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The class Archaeorhizomycetes (Taphrinomycotina, Ascomycota) is a cosmopolitan group of fungi associated with
the plant root system. Representatives of this class are extremely poorly studied due to the difficulty of cultiva-
tion, but sequences belonging to Archaeorhizomycetes are often detected during sequencing of natural substrates.
Four unique sequences belonging to Archaeorhizomycetes were obtained during a study of the diversity of fungi
associated with the orchid Goodyera repens by next-generation high-throughput sequencing of the ITS2 site. One
sequence identical to Archaeorhizomyces borealis was identified in Russia for the first time, while two sequences
presumably belong to a yet undescribed genus. One sequence belonging to an undescribed species of the genus
Archaeorhizomyces is the most frequently detected in all types of samples (sod-podzolic soil, coniferous tree
roots, rhizosphere, and orchid roots). The presence of nucleotide sequences of representatives of this class in the
root system of Goodyera repens was shown for the first time, and the presence of one sequence in free soil was
shown for the first time. The sequences were deposited in the GenBank database.

Keywords: Archaeorhizomyces borealis, environmental sequencing, ITS2, OTUs

DOI: 10.31857/50026364823020058, EDN: NIEPKA

INTRODUCTION

Class Archaeorhizomycetes Rosling et T.Y. James
(Taphrinomycotina, Ascomycota) was coined in 2011
and currently comprises a single order Archaeorhizo-
mycetales with a monotypic family Archaeorhizomyce-
taceae presented by Archaeorhizomyces genus with only
two known species, A. finlayi Rosling et T.Y. James and
A. borealis Menkis, T.Y. James et Rosling (Menkis et al.,
2014). Both species were revealed in pine roots, but did
not produce recognizable mycorrhizal structures (Ro-
sling et al., 2011; Menkis et al., 2014). Despite of small
number of species described, direct sequencing and
metagenomic approaches applied to environmental
samples often allow to detect archaeorhizomycete
OTUs (operational taxonomic units) thus implying
high hidden diversity within the class (Taylor et al.,
2014; Schadt, Rosling, 2015).

Archaeorhizomycetes species are supposed to be
globally distributed with higher abundance in boreal
forests (Rosling et al., 2013). Some archaeorhizomy-
cete OTUs were recently recorded from the Subarctic
(Miyamoto et al., 2022). These fungi are considered to
be associated with ectomycorrhizal tree roots, but their
OTUs are detected either in bulk soil (Prenafeta Boldu
et al., 2014) or non-ectomycorrhizal plants, e.g. Orchi-
daceae, roots too (Qin et al., 2019). Orchid mycobionts
are known to form mycorrhizal networks linking orchid
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plants to neighboring trees thus providing nutrient
sharing (Genre et al., 2020). This implies some com-
mon mycobionts shared between ectomycorrhizal trees
and orchids and allows assuming Archaeorhizomycetes
association with orchids’ roots too. Revealing of Ar-
chaeorhizomycetes in roots of Orchidaceae species typi-
cal for boreal forests, such as Goodyera repens (L.) R. Br.
can contribute to more full recognition of archaeorhi-
zomycete ecology.

Currently, eight archaeorhizomycete sequences
from Russian territory are available in GenBank data-
base, and four of them are resulted from this study. Ac-
cording to data on biodiversity retrieved from UNITE,
there are no confirmed records on Archaeorhizomycetes
from Russia but they are presented for a number of
both North and South European countries (Fig. 1).
Besides, Archaeorhizomyces OTUs have been reported
from North America, Africa, Eastern and South-East-
ern Asia and Australia.

Considering wide distribution, understudied ecolo-
gy and physiology, lacking data on distribution in Rus-
sia, and potential significance of Archaeorhizomycetes
for forest ecosystem performance, the study was aimed
at revealing the biodiversity of this taxon and its occur-
rence estimation in different habitats within pine forest
with spruce: Goodyera repens roots and rhizosphere,
conifer roots and bulk soil.
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Fig. 1. Archaeorhizomyces records in Europe according to
UNITE (Koljalg et al., 2020). Blue marks indicate defined
localities; red marks point the countries for which OTUs
are available.

MATERIALS AND METHODS

Sampling and sample preparation. Environmental
sampling was carried out in November 2021 at the ter-
ritory of MSU Zvenigorod biological station (MSU
ZBS, Moscow Region, Russia) in conifer forest domi-
nated by Pinus sylvestris and Picea abies underlied by
podzol soil. In total 22 samples (from 11 habitats with
two replicas) were collected and analyzed (Table 1).

Plant roots were freed from adjacent soil particles by
rinsing in water and surface sterilized by serial dipping
in 70% ethanol, surfactant, and amoxicillin solution.
Prepared samples were stored at 4°C until were ana-
lyzed.

Amplification and metagenom analysis. Environ-
mental DNA was extracted by means of FastDNA
SPIN Kit (MP), ITS2 region was amplified with
NR_5.8SR (forward) and NR_ITS4R (reverse) prim-
ers. Real-time PCR and genomic library construction
were accomplished using a CFX96 Touch (Bio-Rad)
amplifier. Next-generation sequencer Illumina MiSeq
generating more than 5000 reads per sample was ap-
plied for genome library analysis. The analysis was car-
ried out by BioSpark Company (Troitsk, Moscow Re-
gion).

Table 1. Sample sites characteristics

Data procession. QIIME 1.9.1 algorithm was em-
ployed for sequence segregation, forward and reverse
read consolidation and chimeric sequence removal.
Taxonomy of OTUs revealed was established according
to references from UNITE and GenBank databases.
Samples were compared, and OTUs were subset into
classes of occurrence by means of quartile analysis
made with Microsoft Excel. Sequence processing,
phylogenetic trees construction, and sequence deposi-
tion into GenBank was accomplished with MEGA-X.

RESULTS AND DISCUSSION

To explore fungal biodiversity 11 samples with two
replicas from sites with Goodyera repens plants at the
territory of MSU ZBS was subjected to metagenom
analysis by high-throughput sequencing.

Archaeorhizomycetes diversity on the territory of Russia

Four different archaeorhizomycete OTUs, named
Al, A8, A10 and A12, were detected. Two OTUs were
identified as “Archaeorhizomycetes” , two were ascribed
to Archaeorhizomyces genus, and one of them demon-
strated conspecificity with Archaeorhizomyces borealis.
All sequences were deposited into GenBank (Table 2).

There are eight archaeorhizomycete sequences from
Russia available in GenBank up to date. Five OTUs are
known from samples collected in the Moscow Region
(MSU ZBS), four of them are revealed within this
study. One OTU conspecific with A. finlayi derived
from Leningrad Region (Nizhnesvirsky Nature Reserve),
Archaeorhizomyces sp. OTU was revealed in Sakha Re-
public (Chokurdakh village proximities), and Archae-
orhizomycetes gen. sp. ined. OTU originated from Ka-
rachay-Cherkess Republic (Teberda Nature Reserve).
All OTUs were revealed in conifer root or conifer forest
soil samples: Pinus and Picea for Moscow Region, Pi-
nus for Leningrad Region, Larix for Sakha Republic,
and soil for Karachay-Cherkess Republic. OTUs Al,
A8, Al10 and Al12 were detected in Goodyera repens
roots, and Al and A8 were revealed in soil samples too
(Table 3).

Phylogenetic analysis was applied to clarify rela-
tionship between archaeorhizomycete taxa represented
by OTUs revealed and previously known for Russian
territory. The results were visualized as a maximum-
likelihood cladogram with 1000-fold bootstrap-test
based on the sequences aligned according to MAFFT

Site N Coordinates Sample types
1 55.691680 N; 36.715776 E bulk soil?*, conifer roots?, Goodyera repens roots> and rhizosphere?
2 55.691485 N; 36.714948 E bulk soil?, G. repens roots® and rhizosphere?
3 55.694775 N; 36.739656 E bulk soil?, conifer roots?, G. repens roots® and rhizosphere?

*Number of samples collected.
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Table 2. Archaeorhizomycete OTUs revealed

OTU Taxon GenBank
accession number
Al Archaeorhizomyces sp. ONS819605.1
A8 Archaeorhizomyces borealis ON714642.1
A10 | Archaeorhizomycetes gen. sp. ined. | ON819606.1
Al12 | Archaeorhizomycetes gen. sp. ined. ONS819607.1

algorithm. Archaeorhizomyces borealis (NR_126144.2)
from Lithuania (Menkis et al., 2014) was included too.
Taphrinomycotina species from Neolectomycetes (Neolecta
vitellina FJ171855.1), Taphrinomycetes (1aphrina carpi-
ni NR 119488.1), Schizosaccharomycetes (Schizosac-
charomyces pombe OW983270.1), and Pneumocystido-
mycetes (Pneumocystis carinii U07226.1) were chosen
for outgroup (Fig. 2).

The sequences analyzed demonstrated Archaeorhi-
zomycetes affinity forming a monophyletic group with-
in Taphrinomycotina. A8 turned out to be conspecific
with A. borealis (NR_126144.2). This is the first con-
firmed report of the species from the territory of Rus-
sia. A. finlayi from Leningrad Region comprises the
sister clade to A. borealis. Al sequence is identical to
Archaeorhizomyces sp. (MH248043.1) formerly report-
ed for Moscow Region (Voronina et al., 2018) and is
close to Archaeorhizomyces sp. (LC574773.1, Sakha Re-
public). A10 and A12 represent a separate clade rather
distant from the other taxa. Besides, A12 OTU is iden-
tical to OP750444.1 (Karachay-Cherkess Republic,
not included).

According to references, Al sequence can be as-
cribed to some unknown Archaeorhizomyces species,
A8 conspecific with A. borealis; and A10 and A12, clus-
tered together and standing apart from other taxa, can

be identified only as Archaeorhizomycetes members,
and presumably represent species from some other
than Archaeorhizomyces genus.

Global distribution of archaeorhizomycete
taxa matching OTUs revealed

Reference sequences for OTUs revealed (GenBank,
100% overlap and match) were studied to define its
global distribution. For Archaeorhizomyces sp. Al 7 ref-
erences meeting the conditions were found. They all
are reported from Europe (Finland, Sweden, the Neth-
erlands) or European Russia (Moscow Region) conifer
forests. OTU was detected in conifer roots, but also in
roots of other plants typical for boreal forests, such as
Goodyera repens and Vaccinium myrtillus (Table 4).

Archaeorhizomyces borealis (A8) matched 24 suit-
able references. The species is known from the north of
Moscow Region, Lithuania, Scotland and Austria (Pi-
nus sylvestris roots), Portugal (P. pinaster roots), Japan
(P. densiflora and Castanopsis cuspidata roots), Chinese
provinces Guizhou, Jiangsu and Hunan (Pinus sp.,
P. tabulaeformis and P. massoniana roots accordingly).
Besides, the species was revealed in bottom soil of In-
dian Ocean near Sumatra at the more than 4000 m
depth (Table 4).

Only one reference was found for A10, the sequence
was obtained from conifer forest soil sample (Table 4).

A12 OTU isidentical to OP750444.1 revealed in co-
nifer forest soil in Teberda Nature Reserve (Karachay-
Cherkess Republic) (Table 4).

No matching references were revealed for LC574773.1
(Sakha Republic) and MG597442.1 (Leningrad Re-
gion).

Thus Archaeorhizomyces sp. Al is known from coni-
fer forests of Northern Europe, and A. borealis A8 has
wider distribution and is reported from conifer forests

Table 3. Archaeorhizomycete diversity in Russia based on GenBank data

GenBank accession .

Taxon number Sample origin Sample type Reference
Archaeorhizomyces sp. | LC574773.1 Sakha Republic Larix gmelinii roots Miyamoto et al. (2022)
A. finlayi MG597442.1 Leningrad Region Pinus sylvestris roots Malysheva et al. (2018)
Archaeorhizomycetes OP750444.1 Karachay-Cherkess Conifer forest soil —

gen. sp. ined. Republic
Archaeorhizomyces sp. | MH248043.1 Moscow Region Picea abies and, Pinus | Voronina et al. (2018)
sylvestris roots
Archaeorhizomyces sp. | ON819605.1 Picea abies, Pinus syl- | current study
A. borealis ON714642.1 vestris, and Goodyera
repens roots; conifer
forest soil
Archaeorhizomycetes ONS819606.1, Picea abies, Pinus syl-
gen. sp. ined. ONS819607.1 vestris, and Goodyera
repens roots
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Fig. 2. Phylogeny of OTUs revealed and Archaeorhizomycetes taxa known from Russia. OTUs revealed in the current research are

marked in bold.

of both Northern and Southern Europe up to Japan
and Southern China, and inhabits broadleaved forests
too.

OTUs occurrence at the study site

Metagenomic approach allows not only to reveal
taxonomic diversity, but also to estimate the occur-
rence of OTUs detected. The quartile analysis was ap-
plied to raw data obtained, and all OTUs were ranked
and ascribed to one of categories followed: I (minor),
II (rare), III (frequent), and IV (dominant taxa). For
revealed archaeorhizomycete taxa occurrence ranks in
samples studied see Table 5.

Archaeorhizomyces sp. Al was detected in 10 of 11
habitats studied. In 9 samples Al belongs to dominant
taxa, in one Goodyera repens rhizosphere sample it is
frequent, and it is absent from one soil habitat. Archae-
orhizomyces borealis A8 was revealed in 5 habitats. The
species is dominant in two soil samples, is frequent in
one Goodyera repens rhizosphere sample, and rep-
resents minor element in fungal community of two
G. repens root samples. Archaeorhizomyces borealis was
not found in conifer roots samples. A10 OTU was de-
tected in 3 habitats, always in association with plant
roots: as a dominant species in one conifer roots sam-
ple, and as a rare or minor species in two Goodyera re-
pens root samples. A12 OTU was registered in 3 sam-
ples: as a rare species in a conifer roots sample and a G.

MUKOJOI'A N ®PUTOIIATOJIOTUA

repens root sample, and as a frequent species in a G. re-
pens thizosphere sample.

CONCLUSION

Four archaeorhizomycete OTUs were revealed by
metagenomic approach in the samples collected in the
conifer forest at the territory of MSU ZBS. Phylogeny
of taxa revealed is presented as a cladogram, global dis-
tribution and occurrence are discussed.

OTU Al is ascribed to an unknown species of Ar-
chaeorhizomyces. Matching sequences were detected in
boreal conifer forests, and revealed at MSU ZBS terri-
tory previously (Voronina et al., 2018). Al is the most
frequent archaeorhizomycete species at the study site,
the OTU revealed in 9 of 11 habitats. In bulk soil in
Russia and in G. repens roots it was found for the first
time. With the high occurrence and predisposition to
plant roots this species can possibly have yet unre-
vealed symbiotic function probably related to conifer
ectomycorrhiza.

OTU A8 is conspecific with Archaeorhizomyces bo-
realis. This species is known both from Northern and
Southern Europe and Asia up to south of China and
Sumatra coast. A. borealis was revealed not only in co-
nifer roots, but also in roots of broadleaved mycorrhizal
tree Castanopsis cuspidata. This tree species shares its
habitat with Pyrola japonica, a mixotrophic pyroloid
with similar to Orchidaceae strategy to establish com-
mon mycorrhizal networks with ectomycorrhizal trees

ToMm 57  Ne2 2023
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Table 4. GenBank references matching revealed OTUs
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Taxon

GenBank
accession number

Sample origin

Sample type

Reference

Archaeorhizomyces sp. A1 (ONS81

9605.1)

Archaeorhizomyces sp. | MH248043.1 Moscow Region Picea abies and Pinus | Voronina et al. (2018)
sylvestris roots
no data JNO032485.1 Sweden Pinus sylvestris roots Lindahl et al. (2007)
JQ312829.1 Picea abies roots Menkis et al. (2012)
HM069407.1 Finland Pinus sylvestris roots —
HQ873359.1 the Netherlands Soil Prenafeta Boldu et al.
(2014)
JN006468.1 — Pinus sylvestris roots Rosling et al. (2011)
DQ309123.1 — Vaccinium myrtillus —
roots
Archaeorhizomyces borealis A8 (ON714642.1)
A. borealis MW793985.1, Lithuania Pinus sylvestris roots Motiejuinaité et al.
MW793987.1, (2021)
MW793988.1
DQ068979.1, Menkis et al. (2014)
NR _126144.2
Archaeorhizomyces sp. | MW793931.1 Motiejtinaité et al.
(2021)
No data MW793990.1,
MW793915.1
MW215135.1 — —
FNS811925.1 Scotland P. sylvestris roots —
GQ205364.1, Portugal P. pinaster roots Buscardo et al. (2012)
HQ625454.1
EU046019.1, Austria P. sylvestris roots Urban et al. (2008)
EU046062.1,
EU046087.1
A. borealis MT522544.1, China, Guizhou Pinus sp. roots —
MT678866.1
no data AB873202.1 China, Jiangsu Pinus tabulaeformis —
roots
AB769883.1 China, Hunan P. massoniana roots Huang et al. (2014)
LC096916.1, Japan, Aichi Castanopsis cuspidata | Uesugi et al. (2016)
LC096889.1 roots
KJ173584.1 Indian Ocean bottom soil Zhang et al. (2014)
JN006466.1, - conifer forest soil Rosling et al. (2011)
JN032575.1
Archaeorhizomycetes gen. sp. A10 (ON819606.1)
No data JNO032571.1 — conifer forest soil Rosling et al. (2011)
Archaeorhizomycetes gen. sp. A12 (ON819607.1)
Archaeorhizomycetes OP750444.1 Karachay-Cherkess conifer forest soil —

gen. sp. ined.

