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AHHOTALIUA
Bo36yauTenb MATHUCTOCTHU JIUCThEB KyKypPy3bl Coch-
liobolus carbonum R.R. Nelson (= Bipolaris zeicola (Stout)
Shoemaker) — KapaHTUHHBIN BPeIHBIN OPTaHU3M I
Poccutickoit Pemepaliuu U psaga IPyrux CTpaH, CIIo-
COOHBIN MHDUIIMPOBATH HE TOJBKO 3JIaKOBBIE KYJIbTY-
PBI, HO U IPyTUe CeJIbCKOX03IMCTBEHHbBIE PACTEHUS.
Bup pacnpocTpaHeH BO MHOTUX PETMOHAX BO3MEJIbI-
BaHUS KYKypy3bl Ha BCEX KOHTUHEHTAX, 00JIaJlaeT BbI-
COKOM BPEIOHOCHOCTBIO IIPU OTIPEIeJIEHHBIX YCIOBUSX
OKpY’Kalolel cpeibl, BbI3bIBAs MAaCCOBbIe BTIU(UTO-
TUU U TSDOKEJIble TTOPaKeHU KYJIbTYPHBIX PACTEHUH.
BBo3uMas MmojKapaHTUHHAS CeMeHHas MPOAYKIUI
pacTeHu# KyKypysbl (Zea mays L.) HeceT BBICOKU
(buToCcaHUTAPHBIN PUCK IIPOHUKHOBEHUS NHBA3UB-
HBIX BUJIOB Ha TeppuTOpuio PP 1 nx pacmpocTpaHe-
HUs Ha Hel. [103TOMY CBOeBpeMeHHas NUarHOCTUKA,
OCHOBaHHas Ha IIPaBUJILHOM II0X0Je IPUMEHEeHHU
METO/IOB BBISBJIEHUS U UAECHTU(PUKAIINY KapaHTUH-
HBIX BPEeIHbIX OPTAaHU3MOB, SIBJISIETCSI BaXXHBIM KPU-
TepreM MUKOJIOTUYEeCKUX HCCIeJoBaHUll. B cTaTbe
IIpeICcTaBJIeHbl JaHHble 0 Bumax poxa Cochliobolus,
BBISIBJIEHHBIX M3 MOAKaPaHTUHHOTO MaTepuaja pac-
TEHUU KyKypy3bl B x0Jle 1abopaTOPHBIX KUCCIeL0Ba-
Hui 3a nmepuon 2017-2021 rr. [IpoBemeHa ampob6a-
U MeToJa KJIaCCUUYeCKOH IMOoJIUMepPasHOU IIeMHON
peaxkiuu (ITLIP) c npuMeHeHUeM BUIOCHEIM(PUIHBIX
npaiiMepoB (Bz-F/Bz-R), paspaboranubix Kang et al.
B xofie ncciieqoBaHU onpeeseHbl paboune KpuTe-
puH, TI0 KOTOPBIM YCTAHOBJIEHO, YTO U3yUyaeMas TECT-
cucTeMa XapaKTePU3yeTCs BICOKOM aHAIMTUYECKOU
YYBCTBUTEJIbHOCTBIO U CIIEIM(PUUHOCTHIO U ITPUMe-
HMUMa IJis IPOBeIeHUs 1abopaTOPHOTO KCCIeL0Ba-
HUS KapaHTUHHOTO BUa B. zeicola B mocTymnawuien
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ABSTRACT
Leaf blight of maize Cochliobolus carbonum R.R. Nelson
(= Bipolaris zeicola (Stout) Shoemaker) is a quarantine
pest for the Russian Federation and some other coun-
tries, capable of infecting not only cereals, but also oth-
er agricultural plants. The species is spread in many
regions of corn cultivation on all continents, has a high
harmfulness under certain environmental conditions,
causing massive epiphytoties and severe damage to
cultivated plants. Imported regulated seed products
of corn plants (Zea mays L.) poses a high phytosanitary
risk of introduction of invasive species into the Russian
Federation and their spread within it. Therefore, timely
diagnosis, based on the correct approach to the appli-
cation of methods for the detection and identification of
quarantine pests, is an important criterion for mycolo-
gical research. The article presents data on the species
of the genus Cochliobolus detected from regulated corn
plants in the course of laboratory studies for the period
2017-2021. The classical polymerase chain reaction
(PCR) method was tested using species-specific prim-
ers (Bz-F/Bz-R) developed by Kang et al. In the course
of the research, working criteria were determined, ac-
cording to which it was found that the test system un-
der study is characterized by high analytical sensitivity
and specificity and is applicable for laboratory testing
of the quarantine species B. zeicola in incoming regulat-
ed corn plants. The article also describes the classical
cultural and morphological methods for identifying the
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MOJKAPAHTUHHOW MPOAYKIIUYM PACTEHUN KYKYpPY3bl.
Tak’ke B CTaTbe OIMMCAHBI KJIACCUYECKUE KYJIbTyPaJib-
HO-MOpPdoJIoruYecKre METOIbI UIEHTU(MUKAIIUY BUIA
B. zeicola, TpOBeJleH reHETUYECKUY aHAIU3 U30JISITOB
110 YYaCTKy BHYTPEHHETO TPAHCKPUOUPYEMOTO CIIeH-
cepa ITS4-5, 8S-ITS5. [IpuBeieH CPaBHUTENbHbBIN MOP-
(hosornueckuit aHaIM3 11€JIEBOTO U GIU3KOPOLICTBEH-
HBIX BUJIOB, BCTPEYAKIIUXCS HAa PACTEHUSIX KYKYPY3BbI.

Knrwuesvie cnosa. TISTHUCTOCTb JIUCThEB KYKY-
py3bl, GUTOTIATOTEH, BBISBJIEHUE U UIeHTU(DUKALIUS,
[P, aHajMTUYeCcKasgd YYBCTBUTEJbHOCTb, aHAJIUTU-
YecKast CIIelM(UUHOCTb.

BBEJEHUE

030yIUTENb TMATHUCTOCTU JIUCTHEB
Kykypy3bl  Cochliobolus  carbonum
R.R. Nelson (Bipolaris zeicola (Stout)
Shoemaker — amamop@a) sBiIseTCA
KapaHTUHHBIM BPEIHBIM OpTaHU3-
MOM, OTCYTCTBYIOUIUM Ha TEPPUTO-
puu Poccutickoii demepanuu. laH-
HBIN BUJ IIMPOKO PACIIPOCTPAHEH TI0
BCEMY MUPY, €CTh COOOIIEHUS O ero oOHapyXeHUU
B ABcTpanuu, bpasunuu, Kanage, Kutae, Kouro, As-
ctpuwu, Erunte, uauu, Kenuu, HoBolt 3enauguu, Hu-
repuu, Ha CosioMoHOBBIX OcTpoBax u B CIIIA (gd.eppo.
int). I[To MHEHWIO MHOTUX YYEHBIX, TTATOTE€H SIBJISET-
Csl OMHUM W3 CaMbIX arPECCUBHBIX IPeICTaBUTENEMH
poaa Cochliobolus (Manamgoda et al., 2014). CoriacHo
COBpEMEHHOU CHCTeMaTHhKe, TPUOHI, paHee IpPUHA-
JieXxaBIie K omHoMy poxy Cochliobolus c anamMmophHOM
craguent Helminthosporium, pekJaaccuUIIMPOBaHbI
B pasHble TPymHmbl. Tak, aHaMopdHasa cTagusd KapaH-
TUHHOT'0 06BbEKTa, 0 KOTOPOM UJIET pedb B JaHHOU CTa-
The, Ha3bIBaeTcs Bipolaris zeicola, 1 jaHHOEe Ha3BaHUE
SIBJISIETCS IPEATIOUTUTEIbHBIM. B Tabmuile 1 ykasaHbl
TeKylIre Ha3BaHUs BO30yIUTEIEN 1 YaCTO BCTPEUalo-
Hecs CUHOHMMBI, KOTOPhIE TaK)Ke BKJIIOUAIOT IIPEXK-
HUe Ha3BaHus (speciesfungorum.org).

XOTSI OCHOBHBIM PAaCTEHUEM-X03IMHOM SIBJISIETCS
KyKypy3a (Zea mays), TaTOTeH MTOPAYKAET U APYTUX ITPE]]-
cTaBUTeJIel ceMelicTBa 31akoBble (Poaceae), TaKUX Kak
copro (Sorghum spp.), puc nocesHou (Oryza sativa L.),
ssuMeHb 06bIKHOBEHHBIN (Hordeum vulgare L.), miiie-
uauta (Triticum spp.), POXKb 1oceBHas (Secale cereale L.)
rpeuka (Paspalum spp.), MEeTUHHUK (Setaria spp.), Mo-
sneBuuka (Eragrostis Spp.), a TaK)Ke He3JIaKOBbIe KYJIb-
TYypbI — g6JI0HI0 moMatHw (Malus domestica Borkh.
(Rosaceae)) u kode apaBuiickuii (Coffea arabica L. (Ru-
biaceae)) (Cipollone et al., 2020). B 2018 r. B Erurnre
ObLTY 0OHAPYKEHBI TTIOCEBbI pUca, TIOpaXkeHHbIe B. zei-
cola, BRI3BABIIUM THUEHUNE U TUOEIb CEIHIEB puCa.
BhIZieJieHHbIe U3 3apaKeHHOU paccabl N30JISIThI, IIPU
PasIMYHBIX YPOBHAX TTATOTE€HHOCTH, 06J1a1aJIX BBICO-
KO BUPYJIEHTHOCTBIO, TTIOpaXkas g0 56% MPOPOCTKOB
puca. YCTaHOBJIEHO, UTO 3apaKeHHbIE ceMeHa IBJISIOT-
CsI OCHOBHBIM CITOCOG0M paclpocTpaHeHus nHPeKIuH,
BBIZBBAHHOU BO36ynuTesieM B. zeicola (Rabie et al., 2018).
[T03TOMY, BEPOSITHO, TIOJTHBIN KPYT PACTEHMII — XO35€EB
5TOrO IIaTOTeHa [0 KOHIIA ellle He OIpeesieH.

