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AHHOTAIUA
BozbymuTesb 6aKTepPHUaIbHOTO 0XO0Ta ropoxa Pseudo-
monas syringae pv. pisi (Sackett) Young et al. (P, s. pv. pisi)
SIBJIIETCST OCHOBHBIM (DUTOTIATOTEHOM ropoXa II0CeB-
Horo (Pisum sativum L.). HalluoHaIbHbIE OPTaHU3AIIUYN
10 KapaHTUHY U 3amuTe pacteruit (HOK3P) TpebyioT
HaJIe)KHBIX METO/IOB TTOATBEPKIEHUSA OTCYTCTBUS BO3-
OynuTens 6akTepro3sa. Lesb JaHHOU PaboTsl — U3y4e-
HMe BO3MOXHOCTU IIPpUMEHEeHUA TeCTa Ha IIaTOI'eH-
HOCTb B [UaTHOCTUKE BO36yAUTENA GaKTepUaIbHOTO
o’K0Ta ropoxa. B xozie ampob6aliyuy TecTa UCIIOIb30Ba-
JIU pacTeHus ropoxa copra [TuoHep, mramm P, s. pv. pisi
CFBP 2105, na6op «IIpo6a-I'C», mpou3BemgeHHbIN
000 «ArpolluarHoctuka» (Poccus), u ImpanvMepshl
AN7F/AN7R (Qing Ch. et al., 2016). [Tocye pegBapu-
TeJIbHbIX UCTIBITAHUHN MTPEAJIOKEHHbIN TECT Ha aTo-
TEHHOCTb MOKET ObITh MCIIOJIH30BaH JJI OTIpeieie-
HUA BUPYJIEHTHOCTHU M30JIATa, a TaKXe MOXEeT OBITh
TIPeJIo’KeH B KaueCcTBe OJHOTO U3 JOTIOJTHUTEIbHBIX
MOATBEPKIAOIIUX METOOB UAEHTUPUKALIUU DU-
ToTaToreHa B MccjenyeMoM obpa3siie mpu pa3paboT-
K€ METOIMYECKUX PEeKOMEHIAIIUU O BhISIBJIECHUIO
Y UJEeHTUDOUKAIUY BO3OYAUTEIS 0)KOTA TOPOXa.

Knrwouesvie cnoea. Pseudomonas syringae pv. pisi,
paspaboTka METOAMYECKUX PEKOMEHAAIINM, WHOKY-
JIATWS, TIOIMMepasHas nemnHas peakius (IT1P).

BBEJEHUE

aKTepUaJIbHbIM OXKOI' IOpPOXa, BhI3BAH-
HBIN P S. PV. pisi, BIIepBble ObLT UIEHTU-
¢unmpoBaH B 1915 1. B Konopazo, CIIIA
(Sackett, 1916), 1 BIIOCJIEACTBUU OBLI
BBISIBJIEH BO MHOT'MIX CTPaHax, IJle pa3BU-
TO IIPOM3BOACTBO ropoxa (Martin-Sanz A.
et al., 2011; Martin-Sanz A. et al, 2012).
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ABSTRACT
The agent of the bacterial pea blight, Pseudomonas syrin-
gae pv. pisi (Sackett) Young et al. (P s. pv. pisi), is a main
phytopathogen of pea (Pisum sativum L.). National Plant
Protection Organizations (NPPOs) require reliable tech-
niques to confirm the absence of the bacterial blight
agent. The aim of this work is to study the possibility
of applying a pathogenicity test for the diagnosis of the
bacterial pea blight agent. During the approbation of
the test, we used pea plants of the Pioner variety, strain
P s. pv. pisi CFBP 2105, “Proba-GS” kit produced by LLC
“AgroDiagnostika” (Russia), and the primers AN7F/
AN7R (Qing Ch. et al., 2016). After preliminary tests,
the proposed test for pathogenicity can be used to de-
termine the virulence of the isolate, and can also be pro-
posed as one of the additional confirmatory methods
for identifying a phytopathogen in a test sample when
developing guidelines for detecting and identifying the
causative agent of the bacterial pea blight.

Key words. Pseudomonas syringae pv. pisi, develop-
ment of guidelines, inoculation, polymerase chain re-
action (PCR).

