit (AgroDiagnostica, Russia) in accordance
with the manufacturer’s instructions. Each strain was
tested in triplicate.

The species identity of each R. tritici strain was
preliminarily confirmed using classical Rt-5F/Rt-5R
PCR (Baek et al., 2018) and subsequent Sanger se-
quencing.

The oligonucleotide sequences were used accord-
ing to the source (Postnikova et al., 2017). The region
of the oligonucleotide location in NZ_CP015515.1
(Rathayibacter tritici strain NCPPB 1953 chromosome,
complete genome) was determined using the Ugene
software (Unipro UGENE software).
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Ta6J1. 4. CocTaB peaKIMOHHOM CMeCH U YCJIOBUA aMILTU(UKanun TecTos I11[P-PB
Table 4. Composition of the reaction mixture and conditions for amplification

of real-time PCR tests
BTRITF1/BTRITR1/BTRITP1

BTRITF2/BTRITR2/BTRITP1

KomnonenT PaGouas koHneHTpauussi KosuuectBo, Mk KomMmoneHT PaGouas koHueHTpanusa KosuuecTBo, MKJI
Component  Working concentration Quantity, pl Component  Working concentration Quantity, pl
Bopga | Water — 14,4 Bopga | Water — 13,1
5X TTLIP-Mukc 5X TTLIP-Mukc
5X PCR mix 5X 5,0 5X PCR mix 5X 5,0
BTRITF1 10 omoab/mki | 10 pmol/ul 1,9 BTRITF2 10 omomab/MKi | 10 pmol/ul 1,9
BTRITR1 10 nmmomb/Mki | 10 pmol/ul 0,6 BTRITR2 10 nmoab/Mki | 10 pmol/ul 1,9
BTRITP1 5 mMoJb/MKJI | 5 pmol/jl 1,0 BTRITP1 5 mMoJb/MKJI | 5 pmol/jl 1,0
BIIK | IPC - 0,1 BIIK | IPC - 0,1
IOHK | DNA - 2,0 IOHK | DNA - 2,0
O6muit 06beM O6muii 06beM
Total volume 250 Total volume 250
Pesxum ammimmgukanuu Amplification mode
Temniepatypa Bpems KoJsnyecTBO LUKJIOB
Temperature Time Number of cycles
95 °C 5 MuH 5 min 1
95 °C 15 cek 15 sec
45
60 °C 40 cek 40 sec
MpumMeuanue: BINK — BHYTPEHHW NONOXUTENbHbI KOHTPONb (000 «HM®d CuHToN», Poccus);
5X MUP-mMukc — 5X gPCRmix-HS (3A0 «EBporeH», Poccus)
Note: IPC — internal positive control (Syntol, Russia); 5X PCR mix — 5X gPCRmix-HS (Evrogen, Russia)
Ta6J1. 5. XapaKTepUCTUKHU MCII0JIb30BAHHBIX OJINTOHYKJIEOTH/I0B
Table 5. Characteristics of the oligonucleotides
HasBaHue JaunHa, GC-cocras,
oJMroHykjgeoruga IlocjiegoBaTeIbHOCTD 1.0. %
Oligonucleotide HYKJIEOTHU OB, 5’-3’ PeruoH Mopudukanus Length, GC-content, Tm,
name Nucleotide sequence, 5-3’ Region Modification bp % °C
BTRITF1 CGGGCAGGTACGAGTAATGG He nanzen Her | No 20 60 63
Not found
BTRITR1 CCGGCCGTCGTCAAGGCGAT 557126-557145 Het | No 20 70 67
BTRITF2 AATTTGATCTGTTTGGAAGCTGC 557181-557203 Her | No 23 39 59
BTRITR2 GCCGTCGTCAAGGCGAT 557129-557145 Het | No 17 65 57
BTRITP1 CGTGACGTGGATAAGTTGATCAGCCTGA 557152-557179 6FAM/BHQ1 28 50 70

Mpumeuanume: pernoH B NZ_CP015515.1 (Rathayibacter tritici strain NCPPB 1953 chromosome, complete genome);

Tm — TeMnepaTypa nnasneHns

Note: region in NZ_CP015515.1 (Rathayibacter tritici strain NCPPB 1953 chromosome, complete genome);