B. zeicola species, carried out a genetic analysis of the
isolates in the region of the internal transcribed spacer
ITS4-5, 8S-ITS5. A comparative morphological analysis
of the target and closely related species occurring on
corn plants is given.

Key words. Leaf blight of maize, phytopathogen,
detection and identification, PCR, analytical sensitivity,
analytical specificity.

INTRODUCTION

ochliobolus carbonum R.R. Nelson (Bipolaris

zeicola (Stout) Shoemaker — anamorph) is

a quarantine pest, absent in the Russian

Federation. This species is widely spread

throughout the world, there are reports of
its detection in Australia, Brazil, Canada, China, Con-
go, Austria, Egypt, India, Kenya, New Zealand, Nigeria,
Solomon Islands and USA (gd.eppo.int). According to
many scientists, the pathogen is one of the most ag-
gressive representatives of the genus Cochliobolus (Ma-
namgoda et al., 2014). According to modern taxonomy,
fungi that previously belonged to the same genus Coch-
liobolus with anamorphic stage Helminthosporium, were
reclassified into different groups. So, the anamor-
phic stage of the quarantine pest under discussion,
is called Bipolaris zeicola, and this name is preferred.
Table 1 lists the current names of pathogens and fre-
quently occurring synonyms, which also include for-
mer names (speciesfungorum.org).

Although the main host plant is maize (Zea mays),
the pathogen also infects other members of the family
Poaceae, such as Sorghum spp., Oryza sativa L., Horde-
um vulgare L., Triticum spp., Secale cereale L., Paspalum
spp., Setaria spp., Eragrostis spp., as well as non-cere-
als — Malus domestica Borkh. (Rosaceae) and Coffea ara-
bica L. (Rubiaceae) (Cipollone et al., 2020). In 2018, in
Egypt, there were detected rice crops affected by B. zei-
cola, causing rot and death of rice seedlings. Isolates
from infected seedlings, at various levels of pathoge-
nicity, had high virulence, affecting up to 56% of rice
seedlings. It has been established that infected seeds
are the main pathway for the infection caused by the
pathogen B. zeicola (Rabie et al., 2018). Therefore, it is
likely that the full range of plant hosts of this pathogen
has not yet been fully determined.

The disease was first detected and described by
the American scientist A.J. Ullstrup on corn crops in
Indiana, USA in 1938 (Ullstrup, 1944). In 1943-1947,
due to favorable weather conditions, the disease spread
widely to the eastern states of the United States, and lat-
er appeared in the northern part of the corn belt of the
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Ta6auia 1

Ha3BaHusa rpu6osB poga Cochliobolus

Table 1

Genus Cochliobolus fungi names

Tekyliee 061EeIPUHATOE
N¢ wHaszBaHUe
n/mn Current common name

CUHOHUMBI
Synonyms

1 Bipolaris zeicola (G.L. Stout)
Shoemaker, 1959

Helminthosporium zeicola G.L. Stout, 1930,
Cochliobolus carbonum R.R. Nelson, 1959

2 Cochliobolus heterostrophus
(Drechsler) Drechsler, 1934

Helminthosporium maydis Y. Nisik.
& C. Miyake, 1926, Bipolaris maydis
(Y. Nisik. & C. Miyake) Shoemaker, 1959

3 Bipolaris sorokiniana
Shoemaker, 1959

Helminthosporium sorokinianum Sacc.,
1891, Helminthosporium sativum Pammel,
C.M. King & Bakke, 1910, Cochliobolus
sativus (S. Ito & Kurib.) Drechsler

ex Dastur, 1942

4 Exserohilum turcicum (Pass.)
K.J. Leonard & Suggs, 1974

Helminthosporium turcicum Pass., 1876,
Bipolaris turcica (Pass.) Shoemaker, 1959

5 Bipolaris zeae Sivan., 1985

Cochliobolus zeae H.S. Chang, 1992

6 Cochliobolus bicolor

Bipolaris bicolor (Mitra) Shoemaker 1959,

country. Subsequently, with infected
seeds, the pathogen spread to the re-
gions of corn cultivation and was not-
ed on all continents.

In Russia and on the territory of
the former USSR, the pathogen has
repeatedly been detected on corn
plants grown from imported seeds.
According to M.F. Borovskoy and
V.G. Matichuk, in Moldova this dis-
ease was reported in 1976, and on the
territory of Western Ukraine this fun-
gus was reported earlier (Borovskaya,
Matichuk, 1990). By 1990, according
to VNITIKiZR, 44 outbreaks of North-
ern Corn Leaf Blight (NCLB) in corn
were reported in the USSR. Basical-
ly, the area of the disease covered the
central part of the North Caucasus,
Western Georgia, Western Ukraine
and Moldova. Directly in Russia in
1978 and 2002, causative agent of
leaf blight of maize was detected in
certain areas of the North Caucasus

A.R. Paul & Parbery, 1966

Helminthosporium bicolor Mitra, 1930

and Primorsky Krai (Aleksandrov,
1992; Martynyuk, 2003).

BriepBrhle 3a60eBaHMe GbII0 06HAPY>KEHO U OITU -
caHO aMepuKaHCKUM yueHbIM A.J. Ullstrup Ha moceBax
KyKypy3bl B mrtaTe HauaHa B CLUIA B 1938 1. (Ullstrup,
1944). B 1943-1947 rr. u3-3a 6J1arONIPUATHBIX ITOTOX-
HBIX YCJIOBUY 60JI€3Hb MIMPOKO PACIIPOCTPAHUIIACH
B BOCTOUHBIe mTaThl CIIIA, a mo3ske IMPOSIBUJIACh U B Ce-
BEPHOMU YacTy KyKyPYy3HOT0 I0sica CTPaHkl. Briocye -
CTBUU C 3apa’keHHbIMU ceMeHaMu BO36yIUTeNb pac-
MIPOCTPAHUJICS B PETVOHBI BO3AEJIbIBAHUS KYKYPY3bI
¥ 0OTMEYaJICs Ha BCEX KOHTMHEHTAX.

B Poccuu u Ha TeppuTopuu 6siBiero CCCP marto-
reH HeOLHOKPATHO OOHAPYKUBAJICS Ha PACTEHUAX KYy-
KYPY3BbI, BBIPAIIEHHbBIX M3 UMIIOPTHBIX CEMSIH. [10 c006-
menuam M.®. BopoBckoii u B.I. MaTu4ayka, B MoiiaBum
9TO0 3aboJieBaHUe O6bLIO OTMeUeHO B 1976 T., a Ha Tep-
puTOpUY 3amagHON YKPAUHbI 3TOT rpub ObLI BBISBIEH
paubiie (BopoBckasi, MatTuuyk, 1990). K 1990 1., 110 1H-
opmaruu BHUTVIKu3P, B CCCP 661710 3aperucTpupo-
BaHO 44 oyara reJJbMUHTOCIIOPUO3HON MATHUCTOCTHU
JINCTBEB KYKYpPYy3bl. B OCHOBHOM apeaJi 3a60eBaHUs
OXBaThIBaJI LIeHTPaJIbHY10 YacTbh CeBepHOro KaBKkasa,
3anazguyo ['pysuro, 3anagHyo YKpauHy u MoJsgasuto.
HemocpexncrBenHo B Poccyiu B 1978 11 2002 IT. BO36y M-
TeJNs MATHUCTOCTHU JINCThEB KYKYPYy3bl BBISIBJISIN HA OT-
IeTbHBIX yuacTkax CeBepHOTO KaBkasa u [IpuMopcKo-
ro kpas (Anekcaupos, 1992; MapTeiHioK, 2003).

OpgHako B 2018 r., no gaHHbBIM COpaBOYHU-
Ka M0 KapaHTUHHOMY (DUTOCAHUTAPHOMY COCTOS-
HUI TEPPUTOPUM TOCYydapcCTB — ydyacTHuUKOB CHT
Ha 01.01.2018, Hu ogHOro ovara 3abojieBaHM, BbI-
3BAHHOTO BO36ynuTesieM B. zeicola, Ha TEPPUTOPUU
Poccum 3adukcupoBaHo He 6b10 (Vvniikr.ru). leao
B TOM, 4UTO B. zeicola, B OTINYMeE OT TaKWUX BO30Oynu-
Tenen, kak Fusarium spp., Penicillium spp., Aspergillus
SPpp., OTHOCUTCS K rpyIre GakyJIbTaTUBHBIX Mapa-
3UTOB C HEJIOCTATOUHO Pa3BUTOMN IIPUCIIOCOOIEHHO-
CTBI0 K MBMEHSAIIUMCS (paKTOpaM BHEIIHEN CPe/bl
Y yCJIOBUSIM NUTaHUs. HejocTaTouHas JIaCTUYHOCTD
1 cBoeobpa3Hble dKOJOTUUECKUEe TPebOBaHUSA BO3-
oynurteneit rpymnmnel Cochliobolus He TIO3BOJIIOT UM

However, in 2018, according to
the Directory of Quarantine Phytosanitary Status of the
Territories of the CIS Member States as of 01/01/2018,
not a single outbreak of the disease caused by the
pathogen B. zeicola was reported in Russia (vniikr.ru).
In fact, B. zeicola, unlike pathogens such as Fusarium
Spp., Penicillium spp., Aspergillus spp., belongs to the
group of facultative parasites with insufficiently deve-
loped adaptability to changing environmental factors
and nutritional conditions. Insufficient plasticity and
peculiar ecological requirements of pathogens of the
Cochliobolus group do not allow them to survive in areas
that differ from their natural habitats, accumulate the
necessary amount of infectious agent for an outbreak
and spread of the disease to new territories.