Republic
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Table 5. Archaeorhizomycete OT Us occurrence (quartiles) in samples studied

Sample Goodyera repens roots G. repens rhizosphere Conifer roots Bulk soil

Site 1 2 3 1 2 3 1 3 1 2 3

Al v v v v v 111 v v — v v
A8 | — I 111 — — — — — v v
Al10 I — I1 — — - v — — — —
Al2 — — | — - 111 - | — — —

(Uesugi et al. 2016; Suetsugu et al., 2021). Wide distri-
bution of Archaeorhizomyces borealis and high diversity
of substrates occupied along with the shown ability for
asymbiotic growth (Menkis et al. 2014) indicate this
species as ubiquitous. On the territory of Russia it was
revealed in Goodyera repens roots for the first time.

OTUs A10 and A12 were reported from Russia for
the first time. They were also detected in association
with G. repens roots. Currently it is impossible to define
distribution of these taxa due to lack of data. These
OTUs comprise a separate clade probably representing
the second yet undescribed genus within Archaeorhizo-
mycetes. At present they cannot be identified other than
species belonging to the class mentioned.

The study presented broadens current recognition
of biodiversity and ecology of Archaeorhizomycetes at
the territory of Russia. The detection of provisional ge-
nus requires further global inventory to contribute to
knowledge on biodiversity of this ubiquitous and abun-
dant but critically understudied fungal group. Archae-
orhizomycetes are not known to form mycorrhizas, but
their regular presence in roots of mycorrhizal plants
engaged in shared mycelial networks (conifers, orchids
etc.) indicates their potential to contribute someway to
common nutrient transfer between plants and requires
more research to enlighten their real ecological roles in
forest communities.

The study was financially supported by Russian
Federation Ministry of Science and Higher Education
(project Ne 075-15-2021-1396).
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Hosble Haxonku npeacraBureneii Archaeorhizomycetes
Ha Tepputopun PoccuM HA OCHOBAHMM Pe3YJIbTATOB METAT€HOMHOIO AHAJIM3A
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Knacc Archaeorhizomycetes (Taphrinomycotina, Ascomycota) TIpeaCTaBIsIeT cOO0 KOCMOMOJIUTHYIO TPYITITY
IrprOOB, aCCOIIMUPOBAHHBIX C KOPHEBOI cucTeMoit pacTeHuii. [IpeacTaBUTeNIM 3TOTO Kilacca KpaiHe MaJio
U3YYEHbI B CUJTY TPYIHOCTH KYJIbTUBUPOBAHUS, OMHAKO ITPU CEKBEHMPOBAHUU IMTPUPOIHBIX CyOCTPAaTOB HEPEI-
KO BBISIBJISIIOTCSI OTHOCSIIIeCs K Archaeorhizomycetes TIoCenoBaTeIbHOCTUA. B Xome vcciemoBaHusT pa3HOO0-
pasust TpuboB, aCCOLIMUPOBAHHBIX C opxuaeein Goodyera repens, METOIOM BBICOKOIIPOM3BOIUTEIBHOTO CEKBE-
HUPOBaHUS HOBOTO IMOKOJIEHUS 1Mo ydacTKy ITS2 mosydeHbl 4eThlpe YHUKaJIBbHBIC TTOCIeN0BaTeIbHOCTH, OT-
Hocsiecs: K kiaaccy Archaeorhizomycetes. OnHa TIOCIeN0BaTeIbLHOCTb, WIASHTUYHast Archaeorhizomyces
borealis, BbIsIBIIeHA Ha TeppUTOpUHU Poccum BriepBhIe, IBE MOCIeI0BATEIbHOCTH TTPEATIONIOXUTETEHO OTHOCST-
¢ K ellle He onmrMcaHHoMy pory. OmHa IoC/IeoBaTeIbHOCTh, OTHOCSIINASICS K HEOTMCAHHOMY BUIY pona Ar-
chaeorhizomyces, sIBIIsIeTCS HamOoJIee 4acTO OOHApPYyXKMBAaeMOI BO BCeX THIAX 00pa3loB (AepHOBO-IIOI30JIM-
CTOI TTOYBE, KOPHSIX XBOMHEBIX IepPEBbEB, pru3ocdepe U KOPHIX opxuaen). BriepBbie ObUIO TTOKA3aHO HATUYHUE
HYKJICOTHIHBIX TTOCIIEIOBATEIBHOCTEM TIpenCcTaBUTENIeil 9TOTO Kitacca B KOpHEBOM cucteme Goodyera repens,
BIIEpBbIC MTOKA3aHO MPUCYTCTBHE OMHOM MOCENOBAaTEIPHOCTH B CBOOOMHOM ITouBe. [TociieroBaTeIbHOCTH e~

MOHUPOBaHEI B 6a3y naHHbIX GenBank.

Knrouegule crosa: cekBeHUpOBaHUE TIPUPONHBIX cyOCcTpaToB, Archaeorhizomyces borealis, ITS2, OTUs
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BBEAJEHUWE

WN3yuenure maapbHEBOCTOUYHOI MUKOOMOTEI BEIETCS
yKe He OIMH JIeCATOK JieT. BMecTe ¢ Tem, ele nocra-
TOYHO HEUCCJIEIOBAaHHBIX PAaliOHOB. DTO HE TOJBKO
TPYIHOJIOCTYITHBIE TEPPUTOPUM, HO M OIIM3JIeXKaIIe
K roponackoii mHgpactpykrype. Tak, JIuBaguiickmii
XpeOeT — OMHO M3 YacTO ITOCEIIaeMBIX MECT I0XKHOTO
IIpuMoppst — pakTMIECKM HE M3Yy4EHO B MUKOJIOTH -
yeckoM oOTHolueHuMn. CBeaeHUsI 00 OTMEUYEHHBIX
30ech BUmax pparMeHTapHbI U KacaloTcss nHGopMa-
M1 B OCHOBHOM O Oa3uamnaibHbIX Iprubdax (Nazarova,
1978; Lower plants., 1990; Govorova, 1998, 2002).
Hannbie o 20 Buoax MHONEPKYJISITHBIX TUCKOMMIIC-
TOB, COOpaHHBIX Ha JIMBammiickoM XpeOTe, TIPUBO-
JISITCSI B OTHOM M3 TOMOB CBOIKM “Hu3smiue pacteHus,
rpuObl 1 Moxoo0Opa3Hble coBeTckoro HanbHero Bo-
croka” (Raitviir, 1991). Ha rHumwlieii apeBecuHe
XBOMHBIX 1 JUCTBEHHBIX MOPOJ B cepenurHe 1970-x rr.
M.M. HazapoBa u A.I. PaiiTBuiip cobpaiu 4eTbipe
BUIa U3 ceMmeiictsa Lachnaceae v nBa — u3 Orbiliaceae
[Mitrula borealis Redhead w Incrucipulum ciliare
(Schrad. ex J.F. Gmel.) Baral, o6a Ha TUCTOBOM OmHa-
ne]. OommpHas rpymnmna n3 10 BmooB ruaaocui@oBbIX
rpuboB ObLIa coOpaHa UMU Ha OTMEPIIUX CTEOJSIX
JIBYIOJBbHBIX PACTCHMI 1 ABa BUIA — Ha 3/1aKax.

Hamu 6611 HaKOTUIEH TOTIOJHUTEbHBIN MaTepuan
c 9TOi TeppuTopuu. Pe3yabTaThl BOIIIU B JOKTOP-
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ckyto nucceprauuio (Bogacheva, 2009) u Teneps noa-
FOTOBJICHBbI JIs l'[y6ﬂI/IKaLlI/II/I C YYE€TOM COBPEMEHHDBIX
BO33PEHUI HA 00BEM U MECTO OTMEUYEHHbBIX TAKCOHOB
B cucteme ackomuiieToB (Index Fungorum, 2022).

MATEPHAJIBI 1 METObI

JluBanmiickuii xpebeT 3aHMMAaEeT MOJIyOCTPOBHOE
MOJIOXEHUE MEXIY AByMS 3aiuBaMu SIMOHCKOTO MO-
pst — Yecypuiickum u Haxonka. HauBbicuiasi Touka —
ropa JIusamuiickag (ITvman) mocturaer 1332.6 M Han
yp. Mops. PacTurenbHOCTh XpeOTa HMXKHEro mosica
XapakTepusyercsi 60TaHMKaMM KaK XOpPOIIO CoXpa-
HUBIIUMNCI y4YaCTOK IOXXHOU KOPEHHOM HAJIbHEBO-
crouHoii pactuteabHocTH (Kurentsova, 1968; Land-
scape and vegetation.., 2001). JIjas Hero xapakTepHBbI
WIBMOBEIC IIMPOKOJMCTBEHHBIC Jieca, pas3IMYHEIC
TUIMBI TyOOBBIX M MOJUAOMUHAHTHBIX IIUPOKOJIMCT-
BEHHBIX JIECOB C KeApoM. OT MOTHOXMUS K BepIInHAM
BBIACIISIIOT MOSIC KEAPOBO-IIMPOKOINCTBEHHBIX JIECOB
(mo 600—700 M Hag yp. M.) U MOSIC TIMXTOBO-EIOBBIX
JiecoB (o 1100—1150 m Han yp. M.). CeBepHBIE CKIIO-
HBI OKPBITHI BLICOKOTOPHBIMU €JIbHUKAMM C y4acT-
KaMH MUXTapHUKOB U KaMEHHOOEpPE3HMKOB, 3apOC-
JIIMU KeIPOBOTO CTIAaHMKAa U MUKpOOUOTHI. Ha rox-
HBIX CKJIOHAX pacIpOCTpaHEHBI pEIKOCTOMHEIE Jieca
M3 eJIN asTHCKOM, Oepe3bl KAMEHHOI 1 IUXTHI O€JI0KO-
poit (Landscape and vegetation.., 2001).
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OObeKTaMu UCCIeNOoBaHUS BBICTYTIMIN CyMuaThble
rpuObI, paHee o0beauHsAEMbIe B TpyIILy Discomycetes.
PaboTa BriTI0Uana peBU3nI0 COOpaHHBIX C COPOKOBBIX
rogoB 00pa3LoB IpruOOB, XpaHIIuXcs B ¢poH e Jlaib-
HEBOCTOYHOIO pernoHajabHoro repoapus (VLA). Oc-
HOBHbIE COOpPHI OBLITM TIpou3BeaeHbI B aBrycte 2002 r.
aBTOPOM Ha CEeBEPO-BOCTOUYHOM CKJIOHE XpedTa OT
MOMHOXMUS 10 MOATOJbIIOBO# ero yactu. Kosnekro-
paMu B pa3jIMYHbIE TOAbI TAKXKe BBICTYTIUIN A.A. AO-
nmakaroBa, E.M. bynax, JI.H. Bacunsesa, JI.I1. Bopo-
oneB, I0.E. loueBoii, M.M. Hazaposa, T.B. Tapaco-
Ba. O6beM MaTepuasia coctaBui 118 oOGpasuos. Ero
MopdomMmeTpuueckoe oIucaHue ObUIO IPOBEASHO
kinaccudyeckumu meromamu (Roskin, Levinson, 1957,
Hawksworth, 1974; Baral, 1987a, 1987b, 1992; Baryki-
na et al., 2000) Ha 6a3e mabopatopumn 6oraHuku GHII
buopasznooopasus JIBO PAH ¢ npumeHeHneM MUK-
pockonoB Nikon Eclipse E200 u MBU-10.

ITpuHgaTBHIE CcOKpallleHWsI B aHHOTUPOBAHHOM
CITMCKEe OTMEUeHHBIX Ha JInBanniickom XxpeOdTe BUIOB:
EAO (EBpeiickasi ABTOHOMHAast 06J1acTh), 3arl. (3amo-
BenHukK), Kamu. kp. (Kamuarckuit kpaii), Mar. o0i1.
(MaragaHckast 00J1acTh), Hall. (HallMOHAJBbHBINM), OKP.
(okpectHocTn), Ilpum. kp. (ITpumopckuit kpait),
pacmp. no IBP (pacnpocTpaHeHue 110 1aTbHEBOCTOY -
HoMy pernoHy), Cax. o6j. (CaxanmHckass 00J1acThb),
Xabap. kp. (XabapoBCKUIi Kpaii), XB.-1IUP. (XBOIHO-
IIUPOKOJIVMCTBEHHBIN).

KiacTepHblii aHaIU3 BBITTOJIHEH C TTOMOIIBIO TPO-
rpammbl PAST (Hammer et al., 2001). B xkauecTBe Me-
Dbl CXOIICTBA UCTIOJIb30BaH KoadduimeHT CepeHceHa—
Yexkanonckoro (Legendre, Legendre, 1983). Cratu-
CcTMYecKasl JOCTOBEPHOCTb 0Opa3oBaHUsI KJIacCTEpOB
ObUIa OlIEHEHAa C TOMOIIIBIO OyTCper-aHan13a ¢ UCTOJb-
3oBaHueM nporpammbl FreeTree (Pavlicek et al., 1999).
Ouenka Oyrcpern-3HadeHUil mmposedeHa B 1000 mo-
BTOpHOCTSX. U3 aHaTUuTHUEeCKMX pabOT Mbl UCKJTIOUM -
Ju 3 BUIA, OTMEUYEHHBIX BIIEpBble HA TEPPUTOPUU
poccuiickoro JlaibHero BocToka, BKIIOUMB TaHHBIE O
BUIOBOM pa3HooOpa3uu JluBaguiickoro xpebra u3
JuTepaTypHbIX McTOUHUKOB (Raitviir, 1991). Taxkxke
He BOIJIY B aHAJIM3 JaHHbIE 1O PSIIy CEBEPHBIX U OT-
JaJIeHHBIX (DIIOPUCTUYECKUX PAIOHOB 1aTbHEBOCTOY -
HOTO perroHa I0 MPUYUHE OTCYTCTBUSI CBEACHUM 1O
MHTepecylollieil Hac rpyrre cymyaTbix TpuboB (AHa-
neipcko-Ilensxunckmii, Jaypckuii, Kopskckuii, Ko-
JBIMCKU, HIOKSKMHCKMI U T.11.).

PE3VJIBTATBI U OBCYXIEHHUE

PeBusnsg wmmMmeromerocs repOapHOTO MaTepuana
MoKa3ajia Haim4ue eile 62 BUIOB CyMYaThIX TPUOOB B
pacTUTeNIbHBIX coobmecTBax JImBaguiickoro xpeora.
Hwuxe maH aHHOTUPOBAHHBIN CIIMCOK BUIOB AUCKO-
MUIIETOB, COOpaHHBIX B PACTUTEIbHBIX COOOIIIECTBaX
JluBammiickoro xpebTa M XpaHsSIIMXCS B (poHOax
JlambHEeBOCTOYHOTO peTuoHaabHOTO0 repoapus. bonee
JeTaJlbHYI0 MHOopMaLKIo 00 00pa3iax MOXHO IOy~
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YUTh MO YKa3aHHBIM TepOapHbIM HOMEPAM y COTPY/-
HUKOB I'epbapusi.

