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AHHOTALINA
[IpencraBuTenu poma Sorbus sensu lato (PgsbuHa) — us-
BECTHBIE U JOCTATOYHO IIHPOKO PACIPOCTPaHEeHHbIE
pacTeHus — X03sgeBa 0aKTepUalbHOI'0 0XKOTa ILJI0-
IOBBIX KyAbTyp Erwinia amylovora (Burrill) Winslow
et al. OmHAKO 10 HACTOAIIEro BpeMeHU oQUIlualb-
HO IOATBEPXXIEHHBIX JAHHBIX O BBIIBJIEHUU BO3-
OynuTens Ha psbuHe B Pocculickoit ®emepalnuy He
6b1J10. B maHHOU paboTe MpoBemeHO ob6ciaemoBaHme
HacaxxgeHui Sorbus aucuparia L. M KyTbTYPHBIX COP-
TOB psAOMHBI B 7 perMoHaX eBPOMelcKoi yacTu Poc-
cuu. CoopHbIe 06pas1lbl ¥ TPOOLI PA3JIUUYHBIX YacTel
pacTeHuH IpoaHaIu3UPOBAHBI C IIOMOIIbIO 4 TECTOB
Ha OCHOBE MOJUMepasHoU 1enHoi peaknuu (ITLP),
METOJOM CEKBEHUPOBAHUS, a TAKXKE KYJIbTypaJib-
HO-MOPQOJIOTUUECKUM METOHOM. JJOCTOBEPHO BhISIB-
sneHa JHK Bo36ynuress B I. MOCKBe U MOCKOBCKOM
obyacTu. M3yuyeHa AUHAMUKa Pa3BUTHUS aTOTeHa
B PasMMYHBIX YaCTIX PACTeHUI PAOUHEI B TeueHN e
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ABSTRACT
The species of the genus Sorbus sensu lato (moun-
tain-ash) are well-known and quite widespread host
plants of fire blight Erwinia amylovora (Burrill) Winslow
et al. Nevertheless, there have been no officially proven
data about the pest detection on the mountain-ash in
the Russian Federation. This work presents the survey
results of Sorbus aucuparia L. and cultivated varieties of
mountain-ash plantations in 7 regions of the Europe-
an part of Russia. The combined samples and the sub-
samples of separate parts of plants have been analyzed
by 4 PCR-based tests, the sequencing method, as well
as the plating method. The DNA of Erwinia amylovora
has been reliably detected in Moscow and the Moscow
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BETETAIMOHHOTO ce30Ha. He moaTBepXIeHbI CO06-
meHus 06 0OCHOBHOM poJiu Erwinia amylovora B pa3Bu-
TUY HEKPOTUUECKUX MMOPAXKEHUU pacTeHU pAOMHbI
B MOCKOBCKO¥ 06JiacTH.

Knrouesuoie cnosa. ObciegoBaHme, BhIABIEHNE, Ka-
panTuH, IHK, IT1IP, ce30HHas [HaMMUKa 3a00JIeBaHNsI,
CHUMIITOM, HEKPO3, IITHUCTOCTb, YBSLAaHNE, PACTEHNE-
X035¥1H, aHTarOHUCTBI, MUKPOOPTaHM3M, MUKPOOUMOTA,
Pseudomonas.

Jna koppecnondenuyuu. IpeHoBa Haramusa Ba-
CUJIbeBHA, HAUAJIbHUK — CTAPIIWY HAYUHBIN COTPYI-
HUK HAy4YHO-MEeTOJMUEeCKOTO OTAejia BUPYCOJOTUU
u 6akrepuosoruu ®I'BY «BHUMKP», 140150, Poc-
cus, MockoBckasg 06j., . PaMeHCKOoe, P. M. BBIKOBO,
e-mail: drenova@mail.ru.

BBEJIEHUME

aKTEePUAaTbHBIN OXKOT IIJIOJIOBBIX KYJIb-

TYyp, BBI3bIBAEMbIN BdHTepobaKkTepuen

Erwinia amylovora (Burrill) Winslow et

al., uMeeT KapaHTUHHOE 3HaUeHNe IJIs

P® u EASC. BriepBble Ha TEPPUTOPUU
Poccuu oxor momoBbIxX 6611 BeISIBIIEH B 2003 T. B Ka-
JIMHUHTPAJCKON 06JIaCTH, M K HACTOSIIEMY BPEMEHU
B pasHble Tofibl ovaru ObLIM ODUITUAIBHO 3aUKCH-
poBaHbI B Besiroposickoii, BpsHCKOM, BoJrorpamcKkoi,
Bopouexxckoii, KanuHuHrpaackou, Jiunerkou, [TeH-
3eHcKol, Camapckoif, CapaToBcKoi, CMOJIEHCKOMH,
Tam60Bckol, TyabCKOI 00JacTdX, B pecIybrKax
Iarectan, KabGapmuno-Bankapus, Kapauaeo-Uep-
kecud, KpoeiM, B KpacHogapckoM u CTaBpOIIOJIbCKOM
Kpasx. B xofle HayYHBIX UCCJeNOBaHUMN 3abojieBaHUe
OBLIO BBIABJIEHO B I. MockBe 1 OPJIOBCKOM 06J1acTH,
3apakeHHble 00pa3Ilbl ObUIM TIOJYUEHBI OT T'PaKIAH
u3 PocToBckoli obsiacTu u Pecriybsiiku CeBepHas Oce-
Tusd — AnaHus. B psie pernoHOB o4aru yanoch JIUK-
BUIVMPOBATh, OJHAKO B II€JIOM BO3OYAWTEJb ITPOJIOJI-
JKaeT pacrnpocTpaHaThes[1, 2, 3, 4, 5].

HecMOTps Ha TO, UTO GaKTepUaJIbHBIN 0XKOT ITOpa-
skaeT 6osiee 180 BUIOB pacTeHM ceMelicTBa Rosaceae
Juss. [6], B momaBisionieM 60JbIINHCTBE CITyUay BbISB-
JieHus B PO mpuypoYeHbl K HACAKIEHUSIM KYJIbTYPHBIX
pacreHuii-xo3seB: Malus domestica Borkh. (1601 10-
MaurHss), Pyrus communis L. (Ipyiia o6bIKHOBEHHAS),
Cydonia oblonga Mill. (A#iBa 0GBIKHOBEHHA), a TAKXe
Prunus domestica L. (Cnua momauiuss) u Amelanchier sp.
(Mpra), mpou3pacTaiolluX B IPOMBIIIJIEHHBIX 1 YaCT-
HBIX CaJlaX ¥ IMTOMHUKAX. [Iogo6Hast TeHIeHIIUA IIPO-
cliexuBaeTcs U B cTpaHax 6siBmiero CCCP [7, 8, 9, 10,
11]. [To MHEHUIO aBTOPOB, 3TO O0YCJIOBJIEHO HECKOJIb-
KMMU IPUYXHAMU: 3aHOC U PACIIPOCTPaHeHUe BO36y-
IUTEJS TTPOUCXOIAT IPEUMYIIECTBEHHO C 3apakeH-
HBIM I10CAaJOYHBIM MaTepPHUajoM; PpacTeHUI-X03sgeBa
B KYJIbTYPHBIX HACOKIEHUSIX CKyYeHHBI, YTO TPUBOLUT
K OBICTPOMY pPacCIPOCTPaHEHUI0 MH(EKIIUU; X03IH-
CTBEHHO 3HAUMMbIe HAaCAXKIEHUS JIydllle 06CIeLy0T-
cs KaK caMUMU CaZloBOLaMU, TaK U YIIOJTHOMOYEHHBI-
MU TofpasfeseHuaMu Poccesibxo3Hag3opa. B cBasu
C 9TUM OUKOPACTYIIue, NeEKOPATUBHBIE U MeHee TTopa-
’KaeMble pacTEeHUS — X03sieBa 6aKTepHUaIbHOTO 0XKOra

region. The dynamics of pathogen development in va-
rious parts of mountain-ash plants during the grow-
ing season has been studied. The reports on the main
role of Erwinia amylovora in the development of necrotic
damage of mountain-ash plants in the Moscow region
have not been confirmed.

Key words. Survey, detection, quarantine, DNA,
PCR, seasonal dynamics of the disease, symptom, ne-
crosis, spots, wilting, host plant, antagonists, microor-
ganism, microbiota, Pseudomonas.
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INTRODUCTION

ire blight caused by the enterobacterium

Erwinia amylovora (Burrill) Winslow et al.

is considered to be a quarantine one for

the Russian Federation and the EAEU. Fire

blight was first detected in Russia in 2003 in
Kaliningrad region, and by now in different years foci
have been officially registered in Belgorod, Bryansk,
Volgograd, Voronezh, Kaliningrad, Lipetsk, Penza,
Samara, Saratov, Smolensk, Tambov, Tula regions, in
the republics of Dagestan, Kabardino-Balkaria, Ka-
rachay-Cherkessia, Crimea, in Krasnodar Krai and
Stavropol Krai. In the course of scientific research,
the disease has been detected in Moscow and the
Oryol region, infected samples were obtained from
citizens of Rostov region and the Republic of North
Ossetia-Alania. In some regions, the foci were eli-
minated, but in general, the pathogen continues to
spread [1, 2, 3, 4, 5].

Despite the fact that fire blight damages over 180
species of the family Rosaceae Juss. [6], in most cas-
es detections in Russia were connected with cultivated
host plants: Malus domestica Borkh. (apple), Pyrus com-
munis L. (pear), Cydonia oblonga Mill. (quince), as well
as Prunus domestica L. (plum) and Amelanchier sp. (june-
berry) growing in industrial and private gardens and
nurseries. A similar trend can be seen in the former
USSR countries [7, 8, 9, 10, 11]. In our opinion, this is
accounted for by several reasons: the pest introduction
and spreading primarily occur with infected plants for
planting; host plants in cultivated areas grow densely,
which leads to a rapid spread of the infection; economi-
cally significant plantations are better inspected both
by the gardeners themselves and by the authorized di-
visions of the Rosselkhoznadzor. In this regard, wild,
ornamental and less affected host plants of the fire
blight remain poorly studied. Meanwhile, host plants
growing in forests, on wastelands and fallow lands, in
uncontrolled plantings of forest belts and settlements
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OCTAITCS MaJIOU3yUYEeHHBIMU. MEXIYy TeM PACTEeHUS-
X03s1€Ba, IIPOU3pacTa0IINe B JIecax, Ha ITyCThIPSIX U 3a-
Jie)kax, B MaJIOKOHTPOJIMPYEMBIX HACAXKIEHUAX JIECO-
TI0JIOC ¥ HAaCEJIEHHBIX ITYHKTOB, aKTUBHO ITOCENAI0TCS
HaceKoMbIMU (0COGEHHO B TTEPUOJ, IIBETEHUST), CIIyXKaT
MeCTaMM OTAbIXa IITUIL ¥ UX KOPMJICHUS; He IIoIBepra-
SICh 3aIIUTHBIM MEPOIIPUATUSIM, MOTYT HAKaTlJINBATh
UHQPEKIINIO U CIY)KUTh €€ NCTOUHUKOM JIJIST OKPYKAI0-
L[UX arPOIeHO030B.

Cpenu IWKOPACTYU[MX W JAeKOPaTUBHBIX pac-
TEHUI-X0359€B 0CO0yI0 pOJib B PAacCHIpPOCTPaHEHUM
E. amylovora urpaioT npencTaBuTenu pona Crataegus
Tourn. ex L. (BogpbIIIHUK). B cuily cBOel BBICOKO
BOCTIIPUMMYUBOCTU K OXKOTY, a TaK)Ke CIIOCOOHOCTH
XOPOIIIO BOCCTAHABJIMBATh KPOHY M JIOJITOE BPEMS CO-
XPaHATDb B MOPAKEHHBIX TKAHIX JKM3HECIIOCOOHOTO
BO30yIUTES, GOSIPBIIIHUKY IBJISIOTCS TPU3HAHHBIMU
pesepBaTopamu E. amylovora [6,12, 13,14, 15,16, 17].
Ha teppuTtopuu PO 6aKTepraJibHBIM 0)KOTOM YacTO
nopaxaercs Crataegus monogyna Jacq. (BOIPBIIIHUK
OIHOIECTUYHbIH), IINPOKO PacIIpoCTpaHeHHbIN B Ka-
JIMHUHTPAACKON 006J1acTH, a TaK)Ke BCTPEYaloIuiics
B IIEHTPaJIbHBIX U I0KHBIX PETMOHAX €BPOMIENCKON Ua-
ctu Poccuu u B IToBOJIKbE [18].