Thus, at the Wheat for the National Warm Areas
conference held in Brazil in 1990, Bipolaris sorokini-
ana Shoemaker, belonging to the same genus as B. zei-
cola, was recognized as the most economically impor-
tant leaf pathogen of wheat, but only for regions with
a warm climate, for example, for Bangladesh, Brazil,
India, Nepal, etc. (Manamgoda et al., 2011). As a rule,
pathogens of this group, if they do not find suitable con-
ditions, are localized in the places of importation or de-
tection of the primary outbreak. Also, if they are detect-
ed long ago enough, then, limited to certain climatic
zones and range of host plants, these pathogens do not
spread to new areas. Being facultative parasites, they
can remain in the plant for some time without caus-
ing disease, subsequently manifesting themselves as
hemibiotrophs. The beginning of the manifestation of
the parasitic properties of these pathogens can also
serve as a weakening of the plant’s immunity caused
by damage to other pathogens, such as Bipolaris maydis
or Bipolaris turcica. Therefore, B. zeicola often occurs in
combination with the above species on affected plants.
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BBDKMBATh B PaliOHAX, OTIUYAINMXCS OT YCIOBUU
WX eCTeCTBEHHOI'0 00MTaHUs, HaKaljJuBaTh He00-
XOAMMO€E KOJINUeCTBO MH(MEKIIMOHHOro Havuaja IJd
BCHBIIIKY ¥ PacIIPOCTPaHEeHMs 3a00IeBaHU Ha HO-
BbI€ TEPPUTOPUU.

Tak, Ha koH(pepeHuuu Wheat for the National
Warm Areas, cocrosBierica B Bpasuauu B 1990 1.,
Bipolaris sorokiniana Shoemaker, oTHOCAIMUNCS
K TOMY JXKe POALy, UTO u B. zeicola, 611 IPHU3HAH Hau-
6ojiee SKOHOMUYECKM 3HAUMMBbIM JINCTOBBIM I1aTOTe-
HOM IIIIEHUIIbI, HO TOJBKO JIJIST PETUOHOB C TEILJIbIM
KJIXMaTOM, Hanpumep Ijsd Bauriaameuni, Bpasunuu,
Vupvu, Henasa u gp. (Manamgoda et al., 2011). Kak
MIPaBUJIO, BO3OYAUTENIN STOU I'PYIIIbI, €CJIU HE HAX0-
ISAT TMTOAXOASAIINX YCIOBUY, JIOKAJM3YIOTCSI B MECTaxX
3aB03a WM OGHAPYKEHUS IEPBUYHOTO ovara. Takxe
B CJIy4yae ecJi OHU O6GHapPy’KeHbI JOCTAaTOUHO TaBHO,
TO, OTPaHUYEHHbIE ONpPeAeIeHHbIMU KINMaTUYeCKN-
MU 30HAMU U KPYTOM PacTEHUM-X035€EB, 3TU MaTore-
HBbI He PACTIPOCTPAHSIOTCS B HOBbIe PaliOHbI. Bymyun
(haxysbTaTUBHBIMM MTapa3uTaMU, OHU KaKOe-TO Bpe-
MSI MOTYT HaXOJUThCS B PaCTEHUM, He BbI3bIBAS 60-
JIE3HU, BIIOCJIEICTBUU ITPOSABIAA cebs Kak reMuburo-
Tpodbl. HauamoM MpPOSBIEeHUS MMapasuTUUYEeCKUX
CBOWCTB JIaHHBIX TIATOTE€HOB MOXXET TIOCTY)XUTH TaK-
JKe ocyiabiieHre UMMYHUTETA PacTeHNs, BbI3BaHHOE
MOopakeHWEM JIPYTUMU BO3BYIUTENIMU, HATIPUMED
Bipolaris maydis wnw Bipolaris turcica. [I03TOMy 4acTo
Ha MopakKeHHbIX PAaCTEHUIX BUJ, B. zeicola BCTpedaeT-
Cs1 B KOMILJIEKCE C BBIIIIEYKa3aHHBIMY BUaMu. Ha 3To
B CBOMX paboTax yKa3bIBaJIU U aMEPUKAHCKUE YUeHbIe
A.J. Ullstrup (1944) u A.L. Hooker (1974). [Tpuuem
Hooker B 1973 1., HECMOTPS Ha TO YTO IOXKHAS IISAT-
HUCTOCTbh JIUCThEB KYKYpPYy3bl ObLJIA y)Ke OIMKCcaHa
B 1938 r., Ha3BaJ 3TO 3a60jieBaHMEe HOBBIM, IIMPOKO
PaCIpOCTPAHUBIINMCS B CEBEPHOM YaCTU KYKypy3-
Horo mosca CIIIA (Hooker, 1974). To ecTb Bce BpeMs
o 1973 r. Bup B. zeicola HUKaK cebs1 He MPOSBIISI
B CWJIy TOTO, UTO KOMIIJIEKC HEOOXOLUMBIX YCIOBUMN
IIJIsSI er0 Pa3BUTHUA ObLI HEJOCTATOUHO ITOJHBIM.

BpemoHOCHOCTb BO36GyauTesel 3aKJodyaeTcs
B TOM, YTO ITPU HEJOCTATOYHOM KOMIIJIEKCE YCIOBUA
OHM 160 He MPOSBISIOT CBOETO IIPUCYTCTBUS, JTN60
BenyT cebs Kak cjabble maTOreHbl. HO MpU UHBIX yC-
JIOBUSIX, 3aUACTYI0 HETIPEICKa3yeMbIX, OHU ITPOSIBIISTIOT
CBOU pa3pyIIUTeIbHbIE (UTOIIATOTEHHbBIE CBOMCTRA,
BBI3bIBAS STIU(DUTOTUY U TSIIXKEJIbIE TTOPAXKEHNS pacTe-
Hui. [ToaTOMY (UTOTIATOJIOTH BCETO MUPA MPOSBIISIIOT
0COOBIN MHTEPEC K BO3OYIUTENSIM STOU I'PYIIIIBI, BKJIIO-
vas pog, Cochliobolus, mpefCcTaBUTEIN KOTOPOTO BBeie-
HBI B KAPAHTUHHbBIE CIIMCKY MHOTUX CTPaH.

CHMIITOMBI IIPOSIBJIEHUS ITIOPA’KEHUSI BUIOM B. zei-
cola 0OTMEUaIOTCS Ha BCeX HAJ3eMHBIX YaCTIX pacTe-
HUS: JIUCThSIX, CTe6JIIX, 06epTKaX IOUYATKOB 1 Ha CAMUX
oYyaTKax ¢ 3epHOBKaMu. [IToMHMO 5TOTO, ITATOTeH I10-
CTENEeHHO MPOHUKAET B TKAHYW PACTEHUS, TEM CaMbIM
BBI3BIBAst KOPHEBYIO THUJIb ¥ THUJIb [IOYATKOB, 8 TAK)Ke
HavaJIbHBIX BCXOMOB. Ha paHHel cTafguy IMOpakeHus
pacTeHre UMeeT MeJiKue, 6JieHO-3eJIeHbIe UJIU JKeJl-
TOBAThBIE MIITHA, KOTOPBIE B JAJIbHEHIIEM CTaHOBSITCS
KOPUYHEBBIMU U TIPUOGPETAIOT OBAJIBHYIO UJIU OKPYT-
Jyio popMy, MHOTIa 6BIBAIOT HEITPAaBUJIbHOMN (DOPMBEI,
c 6ojiee CBETJIBIMU WJIM MYPIYPHBIMU KpasgMu. Ha
ITOYaTKaX KyKypy3bl IOPa’KalTCS 3€PHOBKY, CTAHO-
BSICh CO BpEMEHEM TEMHBIMU, ITOKPBIBASICH CAXKUCTHIM
HAJIETOM U ITPUobpeTas CMOPIIEHHYI0, IIEPOX0BATYIO
TIOBEPXHOCTb.

This was also pointed out in their works by American
scientists A.J. Ullstrup (1944) and A.L. Hooker (1974).
Moreover, Hooker in 1973, despite the fact that south-
ern leaf blight of maize had already been described in
1938, called this disease a new one, widely spread in
the northern part of the US corn belt (Hooker, 1974).
That is, all the time until 1973, the species B. zeicola did
not manifest itself in any way due to the fact that the
set of necessary conditions for its development was not
complete enough.

The harmfulness of pathogens lies in the fact that
under an insufficient set of conditions they either do
not show their presence or behave like weak patho-
gens. But under other conditions, often unpredict-
able, they manifest their destructive phytopathogen-
ic properties, causing epiphytoties and severe plant
damage. Therefore, phytopathologists around the
world are showing particular interest in pathogens
of this group, including the genus Cochliobolus, whose
representatives are included in the quarantine lists of
many countries.

Symptoms of B. zeicola infection are noted on all
above-ground parts of the plant: leaves, stems, cob
wraps and on the cobs themselves with caryopses. In
addition, the pathogen gradually penetrates the plant
tissue, thereby causing root and cob rot, as well as ini-
tial shoots. In the early stage of infection, the plant has
small, pale green or yellowish spots, which later turn
brown and acquire an oval or round shape, sometimes
they are irregular in shape, with lighter or purple edges.
On the cob of corn, grains are affected, becoming dark
over time, covered with a sooty coating and acquiring
a wrinkled, rough surface.

The same symptoms of damage were noted in
most species of the genus Cochliobolus, they are quite
similar to each other, so the initial identification of
B. zeicola species in the field and laboratory conditions
can be quite difficult. Distinguishing closely related
species based on symptoms alone is problematic (Ma-
namgoda et al., 2014).

The identification of Cochliobolus genus species is
usually based on morphological characters, but many
species also share similar conidial characters that often
make it difficult to identify a particular species. Accu-
rate and rapid diagnosis of a pathogen requires the use
of modern molecular genetic methods based on PCR. In
2017, Kang et al. from the National Institute of Crop Sci-
ence developed species-specific primers (Bz-F/Bz-R)
for classical PCR to diagnose the B. zeicola pathogen.
As a result, the scientists validated the resulting test
system for certain criteria — analytical sensitivity and
specificity — and recommended it for use in identifying
B. zeicola species in the laboratory.

