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AHHOTAIIUA
UepHas 6aKkTepuasibHasg ISTHUCTOCTb TOMATa IIXPO-
KO pacIIpoCTpaHeHa B MUPe U HAHOCUT 3HAUUTEIbHbIH
9KOHOMUYECKUH yIIepO6 MpU BhIPAIIMBAaHUY TOMAaTa
v nepia. JuarHoCcTUKa OCJIOXKHEHA TeM, UTo 3aboie-
BaHVe BbI3bIBAETCS UEThIPbMS BUIaMU 6aKTepUil posa
Xanthomonas. OCHOBHBIM IIyTeM pacIPOCTPaHEHUS
6akTepro3a Ha JaJbHUE PACCTOSTHUS SBJISIOTCS CEMe-
Ha. EBpornelickasg 1 Cpelu3aeMHOMODPCKas opraHusa-
IS 10 KapaHTUHY U 3a1muTe pacreHui (EOK3P) Brito-
yypJia TPYIITy Bo30ynuTesel YepHo 6aKTepruaibHON
IATHUCTOCTU B CIIKMCOK A2 IlepeyHda KapaHTUHHBIX
06beKTOB. BrIsiBIEHNE U UAeHTUGUKAIIUSA (hUTOIIATO-
TeHOB Ha BCeX dTarax MPOU3BO/CTBA TOMATa U IIepIia
T03BOJISIT BOBPEMS MIPUHATH MEPHI I10 3alIUTe pacTe-
HUH, YTO B 3BHAUUTEJIbHOW CTEIIEHU CHU3UT IIOTEPU
YPO’Kasi ¥ TIOBBICUT SKOHOMUYECKYI0 3(DHEKTUBHOCTD
ITPOM3BOJACTBA OTEUECTBEHHBIX OBOIIEH. CyIlIecTBYI0-
e CXEeMbI TUATHOCTUKY 00JIE3HU TOAPa3yMeBaloT
60JIBINIVIE TPYA03aTPAThI U JINTEIbHBIN CPOK ITPOBE-
JIeHUS MCCNIeJOBAHUM, UTO HETIPUEMJIEMO B PyTUHHOMU
JlabopaTopHOU AUarHOCTUKe. B cTaThe IpefcTaBIe-
HBI Pe3yJIbTaThl UCCIENO0BAHNN JUATHOCTUKY OJHOTO
13 BO30yAuTesIel uepHOl 6aKTepraibHOM STHUCTO-
ctu (X. euvesicatoria pv. euvesicatoria). JIJs yCTaHOB-
JIEHUSI CTEeINEeHU BIUSHUS PACTUTEJIbHON MaTPUILBI
Ha KOHEUYHble Pe3yJbTaThl UCCIeJOBaHUMN 06pa31loB
HaMU ObLJI TPOBEIEH PSJ OITBITOB 110 UCKYCCTBEHHOMY
3apakeHuI0 X. euvesicatoria pv. euvesicatoria 3KCTPaKTOB
BereTaTMBHBIX YaCTeH U ceMsIH ToMaTa. B xo/ie UCIIbI-
TaHUS METOIWKU ITOATOTOBKY P06 C AaJIbHENUIITUM BbI-
nenenvem JHK u [TIIP-aHaiM30M UCKYCCTBEHHO 3apa-
JKEHHBIX 06pa3110B YCTaHOBJIEHO, UTO UHTMOVMPOBAHUS
[T1IP He IpoUCXOLUT. AHAJIUTUUYECKAs YYBCTBUTEJIIb-
HOCTb TECT-CUCTEMBI JIJIsI TUATHOCTUKY X. euvesicatoria
pv. euvesicatoria mpou3sBoacTBa 000 «ArpoJluarHocTu-
Ka» coctaBuiia 10° KOE/mi1. MicciemoBaHusI ITIPOBeAEHbI
Ha 6aze PI'BY «BHUUKP».

Knroueevte cnosa. YepHas GakTepuajbHasd IISAT-
HUCTOCTb TOMAaTa, (DUTONATOTEH, BhISIBJIEHNE U UEH-
tudukanusg, [ILP, aHanuTuydeckas YyBCTBUTENb-
HOCTb, UHTMOUTODHI.
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ABSTRACT
Bacterial spot of tomato is worldwide spread and caus-
es significant economic damage in tomato and pepper
cultivation. Diagnosis is complicated by the fact that the
disease is caused by four types of bacteria of the genus
Xanthomonas. Seeds are the main pathway for bacterio-
sis over long distances. The European and Mediterra-
nean Plant Protection Organization (EPPO) has includ-
ed a group of causative agents of black bacterial spot in
List A2 of the List of Quarantine Objects. Detection and
identification of phytopathogens at all stages of toma-
to and pepper cultivation will allow taking timely mea-
sures to protect plants, which will significantly reduce
crop losses and increase the economic efficiency of do-
mestic vegetable production. Existing schemes for di-
agnosing the disease imply large labor costs and a long
period of research, which is unacceptable in routine
laboratory diagnosis. The article presents the results
of studies on the diagnosis of one of the pathogens of
black bacterial spot (X. euvesicatoria pv. euvesicatoria).
To establish the degree of influence of the plant matrix
on the final results of the samples study, we conduct-
ed a series of experiments on artificial infection with
X. euvesicatoria pv. euvesicatoria of extracts of tomato
vegetative parts and seeds. In the course of testing the
sample preparation technique with further DNA isola-
tion and PCR analysis of artificially infected samples, it
was found that PCR inhibition does not occur. Analyti-
cal sensitivity of the diagnostic test system for X. euve-
sicatoria pv. euvesicatoria produced by AgroDiagnostics
was 102 cfu/ml. The studies were carried out on the ba-
sis of FGBU “VNIIKR”.