Geoglossomycetes
Geoglossales

Geoglossaceae

Trichoglossum hirsutum (Pers.) Boud., Ha BajexHoOit
npeBecuHe, XB.-mup. jgec (D-1436). Pacrip. mo IBP Poc-
cun: Ipum. kp., okp. Bnagusoctoka (D-2066), Yccypuii-
ckuii 3am. (D-1438); Xabap. kp., bonbpimexexuupckuii 3ai.
(D-1437).

Leotiomycetes
Helotiales

Cenangiaceae

Chlorencoelia versiformis (Pers.) J.R. Dixon, Ha BajexXHOI
NpeBecrHe JIMCTBEHHOM MopoIbl, XB.-mmp. Jiec (D-1918); Ha
BaJIEXKHOI IpeBeCcHHE XBOHOM Mmopoabl, enbHUK (D-145).
Pacnp. mo JIBP Poccuu: INpum. xp., okp. Biragusocroka
(D-2091), Hau. mapk 3emust neomapnaa, 3amn. Kemposast
IMans (D-1974, D-3798), Yccypuiickumii 3arm. (D-143, D-147,
D-151, D-156, D-1830, D-1841, D-3799), Hau. napk “¥Yua-
reiickas nerenga” (D-3862, D-3412, D-3567), JlazoBckuit
zam. (D-142D-144, D-148, D-149, D-152, D-153, D-155,
D-809, D-1689, D-1695), Cuxors-AnuHckuii 3am. (D-150,
D-154, D-3750); Xa6ap. kp., bonpluexexumpckuii 3ai.
(D-4350), okp. r. KoMmcomonbck-Ha-Amype (D-4231);
boruunckuit 3amn. (D-3082); EAO, 3an. bacrak (D-1785,
D-1814); Cax. o6i1., o. Kynammup (D-3321, D-4018), o. Ca-
xanuH (D-2078).

Cenangium ferruginosum Fr., Ha BaJIeXKHO# npeBecUHe
Quercus sp., xB.-1up. Jec (D-2085). Pacrnp. mo [IBP Poc-
cun: [IpumM. xp., 3an. Kenposas I1ags (D-104).

Heyderia abietis (Fr.) Link, Ha BaJIeXKHBIX BETBSIX XBOIi-
Hoii mopoasl, enbHuK (D-3801). Pacnip. mo JIBP Poccuu:
Xabap. kp., Han. mapk lllaaTapckue octpoBa, o. b. Illan-
Tap (D-4246); Cax. 06:1., o. Caxanun (D-818, D-3430).

Encoelia furfuracea (Roth) P. Karst., Ha BajexHoii ape-
BeCHHE JINCTBEHHOI1 ITopoabl, XB.-1mp. Jiec (D-102). Pacmp.
o JIBP Poccuu: I1pum. kp., okp. BaraguBocroka (D-103);
Xabap. kp., BepxnebypeuHckuii p-x (D-3583), Har. mapk
IHIanTapckue ocTtpoBa, 0. b. llanTap (D-4251), okp. 1. 3es
(D-3525); Cax. o61., 0. Marya (D-4013).

Chlorociboriaceae

Chlorociboria aeruginascens (Nyl.) Kanouse, Ha Banex-
HOIi IpeBecuHe XBOHOM nmopoasl, eabHUK (D-112, D-114,
D-116). Pacnp. mo IBP Poccuu: ITpum. xp., okp. Baagu-
Boctoka (D-113, D-2086, D-2088, D-4157), Hau. nmapk
3emnsa neonapaa, 3an. Keagposas Ilans (D-110, D-111,
D-3452), Yccypuiickuit 3am. (D-108, D-115, D-117, D-118,
D-119, D-1730), Hau. nmapk “¥Ynareiickas nerenna” (D-3842,
D-3901, D-3938, D-3939), JlazoBckuii 3ar. (D-105, D-107,
D-109, D-1564, D-1694, D-2000), CuxoT3-AJMHCKUWIA 3arl.
(D-134, D-1904, D-3746, D-3747, D-3768); Xab6ap. Kp.,
Bonbmexexuupckuii 3an. (D-2793, D-2799, D-2824,
D-2937, D-4349), okp. r. Komcomoinbck-Ha-Amype (D-4230),
AHIOIicK1It HauMoHanbHbIH napk (D-3585, D-3648), Hai.
napk [llanTapckue o-Ba, o. b. Illantap (ID-4247); Cax. o001,
o. Kynammp (D-1651, D-3322, D-4426), 0. Caxanux (D-106,
D-120).
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Ch. aeruginosa (Oeder) Seaver, Ha BaJIeXKHOU JpeBeCH-
He, XxB.-mup. Jec (D-122). Pacnp. mo JABP Poccun:
IIpum. xp., okp. Bnagusoctoka (D-121, D-1973), Bepxne-
ycecypuiickuii crainonap (D-1580), Hair. mapk 3emuist jieo-
napaa, 3amn. Kenposas [Mage (D-128, D-1732, D-3479), Yc-
cypuiickuii 3am. (D-124, D-125, D-127, D-1881), JlazoB-
ckuii 3ar1. (D-146, D-1581), Cuxora-AnuHckuii 3atr. (D-123,
D-126, D-129, D-131, D-132, D-133); Xa6ap. kp., bonb-
mexexuupckuii 3amn. (D-2537), CoaHeuyHbIi p-H, Xp. Msio-
yaH (D-4357); Cax. 061., 0. CaxanuH (D-130).

Dermateaceae

Pezicula carpinea (Pers.) Tul. ex Fuckel, Ha BajexXHBIX
BETBSIX IMCTBEHHBIX ITOPOI, XB.-1up. Jec (D-1027). Pacmp.
no JABP Poccumu: I1pum. Kp., eTMHCTBEHHOE MECTO HaXOX-
NeHUSI.

Discinellaceae

Pezoloma fergussonii (Sacc.) Korf, Ha BajexHoli 1peBe-
cuHe Philadelphus sp., xB.-1mmp. nec (D-2038). Pacnp. o
JABP Poccum: Ilpum. kp., Ham. mapk 3emunst jaeomapna,
3arn. Kenposas IMans (D-1997, D-2007); Yccypuiickuit 3am.
(D-2022).

Helotiaceae

Hymenoscyphus caudatus (P. Karst.) Dennis, Ha 11cTo-
BOM omaje, B MOACTUIIKE, XB.-11up. Jiec (D-493); Ha nucro-
BoM onajne Populus sp., B ToACTWIKE, DOJAUMHHBIN (D-545);
Ha JicToBOM omafe Betula sp., B onctuike, mmp. (D-4422).
Pacrip. mo JIBP Poccum: I1pum. kp., Ham. mapk 3emuns neo-
napaa, 3amn. Keaposas ITags (D-1962), Yccypuiickuii 3ar.
(D-484, D-485, D-486, D-487, D-488, D-489, D-491, D-492,
D-494, D-495, D-496, D-497, D-498, D-499, D-500, D-501,
D-544, D-546, D-547, D-548), Hail. mapk “¥Ymareiickas
nerenma” (D-3877, D-3883, D-3953); Xabap. Kp., OKp.
r. Xabaposck (D-2787, D-2814, D-2853), bonbirexexmup-
ckuit 3arm. (D-4110, 4468), okp. 1. HukomaeBck-Ha-Amype
(D-4234), okp. r. KomcoMomnbck-Ha-Amype (D-4226),
Hau. mapx Antoiickuit (D-3811), borunHckuii 3ar. (D-3999);
EAO, Bupobumkanckuit p-u (D-2556, D-2572); Cax.
0011., 0. CaxanmuH (D-490, D-2277); Kamu. kp., [TopoHaii-
ckuii p-H (D-2305), Ycrp-Kamuarckuii p-H (D-3107).

H. scutula (Pers.) W. Phillips, Ha cTe0J1sIX TpaBSTHUCTBIX
pacTeHuit, B TIOACTWIIKE, XB.-1Up. Jec (D-1916). Pacmip. 1o
JBP Poccumu: ITpum. kp., okp. Bnanusoctoka (D-551, D-1645),
Hau. mapk 3emist neonapna, 3ar. Keaposas IMans (D-1964,
D-1967), Yccypuiickuii 3am. (D-1586, D-3560, D-4142),
JlazoBckwmit 3am. (D-556, D-1588, D-1994), Hai. mapk
“Vnareiickas nerenna” (D-3380, D-3402, D-3417, D-3421,
D-3869, D-3888, D-3908, D-4025); Xab6ap. kp., bonbiie-
xexumpckumii 3arr. (D-2817, D-2840, D-2850, D-2851, D-2908,
D-4469), borunHckuii 3am. (D-3055, D-3982), Hai. mapk
Antoiickuii (D-3595, D-3645), BepxHeOypeWHCKUIT p-H
(D-3590), p-u Ilonunbr OcuneHKo, ceBepO-BOCTOUHEE
noc. bpuakan (D-4355), okp. noc. [MoauHbel OcHUITEHKO
(D-4361), ConHeuHBI p-H, TiepeBal Ha Xp. MstodaH (D-4363),
Hair. mapk llantapckue octposa, o. b. lanTap (D-4297);
Cax. 0011., 0. Kynamup (D-2334, D-4352, D-4446), 0. Mo-
HepoH (D-2023), o. Caxanun (D-542, D-543, D-549, D-550,
D-552, D-554, D-2254, D-2349); Mar. o6i., 6yxra I'epr-
Hepa (D-553, D-555); Kamu. xp., ITopoHaiickuii p-x (D-557),
Yerb-Kamuarckuii p-H (D-3138, D-3145, D-3154, D-3241,
D-3242, D-3254, D-3270, D-3299).

MUKOJOI'A N ®PUTOIIATOJIOTUA

Gelatinodiscaceae

Ascocoryne sarcoides (Jacq.) J.W. Groves et D.E. Wilson,
Ha BaJIexKHOM apeBecrHe Quercus sp., XB.-1up. jec (D-1846);
Ha BaJiexxHoi npeBecune Tilia amurensis, nomuHHbIi (D-1520).
Pacrnip. mo ABP Poccumn: Ilpum. xp., okp. BaaguBocTroka
(D-2954), Hau. mapk 3emusi neomapna, 3arn. Kenpoast
IMamps (D-2004, D-2005, D-2011), Yecypuiickuii 3art. (D-1519),
Hau. mapk “¥Ynareiickas nerenna” (D-3845, D-3884,
D-3919, D-3920, D-3925), JlazoBckmit 3an. (D-23), Cu-
xora-AnuHckuii 3ar. (D-25, D-26, D-27, D-28); Xa6ap. Kp.,
Bbonbiexexuupckuii 3am. (D-2544, D-2834); EAO, bupo-
oumkaHckuit p-H (D-2536, D- 2591); Cax. o6u., o. Caxa-
nuH (D-24).

Lachnaceae

Lachnellula fuckelii (Bres. ex Rehm) Dharne, Ha BeTBsIx
XBOMHBIX TTopox, enbHuK (D-672, D-671). Pacrp. no IBP
Poccuu: IMpum. kp., IlIkoroeckuii p-H (Raitviir, 1991); Xa-
O0ap. kp., bonbiexexmupckuii 3am. (D-4207); Cax. 06:1.,
0. Caxanun (D-3687).

L. minuscula Raitv., Ha BeTBsIX Larix sp., XB.-1IIUp. JieC
(D-1891). Pacnp. mo ABP Poccuu: I1pum. kp., BepxHeyc-
cypuiickuii craumonap (D-1572), JlazoBckuii 3am. (D-691),
Cuxota-Anunckuii 3amn. (D-689); Xab6ap. kp., borunH-
ckuit 3am. (D-2998, D-3362, D-3363), Hau. nmapk Illan-
Tapckue octpoBa, o. b. Illantap (D-4295); Cax. o06i.,
0. Caxanmuu (D-690, D-692).

L. calyciformis (Batsch) Dharne, Ha BeTBsSIX Abies sp.,
xB.-mp. jec (D-1917); Ha BanexHoit npeBecune Picea sp.,
xB.-1up. Jec (D-600, D-599); Ha BajeXHOI ApeBecHHe
xBouHOTO, enbHUK (D-594). Pacrnp. mo JIBP Poccuu:
IMpum. kp., Yccypuiickuii 3an. (D-597), JlazoBckuit 3ar.
(D-608); Xab6ap. kp., bonbmrexeximupcekuii 3am. (D-2896,
D-4113), AssHo-Maiickuii p-H (D-1552), ConHeuHBli1 p-H,
xpeber Msiouan (D-4204, D-4379), borurHckuii 3am. (D-3000,
D-3360); AMypckas o6i., ApxapuHckuii p-H (D-3462);
Cax. 0611., 0. Monepon (D-3688), o. Caxanun (D-590,
D-591, D-592, D-593, D-595, D-596, D-598, D-601, D-602,
D-603, D-604, D-605, D-606, D-607, D-609, D-610, D-611,
D-612, D-613, D-614, D-615, D-616, D-2467, D-2549);
Kamu. xp., Ycrb-Kamuarckuii p-u (D-3151).

Leotiaceae

Leotia lubrica (Scop.) Pers., Ha moactuike non Picea sp.,
enpHuk (D-791, D-792); Ha mouBe, enpHUK (D-786); Ha
nouse, kameHHoOepe3Hsik (D-3119, D-3122). Pacmnp. no
JBP Poccuu: ITpum. kp., okp. Baragusoctoka (D-1675,
D-3475, D-4294), Hau. napk 3emis Jieomapaa, 3amn. Kena-
posasg Ilanp (D-1972, D-2001, D-3484), Yccypuiickuii 3art.
(D-777, D-779, D-780, D-781, D-783, D-785, D-1811),
BepxHeyccypuiickuii crammonap (D-787, D-1676, D-1677),
Hau. mapk “Yasreiickas nerenna” (D-3827, D-3832, D-3944),
JlazoBckuit 3am. (D-774), Cuxora-AnuHckuii 3am. (D-776,
D-778, D-782, D-790); AMypckast 06J1., ApXapuHCKU p-H
(D-2932); EAO, bupobumxanckuii p-H (D-1804, D-2100,
D-2514, D-2515); Xabap. kp., boabimexexiupckuii 3am.
(D-784, D-2516, D-3456), Banunckuii p-u (D-3977,
D-4000), Hanaiickuii p-u (D-3650), ConHeuyHbIl p-H,
xpebeT Msiouan (D-4240); Amypckas o6i., biaroseieH-
ckuit p-H (D-1826), MargaraunHckuii p-H (D-789), Iu-
MaHoBckuii p-H (D-793); Mar. o611. , okp. Maranana (D-2922);
Cax. 001., o. Kynamup (D-4022), o. Caxanun (D-775,
D-1778).

L. marcida Pers., Ha ogcTuiike, xB.-1mmup. jiec (D-1871).
Pacnip. mo ABP Poccuu: Ipum. kp., Cuxors-AnnHCKUA
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3amn. (D-1902, D-1919); Amypckast 06:1., biarosemieHckuit
p-u (D-1938).

Microglossum rufum (Schwein.) Underw., Ha mouBe, XB. JieC
(D-1847). Pacnp. no IBP Poccuu: Ipum. kp., okp. Biagu-
Boctoka (D-2068), Haw. mapk 3emis ieonapaa, 3amn. Ken-
poBas Ilane (D-796), Yccypuiickuii 3amn. (D-803), Bepx-
Heyccypuiickuii craimonap (D-801), JTazoBckuii 3ar. (D-800);
EAO, Bupobumxanckuii p-H (D-2028); Xabap. kp., bosib-
mexexuupekuit 3am. (D-802, D-804, D-2772), Komco-
Monbckuit p-H (D-3544), Hanaiickuit p-u (D-3573).

Mollisiaceae

Mollisia ligni (Desm.) P. Karst., Ha BaniexkHOIi ApeBecU-
He Quercus sp., noauHHbI (D-855). Pacnip. mo IBP Poc-
cun: [Ipum. kp., JlazoBckuii 3am. (D-852, D-853, D-854),
Cuxora-AnuHckuit 3amn. (D-3809); Xabap. kp., Bsazem-
ckuii p-H (D-4093), CoBercko-T'aBaHckuii (D-3021, D-3377),
Har. mapk [llantapckue octpoBa, o. b. [llantap (D-4320);
Cax. 0611., 0. Kynamp (D-1649), o. Caxanuu (D-3116).