For accurate identification, it is also possible to
confirm the species by analyzing the nucleotide se-
quences of the internal transcribed spacer (ITS) rDNA
region, which allows to distinguish species of the ge-
nus Cochliobolus. Thus, compliance with the correctness
of the stages of timely diagnosis of Cochliobolus species
based on cultural and morphological characteristics
and a combination of modern molecular methods is
a priority in mycological research.
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Takue ke CUMIITOMBI ITOpPakeHUs OTMEYeHbI
y 6obIIMHCTBA BUOB poga Cochliobolus, oHY IOCTaTOY-
HO ITOX0XU MEXy co6O0H, T03TOMY IepBOHAYAIbHOE
ompeneneHue Buma B. zeicola B IOJIEBBIX U JIabopaTop-
HBIX YCJIOBUSX ObIBAET IOCTATOUHO 3aTPYAHUTEIbHBIM.
Pasauune 0JIM3KOPOACTBEHHbBIX BHIOB Ha OCHOBE Of-
HMX TOJIBKO CUMIITOMOB ITpobsieMatryHo (Manamgoda
etal.,, 2014).

Wnentudukanusg BugoB poma Cochliobolus o6b1u-
HO OCHOBaHa Ha MOP(OJIOTUYECKUX XapaKTePHUCTHUKAX,
OJIHAKO MHOTYE BHUIbI TaKXKe UMEIOT CXOAHbIE KOHU-
IVabHbIE TPU3HAKHY, IT0 KOTOPBIM 3aYaCTYI0 TPYAHO
UIeHTUOUIIMPOBATh KOHKPETHBIN BU. [[JIT TOUHOHN
1 OBICTPOM AMArHOCTUKU MaToreHa TpebyeTcs Ipu-
MeHEeHUEe COBPEMEHHBIX MOJIEKYJISIPHO-TeHETUYECKUX
METOJI0B, OCHOBAHHBIX Ha nnpoBenenun [11IP. B 2017 1.
Kang et al. u3 National Institute of Crop Science pas-
paboTtanu BugocnenupuyuHbie npaiMmeps! (Bz-F/Bz-R)
ILJIsI TIPOBeIeHus Kiaccudyeckori ITIIP B ensax guarHo-
CTUPOBaHM ITaTOreHa B. zeicola. B pe3ynbTaTe yUeHbIe
BAJIUAUPOBAJIY TTOJIyYEHHYIO TECT-CUCTEMY Ha OIpe-
IleJIeHHbIe KPUTEPUYU — aHAJIUTUYECKUE YYBCTBU-
TEJIbHOCTh U CHeIU(DUYHOCTh — U PEKOMEHI0OBAIN
K IPUMEHEHUI0 I uIeHTUPUKAIIuKY Buma B. zeicola
B J1a60OPATOPHBIX YCIOBUSIX.

I TOUHOU UAEeHTU(GUKAIIMY BO3MOXXHO TaKXKe
MOJTBEPXKAEHNE BUIa C TIOMOIIbI0 aHAIN3a HYKJIEO-
TUIHBIX [TOCJIEIOBATEIbHOCTEN yUacTKa BHYTPEHHETO
TpaHCcKpubupyemoro cruericepa (ITS) pIHK, KoTopbIii
IT03BOJISIET PA3JIUYUUTD BUAI poma Cochliobolus. Takum
o6pazoM, cobiriogeHe MPaBUILHOCTY STAIOB CBOEB-
peMeHHOU nmarHocTuku BumoB Cochliobolus Ha ocHO-
Be KYJIbTYPaJIbHO-MOP(OJIOrMUECKUX XapaKTEPUCTUK
¥ COYETAaHUS COBPEMEHHBIX MOJIEKYJISIPHBIX METOJIOB
SIBJISIETCS TPUOPUTETHBIM HAIIpaBJIeHVEM B ITPOBeZe-
HUY MUKOJIOTMYECKUX UCCIeIOBAHMT.

MATEPUAJIBI U METO/1bI

O6BEKTOM UBYUYEHUS ABJISIIUCH U30JISATHI KADAHTUHHO-
ro Buza B. zeicola, BeIIeJIEHHBIE B PE3YJIBTATE HUCCIE-
IOBaHUS TMOAKAPAHTUHHON MPOAYKIIUY CEMEHHOTO
MaTepuaJia PaCTEHU KyKyPy3bl UMIIOPTHOTO ITPOKC-
XOXKeHVS U [I0JIydeHHbIe 3a nepuog 2017-2021 rr.
Il cpaBHUTENbHOIO aHaM3a OBLIN UCITOJIb30BAHBI
M30JISITHI 6JIM3KOPOACTBEHHBIX BUMIOB B. sorokiniana
Shoemaker, B. maydis (Y. Nisik. & C. Miyake) Shoem.,
B. zeae Sivan. v BUbI pomoB Fusarium u Alternaria, mpu-
CYTCTBOBABIIME HA PACTEHUSIX KYKYPY3Bbl.

B xome paboThl MCIIOJIb30BAJIN IIOCEL0BATEIb-
HYI0 CXeMY MUKOJIOTUYECKUX UCCIeJOBAHMUMI, COCTO-
SIUIYI0 U3 BU3YaJIbHOTO, 610J0TUYecKoro, Mopdoo-
TAYECKOT0 U MOJIEKYISIPHO-TEHETUYECKOTO METOI OB
IUarHOCTUKU.

[Ipu moCTyIJIEHNU 06pas3I[0B CEMSIH KYKYpPYy3bl
OT Ka)kJoro obpasiia oT6Hpaiy MPoOhl CEMAH B KO-
audecTtBe 400 IIT. KAK C CUMITOMaMM 3a60JieBaHUSI,
IIpeXxie Bcero obpairas BHUMaHWe Ha IYILIbIe, TEM-
HbIE, CMOPIIEHHbBIE, C TEMHBIM HAJIETOM 3€PHOBKH, TaK
u 6e3 CuMIITOMOB 3a6oJieBaHMs. Jlajiee IJisT pa3BUTUSI
BUIUMBIX CTPYKTYP rpuba (CIIOPOHOIIEHUS) 3aKJIa b~
BaJIM 06Pa3Iibl BO BJIAKHBIE KAMEPHI ¥ HA MU TATEJbHYI0
cpeny. JIis1 5TOro 0To6paHHbIe cEMeHa ITPOMBIBAJIY IO/
IIPOTOYHOM BOJOYW U CTEPUIN30BAIY ITyTEM ITOTPYIKE-
HUS B 9TUJIOBBIM CIIUPT HA 1—-2 MUH, C TIOCIENYIOIUM
OTMBbIBaHMEM B IVCTUJIIUPOBAHHOY Boje (B TeueHUe
3-5 MuH). [I0ATOTOBJIEHHBIN MaTepraJj PacKjIaabIBaIn
B yamku [leTpu Ha yBIaXXHEHHYIO (GUIBTPOBAIBHYIO

MATERIALS AND METHODS

The object of the study was isolates of the quarantine
species B. zeicola, isolated as a result of the study of regu-
lated seed material of corn plants of imported origin
and obtained for the period 2017-2021. For compara-
tive analysis, isolates of closely related species. B. so-
rokiniana Shoemaker, B. maydis (Y. Nisik. & C. Miyake)
Shoem., B. zeae Sivan. and species of the genera Fusari-
um and Alternaria, presented on corn plants, were used.

In the course of the work, a consistent scheme of
mycological studies was used, consisting of visual, bio-
logical, morphological and molecular genetic diagnos-
tic methods.

Once received corn seeds, 400 seed samples were
taken from each sample, both with disease symptoms,
primarily paying attention to feeble, dark, shriveled
grains with a dark coating, and without symptoms.
Then, for the development of visible structures of the
fungus (sporulation), samples were placed in moist
chambers on a nutrient medium. To do this, the select-
ed seeds were washed under running water and steri-
lized by immersion in ethyl alcohol for 1-2 min, followed
by washing in distilled water (for 3—5 min). The prepared
material was placed in Petri dishes on moistened filter
paper and in parallel on a nutrient medium (2% pota-
to dextrose agar (PDA), pH 5.5). Corn samples were in-
cubated at 25 °C followed by daily viewing for 10 days.

On the 3™ day, a velvety dense grayish-brown-
ish-olive mycelium of the fungus appeared in Petri dish-
es. On the 7™ day, under a binocular, it was possible to
see formed conidiophores with conidia of the fungus on
the developed mycelium. Subsequently, the mycelium
of the fungus was sifted onto Petri dishes with PDA nu-
trient medium and isolated into a pure culture.

The species was identified by the morphological
method with 25 spore measurements. When identify-
ing, the size of conidia, their shape, color, number of
septa and presence of hilum were taken into account.

To confirm the species belonging of the patho-
gen, classical PCR was used using specific prim-
ers Bz-F (5-GAGAATACCGACCATGTGG-3’) and Bz-R
(5’-TATCTTTAGCTTCCTGTTTGGTC-3’) with an ampli-
fication product size of 268 bp, developed by Korean
scientists (Kang et al., 2018).

The applicability of the recommended primers ac-
cording to Kang et al. was preliminarily assessed ac-
cording to performance criteria. To determine the ana-
lytical sensitivity, a suspension from a pure culture of
the B. zeicola standard sample with a DNA concentra-
tion of 24.2 ng/ml was used and a series of 10-fold dilu-
tions was prepared in 3-fold replication. To determine
the analytical specificity, isolates of the target B. zeicola
cultures were used, as well as a number of fungal cul-
tures obtained from corn plants as a result of studies
in 2017-2021.

For this study, the mycelium was collected in
1.5 ml tubes with 200 pl extraction buffer, ground with
a microtube pestle. DNA extraction was carried out us-
ing a ready-made commercial kit “Fito-Sorb” Syntol
(Russia) according to the manufacturer’s instructions.

PCR was performed in a T100 Touch Thermal Cy-
cler, Bio-Rad (USA). A mixture of reagents for setting
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OGyMary u rapa’jijieJibHO Ha IIUTATENbHYI0 cpeny (2%-i
KapTodenbHO-TJIIOKO3HBIN arap (KT'A), pH 5,5). MHKY-
6rpoBaiy 06pasiibl KyKypy3sl mpu 25 °C ¢ rmocienyo-
UM eXeTHEBHBIM ITPOCMOTPOM B TeueHue 10 gHe.