Key words. Bacterial spot of tomato, phytopatho-
gen, detection and identification, PCR, analytical
sensitivity, inhibitors.
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BBEJEHUE

YCIIOBUSX  aKTUBHOW  TOAJEP)KKU
XO34UCTBYIOIIUX CyOBEKTOB rocCy-
IapCTBOM, B MOCJENHME TOAbI IIPO-
UCXOOUT HapauuBaHre 06'beMOB ITPO-
U3BOJICTBA TOMAaTOB, YTO B IIEPBYIO
ouepenb CBSI3aHO C ITOJUTUKON HM-
nopTo3amenieHus. Tak, B PoccuiicKom
denepanuu B 2016-2019 rr. BaJIoBOM
c60p TOMAaTOB, BEIPAI[EHHBIX B OTKPBITOM I'DYHTE, YBE-
guuniicsa Ha 20,2% (¢ 1,73 mo 2,08 MJTH T), B 3aKPBITOM
rpyHre — Ha 56,7% (c 0,60 mo 0,94 muH T). Ha done
maHAeMur KopoHaBupyca B 2020 r. BajioBoit c6op To-
MaTOB OTKPBITOTO W 3aKPBITOT'0 I'PYHTA OTHOCUTEJNb-
HO 2019 1. cHu3uJicd Ha 3,3% u cocTaBua 2,92 MJIH T
(Ananus peiHKa, 2021). 3TO IPOU3OILIO 10 IPUINHE
yxynmeHuss GUHAHCOBOTO ITOJIOXKEHUST OBOIIEBOIYE-
CKUX KOMIIaHUM, TTOCKOIbKY ce6eCTONMOCTh IPOLYK-
UM BBIPOCJIA, a CIIPOC Ha TOMAThI COKPaTUJICS.
OIHAKO POCCUUMCKYE TTPOU3BONUTENY OBOIIEH
JI0 CUX TIOP HaXOISATCS B 3aBUCHUMOCTH OT MHOCTPaH-
HOTO CeMeHHOTro MaTepuasa. CeMeHa ToMaTa BBO3STCS
n3 Kurag, Taunanaga, CIIA, dpanuuu, Uanuu, [lepy,
Wtanuu, 'epmanun, bpaswiuy, Yexuu v Ipyrux CTpad
(ITuewimep, 2020).

ToMaThl OTKPBITOTO TPYHTa BBIPAU[WBAIOT
B pPeruoHax C TeILJIbIM M BJIAXKHBIM KJIMNMaTOM, YTO
SIBJIIETCS BJIAaTOTIPUATHBIM YCIOBUEM [IJIST PA3BUTUS
He TOJIbKO PacTeHUMN, HO U (DUTOIIATOTEHHBIX MUKPO-
OpraHu3MOB. B JaHHBIX YCIOBUSX ITOBLIIIEHHYIO Bpe-
IOHOCHOCTb ITPOSBIAIOT GaKTepuajbHble 60JIE€3HU,
B YaCTHOCTU YepHasd 6aKTepuajbHasd MITHUCTOCTD
ToMaTa. [TopakKeHHOCTh Paccaibl TOMaTOB JOCTUTAET
80-100%, rmotepu miomoB — 70% (Axaros, 2016; ViBaH-
110Ba, 2017).

YepHasa 6akTepraibHasd MIATHUCTOCTh TOMaTa —
3a60JieBaHUeE [TAaCIEHOBBIX KYJIbTYP, KOTOPOE BCTPeYa-
eTcs Bo BceM Mmupe (Roach et al., 2018; www.cabi.org/
isc). Bo3bynuTeseMu 6oJIE3HU SABJISIOTCS X. euvesicato-
ria pv. euvesicatoria, X. vesicatoria, X. hortorum pv. gard-
neri u X. euvesicatoria pv. perforans (Xanthomonas spp.)
(gd.eppo.int). OCHOBHBIMU PaCTEHUSIMU-X03I€BaAMU
cumTarwTca ToMaT Solanum lycopersicum n niepen, Cap-
sicum annuum (Potnis et al., 2015). CUMIITOMBI IPOSIB-
JITIOTCS Ha BCEX HAJI3€eMHBIX YACTSIX PACTEHUS: CEMSI-
IOJISIX, TIUCThSX, UepelIKax, CTe6IIX 1 IUIoaX ToMaTa
U 1iepiia. Ha JUCThIX CESIHIIEB U MOJIOAbIX PACTEHUH
cHayvaJia MOSIBJSIOTCS TOUeUHbIe BOASHUCTRIE IISTHA,
KOTOPBIE CO BpeMEHEM YBEJIUUMBAIOTCS JI0 2 MM, LIEHTP
TISITEH CTAHOBUTCS ITOUTY YEPHBIM C JKEJITBIM OPEOJIOM.
[IsTHa Ha JIUCTHSIX B3POCJIbIX PACTEHUU pacroJjiara-
IOTCS TI0 KpasiM JIMCTOBOM IJIACTMHKU. Ha yepelrkax
¥ cTe6IAX MATHA YAJIUHEHHOHN (hOpPMbI, YePHOTO IIBETA.
Ha 3eJieHbIX I1JI0/IaX TOSBJISIOTCS TEMHbIE BbITYKJIbIE
TOYKY C BOJSHUCTON KAaMOMH, ITO3Ke TIITHA YBEJIUYHU-
BaloTCcA M0 6—-8 MM, 3amafaT U 06pa3yoT I3BOUKH.
TKaHb IO/, MATHAMU Y 3PEJIBbIX IJI0/I0B 3arHuBaeT (be-
JIomankKuHa u ap., 2017; ViBauiosa, 2017).