INTRODUCTION

acterial pea blight caused by P, s. pv. pisi was

first identified in Colorado, USA (Sackett,

1916), in 1915, and later it was detected

in many countries where pea is produced

(Martin-Sanz A. et al., 2011; Martin-Sanz A.
et al, 2012). The pest is included in the Quarantine
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[TaToreH BKIIOYUEeH B KapaHTUHHBIN IepeyveHb (CIIMCOK
OrPaHMYEHHO PACIIPOCTPAHEHHbBIX KaPaHTUHHBIX BU-
IloB) cTpaH BocrouHoii Adpuku (2001) 1 B KapaHTuH-
HBIN IepeveHb MexxappUKaHCKOTO (DUTOCAHUTAPHOTO
coBeta (IAPSC) (1989); B CIMCOK KapaHTUHHBIX BPeJ-
HBIX OPTaHW3MOB, OTCYTCTBYIOIIUX HA TEPPUTOPUU
Bonuuwu, [Taparsas, [1epy, Yuau (COSAVE) (2019); saB-
JigeTcsd KapaHTUHHBIM OpPraHu3MoM i Mizpauig u Ty-
HHca. PacIpocTpaHsasach ¢ IOCEBHBIM MaTEPUAJIOM, 3a-
PaXeHHBIM 6aKTepraIbHON NHMEKIINEH B IATEHTHOM
COCTOSTHUY, 6aKTEPMO03 3HAUNTENHBHO PACIIVPUII CBOH
apeaJ 3a ImocjieHue ToAbl. BUI BKIIOUEH B KapaHTUH-
HBIN IIepedeHb PsAga CTPaH — UMIIOPTEPOB ropoxa 13
P® (Kuraii, Typiius). DTO OrpaHUYMBaET SKCITIOPTHBIHN
roreHua P®. OCHOBHBIMHY TTOKYITATENISIMU POCCUH-
CKOT'0 ropoxa B gHBape — utwJjie 2019 r. 9BJISJIUCS:
Typuus — 20,8% (70 Teic. TOHH), [TakucTan — 17,5%
(58,9 TrIC. TOHH), UHAUg — 16,7% (56,3 ThIC. TOHH),
Utanua — 10,0% (33,5 Tbic. TOHH), Baurnazgent — 7,8%
(26,2 ThIC. TOHH), Mcnauud — 6,4% (21,5 ThIC. TOHH),
O6benuHeHHble Apabckume Imupatel — 3,3%
(11,2 TeIC. TOHH), 'epMmaHua — 2,9% (9,9 ThIC. TOHH),
Erunet — 2,6% (8,8 Tbic. TOHH), Heman — 2,2% (7,6 ThIC.
TOHH). DKCIOPTHBIE IIOCTaBKMU ropoxa mu3 Poccuu
B 2018 r. Haxoguauch Ha OTMeTKe B 1143,7 ThIC. TOHH.
ITo cpaBHeHuio ¢ 2017 r. B 2018 1. 06bEMBI YBEIU-
4yuInch Ha 9,7% (aa 100,9 Teic. TOHH), ¢ 2013 T. — Ha
240,3% (ua 807,6 ToiCc. TOHH) (AB LlenTp, 2019; UIrHATB-
eBa u 1p., 2021; Akhtar M. A. et al., 1985; Benlioglu K.
etal., 2010). Ha maHHOE BpeMSs BeIyTCst PUTOCAHUTAP-
HbIE COTJIACOBAHMS 10 HKCIIOPTY ropoxa B KuTaii.

TTocye c6opa ypokast GUTOIIATOreH COXPAHIETCS
B ceMeHax. B ciiyuae BBICOKOI CTEIEHU 3apa’keHust
CeMsH MOTYT HabJI0gaThCsl CUMIITOMBI KaK HAa CaMUX
BCXOJaX, Tak M Ha ceMeHaX. CUMIITOMBI 60OJIE3HU —
MaJjleHbKUe, HeIPaBUJIbHOW (POPMBI BOASHUCTHIE
TOBPEXAEHUS Ha JIUCThIX, YePEIIKaX U CTPyYKax,
pacIpocTpaHsgoIIyecs B CTe6JIU U YaCTO COITPOBOXK-
nmarommecs HekposoM (Ali M. et al., 2015). B manbHeli-
meM MHQEKIINS B CTEOIIX MOXKET PaCIIPOCTPAHUThCS
BBEPX Ha IPYyTVe NPUJVCTHUKY U JUCTbs. C pa3Bu-
THeM 3a00JieBaHUsI 30HbI IOPAKEHU pa3pacTaioTcd,
pacTeHus YChIXAlT U B UTOTe MOrubarmT. B yciaoBusx,
TTOJIXOAAIIX JIJISI TPOHUKHOBEHUSI OaKTEepU B TKAHU
pacTeHuH, pacipocTpaHeHe MOXKET IIPOUCXOIUTD I10
BCeMy IToJit0. Yale BCcero 3apakeHuo CIIoCO6CTBYIOT
VHeM, Tpaji Wiu JI060# BUJ TTOBPEXIeHMs, objierya-
IOUMY IIPOHUKHOBEHNE DAKTEPUU Uepes ITIopaHeHus
pacTeHui, 3a cueT repeHoca puUTOIaTOreHa C BETPOM
Ha 3/I0POBbIE PacTeHUs. PaHHAA U JOCTOBEPHAS AU-
arHoCcTHUKa P, S. pv. pisi IpefoTBpallaeT paciIpocTpa-
HeHUe MMaToreHa Ha HOBbIE TEPPUTOPUU PoccuiicKoi
depepanuu. g onpenesieHUsa paclipoCTpaHeHUA
tuTomarToreHa B P® u ycTaHOBJIEHUS 30H, CBOBO/I-
HBIX OT BPEJHOI'0 OPTaHM3Ma, He0OXOIMMO HayuYHOe
obcenoBaHye MOCEBHBIX MIJIONMAEH. B ¢BI31 cO BCeM
BBINIIECKA3aHHBIM SIBJIIETCS aKTyaJibHOU pa3paboT-
Ka METOINYECKUX PEKOMEHIAIIMH II0 BhISIBJIEHUIO
U UJeHTUPUKAIUY BO3OyAUTENST OaKTEepPUaIbHOTO
o)xora ropoxa P, s. pv. pisi. TecT Ha ITaTOTeHHOCTb MOXXET
OBITH IIPEAJIOXKEH B KAUEeCTBE OJHOI0 U3 JOITOJHUTE I b-
HBIX TIOJTBEPXAAKIINX METOM0B UAeHTU(GUKAIUYI
(uTomaToreHa B uccijemyeMoM obpasile IpU paspa-
60TKE METOOUYECKNX PEKOMEHIAIINI 10 BbISIBJIEHUIO
U naeHTU(UKAUY BO30YIUTES 0)KOTra TOpoxXa, paHee
UAEHTU(GUIIMPOBAHHOIO C [TOMOIIBI0 MOJIEKYJISIPHBIX
METOHOB JUATrHOCTUKM.