Pezizellaceae

Calycina citrina (Hedw.) Gray, Ha BaJIeXXHOI IpeBeCUHE
XBOIHOI mopoapl, XB.-1mp. Jiec (ID-1858), Ha BajgexXHBIX
BETBSIX JINCTBEHHBIX IOPO, XB.-1up. jec (D-4457). Pacmp.
rio JIBP Poccuu: IMpum. kp., okp. Bnanusoctoka (D-1539,
D-3458), Yccypwmiickuit 3am. (D-97), Hau. mapk 3emist
Jeonapna, 3amn. Keaposas [Mans (D-1971, D-1978, D-3472),
Hau. mapk “VYmareiickas nerenma” (D-3382, D-3825,
D-3863, D-3917, D-3918), JlazoBckuii 3am. (D-66, D-69,
D-1948, D-2008), Cuxora-AnuHckuii 3am. (D-53, D-54,
D-59, D-61, D-62, D-64, D-65, D-67, D-1905, D-3785);
Amypckas 06i1., ApxapuHckuii p-H (D-3330), Ma3aHoB-
ckuii p-H (D-3504); EAO, bupo6umkanckuii p-H (D-1617,
D-2590); Xabap. kp., AsHo-Maiickuii p-u (D-1333,
D-1336, D-1340, D-1341, D-1345, D-1348, D-1554),
Boabiuexexiypekuii 3ar. (D-2520, D-4466), Hanaiickuii p-H,
xpe6eT Topnoku-Sxu (D-3414), BorunHckuii 3amn. (D-3058,
D-3345, D-3986, D-4005, D-4289), ContHeuHBblii p-H, OKP.
03. OBopoH (D-4389), Hanaiickuii p-u (D-3598, D-3735),
Vapuckuii p-H (D-1824), Hau. mapk IlanTapckue octpo-
Ba, o. b. IlanTtap (D-4257, D-4258, D-4268, D-4313);
Mar. o61., okp. Maragana (D-1866), CycymaHCKuii p-H
(D-98, D-3642, D-3649); Cax. 006i1., 0. Caxanun (D-55,
D-56, D-57, D-58, D-60, D-63, D-68, D-70, D-71, D-72,
D-73, D-99, D-100, D-1772, D-2083, D-2284, D-3114);
Kamu. kp., Ycrb-Kamuarckuii p-1 (D-3269).

Rodwayella citrinula (P. Karst.) Spooner, Ha BaJIeXXHOIA
npeBecuHe, XB.-mup. Jiec (D-509). Pacrnp. mo ABP Poc-
cun: I[Ipum. kp., okp. BamamuBoctoka (D-511), Hair. mapk
3emus neonappa, 3am. Keaposas IMagp (D-503, D-506,
D-507), Yccypuiickuii 3am. (D-502, D-505, D-510, D-512),
Harir. napk “Vnareiickas nerenna” (D-3415, D-3909), Cu-
xoT3-AnuHckuii 3ar. (D-504, D-508); AMypckast 06.1., Ap-
xapuHckuii p-H (D-3491); EAO, bupobwmkaHCcKuit p-H
(D-2575); Kamu. kp., Ycrb-Kamuarckuit p-u (D-3111,
D-3153, D-3155, D-3238, D-3272).

Rutstroemiaceae

Rutstroemia petiolorum (Roberge ex Desm.) W.L. White,
Ha CTEePXHSX JIUCTbeB Fraxinus Sp., KEAPOBO-IIUP. JieC
(D-1197). Pacnp. o ABP Poccuu: IMpum. kp., Yccypuii-
ckwmii 3ar. (D-1196, D-1198, D-1199, D-1200, D-1201, D-1202,
D-1203); EAO, bupooumxanckuii p-H (D-2541).
Ne
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Sclerotiniaceae

Ciborinia candolleana (Lév.) Whetzel, Ha TcTOBOM OITa-
ne B noactwike (D-2013). Pacop. mo JIBP Poccumu: I1pum.
Kp., EIMHCTBEHHOE MECTO HaXOXICHMSI.

Sclerencoelia fascicularis (Alb. et Schwein.) Partel et Baral,
Ha BajlexXHOU npesecuHe Populus sp., mup. jec (D-2090,
D-4453). Pacnp. nmo JABP Poccuu: Ilpum. kp., JlazoB-
ckmit 3am. (D-101); Xab6ap. kp., BepxHeOypenmHCKMi p-H
(D-3574).

Tympanidaceae

Tympanis prunastri (Pers.) Wallr., Ha BeTBsIX Prunus us-
suriensis, nonuHHbIit (D-257). Pacnp. o JIBP Poccuu:
IIpum. kp., okp. r. Aprem (D-260), Yccypuiickuii 3ar.
(D-258, D-261), KpacHoapmeiickuii p-H (D-259).

Incertae sedis

Podophacidium xanthomelum (Pers.) Kavina, Ha 3amiiie-
Jioit mouse, enbHUK (D-2229). Pacnp. nmo JABP Poccuu:
IIpuM. Kp., EIMHCTBEHHOE MECTO HAXOXICHUS.

Phacidiales

Phacidiaceae

Bulgaria inquinans (Pers.) Fr., Ha BajexXHo1 npeBecuHe
Quercus sp., cmemannbiii (D-4480). Pacrip. o JIBP Poc-
cuu: [Ipum. xp., okp. r. Bnanusoctok (D-77, D-78, D-80,
D-1545, D-1703), Anyunnckuii p-H (D-1731, D-2505), Yc-
cypuiickuii 3am. (D-81, D-1774), BepxHeyccypuiickuii cta-
moHap (D-79), Cuxora-AnuHckuii 3a1. (D-1906); AMyp-
ckast 0611., ApxapuHckuii p-H (D-76); EAO, BupobumsxaH-
ckuii p-H (D-3333); Xabap. kp., Hanaiickuii p-H (D-3724);
Cax. 0011., 0. Kynamup (D-4454).

Rhytismatales

Cudoniaceae

Cudonia circinans (Pers.) Fr., Ha mouBe (D-182); Ha o -
ctuike, xB.-1up. jec (D-1867). Pacnp. no JIBP Poccuu:
IIpum. xp., Yccypuiickuii 3an. (D-180), Bepxueyccypuii-
ckuit cratmonap (D-176, D-177, D-178, D-185, D-192, D-199),
IMaptuzanckuit p-u (Raitviir, 1991), JlazoBckuii 3ar.
(D-3476), Cuxora-AmuHckuii 3am. (D-183, D-190, D-191,
D-193, D-196, D-200, D-201, D-202); AMypckast 06:1., Ce-
JneMmkuHekuii p-H (D-3513); Xabap. kp., borunHckuii 3ar.
(D-3339, D-3344, D-3347, D-3966, D-3981, D-3987), Ha-
Hatickuii p-H (D-3643), Hau. mapk IllaHnTapckue ocTpoBa,
o. b. ITanaTtap (D-4259, D-4261, D-4262, D-4280, D-4321);
Cax. o6u1., o. Caxanun (D-179, D-181, D-184, D-187,
D-188, D-189, D-194, D-195, D-197, D-198, D-1767,
D-2101, D-2102).

Spathularia flavida Pers., Ha nouBe, enbHUK (D-1369);
Ha ToAcTwWIKe, XB.-up. jec (D-1368). Pacrnp. no IBP
Poccun: IlpuMm. xp., BepxHeyccypmiickuii cTalimoHap
(D-1357, D-1358), Cuxota-AnuHckuii 3am. (D-1384, D-3742,
D-3744, D-3767); AMypckas o0JI., ApXapUHCKUI p-H
(D-1371, D-1387, D-1391), bnaroBemeHckuii p-H (D-1937,
D-2089), MarnaraunHckuii p-H (D-1389, D-1390), Ce-
JeMmkuHcKui p-H (D-1360, D-1366, D-3545, D-1363, D-1364),
3eiickuii zam. (D-1556, D-1557); EAO, bupobumkanckuii p-H
(D-1544, D-1800, D-2513); Xa6ap. Kp., AssHo-Maiickuii p-H
(D-1386, D-2061), Bonbiexexuupcekwii 3arm. (D-1388, D-1392),
BorumHckwmit 3amn. (D-1367, D-2948, D-3342, D-3343,
D-3357, D-3368, D-3369, D-3370, D-3371), BepxHebype-
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uHckuit p-H (D-3338), p-H [lomuHbl OcurieHKo, OKp.
c. bpuakan (D-4385), ConHeuHblii p-H, OKp. II. bepe3oBrIii
(D-4386), nomuna p. Cunax (D-4384), KoMcoMOIbCKUIA 3all.
(D-1385, D-3521), Vapuckmii p-u (D-1372); Mar. o06u.,
okp. Maranmana (D-1359, D-1378), Tenbkunckwuii p-H (D-1361,
D-1362, D-1373), XaceiHckuii p-H (D-1374); Cax. o0,
0. MoHepoH (D-2026, D-3229), o. Caxanux (D-1311, D-1354,
D-1355, D-1356, D-1365, D-1370, D-1375, D-1376, D-1377,
D-1379, D-1380, D-1381, D-1382, D-1383, D-1549, D-1779,
D-1792, D-1793, D-1794, D-2027, D-2092, D-3337).

Rhytismataceae

Tryblidiopsis pinastri (Pers.) P. Karst., Ha BeTBsIx Abies
holophylla, xB.-mmp. nec (D-1481). Pacnp. nmo IBP Poc-
cuu: I1pum. kp., Hau. mapk 3emiist reomnapna, 3amn. Kenpo-
Bas ITagw (D-1478, D-1486), Yccypuiickuii 3an. (D-1487),
BepxHeyccypuiickuii  crtaumoHap (D-1589), Cuxoras-
Amxckwuii 3art. (D-1473, D-1480), Xopomnbckuii p-H (D-3301);
Awmypckast 00:1., 3eiickuii 3am. (D-3530); Xabap. kp., AsHo-
Maiickuii p-u (D-1338, D-1343); Cax. 06i., 0. KyHamup
(D-1485, D-1488), 0. Caxanun (D-1464, D-1465, D-1466,
D-1467, D-1468, D-1469, D-1470, D-1471, D-1472, D-1474,
D-1479, D-1475, D-1476, D-1482, D-1483, D-1498, D-1499,
D-3307, D-3312, D-3313, D-3315, D-3316).

Orbiliomycetes
Orbiliales

Orbiliaceae

Orbilia xanthostigma (Fr.) Fr., Ha BajieXXHOI npeBecUHe
Quercus sp., xB.-1mp. aec (D-1883). Pacnp. mo JABP Poc-
cum: [TpuM. Kp., okp. I. Bragusoctok (D-967), Hait. mapk
“Vmareiickas nerenma” (D-3865, D-3898, D-3910, D-3914,
D-3945), JTazoBckuii 3am. (D-968, D-970), CuxoT3-AnvH-
ckuii 3ar. (D-969, D-971, D-974, D-3808); EAO, Bupo6u-
IKaHcKuii p-H (D-2495); Xabap. kp., bonbiexeximpcekuii
3am. (D-2554, D-2809, D-2831, D-2833), borunmHckmii
3ar. (D-3008, D-3023, D-3378), p-H Ilonunsl OcuneHko,
okp. 1oc. bpuakan (D-4369), Han. mapk Illantapckue
octpoBa, o. b. Ilanrap (D-4256, D-4315); Kamu. xp.,
Yerb-Kamuatckuit p-H (D-3250).

Pezizomycetes
Pezizales
Discinaceae

Gyromitra infula (Schaeff.) Quél., Ha BaJiexkHOIi pasyo-
XUBIIelcsl npeBecuHe, enbHUK (D-325, D-4148); Ha Ba-
nexHoil npeBecuHe Quercus sp., noauHHbI (D-321); Ha
BAJIECXXHOW pa3JOXUBIICHCSA IPEBECUHE, XB.-IIMUp. JieC
(D-1940). Pacnp. no ABP Poccuu: IMpum. kp., okp. r. Baa-
nuBocTok (D-2051), Yecypuiickuii 3arm. (D-319, D-4149),
IMoxapckuii p-H (D-318, D-323), BepxHeyccypuiickuii cta-
uvonap (D-322, D-326), CuxoTra-AnuHckuii 3ar. (D-320);
EAO, bupobumxanckuii p-H (D-1798); Xabap. kp., AsiHO-
Maiickuii p-H (D-430, D-1553, D-3470), BorunHCcKuii 3arl.
(D-4219, D-4220), Tyrypo-UymMuKaHCKUiI p-H, OKD.
p. TanbHak (D-4286); Mar. 06:1., okp. 1toc. Yutap (D-324);
Cax. 0011., 0. Caxanus (D-1769, D-3431); Kamu. kp., YcTb-
Kamuarckuii p-H (D-3278).

Gyromitra esculenta Pers. ex Fr., Ha mouBe, KeapoBo-
wmp. aec (D-330, D-329); Ha nouse, enpHUK (D-328).
Pacrnip. mo JIBP Poccum: Ilpum. xp., Yccypuiickuii 3am.
(D-2533), JTazoBckuii 3amn. (D-3464); EAO, bupo6umkaH-
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ckuii p-H (D-1542); Xab6ap. kp., BepxHeOypenHckuii p-H
(D-3575); Mar. o6u1., okp. r. Maragan (D-1856); Cax. o6u1.,
0. Caxanuu (D-1816).

Helvellaceae

Helvella crispa (Scop.) Fr., Ha mouBe, KeApOBO-IIIUP. JIeC
(D-362); Ha nouse, monuHHEIH (D-360, D-346, D-4266,
D-4491); na BanexHOi1 pa3jaoXuBIIECs IpeBEeCUHE, XB.-
wup. Jiec (D-1910, D-4431); Ha noactuike, enbHUK (D-2039).
Pacnip. mo JIBP Poccuu: Ilpum. Kp., okp. r. BianguBocTok
(D-339, D-366, D-1766, D-1789, D-1922, D-2040, D-2045,
D-2094, D-3450, D-4075, D-4291), Hai. mapk “VYnuareii-
ckag erenaa” (D-3828, D-3867, D-3889), Yccypuiickuii 3arr.
(D-341, D-345, D-348, D-349, D-350, D-352, D-354,
D-355, D-357, D-363, D-364, D-365, D-367, D-369, D-370,
D-371, D-1782, D-1796, D-1893, D-4130), IMTorpaHu4-
He1 p-H (D-2047), BepxHaeyccypuiickuii ctaroHap (D-344,
D-347, D-361), JlazoBckuii 3am. (D-340, D-1698, D-1699),
Cuxora-AmuHckuii 3amn. (D-338, D-351, D-368, D-1895,
D-1898), Xankaiickuit p-u (D-1764, D-1843, D-1844);
Amypckas o6i., MarnaraunHckuii p-H (D-359), Muxaii-
JIOBCKUI p-H, OKp. moc. 3eneHblit 6op (D-4069), IlIuma-
HOBcKMii p-H (D-353); AMypckast 00J1., ApXapuHCKUIL p-H
(D-343), bnaroBemeHckuii p-H (D-2052, D-2053, D-2097,
D-2098); EAO, bupobumxaHckuii p-H (D-1543, D-2050,
D-2963); Xab6ap. Kp., bonpmexexuupckuii 3arm. (D-356,
D-2930, D-3517), Komcomonbckuii 3amn. (D-4014), Bepx-
HeOypeuHckuii p-H (D-3722), Hanaiickuii p-u (D-3727);
Cax. 0011., o. Kynamup (D-4292, D-4293), o. Caxanun
(D-2111); Kamu. xp., YcTb-bonbiepenkuii p-H (D-342).

H. ephippium Lév., Ha mouBe, xB.-mup. jec (D-1941,
D-2074). Pacnp. no ABP Poccuu: [1pum. kp., okp. r. Bna-
nuBocTok (D-432, D-434), Hau. napk “Ymareiickast je-
renna” (D-3934), Yccypuiickuii 3am. (D-433, D-435), Jla-
3oBckuii 3amn. (D-3481); EAO, bupobumxaHckuii p-H
(D-2576, D-2587).