BakTepuos nepemaeTcs cEeMeHaAMU B BU/JIE TTOBEPX-
HOCTHOU MHQpeKIIUHU. JIAaTEHTHO 3apakeHHas paccaza
TaK)XKe SIBJIIeTCS IPUYNHOM PacIIPOCTPaHEeHMs IIaTo-
rena (EPPO, 2013). OcHoBHas 1 shekTrUBHAST Mepa
60pPBOBI — UCTIOJIb30BaHME CEMSIH U Paccaibl TOMAaTOB,
cBOGOHBIX OT BO3OynuTeseit 6ose3nu (Fatmi et al.,
2017). TakuM 06pa3oM, CBOEBPEMEHHAS 1 KAUECTBEH-
Hag NUarHOCTHKaA BO30ymuTesell 6akTepualbHOU
NATHUCTOCTY TOMaTa B cCeEMeHaX U paccajie MOXeT

INTRODUCTION

n the context of active support of economic en-

tities by the state, in recent years there has been

an increase in tomato production, which is pri-
== marily due to the policy of import substitution.

So,in 2016-2019, in the Russian Federation the
gross harvest of tomatoes grown in open ground in-
creased by 20.2% (from 1.73 to 2.08 million tons), in
protected ground — by 56.7% (from 0.60 to 0.94 million
tons). Against the backdrop of the coronavirus pan-
demic in 2020, the gross harvest of open and protect-
ed ground tomatoes decreased by 3.3% compared to
2019 and amounted to 2.92 million tons (Market ana-
lysis, 2021). This happened due to the deterioration
of the financial situation of vegetable growing compa-
nies, as the cost of production increased, and the de-
mand for tomatoes decreased.

However, Russian vegetable producers are still
dependent on foreign seed material. Tomato seeds are
imported from China, Thailand, USA, France, India,
Peru, Italy, Germany, Brazil, Czech Republic and other
countries (Shneyder, 2020).

Open ground tomatoes are grown in regions with
a warm and humid climate, which is a favorable con-
dition for the development of not only plants, but also
phytopathogenic microorganisms. Under these con-
ditions, bacterial diseases, in particular bacterial spot
of tomato, show increased harmfulness. Infection of
tomato seedlings reaches 80-100%, fruit loss — 70%
(Akhatov, 2016; Ivantsova, 2017).

Black spot of tomato is a disease of Solanaceae
crops that occurs throughout the world (Roach et al.,
2018; www.cabi.org/isc). The causative agents of the
disease are X. euvesicatoria pv. euvesicatoria, X. vesicato-
ria, X. hortorum pv. gardneri and X. euvesicatoria pv. per-
forans (Xanthomonas spp.) (gd.eppo.int). The main host
plants are considered to be tomatoes Solanum lyco-
persicum and peppers Capsicum annuum (Potnis et al.,
2015). Symptoms appear on all above-ground parts of
the plant: cotyledons, leaves, petioles, stems and fruits
of tomato and pepper. On the leaves of seedlings and
young plants, dotted watery spots first appear, which
eventually increase to 2 mm, the center of the spots
becomes almost black with a yellow halo. Spots on
the leaves of adult plants are located along the edg-
es of the leaf blade. On petioles and stems spots are
elongated, black. Dark convex dots with a watery bor-
der appear on green fruits, later the spots increase to
6—8 mm, sink down and form ulcers. The tissue under
spots in mature fruits rots (Beloshapkina et al., 2017;
Ivantsova, 2017).

The bacteriosis is transmitted by seeds as a sur-
face infection. Latently infected seedlings are also re-
sponsible for the spread of the pathogen (EPPO, 2013).
The main and effective control measure is the use of
pathogen-free tomato seeds and seedlings (Fatmi et al.,
2017). Thus, timely and high-quality diagnostics of to-
mato bacterial spot pathogens in seeds and seedlings
can help reduce crop losses and increase the economic
efficiency of domestic vegetable production.

To date, in the international practice of diagnosing
Xanthomonas spp. the following documents are applied:

duTtocaHutapus. KapaHTtuH pactenuin 38



OWATHOCTUKA  DIAGNOSTICS

€c110cO6CTBOBATH CHY)KEHUIO ITOTEPH YPOXKAS U TTOBBI-
IIEHUI0 BKOHOMUYECKOH 3(h(eKTUBHOCTU ITPOU3BOJ -
CTBa OTeUYECTBEHHBIX OBOIIEH.

Ha ceromHAIMHANYI eHb B MEX/IYHAPOIHOM IIpaK-
TUKe NUATrHOCTUKY Xanthomonas Spp. MPUMEHSIOTCS
clenyiole NOKYMeHThI: PeTUOHAJbHBIN CTaHAAPT
EOK3P PM 7/110 (1) (EPPO, 2013), TpOTOKOJI MCIbITA-
HUHM MeXXIayHapoaHOU ¢Geiepaliiyl ITI0 CEMEHOBOJICTBY
(ISF) («MeTog obHapyxeHust Xanthomonas Spp. B ceMe-
Hax ToMatoB») (ISF, 2017).

B PM 7/110 (1) ipexJjioskeHa cxeMa JUarHOCTUKU
Xanthomonas Spp. B BEreTaTUBHBIX YaCTIX PacTEHUN
Cc cuMIITOMaMu 3a60JIeBaHus ¥ CEMEHHOM MaTepuale
ToMaTa. CTOUT OTMETUTD, UYTO JAHHBIH ITOAX0 HEHOIY-
CTUMO IIPUMEHSTD JIJII AUaTHOCTUKY CKPBITON (hOPMbI
3apa)keHusd. B nmpoTokoJie ISF nmpenjoxeHa cxema OJist
BBISIBJIEHUS ITaTOTeHa TOJIbKO U3 ceMsIH. [Ipu 5ToM 06e
JlabopaTOpHbIe CXeMBI ITPelyCMaTPUBAIOT 00s13aTeNb-
HYI0 IIPEJIBAPUTEIbHYI0 U30JIAIINI0 6aKTepHUy Ha I10-
JIyCeJIEeKTUBHbIE ITUTATEIbHbIE CPEIbI C TOCTENYIOINM
CKPUHUHTOM U UJIeHTUDUKAIIUEN TOL03PUTENbHBIX
KOJIOHUH C ITOMOIIBI0 MOJIEKYJISIPDHBIX METOZOB.