JIpyruMu NIMPOKO PACHIpPOCTPAaHEHHBIMU pac-
TEHUSIMU — X035ieBaMU 6aKTePUaJbHOTO OXKOTa SIB-
JIAI0TCSA BUABI poma Sorbus L. (Pabuua). Pom Sorbus
sensu lato mpezcTaBiieH JUCTOIMALHBIMY JEePEBbs-
MU U KyCTapHUKaMU, BKJW4YaeT oKojo 100 BUIOB
¥ MHOXECTBO r'M6pUAHBIX (DOPM (3TU BUIBI U TUODPU-
IIBI PACIIPOCTPaHEHBI B yMePeHHOM Tosice CeBEPHOT0
nosrymapus) [19]. B 2017 1. Ha OCHOBaHUY HOBEUIIUX
¢uIOreHeTUYECKUX MCCJIefOBaHUY Oblja IIpoBe-
JleHa PeBU3US €BPOMENCKUX BUIOB POJa, B PE3YJIb-
TaTe 4ero ObLIO BBIZEJEHO 5 HEeruOpUAHBIX POJIOB,
MHPEeICTABIAONINX OTAeJbHbIE DBOJIOLKMOHHEIE JIH-
uuu (Aria (Pers.) Host, Chamaemespilus Medik., Cormus
Spach, Sorbus L., Torminalis Medik.), a Takxe 5 rubpu-
JIOTeHHBIX POIOB, B OOIIEH CI0KHOCTH BKJIIOUAOLUX
201 BUI OUIIJIOUIHBIX 1 alIOMUKTHBIX BUIOB U T'U6-
pumoB [20]. B 2018 r. S. intermedia (Ehrh.) Pers. u ee
rubpug c S. aucuparia L. 6bLIY BbIJIEJIEHBI B HOBBIN PO/
Scandosorbus Sennikov [21].

Ha TeppuTopuu eBporieiickoit yactu PO Hanbo-
Jiee MIXPOKO pacupocTpaneHna S. aucuparia L. (PaouHa
06bIKHOBEeHHAN); S. sibirica Hedl., mnu S. aucuparia ssp.
sibirica (Hedl.) Krylov (Ps6una cubupckas), mpeobJa-
JIaeT OT CeBePO-BOCTOUHBIX TEPPUTOPUI eBPOTIeiCKON
YaCTH [I0 I0TO-BOCTOUYHBIX TEPPUTOPUIL lambHero Boc-
ToKa [22]. Ha KaBkase, B Pecrry6iuke KpbiM, a Takxe
B peruoHax Kpatinero CeBepa u JlanbHero BocToka
BCTPEYAIOTCS MECTHBIE, B T. Y. PEJIUKTOBBIE, BUbI
u op™meI [22, 23, 24].

IMpencTaBuTeNU posa Sorbus sensu lato gocraTou-
HO moaroseuHsl (1o 200—-300 JieT), HAUMHAIOT ILJI0LO-
HOCUTh B 10-12-jeTHeM Bo3pacTe. B mipupose pa3MHO-
JKaIoTCsI ceMeHaMu. [Tpy BeIPYOKe MJIM TTOBPEXAEHUU
HaJ|3€MHOI YacTU JAaIT OOUIBHYI0 TIOPOCJIb ¥ KOPHE-
BbI€ OTIIPBICKM. [[BETOUHBIE TIOUKY 3aKJIabIBAIOTCS
OCEHbI0, PACTEHUS TPOTAIOTCS B POCT U I[BETYT PaHO,
TIJIOOHOCST MPAKTUYECKHU €KeTOIHO [22].

Psa6uHa — 1leHHOE TIJI0I0BOE U IEKOPAaTUBHOE pac-
TEeHUE, B KYJIbTYPYy BBEZIEHO HE MeHee 14 BUIOB, UMEET
MHOT0 CaJIOBBIX (DOPM 1 COPTOB. BUIbI pAOGKMHBI 3MO-
CTOWKY 1 3aCyXOyCTOMUYMBHI, HEITPUXOTIUBBI K IOY-
BaM, u36eraT JUIIb 3a60JI0UEHHBIX, YUPE3MEPHO CY-
XUX U 3aCOJI€HHBIX. CBETOJII0OUBBI, HO BBIIEP)KUBAIOT

are actively visited by insects (especially during flo-
wering), serve as resting and feeding places for birds;
without being exposed to protective measures, can ac-
cumulate infection and serve as its source for the sur-
rounding agrocenoses.

Among wild and ornamental host plants, the re-
presentatives of the genus Crataegus Tourn. ex L. (haw-
thorn) play a special role in the spreading of E. amylovo-
ra. Due to their high susceptibility to fire blight, as well
as the ability to regenerate and keep a viable pathogen
in the affected tissues for a long time, hawthorns are
recognized as E. amylovora reservators [6, 12, 13, 14,
15, 16, 17]. In Russia, fire blight often affects Cratae-
gus monogyna Jacq. (common hawthorn) which is wide-
spread in Kaliningrad region, and occurs in the central
and southern regions of the European part of Russia
and the Volga region [18].

Other widespread host plants of fire blight are
Sorbus L. spp. (mountain-ash). The genus Sorbus sen-
su lato is represented by deciduous trees and shrubs
and includes about 100 species and many hybrid forms
(these species and hybrids are common in the tempe-
rate zone of the Northern Hemisphere) [19]. In 2017,
based on the latest phylogenetic studies, a revision of
European species of the genus was carried out, as a re-
sult 5 non-hybrid genera were identified, represen-
ting separate evolutionary lines (Aria (Pers.) Host, Cha-
maemespilus Medik., Cormus Spach, Sorbus L., Torminalis
Medik.), as well as 5 hybridogenic genera, a total of
201 species of diploid and apomictic species and hy-
brids [20]. In 2018, S. intermedia (Ehrh.) Pers. and its
hybrid with S. aucuparia L. were classified as a new ge-
nus Scandosorbus Sennikov [21].

In the European part of the Russian Federation,
the most widespread is S. aucuparia L. (mountain-ash);
S. sibirica Hedl., or S. aucuparia ssp. sibirica (Hedl.) Kry-
lov (Siberian mountain-ash), prevails from the north-
eastern territories of the European part to the south-
eastern territories of the Far East [22]. There are local,
including relict, species and forms in the Caucasus, the
Republic of Crimea, as well as in the regions of the Far
North and the Far East [22, 23, 24].

The plants of genus Sorbus sensu lato are quite lon-
gevous (up to 200-300 years), begin to bear fruit at the
age of 10-12. In nature, they reproduce by seeds. When
cutting down or damaging the aboveground part, they
give abundant shoots and root stalks. Flower buds are
laid in autumn, plants start to grow and bloom early,
bear fruit almost every year [22].

Mountain-ash is a valuable fruit and ornamental
plant, at least 14 species have been introduced into the
culture, it has many garden forms and varieties. Moun-
tain-ash species are winter-hardy and drought-resis-
tant, unpretentious to soils, avoid only swampy, exces-
sively dry and saline soils. They are light-demanding,
but withstand shading, therefore they can grow both in
open habitats and in the 2" forest storey, and in the un-
dergrowth. Due to its high ecological plasticity, moun-
tain-ash is widely used in urban landscaping and in the
creation of forest shelter belts in the steppe zone [19].
Mountain-ashes are used as rootstock for pears, as
well as in intergeneric selection of some pomaceous
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3aTeHeHUe, TT03TOMY MOTYT PACTHU KaK Ha OTKPBITHIX
MEeCTOOOUTAHUAX, TAK U B 2-M spyce Jieca, U B MOJ-
Jiecke. B CBSI3U C BBICOKOM DKOJIOTUUYECKOU IJIacTUY-
HOCTbHIO PAGUHBI IIUPOKO UCIIOJb3YIT B TOPOACKOM
03€eJIEHEHUU U IIPU CO3TAHUM JIECO3AIUTHBIX IT0JIOC
B CTeIMHO 30He [19]. PA6UHBI UCTIONB3YIOT B KaueCcTBe
TIOZBOS JIJIS TPYIIY, & TAK)KE B MEXKPOIOBOY CeIEKIINU
CEeMEYKOBBIX KYJAbTYP. [0l — IIeHHOE ChIPhe IJIS
MUIIEBOU 1 (hapMaKoJOTHUeCKON ITPOMBIIIIEHHOCTH.
OHWM CJTy»KaT BaXKHBIM ITAIEBBIM PECYPCOM JJISI MHOTUX
BUJIOB IITUI] [22].

BakTepuaJbHBIN OXKOT Ha BUAAX poxda Sorbus He-
OJHOKPATHO BBISBJISJICS B Pa3HBIX CTPaHax Mupa. Ha
ponuHe 6akTeprasibHOTO okora B CIITA van der Zwet
OIIMChIBAET OObIYHBIE CUMIITOMBI Ha PI0MHE KaK I10-
6ypeHue 1 MyMU(UKAIINIO JUCThEB, OCTAIOIIMXCS Ha
noberax [6].

B 1995 r. B KOJJEKIIMOHHBIX HaCaXJEeHUIX
B mtaTe Hpro-/)Kepcy Ha asmaTcKkux Bumax S. folgneri
(C. Schneider) Rehd. u S. alnifolia (Siebold & Zucc.) Koch
ObLJI OTMEYEH OXKOT B (hOPMe TUITUUHOTO YBSAaHUS T10-
6eroB, Ha3bIBAEMOTO «IIACTYIIM ITOcox» [25].

B CrapoMm CBeTe IepBOe BhISIBIIEHVE GaKTEePUAIIb-
HOTO 0)KOTa Ha psibuHe oTHOCcUTCA K 1959 T. 3aboJieBa-
Hue 6bLI0 OTMeuUeHo Ha S. aucuparia u S. aria (L.) Crantz
(Pss61HA KPYTIOJIUCTHAS, WU MyYHUCTasA) B Belmko-
6putanuu [26]. Takum 06pa3oM, BO30yAUTENb KOJIOHN-
3UPOBaJ PAOGUHY BCKOPE IIOCJE €T0 ITePBOT0o 06HAapY-
sKeHUd B 1957 I. Ha IJIOLOBBIX KYJIBTYPaXx, 3aBe3eHHBIX
u3 CIIIA [6].

B mocnexnymoiieM Ha psiouHe 3a60JieBaHNUE BBISB-
ngym B 1986 1. B Upnanguu, B 1991 1. B UTtanuu, B 1994
u 1996 rT. Ha S. aucuparia Bo dpaunuu [27], Ha S. aria
B 1996 . B Beurpuu [28], B ABcTpuu B 2001 1. Ha S. aria
u B 2003-m Ha S. aucuparia [29], B 2002 1. B Humepnan-
nmax [30], B 2004 1. B Benbruu [31], B 2005 r. B IlIBeiiia-
puu [32].

B 2005 r. cuMOTOMBI JIUCTOBOT'O 0XKOTa, a TaKXe
HEKPO3bI U SI3BBbI HA KOpe 1106eroB ¢ KpacHOBATO-6y-
PBbIM OKpaIlMBaHWEM IIOPa’Xe€HHBIX TKaHeHd ObIIu
oTMeueHbI Ha Sorbus spp. B Pecrty6nvke Cepbus. Bos-
OynuTtesb ObLI UAeHTUDUIIMPOBAH Kak E. amylovora.
ABTODBI TIPOBEJIM UHOKYJISAIINIO YePEIIKOB U Tobe-
OB PSAOMHBI CyCIIEH3USIMU BBIJIEJIEHHBIX U30JISITOB
Y TIOJIYUMJIM TUTIMYHBIE CUMIITOMBI 0aKTEPUAJIbHOTO
oxora [33]. B 2012 1. B Typuuu 6bLI BBISIBJIEH 0XOT
C CUMIITOMaM¥ HEKPOTUYECKOT0 ITOPakeHMs 106eroB
u nucThbeB [34]. HoBag nnmasmunma pEA68 E. amylovora
6bp11a OO6HApPY)XeHA Y M30JIATa, BBIAEJIEHHOTO C Ps-
6uHbl B Pecrmy6auke [MTosbimna [35]. CoobuiaeTcs o He-
OJITHOKPATHOM BBISIBJIEHUN BO3OyAUTENS Ha PAOUHE
B KueBckoii obsractu (Ykpauta) [9]. B 2011 1. mpu po-
BeJIeHUY CepPTU(GUKAIINY TTOJIbCKUX ITUTOMHUKOB CO-
TPpyAHUKaMU Bcepoccuiickoro 1eHTpa KapaHTUHA pac-
teHuii (PI'BY «BHVVIKP») 6b1JI0 BBISIBJIEHO pacTeHMe
PSIGUHBI C CUMIITOMaMHU YBALaHMs 1106eroB, HEKpo3a
COTIJIOAMS Y COCEIHUX JINCThEB, C BhIZleIeHeM OaKTe-
PUANIBHOTO BKccymara. [1pu nmpoBeneHuu jabopaTop-
HOTO MCCJIef0BaHUs 00pasia 6bLI M30JIUPOBAH BO30Y-
IUTeNb, UIeHTU(QUILIMPOBAaHHBIN KakK E. amylovora.