H. elastica Bull., nHa nouse, muctBeHHNYHUK (D-384);
Ha nmouBe, XB.-1up. Jec (D-1924, D-1840). Pacnp. no JIBP
Poccuu: INpum. kp., okp. . Bnaguoctok (D-389, D-2043,
D-2054), Yccypwmiickmii 3an. (D-373, D-374, D-376, D-377,
D-380, D-385, D-386, D-388, D-393, D-397, D-1806,
D-4132), Bepxueyccypuiickuii ctanmonap (D-375, D-382,
D-383), Hair. mapk “Vmareiickas nerenna” (D-3868, D-3899,
D-3890, D-3932, D-3958, D-3400), JIazoBckuii 3ar1. (D-372),
Cuxota-AnmunHckuii 3amn. (D-391, D-392, D-395, D-396,
D-398), Xankaiickuii p-H (D-3766); AMypckast 0671., bia-
roBelieHcKuit p-H (D-1832, D-1943, D-3498), IllumaHoB-
ckuit p-H (D-381); EAO, bupooumxanckuii p-H (D-1633,
D-1786, D-1803, D-2095, D-3564); Xab6ap. Kp., AsTHO-
Maiickuii p-H (D-387), Bonbluexexumpcekuii 3am. (D-2566,
D-2871, D-3508, D-3509, D-4241), Komcomonbckuii 3arl.
(D-424); Cax. 061., 0. Caxanun (D-390, D-394, D-1815).

H. macropus (Pers.) P. Karst., Ha BaJieXXHOIi IpeBecUHe,
xB.-1up. jJec (D-401, D-403); Ha mouBe, xB.-1mp. (D-402,
D-1929); na moacrtuiike, eabHUK (D-407); Ha mouBe, eb-
Huk (D-1935, D-1870). Pacnip. o JIBP Poccuu: IMpum.
Kp., OKkp. I. Bnanusoctok (D-1700, D-1930, D-1931), Hau.
napk 3emJis1 Jieornapa, 3amn. Kenposast [Tags (D-405, D-408,
D-417), Yccypmiickmii 3am. (D-1810, D-4131), BepxHeyc-
cypuiickuii craunoHap (D-404, D-1614), Jla3oBckuii 3ar.
(D-1697), Cuxota-AnuHckuii 3at. (D-399, D-409, D-410,
D-411, D-412, D-415, D-419, D-1896); Amypckas o6,
BnarosemeHckuit p-u (D-2096); EAO, BupobumxkaH-
ckuii p-H (D-1634, D-1787, D-1802, D-3565); Xa6ap. xp.,
AsiHO-Matiickuii p-H (D-1314), Bonbiiexexumpckuii 3ari.
(D-3518), borunnckuii 3am. (D-400, D-3341); BepxHeoy-
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peuHckuii p-H (D-3596), Hanaiickuii p-u (D-3723);
Cax. 0611., 0. Kynamup (D-406, D-413, D-4019), o. Caxa-
quH (D-414, D-416, D-420, D-421, D-438, D-439, D-1795,
D-2964).

Morchellaceae

Verpa bohemica (Krombh.) J. Schrét., Ha moacTuike,
cmemanHbii (D-2518). Pacnp. o JIBP Poccuu: B Ilpu-
MOPCKOM Kpae OTMEYEH BIEPBLIe; Xabdap. Kp., bonbiexex-
uupckuii 3an. (D-3524), Hanaiickuii p-u (D-3646).

Otideaceae

Otidea alutacea (Pers.) Massee, Ha II0UBe, XB.-IIHP. JIeC
(D-1865). Pacrip. mo JIBP Poccuu: Ipum. Kp., okp. I. Bia-
muBocTok (D-1015, D-1165, D-3802), Vccypuiickmii 3arr.
(D-1780), BepxHeyccypuiickuii ctaimonap (D-1638), Jle-
cozaBoackuii p-H (D-1809), Xankaiickuii p-u (D-1834,
D-1837), Han. mapk “VYmareiickas naereHma” (D-3878,
D-3923), Cuxota-AnuHckuii 3amn. (D-3789, D-3791, D-3793);
Amypckas o6:1., brnarosenieHckuii p-H (D-2240, D-2243);
Xabap. kp., bonbiexexuupcekuii 3arm. (D-4232); Kamu. kp.,
Yerb-Kamuarckuit p-H (D-3243).

O. leporina (Batsch) Fuckel, Ha mmouBe cpeau Mxa, XB.-
wup. nec (D-1864). Pacnp. o IBP Poccun: IIpum. xp.,
okp. . Branusoctok (D-1933), Yccypuiickuit 3am. (D-1000,
D-1003), Ja3oBckuii 3am. (D-999, D-1002), Cuxors-
Amunckuit 3am. (D-1004, D-3123); EAO, BupobumkaH-
ckuii p-H (D-1784); Xabap. kp., bonblexexumpckuii 3ai.
(D-2892, D-3488); Cax. 06:1., 0. Caxamus (D-2057, D-2982,
D-3652).

0. onotica (Pers.) Fuckel, Ha moactuinke, enbHuK (D-995,
D-992, D-4224, D-4290). Pacrip. o JIBP Poccuu: ITpum.
Kp., OKp. I. BnanuBocTtok (D-988), Hai. mapk 3emist neo-
mapna, 3an. Kengposas IMags (D-986), Yccypuiickuii 3ari.
(D-989, D-997, D-1807, D-1835), BepxHeyccypHiicKuii cTa-
moHap (D-987), JlazoBckuii 3amn. (D-272, D-984, D-1102),
Cuxota-AnuHckuii 3a11. (D-991, D-998, D-1104, D-1908);
AMypckas o6i1., ApxapuHckuii p-H (D-3550), bimarose-
meHckuii p-H (D-1848); EAO, bupobumkxaHckuii p-H
(D-2227, D-2983); Xabap. kp., Komcomonbckuii p-H
(D-1626), Hanaiickuii p-u (D-3592); Cax. 061., 0. Caxa-
mH (D-994, D-996, D-1103).

Pezizaceae

Adelphella babingtonii (Berk. et Broome) Pfister, Ma-
toCec et 1. KuSan, Ha BajieXXHOIi mpeBeCUHE JTUCTBEHHOM
noponsl, mup. aec (D-4479). Pacnp. mo JABP Poccuu:
ITpum. kp., Hau. napk “Ymsreiickas nerenma” (D-3409),
JlazoBckuii 3an. (D-1017, D-1693); Xa6ap. kp., borunH-
ckuii 3amn. (D-3013), Ham. mapk IllaHTapckue ocTposa,
o. b. IllanTtap (D-4263).

Elaiopezia luteola (Velen.) Van Vooren, Ha mo4Be, XB.-
mup. jdec, D-2104. Pacnp. mo JABP Poccum: Ilpum. xp.,
€IMHCTBEHHOE MECTO HAXOXICHUSI.

Legaliana badia (Pers.) Van Vooren, Ha ecuaHoOIi ITOYBe
(D-1885); na 3amienoit necuanoi mouse (D-2071); Ha
nouBe, XB.-1mp. jaec (D-4427, D-4233). Pacnop. o JIBP
Poccuu: Ilpum. xp., okp. . Braguoctok (D-1054, D-1701,
D-1771, D-1914, D-2989, D-3477), Yccypuiickuii 3arl.
(D-1038, D-1056, D-1777), BepxHeyccypuiicKuii CTalno-
Hap (D-1039, D-1041, D-1058), Xankaiickuii p-H (D-1827),
Har. mapk “¥Ynareiickas terenna” (D-3403), JlazoBckuii 3ari.
(D-1752, D-1754), Cuxota-AmHckuii 3ar. (D-1032, D-1050,
D-1053, D-1057); Amypckas 0671., MarmaradyuHCKUii p-H
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(D-3531); EAO, bupobumkanckuii p-H (D-2112); Xabap. kp.,
AstHO-Maiickuii p-H (D-1042, D-1320, D-1330), bonbiie-
xexuupckuit 3am. (D-2759, D-2891), boTtunHcKuit 3ar.
(D-043, D-4020); Komcomonnckuii 3arr. (D-1604), p-H Io-
JimHbl OcureHko, nonmuHa p. Human (D-4152, D-4362, D-4374),
Tyrypo-YymukaHckuii p-H, okp. p. TanpHak (D-4278);
Mar. 061., Onbckuii p-H (D-2935); Cax. 061., 0. KyHamup
(D-1608, D-1609, D-1610, D-1611, D-1613, D-4068, D-4017,
D-4428), o. Caxanun (D-1030, D-1031, D-1033, D-1034,
D-1035, D-1036, D-1037, D-1040, D-1043, D-1044, D-1045,
D-1046, D-1047, D-1048, D-1049, D-1051, D-1052, D-2079,
D-2988, D-2990); Kamu. kp., Ycrtb-KaMuarckuii p-H
(D-3140, D-3159, D-3244, D-3252, D-3262, D-3289, D-3305).

Pachyella celtica (Boud.) Héffner, Ha 1mouBe, XB.-IIup.
nec (D-1863, D-1862). Pacmip. mo IBP Poccuu: ITpum. Kp.,
okp. I. BmaguBocrok (D-2055), Hau. mapk “VYnareiickas
nereHna” (D-3824), Jlazosckuit 3am. (D-1096, D-1747,
D-1750).

Paragalactinia succosa (Berk.) Van Vooren, Ha nouse,
xB.-1mup. jec (D-1140, D-1144). Pacmp. o JIBP Poccumn:
IIpum. kp., okp. 1. BnaguBoctok (D-1141, D-1142, D-1143,
D-1770), Yccypuiickuii 3ar. (D-1134, D-1135, D-1137, D-1138,
D-1139, D-1887), Cuxora-AnmHckuii 3am. (D-1136).

P. michelii (Boud.) Van Vooren, Ha 1T0YBe, XB.-IIIKp. JIEC,
D-2014. Pacnp. no JABP Poccuu: IIpum. Kp., eITMHCTBEH-
HOE MECTO HaXOXICHMUSI.

Peziza badiofusca (Boud.) Dennis, Ha T1ouBe, XB.-11I1p.
(D-1892); Ha BasiexxHoi npeBecuHe, xB.-mup. (D-1878).
Pacnp. mo JABP Poccuu: IlpumM. kp., okp. I. BmanuBoctok
(D-1913), Yccypwmiickuit 3amn. (D-1874), JlazoBckuit 3arl.
(D-1744, D-1748).

P. brunneoatra Desm., Ha winctoit mouse (D-1654); Ha
necyaHoii mouBe (D-1845). Pacnp. mo JBP Poccuu:
IIpum. kp., okp. r. BmaguBoctok (D-1667), JlazoBckuii
zar. (D-1064, D-1065), Cuxora-AnuHckuii 3am. (D-1060,
D-1062, D-1063); Cax. 06i1., 0. Caxanuu (D-1061).

P. buxea Quél., Ha ouBe, xB.-1up. jec (D-2070). Pacop.
no JIBP Poccuu: I1pum. Kp., eIMHCTBEHHOE MECTO HaXOX-
TIEHMUSI.

P. griseorosea W.R. Gerard, Ha Kope BaJeXXHOro CTBoJia
XBOWHOM MOpPOMbI, XB.-1Up. Jec, D-1936. Pacrp. mo JIBP
Poccuu: I1pum. Kp., EIMHCTBEHHOE MECTO HaXOXIAEHUSI.

Pyronemataceae

Humaria hemisphaerica (F.H. Wigg.) Fuckel, Ha Bayex-
HOI ApeBeCHHE XBOMHOM MOPoIsl, enbHUK (D-457, D-1868).
Pacnp. mo JABP Poccuu: IlpumM. kp., okp. I. BmanuBoctok
(D-460, D-463), Yccypuiickuii 3am. (D-455, D-464, D-1805,
D-1869), Bepxueyccypuiickuii craimonap (D-453, D-1636),
Xankaiickuit p-1 (D-1765), Hau. napk “VYnareiickas ne-
renga” (D-3926), JTazosckwii 3am. (D-465, D-1696, D-1718),
Cuxora-AnuHckuii 3am. (D-449, D-450, D-451, D-3772,
D-3773, D-3790, D-3792); Amypckas 00Ji., ApXapuH-
ckuit p-H (D-452), bnarosemeHckuii p-H (D-1825, D-1939,
D-2246), IllumanoBckuit p-H (D-459, D-461); EAO, bu-
po6umkaHckuit p-H (D-2230, D-2567); Xabap. kp., boib-
mexexuupckuii 3an. (D-454, D-2760, D-2761, D-2825,
D-3526, D-4243), boruunckuii 3am. (D-3001, D-3355);
Cax. o61., o. Kynamup (D-4023, D-4447), o. CaxanuH
(D-456, D-458, D-462, D-2121); Kamu. kp., YcTb-Kam-
yarckuii p-H (D-3271, D-3277).

Leucoscypha leucotricha (Alb. et Schwein.) Boud., Ha
nouBe, eabHUK (D-1839). Pacnp. mo HABP Poccuu:
ITpuM. Kp., ETMHCTBEHHOE MECTO HaXOXKICHMSI.
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Scutellinia pennsylvanica (Seaver) Denison, Ha BaJiexX-
HoIl npeBecuHe, XB.-1wmp. jec (D-1861). Pacnp. mo JIBP
Poccun: ITpum. kp., okp. I. Bnaguoctok (D-4236), Yccy-
puiickuii 3amn. (D-1872), Ham. mapk “Ynareiickas nerenna”
(D-3935), JlazoBckuii 3am. (D-1261, D-1717), Cuxora-
AmuHckuii 3an. (D-1259, D-1260, D-1262, D-1263); Xa-
Gap. kp., borumHckuit 3am. (D-3365), okp. r. Komco-
MmonbcK-Ha-Amype (D-4235); Kamu. kp., Ycrp-Kamuar-
ckuit p-H (D-3280).

S. scutellata (L.) Lambotte, Ha 060oMI1IeI0# ApEBECUHE U
Kope Quercus sp., XB.-1up. Jiec (D-1859); Ha BerBsix Phila-
delphus sp. (D-2015), Ha Banexe Betula sp. (D-4225). Pacnp.
o JIBP Poccuu: ITpum. Kp., okp. I. Bmagusoctok (D-1266,
D-1287, D-1288), Ham. mapk 3emis neonapaa, 3am. Ken-
poBas Ilagw (D-1672, D-3478), Yccypuiickuit 3am. (D-1272,
D-1276, D-1280, D-1281, D-1813, D-1877, D-1879, D-1889),
Hau. mapk “¥Ymareiickas nerenga” (D-693, D-3383, D-3390,
D-3405, D-3843, D-3892, D-3941, D-4027), JlazoBcKwuii 3a.
(D-1273, D-1275, D-1284, D-1292, D-1592, D-1593, D-1594,
D-1707, D-1713, D-1716), Cuxora-AnuHckuii 3an. (D-1283,
D-1290, D-1291, D-1907, D-3774, D-3776); EAO, Bupo-
oumxkaHckuii p-H (D-2560, D-2582); Xa6ap. kp., Bonblie-
xexupckuii 3am. (D-2574, D-2768, D-2877, D-2880, D-2882),
BotunHckuii 3an. (D-3017, D-3018, D-3019, D-3045, D-3075),
AgHo-Maiickuii p-u (D-1264), Hanaiickuii p-u (D-3413,
D-3731, D-3734), 3eiickuii p-u (D-3536, D-3547), Ha.
napk Illantapckue octpoBa, o. b. Ilantap (D-4245);
Mar. 0611., okp. 1. Maragan (D-1289); Cax. o6u1., 0. KyHa-
mp (D-1641, D-3320), o. Monepon (D-3660, D-3661),
o. Caxanun (D-1267, D-1268, D-1269, D-1270, D-1271,
D-1274, D-1277, D-1279, D-1285, D-1286, D-2115, D-2234,
D-2239, D-2275, D-3440); Kamu. xp., Ycrb-Kamuar-
ckuit p-H (D-3106, D-3285).