List (list of limitedly present quarantine species) of East
African countries (2001) and the Inter-African Phytosa-
nitary Council Quarantine List (IAPSC) (1989); the List
of quarantine pests absent in Bolivia, Paraguay, Peru,
Chile (COSAVE) (2019); it is a quarantine pest for Israel
and Tunisia. Spreading with plants for planting infected
with a bacterial infection in a latent state, the bacteriosis
has significantly expanded its area in recent years. The
species is included in the quarantine list of a number of
countries importing peas from the Russian Federation
(China, Turkey). This limits the export potential of the
Russian Federation. The main buyers of Russian peasin
January —July 2019 were: Turkey — 20.8% (70 thousand
tons), Pakistan — 17.5% (58.9 thousand tons), India —
16.7% (56, 3 thousand tons), Italy — 10.0% (33.5 thou-
sand tons), Bangladesh — 7.8% (26.2 thousand tons),
Spain — 6.4% (21.5 thousand tons), United Arab Emi-
rates — 3.3% (11.2 thousand tons), Germany — 2.9%
(9.9 thousand tons), Egypt — 2.6% (8.8 thousand tons),
Nepal — 2.2% (7.6 thousand tons). Export deliveries of
peas from Russia in 2018 were at around 1,143.7 thou-
sand tons. Compared to 2017, in 2018 the volumes in-
creased by 9.7% (by 100.9 thousand tons), since 2013 —
by 240.3% (by 807.6 thousand tons) (AB Center, 2019;
Ignatyeva et al., 2021; Akhtar M. A. et al., 1985; Benliog-
luK.etal, 2010). Phytosanitary agreements concerning
the export of peas to China are being discussed.

After harvest, the phytopathogen remains in the
seeds. In the case of a high degree of seed infestation,
symptoms can be observed both on the seedlings them-
selves and on the seeds. Symptoms include small, irreg-
ular, watery lesions on leaves, petioles, and pods that
extend into the stems and are often accompanied by
necrosis (Ali M. et al., 2015). The infection in the stems
can later spread upward to other stipules and leaves.
With the development of the disease, the affected
areas grow, the plants dry out and eventually die. Un-
der conditions suitable for the penetration of bacteria
into plant tissue, spreading can occur throughout the
field. Most often, frost, hail, or any kind of damage that
facilitates the penetration of bacteria through lesions
to plants, due to the transfer of the phytopathogen with
the wind to healthy plants, contributes to the infection.
Early and reliable diagnosis of P, s. pv. pisi prevents the
spread of the pathogen to new territories of the Russian
Federation. To determine the spread of the phytopatho-
gen in the Russian Federation and establish areas free
from the pest, a scientific examination of the cultivated
areas is necessary. Considering all of the stated above,
itis relevant to develop guidelines for the detection and
identification of the bacterial pea blight agent P. 5. pv.
pisi. The pathogenicity test can be proposed as one of
the additional confirmatory methods for the identifica-
tion of a phytopathogen in the sample under study when
developing guidelines for the detection and identifica-
tion of the bacterial pea blight agent, previously identi-
fied with molecular diagnostic methods.

MATERIALS AND METHODS

When conducting the research, a bacterial culture
of the reference bacterial strain CFBP 2105 P. 5. pv.
pisi was used from the French collection of bacteria
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MATEPUWAJIBI U METO/IbI

[Ipu TIpOBeIeHUY UCCIIeIOBAaHUY UCIIOJIb30BaIN Gak-
TepUaJIbHYIO KyJIbTYPYy PepepeHTHOTO ITaMMa 6aKTe-
puu CFBP 2105 P. 5. pv. pisi n3 ®paHIy3CKON KOJLJIEK-
nuu 6akTepust purtonaroreHos (Collection Francaise
de Bacteries Phytopathogenes (CFBP), ®paniius). C 11e-
JIBIO alipobalivy TecTa Ha IaTOTe€HHOCTb IIPOBOIUIIN
3apa)keHre pacTeHul ropoxa copra [InoHep mrTam-
mom CFBP.