B 2000 r. omry61uKOBaHO COOGIIeHYE O BhIZIEIE-
Huu E. amylovora 13 HEKPO30B U 3B Ha KOpe BeTBeH
u noberoB psi6uHbl B KOoposeBckoM 60TaHUUYECKOM
canmy MenbbypHa (ABcTpanus) [36]. B 2005 1. Bo36ymu-
TeJIb BBISIBJIEH Ha psi6buHe B HoBoit 3enmanguu [37].

B Poccuiickoii denmepalld HEOILHOKPaTHO
O6bIIM OMYyOJIMKOBAHBI COOOILEHUS O BBISBJIEHUU

plants. Fruits are a valuable raw material for the food
and pharmaceutical industries. They serve as an im-
portant food resource for many bird species [22].

Fire blight on Sorbus spp. has been repeatedly de-
tected in different countries. In the USA, the home-
land of the fire blight, van der Zwet describes common
symptoms on mountain-ash as browning and mummi-
fication of leaves remaining on the shoots [6].

In 1995, fire blight in the form of a typical shoot
wilting called a “shepherd’s crook” was detected in col-
lectible plantations in New Jersey on the Asian species
of S. folgneri (C. Schneider) Rehd. and S. alnifolia (Siebold
& Zucc.) Koch [25].

In the Old World, the first detection of a fire blight
on mountain-ash dates back to 1959. The infection was
noted on S. aucuparia and S. aria (L.) Crantz in Great
Britain [26]. Thus, the pathogen colonized the moun-
tain-ash shortly after its first discovery in 1957 on fruit
crops imported from the United States [6].

Later, the infection was detected on mountain-ash
in 1986 in Ireland, in 1991 in Italy, in 1994 and 1996
on S. aucuparia in France [27], on S. aria in 1996 in Hun-
gary [28], in Austria in 2001 on S. aria and in 2003 on
S. aucuparia [29], in 2002 in the Netherlands [30], in
2004 in Belgium [31], in 2005 in Switzerland [32].

In 2005, symptoms of leaf burn, as well as necrosis
and cancers on the shoots bark with a reddish-brown
discoloration of the affected tissues were detected on
Sorbus spp. in the Republic of Serbia. The causative
agent was identified as E. amylovora. The authors ino-
culated the mountain-ash petioles and shoots with sus-
pensions of the extracted isolates and obtained typical
symptoms of fire blight [33]. In 2012, fire blight with
symptoms of necrotic damage to shoots and leaves was
detected in Turkey [34]. The new plasmid pEA68 E. amy-
lovora was detected on an isolate extracted from moun-
tain-ash in the Republic of Poland [35]. The pathogen
has been repeatedly detected on mountain-ash in Kiev
region (Ukraine) [9]. In 2011, when certifying Polish
nurseries, the specialists of FGBU “VNIIKR” detected a
mountain-ash with symptoms of shoots wilting, necro-
sis of infructescence and neighboring leaves, with the
release of bacterial ooze. During the laboratory study
of the sample, the isolated pathogen was identified as
E. amylovora.

In 2000, the Royal Botanic Gardens in Melbourne
(Australia) reported the isolation of E. amylovora from
necrosis and cancers on the mountain-ash branches
and shoots bark [36]. In 2005, the pathogen was detec-
ted on mountain-ash in New Zealand [37].

In the Russian Federation, the detection of fire
blight on forest crops, including mountain-ash, has
been repeatedly reported [38, 39]. However, the causa-
tive agent identification of the infection similar in
symptoms to fire blight (E. amylovora) was based only
on the use of microbiological methods (isolation, bio-
chemical analyzes and pathogenicity test), which is not
enough for the accurate identification of a quarantine
pathogen, in accordance with international and Rus-
sian diagnostic Standards [40, 41, 42].

Considering the possibility of Sorbus spp. and
other wild and ornamental host plants to be infected

DNekabpb N2 4 (4) 2020 49



HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

Tao6auna 1

CBegeHMsa 00 o6pa3iuax u3 BopoHexxckoii, [IeH3eHCKO¥ 06J1acTei

u CTaBpOII0JIbCKOIO Kpada

MecTo oTGOpa HOarta or6opa Kosi-Bo YacTb pacTeHuss CHMIITOMBI TecT
BOPOHEXCKA4 OBJIACTb
TepHOBCKUH p-H 27 maga 5 COLIBETUA HeT «IIpo6a-T'C» +
. N FLASH 000
XoxoJbCKUu p-H* 27 Mag 4 COILIBETUY HET
«Arpo/luarHocTuka»
T. Boponex* 3 UI0HA 2+3 MJIOOUKU HET
TTEH3EHCKAS OBJIACTbH
[IeH3eHCKUU p-H  7—8 U 2 JINCThS MISATHUCTOCTb, «ITIpo6a-I'C» +
KpPaeBOl HEKPO3 FLASH 000
«Arpo/luarHoCTUKa»
p. . Tamama*® 4 aBrycra 1 JIVCTHS IISITHUCTOCTD,
KpaeBOM HEKPO3, XJIOPO3
CTABPOIIOJIbCKM KPAIA
JKeyieaHOBOACK™ aBIyCT 3 BETBU, JIUCTHS, yChIXaHUe «dutoCopb» + ITLIP-PB
TIJIOIbI 000 «CuHTOJI»

[TaTuropck™ CeHTA6Pb 2

* — IIJIOIMIAIh ouara uiau 6yepHoi 30HbI.

6aKTepUaJIbHOTO 0XKOTA Ha JIECHBIX KYJIbTypax, B T. 4.
Ha psab6uHe [38, 39]. OnHako umeHTUDUKAIIUA BO36YIY-
TeJiell 3a60JieBaHMM, CXOXKKX 10 CUMIITOMAaM C 6aKTe-
PUAJIBHBIM 0XKOTOM TLIOZOBBIX KynbTyp (E. amylovora),
OblJIa OCHOBaHA MCKIIYUTENHHO HA MCIIOJIb30BAHNNU
KJIACCUYECKUX METOJ OB MUKPOOUOJIOTUU (KYJIbTY-
panbHO-MOPGOJIOTUYECKUX, OMOXUMUYECKUX aHAJIH-
3aX ¥ U3yYEHUU ITaTOTeHHOCTH), UYTO B COOTBETCTBUU
C MEXIYHAPOLHBIMU U POCCUUCKUMU JUATHOCTUYE-
CKUMH CTaHIapTaMU HeJOCTATOUHO JJIsI TOUHOM UIeH-
TudUKaAIMY KapaHTUHHOTO naTtoreHa [40, 41, 42].
[ToHuMas BEPOSITHOCTD 3apa’keHus PacTeHuH
pozna Sorbus v LPYyTUX OUKOPACTYIIUX U NeKOPATUB-
HBIX PAaCTeHUI-X035€B BO30ynuTeNeM 6aKTepuab-
HOTO 0’KOra, aBTOPhI HACTOSAIIEH CTaThbX HauuHasg
¢ 2003 1. mepuoguYeCcKy IMIPOBOAUIN HAOIIOOEHUS 3a
WX COCTOSTHUEM B PA3JINYHBIX pernoHax P®, oToupanmu
¥ TeCTUPOBaJIX 06pasIibl C UCIOJIb30BaHUEM IIPUHSI-
TBIX METOIUK [41, 42]. [lo TTOCIefHero BpeMeHy HaMu
He GbILJIO BBISIBJIEHO PACTEHU PAOMHBI C XapaKTePHBbI-
MU CUMIITOMaMu 6aKTepruaibHOTO OXora [6], TpoBe-
IeHHbIEe TeCThI TaK)Ke ObLIM OTPUIlATENbHbBI. OMHAKO
HaymHag ¢ 2017-2018 rT. B MOCKOBCKOH 00J1aCTH MBI
oTMeuaJu Ha S. aucuparia IOpakeHus, B HEKOTOPOU
CTEIleHU CXO0XKMe C CUMIITOMaMU, BbI3bIBA€MbIMU
E. amylovora. Han6oJjiee IONO3PUTENbHBIMY U3 HUX
0BTV MyMU(MUKAINSA TJI0JJOBBIX BETOUEK, HEKPO3 OT-
IeJbHBIX 3aBA3€H U MOJIOIBIX IIJIOJOB B COILIOIUY,
HEeKpO3 KOPbI, a TaK)Xe MATHUCTOCTU JUCTheB. Ha
MMUTATEJbHbIE CPE/Ibl BO MHOTUX CJIyYasX BbIIEJSIn
(hayopecnupyomue rceBLoOMOHAIbI, KOTOPBIE B I10-
clenHVe TOLbl HEPEAKO BCTPeUaloTcsd B obpasiiax
C cUMIITOMaMu 6aKTepruaJbHOTO oXora. OfHaKo Ipu
TECTUPOBAHUY PACTUTEJbHBIX SKCTPAKTOB C IIOMO-
mbio MeTo0B [11IP B peanbHoM BpeMeHu (ITIIP-PB)
B OTZIEJIbHBIX CJIyYasX GbLIY ITOJyYEHBI CIabble TT0JI0-
JKUTEJIbHBIE PEAKIIUY, COOTBETCTBYIOUINE HATUUUIO
eIVUHUYHBbIX Konuit JHK Bo36yauTess Ha peaKIuio,
nnu 0kojio 102-10% KOE/MJ pacTUTENIbHOI'O SKCTPaK-
Ta, YTO HEe MOTJIO OBITh MPUYUYNHON BOBHUKHOBEHUS

with fire blight, since 2003, the authors of this article
have periodically monitored them in various regions
of the Russian Federation, tested the samples using
the accepted methods [41, 42]. So far, no mountain-
ashes with the typical fire blight symptoms have been
detected [6], the tests performed have also been nega-
tive. However, starting from 2017-2018 in Moscow re-
gion some symptoms similar to fire blight have been
detected on S. aucuparia. The most suspicious of these
were the mummification of peduncles, necrosis of in-
dividual ovaries and fruitlets in infructescence, necro-
sis of the bark, as well as leaf spot. In many cases, fluo-
rescent pseudomonads were isolated, which have been
often found in samples with symptoms of fire blight in
the last years. However, when testing some plant ex-
tracts using qPCR methods, weak positive reactions
were obtained, corresponding to the presence of single
copies of the pathogen DNA for the reaction, or about
10%-10° CFU/ml of the plant extract, which could not be
the cause of the symptoms. During this period, there
was a tendency to both an increase in symptoms in
mountain-ash plants and an increase in the signal le-
vel obtained by qPCR.

Based on the previously obtained data, the aim of
the research was to examine Sorbus spp. plants to de-
tect the fire blight agent (E. amylovora) and study its role
in the necrotic damage development of mountain-ash
plants.

MATERIALS AND METHODS

The research and sampling were carried out in 2020
mainly in the areas of known fire blight foci in the Vo-
ronezh, Penza, Tula regions and in the Stavropol Krai,
as well as in regions where fire blight had not officially
been registered before: Moscow (1 location, 30 samples),

duTtocaHutapus. KapaHTtuH pactenuin 50

HAYYHbIE UCCNEOOBAHUA  SCIENTIFIC RESEARCH

Table 1

The data about the samples taken in the Voronezh, Penza regions

and the Stavropol Krai

Place of sampling Date of sampling Number Plant part

Symptoms Test

VORONEZH REGION

Ternovsky district ~ May 27 5 inflorescences no “PREP-GS” + FLASH
Khokholsky district* May 27 4 inflorescences no (Agrobiagnostica)
Voronezh* June 3 2+3 fruitlets no
PENZA REGION
Penza district July 7-8 2 leaves spotting, marginal “PREP-GS” + FLASH
necrosis (AgroDiagnostica)
Tamala* August 4 1 leaves spotting, marginal

necrosis, chlorosis

STAVROPOL KRAI

Zheleznovodsk* August 3

Pyatigorsk* September 2

branches, leaves, drying out
fruits

“PhytoSorb” + RT-PCR
(Syntol)

* — focus area or buffer zone.

CUMIITOMOB. B TeueHMe yKa3aHHOTO IIepUOia HaMe-
THJIACh TEHAEHIIVS KaK K YCUJIEHUI0 CUMIITOMATUKU
Ha pacTeHUIX PsAOUHBI, TaK U K YBEeJIUUYEHUIO YPOBHSI
CUrHala, nnojiyueHsoro merogamu [111P-PB.