TakuM o6pas3oM, IJIaBHBIM HELOCTATKOM IIpe]-
JIO)KEHHBIX CXeM BBISIBJIEHUS U UIeHTU(GUKALIUN Xan-
thomonas Spp. ABJISETCSA OJUTEJIbHOCTh IPOBEIECHUSI
KCCJIeJOBAaHUUI: OT MOMEHTA MOJyUYeHUS PACTUTENb-
HBIX DKCTPAKTOB /[0 OSBJIEHUS TUITMUYHBIX KOJIOHUHN
Ha IIUTaTEJbHBIX CPelaX IPOXOAUT 0KOJIO 5—10 mHe.

C 1eJibI0 U3y4YeHUs BO3MOXXHOCTU COKpAIeHUS
BPEMEHU BBISBJIEHNS U UIeHTU(UKAIIUY N3yIaeMOoTro
GaKTepuro3a 3a CUeT IIPSIMOro BeimeaeHus JHK us pac-
TUTEJNbHBIX 06Pa3IlOB C MOCIeAyIoNel TTOCTaHOBKOM
[TLIP (monuMepasHOU LEeIIHOM peakIiinu), IIPOBEIeH
OITBIT MCKYCCTBEHHOI'0 3aPa’KeHUS B3KCTPAKTOB BeTe-
TAaTUBHBIX YaCTeHW M CEMSH TOMaTa OLHUM U3 BO306y-
nuTenel 60JIe3HNU.

Pe3ynbpTaThl OIBITA OIEHWBAJNU C ITOMOIILbIO
TECT-CUCTEMBI JIJIs AUATHOCTUKY YePHOU 6aKTeprasb-
HOM IITHUCTOCTU ToMaTa (X. euvesicatoria pv. euvesicato-
ria) mpousBoacTBa OO0 «Arpo/luarHoctuka» (Poccus).
B cocTaB KOMMepUecKoro Habopa BXOAUT BHYTPEHHU K
MMOJIOKUTEJbHBIN KOHTPOJIb (BITK), m0O3BOJISIONIMMI
OLIEHUTDb KaK paboTOCIIOCOGHOCTh BCEX KOMIIOHEHTOB
PeakIiMoHHOW CMeCH, TaK U BIUSHUE PACTUTENbHON
MaTpuUIbl (T. €. HAXOLAUIMXCSA B Hell MHTMOUTOPOB)
Ha npoxoxzgeHue IIIP. [ToCcKOJIbKY TeCT-cUCTeEMA Pas-
paboTaHa TOJIBKO JIJISI AUATHOCTUKY OJHOTO U3 YEThI-
pex Bo3OynuTeneii 6ose3nu — X. euvesicatoria pv. euve-
sicatoria, UMEeHHO 3TOT IITaMM KCIIOJb30Bau IJIA
HMCKYCCTBEHHOTI'0 3apa’kKeHUs.

MATEPWUWAJIBI U METO/1bI

IModeomoska anarumudeckux npob u3 6e2emamusHbLX
uacmetl momama. [Jisg IPUTOTOBJIEHUST CMeEIIaHHO-
ro o6pasiia UCII0JIb30BaJIX COPTa TOMaTOB Belicyxek
v Buirasa KpacHas. JINCTbs U CTe6JIM MeJIKO Hape3au
Kycoukamu (mpuMepHo 0,5 ¢cM). OTOBUJIY 110 8 HABECOK
I BYX BapuaHTOB — pa3dMepoM 1 ru 2 1. HaBecku riome-
IIaJI1 B CTEPUJIbHBIE [1JIACTUKOBBIE EMKOCTU 06'bEMOM
120 ma u 3anuBanu 30 MJI cTepuJibHOTO hochaTHO-
coneoro 6ydepa (PBS) (puc. 1).

3aTeM eMKOCTH MePeHOCUJIU Ha OPOUTAIbHBIHN
merikep Unimax 2010 (Heidolph, l'epmanwus) Ha 1 yac
(pexum — 200 06/MUH) IpU KOMHATHOUN TeMITepaTy-
pe. Jaynee mpoBoaunu uIAbTPAIUI Yepe3 GyMax-
HBIY QUIABTP B IeHTPUDYXHBIe TPOOUPKU TUTIA
Oak Ridge (Nalgene, Thermo Fisher Scientific, CIIIA)

EPPO regional standard PM 7/110 (1) (EPPO, 2013), In-
ternational Seed Federation (ISF) Test Report (Method
for the detection of Xanthomonas spp. in tomato seed)
(ISF, 2017).

PM 7/110 (1) suggests a diagnosis scheme for Xan-
thomonas spp. in vegetative parts of plants with symp-
toms of the disease and tomato seeds. It should be
noted that this approach cannot be used to diagnose
a latent form of infection. The ISF protocol proposes
a scheme for pathogen detection from seeds only. At
the same time, both laboratory schemes provide for
mandatory preliminary isolation of the bacterium on
semi-selective nutrient media, followed by screening
and identification of suspicious colonies using molecu-
lar methods.

Thus, the main disadvantage of the proposed
schemes for the detection and identification of Xan-
thomonas spp. is the duration of the research: from the
moment of obtaining plant extracts to the appearance
of typical colonies on nutrient media, it takes about
5-10 days.

In order to study the possibility of reducing the
time of detection and identification of the studied bac-
teriosis due to direct isolation of DNA from plant sam-
ples with subsequent PCR (polymerase chain reaction),
an experiment was carried out on artificial infection of
extracts of tomato vegetative parts and seeds with one
of the pathogens.