[Tpu BeIGOpE COPTa ropoxXa OTTAJKUBAJINUCH OT
CPOKOB CO3pEBaHUS KyJbTYPhI. BaKHO IIPOBECTU TECT
B KpaTuaiillivie CPOKHU, He 3aJIePrKUBasi CPOKU TUaTHO-
cTuKY (pUTOIATOreHA B MCCIIeLyeMoM obpasiie. B uc-
cJIeJoBaHUY ObLI UCITOJIb30BAH COPT rOPOXa OBOLIHOTO
IMuonep (kox copTa 9900993; rox perucrparuu 2001;
opurnHaTop Spojnia-Hodowla I Nasiennictwo Ogrod-
nicze SP. Z.0.0., W. Nochowie, 63-100, Srem, Poland;
CPOK CO3peBaHUs OUeHb PAaHHUU; COPT YCTOWUUB
K BUPYCY KeJITOM Mo3auku (aconu). B Crimcok oueHb
PAaHHUX COPTOB OpOXa OBOIHOI'0O, KOTOPBIE TaKXe
MOTYT OBITh MCIIOJIb30BaHbBI IIPU ITPOBEIeHUY JAHHO-
ro TecTa, BKIo4YeHbl Apus, KopBuH, Hukutka, Ockap,
IMpuma, CripuHTEP (COPT OTHOCUTEJIHHO YCTOUYUB
K KOPHEBBIM THUJIIM) 1 YBepTiopa (locymapcTBEHHbIM
peectp, 2019).

[TpoBenu moceB 60 LIT. CEMSIH ropoxa, rpeaBapu-
TEeJIbHO 3aMOYEHHBIX B CTEPUJIbHON JUCTUIIIMPOBAH-
HOU BOJle B TeUEHME CYTOK. KaXkmoe ceMs moMeIanu
B OTJIEJIbHYIO STUENKY KacCeThI A JIg Paccabl EMKOCTbHIO
90 MJI, B KauecTBe TPYHTA KCIIOJIb30BaJIi TOTOBYIO
CMecCh U3 BEPXOBOI'0 U HU3WHHOTO TOP(da, N3BECTHSIKO-
BOY JOJIOMUTOBOY MyKuU, HUTpoaMModocdaTa 1 ped-
HOTO IlecKa. B mepuof mojiyueHrs: BCXOJ0B, a TakXe
Ha MPOTSYKEHUY BCETO OTIBITA IIPUMEHSIIN CJIEAYIOIIE
YCJIOBUA: IIPOLOJIKUTEJIBHOCTD OCBellleHud — 16 4.,
TeMIieparypa — 25-27 °C, OTHOCUTEJIbHAS BJIQXXHOCTh
Bo3gyxa — 55-70%.

3apakeHue pacTeHul B hase 2—3 JIUCTHEB CYyTOU-
HOM KyJIbTYPOU P, 8. pv. pisi mpoBoauiu Ha 11-i1 meHb.
O 3apakeHUs OJHOTO PACTEHUS UCIOJb30BaIU
10 Mk 6aKTepUaAJIbHOM CYyCIIEH3UU B KOHIIEHTPAIIUK
10° KOE/MJ. MeTop 3apaeHUs 3aKJJIHJalicsd B He-
CKBO3HOM ITPOKAJIBIBAHUY OCHOBAHUS JIUCTA Y HAHECe-
HUU C IIOMOIIIBI0 J103aTOPa KaIlJix CYCIIEH3UU Ha MECTO
mpokoJia (puc. 1) (International Seed Federation, 2020).
B kauecTBe OTPUIATEIIBHOTO KOHTPOJIS 3apakeHUSs UC-
T10JIb30BAJIM CTEPUJIBHYIO JUCTUIIUPOBAHHYI BOLY.
Pacrenus, 3apaskeHHbIe P, 5. pv. pisi (50 1IT.), TpOCTpaH-
CTBEHHO M30JIMPOBAJIY OT PACTEHU, TIPECTABIISIOIIIX
€060 OTpUITATENbHBIN KOHTPOJIb 3apaxenus (10 mIT.).
Hab6atomeHus 3a pacTeHUSI MY ITPOBOAUIIN €KeTHEBHO.

151 TOATBEPIKAEHUS 3apaKeHN s ITPOBOIUIIN OT-
60p U MOATOTOBKY aHAJIUTUYECKUX ITPO6 Ha 22-1 IeHb.
OTnenbHBIE TPOOKI 6paJiv OT Kaxkaoro u3 10 3apakeH-
HBIX PACTEHUI U OT OJTHOTO PACTEHUS, TIPECTABIISIO-
1ero co60¥ OTPUIlATEbHBIN KOHTPOJIb. PacTeHue oTe-
JISLJIY OT KOPHEBOM CUCTEMBI I U3MEeJIbYaJIU C TIOMOIITbI0
ckanbIiensa. K nmpobe gobasasau 20-30 mi docdar-
HO-coJieBoro 6ydepa (PBS), rmoce uero mpoby rmoMela-
JIVl Ha POTALIMOHHBIN IIefKep U yCTaHABIUBAJIY PEXKUM
200 06/MuH, BecTpsaxuBanu oT 30 mo 40 muH. [TosrydeH-
HBIY MarlepaT (GUIbTPOBAIM Yepes3 OyMaKHBIN (QUIBTP
¢ IaMeTpoM Iop 3—5 MKM B TPo6UPKY 06beMoM 50 MJI.
[Tpo6upKYU ypaBHOBEIIWBAJIY ITOTIAPHO 6yhepoM, KOTo-
PBI UCIIONB30BAJIHY JJI Mallepalluu, U eHTPUQyrupo-
BaJix B TeueHure 10 muH. mpu 8000-10000 06/MuH mipu
TeMniepaTtype oT 4 1o 10 °C, ucnonb3ys LeHTpUudyry