Ha 3-u cyTku B yamkax IleTpu rosBuicsa 6apxa-
TUCTBIN IUIOTHBIY CEPOBATO-KOPUUYHEBATO-0JINBKOBBIN
Mutennii rpuba. Ha 7-e cyTKu 1oJ; GMHOKYJISIPOM MOXK-
HO 6bLJIO PABTIIAAETh HA Pa3BUBILIEMCS MULIeIMU cHop-
MUPOBABUIKECS KOHUAUEHOCIIBI C KOHUAWSIMU rpuba.
B manbHelieM MULENNH rpruba OTCEeBAJIX Ha YaIlKy
[leTpu c muTaTeabHOU cpeoit KI'A 1 BBIZENSAIN B UN-
CTYIO KyIbTYPY.

OmnpezeneHyre BULa IPOBOAMIIOCH MOpgoJIoruye-
CKUM MEeTOZ0M C 25 npomepamu crop. [lpu npgeHTtu-
(ukaiuu yuuThiBajach pa3Mepbl KOHUAUH, X hopMa,
IIBET, YUCJIO TIEPETOPOZIOK, HAIMYVe XUITyMa.

Ins MoATBEPXAEHUS BUJNOBOW MpPUHALJIEXK-
HOCTU I1aTOTeHa NPUMEHANU Kjaccuueckyw [P
C WCIIOJB30BAaHUEM CIHeIU(UUYHBIX MMPariMepoB
Bz-F (5’-GAGAATACCGACCATGTGG-3’) u Bz-R
(5’-TATCTTTAGCTTCCTGTTTGGTC-3’) ¢ pazMepom
IPoAyKTa aMIindukanum 268 1. 0., pa3paboTaHHBIX
Kopetickumm yueHbiMu (Kang et al., 2018).

[IperBapuUTeNbHO MPOBOAUIY OI[€HKY IIpuUMe-
HUMOCTY PeKOMEeHIyeMbIX IpaliMepoB 1o Kang et al.
1o pabouuM KputepusaM 3¢hGHeKTUBHOCTH. JIJig oTIpe-
JIeJeHus aHAJIMTUYeCKOU YyBCTBUTEIbHOCTHU UCIIOJb-
30BaJIM CYCIIEH3UIO M3 YUCTON KyJIBTYPBI CTAHIAPTHO-
ro obpastia B. zeicola c koHIleHTpanyen JHK 24,2 ar/miu
U TOTOBWJIU cepuio 10-KpaTHBIX pa3BeleHul B 3-KpaT-
HOW MMOBTOPHOCTH. [IJI51 OTIpeiesIeHrs] aHATUTUIECKOM
crneun(rUUHOCTH UCIIOIb30BaN
U30JISITHI 1IeJIEBBIX KYJIBbTYP B. zei-
cola, a TaxoKe PSAJ, KyJIbTyp rPUbOB,
TIOJIyYEHHBIX C PACTEHUI KYKYDY-
3Bl B pPe3yJIbTaTe TPOBEIEHUS UC-
ciaenoBanuii B 2017-2021 rT.

JJid maHHOTO HCCJAeIoBa-
HUS MULIEJUN 0oTOUpau B IPo-
O6upKu 06beMOM 1,5 MJI C BKCTpa-
rupywmuM 6ydpepom 200 MK,
pacTupanu MecTUKOM AJisT MU-
Kponpobupok. Beimenenue JHK
MIPOBOJ MUY C UCIIOJIb30BaHUEM

up one reaction with a volume of 25 ul contained 5 ul
of PCR buffer 5x MasDDTaqMix-2025 (Dialat Ltd., Rus-
sia), 1,5 uM of each primer, 2 ng of target DNA and ste-
rile water.

The temperature-time conditions of amplification
on the device were: 1 cycle 3 min — 94 °C; 35 cycles:
30s-94°C,30s—-55°C,90s—72°C; 1 cycle 7 min —
72 °C.

After amplification, 4 ul of the PCR product was
dropped into the wells of a 1.0% agarose gel with ethidi-
um bromide in 0.5 x TBE buffer, and the fragments
were separated by length under the action of an exter-
nal electric field. Subsequently, visualization was per-
formed using a gel-documenting system.

In parallel, for the studied isolates, the nucleo-
tide sequences of internal transcribed spacers were
obtained (ITS5 5 -GGAAGTAAAAGTCGTAACAAGG-3’/
ITS4 5°-TCCTCCGCTTATTGATATGC-3") (White et al.,
1990). The composition of the reagents for setting up
one reaction was the same as for PCR according to Kang
et al. The temperature-time conditions of amplification
were: 1 cycle 3 min — 94 °C; 30 cycles: 30 s — 94 °C,
30s-52°C,90s—72°C; 1cycle 7 min— 72 °C. After
amplification, the size of the PCR product was 550 bp.

The amplified samples were sequenced on a 3500
Applied Biosystems genetic analyzer (USA). Subse-
quently, the obtained nucleotide sequences of the ITS
region of rDNA were processed using the BioEdit pro-
gram and compared with the reference sequences of
isolates from GenBank NCBI (nchi.nlm.nih.gov). Phy-
logenetic analysis of isolates with the establishment

FOTOBOTO KOMMEPYECKOTO HaBo- Puc. 1. 3epHoBKM, nopaxkeHHble  Fig. 1. Corn seeds affected by

pa «duto-Cop6» 000 «CuHTOI»
(Poccust) COTIaCHO MHCTPYKITUU
MIPOMU3BOLUTEII.

[TLIP npoBOLMJIY B TEPMO-
nukyiepe T100 Touch Thermal
Cycler, Bio-Rad (CIIIA). Cmech
PEeaKTUBOB [HOJS MHOCTAaHOB-
KU OJHOU peakiuu o6beMOM
25 MKJ cogeprkajia 5 Mk I[TLP-
6ydepa 5x MasPPTagqMix-2025
(BAO «Jlmajar Jtn.», Poccus),
1,5 uM kaxoro nparimepa, 2 HT
neneBoit JHK u cTepuJbHOU
BOJbI.

TeMmepaTypHO-BPEMEH-

Hble YCJIOBUSA aMINUMUKALKUU  Puc. 2. KoHuauu B. zeicola (a—=b)

Bo3bypuTenem Bipolaris zeicola, the pathogen Bipolaris zeicola,
1 KOHuaueHocubl rpuba (a—b)
(choTo A.B. KamueHkoBa)

and conidiophores of the fungus (a-b)
(photos by A.V. Kamchenkov)

Fig. 2. Conidia B. zeicola (a-b) (x 40)

Ha mpubope cocTaBIsann: 1 UK (yBenuueHue x 40) (poto A.B. Kamuenkosa)  (photos by A.V. Kamchenkov)

3 MuH — 94 °C; 35 nukJon: 30 ¢ -
94°C,30c—-55°C,90c—72°C; 1 uukna 7 MuH — 72 °C.
[Tocne amnnudukanuu 4 Mra ILP-npomykTa
packarbiBaau BJIyHKY 1,0%-T0 arapo3Horo rejfis ¢ 6po-
MucThIiM atuguem B 0,5 x TBE-6ydepe u paspensnu
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Puc. 3. KonoHuu B. zeicola
Ha cpege KlA (a—e)
(choTo HO.B. LiBeTkoBoi, W.M. dyavueHko)

[4]

(bparMeHTHI 10 AJIUHE IO IeCTBUEM BHEITHETO 3JIEK-
TPUYECKOTrO IT0Jis. B majbHeNlIeM MPOBOIUIN BU3Ya-
JIN3ALIMIO C UCIIOJIb30BAaHUEM I'eJb-IOKYMEHTU YOI
CUCTEMBI.

[MapaiieabHO OJisI U3yUaeMbIX U30JIITOB ObLIU
MMOJIy4YeHbl HYKJIEOTUJHbIE IOCJENOBATEIbHO-
CTU BHYTPEHHUX TPAHCKPUOMPYEMBIX CIIelicepoB
(ITS5 5'-GGAAGTAAAAGTCGTAACAAGG-3'/ITS4
5'-TCCTCCGCTTATTGATATGC-3 ") (White et al., 1990).
CocTaB peaKTUBOB JJIs TIOCTAHOBKY OJHOM peakIlum
OBLT TaKoU e, kak s TP o Kang et al. Temmnepa-
TYPHO-BPEMEHHbIE YCIOBUS aMIIIU(GUKAIIUYA COCTAB-
aanu: 1 qukia 3 MuH — 94 °C; 30 uukJjoB: 30 ¢ — 94 °C,

Fig. 3. Colonies of B. zeicola
on PDA medium (a—e)
(photos by Yu.V. Tsvetkova, I.P. Dudchenko)

and comparison of homologous
characters of isolates was car-
ried out using the MEGA X soft-
ware.

RESULTS AND DISCUSSION

As a result of the primary visu-
al inspection of regulated corn
seed material, signs of damage
to the grains by the pathogen
B. zeicola were noted. Affect-
ed grains were characterized
by non-marketable appear-
ance, namely, they had a wrin-
kled, cracking surface with the
presence of a dark sooty coat-
ing (Fig. 1). When viewed under
binoculars, small groups or iso-
lated dark brown conidiophores
of the fungus are noted.

Microscopically, conidia of
the species B. zeicola were cha-
racterized in shape from straight
to fusiform, occasionally curved,
with a slightly widened middle
and rounded ends on both sides, olive-brown or dark
brown in color, contained from 1 to 12 partitions, in
size 45.7-64.3 x 10.7-12.6 um, the average size was
53.7 £ 0.3 x13.2 + 0.5 pm. The hilum (the place of at-
tachment of the conidia to the conidiophore) was ab-
sent in most conidia, in some it slightly protruded be-
yond the contour of the spore (Fig. 2).