C y4ueToM paHee IOJIyUYeHHbBIX JaHHbIX Halllel 1ie-
JIbI0 OBLJIO OOCieIoBaHNe PacTeHUM P. Sorbus Ha BhISIB-
JieHUe BO36ynuTe s 6aKTeprajibHOTO 0XKOTa IJI0I0BBIX
KynbTyp (E. amylovora) v usyuyeHUe €0 POJIU B Pa3BU-
TUU HEKPOTUUECKUX TTOPAKEHUN pacTeHUN PIOMHBI.

MATEPHWAJIBI U METO/1bI

ViccnenmoBauus ¥ 0T60P 06pasIoB ITpoBoauiv B 2020 T.
IIPEVMYIIECTBEHHO B PalOHaX M3BECTHBIX 0UaTOB OaK-
TEPUAJIbHOTO OXKOTa B BopoHeXXCKOM, [TeH3eHCKOH,
TynbCcKoOM obstacTsx u B CTaBpPOMOJbCKOM Kpae, a Tak-
JKe B PETMOHAX, Tlle paHee GaKTepuaJbHBINA 0JKOT 0(pu-
IIMaJIbHO He ObLI 3apeTucTPpUpOoBaH: I. MockBse (1 Tou-
ka, 30 06pasiioB), MockoBCcKoO# (PaMeHCKU TOPOACKOM
okpyT — 10 Touek, 49 o6pasmosg, I. KojomMHa — 1 Touka,
1 o6pasern) u Kamyxckoii (1 Touka, 4 o6pasiia) obJya-
cTax. O6pasiibl oTOMpaay OT HavaJia IIepuoa BeTe-
HUS 10 CO3PEBaHUS IIJIOIOB.

CBeneHus 06 o6pasiiax, oTOGPaHHbBIX B BOPOHEXK-
cKoii, [TeH3eHCKOM 0bJiacTsax 1 CTaBPOIIOJIbCKOM Kpae,
IIpefcTaBiieHbl B Tabauie 1.

[Tpu 1abopPaTOPHBIX UCCIENOBAHUIX 00PA3I[0B 13
. MockBbI, MockoBcKoH, Kasyskckoit u TynbcKol 06J1a-
CTell paCTUTEJIbHbBIN MaTepuraJl pasmessid Ha IIPo6HI,
BKJIIOUAIOIIYE OT/IeJIbHbIE YaCTU PACTEHUN C CUMIITO-
mamu (puc. 1, 2) u 6e3 CUMIITOMOB. B pasjinuHbIe Iie-
PUOIBI OCHOBHOM MHTEPEC MPEICTaBIISIIN IPOIILIOTO -
HUEe MyMUGUITMPOBAaHHBIE TLIOLOBbIE BETOUKU (KUBbIE
TKaHY Ha rpaHulle IMOPakeHus U MepPTBble TKAHMU),
LIBETKY (HOKHUIIAMU CPe3ajix OKOJIO YETBEPTHU IIBET-
KOB C HECKOJIBKUX IIIUTKOB, 00bENUHSS UX B 1 TIPOGY),
3aBsI3H, ILUIOAbI (CKAJIbIIENIEM CPe3aJii BEPXHIOK YacCTh
10-20 mmozoB Ha 1 mpo6y), IUCThS, T06eru, Kopa BeT-
BEU U CTBOJIOB.

[Ipobrl hoTorpadupoBasu, OTOUPAIN PaACTU-
TeJbHBIN MaTepuaj B IIJIACTUKOBBbIE CTaKaHUYMKHU,

Moscow region (Ramenskoye — 10 locations, 49 samples,
Kolomna — 1 location, 1 sample) and Kaluga region (1 lo-
cation, 4 samples). Samples were taken from the begin-
ning of the flowering period to fruit ripening.

The data about the samples taken in the Voronezh,
Penza regions and the Stavropol Krai are presented in
Table 1.

In laboratory studies of the samples from Moscow
and Moscow, Kaluga, and Tula regions, the plant ma-
terial was divided into subsamples that included in-
dividual parts of plants with symptoms (Fig. 1, 2) and
without symptoms. The main interest was the previ-
ous year’s mummified peduncles (living tissue at the
border of the damage as well as dead tissue), flowers
(about a quarter of the flowers were cut with scissors
from several inflorescences combining them into 1
sample), ovaries, fruits (the apical part of 10-20 fruits
per 1 sample was cut off with a scalpel), leaves, shoots,
bark of branches and trunks.

The samples were photographed, plant material
was selected in plastic containers, 30—-40 ml of phos-
phate buffer was added [40, 41, 42]. The flowers were
placed in bags for homogenization, and 50-100 ml of
buffer was added depending on the sample volume. Mi-
crobiota extraction was performed in accordance with
the Methodological Recommendations [42]. Some bark
samples were taken directly from the trees into sterile
plastic containers, after cleaning the bark at the border
of the damage with a cotton pad dipped in 70% ethanol,
and removing the top layer of the bark with a sterile
scalpel. The ants collected from the samples infected
with aphids (3—8 per sample) were placed in a micro-
tube with 500 uL of phosphate buffer, shaken gently,
insects were removed, and suspensions were used for
testing.
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Puc. 1. OCHOBHbIe TUMbI MOPaXKEeHUN
nccnefoBaHHbIX FTeHePaTUBHbIX
OpraHoB psbUHbI:

no6asssiu 30-40 ma dochaTHoro 6ydepa [40, 41,
42]. lIBeTKY IoMeIaJy B MaKeThl AJigd TOMOTeHU3a-
nuu u gobasinsanu 50-100 mu 6ydepa B 3aBUCUMOCTU
OoT 06beMa NPo6bI. [TPOBOAMIN DKCTPAKIINI0 MUKPO-
OGMOTHI B COOTBETCTBUYU C METOIMUECKUMU PEKOMEH-
nanuaMmu [42]. HekoTopblie 06pasiibl KOPbI OTOMPAIU
HEIIOCPeACTBEHHO C JepeBa B CTEPUJIbHbBIE ILJIACTU-
KOBBIE CTAKAHUMKM, ITPEBAPUTEIILHO OUUCTUB KOPY
Ha IpaHUIle IToPakeHus C ITIOMOIIbI0 BATHOT'O TaMIIO-
Ha, CMO4YeHHOTO0 B 70%-M 3TUJIOBOM CIIUPTE, Y CHSB
BEPXHUU CJIOU KOPBI CTEPUJBHBIM CKAJbIIEJEM.
MypaBbeB, coO6paHHBIX ¢ 06pPa3I[0B, MOPaXeHHBIX
Tielt (3—8 mT. B 06pasiie), IOMEIIAIN B MUKPOITPOGUP-
Ky ¢ 500 Mk pochaTHOTO Gyhepa, ciierka BCTPSIXUBA-
JIY, yOAJISJiV HACeKOMBIX, CMbIBBI UCTIOJIb30BAJIU JJIs1
HUcCIeloBaHud.

Fig. 1. The main damage types

of the investigated mountain-ash
generative organs:

a—-d - Mymudmkaums nnogoBbix BeTouek; a—d — mummification of peduncles;

e—g — yBagaHue, MymudmnKaums, HeKpos, e—-g — wilting, mummification, necrosis,
oTCTaBaHuWe B pocTe 3aBs3ei U N1oJo0B growth retardation of fruitlets and fruits

Plant extracts were plated on
levan agar [40, 41, 42]. Inocula-
tion was carried out using a bac-
teriological loop. From flowers ex-
tracts, as well as from some other
samples, three 10-fold dilutions
were prepared and 50 ul of each
extract and dilution were plated
using a Drygalski spatula. The Pe-
tri dishes were incubated for up
to 96 hours, at a temperature of
27 °C, starting to being watched
after 48 hours. Mucoid colonies
were selected under a binocu-
lar microscope and replated on
King B agar [40, 41, 42]. Incuba-
ted as described above.

Non-fluorescent cultures
were tested by qPCR according
to Gottsherger [42, 43]. For this,
suspensions at a concentration
of about 10° cfu/ml were prepared
in 200 pl of PCR grade water, heat-
ed for 10 min at 97 °C, cooled in
a sample cooler, and centrifuged
for 3 min at 7000 rpm. 2 ul DNA
per reaction were used.

Some extracts were en-
riched in levan broth (LB),
King B broth (KB) [40, 41, 42],
as well as in a medium con-
taining 1% of peptone and sor-
bitol (SB) [42]. 1 ml of the me-
dium and 200 ul of the plant
extract were transferred into the
microtube. The tubes were in-
cubated for 48 hours at a tem-
perature of 27 °C. The enriched
extracts were centrifuged for 5
min at 7000 rpm, the superna-
tant was removed, pellets were
resuspended in 900 ul of ste-
rile phosphate buffer or distilled
water, centrifuged as described
above, then the supernatant was
removed. 200 ul of sterile dis-
tilled water or PCR grade water
was added, DNA was extracted
by boiling, and the gPCR test was
performed according to Gotts-
berger [43], as described above.

To carry out direct PCR-based tests, DNA was ex-
tracted from 200 ul of the plant extract using the purifi-
cation kit “PREP-GS” (AgroDiagnostica, Russia) accord-
ing to the instruction.

The samples were tested with 2 qPCR tests using
commercial kits «Erwinia amylovora-RT» (Syntol, Rus-
sia) and “Fire blight-RT» (or “Fire blight F” in FLASH
format) (AgroDiagnostica, Russia). Commercial kits
include internal amplification control necessary when
working with plant extracts. Amplification was carried
out in accordance with the manufacturer’s instructions
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PacTuTeIbHbIE SKCTPAKThI BEICEBAIN Ha JIEBAHO-
BRI arap [40, 41, 42]. [ToceB IPOBOAMIIY C TIOMOIIBIO
0aKTEPUOJIOTUUECKOHN MeTaU. VI3 3KCTPaKTOB IIBET-
KOB, a TaK)Xe M3 YacCTu JAPyrux o6pasijoB roTOBUIN
1o 3 10-KpaTHBIX pa3BeleHUs U BbiceBaJIU I10 50 MKJI
9KCTpPaKTa U pas3BelleHUl C ITOMOIIbIO MImaTeas Jpu-
raJibCKOro. Yamky MHKYOUPOBaIH 10 96 U, HAUUHAS
pocMaTpUBaTh rocie 48 4, npu temneparype 27 °C.
MyKouAHBIE KOJIOHUU OTOUPAIU 0] OUHOKYIIPOM
u oTceBanu Ha arap Kunra B [40, 41, 42]. Uaky6upo-
BaJIM, KaK OITMCAHO BBIIIIE.

Hednyopecuupyiolnue KyJabTyphbl TECTUPOBAIU
meTtozowm ITLIP-PB mo Gottsberger [42, 43]. [l aTOTO
B 200 MkJ1 Bogb! 114 1L P roToBUIN CyClIeH3UU B KOH-
HeHTpanuu okojio 10° KOE/Mi1, HarpeBaiu 10 MUH IIpHU
97 °C, oCcTy>XaJIu B OXJIafuTese P06, eHTPUQYTrupo-
Basii 3 MuH npu 7000 06/MuH. VICTIONIb30BaIU 2 MKJ
JHK Ha peakiuio.

YacTh 3KCTPAKTOB o6oramiaju B JIeBAHOBOM Oy-
nwvoHe (LB), 6ynbone Kunra b (KB) [40, 41, 42], a Tak-
JKe B cpejie, cofepkalieil mo 1% mnerrtoHa u copbu-
Ta (SB) [42]. B MUKPOITPOGUPKY BHOCUJIM 1 MJI Cpeb
1 200 MKJI pacTUTEJIbHOTO 3KCTpakTa. ITpobupku;
uHKybupoBanu 48 u npu Temneparype 27 °C. Obora-
IeHHbIe SKCTPAKTHI EHTPUDYTUPOBAIN 5 MUH IIPU
7000 06/MUH, CIUBAJU CyIlepHATAHT, ITPOMBIBAIU
B 900 MKJI cTepusibHOTO pochaTHOTO Oydhepa niu guc-
TUJIIUPOBAaHHOM BOIBI, LIEHTPUDYTrUpOoBaiu, Kak OIu-
CaHO BBINE, 3aTeM YAy CyllepHAaTaHT. BHOCHIM
200 MKJI CTepPUJIbHON AUCTUJIIMPOBAHHOMN BOIbI UK
Boabl a4 [P, Beigensnan JHK MeTogoM KUIITYEHUS
u mpoBoguiu TecT [TLIP-PB mo Gottsberger [43], kak
OITHICAHO BBIIIIE.