phytopathogens (Collection Francaise de Bacteries
Phytopathogenes (CFBP), France). In order to test the
pathogenicity test, pea plants of the Pioneer variety
were infected with the CFBP strain.

Choosing pea cultivars was based on the timing of
the ripening of the culture. It is important to carry out
the test as soon as possible, without delaying the di-
agnosis of the phytopathogen in the test sample. The
study used the vegetable pea variety Pioneer (cultivar
code 9900993; year of registration 2001; originator
Spojnia-Hodowla I Nasiennictwo Ogrodnicze SP. Z.0.0.,
W. Nochowie, 63-100, Srem, Poland; ripening period is
very early; variety resistant to yellow mosaic bean virus).
The list of very early varieties of vegetable peas that can
also be used in this test includes Aria, Corvin, Nikitka,
Oscar, Prima, Sprinter (the variety is relatively resistant
to root rot) and Overture (State Register, 2019).

60 pea seeds were sown, pre-soaked in sterile
distilled water for 24 hours. Each seed was placed in
a separate cell of a seedling cassette with a capacity
of 90 ml; a ready-made mixture of high and low peat,
limestone dolomite flour, nitroammophosphate and
river sand was used as a soil. During the germination
period, as well as throughout the entire experiment, the
following conditions were used: duration of illumina-
tion — 16 h., temperature — 25-27 °C, and relative air
humidity - 55-70%.

Infection of plants in the phase of 2—3 leaves with
a daily culture of P. s. pv. pisi was performed on the
11*day. To infect one plant, 10 ul of a bacterial sus-
pension at a concentration of 10° CFU/ml was used. The
method of infection consisted in blind piercing of the
base of the leaf and applying a drop of suspension to

Puc. 1. Kanau cycneHsunn

Fig. 1. Suspension drops
P. s. pv. pisi, HaHeceHHble Ha  of P. s. pv. pisi applied to the
MecTa NMPOKOIoB OCHOBaHui  puncture sites of the bases

NUCTbEB pacTeHuit ropoxa
(choTo O.H). CnoBapeBoit)

of the leaves of pea plants
(photo by 0.Yu. Slovareva)

dutocaHuTapusi. KapaHTuH pactenuii =~ 42
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Puc. 2. CumMnTOoMbI yBAAAHUS Ha Fig. 2. Wilting symptoms
BepXHeW YacTu MHOKynMpoBaHHoro on the top of the inoculated

nucTa ropoxa vepes 7 cyTok pea leaf 7 days after
nocne 3apaxeHus P. s. pv. pisi infection with P. s. pv. pisi
(choTo O.10. CnoBapeBoit) (photo by O.Yu. Slovareva)

c oxsaxkgenueM Allegra X-30R (Beckman Coulter, a-
Hwus). [Tocye 1eHTpudyrupoBaHUs CYyIIEPHATAHT OCTO-
POXXHO YAAJISIJIN, 4 0CaIOK PeCyCleHIMPoBaiu B 1 M
PBS. OT ka0 1mpo6sl oTo6mpaiy 200 MKJI ¥ UCITOJIb-
30BaJiu mJisg skcTtpakiuu JHK ¢ momombio Habopa
«[Tpo6a-I'C» (000 «Arpo/luarHocTuka», Poccust) v mJs
rmpoBenenus TP c mpatimepamu AN7F/AN7R, crieniu-
uunbiMu g5 P s. pv. pisi (Qing Ch. et al., 2016). 11 KOH-
TPOJII UHTMOWPOBAHUS aMIIN(UKAIINY UCITOJIb30BaAIN
cMech IJIa3Mubl U mpaiiMepoB Mus714F/Mus714R
(MasypuH u 1p., 2012). Knaccuueckyto [P ¢ mpaiime-
paMu ¥ ¢ BHYTPEHHUM II0JIOKUTEIbHBIM KOHTPOJIEM
ITPOBOJIWJIN B OTAEJIbHBIX ITPOOHUPKAX AJISI KaXKI0T0 06-
pastia, ucnosb3ys amrudukaTop T100 Thermal Cycler
(Bio-Rad, CIIIA). JleTeKII1I0 TPOAYKTOB aMILIU(pUKAIINN
TIPOBOWJIIY, UCITIOIb3Ys KaMepy [IJisi TOPU30HTAJIbHOTO
ayiekTpodopesa SE-2 (000 «XenukoH», Poccus), UCTOY-
HUK TOKa JAJis sjekTpodopesa «3Anbdh» (000 «JHK-
TexHOJIOTUST», POCCHS) U TeJIb-ITOKYMEHTHUPYIOIILYIO CUC-
TeMy ChemiDoc (Bio-Rad, CIIIA).