Tm — melting temperature

B TeueHUe 48 4 ripu TeMIiieparype 25 °C Ha arapuso-
BaHHOM cpeze R2A (Reasoner, Geldreich, 1985), momu-
(unupoBaHHOU NyTeM fobaByieHusd 5 r arapa Ha 1 J1
cpexpl (Ha 1 1 cpensr: 0,5 r renToHa, 0,5 T IPOXKIKEBOr0
9KCTPaKTa, 0,5 I ri1t0K035I, 0,5 I ruiposn3aTa Ka3ernHa,
0,3 r nupysaTta Hatpusd, 0,5 r kpaxmaia, 0,3 r K,HPO,,
0,024 r MgSO, x 7H,0, 23 r arapa).

Beigenenue IHK npoBoauiy mpu IIOMOILYA Ha-
6opa «I[Ipoba-I'C», (000 «ArpomuarHocTuka», Poccus)
B COOTBETCTBUM C MHCTPYKIMEHN TTpon3BoauTens. Te-
CTUPOBaHME KaXXJOTrO IMITaMMa IIPOBOAUIY B TPEX-
KpaTHOU TOBTOPHOCTMU.

BunoByio MpuHAAIEXHOCTh KaXJOT0 IMITaMMa
R. tritici IpeBapuUTENbHO ITOATBEPXKAAIY TIPU TTIOMO-
1y kitaccuueckoii ITLP Rt-5F/Rt-5R (Baek et al., 2018)
U TIOCJIENYIONIEeTO CEKBEHMPOBaHU 110 CIHTeDy.

The original article did not provide information
on the dyes/ fluorescence extinguishers used, so for
the 5’-3” ends of the BTRITP1 probe, a standard modi-
fication of the 6FAM/BHQ1 dyes was used, which is
most widely available in the Russian Federation (Vo-
ronov et al., 2024). The gC composition, expressed
in %, and the melting temperature (Tm) were de-
termined using the OligoCalc software (Oligo Calc);
Table 4 shows the Tm parameters adjusted for salt
concentration. Oligonucleotide synthesis was carried
out at Evrogen (Russia).

dutocaHutapus. KapaHTuH pactenuii =~ 32
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[Tocyies0BaTENbHOCTY OJUTOHYKJIEOTULOB UC-
M0JIb30BAHbl B COOTBETCTBUU C UCTOUHUKOM (Post-
nikova et al., 2017). PeruoH pacIioJIOXKeHUs OJIUTO-
HykJgeoTtunma B NZ_CP015515.1 (Rathayibacter tritici
strain NCPPB 1953 chromosome, complete genome)
OTIpeJeNIsIN, UCIToNB3ys mporpammy Ugene (Unipro
UGENE software).

B opuruHajbHOU CTaThe OTCYTCTBOBAJU CBe-
IeHus 00 MCII0JIb30BAHHBIX KPACUTEAX/TACUTEIISIX
GryopecteHIINY, T03TOMY IJIsI YUaCTKOB 5’-3’-KOH-
1oB 30H1a BTRITP1 ucnonb3oBaiy cTaHLAPTHYIO MO-
nudukauio kpacureaeir 6FAM/BHQ1, naubosee 10-
CTYITHYI0 Ha TeppuTtopuu P® (BopoHoB u ap., 2024).
GC-cocTas, BbIpa)XeHHBIN B %, 1 TEMIIEpaTypy ILJIaB-
nenus (Tm) onpepensanu B mporpamme Onuro Kajibk
(Onuro Kanibk); B Tabi1. 4 TpUBeIeHbl TapaMeTpbl Tm
C KOPPEKTUPOBKOU IO KOHIIeHTpaluu cojieit. CuHTe3
OJIMTOHYKJIEOTULOB OocyllecTBIIANU B 3A0 «EBporen»
(Poccus).

CocTaB peakIOHHON CMeCH U YCJIOBUS aMILIN-
¢uKayM IpeacTaBIeHbI B Ta0II. 4.

[1L1P-PB mpoBoauau Ha OeTEeKTUPYHOLEM aM-
mudukaTope «ATnpaiM 5M6» («THK-TexHOJIOTHsI»,
Poccus).