S. umbrorum (Fr.) Lambotte, Ha 3amIenoi BiaXHO
MmouBe U WIKCThIX 3aHOocax (D-1660). Pacrp. mo BP Poc-
cuu: [1pum. Kp., okp. r. Bmanuoctok (D-1293), Ham. nmapk
“Vnareiickas nereHma” (D-3404, D-3893), JlazoBckuit 3ar.
(D-1296, D-1303, D-1304, D-1591, D-1596, D-1708);
EAO, Bupo6umkanckuii p-H (D-2584); Xabap. kp., AsiHO-
Maiickwmii p-u (D-1316), Bonbiexexuypckwii 3am. (D-2879,
D-2885), p-H IMonunbl Ocunenko (D-4376); Cax. o6u.,
o. Kynamup (D-1600), o. Monepon (D-3658), 0. CaxanuH
(D-1295, D-1297, D-3443).

Sphaerosporella hinnulea (Berk. et Broome) Rifai, na
necuaHoit mouse (D-1799). Pacnp. mo JABP Poccum:
[MpuMm. Kp., ETMHCTBEHHOE MECTO HAaXOXICHUSI.

Trichophaea albospadicea (Grev.) Boud., Ha Kope Ba-
JIEKHOTO CTBOJIa XBOMHOM Mopobl, XB.-1up. jec (D-1894).
Pacnip. mo ZIBP Poccuu: [1pum. Kp., EIMHCTBEHHOE MECTO
HaXOXIEeHMUSI.

1. hemisphaerioides (Mouton) Graddon, Ha BajexXXHOI
npeBecuHe, xB.-mup. Jec (D-1928). Pacmp. mo JIBP Poc-
cum: [IpumM. kp., okp. T. BmaguBoctok (D-1927, D-2996),
Hau. mapk 3emis neomapna (D-4421), BepxHeyccypuii-
ckuit cratmoHap (D-1595), JTazosckuii 3am. (D-1443, D-1444,
D-1447), Cuxora-AnuHckuii 3a1. (D-1442, D-1445, D-1446,
D-1448, D-3126); Xabap. kp., 3eiickuii p-x (D-1639).

Sarcoscyphaceae

Microstoma floccosum (Sacc.) Raitv., Ha BajleXXHBIX BET-
BSIX B IOOCTWIIKe, XB.-mup. Jiec (D-808). Pacmp. mo JIBP
Poccuu: Ilpum. xp., okp. r. BnanuBoctok (D-807), Yccy-
puiickuii 3am. (D-8, D-806, D-3520, D-3616); Xa6ap. kp.,
Komcomonbckuit p-u (D-7), Conneunstit p-H (D-4099);
Cax. 006171., 0. Caxanun (D-3225, D-3599).

MUKOJOI'A N ®PUTOIIATOJIOTUA

Sarcosomataceae

Galiella amurensis (Lj.N. Vassiljeva) Raitv., Ha Kope oT-
Mepuieit Picea sp., enbHUK (D-1253, D-1254); Ha Banex-
HoIi npeBecuHe XBoitHOI mopoasl (D-1257); Ha BanexHoit
npeBecuHe Abies sp. (D-1258). Pacop. mo JIBP Poccum:
IMpum. kp., Bepxneyccypuiickuii craumonap (D-1255,
D-1256), Cuxota-AnuHckuit 3arm. (D-1252); Xabap. xp.,
Bonbiexexmpcekuii 3am. (D-2765, D-2886), Hanaiickuii p-H
(D-3813); Cax. 06:1., 0. Kynamup (D-4124).

Tarzettaceae

Tarzetta catinus (Holmsk.) Korf et J.K. Rogers, Ha mmon-
cTtuiike, xB.-mwmp. Jec (D-1873, D-1886). Pacrp. no ABP
Poccum: Tpum. kp., okp. T. BmamuBoctok (D-1066, D-1068,
D-1915), Hau. napk “VYnareiickas nerenna” (D-3927), Jla-
3o0Bckuit 3am. (D-1071, D-1423, D-1745), Cuxota-AJIuH-
ckuit 3am. (D-1069, D-1070, D-1421, D-1422, D-1909);
EAO, bupooumxkanckmii p-H (D-1801, D-2117); Xa6ap. xp.,
AsiHo-Maiickuii p-H (D-1321), Boabmexexuupckuii 3arm.
(D-2555, D-2762, D-2889), borunHckuii 3am. (D-3991),
Hamnaiickmii p-u (D-3587, D-3725); Mar. 06:1., okp. I. Ma-
ragaH (D-2929); Cax. 06:1., 0. MoHepon (D-3663), o. Ca-
xamH (D-1067, D-2032, D-3487).

Ha cerogagmHnii geHb M3BECTHO OO0 yJacTUM B
Mukoouote JInuBanuiickoro xpedra 79 BUIOB TUCKO-
muiietoB. OTMeYeHHBIE BUIBI IIPEACTABIISIOT 27 pa3-
JIMYHBIX CEMEWCTB momoTaena Pezizomycotina. Snpo
paccMaTpuBaeMoii MUKOOMOTHI COCTABJISIIOT ITpeacTa-
Burenu Lachnaceae, Pyronemataceae n Pezizaceae, 9TO
He BITOJIHE XapaKTEPHO JJIST OOIIIEi CTPYKTYPhI OMOTHI
JIVWCKOMMIIETOB JaJbHEBOCTOYHOTO peruoHa (Bo-
gacheva, 2008, 2009). B BUIOBOM OTHOILIIEHUU y4a-
CTHE B HEll ONEPKYISITHBIX U MHOIIEPKYJISITHBIX TUC-
KOMUIIETOB TTOYTU PAaBHO3HAYHO, B OTJIMYME OT CO-
cTaBa MMKOOMOTBI JaJIbHEBOCTOYHOIO pErMOHAa B
ejaoM. Bo3aMoxkHO, OMHOM 13 NPUYNH TOMY HOABMK-
HbI 1O HEKOTOPOI CTEINEHU MOYBEHHBIN MOKPOB Ha
CKaJIbHBIX OCBIMSIX, KOTOPHI MPEISITCTBYET CILIOLI-
HOMY 3aJepHEHUIO W HAIWYWIO “TOJON” TIOYBBHI.
He nocnenHee MecTo B 0OBSICHEHUU 3TOTO IMMPUXOIUT-
csl Ha (pparMEHTApHOCTh M HEAOCTAaTOYHOCTD HCCIIe-
IOBaHUII TeppuTopuM. TeM He MEHee, HaM yIalaocCh
OTMETUTh TUIIMYHBIE BUABI U3 ceMeicTB Chlorocibori-
aceae, Helotiaceae, Orbiliaceae, Pezizellaceae n Rhytis-
mataceae, pa3jararmIiiyie B XBOMHO-IITNPOKOJIMCTBEH-
HBIX JaJbHEBOCTOUYHBIX JieCax PACTUTEIbHBIM omaj.
CpaBHUTEJILHO HEOOJIBIION CIMCOK BKIIIOYAET Kak
IIMPOKO PACIIPOCTPAHECHHBIE II0 PETUOHY I'PUOHI (As-
cocoryne sarcoides, Calycina citrina, Chlorencoelia ver-
siformis, Chlorociboria aeruginascens, Ch. aeruginosa,
Cudonia circinans, Hymenoscyphus caudatus, H. scutu-
la, Lachnellula calyciformis, Leotia lubrica, Orbilia
xanthostigma, Rodwayella citrinula, Spathularia flavi-
da), Tak v psii penKux, UMEILINX eAMHUYHbBIE TOUKU
coopa (Cenangium ferruginosum, Ciborinia candollea-
na, Encoelia furfuracea, Heyderia abietis, Lachnellula
Sfuckelii, L. minuscula, Leotia marcida, Microglossum
rufum, Pezicula carpinea, Pezoloma fergussonii, Rutstro-
emia petiolorum, Sclerencoelia fascicularis, Trichoglos-
sum hirsutum, Tympanis prunastri, Tryblidiopsis pinas-
tri). Ymanoch OOHapyXXWUTh HOBBIC IJII MUKOOMWOTHI
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Puc. 1. CxoacTBO BUIOBOIO COCTaBa TMCKOMUIIETOB pa3-
JIMYHBIX (haopucTudyeckux paiioHoB JlaabHero Bocrtoka
Poccun: A — Amrynnckmii; b — Bypeunckuit; K — Kam-
yarckuii; JI — repputopust JluBaaguiickoro xpebra; H3 —
Huxne-3eiickuit; O — Oxorckuit; CC — CeBepo-Caxa-
muHckuit; YC — Yecypuiickuit ceBepHblii; YL — Yecy-
puiickuii ueHTpanbHblil; YIO — Yccypuiickuil 10XXHBI;
IOK — KOxno-Kypunbckuii; FOC — FOxxHo-CaxaJTuHCKMiA.

Kpas Buabl. Tak, Ha TTOACTUIIKE OBLIN COOpaHbI TPUOBI
Ciborinia candolleana n Verpa bohemica. TlepBblil U3
HUX BIIEPBBIC YKA3bIBAECTCS 30€Ch U JJII MUKOOUOTHI
JIadbHEBOCTOUHOTO pernoHa Poccun. Hamu otmeue-
HBI €lle OBE HOBUHKU PErMOHAJILHOTO YPOBHSI —
Paragalactinia michelii Ha Oypoi1 1eCHOI IIOYBE B I10-
JIMIOMUHAHTHOM Jiecy U Sphaerosporella hinnulea Ha
Mecke BIoJIb Oepera pydybsi B 30He 3arljiecKa.

ITo reoborannueckomy paiionupoBanuio b.I1. Ko-
JIECHUKOBa MccliefyeMasi TeppUTOpUsI OTHOCUTCS K
CyuaHcKo-BrnagnBocTokcKkoMy OKpyry MaHbuXyp-
CKOM MpOBUHUMHU JaTbHEBOCTOYHOI XBOMHO-IIUPO-
konucTBeHHoM obnactu (Kolesnikov, 1955). B pactu-
TEJIBHOCTU 10 CUX MOP Y4YacCTBYIOT IpeACcTaBUTEIU
Typraiickoit Jiopbl, UTO OIIpeleJisieT CTaTyc JIECOB
HITDKHETO TTosica Kak pennkToBble (Kurentsova, 1968).
Bo3MoXHO, 3TO 00CTOSITEILCTBO OOECIIEUIIO pa3BU-
THE Ha 3TOU TEPPUTOPUU HE YACTO BCTpevyaeMble B
IOXHOM YacTu peruoHa rpudsl — Leucoscypha leu-
cotricha, Pachyella celtica, Paragalactinia succosa,
Peziza badiofusca, Sphaerosporella hinnulea, Tricho-
phaea albospadicea v T.11., HE TOMTHNUMAIOIIIMECS CEBEP-
Hee 50-it mapautenu. KinactepHblit aHaiu3 rokasain,
YTO MUKOOMOTa JUcKoMUlieTOB JIuBaguiickoro xpeod-
Ta HOCUT YEePThl TAKOBBIX COCETHUX (DIIOPUCTUYECKUX
paitoHoB (puc. 1). Bunbsl 06pa3yioT 1Be BbIpaxkeHHbIS
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KJIACTePHbBIC TPYNIIBI — HU3KOE CXOACTBO BHUIOBOIO
coctaBa (3HayeHUs KO3 UIIMEHTAa CXOACTBA HUXE
0.4), Ho ycTOMYMBOCTH OOpa30BaHUsI BETBEU ICHAPO-
rpaMMBbI OATBEPKIAETCS BEICOKUMM OyTCTpEIl-3Ha-
yeHustMu (Bbiiie 50%). I'pynna mmpokopacpocTpa-
HEHHBIX BUJIOB ITO3BOJISICT BKJIIOYATh B aHAIU3 CpaB-
HUTEIbHO OTHaJeHHBIe (popucTudeckre p-Hbl. Mx
BBIpakKeHHasT 000CO0JIeHHOCTb MOXET OBITh BEI3BaHA
TakXe U HeJOCTaTOYHOCThIO 3HAHUIT O pa3HOOOpa3un
JIVCKOMUIIETOB B MMKOOMOTE paitoHOB. Tak, XOpoIio
npocnexuBaercd KamuaTcko-OXOTCKMiT — KimacTtep.
VcroitunBel BeTB HikHe-3eiickoro 1 AMIyHBCKOTO
pP-HOB, B TPaHMIIBI KOTOPHIX 3aXOASIT HEMHOTOYHC-
JIEHHBIE BUIbI, B OCHOBHOM JIepeBOpa3pyIlaliue, C
3aragHoro MakpockiioHa Cuxora-Anuns, u FOxHo-
Kypunbckoro, nmeromero ¢ Mmukoonorou JlnBaguii-
CKOro XpeOTa o0I1e HarmoYBeHHbBIE 1 AepeBOpa3pyllia-
foire Buabl. YacTh BUIOB, OTMEUEHHBIX Ha JIuBamuii-
CKOM XpeOTe, BCTpeJaroTcs Ha CeBEPO-BOCTOYHOM MaK-
pockioHe Cuxor3-AmmHsA U ceBepe CaxanuHa. DTo
BIIOJIHE OOBSICHMMO OOIIHOCTHIO ITPOMCXOXKICHUS
TeppuTopuii u ¢opmupoBanus dnopsl (Pletnev, 2004).
B ocHOBHOM Xe cocTaB MUKOOMOTBHI TMCKOMUIIETOB
XpebTa OJIM30K K TaKOBHIM IOXKHBIX OTPOTOB U ILIEH-
TpanbHOU 9acTn CUXoT3-AMMHS, BKITIoJass 06a MaKpo-
CKJIOHA. DTO JepeBopaspyliaionivne u snadoduiabHbIe
BUIBI, CBOUM paCIIpOCTpaHEHUEM He MOMIepKUBaIO-
mue gaopucTuyeckoe paioHUpoBaHue. Bo3amMoxHO,
YTO JaJibHElIlee W3y4eHHEe CcOoCTaBa MMKOOMOTHI
JTaTbHEBOCTOYHOI'O PETMOHA MTO3BOJIUT MOIYYUTh 0O~
Jiee JOCTOBEPHYIO KapTUHY €r0 COOTBETCTBHSI CYIIle-
CTBYIOLLIEMY PAOHUPOBAHUIO.

Takum oOpa3oM, BUIOBOI COCTaB AUCKOMUIIETOB
JImBagmiickoro xpebTta pa3zHOOOpa3eH, NPOSBISIET
YepThl JAJIbHEBOCTOUYHOI pernoHajbHOt MHKOOWO-
ThI, BKJIIOYaeT psia penkux BunoB. [locnenHue obma-
Tal0T TU3BIOHKTUBHBIM apeayioM, I'PaHUIIbBI KOTOPOTO
B perMoHe He TepecekaroT 50-10 mapaijienb.
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Discomycetes of the Livadiysky Ridge (Primorye Territory, Russia)

A. V. Bogacheva®*

4 Federal Scientific Center of the East Asia Terrestrial Biodiversity of the Far East Branch of the Russian Academy of Sciences,
Vladivostok, Russia

#e-mail: bogacheva@biosoil.ru

The article presents the results of a revision of the collection of discomycetes found in plant communities of the
subalpine belt of the Livadiysky Ridge. The ridge is located in the south of Primorye Territory and is character-
ized as an area with well-preserved southern indigenous Far East vegetation in its lower belt. In the volume of the
studied 118 specimens, 62 species were identified, among which are both widespread and new to Primorsky Krai.
To date, 79 species of discomycetes are known to occur in the plant communities of the Livadia ridge. The list of
species known in the mycobiota of Primorye Territory was supplemented by five taxa, of which three are new for
the Far East region of Russia (Ciborinia candolleana, Paragalactinia michelii, Sphaerosporella hinnulea). For a
number of rare species, new locations were noted. Thus, the second collection point in the region was indicated
for Cenangium ferruginosum (on dead wood of Quercus mongolica) and for Sclerencoelia fascicularis (on dead

wood of Populus sp.).