The results of the experiment were evaluated us-
ing a test system for the diagnosis of bacterial spot of
tomato (X. euvesicatoria pv. euvesicatoria) produced by
AgroDiagnostica (Russia). The commercial kit includes
an internal positive control (IPC), which allows to eval-
uate both the performance of all components of the re-
action mixture and the effect of the plant matrix (i. e.,
the inhibitors contained in it) on the PCR. Since the test
system is designed only for the diagnosis of one of the
four pathogens — X. euvesicatoria pv. euvesicatoria, this
particular strain was used for artificial infection.

MATERIALS AND METHODS

Preparation of analytical samples from tomato vegetative
parts. To prepare a mixed sample, the Beysuzhek and
Red Cherry tomato varieties were used. The leaves and
stems were finely chopped into pieces (about 0.5 cm).
We prepared 8 weightings of two variants, 1 gand 2 g in
size. The weighed portions were placed in sterile plastic
containers with a volume of 120 ml and filled with 30 ml
of sterile phosphate-buffered saline (PBS) (Fig. 1).

Then the containers were transferred to a Uni-
max 2010 orbital shaker (Heidolph, Germany) for
1 hour (200 rpm) at room temperature. Then, filtration
was carried out through a paper filter into Oak Ridge
centrifuge tubes (Nalgene, Thermo Fisher Scientific,
USA) and centrifuged on an Allegra X-30 device (Beck-
man Coulter, USA) for 10 min at a speed of 10,000 rpm
at 10 °C. The supernatant was carefully discarded. The
precipitate was dissolved in 1 ml of sterile PBS by tho-
rough vortexing. Thus, 8 ml of each extract variant was
obtained.

Artificial infection of tomato vegetative parts. Artifi-
cial infection of pre-prepared extracts was carried out
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¥ eHTPUGYTUPOBaIU Ha MPU-
6ope Allegra X-30 (Beckman
Coulter, CIITIA) 10 MUH €O CKOPO-
cTbio 10 000 o6/MuH mpu 10 °C.
CyrepHaTaHT aKKypaTHO CJIUBa-
au. OcaJloKk pacTBOPSAJIY B 1 MJI
crepunbHOro PBS nyrem Tmia-
TEJBHOI'0 BCTPSIXUBAaHWS Ha BOP-
Tekce. TakuM 06pa3oM MOy Y NIIA
10 8 MJI KaXK/IOT0 BapUAaHTAa JKC-
TpaKTa.

Hckyccmeennoe sapaxcenue
geeemamuBHbLX wacmel moma-
ma. VICKyCCTBEHHOE 3apaie-
HUe 3apaHee MOATOTOBJIEHHBIX
9KCTPAKTOB ITPOBOAUIU GaKTe-
pUANBHOU CyCIleH3uel YUCTOU
KyJbTypPbl TUIIOBOTO IITaMMa
X. euvesicatoria pv. euvesicatoria
(DSM 19128) (puc. 2) us Hemeli-
KOM KOJUIEKITUY MUKPOOPTaHU3-
MOB U KJIETOUHBIX KyJbTyp (The

Leibniz Institute DSMZ — German  pyc. 1. logrotoeka aHanutuueckux  Fig. 1. Preparation of analytical

Collection of Microorganismsand  npo6 u3 BeretaTueHbIX YacTei
Cell Cultures). l'oroBunu 8 mocye-  Tomara (hoto A.B. Apemko)

IoBaTeJIbHBIX 10-KpaTHBIX pa3s-
BEIEHUI B IBYX BapuaHTaX dKC-
TpaKTa U B cTepuiibHOM (hocdaTHO-comeBoM Gydepe.

[TocnenmoBaTenbHOE pa3BeneHue B PBS ncronb3o-
BaJIU JJIg KOJINUECTBEHHOTO yueTa MUKPOOPTaHU3MOB.
Ha nmoTHyI0 MUTaTeNIbHYI0 CPeny — LeKCTPO3HO-IPOXK-
’KeBOU kapOoHaTHbIH arap (YDC) — BbiceBanu 5, 6 1 7-€
pasBeleHUs KyJIbTYyPbl B 2-KPAaTHOU ITOBTOPHOCTU
o 100 mkJ1. [Tocye 72 4acOB MHKYOUPOBAHUS TIPO-
BOJIUJIY TIOJICUET KOJIOHUH Ha YalllKax U OIpesesain
xonruecTBO KOE/MJI B HYJIEBOM U TIOCTEAYIOUIUX pPas-
BeJleHUAX I10 hopmyIe:

M= 10“,
\Y
roe M — KoJIM4eCcTBO KJIETOK B 1 MJI, a — cpeJiHee KO-
JINUECTBO KOJIOHNMM, BBIPOCIINX T10CJIE TI0OCEBA U3 JaH-
HOTO pasBefeHus, 10" — koahPUIIMEeHT pa3BelleHus,
V — 06'beM CyCIIeH3UHU, UCTI0JIb30BAHHON JIJISI TIOCEBA
(Hetpycog, 2005).

Hckyccmeennoe 3apaxcerue ceman. L IpUroTos-
JIeHUSI CMEeIIaHHOTro o6pasiia ceMsH MCI0JIb30Ball
6oJiee 10 copToB (TTnHOKKMO, BbIube cepalle, OpaHiK,
BankoHHOe uyzo, Bosrorpajckuil u np.). HaBecky
ceMaH pasMepoM 10 r moMenjaau B HakeT OJd ro-
MOTeHU3allny, 3ajuBaau 20 MJ CycIlleH3umn 6akTe-
puit X. euvesicatoria pv. euvesicatoria B CTEPUIbHOM
PBS (= 10° KOE/MJ1) 1 pasMeniangy B melHKepe-uHKY-
6atope INNOVA 43 (New Brunswick, CIIIA) Ha 4 yaca
pu 10 °C u pexxume BpauieHus 90 06/MuH. 3aTeM 13-
JIUIIKY CYCIIEH3UY CIUBAJIYN Yepe3 6yMakHbIN QUIbTP
Y IIPOCYIIUBAJIM CEMeHA ITPY KOMHATHOU TeMIlepaType
B TeueHue 20 yacoB. CeMeHa CMeNIUBaJIU B COOTHOIIIe-
HUU 3apaXeHHBIX CEMIH K 370poBeIM: 1 : 10, 1 : 20,
1:100. B uTore nosyuyuau 5 BApUaHTOB CEMSIH C Pas-
HBIM YPOBHEM 3apakeHHocTu: 100%, 10%, 5%, 1%
¥ He3apa)keHHbIe ceMeHa (OTPUIATeIbHbINM KOHTPOJIB).