VHKJIF03UBHOCTb PACCUMTHIBAJIU KaK OTHOLIEHUE
TIOJIOKUTEJbHBIX Pe3yJIbTaTOB MIPU TECTUPOBAHUU
IITAMMOB R. tritici K 06IIeMy YUCIIy IPOBEIEHHBIX Pe-
aKIIM, BEIPAXKEHHOE B ITPOIIEHTAaX. JKCKJII03MBHOCTD
paccuuThIBaJIM KaK OTHOIIEHYME OTPHUIIATENbHBIX pe-
3yJIbTATOB IIPU TECTUPOBAHUU IITAMMOB GaKTEePUH,
He OTHOCSIIUXCS K BULY R. tritici, K 06IIeMy 4YuCIy
TIPOBENIEHHBIX PeaKIni, BIpakKeHHOe B MPOIeHTax
(EPPO PM 7/98 (3), 2018).

PE3VJIBTATBI U OBCYXKJIEHHNE

XapaKTEePUCTUKY MCIOJIb30BaHHBIX OJUTOHYKJIEO-
TuAoB B Tectax I11IP-PB BTRITF1/BTRITR1/BTRITP1
u BTRITF2/BTRITR2/BTRITP1
(Postnikova et al., 2017) mpeacras-
JIEHBI B Ta0JI. 5.

[TepBuuHag mpoBepKa OJiu-
TOHYKJIEOTUZOB B TIpoTrpaMme
Ugene (Unipro UGENE software)

The composition of the reaction mixture and the
amplification conditions are presented in Table 4.

Real-time PCR was performed on a DTprime 5M6
detection amplifier (DNA-Technology, Russia).

Inclusivity was calculated as the ratio of positive
results when testing R. tritici strains to the total num-
ber of reactions performed, expressed as a percent-
age. Exclusivity was calculated as the ratio of negative
results when testing non-R. tritici bacterial strains to
the total number of reactions performed expressed as
a percentage (EPPO PM 7/98 (3), 2018).

RESULTS AND DISCUSSION

The characteristics of the oligonucleotides used in the
real-time PCR tests BTRITF1/BTRITR1/BTRITP1 and
BTRITF2/BTRITR2/BTRITP1 (Postnikova et al., 2017)
are presented in Table 5.

Primary screening of oligonucleotides in Ugene
(Unipro UGENE software) allowed in silico PCR to be
performed. All oligonucleotide sequences except
BTRITF1 were found in NZ_CP015515.1. The BTRITF1
oligonucleotide sequence, both direct and reverse
complementary, was not found in NZ_CP015515.1. In
the specified genome, in the region 557244-557256,
there is a 13 bp sequence gTACGAGTAATGG, similar
to a part of the BTRITF1 oligonucleotide. Tm of the
specified sequence is 38 °C. Analysis of the position
of oligonucleotides in NZ_CP015515.1 showed that the
length of the BTRITF1/BTRITR1 PCR product is 126 bp,
and BTRITF2/BTRITR2 is 74 bp.

As aresult of the BTRITF1/BTRITR1/BTRITP1 and
BTRITF2/BTRITR2/BTRITP1 tests, positive reactions
were obtained for the R. tritici strains VNIIKR-B-0837T,
VNIIKR-B-1014, VNIIKR-B-1016, VNIIKR-B-1017 and
VNIIKR-B-1018 (see Table 6).

The fluorescence accumulation graphs were spe-
cific, and the fluorescence level reached 600 in the

Ta6.1. 6. Pe3yabraT TectupoBanus JHK mtaMmmoB Rathayibacter tritici
Table 6. DNA testing result of Rathayibacter tritici strains

Cpennee 3HaueHue Ct, FAM (cienuduka) u Cy5 (BIIK)
¥ UHTepnpeTanusa pe3yasbraTos IILP, mojryueHHbIX

Ha amIunukarope, seTekTupyomeM «ITnpaiim 5M6»
(«IHK-TexHoJiorusa», Poccus)

Average value of Ct, FAM (specificity) and Cy5 (VPK) and
interpretation of PCR results obtained on the amplifier
detecting “DTprime 5M6” (“DNA-Technology”, Russia)

BTRITF1/BTRITR1/BTRITP1 BTRITF2/BTRITR2/BTRITP1

mo3BoJinia rmposectu ITLP in sili-
co. Bce mocyie1oBaTEIbHOCTHY OJIU-
TOHYKJIeoTunoB, kpome BTRITF1,
6bLTM HanmeHbl B NZ _CP015515.1.
[Tocie0BaTEIbHOCTD OJIUTOHY-
kneoruna BTRITF1, kak nipgaMmas,