When viewing dishes with a nutrient medium on
the 7™ day, the grown colony of B. zeicola was character-
ized by a velvety dense structure, brownish-olive color,
with a grayish center. Later, on the 14™ day, it acquired
a darker brown color, with the formation of weak con-
centric spore-bearing circles (Fig. 3).

Tao6sauia 2

Mopdoaoruueckue xapakTepUCTUKU KOHUIUI BUIOB poaa Bipolaris

Mopdosoruueckue

xapaktepuctuku  B. turcica B. zeicola B. maydis, paca T B. sorokiniana
Pasmepn! 45-145x11-33, 21-94 x9-19, 25-126 x 20-23, 20-135x12-34

KOHUAUM (MKM)

yaire 90-100 x 20-24

yame 50-60x 13-14

yaie 80-90x 13-14

dopMa KOHUAU M

BEPETEHOBUIHbIE,
[IpsiMble, MHOTIA CJIerka
COTHYTBIE, C YTOJIIIEHHON
0060JI0YKO

SJUIUIICOMOAaJIbHbIE, BEPETEHO-

BUJIHEIE, [IPSIMBIE, PEXKe
COTHYTBIE, C HECKOJIBKO
paciupeHHol cepeIuHON
Y He3a0CTPEHHBIMU
OKPYTJILIMU KOHITAMU

SJLIATICOUANIbHEIE, CUTIb-
HO COTHYTBI€e, C TOHKOU
060JI0YKOM, paciInpPeHHbIE
K CepenuHe, IIOCTeIIeHHO
Cy’KMBaloIIVecs K KOHIIAM

VIJIUHEHHO-
ANIeBULHEIE,

C 3aKPYTJIEHHBIMU
KOHI[AMU

OKpacka OT MTPO3PavyHO-AbIMYATHIX OJUBKOBO-OypPbIe UJIX TEM- OT IBIMYATHIX I CBETJIO- OJINBKOBO-
KOHUIUAH WJIV CBETJIO-OJIMBKOBBIX  HO-KOPUYHEBbIE OJIMBKOBBIX JIO 30JIOTUCTO- KOPUYHEBBIE

IO XKEeJITOBATO-BypPbhIX KOPUYHEBBIX

Y TIOUTY YEPHBIX TIPKA

CO3peBaHUU
Yucio 1-13, yamie 4-6 0-12, yame 6-8 2-13, yame 8 3-10
TIEPETOPOIOK
Xurym TEMHBIH, Y3KUH, CUIIbBHO  TE€MHBIN, MaJ03aMETHBIH, MIMPOKUY, HE3aMETHBIH, TEMHBIH, CJIerKa

BBICTYIIAeT 32 KOHTYP
CITOPBI

c51a60 BBICTYIIAIOIINI
3a KOHTYP CITOPBI

He BBICTYIAOIIUN
32 KOHTYP CITOPbI

BBICTYIIAIOIIUH,
yCEUEeHHBIN
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Table 2

Morphological characters of conidia of species of the genus Bipolaris

Morphological

characters B. turcica B. zeicola B. maydis, T race B. sorokiniana

Conidia size (um) 45-145x11-33, 21-94 x 9-19, 25-126 x 20-23, 20-135x
more often more often more often 12-34
90-100 x 20-24 50-60x13-14 80-90x13-14

Conidia shape

with a thickened shell

spindle-shaped, straight, ellipsoidal, fusiform, straight, ellipsoidal, strongly bent,
sometimes slightly bent, rarely bent, with a slightly
widened middle and non-
pointed rounded ends

elongated ovoid,
with a thin shell, widened with rounded
towards the middle, gradually ends

tapering towards the ends

Conidia colour

from transparent smoky olive brown or dark brown

smoky and light olive to gold- olive brown

or light olive to yellowish en brown
brown and almost black
when ripe

Number of septa 1-13, more often 4-6 0-12, more often 6—-8 2-13, more often 8 3-10

Hilum dark, narrow, protrud-  dark, inconspicuous, slightly ~ wide, inconspicuous, dark, slightly
ing strongly beyond the  protruding beyond not protruding beyond protruding,
contour of the spore the contour of the spore the contour of the spore truncated

30c—-52°C,90c—-72°C; 1 quKia
7 muH — 72 °C. ITocye nipoBefe-
HUS aMIIuGUKaluy pasMep
[TIIP-ipogyKTa COCTaBJIAJ
550 1. o.
AMOIUGUIIMPOBAHHBIE
o6pasibl CeKBEHUPOBAIU
Ha TEHETUYECKOM aHaJIM3aTo-
pe 3500 Applied Biosystems
(CIIA). B manpHeHIIeM I0Jy-
YeHHbIe HYKJIEOTUIHbBIE I10-
CJeI0OBaTEJIbHOCTHU yUYacCTKa
ITS pIHK o6pabaTbsiBaiIu C 1C-
MMOJIb30BAHUEM TIPOTPaAMMBbI
BioEdit m cpaBHUBaJIU C 3Ta-
JIOHHBIMY TIOCJEeNOBaTedb-
HOCTSIMU U30JSITOB u3 Gen-
Bank NCBI (ncbi.nlm.nih.gov).
duioreHeTUYECKUYN aHANIU3
U30JISITOB C YCTAHOBJIEHUEM
¥ CPAaBHEHMUEM F'OMOJIOTUYHBIX
MPU3HAKOB U30JIITOB IIPOBO-

N
"
B

rpamMmmbel MEGA X.

Puc. 4. KoHnguu BupoB popa Bipolaris:
AUIN C UCIIOJIb30BAHUEM IIPO- 5B, zeicola; b — B. maydis;

¢ - B. turcica; d — B. sorokiniana

100 Mk

Fig. 4. Conidia of Bipolaris species:
a - B. zeicola; b - B. maydis;
¢ - B. turcica; d — B. sorokiniana (x 20; x 40)

(yBenuuenue x 20; x 40) (cpoto W.M. OypueHko) (photos by I.P. Dudchenko)

PE3VJIBTATDI
U OBCYXJEHUE

B pesynpTaTe MepBUYHOTO BM3YaJIbHOTO OCMOTpA
TMOoAKAaPAaHTUHHON MPOAYKIIMY CEMEHHOTI0 MaTepua-
Jia KyKypPYy3bl GBI OTMEYeHBI TPU3HAKY TOPaKEHUS
3ePHOBOK Bo36ynuTesieM B. zeicola. TTopa’keHHBIE 3eP-
HOBKU XapaKTepPn30BaJIUCh HETOBAPHBIM BHEIIHUM
BUJIOM, 2 UMEHHO, UMEJIM CMOPIIEHHY0, PACTPECKU-
BalIy0Cs IMTOBEPXHOCTb C MPUCYTCTBUEM TEMHO-
ro caxxucrtoro Hajieta (puc. 1). [Ipu MPoCMOTpe IO/
OUHOKYJISIPOM OTMeYeHbl HEGOJIbIINE TPYIIILI UIU
OTJIEJIbHO CTOSILIMEe TeMHO-KOPUYHEBbIE KOHUIUE-
HOCIIBI Tpuba.

[Ipy MUKDPOCKOTIMPOBAHUMW KOHUIUU BULA
B. zeicola xapaKTepu30BaJIUCh 110 (POPME OT IPSIMBIX
10 BepPeTeHOBUIHBIX, U3PeKa MOomafalnch U30THY-
ThI€, C HEMHOT'0 PAaCIIMPEHHOU CePeJUHOMN U OKPYTJIbI-
MU KOHIIaMM C JIByX CTOPOH, OJINBKOBO-KOPUYHEBOI'O
WY TEMHO-KOPUYHEBOTO IIBETA, COleprkaivi oT 1 10 12
IepPeroposok, pasmepom 45,7-64,3 x 10,7-12,6 MKM,

When diagnosing the quarantine pest B. zeicola,
other species of the genus Bipolaris are often detected,
which have similar cultural and morphological charac-
ters. For accurate identification, a number of charac-
ters are used, which together make it possible to iden-
tify the fungus species. Comparative characteristics are
presented in table 2 and in figures 4-5.

As a result, a preliminary microscopic analysis
showed that the morphological characters correspond-
ed to B. zeicola species; molecular genetic methods were
used to further study the pathogen.

In the process of work, species-specific primers
Bz-F and Bz-R were tested to identify the species B. zei-
cola. As a result, analytical sensitivity and specificity
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[a]

Puc. 5. KonoHuu BupoB popa Bipolaris Ha cpepe KIA:  Fig. 5. Colonies of Bipolaris species on PDA medium:

a - B. turcica; b, c = B. maydis; d — B. sorokiniana
(choTo W.M. OyaueHko)

B CpenHeM pa3Mep coctaBiaan 53,7 £ 0,3x 13,2 +0,5
MKM. XUJIyM (MeCTO IPUKPEIIEeHUsT KOHUAUM K KO-
HUJIVEHOCIY) Y GOJIbIIMHCTBA KOHUIUM OTCYTCTBO-
BaJI, Yy HEKOTOPBIX CJIa60 BBICTYIIAJ 3a KOHTYP CITOPbI
(puc. 2).

[Tpu IpoCcMOTpe YallleK C MUTaTeJIbHOU cpemoi
Ha 7-e CyTKU IojapocuIas KoJoHus B. zeicola xapak-
Tepus3oBajiach 6apXaTUCTON IIJIOTHOM CTPYKTYPOH,
KOPMYHEBATO-0JUBKOBOM OKPAaCKOM, C CEpOBAThIM
IIEHTPOM. B masbHenmeM, Ha 14-11 1eHb, OHA TIPU06-
pertana 6oJjiee TEMHO-KOPUYHEBYI0 OKPAcKy, ¢ o6pa-
30BaHUEM CJIaObIX KOHIIEHTPUUECKUX CTIOPOHOCHBIX
KpyroB (puc. 3).