Iodzomoska ananumuveckux npob u3 ceman. logro-
TOBKY ITPO6 AT BAPUAHTOB OTIbITA TTPOBOIUIJIN METO-
noMm romorerusanuu (EPPO, 2013).

Buvidenenue JJHK. 3apakeHHbIE DKCTPAKTHI B 006b-
eme 200 MKJ MCIIOJIb30BaJu AJig BbigeaeHus JHK
C TIOMOIIbI0 KOMMepueckoro Habopa «IIpo6a-I'C»

samples from tomato vegetative
parts (photo by A.B. Yaremko)

with a bacterial suspension of a pure culture of the typi-
cal strain X. euvesicatoria pv. euvesicatoria (DSM 19128)
(Fig. 2) from The Leibniz Institute DSMZ — German
Collection of Microorganisms and Cell Cultures. There
were 8 consecutive 10-fold dilutions in two versions of
the extract and in sterile phosphate-buffered saline.

Puc. 2. Ynctasa kynbtypa
X. euvesicatoria pv.

Fig. 2. Pure culture of

X. euvesicatoria pv.
euvesicatoria Ha cpege YDC  euvesicatoria on YDC medium
nocne 72 yacoB vHKybauun  after 72 hours of incubation

(thoTo W.H. NMucapesoit) (photo by I.N. Pisareva)
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(000 «Arpo/lmarHocTuKa»). MeToz OCHOBAaH Ha IIPUH-
1uIIe IM3¥ca TKaHel B pacTBOPe TyaHUIMHTUOIIMaHa-
Ta (GuUSCN) ¢ agcopbiiuen TotaabHoM JHK Ha moBepx-
HOCTH cOp6eHTa (IUOKCU KPeMHMUS) U JaJbHEeHIInX
3-KpaTHbBIX IPOMbBIBOK COOTBETCTBYIOIIMMU PAaCTBOPa-
Mu. [TPOBOAUTCS COTIIACHO UHCTPYKIIUN (PUPMBI-TIPO-
U3BOIUTEIS.

I1]P-ananu3. 17151 BBISIBJIEHUS U UIEHTUQUKALIUYT
IHK X. euvesicatoria pv. euvesicatoria UCIIOJb30BaJIU
TecT-cucTteMy B popmare [11IP B peanbHOM BpeMeHU
(TILIP-PB) mpoussoacTtBa OO0 «Arpo/luarHOCTUKa».
YcaoBug TP mcnosb30oBaau COrjlaCHO MHCTPYKIIUU
MIPOU3BOLUTENS.

g moctanoBku I1LP-PB ucnonbs3oBasiu TepMo-
nukiaep CFX96 C1000 Touch (Bio-Rad Laboratories,
Inc., CIITIA). CrieniuuyHY0 peaKIuio OLeHUBAJIY I10 Ka-
HaJy (aryopectieHIIuY FAM, BHYyTPEHHUH TTOJI0KUTEN b-
HBIN KOHTPOJIb (BITK) — 1o ka"aay HEX. [Tpu IToCTaHOB-
ke I1IIP ucriosnb3oBany 3-KpaTHY [IOBTOPHOCTb.

Ta6uauna 1

Serial dilution in PBS was used to quantify micro-
organisms. The 5™, 6™, and 7™ dilutions of the culture
were sown on a dense nutrient medium, yeast dextrose
carbonate agar (YDC), in 2-fold replication, 100 ul each.
After 72 hours of incubation, colonies were counted
on plates and the number of CFU/ml was determined
in zero and subsequent dilutions according to the
formula:

a-10»

-~

where M is the number of cells in 1 ml, a — average
number of colonies that grew after inoculation from a
given dilution, 10" — dilution factor, V is the volume of
the suspension used for sowing (Netrusov, 2005).

Artificial infection of seeds. For the preparation of a
mixed seed sample, more than 10 varieties were used
(Pinocchio, Bychye serdtse, Orange, Balkonnoe chu-
do, Volgogradsky, etc.). A 10 g sample of seeds was
placed in a bag for homogenization, poured 20 ml of

M=

Pe3yJIbTaTbl UCIIBITAHUA TECT-CUCTEMbI HA HICKYCCTBEHHO 3apPa*K€HHbIX IKCTPAaKTax

BereTaTUBHBIX YacTel ToMaTa
Table 1

Examine results of the test system on artificially infected extracts of tomato vegetative parts

HaBeckalr

HaBecka2r

Samplelg Sample2 g
Kommuecrao e el eycle threshold value, Ot
Pa3BeneHus IIoBTOPHOCTU  KJIETOK ’ ’
Dilutions Repetitions Number of cells FAM HEX FAM HEX
1 1 2,6 x 107 22,73 29,07 22,81 29,16
2 22,88 28,63 22,86 28,85
3 22,57 29,12 22,76 29,32
2 1 2,6 x10° 26,47 29,23 26,24 28,97
2 26,33 29,45 26,16 29,42
3 26,61 29,35 26,31 29,47
8 1 2,6 x 10° 29,61 29,41 29,95 29,36
2 29,94 29,92 29,77 29,77
8 29,74 29,78 30,12 29,87
4 1 2,6 x 104 33,19 29,65 32,96 29,54
2 33,10 29,83 32,97 30,01
3 33,28 29,45 32,95 29,56
5 1 2,6x10° 36,54 29,64 35,75 29,08
2 36,19 29,33 36,03 29,69
3 36,88 29,47 35,47 29,54
6 1 2,6 x10? - 29,44 40,23 29,33
2 39,66 29,67 - 29,03
3 - 29,89 - 29,55
7 1 2,6 x10% = 29,91 = 29,13
2 = 29,78 = 29,08
3 = 29,57 = 29,27
8 1 2,6 x10° - 29,31 - 29,23
2 - 29,73 - 29,30
3 - 29,72 - 29,29
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Ta6auia 2