[l mpoBeleHUS IIPSIMbIX TECTOB Ha OCHOBe [11]P
13 200 MKJ 3KcTpakTa Boigeasnun JJHK ¢ momoleko Ha-
0opa mjig BergeneHus «I1po6a-I'C» (000 «Arpo/luarto-
CTHKAa») B COOTBETCTBUU C MHCTPYKIIUEH.

O6pasIbl MCCJIEM0BAJM C ITOMOIIbI0 2 TECTOB
[T1IP-PB c MCIIONIb30BaHUMEM KOMMEPUYECKUX Habo-
poB «Erwinia amylovora-PB» (OO0 «CuHTOI») 1 «OXOT
TIJI0A0BBIX Rt» (Myin «OKOT TIOLOBBIX F» B hopMaTe
FLASH) (OO0 «Arpo/luaraoctruka»). KomMepueckue
Ha60PbI BKIIFOUAIOT BHYTPEHHUN KOHTPOJIb aMILIU(U-
kanuu (BK), HeoOX0qUMBbIH TTpU paboTe C PAaCTUTENb-
HBIMU 3KCTpPaKTaMU. AMILIN(MUKAIINIO ITPOBOAUIN
B COOTBETCTBUY C UHCTPYKIIUSIMU IIPOU3BOAUTENIEN HA
nputdope «IT-mant» (3A0 «HII® «IHK-TeXHOJIOTrsI»).

Tak)Xe MCIIOJIb30Bajiu 2 TeCTAa HAa OCHOBE KJlac-
cuueckoit TP ¢ npaiimepamu o Stoger et al. (2006)
u Obradovic et al. (2007) [1uT. 110 40]. TecTs! yHUDU-
MPOBAaHbI 1 BaJUAUPOBAaHbI C KOMMepUYecKol cMme-
cbio ais IILP 5x ScreenMix-HS (3AO «EBporen»).
Peakiiyio mpoBoAuau B 06beMe 25 MKJ, BKJIHYAT
5 MkJ JHK. YenoBusg aMmminukanuu: 96 °C — 15 MuH,;
45 11ukjaoB: 94 °C - 15¢,58°C-30¢, 72 °C — 45 c;
72 °C — 5 MyuH. AMOJIM(UKAIMIO TIPOBOAUIIY HA TIPU-
6opax Veriti (Applied Biosystems, CIITIA) u C1000 (Bio-
Rad, CIIIA). Peakiuio ¢ BK mpoBoguIu B OTAEIbHOMN
MMPO6VPKeE IJIsT BO3MOXXHOCTHU JaJbHENIIero CEKBeH -
poBaHUS MPOAYKTA.

Vi36paHHbIe MPOAYKTHI Kjaccuyeckux [11IP-Te-
CTOB CeKBeHUpOBaju o CeHrepy Ha reHeTU4YeCKOM
anasmsarope «Harnodop-05» (000 «CHUHTOI») C HC-
IoJib30BaHMeM peakTuBoB Applied Biosystems, CIIIA.
TTocnenoBaTeIbHOCTY 06 PabaThHIBAJIY C TIOMOIIBIO TTPO-
rpammbl BioEdit, cpaBHuBau ¢ 6a30# maHHbIX NCBI
BLAST pjig nnionTBepxneHuda pesyabTaToB [TIP.

on a DTlite device (DNA-Technology, Research & Pro-
duction LLC).

Also 2 tests were used based on conventional PCR
with primers according to Stoger et al. (2006) and Ob-
radovic et al. (2007) [cit. ex 40]. The tests are unified
and validated with the commercial PCR mix 5x Screen-
Mix-HS (Evrogen, Russia). The reaction was carried out
in a volume of 25 yl, including 5 ul of DNA. Amplifica-
tion conditions: 96 °C — 15 min; 45 cycles: 94 °C - 155,
58°C—-30s,72°C—-45s; 72 °C -5 min. Amplification
was performed on devices Veriti (Applied Biosystems,
USA) and C1000 (Bio-Rad, USA). The reaction with in-
ternal control was carried out in a separate test tube to
allow the further sequencing of the product.

The selected products of conventional PCR tests
were sequenced according to Sanger on a Nano-
for-05 genetic analyzer (Syntol, Russia) using the re-
agents from Applied Biosystems, USA. The sequences
were processed using the software BioEdit and com-
pared to the database NCBI BLAST to confirm the PCR
results.

RESULTS AND DISCUSSION

The detection of fire blight agent in samples
As a result, the research involved taking and testing a
total of 103 combined samples, or 173 subsamples of
various organs of S. aucuparia and cultivated varieties
with pathogen infection symptoms and without symp-
toms (Fig. 1, 2). The fire blight agent E. amylovora has
not been detected in the samples from Voronezh, Kalu-
ga, Penza, Tula regions and Stavropol Krai.

In the samples from Moscow, E. amylovora DNA
was detected in 18 out of 25 samples (72%), or in 28
out of 54 subsamples of various plant parts (52%). In
13 samples (52%), or in 20 subsamples (37%), the re-
sult was obtained by at least 3 tests, which is enough to
diagnose the fire blight causative agent, in accordance
with the Methodological Recommendations [42] used
in the Rosselkhoznadzor laboratories.

In Ramenskoye, DNA was detected in 23 of 49
samples (47%) and in 29 of 87 subsamples (33%). The
infected samples were taken at 6 out of 7 locations in
different areas of Ramenskoye, in the village Dergaevo,
Vyalki and Bykovo.

In 2 subsamples of the sample from Kolomna, the
genetic material was detected by 4 PCR tests and con-
firmed by the results of conventional PCR products se-
quencing.

Despite the fact that some samples were taken
at the optimal season time for the pathogen multipli-
cation, under favorable weather conditions, from the
trees untreated with pesticides and with characteris-
tic symptoms, a pure culture of E. amylovora could not
be isolated. It should be noted that according to the re-
sults of qPCR tests, the pathogen concentration in the
extracts of most samples can be estimated in the range
of 105-107 cfu/ml (Ct value from 26 to 20, respectively,
according to the test with a Syntol diagnostic Kkit). Be-
sides, by bio-PCR-RT it was shown that in at least 1 out
of 3 tested samples the pathogen was in a viable state,
Ct value changed from 32.0 in direct gPCR to 26.5 with
enrichment in LB, 29.1 in KB and 27.9 in SB, i. e. the
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PE3VJIBTATBI U OBCYXKJIEHUNE

BoisiBjiIeHUE BO30yAuTes s GaKTepHaJbHOIO
o’Kkora B o6pa3siax

B pesynbpTaTe mcciaemoBaHUU GbLIO OTOGPaHO
¥ TIPOTECTUPOBAHO B 061Iell ciokHocT 103 o6pas-
1a, uiau 173 npobbl pa3jauyHbIX YacTel S. aucuparia
¥ KyJIbTYPHBIX COPTOB C CUMIITOMaMU IOPaKeHUS
natoreHamu (puc. 1, 2) u 6e3 cuMITOMOB. B oOpasiiax
u3 BopoHexckoi, Kamysxckoii, [TeH3eHCKOH, TylnbCKON
obyacteir u CTaBPOIIOJIBbCKOTO Kpast BO30YAUTENb OaK-
TePUaJIbHOI'O OKOTa ILJIONOBBIX KYJAbTYpP E. amylovora
BBISIBJIEH He OBLI.

B o6pasiax u3 r. MOCKBBI ObLJ BEISIBJIEH T€HETH-
yecKkuit MaTepuas B 18 us 25 o6pasiioB (72%), uiu
B 28 13 54 po6 pasnuHbIX yacTei pacTerui (52%).
B 13 o6pasmax (52%), unu B 20 npobax (37%), pe-
3yJbTAT OBLJ ITOJyUYEeH He MeHee 4eM 3 MeToJlaMu,
YTO B COOTBETCTBUU C METOIUUECKUMU PEKOMEH-
Janusamu [42], UCIIONB3YIIUMUCS B 1ab0paTOPUIX
Poccenbx03Ha130pa, LOCTATOYHO JJIST YCTAHOBIEHUS
IMarHO03a O BBISIBJIEHUY BO36OYqUTEISI GaKTepHUaIbHO-
T'o OXKora.

B PamenckoM I'O JJHK BrigBuiIu B 23 u3 49 06-
pasioB (47%) u B 29 u3 87 npob (33%). [Ipu 5ToM 3a-
pakeHHbIe 00Pa3Ilbl ObIIX OTOOPAHBI B 6 U3 7 TOUEK
B PasHbIX palioHax r. PaMeHCKoe, B iep. [lepraeBo, Bsi-
KU 4 B P. II. BBIKOBO.

B 2 mpo6ax o6pa3siia, oTo6paHHOTO B I. KojloMHe,
reHeTUYECKUU MaTepuaJli 66l BeIsiBIIeH 4 TTI]P-TecTa-
MU ¥ TIOATBEPXKIEH Pe3ysibTaTaMU CEKBEHUPOBAHUS
IIPOLYKTOB Kjaccuueckux IIIP.

HecMoTps Ha TO, YTO HEKOTOPbIE 06Pa3Iibl ObLIN
0oTOOpaHbI B ONTUMAaJbHbIE IJIST PA3BUTUS ITATOreHA
CPOKY, TIPU GJIarOIPUSTHBIX MOTONHBIX YCIOBUSX,
¢ HeoOpaboTaHHBIX MECTUIIUAAMU AEPEBBEB U UME-
JIU XapaKTePHbIE CUMIITOMbBI, YUCTYIO KYJIbTYpPYy
E. amylovora n301upoBaTh He yAaioch. [Ipu 3TOM ciie-
IyeT OTMETUTb, 4TO I10 pedysibTaTaM TecToB [11]P-PB
KOHIIeHTpalus BO3GYyAUTENS B BKCTPAKTaX 3HAYU-
TEJIBHOT'0 KOJIMYECTBa 00Pa310B MOXKET OLlEHMBATHCS
B npenenax 10°-107 KOE/ma (3uauenue Ct oT 26 1o 20
COOTBETCTBEHHO I10 TecTy ¢ Ha6opoM OO0 «CUHTOJI»).
Kpowme Toro, metomom 6uo-IIL[P-PB 6b1JIO ITOKa3aHO,
4TO 10 KpariHell Mepe B 1 U3 3 MIPOTECTUPOBAHHBIX
06pa31i0B BO36YAUTENb IIPUCYTCTBOBAJ B XKU3HECTIO-
coOHOM cocTosgHUY, 3HaueHue Ct usMeHUIoCh ¢ 32,0
B mipsamoii [TLIP-PB 1o 26,5 ¢ oboraineHreM B JIeBaHO-
BoM OysiboHE, 29,1 B 6ysniboHe Kunra b u 27,9 B copbu-
TOBO-TIENITOHHOM GYyJIbOHE, T. €. KOHI[EHTPAIIUS T1aTO-
reHa Bo3pocia Ha 1-2 nopsajgka.

B 30 o6pasiiax (39% oT 0611ero KoJImuecTBa c6op-
HBIX 06pa310B u3 I. MockBbl 1 MO), uiu B 43 mpobax
(30%), 6BLIY BRIIBIIEHBI (DIIyOPECIIMPYIONIE U30JISIThI
6akTepuii Pseudomonas Sp., KOTOPbI€ CIIOCOOHBI BhI-
3bIBAaTh CUMIITOMBI, CXOXKV€ C CUMIITOMaMu GaKTepu-
aJIbHOTO OXKOTa. IHTEPEeCHO OTMETUTh, UTO B 17 06-
pasiuax (46% oT 3apa’keHHbIX), min 27 npobdax (46%),
6bLyIa BBISIBJIEHA cOBMecTHas uHbekuusd E. amylovora
u Pseudomonas sp. B pa6oTax BCTpedaloTcs JAaHHbIE
0 TIPSIMO NPOTHUBOIIOJIOXHOM BJIUSHUU GaKTepUil
Pseudomonas sp. Ha E. amylovora. Tak, yKpauHCKUE KC-
cJieloBaTesy B OKCIIEPUMEHTE I0Ka3aJii OTCYTCTBUE
aHTtaroHuama Mexnay E. amylovora v P. syringae pv.
syringae van Hall, oTMeyass CHHEPTU3M ITaTOT€HHOTO
BO3JIEWICTBUS STUX BUJOB Ha pacTeHue [9]. B mpyrux pa-
6oTax MokasaHo CUJIbHOE MO aBJIg0lee BO3LeCcTBYE
P, fluorescens Migula u P. aeruginosa (Schroeter) Migula Ha

pathogen concentration increased by 1-2 orders of
magnitude.