N¢ Homep miramma

Tak ¥ 06paTHO KOMILUIeMeHTap- W/ Strainnumber Ct, FAM Cy5 Ct, FAM Cy5
Has, He Gbplna Ha¥izeHa B NZ_ 1 VNIIKR-B-0837" 24,4 33,1 23,2 32,6
CPO15515.1. B yKasaHHOM TeHO- 5 y\ykp p1014 25,9 32,9 24,2 32,9
Me, B peruoHe 557244-557256,

IPUCYTCTBYyeT II0OCJiefOoBaTelb- 3 VNIKR-B-1015 - 33,7 B 33,5
HocTb GTACGAGTAATGG pmawu- 4  VNIIKR-B-1016 27,1 33,1 25,6 33,2
HOM 13 I1.0., aHAJIOTUYHA4 YaCTu 5 VNIIKR-B-1017 22,7 32,9 21,3 32,7
onuronyrieornaa BIRITEL. Tm 2y frp 5018 93 g 33,1 22,4 32,9

yKa3aHHOU ITOCJeI0BaTEIbHOCTH
cocTaBJjisteT 38 °C. AHaJIK3 110J10-
JKEHUd OJIUTOHYKJIEOTULOB B NZ_
CP015515.1 ntoka3saJ, 4To AJauHa
[MIP-tipoxykTa BTRITF1/BTRITR1
cocTtaBisgeT 126 11.0., a BTRITF2/BTRITR2 — 74 11.0.

B pesynbTaTe nmpoBemeHus TecToB BTRITF1/
BTRITR1/BTRITP1 u BTRITF2/BTRITR2/BTRITP1
TIOJIy4eHbl TTOJIOKUTEIbHbIE PEAKIIUN [JIsI ITaMMOB

MpumeuaHue: Ct — noporosbir unkn MNLP-PB,
BIMK — BHYTPEeHHM NOMOXUTENbHbIN KOHTPOSb

Note: Ct — threshold cycle of real-time PCR, IPC — internal positive control
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R. tritici VNIIKR-B-0837T, VNIIKR-B-1014,

VNIIKR-B-1016, VNIIKR-B-1017
u VNIIKR-B-1018 (cM. Tabu. 6).

I'paduky HaKoILIeHUS (DIIyOpeCIieH-
MY GbLIM CIIelM(UIHBIMYU, 4 YPOBEHD
(ayopecueHIIMY JOCTUTAT 3HAYEHUS
600 B Tecte BTRITF1/BTRITR1/BTRITP1
(cMm. puc. 2) u 500 — B TecTe BTRITF2/
BTRITR2/BTRITP1 (cM. puc. 3).

J1s1 omHOTO U3 MITaMMOB R. tritici,
VNIIKR-B-1015, peakiuu ITIIP-PB 66111
OTpullaTeJIbHbIMY (CM. TabJI1. 6). [IJ151 BCexX
OCTAJIbHBIX IITAMMOB 0GaKTepPUil pojma
Rathayibacter, xpoMe R. tritici, pe3yabTa-

4 W (=3
= 1= =

L L
(= L=J
AT (IS WS« W WD I o S

®nyopecueHuma

-
L=4

WVNIIKR-B-1018
VNIKR-B-08377

VNIER-B-1014
VNIEKR-B-1016

|

VNIER-B-1015

TbI TecToB BTRITF1/BTRITR1/BTRITP1 - 1

n BTRITF2/BTRITR2/BTRITP1 Takxe
ObLIIM OTPULLATEJIbHBIMMU.

-—rr--e—T—r—rr—ar—i—r

1116 21 26 31 36 41
Homep umkna

ITociemoBaTENbHOCTH, aMILIU(U-
nupyembie ¢ npatimepamMmu BTRITF1/
BTRITR1 u BTRITF2/BTRITR2, pacrmo-
JIO)KEHHBbIE B peruoHe 557126-557256
n 557129-557203 B NZ_CP015515.1
(Rathayibacter tritici strain NCPPB 1953
chromosome, complete genome) cooT-

Puc. 2. 3aBMCUMOCTb YPOBHA
¢hnyopecLeHLMM OT HOMEpPA NOPOroBoOro
unkna no kaHany FAM B pesynbraTte
ncnonb3oBaHua Tecta BTRITF1/
BTRITR1/BTRITP1 Ha amnnudmkaTope,
neTekTupyoweM «4Tnpainm 5M6»
(«OHK-TexHonorus», Poccus) (opwr.)