IOTTOTHUTEJIBHO B TeueHure 21 cyTok (co mHS 3a-
Pa’keHus) C IeJIbI0 BhISIBJIEHUS CHUMIITOMOB 3apake-
HUS TIPOMOJIKAJIY HaOIIOIEeHWs 32 PACTEHUSIMHU, OT
KOTOPBIX ITPOGHI HEe OTOMPAJIH.

PE3VYJbTATBI U OBCYXKJEHUE

B TeueHMe BCETro MEPUO/Ia C MOMEHTA 3apakeHusI pac-
TeHUU ropoxa cycrneHsueii P, s. pv. pisi 1o aTara otbo-
pa aHAJIUTHUYECKUX P06 IIPOBOAMIN HAOIIJeHNUS 3a
pa3BUTHEM CUMIITOMOB 6aKTepHUaJbHOTO 03K0Ora TOPo-
xa. [TepBble CUMIITOMbBI 3apa’KEHU ST OTMEYEHBI Ha 18-
IleHb, uepes3 7 CyTOK IOC/ie UHOKYIAIUY PacTeHUuH
cycrieHauel Bo36ynuTensa 6akTepuosa. Ha BepxHel
YaCTHU JIMCTA, B KOTOPOU MPOBOJVIN MHOKYJISAINIO, OT-
MeueHbI CUMIITOMBI YBAJaHusd (puc. 2). Ha pacTeHUsX,
WHOKYJIMPOBAHHBIX CTEPUJIBHON JUCTUINPOBAHHOMN
BOJIOM, OTCYTCTBOBAJIV TIPU3HAKY YBALAHUS U UHBIE
CUMIITOMBI 3a60JI€BaHMSI.

the puncture site using a dispenser (Fig. 1) (Interna-
tional Seed Federation, 2020). Sterile distilled water
was used as a negative control of infection. Plants in-
fected with P, s. pv. pisi (50 pieces) were spatially isolat-
ed from plants representing negative control of infec-
tion (10 pieces). Plants were observed daily.

To confirm the infection, the samples under
study were taken and prepared on the 22" day. Se-
parate samples were taken from each of the 10 infected
plants and from one plant, which is a negative control.
The plant was separated from the root system and cut
with a scalpel. 20—-30 ml of phosphate-buffered saline
(PBS) was added to the sample, after which the sample
was placed on a rotary shaker and set to 200 rpm and
shaken for 30 to 40 min. The resulting macerate was
filtered through a paper filter with a pore diameter of
3-5 um into a 50 ml test tube. The tubes were equili-
brated in pairs with the maceration buffer and centri-
fuged for 10 min. at 8000-10000 rpm at a temperature
of 4t0 10 °C using an Allegra X-30R refrigerated centri-
fuge (Beckman Coulter, Denmark). After centrifugation,
the supernatant was carefully removed and the pellet
was resuspended in 1 ml PBS. 200 uL was taken from
each sample and used for DNA extraction using the Pro-
ba-GS kit (AgroDiagnostika, Russia) and for PCR with
AN7F/AN7R primers specific for P. s. pv. pisi (Qing Ch.
et al., 2016). To control the inhibition of amplification,
a mixture of plasmid and primers Mus714F/Mus714R
was used (Mazurin et al., 2012). Classical PCR with
primers and with an internal positive control was per-
formed in separate tubes for each sample using a T100
Thermal Cycler (Bio-Rad, USA). Amplification products
were detected using an SE-2 horizontal electrophoresis
chamber (Helikon, Russia), an Elf electrophoresis cur-
rent source (DNA-Technology, Russia) and a ChemiDoc
gel documenting system (Bio-Rad, USA).

Additionally, in order to identify symptoms of infec-
tion, the plants from which samples were not taken were
still observed for 21 days (from the day of infection).

RESULTS AND DISCUSSION

During the entire period from the moment of infection
of pea plants with a P, 5. pv. pisi, prior to the stage of
taking samples for studying, the development of the
bacterial pea blight symptoms was monitored. The
first symptoms of infection were noted on the 18™day,
7 days after inoculation of plants with a suspension
of the bacteriosis causative agent. Symptoms of wilt-
ing were noted on the upper part of the inoculated leaf
(Fig. 2). Plants inoculated with sterile distilled water
showed no signs of wilting and other symptoms of the
disease.