In 30 samples (39% of the total number of sam-
ples from Moscow and Moscow region), or in 43 sub-
samples (30%), fluorescent isolates of Pseudomonas sp.
were detected that can cause symptoms similar to
those of a fire blight. It is interesting to note that in
17 samples (46% of the infected ones), orin 27 subsam-
ples (46%) the infection of both E. amylovora and Pseudo-
monas sp. has been detected. In different studies there
are data on the opposite effect of the bacteria Pseudo-
monas sp. on E. amylovora. Thus, Ukrainian researchers
experimentally proved the absence of antagonism be-
tween E. amylovora and P. syringae pv. syringae van Hall,
pointing out the synergism of the pathogenic effect of
these species on the plant [9]. Other assays show strong
suppressive effect of P, fluorescens Migula and P. aerugi-
nosa (Schroeter) Migula on E. amylovora [44, 45]. In addi-
tion, there is evidence of suppression of the fire blight
pathogen by other bacterial species associated with
host plants [46, 47], as well as yeast [48] which were
also often found during isolation from mountain-ash
extracts. Thus, the problem of E. amylovora pure culture
isolation from mountain-ash plant material can be as-
sociated with the spread of antagonistic microorga-
nisms in the environment, which at this stage prevent
the introduction of an invasive species. In this case, in
the future, it is necessary to use a selective medium for
E. amylovora isolation.

Seasonal dynamics of the infection of moun-
tain-ash organs

The plant samples taken in Moscow and the Mos-
cow region were grouped according to the time of
their collection during the growing season, from the
flowering period to fruit ripening. It should be not-
ed that the number of samples taken at each location
was not the same in different periods. Nevertheless,
there is a definite tendency in the dynamics of the
infection level and its connection with various plant
parts (Table 2, Fig. 3).

Due to the cool spring, the flowering period of
mountain-ash in Moscow region began around May
20™. In the period from May 20" to 26™, no symptoms
of fire blight were detected on the flowers, the analysis
of asymptomatic material did not reveal the presence
of a latent infection.

When examining the plants, a frequent occur-
rence of the previous year’s mummified peduncles
was noted, which have a clear outer and inner bor-
der with healthy shoot tissues (Fig. 1 a—d). Among
other reasons, organs mummification (their drying
out and the lack of timely detachment from the shoot)
may be caused by fire blight. Besides, it is a typical
symptom of this infection. The infection can move to
older plant parts (up to the root system), persist at
the border of diseased and healthy tissue, as well as
in the mummified parts of some plant species [6]. The
presence of pathogen DNA was noted in mummified
fruits of apple and pear trees after wintering [49]. We
repeatedly detected the genetic material of E. amylo-
vora in mummified fruitlets of pear, apple and quince.
However, only once in March 2019 the pure culture
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E. amylovora [44, 45]. KpoMe TOTO,
UMENTCS JaHHbIE O ITOZaBJIeHUN
B030OyAuTeNsI 6aKTEPUaJbHOTO
o’Xora ApyrumMu Bugamu 6akTe-
pu, accolMMPOBAHHBIX C pac-
TeHUSIMU-Xo3sgeBamMu [46, 47],
a TakXke Apoxoxamu (48], KoTo-
pBle TaK)Ke YacTO BCTPeYaJuCh
B ITOCEBAX HKCTPAKTOB PSIGUHBI
Ha MUTaTeJIbHbIEe cpebl. TaKuM
obpasom, IpobieMa U3OIAIUN
YUCTOU KyAbTYpPHI E. amylovora
13 PaCTUTEJbHOTO MaTepuaia
psA6UHBI MOXXeT OBITH CBSI3aHa
C pacmpoCcTpaHEHUEM B OKPY-
JKaWIed cpefe aHTAaTOHUCTU-
YeCKMX MUKPOOPTAaHW3MOB, Ha
IAaHHOM 3Talle MPeIsaTCTBYI0-
IUX BHEJAPEHUI0 NWHBA3UBHOTO
BUJA. B 3TOM ciydae B JaJbHEN-
1IeM Heo0X0JMO HCII0JIb30BaTh
CEJIEKTUBHYIO CPefy IJIs U30JIs-
uuu E. amylovora.

Ce30HHasA JUHAMUKA 3apa-
JKEHHOCTH Pa3JIMUHBIX YacTei
PAGUHBI

PacTtuTenbHble 06Pa3Ilbl,
oTobpaHHBIE B I. MOCckBe 11 Moc-
KOBCKOU obJracTu, 6bLIN CTPYII-
MTMPOBAHbI 10 BDEMEHU UX OTOO-
pa B TeyeHUE BEreTal[MOHHOTO
ce30Ha, HauMHas C Iepuoza 1iBe-
TEHUS U JJO CO3PEBAHUS ILJIOJOB.
CienyeT OTMETUTH, UTO B pas-
Hble M1ePUOJ bl KOJIUYECTBO 06-
pasioB, OTOOPAaHHBIX B KaXKI0M
13 TOYeK, OBIJIO HEOLUHAKOBO.
TeMm He MeHee MpPOCJIEXUBAET-
csl olpezesieHHAas] TEHIEeHIIUS
B IMHAMUKe YPOBHS UH(PEKIIUU
Y ee IPUYPOUYEHHOCTH K Pa3JIny-
HBIM YacTsaM pacTeHus (tabi. 2,
puc. 3).

B mepuog ¢ 20 110 26 Mag HaMu ~ HEKpo3 nucTa; d - yeagaHue noberos;

. Puc. 2. OCHOBHble TUMbl NOPaXeHUi
B cBA3M C IPOXJIA/IHOM BEC~  yccnep0BaHHbIX BEreTaTMBHbIX OPraHOB
HOW IIepPUOJ, LBETeHUS PAOUHBL  ps6uHbI:

B MO Hauajcg okojo 20 Masg. a-KpaeBol HEKpo3 nucTa; b, ¢ — naTHUcTOCTb, a — marginal leaf necrosis; b, ¢ — spotting,

Fig. 2. The main damage types
of the investigated mountain-ash
vegetative organs:

leaf necrosis; d — wilting shoots; e —aphid

He GhLIY BBISBIEHBI CUMIITOMBI € — NOpaxeHue noberos Tneii; f — ycbixaHne infestation of shoots; f - drying of shoots;

6aKTepUaJbHOTO 0’KOTA Ha ITBET-
Kax, aHanus3 6ecCUMIITOMHOTO
MaTepuaja He BbISBUJ HAJTUYUS
JIATEHTHOU NH(DEKITUU.

[Tpu oCMOTpPEe pacTeHuH 6bla OTMeUeHa yacTas
BCTPEYAEMOCTD MPOULJIOTOJHUX MyMU(PUIITUPOBAH-
HBIX TIJIOJJOBBIX BETOUYEK, UMEIIUX YEeTKYI0 BHEII-
HIOI U BHYTPEHHIOK IPAaHUILY CO 3L0POBLIMU TKa-
HsaMu nobera (puc. 1 a—d). Cpeu IpoUYUX MPUYUH
MyMu(DUKAIIMSI OPTaHOB (UX YChIXaHUE U OTCYTCTBUE
CBOEBPEMEHHOTO OTCOEIMHEHUS OT Tobera) MoXeT
6BITh O6YCJIOBJIEHA OJKOT'OM ILJIOZIOBBIX. KpoMe Toro,
OHAa ABJISETCS XapaKTEPHBIM CUMIITOMOM JIaHHOTO 3a-
6osieBaHms. HQEKIIVSI MOXXET MUTPUPOBATh B 6ojiee
cTapble YaCcTU pacTeHus (BILJIOTh 0 KOPHEBOU CHUCTE-
MbI), COXPAHSIThCA Ha TpaHuIle 60JbHON U 3I0POBOH
TKaHU, a TAK)XXE ¥ B MyMU(DUIIMPOBAHHBIX YaCTSIX He-
KOTOPBIX BUJIOB pacTeHuu [6]. B MmymuduiupoBaH-
HBIX TIJIOJaxX A6JIOHb W T'PYII IIOCJIe 3UMOBKU GbBLIO

noberos; g — HEeKpO3 Kopbl, A3Bbl

g — bark necrosis, cancers

of the pathogen was isolated from mummified pear
ovaries collected from a fire blight focus in the Vo-
ronezh region.

The authors also noted a high degree of young
shoots infestation by aphids (Fig. 2e). It is interesting
to note that renewal buds are often located right under
the peduncles (Fig. 1 a, f), as a result, when growing
in spring, the young shoots are in close contact with
the mummified tissues (Fig. 1b). The aphid infesta-
tion contributes to the shoots twisting around the pe-
duncles, which creates inside favorable conditions
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nmokasaHo Hanmuue JHK Bo36ynutens [49]. B xone
COGCTBEHHBIX MCCIEN0BAaHNY aBTOPHI HEOIHOKPAT-
HO BBIABJISJIV TeHeTUUYeCKUY MaTtepuas E. amylovora
B MyMUDUIMPOBAHHBIX IJOLAX IPyIIu, S6J0HU
v auBbl. OOHAKO BBIJENUTh KYJbTYPYy BO30OynuTE-
Jid yZaJloch TOJBKO B MapTe 2019 r., KOorga naToreH
OBLT U30JIUPOBAH U3 MyMUDUITUPOBAHHBIX 3aBI3€el
rpyui, OTO6GPaHHBIX B 0UYare 0)Kora B BopoHeXCcKou
obacTu.

ABTOpPBI TaK)Xe OTMeYaJid BBICOKYI CTeleHb
TMOPaKeHHOCTHU MOJIOAbIX M06GEeros Tiei (puc. 2e).
VHTEepPEeCHO OTMETUTD, UTO Ha IIJIOJLOHOCSIIMX BET-
BAX S. aucuparia TTOYKY BO30OHOBJIEHMWS YacTO pac-
TIOJIOKEHBI IO/, TIJIOJOBOY BETOUKOI TEKYIIEro roja
(puc. 1 a, f), BciieAcTBHE Yero IPKU OTPACTAHUY BECHOMU
MOJIOJIOM ITOGET TECHO COTIPUKACAETCS C MyMUMUIIPO-
BaHHBIMU TKaHAMHU (puc. 1b). [TopakeHue TIeH CIIo-
CcOOCTByeT 3aKpPyUrBaHUI0 106eTOB BOKPYT ILJIOZ0OBOM
BETOYKU, UTO CO3/LaeT BHYTPU BJIaTOIPUSATHBIE YCJIO-
BUS ITOBBIIIEHHON BJIAXXHOCTHU UM 3alUIIEHHOCTH OT
BHEITHUX BO3IeNCTBUI; TakXKe Ipoliecc yCyrybsaeT-
csl IIOBPEXXIEeHNEM MOJIOONM TKaHU mobera 1 JINCThEB
STUMU HaceKOMbIMU. COBOKYITHOCTb 3TUX (haKTOPOB
IPU HAJIMUUNU XKU3HECTIOCOOHOTO BO30YAUTENSI MOXKET
CTaTh MOUIHBIM CTUMYJIOM Pa3BUTUS 6OJIE3HU HA MO-
JIOIbIX TOGerax.

B maHHOM HCCIeI0BaHNY TeHETUYECKUM MaTepu-
an E. amylovora 6bLJ1 [OCTOBEPHO BBISIBJIEH HA TPAHUIIE
0OJIBHOI 1 3J0POBOY TKaHU B 2 13 9 00pas1ioB (22%),
a TakXxe ellle B 2 ob6pasiax ¢ MOMOIIbI0 eTUHUYHBIX
TeCcTOB. B MyMuhuUIUpoOBaHHBIX YaCTIX IJIOJOBBIX
BeTouek JJHK Bo36ymuTesns He Gblia BbIsIBIEeHA 60-
Jee yueM 1 TectoM. Kak u mpepojarajiochk, BHyTPU
TOpPakKeHHBIX TJel 1mo6eroB HaGIAAJIN B TOU WU
WHOU CTeIleHU YBAJAIIVe U HEKPOTU3UPOBAHHbBIE
sucTbs (puc. 2e). OgHako JHK E. amylovora nocToBep-
HO ObLjIa BBISBJIEHA TOJIBKO B 1 IIpo6e, B GOJIbIINHCTBE
ciay4yaeB OBIIM M30JMPOBaHBI (hiyopeciupyolre
TICEBIOMOHA/Ibl. B HECKOJIBKUX UCCIEeI0BaHHBIX 00-
pasiax JUCTheB 1 M06Eros, a TaK)XXe Ha IIOBEPXHOCTH
TeJjia MacyIIyX TJII0 MypaBbeB BO30OYIUTENb JOCTOBED-
HO BbISIBJIeH He ObLI. B 1ieiom [THK E. amylovora 6b11a
BBISIBJIEHA B 15% COOPHBIX 06Pa3IloB (B reHepaTUBHBIX
opraHax — B 15%, B BeTeTaTUBHBIX — B 9% cITy4yaes).