Fig. 2. Dependence of the fluorescence
level on the threshold cycle number

in the FAM channel as a result of using
the BTRITF1/BTRITR1/BTRITP1

test on a thermocycler detecting
“DTprime 5M6” (“DNA-Technology”,
Russia) (orig.)

BETCTBEHHO, HE UMEKT CX0ACTBa C KaKu-

MU-JT160 APYTUMU TTOCTIEI0BATENBHOCTSI-
MU KPOME COOTBETCTBYIOIIVX PErMOHOB
NZ_CP015515.1. Vicxons u3 moJy4yeH-
HBIX pe3yabTaToB [IlIP-TecTupoBanuga
mTaMMOB R. tritici MOXKHO CIeJIaTh BbIBOJI,
0 TOM, YTO YYaCTKU FT€HOMOB 3TUX LITaM-
MOB YaCTUYHO WUJIU [IOJIHOCThIO TOMOJIO-
TUYHBI UCIIOJIb3YEMbBIM OJIMTOHYKJIEOTU-
naMm. VickiaodeHye TIPeCTaBIsIeT cO60M
mwramM VNIIKR-B-1015, pe3ynbTaThl Te-
CTHPOBAaHYS KOTOPOTo 06eMMy IIpaiiMep-
HBIMU CUCTEMaMU OTPUILLATEJIbHBI, U 3TO
TI03BOJISET IIPEATIONOXKUTE, YTO YKa3aH-

N wh
=3 =
PR e TR B G

g
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- VNIIKR-B-1017

[ viR-B-1018

e VNIIKR-B-08377
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| VNIIKR-B-1015

HBIYA IITAMM MMEET CYIIECTBEHHOE OT-
JInYKe B yYacCTKe FreHOMa, SBJISIOIIETOCS
MulilneHbro ITLP.

I 1 )
11 16 21 26 31 36 41
Homep umkna

B To xe BpeMs peaKLus BHYTPEH-
HETO TI0JIOKUTENIbHOTO KOHTPOoJs (BIIK),
IeTeKTupyeMmada no kaHaiuy Cyb, mmoka-
3ajia OTCyTCTBUE MHrubupoBaHus I[P
(cMm. puc. 4).

TecTupoBaHUWEe BCeX IITaMMOB
R. tritici c mOMOIIIbI0 Kilaccuueckoi ITLIP
Rt-5F/Rt-5R (Baek et al., 2018) mokasaJio
Hajmuue g Kaxgoro us Hux [ P-npogykTra oxuna-
eMOU AJuHBI 613 11.0., XapaKTePHOU JJIsT YKa3aHHOTO
Buza (cM. puc. 5).

PesynbraTs! [1LP nogTBepauiu mocaefyouym
cekBeHUpoBaHUeM 1o CoHrepy. HykiyeoTugHaga 1mo-
CJIeL0BATEJbHOCTh BCEX LIECTU AaHAJIU3UPYEMBIX
mTaMMOB 1okasajia 100% roMoJioruu ¢ TeHOMHBIM
yaacTkoM R. tritici B BLAST NCBI (BLAST). Kaxk rmokasaJt
ananu3 c momoirbio Ugene (Unipro UGENE software),
TIoCJIel0BaTeIbHOCTh, aMILINpUIIpyeMas ¢ Ipalime-
pamu Rt-5F/Rt-5R, pacmosoxeHna B peruoHe 3200539-
3201151 B NZ_CP015515.1 (Rathayibacter tritici strain
NCPPB 1953 chromosome, complete genome). Takum
00pas3oM, peruoH, ABAdIniica Muinenbio TP Rt-
5F/Rt-5R, oT/imuaeTcs OT PETUOHA, ITPeICTaBIIAIOIIe-
ro coboil MulleHb npaliMepHbIX cucTteM BTRITF1/
BTRITR1/BTRITP1 u BTRITF2/BTRITR2/BTRITP1,

Puc. 3. 3aBucnMoCTb YPOBHSA
hnyopecueHLnn oT HoMepa NOPoOroBoro
uunkna no kaHany FAM B pesynbraTte
ucnonb3oBaHusa Tecta BTRITF2/
BTRITR2/BTRITP1 Ha amnnudmkaTope,
neTekTupyolweMm «4Tnpanm 5M6»
(«OHK-TexHonorusa», Poccus) (opwur.)