11 days after infection, wilting symptoms were
noted both on the entire area of inoculated leaves of pea
plants and on the leaves located below (Fig. 3). There
were no signs of wilting and other symptoms of the dis-
ease on plants inoculated with sterile distilled water.
As a result of PCR with primers AN7F/AN7R for DNA
samples isolated from inoculated plants, products with
a length of 272 base pairs (bp) were obtained, which
corresponded to a positive control of amplification, for
which the DNA of P s. pv. pisi was used (Fig. 4).
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Uepes 11 cyTOK I10OCIIE 3apakeHUI CUMIITOMEL yBS-
IaHUS OTMEYeHbI KaK Ha BCel TJIOIAIY MHOKYJINPO-
BaHHBIX JUCThEB PACTEHUU ropoxa, TaK 1 Ha JINCThSIX,
PacIoyIoKeHHBIX HUKe (puc. 3). [IpU3HaKyM yBATaHUS
Y UHBbI€ CUMITTOMBI 3a60JI€BaHUS OTCYTCTBOBAJIY Ha
pacTeHUIX, MHOKYJIMPOBAHHBIX CTEPUIBHON JUCTUII-
JIMPOBAHHOU BOJION. B pesysbTaTe mpoBeneHHON [T1[P
c npatimepamu AN7F/AN7R giist o6pasnos JHK, Beize-
JIEHHOU 13 MHOKYJIUPOBAHHBIX PACTEHUU, TTOTyUeHbI
MIPOAYKTHI AJIUHON 272 Tapbl OCHOBAaHUM (II. 0.), UTO
COOTBETCTBOBAJIO TTOJIOXKUTEJIBHOMY KOHTPOJIIO aM-
niIrdUuKauy, B KauecTBe KOTOPOTO HCII0JIb30Balu
IOHK P s. pv. pisi (puc. 4).

IJig oTpUIATEIbHOTO KOHTPOJS 3apakeHusd
(pacTeHue, MHOKYJIMPOBAaHHOE CTEPUIIbHOU TUCTUII-
JINPOBAHHOM BOMOY) U IJIsI OTPUIIATEJIbHBIX KOHTPO-
Jeit Beimenenus JJHK, a Takxke nysa mpoBepenus [P
OPOAYKT aMmudukanuu ¢ npaiimepamu AN7F/AN7R
OTCYTCTBOBAJ. [IJist BCceX 00PasloB M KOHTPOJIEH B pe-
3ynpTrate [11IP ¢ BHYTPEHHUM I10JIOKUTEJbHBIM KOH-
TPOJIeM MOJTyYeHbI ITPOAYKTHI aMILIU(PUKAIINY IJIUHON
714 1. 0., YTO CBUZETEIBCTBYET 00 OTCYTCTBUY UHI Y-
6upoBanus IN1P-peakiuu (puc. 4). [TosiyueHHBIE pe-
3ysbTaThl [P TT03BOMSAIOT CllelaTh BBIBOJ, O TOM, UTO
B030yAuTENh 6AaKTEPUATIBHOTO OKOTa rOpoxa yepes
11 cyToOK mocJie 3apakeHus IIPUCYTCTBOBAJ B pacTe-
HUSX, MTHOKYJIUPOBAHHbBIX 6aKTePHUaJIbHOM CyCIIeH3U -
e}, M OTCYTCTBOBAJ B PACTEHUSIX, NHOKYJIMPOBAHHBIX
CTEPUIIbHON JUCTUIIIMPOBAHHOMU BOIOM.

B TeueHue nocaenymomux 10 CyTOK mociie I0-
TBEP)XIEeHUS 3apakeHus metozom [T1[P oTmeuasnu pas-
BUTHE 3a60JIeBaHU HA UHOKYJIUPOBAHHBIX CYCITEH3U-
el Bo30yiuTesisd pacTeHuax ropoxa. Cryctsa 21 cyTku
TocJie 3apa’keHusl OTMEYEHO yBIJaHWe BCETO pacTe-
HUS HeJuKoM u rubenb 14 pacrenus us 40 (puc. 5).
Ha npyrux 26 3apa)keHHBIX PaCTEHUSIX 0OTMedaJiy Ha-
JINYrie CUMIITOMOB B BUJIE YBSILAHUS HUKHUX JINCTHEB,
MaJIOOGIIMPHBIX XJIOPO30B M KPaeBbIX 0XKOTOB 6eJI0T0
uBera (puc. 6). B To )xe BpeMs cpenu 9 pacTeHUH, UHO-
KYJIUPOBAHHBIX CTEPUIIBHON JUCTUINPOBAHHON BO-
0¥, He OTMEeYeHO CUMIITOMOB 3a00JIeBaHNI.

[ — g —— g —
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Mus714F/Mus714R (MasypuH » gp., 2012)

Puc. 4. AnekTpodoperpamMmma, eMoHcTpupyrowas pesynbrat MNLUP
c nparimepamu AN7F/AN7R (Qing Ch. et al, 2016) pnsa P. s. pv. pisi
1 Mus714F/Mus714R (MasypuH u gp., 2012) pna BHyTPEHHEro
nosioXXuTenbHoro koHTpons MLUP. 1 — oTpuuaTenbHbIN

KOHTPONb 3apaxeHus, 2—11 — 3apakeHHble pacTeHns

ropoxa, PAC — NoNoXXUTeNbHbI KOHTPONb aMnandukauum,

NAC - oTpuuaTesnbHbIi KOHTPOJIb aMMuKauuu. 1 neneHune
Mapkepa reHeTuyeckoro Beca GeneRuler 100 bp Plus DNA Ladder
ready-to-use (Thermo Fisher Scientific, CLLUA) (M) = 100 n. o.