Keywords: Ciborinia, mycobiota, Paragalactinia, Russian Far East, Sclerencoelia, Sphaerosporella
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NCCIIEAOBAHUE TPOMBOJJIMTUYECKOTI'O ITOTEHIINAJIA
OK3OITPOTENHA3, ObPASYEMbIX MUKPOMMUIETOM TOLYPOCLADIUM
INFLATUM 62A, BBIIEJIEHHBIM N3 I'PYHTOB BEJIOTO MOPA
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HccnenoBaHbl TPOMOOIUTUYECKHME CBOMCTBA IIpeIlapara 9K30IpoTenHas Mukpomuuera Tolypocladium infla-
tum 62a, BBIIEJIEHHOTO U3 IPyHTOB Beloro Mopsi, a Takke OTAENbHBIX ero (hpakiuii, MOJy4eHHBIX TTOCIE N30~
2JIeKTPODOKYCUPOBAHUS, B CPABHEHUU C OMMXKANUIIMM aHaJOroM-TIPOAYyLIEHTOM TPOMOOIUTHYECKUX dep-
MeHTOB 7. inflatum k1. [TokazaHbl BbIpask€eHHbBII TPOMOOIUTUYECKUI TTOTEHIIAJ, HAJTUUre UOPUHOIUTUYE-
CKOW M aKTMBATOPHOM K TIJIAa3MUHOTE€HY aKTMBHOCTHU, CIeUM(UUEecKO MPOTEOJUTUYECKON aKTUBHOCTU B
OTHOIIIEHNU HEKOTOPBIX CYyOCTPATOB, a TAKXKE MPOJIOHTMPOBAHHOTO TPOMOOIUTUYECKOTO 3hheKTa B OTHOIIIE-
HUM (GUOPUHOBBIX CIYCTKOB. DTH CBOICTBAa MOTYT HAlTU IIPMMEHEHHE B pa3pab0TKe HOBBIX TPOMOOIUTHYE -
CKMX TIperapaToB i Teparnuy TPOMOOTUYECKUX COCTOSTHUI, CO3MaHUN MPOTUBOTEMAaTOMHBIX TpeIapaToB
IUJTSI HAPY>KHOTO MPUMEHEHMUSI, a TAaKXKe TMAarHOCTUYECKUX HAOOPOB Ha MaTOJOTMU CUCTEMbI T€MOCTa3a Yesio-
Beka.

Knrouesole crosa: BHEKIIETOUHbBIE IIPpOTE€HMHAa3bl, MUKPOMMIETHI, CUCTEMA Ir€MOCTa3a, TpOM6OJTI/I3I/IC, TpOM6OTe—

pamnusi, GudopuHOINTUIECKIE (DePMEHTEI
DOI: 10.31857/S0026364823020071, EDN: NIXIPI

BBEAEHWE

CepaeuyHo-coCyaucThie 3a001eBaHUS M UX OCIIOX-
HEHUS 3aHUMAIOT JIMAUPYIOLINE ITIO3ULIMU CPEIU TJI0-
OaNbHBIX NPUYNH cMepTHOCTU. Tak, Harpumep, B
2019 r. nmemuyeckast 00Je3Hb cepalla U UHCYJILT 10
JaHHbIM BO3 3aHnManmu Tuaupyoliye MO3ULIMNA T10
nmanHoMmy nmokasareio (WHO, 2019). Kpome Toro, 1ma-
TOJIOTUU CEPACYHO-COCYAVCTOM CUCTEMBI M CUCTEMBbI
reMOCTa3a YaCTO MOTYT OBITh CBSI3aHBI C BOSHUKHOBE-
HUEM U pa3BUTHEM TPOMOOTUUYECKUX OCIOXHEHMWIA,
KOTOpbI€ TakKXKe MOTYT OBITh ITOTEHLIMAJIBHO JIETaJlb-
HbIMU. OTHUM U3 HanboJiee 3 OEKTUBHBIX ITOIXO0I0B
KYIIMPOBaHUS 1 TEPAIIMU TPOMOOTUIECKIMX OCJIOKHE -
HUi1 SBJISIIOTCSI IpelapaTbl-aKTUBATOPhI TIA3MUHO-
reHa. OHM CIOCOOGHBLI OKa3bIBaTh CTUMY/IUpPYIOIIEE
JIeiicTBHE Ha CUCTEMY FeMOocTa3a 60JIbHOTO, OMHOBPE-
MEHHO O0CBOOOXIasi KPOBOTOK OT TPOMOOB 1 B TO Xe
BpeMsI, HE BbI3bIBasl CEPbE3HBIX OCIIOKHEHUI, CBSI-
3aHHBIX C OOWJIBHBIMU KPOBOTEYECHUSIMU WIU pe-
TpoMOo3amMu. OgHAKO 10 CUX TTOP MTPUMEHEHUE TaK1UX
MperapaToB, KaK CTPENTOKNHA3a, YyPOKMHA3a, aJIbTell-
Jla3a U X COBPEMEHHBIX aHAJIOTOB SIBJISIETCS OTPaHU-
YEHHBIM B CBSI3U C MX JOCTATOYHO BBICOKOII CTOMMO-
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CTbIO U PUCKaMM HENEePEeHOCHUMOCTHU: KPOBOIIOTEPH,
BO3HUKHOBEHUS pa3IMUHbIX peaKluii TUIepUyBCTBU -
TEJIbHOCTU OpraHU3Ma U OOLIMPHBIX KPOBOUSIUSHUI
B XM3HEHHO BaxXHbIX opraHax (Baker, 2002). Ilep-
CNEKTUBHBIM OTBETOM Ha MpoOJeMy Tepaluu 1 1ua-
THOCTHKM JIeUeHUs] TPOMOO30B MOXKET CTaTh MpUMe-
HEHME TIperapaToB Ha OCHOBE MNPOTEOJUTUYECKUX
¢dhepMeHTOB MUKpPOCKOTIIMYecKux rpudos. [Touck co-
BPEMEHHBIX, CITeM(PUUIECKUX U OE30MaCHBIX TPOM-
OOJUTUUYECKUX BELIECTB SIBJISIETCSl BaXkKHOU 3amaueit
COBpEMEHHOI MeAUIIMHBI 1 6roTexHooruu (Balami
et al., 2013). OgHUM U3 IIEPCHEKTUBHBIX Hampablie-
HUIi1 TIedeHUsI TaKUX 3a00JIeBaHUI U pacIliupeHus My-
Jla TpOMOOJUTUYECKUX TIperapaToB SIBISETCS MC-
Mnoyib3oBaHue OoJiee creluGUUYHBIX U Oe30TacHbBIX
MPOTENHA3, TTOJIyYeHHBIX U3 KYJIbTYypaabHOMN XUIKO-
ctu mukpomuietoB (Hao et al., 2018). B nanHoii pa-
0oTe n3yyeHo GUOPUHOIUTUYECKOE IECTBUE ITPOTE-
MHa3 IITaMMa MUKpomuiieTa poaa Tolypocladium, Bbi-
JleJIeHHOTO 13 MoYB benoro Mopsi, a Takke MpoBeIeHO
CpaBHEHUE HEKOTOPbIX OUOXMMHUYECKHUX CBOICTB,
OMNpeAeSIONIMX TPOMOOJIUTUIYECKUIA TOTEHIIMA, C
JIPYTUM W3BECTHBIM MPOAYLIEHTOM (DEPMEHTOB, aK-
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TUBHBIX B OTHOIIICHUM CUCTEMBI remocrtasa, 1olypo-
cladium inflatum k1. IlomydeHHBIEe OaHHBIE MOTYT
CTaTh OCHOBOM 151 pa3pabOTKM TpoMOOTepareBThYE-
CKUX CPEICTB Ha OCHOBE IIpeIapaToB MUKPOMUIIETOB
JMIAaHHOI IPyMIbl, a TAKXKE IMarHOCTUYECKMX HA0OPOB
(AMarHOCTUKYMOB) IIJISI BBISIBJICHUSI HEKOTOPBIX ITaTO-
JIOTMYECKHX COCTOSIHUI CMCTEMBI TeMOCTa3a.

MATEPHAJIBI 1 METO/bI

IIpoayueHnT m yciioBusi KyJabTuBHpOBaHHA. OObeK-
TOM HWCCJEAOBAHUS CIYXKUJ IITaMM MUKPOMMIIETA
T. inflatum 62a, BBIOEJIECHHBLIA U3 AOHHOIO TPYHTA.
IMoceBHOIT MaTepura MOJIyJaJI CMBIBOM CITOpP C TO-
BEPXHOCTHU KYJIbTYPbI, BbIpAIlICHHOI B TMPOOMpKax Ha
CKOIIIEHHOM cycJIo-arape B TeueHue 7 cyT ripu 25°C, B
MUTaTeNIbHYIO cpeny coctaBa (%): cycino — 6.7, nmo-
ko3a — 2.0, nerton — 0.1 (Batomunkueva, Egorov,
2001). IMTocne 2 cyT KyJIbTUBUPOBAHUS YaCTh OMOMAac-
CHI TIEPEHOCIJIN B (hepMEHTAIIMOHHYIO CPEIy COCTaBa
(%): rmuuepud — 7.0, mmoko3a — 3.0, rugpoausar
pbIOHO Myku — 3, NaNO; — 0.2, MgSO, x 7H,0 — 0.1,
KH,PO,—0.1. KynbTuBUpOBaHE€ MUKPOMUIIETA OCY~-
IIECTBIISIIA B YCIOBUSIX TIIYOMHHOTO KyJIbTUBUPOBA-
HMSI B KauyaJOYHBIX Koj10ax oobemMoM 750 mi1, cogepxka-
mux 100 M cpenpl, Ha opOuTanbHOM Kadanke (200
006./MuH) mipu 28°C.

IToayyeHue mpemapaTta mpoTeMHa3 W3 KYJbTypaJib-
HOIi JKUJAKOCTH U MX pasaenenue. [lociie KyJIbTUBUPO-
BaHMS MUKPOMUIIETA HA (pepMEHTALIMOHHON cpelie B
TedeHue 3 CyT, KyJIbTYPaJIbHYIO XUIKOCTh OTAEIISIIN
OT 6MoMaccChl (PMIBTPOBAHUEM BOJOCTPYITHBIM HACO-
coM 4epe3 ¢uibTpoBanbHyl0 Oymary (“D®C”, Poc-
cust). BHekeTouHble O€JIK1 13 MOJYyYEHHOM KYJIbTY-
paIbHOI XUAKOCTU OCAXIaIN CYIb()aTOM aMMOHUS
npu 80%-i1 crerieHn HachbleHust. Ocagok OeIKOB
dopmupoBaicga npu 4°C B TeueHue 12 4. 3ateM ero
oTaensu ueHTpudyruposaHuem npu 15000 g (20 MuH,
4°C), pacTBOpsIM B MUHUMAaJbHOM 00beme 0.01 M
Tpuc-HCl-6ydepa, pH 8.2, u nuanuzoBaiu B nua-
JIM3HBIX MEIIIKax MPOTUB TOro xe Oydepa (12 4, 4°C).
ITonyueHHbIi p-p 6€JIKOB IeHTpUPYTrMpoBaiu B aHa-
JIOTUYHBIX YCIOBUSX IJIsl yOaJleHUsl ocaika U 3aTeM
JnowibHO BbICylIMBaIU. benku pasmensyiui MeTo-
JIOM M303JIEKTPO(OKYyCHMpPOBaHUS Ha KOJIOHKE 00be-
moM 110 M (“LKB”, IlIBewus1) B rpaiueHTe MJIOTHO-
ctu caxapo3sl 0—40% u pH 3—10, cozmaBaecMoM amdo-
mmHamu (“Pharmacia”, IIIBenust), pu HaIIpsSDKeHUN
800 B B Teuenue 36 u (Osmolovskiy et al., 2013). Bo
dpakuusax (0o6beMoM 1 MJT) TTocIe AMOLUN C KOJTOHKU
onpenensuii pH, comepxxaHue 6eaka 110 ONTHUYECKOM
MIOTHOCTH TIpU 280 HM U OOIIIYIO TPOTEOTUTUUECKYIO
aKTUBHOCTb.

Onpenenenne o0meil NMPOTEOIMTHIECKOH AKTHBHO-
cti. OOIIYI0 IPOTEOJUTUIECKYIO aKTUBHOCTD OIIPE/IE-
JISUTM MOAU(ULIMPOBAaHHBIM METOAOM AHCOHA—Xaru-
Xaphl 110 KOJIMYECTBY TUPO3UHA B HEOCAXKIAEMBIX TPU-
XJIOPYKCYCHOII KHCJIOTOM MPOAYKTaX IIPOTeOIn3a
rociie 10-muHyTHOrO ruaponusa 1%-ro pactBopa Ka-
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3enHa B 0.1 M Tpuc-HCI 6ydepe (pH 8.0—8.2, 37°C),
Kak orucaHo paHee (Osmolovskiy et al., 2016). Ak-
THUBHOCTD BBIpaXXaJI B MKMOJISIX THPO3UHA B MUHYTY
(ETMp)'

Onpenenenne coaepxkanusa Oeiaka. CoaepxkaHue
GenKa OIpenessIi CIIEKTPOGOTOMETPUIECKI B KIO-

BeTe ¢ wimHou mytu B 1 cm npu 280 um (Gertler, Trop,
1971).

Onpenenenne pH 1 TeMnepaTypHOro onTumMymMa aK-
THBHOCTH H ONTHMYMA CTAOWJILHOCTH mpenaparta. pH-
ONTUMYM aKTUBHOCTHU Tipernapara onpenensiiv B 0.4 M
YHUBEpCcaJbHOM (HaTpuii-alerar-gocpar-00paTHOM)
oydepe ¢ pH ot 3.0 mo 11.0. K 150 mxu1 6ydepa ¢ coot-
BeTCTBYIOIIMM 3HaYeHreM pH mo6apisuim 100 MxJ1 pac-
TBOopa pepmenTa 1 100 MKJT pacTBOpa cyocTpara. s
onpeneneHusi pH-ctabuiabHOCTU (hepMeHTa MPOBO-
IV WHKYOAllMIo Tiperaparta B pacTBopax Oydepa ¢
pa3HbiMu 3HadyeHusmu pH nipu 37°C B TeueHue 2 4,
MOCJIe YETO OIPEeAeIs/IN Ka3eMHOJUTUUECKYIO aKTHUB-
HOCTb. [loydeHHBIe pe3yiabTaThl BeIpaXaid B % OT
WCXOOHOW aKTUBHOCTU. TeMIlepaTypHBIA OIITUMYM
IS AeiicTBuUs rpernapata onpeaessyiv B 0.05 M Tpuc-
HCIl oydepe, pH 8.2, mo ka3eMHOIMTUYECKOM aKTUB-
HocTtu 1ipu 25, 30, 37, 45, 55 u 65°C. TepmocTabuJjib-
HOCTB IpernapaTa u3ydajiv Npyu MHKyoanuu pepmeHTa
MpU 3alaHHBIX TeMMepaTypax B TeUyeHue 2 U U BbIpa-
>Xanu B % OT UCXOMHOM aKTUBHOCTH (DepMeHTa.

Onpeaenenue NPOTEOIUTHIECKO AKTUBHOCTH B OT-
HOIIEHNH OTHEJbHBIX 0EJIKOB CHCTEMBI reMoCcTa3a. AK-
TUBHOCTb IIpernapara npoTrernHas, oopasyembix 1. in-
flatum 62a, B oTHOILIEHNU GETKOB CUCTEMBI TeMOCTa3a
OMpPEAESIN M0 PaCHIEIUVIEHUIO WX CHelu(pUIecKnX
XPOMOTEHHBIX TMENTUAHBIX CyOCTpaTOB: IJIa3MUHAa
(H-D-Val-Leu-Lys-pNA u For-Ala-Phe-Lys-pNA),
TpoMOuHa (Tos-Gly-Pro-Arg-pNA u H-D-Phe-Pip-
Arg-pNA), dakropa Xa (Z-D-Arg-Gly-Arg-pNA),
ypokuHa3bl (pGlu-Gly-Arg-pNA), TKaHEeBOTO aKTH-
Baropa masmuHoreHa (H-D-Ile-Pro-Arg-pNA), cy6-
Tum3nHa (Z-Ala-Ala-Leu-pNA), snacrassl (Suc-Ala-
Ala-Ala-pNA), tpuncuHa (Bz-Arg-pNA). H3mepe-
HIE ONITUYECKOI MJIOTHOCTH ITpOoBOaVIIM 1Tpn 405 HM Ha
criektpooromerpe Eppendorf kinetics (I'epmanust).
Peaxkuyu npoBonuiau nytemM 1o0aBjieHUs K Tpernapa-
Ty ipotenHas 0.05%-1o pacTBOpa COOTBETCTBYIOIIIETO
cyoctpata, npurorosjieHHoro Ha 0.05 M Tpuc-HCI-
oydepe, pH 8.2 (Osmolovskiy et al., 2012). 3a equaUILY
aktuBHOCTHU (E) mpuHMManu KOJIU4eCTBO MKMOJIb IT-
HUTPOAHUJIMHA, OTIIENMUBIIErOCs OT XPOMOT€HHOTO
cyocrpara 3a 1 mus npu 37°C.