Fig. 3. Dependence of the fluorescence
level on the threshold cycle number

in the FAM channel as a result of using
the BTRITF2/BTRITR2/BTRITP1 test
on a thermocycler detecting

“DTprime 5M6” (“DNA-Technology”,
Russia) (orig.)

BTRITF1/BTRITR1/BTRITP1 test (see Fig. 2) and 500
in the BTRITF2/BTRITR2/BTRITP1 test (see Fig. 3).

For one of the R. tritici strains, VNIIKR-B-1015, the
real-time PCR reactions were negative (see Table 6).
For all other strains of the Rathayibacter genus, ex-
cept R. tritici, the results of the BTRITF1/BTRITR1/
BTRITP1 and BTRITF2/BTRITR2/BTRITP1 tests were
also negative.

Sequences amplified with primers BTRITF1/
BTRITR1 and BTRITF2/BTRITR2 located in the re-
gion 557126-557256 and 557129-557203 in NZ_
CP015515.1 (Rathayibacter tritici strain NCPPB 1953

dutocaHutapusi. KapaHtuH pactenuin 34
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Puc. 4. 3aBUCMMOCTb YpOBHS
¢hnyopecLeHUMM OT HOMepa
NOpPOroBOro LMKA Mo KaHany
Cy5 (BMK) B pe3ynbrarte
MCMONb30BaHMsA TEeCTOB
BTRITF1/BTRITR1/BTRITP1

1 BTRITF2/BTRITR2/BTRITP1
CO BCEMU aHaNN3NpPyeMbIMU
LWTAaMMaMM Ha aMnndmkaTope,

Fig. 4. Dependence of
the fluorescence level
on the threshold cycle

(IPC) as a result of using
the BTRITF1/BTRITR1/
BTRITP1 and BTRITF2/
BTRITR2/BTRITP1 tests

(«OHK-TexHonorusa», Poccus) “DTprime 5M6” (“DNA-

(opur.) Technology”, Russia) (orig.)

U TIPUCYTCTBYET BO BCEX IIECTU aHAJU3UPYEMBIX
mTaMMmax R. tritici.

PacueT MHKJIIO3MBHOCTU B COOTBETCTBUU C Me-
topukoi (EPPO PM 7/98 (3), 2018) mokasaJi, 4To ee
3HaueHNe OJMHAKOBO /IJIsI 060MX TECTOB M COCTABJISET
83,3%. Tects! [T1IP-PB BTRITF1/BTRITR1/BTRITP1
u BTRITF2/BTRITR2/BTRITP1 He II0O3BOJLIOT UJEH-
TUGULUPOBATL OJWH M3 LIECTU IITAMMOB 1€JIEBOr0
ob6beKTa — R. tritici. B CBSI31 C 9TUM, HECMOTPS Ha BBICO-
KY10 9KCKJI03UBHOCTH (100%), 06a MCITBITAHHBIX TECTA
He MOTYT OBbITh MCIIOJIb30BaHbBI B JIAOOPATOPHOU Jua-
THOCTUKE, TIOCKOJIBKY B CJIyYae UX MPUMEHEHUS JOCTa-
TOYHO BBICOKUM SIBJISIETCST PUCK JIOXKHOOTPUIIATEIbHBIX
PEe3yNIbTAaTOB U, KaK CJIEJICTBUE, TPOHUKHOBEHUS KapaH-
TUHHOTO (PUTOIIATOreHa Ha HOBbIE TEPPUTOPUM.

OIBITHI 110 OIlpefesieHrI0 A4 B paMKax JJaHHOTO
ucclaeoBaHUS He MIPOBOAUINCH, TIOCKOJIbKY TECThI
BTRITF1/BTRITR1/BTRITP1 u BTRITF2/BTRITR2/
BTRITP1 omnpefesieHbl KaKk HEIIPUMEHUMBIE B Pe3YJib-
TaTe oleHKU ux AC.

m 1 2 3 45 6 M

— 1000 n.o.

=600 n.o.