B nepuog 5-16 nioHa 06pa3siibl 66111 0TO6PAHBI
B Pamenckom I'O u r. KosmoMHe. OTMeUaioch HAJIK-
yyre MOJ03PUTEJIbHbIX U XapaKTEePHBIX CUMIITOMOB
Ha Pas3JIMYHbIX YACTIX PACTEHUN PAOKUHBI. BBLIK IPO-
aHAJIM3UPOBAHBI OTIIBETIINE I[BETKYU C TTO6YPEBUINMU
JIeTIeCTKaMU UJIN CyXMe OTIeJSIoIIecss HeOIbIINB-
Iuecs IBETKU; 3aBSI3U C CUMITOMaMU YBSJaHUS,
HeKpo3a u 6e3 CUMIITOMOB; IIPOIIJIOTOHUE MyMU-
¢urvpoBaHHbIE TIJIOIOBbIE BETOUKY; TOGETY; IUCThS
C CUMIITOMaMU TISTHUCTOCTEN ¥ HEKPO30B, YBSLAHUS,
HEKpO3a IIeHTPAJbHOM XUJIKY 1 6€3 CUMIITOMOB; I10-
6eru, mopakeHHbIe TJIeH; Kopa CTBOJIA C CUMIITOMaMU
HEKPO30B U A3B (puc. 2g). [eHeTUYECKUI MaTepUal
E. amylovora GbLI BBISIBJIEH BO BCEX MCCJIENOBAHHBIX
YacTaX PacTEeHUH, B T. 4. B 6ECCUMIITOMHBIX, 32 UCKJIIO-
yeHMeM 1obera, MmopakeHHoro Tiel. KoHIleHTpalus
KOTIMII TEHOMA COCTAaBJIsLJIa B GOJIBIIMHCTBE CIIyYaen
He MeHee 10%-10° (Ct 29-25 cooTBeTCTBEeHHO). Hau-
6oJiee BbIcOKME KOHIleHTpaluu JJHK 66111 0TMeUYeHbl
B JIUCTBAX C Mpu3HakaMu natHuctoctu (Ct 20,3, UTO
COOTBETCTBYeT He MeHee 107 KOMUSAM reHoMa Ha MJI
PacTUTENIbHOr0 SKcTpakTa). O6uas JoJasd 3apakeH-
HBIX ITPO0 reHepaTUBHBIX OPTAHOB cocTaBuia 67%,

for high humidity and protection from external influ-
ences; the process is also aggravated by the damage
caused by these insects to the young tissue of shoots
and leaves. With a viable pathogen being present, the
combination of these factors can become a powerful
stimulus for the development of the disease on young
shoots.

In this study, the E. amylovora genetic materi-
al was reliably detected at the border of the infected
and healthy tissue in 2 out of 9 samples (22%), as well
as in 2 more samples using single tests. In the mum-
mified parts of the peduncles, the pathogen DNA was
not detected by more than 1 test. As expected, wilting
and necrotic leaves were observed inside the shoots af-
fected by aphids (Fig. 2e). However, E. amylovora DNA
was reliably detected only in 1 subsample, fluorescent
pseudomonads were isolated in most cases. In several
studied samples of leaves and shoots, as well as on the
body surface of aphid-herding ants, the pathogen was
not reliably detected. In general, E. amylovora DNA was
detected in 15% of the collected samples (in generative
organs —in 15%, in vegetative ones — in 9%).

In the period June 5"-16", samples were col-
lected in Ramenskoye and Kolomna. Some suspi-
cious and typical symptoms were noted on various
mountain-ash parts. The analysis involved faded
flowers with brown petals or dry separating unpolli-
nated flowers; ovaries with symptoms of wilting, ne-
crosis and asymptomatic, without symptoms; pre-
vious year’s mummified peduncles; shoots; leaves
with symptoms of spotting and necrosis, wilting, cen-
tral vein necrosis and no symptoms; shoots affec-
ted by aphids; trunk bark with symptoms of necro-
sis and cancers (Fig. 2g). E. amylovora genetic material
was detected in all the studied plant organs, includ-
ing those without symptoms, except for the shoot in-
fested with aphids. The concentration of genome co-
pies was in most cases no less than 10#-10° (Ct 29-25
respectively). The highest DNA concentrations were
found in leaves with signs of spotting (Ct 20.3, which
corresponds to at least 107 copies of the genome per
1 ml of plant extract). The total proportion of infect-
ed samples of generative organs was 67%, vegetative
shoots and bark — 80% each. The total number of in-
fected combined samples amounts to 86%. Fluores-
cent strains of Pseudomonas sp. were detected in 100%
of flower samples, 79% of ovaries, 83% of leaves, but
were absent in the bark and the previous year’s mum-
mified peduncles. The total proportion of the samples
infected with pseudomonads in this period was 82%.

From June 29" to July 3%, samples were taken
in Moscow. The examination concerned dried flow-
ers; fruitlets with symptoms of wilting, stunting,
necrosis (Fig. 1f), and asymptomatic ones; leaves
with spotting, necrosis (Fig. 2 b, ¢) and chlorosis;
shoots with symptoms of necrosis, wilting, drying
out (Fig. 2f). E. amylovora DNA was detected practi-
cally in all plant parts, in 69% of the combined sam-
ples. Shoots accounted for the highest proportion of
infected samples (67%). The highest concentration (Ct
24.3) was also noted in a sample of wilted and shrink-
ing shoot with leaves. Among the leaf samples, 60%
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BEreTaTUBHBIX ITI0GETOB U KOPHI — 110 80%. Ob1Iee Ko-
JINYECTBO 3apa’KeHHBbIX COOPHBIX 06pas3ioB — 86%.
dnyopecuupyouiue 6aktepuu Pseudomonas Sp. 6b1IM
BbIsIBJIEHBI B 100% mpo6 1IBETKOB, 79% 3aBs3ei, 83%
JINCTbEB, HO OTCYTCTBOBAJIM B KOpPe U B MyMUPUIIUPO-
BaHHBIX TJIOJIOBBIX BETOUKAX MPOILIOro rojaa. Obmas
IIOJISI 3apa’keHHbIX ICEBIOMOHAIaMy 00Pas3Il0B B JaH-
HBI ITepuos, cocTaBumia 82%.

B rmepuog ¢ 29 1ioH 110 3 1ioJist 06pasIbl 0TOMpa-
Jiu B T. MockBe. Vcce[oBaIu yCOXIIME IIBETKY; IO bI
C CUMIITOMAaMMY YBSIIAHUS, OTCTaBAHUS B POCTE U HEK-
posa (puc. 1f), a Tak)ke 6€3 CUMIITOMOB; JIUCThS C IIST-
HHCTOCTBIO, HeKpo3aMu (puc. 2 b, ¢) 1 MOXKeJITEeHUEM;
moberu ¢ CUMIITOMAMU HeKpO3a, YBIJaHUs, yChIXa-
Hus (puc. 2f). leHeTuyeckuit Mmatepuat E. amylovora
OBLJ BBISIBJIEH IIPaKTUYECKM BO BCEX YACTAX pacTe-
HUM psa6uHbl, B 69% cbopHBIX 06pas31ioB. Haubosee
BBICOKAS MIOJISI 3apa)XeHHbBIX P06 MPUXoAuiach Ha
nmoberu (67%). Haubombinas koHmeuTpaius (Ct 24,3)
OTMeYeHa TakXe B 00paslie YBAMAIOIIETO U YChIXat0-
mero mob6era ¢ JUCThbIMU. Cpenu Ipob JIMCThEB 3apa-
JKEHHBIMU OKa3aJinch 60%. JJ0Jisd 3apakxeHHbIX ILJI0J0B
coctaBuyia 53%, nmpuuem 3HaueHus Ct mpob ¢ cum-
nToMaMu U 6e3 He OTJInYaauch. [IpefeabHbIN ITUKJII
OOJIbIIMHCTBA TOJOXKUTEJIbHBIX 00Pa3I[0B COCTABUII
26-32. B 40% mpo6 Ma0moB C CUMIITOMAaMU HEKpo3a
u 6e3 CUMIITOMOB, a Tak)Xe B 1 Mpobe JUCThEB C CUM-
IITOMaMM HEKPO3a U MOXKEJITEHUS BbISIBJIEHBI 6aKTe-
puu Pseudomonas sp.

Tao6auia 2

resulted to be infected. The proportion of the infected
fruitlets was 53%, with the Ct values of the samples
with and without symptoms being equal. For the most
positive samples it was 26—32. In 40% of the fruitlet
samples with necrosis and without any symptoms, as
well as in 1 leaves sample with necrosis and bacteria
Pseudomonas sp. were detected.

During July, samples were taken in Moscow and
Ramenskoye, where special attention was paid to the
trunk bark necrosis, which has been observed in re-
cent years, leading to the death of trees. In sterile ta-
ken bark samples, E. amylovora DNA was detected
only in 1 case out of 9, Pseudomonas sp. was not isola-
ted. Among other subsamples, shoots and leaves with
symptoms of wilting, drying out, chlorosis, spotting
and necrosis, and vein necrosis were analyzed (2 sub-
samples of leaves from 10 subsamples of vegetative
organs are reliably positive (20%), or 2 out of 8 sam-
ples (25%)). Ct values exceeded 31. Among 4 fruit-
let subsamples, E. amylovora DNA was detected only
in 1 case — in wilting and asymptomatic ones. In this
subsample, the pathogen viability was confirmed by
the bio-PCR-RT method. The total proportion of the
infected samples was 29%.

In late August — early September, a study was car-
ried out mainly for combined samples, as well as sam-
ples of mature fruits without symptoms and with symp-
toms of wilting and mummification, peduncles with
signs of chlorosis and drying out, as well as leaves with

3apa’keHHOCTb OT/IeJIbHBIX YaCTEM pacTeHU PIGUHBI U CO0PHBIX 00Pa3II0B,

O0TOOpaHHBIX B T. MockBe 1 MO

(Ha OCHOBaHUM MOJIOKUTEJIbHBIX Pe3YJIbTAaTOB 3 U 60Jiee TeCTOB)

20-26.05 05-16.06 29.06-03.07 10-28.07 28.08-19.09 HToro
S5 5 It 1§ i: i
pacTteHus 3 a % 3 2 % 3 a % 3 a % 3 2 % 3 a %
[IBETKU 0 4 0 4 4 100 - - = - - = 0 1 0 4 9 44
3aBA3U - - = 7 14 50 - - = - - = - - = 7 14 50
I1JI0ZbI - - = - - = 8 15 53 1 4 25 O 12 0 9 31 29
IJIOJ. BET. 2 9 22 5 6 83 - — - - - 0 7 0 7 22 32
EHEPAT. 2 13 15 16 24 67 8 15 53 1 4 25 O 20 0 26 79 33
JIACTbA 1 7 14 4 5 80 3 5 60 2 8 25 O 3 0 10 32 31
noberu 0 5 0 - - = 4 6 67 O 1 0 - - = 4 11 36
BETETAT. 1 12 8 4 5 80 7 11 64 2 9 22 0 3 0 14 44 33
KOPA = = = 4 5 80 - - - 1 9 11 0 4 0 5 18 28
Bcero 3 25 12 24 34 71 15 26 58 4 22 18 O 27 0 45 141 32
CEOPHBIE 2 13 15 18 22 82 9 14 64 5 17 29 O 12 0 34 78 44
OBPA3LbI
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Table 2

Infection of individual parts of mountain-ash plants and combined samples

from Moscow and Moscow region
(based on positive results of 3 or more tests)

20-26.05 05-16.06 29.06-03.07 10-28.07 28.08-19.09 Total

E 3 E - E 3

e B S T S T S T e B e B
Plant parts E § % E § % E § % E § % E § % E § %
flowers 0 4 0 4 4 100 - - = - - = 0 1 0 4 9 44
ovaries - - = 7 14 50 - - = - - = - - = 7 14 50
fruitlets - - BN - - B 8 15 53 1 4 25 O 12 0 9 31 29
peduncles 2 9 22 5 6 83 - - = - - = 0 7 0 7 22 32
GENERAT. 2 13 15 16 24 67 8 15 53 1 4 25 O 20 0 26 79 33
leaves 1 7 14 4 5 80 3 5 60 2 8 25 O 3 0 10 32 31
shoots 0 5 0 - - = 4 6 67 O 1 0 - - = 4 11 36
VEGETAT. 1 12 8 4 ® 80 7 11 64 2 9 22 0 3 0 14 44 33
BARK = = = 4 5) 80 - = = 1 9 11 O 4 0 ) 18 28
Total 3 25 12 24 34 71 15 26 58 4 22 18 O 27 0 45 141 32
COMBINED 2 13 15 18 22 82 9 14 64 5 17 29 O 12 0 34 78 44
SAMPLES

B TeueHue uoJisi 06pasibl 0OTOMpPAIN B I. MOCKBe
u B PamenckoM I'O, rie ocoboe BHUMaHUe yOeau-
JIV HEeKpo3aM KOPBI CTBOJIA, KOTOPBIN HabsomaeTcs
B TeueHUe IOCJIEeLHUX JIeT, IPUBOAS K rubenu me-
peBBeB. B 0TO6paHHBIX CTEPUIbHO ITpobax kopsl JHK
E. amylovora Gblia BBISIBJIEHA TOJBKO B 1 ciaydae us 9,
He ObLIN W30JIUPOBaHbI U 6aKTepuu Pseudomonas sp.
Cpenu Ipyrux npob aHaJIu3UPOBAJIU ITOOETU U IUCThS
C CUMIITOMaMU yBSILAHUS, YChIXaHU, XJI0P03a, MIAT-
HUCTOCTEN M HEKPO30B, HEKPO3a JKMJIOK (IOCTOBEPHO
TIOJIOXKUTENbHBI 2 TPOOBI incTheB U3 10 1pob BereTa-
TUBHBIX 0praHoB (20%), wiu 2 u3 8 06pas1os (25%)).
3uauenus Ct mpeBbimanu 31. Cpenu 4 po6 MJI0I0B
IOHK E. amylovora BbigBJIeHa B 1 ciIydae — B YBALAIOIIUX
1 6eCCUMITTOMHBIX IJIOZAX. B ;aHHOM 06pa3siie )K1u3He-
CTI0COGHOCTD BO36YAUTENS ObLIA TOATBEP)KAEHA METO-
oM 6uo-TILIP-PB. O611as moJis 3apakeHHbIX 00pa3IioB
coctaBmia 29%.