[Ipu muarHoCTUKe KapaHTUHHOIO OpPraHUu3-
Ma B. zeicola YacTO BCTpPevalOTCs APyrue BUIBI poja
Bipolaris, KOTOpbIe UMEIOT CXOJHbBIE KYJIbTYPaJbHO-
Mopdosoruyeckue xapakTepUCTUKu. [JJisg TOUHOU
uIeHTU(GUKAIUY UCIIOJb3yeTCsl PAJ MPU3HAKOB,
KOTOpPBIE B COBOKYITHOCTY II03BOJISIIOT ONPENEIUTH
BUJOBYI0 MPUHAAJEXHOCTh rpuba. CpaBHUTENb-
Hble XapaKTePUCTUKU IpeJicTaBJieHbl B Tabuuile 2
U Ha pUcyHKax 4, 5.

B pesynbTaTe npeiBapUTENbHBI MUKPOCKO-
MUYeCKUU aHaJM3 IMoKa3aj, uTo MopdoJioruueckure
IIPU3HAKY COOTBETCTBOBAJIU BULY B. zeicola, Iyist majib-
HeUIero n3yueHus rnaToreHa IpuMeHIINU MOJIEKYIISP-
HO-TeHeTUYecKre MeTOIbl.

B npoiiecce paboThl alrpo6UPOBaHbI BUIOCITEIIY -
tuunble ipaliMmeps! Bz-F u Bz-R nyig umeHtudmuka-
uuu Buna B. zeicola. B pe3ynbTaTe onpeneleHbl aHa-
JIUTUYECKNE UYBCTBUTEJIbHOCTD U CIIEIU(PUUHOCTb.
[To 3aKJIFOUUTENIBHBIM JAHHBIM YCTaHOBJIEHBI pabounie
KpuTepuu. B Xoze ucciae[oBaHNS aHAIUTIUeCcKas UyB-
CTBUTEJNBHOCTB cocTaBuia 0,0242 Hr/MKJI. Pe3ynbTaThl
IIpeJiCTaBJIeHbl Ha PUCYHKE 6 U B TabiuIle 3.

[IpoBeneH aHaJIU3 CHeIMPUUHOCTU IIpaiiMe-
poB Bz-F u Bz-R ¢ IHK 11e1eBbIX U30JATOB B. zeicola,
O6IUBKOPOACTBEHHBIX B. sorokiniana, B. zeae, B. maydis
U TpubOB, TTOJIYUEeHHBIX B pe3yJibTaTe MCCIeL0BaHUN
MIOAKAPAaHTUHHOTrO MaTepuajga KyKypy3sl. JlaHHbIE
IIpesCcTaBJIeHbI B Tabaulle 4. B pe3yabTaTe MPOBEPKU
crieliuPUUHOCTY IIpaliMepoB BCeX M30JITOB B. zei-
cola Tosry4ueHs! crieiuUYHbIE TTPOAYKTHI PAa3MePOM
268 11. 0. (puc. 7, 8). BIM3KOPOJCTBEHHBIE U CXOIHBIE
BUZbI He JlaBaJiu MPOAYKTOB amMmmaudukanuu [11]P
IAaHHOTO pa3Mepa.

B pesynbTaTe ucCieq0BaHUH GbIJIO YCTAHOBJIEHO,
4TO BUAOCIenuuyuHble npaiMmepsl Bz-F u Bz-R nipu-
TOJIHBI ¥ IPYMEHUMBI JJIs TIPOBEJIEHUST TOYHOM U ObI-
cTpolt uaeHTudukanuu B. zeicola B 1a60paTOPHBIX
ycaoBugX. JlaHHasa AUarHOCTUYeCKasl CUCcTeMa IT03B0-
JINJIA BBISIBUTH BO3OYIUTEJS B UEThIPEX Pa3BeIeHUIX

a - B. turcica; b, ¢ — B. maydis; d — B. sorokiniana
(photos by I.P. Dudchenko)

were determined. According to the final data, working
criteria have been established. During the study, the
analytical sensitivity was 0.0242 ng/ul. The results are
presented in Figure 6 and Table 3.

There was performed specificity analysis of Bz-F
and Bz-R primers with DNA of target isolates of B. zei-
cola, closely related to B. sorokiniana, B. zeae, B. maydis
and fungi obtained as a result of studies of regulated
corn. The data are presented in Table 4. As a result of
testing the specificity of the primers of all B. zeicola
isolates, specific products of 268 bp in size were ob-
tained (Fig. 7, 8). Closely related and similar species
did not produce PCR amplification products of this
size.

As a result of the research, it was found that the
species-specific primers Bz-F and Bz-R are suitable
and applicable for accurate and rapid identification
of B. zeicola in the laboratory. This diagnostic system
made it possible to identify the pathogen in four DNA
dilutions, the analytical sensitivity was 0.0242 ng/ul.
The kit showed 100% analytical specificity for isolates
of the target B. zeicola species.

In the course of a comparative analysis of the nu-
cleotide sequences of the studied isolates of the genus
Bipolaris in the region ITS4-5, 8S-ITS5 with database
sequences, it was shown that the obtained sequences
of the isolates clustered into homogeneous groups and
belonged to four different species: B. zeicola, B. maydis,
B. sorokiniana v B. zeae (Fig. 9).

19 191 192 193 194 M 195 196 K

Puc. 6. dnekTpotoperpamma Fig. 6. Electropherogram
C pesynbratamu aHanuTuyeckoi  with analytical sensitivity
UYBCTBUTENIBHOCTHU results according

no Kang et al. to Kang et al.
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Puc. 7. AnekTpocthoperpaMmbl ¢ pesysibTaTaMn aHaIMTUYECKOM
crneumnUYHOCTU BblgeneHHbIX U3onaTos no Kang et al. (a—b)
(14, 19, 28, 29, 30, 33, 36, 37, 38 — usonsaTol B. zeicola;

4, 20, 22 - nsonsTol B. sorokiniana; 8, 21 — nsonsatel B. maydis;

23, 26, 27 - B. zeae; Ph7 — Phytophthora ramorum;

495.2 - Diaporthe vaccinii; 7813 — Monilinia fructicola;

Col - Colletotrichum sp.;

K+ — NonoXutenbHbli KOHTPONb; K-, K-4 — oTpuuaTenbHbIN KOHTPOb)

Fig. 7. Electrophoregrams with the results

of the analytical specificity of isolated isolates

according to Kang et al., 2018 (a—b)

(14, 19, 28, 29, 30, 33, 36, 37, 38 — isolates of B. zeicola;

4,20, 22 - isolates of B. sorokiniana; 8, 21 — isolates of B. maydis;
23, 26, 27 - B. zeae; Ph7 — Phytophthora ramorum;

495.2 - Diaporthe vaccinii; 7813 — Monilinia fructicola;

Col - Colletotrichum sp.; K+ — positive control; K-, K-ch — negative control)

JHK, agamuTrnyeckas 4yBCTBUTEJIbHOCTDb COCTaBUJIA
0,0242 ur/mria. Habop mokaszan 100%-10 aHaJIUTUYe-
CKYI0 CcIeIM(PUYHOCTD M0 OTHOIIEHUIO K U30JITaM
1eJeBoro Buaa B. zeicola.

B xome mpoBeIeHUS CPAaBHUTEJIbHOrO aHalu3a
HYKJIEOTUIHBIX TIOCJIE0BATENBHOCTEN N3yUaeMbIX
U30JIITOB poja Bipolaris 110 yuyacTky 1TS4-5, 8S-ITS5
C cukBeHcaMu 6a3 JaHHBIX ITOKA3aHO, UTO IMOJIyUeH-
HbI€ IT0CJIeI0BATEeJIbHOCTY U30JIITOB KJIaCTEPHU30Ba-
JIVCh B OLHOPOHbBIE IPYTIITHI ¥ OTHOCUJIMCH K UETHIPEM
pasnuyuHbIM BuaaM: B. zeicola, B. maydis, B. sorokiniana
u B. zeae (puc. 9).

3AKJ/IIOYEHUE

B pesynbTaTe MpOBeIeHHBIX UCCIEIOBAHN M3 PACTU-
TEJILHOTO ¥ CEMEHHOT0 MaTepuraia KyKypy3bl BhIe-
JieHo 24 n30yATa, IPUHAJIeXalux K pony Bipolaris:
13 usongaToB BUna B. zeicola, 5 N30J4TOB Buma B. so-
rokiniana, 3 n30a4aTa BULa B. zeae 1 3 U30J4Ta BULA
B. maydis. Tlo paHHBIM UCCJem0BaHUd, BUJI B. zeicola
6bLT BBISIBJIEH B 13 m3 422 06pasiioB CeMSIH KYyKypy-
3Bl PA3JINYHOTO MPOUCXOXKAeHUI. ClIyuau BhISIBIIE-
HUS KapaHTUHHOTO BUAA B. zeicola TOATBEPXKIAIOT
BBICOKUN (PMTOCAHUTAPHBIN PUCK IPOHUKHOBEHUS

Puc. 8. AnekTpodoperpamMmmbl ¢ pesynbratamMu
aHaNIMTUYeCKOol cneuu(uUUHOCTY BblAeNeHHbIX
Heuenesbix BUAoB no Kang et al. (a—-b)

(Y1,Y141,Y142a,Y142b, Y143, Y148-Y151, Y152a,
Y152b, Y153-Y155, Y157, Y158 — Buapl popa Fusarium sp.;
Y7 - F. sporotrichioides; Y2 - Alternaria alternata;

Y3-Y5 — Alternaria sp.; K+ — Nono>uTenbHbl KOHTPOSb;
K-u — oTpruaTenbHbIi KOHTPOSb)

Fig. 8. Electrophoregrams with the results
of the analytical specificity of isolated non-target
species according to Kang et al., 2018 (a—b)

(Y1, Y141,Y142a,Y142b, Y143, Y148-Y151, Y152a,
Y152b, Y153-Y155, Y157, Y158 — Fusarium sp.;

Y7 - F. sporotrichioides; Y2 — Alternaria alternata;
Y3-Y5 - Alternaria sp.; K+ — positive control;

K-u — negative control)

CONCLUSION

As a result of the studies, 24 isolates belonging to the
genus Bipolaris were isolated from corn plant and seed
material: 13 isolates of B. zeicola species, 5 isolates of
B. sorokiniana species, 3 isolates of B. zeae species, and
3 isolates of B. maydis species. According to the study,
B. zeicola was identified in 13 out of 422 corn seed
samples of various origins. Cases of detection of the qua-
rantine species B. zeicola confirm the high phytosanitary
risk of introduction of invasive species into the territo-
ry of the Russian Federation, therefore it is very impor-
tant to timely check regulated products for the absence
of quarantine fungi using modern diagnostic methods.