— 300 n.o.

w100 n.o.

Puc. 5. 9nekTpodoperpamma
pesynbraros MLP-Tecta Rt-5F/Rt-5R

¢ AHK wrtammoB Rathayibacter tritici
(opwur.): o6pasupbl: 1 — VNIIKR-B-0837T;

number in the Cy5 channel

with all analyzed strains on
neTekTupytowem «OTnpanm 5M6»  a thermocycler detecting

Fig. 5. Electropherogram of the results
of the Rt-5F/Rt-5R PCR test with DNA
of Rathayibacter tritici strains (orig.):
samples: 1 - VNIIKR-B-0837T;

chromosome, complete genome), respectively, have no
similarity with any other sequences except for the cor-
responding regions of NZ_CP015515.1. Based on the
obtained results of PCR testing of R. tritici strains, it can
be concluded that the genome regions of these strains
are partially or completely homologous to the oligonu-
cleotides used. An exception is strain VNIIKR-B-1015,
the testing results for which with both primer systems
are negative, and this suggests that this strain has
a significant difference in the genome region that is
the PCR target.

At the same time, the internal positive control
(IPC) reaction detected by the Cy5 channel showed no
inhibition of PCR (see Fig. 4).

Testing of all R. tritici strains using the classical
Rt-5F/Rt-5R PCR (Baek et al., 2018) showed the pres-
ence of a PCR product of the expected length of 613
bp for each of them, characteristic of this species (see
Fig. 5).

The PCR results were confirmed by subsequent
Sanger sequencing. The nucleotide sequence of all six
analyzed strains showed 100% homology with the ge-
nomic region of R. tritici in NCBI BLAST (BLAST). As
shown by Ugene analysis (Unipro UGENE software), the
sequence amplified with primers Rt-5F/Rt-5R is locat-
edintheregion 3200539-3201151 in NZ_CP015515.1
(Rathayibacter tritici strain NCPPB 1953 chromosome,
complete genome). Thus, the region targeted by Rt-
5F/Rt-5R PCR differs from the region targeted by the
BTRITF1/BTRITR1/BTRITP1 and BTRITF2/BTRITR2/
BTRITP1 primer systems and is present in all six R. tri-
tici strains analyzed.

Calculation of inclusiveness in accordance with
the methodology (EPPO PM 7/98 (3), 2018) showed that
its value is the same for both tests and is 83.3%. The
real-time PCR tests BTRITF1/BTRITR1/BTRITP1 and
BTRITF2/BTRITR2/BTRITP1 do not allow identifying
one of the six strains of the target object — R. tritici. In
this regard, despite the high exclusivity (100%), both
tested tests cannot be used in laboratory diagnostics,
since in the case of their use the risk of false negative
results is quite high and, as a result, the introduction
of the quarantine pest into new territories.

No experiments to determine the ASen were per-
formed in this study, since the BTRITF1/BTRITR1/
BTRITP1 and BTRITF2/BTRITR2/BTRITP1 tests were
determined to be inapplicable based on their AS as-
sessment.

CONCLUSION

Currently, there are only two real-time PCR tests
for identifying the quarantine bacterium, the caus-
ative agent of bacterial ear rot of wheat R. tritici:
BTRITF1/BTRITR1/BTRITP1 and BTRITF2/BTRITR2/
BTRITP1 (Postnikova et al., 2017). We assessed the
applicability of these tests. The study materials were
R. tritici strains: VNIIKR-B-08377, VNIIKR-B-1014,
VNIIKR-B-1015, VNIIKR-B-1016, VNIIKR-B-1017,
VNIIKR-B-1018, as well as 26 strains
of bacteria of the genus Rathayibacter,
including all existing species within

2 -VNIIKR-B-1014; 3 - VNIIKR-B-1015; 2 -VNIIKR-B-1014; 3 — VNIIKR-B-1015;
4 - VNIIKR-B-1016; 5 — VNIIKR-B-1017, 4 - VNIIKR-B-1016; 5 - VNIIKR-B-1017,

6 — VNIIKR-B-1018; M — mapkep AJINH
OHK 100bp DNA Ladder (EBporeH)

6 — VNIIKR-B-1018; M — DNA length
marker 100bp DNA Ladder (Eurogen)
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3AKJIIIOYEHUE