B KOHIIe aBrycTa — Havajie ceHTs6ps IPOBEJHU UC-
cliefoBaHME B OCHOBHOM COOPHBIX 00PasIioB, a TAKXKe
Ipo6 3peJIbIX TIOAO0B 6€3 CUMIITOMOB U C CUMIITOMA-
MU yBAJAHUG ¥ MyMUDUKaAIUU, [IOJOBLIX BETOUEK
C TIpU3HaAKaMU TIOXKeJITeHUSI U YChIXaHUs, JUCTheB
C IATHUCTOCTBIO U HEKPO30M JXUIIKU. [TostyueHsl 3 10~
JIOKUTEJIbHBIX Pe3yJIbTaTa OLHOTO U3 IBYX UCII0JIb30-
BaHHBIX TECTOB Ha ocHOBe [1LI[P-PB. TakuM o6pa3oM,
B IAHHBIN [TePUOZ, 3apaKeHHbIEe 06PAa31Ibl JOCTOBEPHO
BBISIBJIEHBI HE OBLIN.

BbIBO/bI
B xome ucciemoBaHusa 06pasioB, OTOOPAHHBIX C pacTe-
HUM poxa Sorbus B TIepuoy, ¢ Masi 1o ceHTSI6pb 2020 T.
B Boponesxckoi, Kamyxcko#, [TeH3eHCKOH, TyabCKOM

spotting and vein necrosis. 3 positive results of one of
the two qPCR-based tests used were obtained. Thus,
during this period, the infected samples were not re-
liably identified.

CONCLUSION

As a result of the testing of the samples taken from ge-
nus Sorbus plants from May to September 2020 in Vo-
ronezh, Kaluga, Penza, Tula regions and Stavropol Krai,
the fire blight causative agent E. amylovora has not been
detected.

The pathogen has not been isolated from the sam-
ples taken in Moscow and Moscow region, however, in
accordance with the Methodological recommendations
for the detection and identification of the fire blight
causative agent Erwinia amylovora (Burrill.) Winslow et
al.[42], DNA of the pathogen has been reliably detected
by at least 3 tests based on conventional PCR and gPCR,
confirmed by sequencing at 8 out of 9 sampling loca-
tions in Moscow, Ramenskoye and Kolomna and in 44%
of the tested samples.

The genetic material of E. amylovora has been
detected in the samples of all tested parts of moun-
tain-ash plants (flowers, ovaries, fruitlets, peduncles,
shoots, leaves, trunk bark) both with symptoms and
without symptoms at concentrations corresponding to
102107 copies of the genome per 1 ml of extract. How-
ever, at the moment, the leading role of the fire blight
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o6yacTsax u CTaBPOIIOJIbCKOM Kpae, BO36ynuTesb 6ak-
TEPUAJIbHOTO OXKOTa MJIONOBBIX KyJNbTYp E. amylovora
BBISIBJIEH He OBLI.

V3 06pas110B, 0TOGPAHHBIX B I. MOCKBE 1 MOCKOB-
CKO¥ 06J1aCcTH, BO3OYIUTENDb He ObLIT M30JIMPOBAH, O HA-
KO B COOTBETCTBUM C METOAUYECKUMY PEKOMEHIAIIHSI-
MW TI0 BBISIBJIEHUIO U UAeHTU(GUKALIUY BO3OYqUTENS
6akTepuaJbHOTO OXKOTa IJIOAOBBIX KYJIbTYp Erwinia
amylovora (Burrill.) Winslow et al. [42] reHeTu4YecKuii
MaTepuall BO36yauTesis GbLI JOCTOBEPHO BBISBJIEH He
MeHee yeM 3 TecTaMM Ha OCHOBe Kjiaccuueckoi ITLIP
u [TIIP-PB, a Tak)Xe MeTOLOM CEKBEHUPOBAHUA IIPOLYK-
TOB aMILIU(UKAIIUKM Kiiaccuyeckoii ITIIP B 8 u3 9 To-
4yek oT6opa B T. MOCKBe, PaMEHCKOM I'OPOJICKOM OKPYyTe
u T. KomoMHe u B 44% mccieloBaHHbBIX 00pa3IioB.

leHeTwuyeckuit Mmarepuan E. amylovora GbLI BBISB-
JIEH B TIpobax BCeX UCCIENOBaHHBIX YaCTel pacTeHU
PA6MHBI (IIBETKHU, 3aBSI3H, IIJIObI, IIJIOJ0OBbIE BETOUKH,
rmo6eru, JIUCThs, KOpa CTBOJIA) KaK C CUMIITOMaMU, TaK
u 6e3 CUMIITOMOB B KOHIIEHTPAIIMSIX, COOTBETCTBYIO-
mux 102-107 KonusaM reHoMa Ha 1 MJI 3KCTpakTa.
OnmHaKO B HACTOSUIUM MOMEHT BeyIasi Pojb BO36y-
IUTeJsI 6aKTePUATbHOTO 0KOTa B (QOPMUPOBAHUU He-
KPOTHUYECKUX TTIOPaKeHUH PSIOVHBI He ITOITBEPKIEHA.

IrHaMMUKa 3apakeHHOCTH COOPHBIX 06pa3IioB
U OTJIEJIbHBIX OPTAaHOB B 11€JI0M COOTBETCTBYET AUHAMMU-
Ke 3a60J1eBaHVS Ha IJIOJOBBIX KYJIbTYpPaX, 32 UCKJIIOUe-
HUEM OTCYTCTBUS BBISIBJIEHUHN MHOMEKIIUY Ha IIBETKAX
B IIEPUOJ, IIBETEHUS, UTO MOXKET OBITH CBSI3aHO C MAJIBIM
KOJINYEeCTBOM OTOOGpPaHHBIX 00pa3IiloB. B ocTajlbHOM
HauboJiee BBICOKMI YPOBEHb MHMEKIIUU (KaK B IIPO-
LIEHTHOM OTHOIIIEHUHY OT UCCIeN0BaHHbBIX 06pa3IioB (10
82%), Tak u 110 KoHIleHTpauu JHK B sKcTpakTax Ipob

causative agent in the formation of necrotic damage of
mountain-ash has not been confirmed.

Generally, the infection dynamics of the combined
samples and individual organs corresponds to the di-
sease dynamics on fruit trees, except for no detection
of the infection on flowers during the flowering period,
which may be due to the small number of samples. In
all other respects, the highest level of infection (both
as a percentage of the tested samples (up to 82%), and
in terms of DNA concentration in samples extracts
of individual mountain-ash organs (average num-
ber Ct 28.3-30 in qPCR test with a Syntol commercial
kit) was observed in June. Thus, the surveys of moun-
tain-ash and fruit crops for the detection of E. amylovo-
ra in central Russia should be carried out in late May —
June before the hot dry weather. Combined samples of
symptomatic and asymptomatic vegetative and gene-
rative organs should be collected.

Fluorescent isolates of Pseudomonas sp. have been
detected in a significant number of symptomatic and
asymptomatic samples, both with E. amylovora co-
infection and unaffected ones. Besides, many sam-
ples have shown fast growth of other bacteria species,
as well as fungal and yeast-like organisms, which at
this stage may prevent the introduction of the inva-
sive species E. amylovora. In further studies, it is ad-
visable to study the effect of microbiota on the fire
blight causative agent. This will contribute to the un-
derstanding of its potential harmfulness, as well as
the development of selective media for isolation and
creating biological products to control the rapidly
spreading pathogen across the territory of the Rus-
sian Federation.
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Fig. 3. Fire blight infection dynamics of
various parts of mountain-ash plants
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OTHEJbHBIX YaCTeH pacTeHUN pAOUHEI (CpemHee 3HaUe-
Hue Ct 28,3-30 B TecTe ITLIP-PB ¢ Ha6opom OO0 «CuH-
TOJI»)) HAaOJII0IaJICs B ioHe. TakuM o6pas3om, 06¢caenoBa-
HUS PacTEeHWH PAOMHBI, KaK ¥ HACAXKIEHUH IJI0IOBBIX
KyJbTYP Ha BbIBIEHUE E. amylovora B cpegHel ojioce
Poccuu ciieryeT IpOBOIUTH B KOHIIE Masi — MIOHE JI0 Ha-
CTYTUJIEHUS JKapKOU cyxoi moronbl. CienyeT OTOUpPaTh
cOopHbIE 00Pa3Ilbl BETETAaTUBHBIX 1 TeHEPATUBHBIX OP-
TraHOB C CUMIITOMaMU 1 6€3 CUMIITOMOB.

B 3HAUMTENHbHOM KOJIMYECTBE 06PA3IIOB C CUM-
nrToMaMy U 6e3 ObLIM BBISIBIIEHBI (DJIyOPECIIMPYIOIITe
b6axTepuu Pseudomonas Sp., Kak B COBMeCTHOM MH(peK-
uuu ¢ E. amylovora, Tak 1 B He3apaXXeHHbBIX 00pa3iiax.
KpoMme Toro, Bo MHOTHX 06pasIiiax HabJII0maics O6UIb-
HBIU POCT APYTUX BUAOB 6AKTEPNii, a TaK)Ke TPUOHBIX
¥ IPOXIKETIONOOHBIX OPraHM3MOB, KOTOPbIE MOTYT Ha
IIAHHOM 3Talle ITPEeNsITCTBOBATh BHEIPEHNTIO NHBA3UB-
Horo Buja E. amylovora. B jaibHEUIITUX UCCIEN0BAHNU-
SIX 11eJec006pa3HO U3YyYUTh BIAUSHUE MUKPOOUOTHI
Ha BO30yAuTeNs 6aKTePHUaAIbHOTO 0XKOTa. ITO TTOCIIO-
CcOOCTBYeT MOHMMAHWIO €TO TIOTEHIMAJBbHOU BPeo-
HOCHOCTH, a TaKXe oA60Py CeJIEKTUBHBIX CPE IS
UBO0MAIINY U U3YUYEHUI0 BOBMOXXHOCTU CO3LaHUS 610~
IpenaparosB /Jisg 60pb6bI ¢ GBICTPO PACITPOCTPAHSIO-
LIIUIMCS 10 TeppUTOpuU PP maToreHoM.
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NH®OPMAILIVA OB ABTOPAX

JApenoBa Haranuga BacujbeBHa, HayaJb-
HUK — CTapIIUi HayYHBIU COTPYAHUK HAyUHO-METO-
IVYECKOTO OTZeJia BUPYCOJOTUU U OaKTEPUOJIOTUU
®I'BY «BHUUKP», p. r1. BeikoBO, I. PameHCcKoe, Moc-
KOBcKast 06J1., Poccus.

KonaparbeB MakcuM OJIeroBUY, MJIAIININHI Ha-
YUHBIM COTPYAHUK HAYYHO-METOAUUYECKOTO OTHesa
BupycoJyioruu u 6aktepuosoruu ®IrBY «BHUVKP»,
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