As a result of testing the species-specific prim-
ers Bz-F and Bz-R used for classical PCR, the studies
showed the effectiveness of this test system and its
applicability in the laboratory for accurate and rapid
identification of the quarantine pathogen C. carbonum
R.R. Nelson (= B. zeicola (Stout) Shoemaker).
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Ta6auna 3
Pe3ysbTaThl aHAJTUTUYECKOM
YyBCTBHUTEJIbHOCTH NpaiiMmepoB Bz-F u Bz-R

Table 3
Analytical sensitivity results
for the primers Bz-F u Bz-R
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B2 5558 85 8w SoEBE2-E8
AQANEHD B < ¢ ToxdNELT B
0 19 1 24,2 +
2 +
3 +
1 19.1 1 2,42 +
2 +
3 +
2 19.2 1 0,242 +
2 +
3 +
3 19.3 1 0,0242 +
2 +
3 +
4 19.4 1 0,00242 -
2 —
3 —_
5 19.5 1 0,000242 -
2 —
3 —
6 19.6 1 0,0000242 —
2 —
3 —
7 K- 1 0 -
2 —
3 —_

VHBA3WBHBIX BUJIOB Ha Teppurtopuio Pd, mostomy
OYeHb Ba)KHO CBOEBPEMEHHO ITPOBEPATH ITOAKapaH-
TUHHYI MPOLYKIIUI0 HAa OTCYTCTBUE KAaPAaHTUHHBIX
rpubOB C ITOMOIIbI0 COBPEMEHHBIX METOJ0B AUarHo-
CTUKMU.

B pesynbTaTe MpoBeAeHUs arpobaliuy BULOCIIe-
nudUIHLIX TpaliMepoB Bz-F u Bz-R, ucnoiab3yeMbixX
s Kiaaccudeckoi [P, ucciieqoBaHus ITOKa3aiu 3¢-
(heKTMBHOCTD JAaHHOM TECT-CUCTEMBI Y TPUMEHNMOCTD
ee B 1ab0pPaTOPHBIX YCIOBUIX IJII TOUHOU U GBICTPON
UAeHTU(GUKAIUY KaPAaHTUHHOTO BO30YIUTEINS HOXK-
HOU MATHUCTOCTU KyKypy3sl C. carbonum R.R. Nelson
(= B. zeicola (Stout) Shoemaker).

[IpoBeneHUE IPELBAPUTEIbHBIX KYJIbTyPaJIbHO-
MOP(OJIOTUYECKUX U TTOCTENYIOUIMX MOJIEKYISIPHO-
TeHEeTUYEeCKUX aHaJN30B IMOATBEPAUIIO UNEeHTUDU-
KallMio KapaHTUHHOTO BuIa B. zeicola B MMIIOPTHOM

39

HF934939.1 Bipolaris zeicola CBS 317.64

MH864761.1 Bipolaris zeicola culture CBS:127732
GU256748.1 Bipolaris zeicola strain ATCC 48129

58 MH864760.1 Bipolaris zeicola culture CBS:127731
KP211449.1 Bipolaris zeicola isolate T27

KT363887.1 Bipolaris zeicola strain ACCC38964

KX834937 .1 Bipolaris zeicola isolate BZ38

50187’212.1 Bipolaris zeicola culture-collection NRRL 47506

i KC315934 1 Cochliobolus bicolor strain K81
95 ' KXT83376.1 Bipolaris bicolor isolate ZB11060982
AF120260.1 Cochliobolus bicolor strain CBS 690.96
ON329189.1 Bipolaris bicolor isolate ML9021
MT505878.1 Bipolaris bicolor strain PPRE26465

MF490805.1 Bipolaris bicolor strain CPC 28825
93 | MH201400.1 Bipolaris bicolor strain YB450101
KY047110.1 Bipolaris bicolor strain HMC3
KJ909762 1 Bipolaris bicalor isolate CBS690.95

27
26

23
MT505867 1 Bipolaris zeae strain CNO02C1
MHBE4691.1 Bipolaris zeae culture CBS:127716

MHBE4763.1 Bipolaris zeae culture CBS:127735
KJ909786 1 Bipolaris zeae isolate AR3IT95
MH864762 1 Bipolans zeae culture CBS:127734
KT363895 1 Bipolanis zeae strain ACCC38958
KU571464.1 Bipolaris zeae strain NBC1
OK584734 1 Bipolaris zeae isolate ZY2

10

7
20

22

MH856637 .1 Bipolaris sorokiniana culture CBS:304.50
MH858440.1 Bipolaris sorokiniana culture CBS:311.64
42 | MH864696.1 Bipolaris sorokiniana culture CBS:127722
MH864697 1 Bipolanis sorokiniana culture CBS:127723
MH864698.1 Bipolanis sorokiniana culture CBS:127724
MT804347 1 Bipolaris sorokiniana isolate WBE
KP097724 1 Bipolaris sorokiniana isolate HF 1407
KX066033.1 Bipolaris sorokiniana strain JCP44
MZ078507 .1 Bipolaris sorokiniana strain P523
KU194490.1 Bipolaris sorokiniana culture ICMP:6809

AF071325.1 Cochliobolus heterostrophus

GU480772.1 Cochliobolus heterostrophus strain 1
KUBT70347 1 Bipolanis maydis isolate CHO03
KX834898.1 Bipolaris maydis isolate BM34
KX834866.1 Bipolaris maydis isolate BM1

99 | KT363891.1 Bipolaris maydis strain ACCC38955

KUBT70642 1 Bipolaris sorokiniana voucher SAUCC20150827

GQB70276.1 Cochliobolus heterostrophus isolate SHO1
X AF158107.1 Cochliobolus heterostrophus strain Leonard HM80

JX094779.1 Cochliobolus heterostrophus strain ATCC 64121

[ ——
0.0020

Puc. 9. Oenpporpamma,
NoCcTPOeHHasi Ha OCHOBaHUM
nocnepoBaTenbHOCTEN y4aCTKOB
BHYTPEHHEro TpaHcKpubupyemoro
cnevicepa. MeTon MaKkCcMMasnbHOMoO
npaepgonopobus, mopens JC

MHB55024 1 Bipolaris maydis culture CBS:136.29
ON342866.1 Bipolaris maydis voucher CIRAD:MLS030
ON342865.1 Bipolaris maydis voucher CIRAD:MLS001
(231"!362999.1 Bipolaris maydis isolate Bm 11

13

8

Fig. 9. Dendrogram

built on the basis of the
sequences of sections of
the internal transcribed
spacer. Maximum likelihood
method, JC model

Conducting preliminary cultural and morphologi-

cal and subsequent molecular genetic analyzes con-
firmed the identification of the quarantine species
B. zeicola in imported seed material. Thus, the combi-
nation of classical and modern molecular methods for
diagnosing dangerous quarantine species in incoming
regulated products guarantees the reliability of the re-
sults of mycological studies.
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Tao6auna 4

N3oaaTtel rpu6oB poaa Cochliobolus, BbiieieHHBIE B X0/ie Pa60oThI

Table 4

Isolates of Cochliobolus sp. fungi isolated in the course of work

Ne¢ Homep usonara Bupg

CTpaHa npo-

n/u Isolate number Species PacTenme-xo3auH Host plant seeds wucxoxkgenus Origin
1 1 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3bl corn seeds CIIA USA

2 2 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3bl corn seeds CIITA USA

3 14 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3bl —corn seeds dpaHIUS France
4 19 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3sl corn seeds CIIA USA

5 28 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3bl corn seeds = =

6 29 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3bl corn seeds - -

7 30 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3el corn seeds dpaHIUA France
8 33 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3sl corn seeds - -

9 34 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3bl corn seeds - -

10 36 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3sl corn seeds - -

11 37 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypysbl corn seeds - -

12 38 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypyabl corn seeds - -

13 39 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypysbl corn seeds - -

14 4 B. sorokiniana Shoemaker ceMeHa TYMeHS barley seeds - -

15 20 B. sorokiniana Shoemaker ceMeHa IeHuIlbl  wheat seeds - -

16 22 B. sorokiniana Shoemaker ceMeHa IieHuIlbl  wheat seeds - -

17 10 B. sorokiniana Shoemaker ceMeHa nuleHunbl wheat seeds = =

18 7 B. sorokiniana Shoemaker ceMeHa TUMeHs barley seeds - -

19 23 B. zeae Sivan. = = = =

20 26 B. zeae Sivan. - - - -

21 27 B. zeae Sivan. = = = =

22 8 B. maydis (Y. Nisik. & C. Miyake) Shoem. cemeHa KyKypy3bl corn seeds Poccus Russia
23 13 B. maydis (Y. Nisik. & C. Miyake) Shoem. cemeHa KyKypy3bl corn seeds KHP China
24 21 B. maydis (Y. Nisik. & C. Miyake) Shoem. ceMeHa KyKypy3bl corn seeds Poccus Russia

ceMeHHOM MaTepuajie. TakuM 006pa3oM, coueTaHue
KJIACCUUECKUX U COBPEMEHHBIX MOJIEKYIIPHBIX Me-
TOZOB NUATHOCTUKM OMACHBIX KAPAaHTUHHBIX BUIOB
B IIOCTYTAOIIEl TOIKAPAHTUHHOM MTPOAYKIIMY TapaH-
TUPYET HAJIe)KHOCTb PE3YJIbTATOB MUKOJOTUUECKUX
HWCCJIeJOBAaHUM.
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