Pe3ysIbTaThl MCIIBITAHUS TE€CT-CUCTEMBI
IpHU Pa3HbIX YPOBHSX 3apa’KeHHOCTH CEMIH
TOoMAaTa

Table 2
Examine results of the test system
at different infection levels of tomato seeds

KanaJ gerekuuu,
3HaueHUe Moporo-
BOro uukJa, Ct
Detection channel,

cycle threshold
3apakeHHOCTb, value. Ct
% [oBTOpHOCTHU ’
Infection, % Repetitions FAM HEX

100 1 17,39 29,36
2 17,12 29,27
3 17,34 29,32
10 1 22,81 28,55
2 22,98 28,68
3 22,75 28,47
5 1 23,72 28,54
2 24,03 28,14
3 23,94 28,27
1 1 26,84 29,13
2 26,97 29,22
3 27,02 29,24
OTputiatenbHbin 1 - 28,56
KOHTDOJIb
Negative control 2 - 28,48
3 = 28,52

PE3VJIBTATBI U OBCYKJOEHHNE

B pa6oTe mMpoBeeHO MCHObITAHUE POU3BEIEeHHON
000 «Arpo/luarHoCTuKa» TECT-CUCTEMBI IJIS [UATrHO-
CTUKU OJJHOTO U3 BO3OymUTEeN YepHOU 6aKTepuralb-
HOM IIITHUCTOCTU ToMaTa — X. euvesicatoria pv. euvesi-
catoria. JJaHHBIN KOMIIJIEKT PEareHTOB NpelHasHaueH
njg noctaHoBku [I1IP-PB. B peakljMoHHYI CMeCh
BXOAUT BHYTPEHHUU IMOJIOKUTEJbHBIN KOHTPOJb,
YTO MO3BOJISIET OIleHUBaTh MHrubuposauue I1LIP mpu
IpsMoM BbifiesieHyu JIHK 6aKkTepuii M3 pacTUTENbHBIX
SKCTPaKTOB.

Il71s OILleHKU UyBCTBUTEJIbHOCTU TECT-CUCTEMBI
OB ITPOBEEH KOJMUYECTBEHHBIN yUeT OaKTepuil, nuc-
TI0JIb3YEeMBIX JIJIsI 3apaKeHUs dKCTPAKTOB BereTaTuB-
HbIX yactel romara. Konudectso KOE B 1 M1 HyJI€BOTO
pasBeZleHMs paBHO 2,6 X 108,

Pe3ysibTaThl UCTIBITAHUM TECT-CUCTEMBI ITPOU3-
BoacTtBa OO0 «Arpo/luarHoCTUKa» OJid BbISIBJIEHUS
u ugentudukanum JHK X. euvesicatoria pv. euvesicato-
ria, BbIIeJIeHHON U3 MCKYCCTBEHHO 3apPa’keHHbIX 3KC-
TPaAKTOB BEreTaTUBHbBIX YaCTEH 1 CEMSAH TOMATa, IIPe-
CcTaBJIEHbI B Tabauax 1-2.

CTabunbHble pe3ylIbTaThl AeTeKInu 1iejeBoit JTHK
(FAM) B 000uX BapuaHTaxX OTMEYEHBI C 1-T0 110 5-e
pasBenmenure. TakuM 06pa3oM, aHAJUTUUYECKAST UYB-
CTBUTEJIBHOCTb cocTaBua 2,6 X 10°. Tak)Ke OTMEUEHO,
uyTo BITK (HEX) cpa6oTaJj BO BceX pa3BeLeHUAX, UYTO

a suspension of bacteria X. euvesicatoria pv. euvesicatoria
in sterile PBS (= 10° CFU/ml) and placed in an INNOVA
43 shaker-incubator (New Brunswick, USA) for 4 hours
at 10 °C and a rotation mode of 90 rpm. Then, the ex-
cess suspension was poured through a paper filter and
the seeds were dried at room temperature for 20 hours.
The seeds were mixed in the ratio of infected seeds to
healthy ones: 1:10,1:20,1:100. As a result, 5 vari-
ants of seeds with different levels of infection were ob-
tained: 100%, 10%, 5%, 1% and uninfected seeds (ne-
gative control).

Preparation of analytical samples from seeds. Prepa-
ration of samples of five variants of the experiment
was carried out by the homogenization method (EPPO,
2013).

DNA isolation. Infected extracts in a volume of
200 pl were used for DNA isolation using the Proba-GS
commercial kit (AgroDiagnostica, Russia). The method
is based on the principle of tissue lysis in a guanidinium
thiocyanate solution (GuSCN) with the adsorption of to-
tal DNA on the surface of the sorbent (silicon dioxide)
and subsequent 3-fold washing with appropriate solu-
tions. Carried out according to the manufacturer’s in-
structions.

PCR analysis. For X. euvesicatoria pv. euvesicatoria
DNA detection and identification, we used Real-Time
PCR test system (RT-PCR) by AgroDiagnostica. PCR con-
ditions were used according to the manufacturer’s in-
structions.

Real-time PCR was performed using a CFX96
C1000 Touch thermal cycler (Bio-Rad Laboratories,
Inc., USA). The specific reaction was assessed by the
FAM fluorescence channel, and the internal positive
control (IPC) was assessed by the HEX channel. When
setting up PCR, a 3-fold repetition was used.