B HacTog1mMlii MOMEHT CYIIeCTBYeT TOJbKO JIBa Te-
cta [TLP-PB mia ngeHTUPUKAIINN KapaHTUHHOMN
GaKkTepuy — BO3OYAUTEIS KEJITOTO CIU3UCTOr0 Oak-
Tepuo3sa nueHullsl R. tritici: BTRITF1/BTRITR1/
BTRITP1 u BTRITF2/BTRITR2/BTRITP1 (Postnikova
et al,, 2017). HamMmu mipoBefieHa OIleHKAa IPUMEHUMO-
CTU YKa3aHHBIX TECTOB. MaTepuajaMu UCCIen0Ba-
HUN aBAgauch mraMMbl R. tritici: VNIIKR-B-08377,
VNIIKR-B-1014, VNIIKR-B-1015, VNIIKR-B-1016,
VNIIKR-B-1017, VNIIKR-B-1018, a Takxxe 26 mTaM-
MOB G6akTepuyt pojia Rathayibacter, BKJIIo4as BCe CylIe-
CTBYIOIIVE BUJIbI BHYTPY YKa3aHHOTO poxa: R. toxicus,
R. rathayi, R. iranicus, R. festucae, R. caricis, R. oskolensis,
R. agropyriu R. tanacetum. B pe3ynbTaTe OIleHKY IIpUMe-
HUMOCTHU TECTOB YCTAHOBJIEHO, YTO 3HAUYEHNE NHKJIIO-
3UBHOCTHU — CIIOCOOHOCTHU TeCTa UAeHTU(GUIIUPOBATH
BCe MHOroob6pasue mraMMoB 6aKTepuy BHyTPY BUIA —
nas tectoB BTRITF1/BTRITR1/BTRITP1 u BTRITF2/
BTRITR2/BTRITP1 cocTtaBiseT 83,3%. Yka3zaHHbIE Te-
CTBI He TI03BOJISIOT UAEHTU(GUIIMPOBATb ONWH U3 IIe-
cTU MITaMMOB R. tritici, a mMeHHO VNIIKR-B-1015 (BKM
Ac-2586; ICMP 2624; ICPB CT106; NCTC 6255). 3uaue-
HUE DKCKJII03MBHOCTH — CIIOCOOHOCTHU TECTA OTINYATh
1IeJeBbIe IITaAMMBbI OT HelleJIeBbIX — cocTaBuIo 100%
st o6oux TectoB. TecTsl ITIIP-PB BTRITF1/BTRITR1/
BTRITP1 u BTRITF2/BTRITR2/BTRITP1, HecMOTps
Ha WX BBICOKYIO BKCKJII03UBHOCTDH (100%), HETIpUMe-
HUMBI )15 GUTOCAHUTAPHOMN JUATHOCTUKY, TIOCKOJIbKY
He IT03BOJISIOT UAEHTU(PUIIMPOBATL BCE MHOT006pasue
IITaMMOB 6aKTepuy BHYTPU BUJA, 8 UCIIOJIb30BAHME
9TUX TECTOB CO3aeT PUCK ITOJyUeHNU JIOXKHOOTPHUIa-
TEJIbHBIX PE3YJIbTATOB AUAaTHOCTUKMU.
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the specified genus: R. toxicus, R. rathayi, R. iranicus,
R. festucae, R. caricis, R. oskolensis, R. agropyri and
R. tanacetum. As a result of the assessment of the
test applicability, it was found that the inclusiveness
value - the ability of the test to identify the entire di-
versity of bacterial strains within a species — for the
BTRITF1/BTRITR1/BTRITP1 and BTRITF2/BTRITR2/
BTRITP1 tests was 83.3%. These tests did not allow
identification of one of the six R. tritici strains, name-
ly VNIIKR-B-1015 (VKM Ac-2586; ICMP 2624; ICPB
CT106; NCTC 6255). The exclusivity value — the ability
of the test to distinguish target strains from non-tar-
get ones —was 100% for both tests. The real-time PCR
tests BTRITF1/BTRITR1/BTRITP1 and BTRITF2/BTR-
ITR2/BTRITP1, despite their high exclusivity (100%),
are not applicable for phytosanitary diagnosis, since
they do not allow identifying the entire diversity of
bacterial strains within a species, and the use of these
tests creates the risk of obtaining false negative diag-
nostic results.
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