Puc. 3. CuMnTOMBI YyBAAAHUSA
Ha HMXXHUX JINCTbSIX Fropoxa
yepe3s 11 cyTok nocne
3apakeHus P. s. pv. pisi
(choTo O.H0. CnoBapeBoir)

Fig. 3. Wilting symptoms
on the lower leaves

of peas 11 days after
infection with P. s. pv. pisi
(photo by O.Yu. Slovareva)

For negative control of infection (plant inoculat-
ed with sterile distilled water) and for negative controls
of DNA extraction, as well as for PCR, the amplification
product with primers AN7F/AN7R was absent. For all
samples and controls, as a result of PCR with an inter-
nal positive control, amplification products of 714 bp in
length were obtained, which indicates the absence of in-
hibition of the PCR reaction (Fig. 4). The obtained PCR
results allow us to conclude that the causative agent of
bacterial pea blight was present in plants inoculated with
a bacterial suspension 11 days after infection, and was
absent in plants inoculated with sterile distilled water.

10 11 PAC NAC NAC M

-—
-

-4

el BRE BW BE = S - s Ba s =w

ANF7F/ANF7R (Qing Ch. et al., 2016)

Fig. 4. Electrophoregram showing the result of PCR

with primers AN7F/AN7R (Qing Ch. Et al, 2016)

for P. s. pv. pisi and Mus714F/Mus714R (Mazurin et al.,
2012) for internal positive PCR control. 1 — negative
control of infection, 2-11 - infected pea plants,

PAC - positive amplification control, NAC — negative
amplification control. 1 division of the genetic weight
marker GeneRuler 100 bp Plus DNA Ladder ready-to-use
(Thermo Fisher Scientific, USA) (M) = 100 bp.
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Puc. 5. Tnbenb pacteHuin ropoxa
cnycTs 21 CyTKM C MOMEHTA 3apakeHus
P. s. pv. pisi (choTo O.H0. CnoBapeBoi)

Puc. 6. CumnToMbl 3a6oneBaHus
pacTeHui ropoxa cnycta 21 cyTku
€ MOMeHTa 3apaxkeHus P. s. pv. pisi
(choTo O.H0. CnoBapeBoit)

During the next 10 days af-
ter confirmation of infection by
PCR, the development of the dis-
ease was noted on pea plants in-
oculated with a suspension of the
pathogen. Twenty-one days after
infection, the whole plant with-
ered and 14 out of 40 plants died
(Fig. 5). On the other 26 infected
plants, symptoms were noted in
the form of wilting of the lower
leaves, small-scale chlorosis, and
white marginal burns (Fig. 6). At
the same time, among 9 plants
inoculated with sterile distilled
water, no symptoms of the dis-
ease were noted.

CONCLUSION

As aresult of the study, the patho-
genicity test of the bacterial pea
blight agent, P, s. pv. pisi, was ap-
proved. During the work, it was
found that visible symptoms of
infection of pea plants can be

Fig. 5. The death of pea plants
21 days after infection with P. s. pv. pisi
(photo by O.Yu. Slovareva)

Fig. 6. Symptoms of the disease of
pea plants 21 days after infection

obtained no earlier than 7 days
after inoculation of plants un-

with P. s. pv. pisi (photo by 0.Yu. Slovareva) der specified conditions, such as

3AKJIIOYEHUE

B pesynbTaTe UCCIeLOBaHUS IIPOBEJleHa anpobanus
TecTa Ha MMaTOTeHHOCTh BO30yauTe s 6aKTeprUaIbHO-
T0 o)kora ropoxa P, §. pv. pisi. B xozie paboTh! yCTaHOB-
JIEHO, YTO BUIVIMbIE CUMITTOMBI 3apaKeHUS PaCTEeHU N
ropoxa MOTYT OBITh ITOJIyUEeHbl HE paHEe UeEM Uepes
7 CYTOK TI0CJIe UHOKYJISIIUY PACTeHUU MMPU yKa3aH-
HBIX YCJIOBUSIX, TAKUX KaK KOHIIEHTPAIUS BO36YIUTENS
B MHOKYJISIHTE, (heHoJIorTnUecKas ¢asa pacTeHuH, yc-
JIOBUSI OCBEIIEHUS, TEMIIEPATYPHI U BIIAXKHOCTU. Yepes
10 cyTOK T0CJie MHOKYJISIUY BO3MOXXHO TTOATBEPIK-
JleHUe 3apa)keHUs MOJIEKYJISIDHBIMU METOZaMU IIpu
TECTUPOBAHUU SKCTPAKTOB pacTeHui. [I[poBeieHHOE
WCCJIeIOBaHME TIOKA3BIBAET, UTO P, S. PV. Pisi B YCIOBUIX
UCKYCCTBEHHOI'0 3apa’keHUsI MOXKET BbI3bIBATh BUJU-
MbI€ CUMIITOMBI 3a60JIeBaHUS Ha PACTEHUSIX ropoxa
TIOCEBHOT0, B PSAZIE CJIyYaeB IPUBO/IA K UX TUGEH.
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