RESULTS AND DISCUSSION

In this work, an AgroDiagnostica test system was exa-
mined for the diagnosis of one of the pathogens of bac-
terial spot of tomato — X. euvesicatoria pv. euvesicatoria.
This set of reagents is intended for RT-PCR. The re-
action mixture includes an internal positive control,
which makes it possible to evaluate PCR inhibition
during direct isolation of bacterial DNA from plant ex-
tracts.

To assess the sensitivity of the test system, a quan-
titative account of the bacteria used to infect extracts of
tomato vegetative parts was carried out. The number of
CFU in 1 ml of zero dilution is 2.6 x 108.

Examine results of the AgroDiagnostica test sys-
tem to detect and identify X. euvesicatoria pv. euvesica-
toria DNA isolated from artificially infected extracts
of tomato vegetative parts and seeds are presented in
Tables 1-2.

Stable results of detection of the target DNA (FAM)
in both variants were noted from the 1% to the 5" dilu-
tion. Thus, the analytical sensitivity was 2.6 x 10%. It
was also noted that HEX worked in all dilutions, indicat-
ing no PCR inhibition. At the same time, the value of the
threshold cycle through the HPC channel (HEX) in both
variants is approximately the same, which indicates the
absence of the influence of the sample size on the PCR.
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YKa3bIBAET HA OTCYyTCTBUE uHrubupoanus IT1P. [Tpu
3TOM 3HauYeHUe IMOPOroBOro IuKJa 1o kaHaay BITK
(HEX) B 060X BapraHTaX IPUMEPHO OLUHAKOBOE, UTO
CBUIETENBCTBYET 06 OTCYTCTBUM BIUSHUS pasMepa
HaBeCKHU Ha IpoxoxaeHue [P

W3 TabGauUIIkI 2 BUAHO, UTO BBIIBJIEHNE X. eUVesi-
catoria pv. euvesicatoria OTMe4YeHO IIPU BCEX YPOBHAX
3apa)KeHHOCTY CEMSH. BHYTPEHHUH KOHTPOJb cpabo-
TaJl BO BCeX PeaKLUAX, UYTO YKa3blBaeT HA OTCYTCTBUE
nHrubupoanus [TLIP.

[IpenBapuUTEeNbHO OJIS BBISBJIEHUSA X. euvesicato-
ria pv. euvesicatoria B PaCTUTEJIbHBIX DKCTPaKTaxX Be-
reTaTWBHBIX YaCTEeHW 1 CEMSIH MOXKHO PEKOMEH0BATh
TecT-cucTeMsl ipousBogcTBa OO0 «Arpo/luarsocTu-
Ka» OJIs IVarHOCTUKY 9TOM 6aKTepuun.

3AKJIIOYEHUME

Il7sl COKpallleHUsI BpEMEHU NMarHOCTUKY X. euvesicato-
ria pv. euvesicatoria ¥ yCTAaHOBJIEHUS CTETIEHU BIUSIHUSI
pacTUTENbHONW MaTPUIlbl HA KOHEUYHbIe Pe3yabTaThl
uccaenoBaHui o6pasioB pacTeHUM 1 ceMsSH ToMaTa
HaMU OBLIY TIPOBEJIEHBI OITBITHI 110 UCKYCCTBEHHOMY
3apakKeHUI0 X. euvesicatoria pv. euvesicatoria SJKCTPaKTOB
BEreTaTHBHBIX YaCTEM U CeMSIH ToMaTa. B X0/ie UCIThbI-
TaHWS METOLVKHU MOATOTOBKY ITPO0 C JaJIbHEHUIIUM
BbigesienueM JJHK u [M1IP-aHanu30M UCKYCCTBEHHO
3apa)keHHBIX 00Pa31[0B YCTAaHOBIEHO, UTO UHTUOUPO-
BaHus [1LIP He mpouCXOgUT.

[IpoBeZeHHBIE UCCIENOBAHMS ITOKA3aJUd BO3-
MO>XHOCTH UCIIOJIb30BaHUS TECT-CUCTEMBI B (hopMaTe
[TIIP-PB nipousBoacTtBa OO0 «Arpo/luarHocTuka» nJjis
MPSIMOTO BBISBJIEHUS X. euvesicatoria pv. euvesicatoria
U3 PACTUTENbHBIX S3KCTPAKTOB, OJHAKO, OUEBUIHBIM
HEeJO0CTaTKOM TECT-CHCTEMbI SIBJISIETCS BO3MOXKHOCTD
JIVarHOCTUKY TOJbKO OJTHOTO U3 YEThIPeX BO30yauTe-
Jet 6oJie3HU.
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Table 2 shows that the detection of X. euvesicatoria
pv. euvesicatoria was noted at all levels of seed infection.
The internal control worked in all reactions, indicating
no PCR inhibition.

Preliminary for detection of X. euvesicatoria pv.
euvesicatoria in plant extracts of vegetative parts and
seeds, AgroDiagnostica test systems can be recom-
mended for the diagnosis of this bacterium.

CONCLUSION

To reduce the diagnostic time for X. euvesicatoria pv.
euvesicatoria and establishing the degree of influence of
the plant matrix on the final results of studies of plant
samples and tomato seeds, we conducted experiments
on artificial infection of extracts of tomato vegetative
parts and seeds with X. euvesicatoria pv. euvesicatoria. In
the course of testing the sample preparation technique
with further DNA isolation and PCR analysis of artifi-
cially infected samples, it was found that PCR inhibition
does not occur.

The conducted studies have shown the possibility
of using the AgroDiagnostica test system in the PCR-RT
format for direct detection of X. euvesicatoria pv. euvesi-
catoria from plant extracts, however, the obvious disad-
vantage of the test system is the ability to diagnose only
one of the four pathogens.
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