Onpenenenye MIa3sMUHONOIO0OHO M AKTHBATOPHOM
K IUIA3MHHOTEHY AKTHBHOCTH HAa (PMOPHMHOBBIX ILIACTH-
Hax. Il1a3sMuHOIIONOOHYIO aKTMBHOCTh (Ha MpoTrpe-
ThIX (GUOPHUHOBBIX IMJIACTUHAX) U AKTUBHOCTb aKTHBa-
TOPOB IUIa3MMHOTIeHa (Ha HEIPOrpeThix (PUOPMHOBEBIX
IUIaCTUHAX) IITAMMOB OIPEAE/IUIN 110 MOTU(PUIIMPO-
BaHHOMY MeTonay AcTpyna—Miosiepua—JlacceHa u
BhIpaXXaJIl B YCJIOBHBIX €IMHUIIAX Ha 1 MJI KyJIbTY-
panpHOM xkuakoctH (Landau et al., 2000). st ipuro-
TOBJIeHUSI (PMOPUHOBOM TUIACTUHBI B 4Yaiike IleTtpu
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cmermmBan 9 mit 0.76%-ro pactBopa GubpHMHOTEHA B
0.2 ma 0.4%-ro pacTBOpa TpOMOUHA, ITPUTOTOBJICH-
HBIX Ha cMecH (pusHnojiornueckoro pactesopa u 0.05 M
Tpuc-HCI 6ydepa (pH 8.2) B coorHomenuu 9 : 1.
Nuxyb6anmio GUOpMHOBEIX TVIACTUH ¢ HAHECEHHBIMU
obpazuamMu GuibTpaTa KyJbTypaJbHON KUIAKOCTHU
MUKpoMHuLIeTOB (30 MKJ) MPOBOIAUIN B TeUeHUE 6 4
npu 37°C. 3a yCJIOBHYIO €IMHUILY aKTUBHOCTU MPU-
HMMaJIY 30HY Ju3uca B 10 MM2, koTopast o6pasyeTcs 3a
3—4 4 yuHKyO6auuu GUOPUHOBBIX tacTuH mpu 37°C.

BbisiBiieHne Kkoaryiaa3Hoii akTtuBHocTH. Hanuuue
Koaryjaa3HOM aKTUBHOCTHU TIpeliapaTa BBISIBIISUIN 110
BU3yan3aluu (GuOPMHOBOIO BOJIOKHA B JKCIIEPU-
MEHTaxX CO CBepTbiBaHMEM (UOpPMHOTEeHa 4YejloBeKa
(Sigma-Aldrich, CIIIA) u 6sika (H2B Medical, CIIIA).
B nipobupku tumna “Bnmennopd” moodasasuia 0.1 Mt
npemnapara npotenHas u 0.2 mu 0.4% pactBopa pu6-
pUHOTeHAa 1 HAaOII0OaIM BU3yaIn3allnio GUOpPMHOBO-
TO BOJIOKHA UJIU €€ OTCYTCTBUE. B KauecTBe KOHTPOJISI
nucrnoiab3oBaiu 0.1%-it p-p TpoMOUHA.

OmnpeneneHne yrieBOAHOIO0 KOMIIOHEHTA. YTJIEBOI-
HbIIf KOMIIOHEHT B COCTaBe MOJIEKY/] IIpOTeMHAa3
OMpeAesiv ¢ TIOMOIIbIO MEPUOTHON KUCIOTHI U pe-
aktuBa Hludda (pykcmHCEpHUCTOM KMCIIOTHI) METO-
JIOM DOT-OJIOTTMHTA Ha HUTPOILIEJUTIONO3HBIX MeMOpa-
Hax Kak ornucaHo paHee (Thronton et al., 1996; Averi-
na, Snegireva, 1980). B kauecTBe MOJOXUTEIHLHOTO
KOHTPOJISI MCHOJb30BaId PACTBOP BHEKJICTOYHOI
PO KeBOM MHBepTas3bl (0.5 Mr/mir), a B KaUYeCTBE OT-
punarenbHoro — 0.5 mr/mi BCA.

Onpeaenenne TpoMooATHIECKOTO 3(heKTa nmpena-
pata. @opmMupoBanu (GUOPUHOBBINM CTYCTOK B MPO-
oupkax Tmna “OmnmneHmopd” myreM moOaBICHUS B
Kaxxmayto mpooupky 100 MKiT yeJioBeUeCcKO Ira3Mbl 1
20 MKJT TpoMOUHa, (PUKCUPOBAIM Maccy NpoOUPKU
IO, BO BpeMsI (ITOCJIe KaXKIIOTO 3Tara) v Iocje dKCIIe-
puMeHTa. J100aBIIsIIM K KaxKaoMy 00pa3ily GuopruHo-
BOTO CrycTKa Ipernapar nporenHas 7. inflatum 62a n
¢puKCHUpPOBaIN U3MEHEHNE MACChI Yepe3 paBHbBIC IIPO-
MexxyTku BpemeHu (30, 60 1 90 mun). 1o ocTtaTouHOi
Macce crycrka (BhIpakeHHOM B % OT mepBoHadajlb-
HOI1 MacCHI CTyCTKa) OIIPEeAesIsii CTelleHb ITPOTeKa-
HUS TPOMOOJIM3KMCa B 00pa3liax ¢ TeUeHUEM BpEMEHU
(Kotb et al., 2015).

IIpenapaTuBHbIii 3J1eKTpOoope3 0eKOB. DIEKTPO-
¢dopeTrnueckoe paszneneHue OETKOB MOJYYEHHOTO
npenapata nposoauiau B [TAAT 1o metony 3Buca B
Tpuc-rmunuHoBoM Oydepe, pH 8.3, ¢ KoHIIeHTpau-
eif akpuiaMmuaa B BepxHeM rese 6.0% u B HIDKHEM —
7.5%. I'enb ipokpartiuBaiu 0.08%-m p-pom Kymaccu
6puiinaHToBOrO roiy6oro G-250 B 3.5%-i1 xnopHOit
kucinore (Holbrook and Leaver, 1976).

PE3VYJIBTATDbI

M3onaT mraMmMa MUKpPOMULIETA, BbIIEJIEHHBIN U3
nouB benoro Mopsi, uneHTuGULIMpoBanu 1Mo Mmopdo-
JIOTUYECKUM, KYJIbTYPaJbHbIM U T€HETUYECKUM TTPU-
3HakaM (Metomom ITIIP u mocnemyrommMm ceKBEeHU-
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poBanueM yyactka ITS p/IHK). B coorBeTcTBUM C pe-
3yJILTATOM UCCJIEIOBaHUS TTOCIiefOBaTeIbHOCTH 5.8S
pPHK 6bUTO yCTaHOBJIEHO, YTO BBIAEIEHHBIN IIITAMM
OBUI CXOX C APYTMM paHee ONMUCAHHBIM IITaMMOM
T. inflatum (gene bank 1D no: MH864514.1, unentuu-
HOCTb — 99% ; TOKPBITHE TOC/IE0BATENHLHOCTH — 92%),
OQHAKO IO COBOKYITHOCTH T'€HETUYECKUX U KYJIbTY-
paJbHBIX IMIPU3HAKOB ObLIO YCTAHOBJIEHO, YTO BbIJIE-
JICHHBI U3 TPYHTOB benoro Mops IITamMM SIBIISIETCS
YHUKAJIbHBIM 1 eMY ObLI IIPUCBOEH HOMep 62a.

JvnHaMUKy HaKOIUJIEHUS TIPOTerMHa3, 00pa3yeMbIX
mraMMoM Mukpomuiera 7. inflatum 62a, nsydanu B
TedeHHe 7 CyT MPpU IITyOMHHOM KyJbTUBUPOBAHUU Ha
opOuTaIbHOM 1eiikepe pu Temiieparype 28°C, exe-
ITHEBHO OITpeneiss KOHIEHTpalum Oeinka, Gpuopu-
HOJIMTUYECKYIO, aKTUBATOPHYIO K TIJIA3MUHOTEHY M
0OIIIyI0 TTPOTEOJIUTUYECKYIO aKTUBHOCTh. Kak BUIHO
3 puc. 1, MaKCUMaJIbHBIEe 3HAYCHUST KOHIICHTPAIIUN
0eKa JOCTUTAIMCh Ha TPETHU U LLIECThIE CYT KYJIbTU-
BUPOBaHMSI, a MAaKCUMyMaJibHble 3HaYeHus1 (huodpu-
HonuTudeckoit (700.2 yci1. em/mir), akTUBaTOPHOU K
miasMuHoreHy (367.13 ycn.en/mi) u o0Oleit mpoTeo-
JINTUYECKON  aKTUBHOCTH  (Ka3eMHOJIUTHYCCKOM,
319.5 mxMmouib Tyr/mMi1 X MUH) 1J1s1 JAHHOTO MUKPOMM -
1IeTa COBITAaIM 1O BpeMEHU U MTPUXOAUIUCH Ha TIsi-
ThIe cyT. [1py 3TOM Ha TIATHIE CYT KYJbTHBUPOBAHUS
HE IMPONCXOIMIIO 3HAUNTEIIBHOTO CHIKEHMST KOHIICH -
Tpauuu 6enka (puc. 1). B cBsI3u ¢ 3TUM 17151 HajbHE-
INX SKCIIEPUMEHTOB TOJIyJYaIl IpernapaT BHEKIIe-
TOYHBIX ITPOTEMHA3 MUKPOMUIIETA ITPU €T0 KyTbTUBH-
pOBaHUU B TEUCHMUE TISITU CYT.

OnpenenieHre TeMNepaTypHOrO ONITUMYMa aKTUB-
HOCTU HMCCJIeayeMOoro Ipenapara rnporeunas 1. infla-
tum 62a BBISSBWIO €r0 aKTUBHOCTh B MHTEPBaJIe TEM-
neparyp 25—55°C. MakcuMalnbHYI0 aKTUBHOCTbD Ipe-
napata Habmoganu npu 35—37°C. I1pu Temneparype
65°C u 6oJiee aKTMBHOCTDH MpernapaTa MpaKTHYeCKH
OTCyTCTBOBaNa. M3ydeHue TepMOCTaOUIIBHOCTU MC-
clieayeMoro Tperapara rmokasajo, YTo mpenapar co-
XpaHsUI akTUBHOCTB ITpU TeMIiepaType oT 25 no 37°C B
teueHue 2 4. [1pu remneparype 45°C aKTUBHOCTb yKe
3HAYUTENIbHO CHIKaIAach (Ha 50%), 1 OJTHOCTBIO OT-
cyrctBoBaia npu 65°C (cHuxenue Ha 90%) (puc. 2a).

OnpeneyieHNe 3aBUCUMOCTUA aKTUBHOCTU Mperna-
para npoteuna3s 7. inflatum 62a ot pH noxkasaio, 4ro
OH TIPOSIBJISIET aKTUBHOCTH B MHTepBaiie pH ot 4.0 no
8.5. Ilpu 6onee Huzkux 3HaveHussx pH (3.0 u Huke)
npenapaTr He ObLI aKTMBEH, B ILEJIOYHBIX YCIOBUSIX
MPaKTUYECKU MTOJTHOCThIO MHAKTUBUpoBaics npu pH
11.0. MakcumanbHOe 3HaUYeHNEe aKTUBHOCTU HAOJIIO-
npayv npu pH 6.0—7.0. IIpenapat GbL1 cTabMJIEH B MH-
tepBaiie pH 6.0—8.0 B Teuenue 2 4, coxpansist 100%
akTuBHOCTU pepmeHTa. [1pu pH 9.0 3a To Xe Bpemst
aKTUBHOCTB COXpaHsJIach JIUIIbL Ha 45% (puc. 20).

Takum o6pa3oM, COITIACHO TOJTYYSHHBIM BKCIIe-
PUMEHTAILHBIM JaHHBIM, OIITUMYM JEMCTBUS MTPOTE-
unHa3 Tnpernaparta 1. inflatum 62a HaXooUTCS B mpee-
JIax (pM3UOJIOTMIECKUX TTapaMeTPOB KPOBH YeJIOBEKa
(T ~ 36.6°C, pH ~ 7.5).
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(6)

MKM Tyr/mi1 X MUH

@) (8) (r, 1)
Mr/MJI‘ MKM p-NA/MII X MUH Y. en/Mi
1(9) - 300 0,017 | 1650
] : 270 |-0.015F
7t 40 0013[ - 550
6 0.011
5F210F
4+ 0.009 |
N 350
0.007f
2+
130 L
1L 0.005 1200
1 2 3 4 5 6 7 Cyt

Puc. 1. lunaMuka HaKOTUIEHUs Mpenapara rnporenHas mraMmoM Tolypocladium inflatum 62a: a — conepxaHue 6GejKa, MI/MiI;
0 — KazeMHOJUTHYECKasi aKTUBHOCTh, MKMOJIb Tyr/mMi1 X MUH; B — akTUBHOCTb ¢ dVal-Leu-Lys-pNA, MkMob pNA/MJI X MUH;
T — GUOPUHOIUTHYECKASI AKTUBHOCTb, YCII.€ll/MJI; . — aKTUBATOPHAasl K TUIAa3MMHOT€HY aKTUBHOCTbD, YCII.e/1/MJI.
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Puc. 2. Brusuaue pH (a) u temmniepaTtypsl (0) Ha aKTUBHOCTB (Y€pHBI TpaduK) 1 CTaOWIBHOCTH (Cepblil rpadhuK) mpernapaTa BHe-

KJIETOYHBIX ITpoTenHa3 Mukpomutera Tolypocladium inflatum 62a.
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Puc. 3. OnpenesneHue cTereHM TPOMOOIU3KCa BO BpeMe-
HU TIpemniapara IpoTenHa3 Mukpomuieta 7olypocladium
inflatum 62a.
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TpoMmOomuTUYeCKUiA MOTEHIIUAT OETKOBOTO Mpe-
rnapara, nNoJay4eHHOTO U3 KyJIbTYPaJbHOM KUIKOCTU
mukpomuuera 7. inflatum 62a, onipeaenstyii B 9KCIie-
pUMEHTAX [0 U3YUYEHUIO TPOMOOJIN3HMCA B YCIIOBUSX in
vitro. B pe3ynbTaTte skcnepuMeHTa yepe3 30 MUH JIH-
31C (PUOPUHOBOIO CryCcTKa cocTaBisi 39.7% (1mepBo-
HayajbHag Macca (pUOPUHOBOIO CryCTKa IOI neii-
CTBUEM IIperapara yMeHbInmiIach Ha 39.7%); yepes
60 muH coctaBisii 69.2%; a yepe3 90 MUH COCTaBUI
91.3% (puc. 3). JlaHHbIE TOKA3aTeIN MTO3BOJISIIOT I0-
BOPUTh B LIEJIOM O BBICOKOI TPOMOOJIMTUUECKOI aK-
TUBHOCTH TIOJIy4eHHOTO Mpenapara.

Jnst pazmeneHUsT KOMIUIEKCHOTO IIpernapara Oe-
KOB, 0OpasyeMbIx Mukpomuuerom 7. inflatium 62a,
KCIIOJIb30BAIM METOJ HM303JIEKTPO(hOKYCUPOBaHUS
(NDD) B unTepBaine pH amdonnnos 2.5—10.0. B pe-
synbrate MDD npenapara 6enkoB (yaeabHas IIPoOTeo-
JIMTUYECKas aKTUBHOCTb — 2.3 E/mut X 1073), moiy-
YEeHHOTO T10cjIe TITYOMHHOTO KYJIBTUBUPOBaHUS (puc. 4),
Ne 2
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Puc. 4. U3oanekrpodokycupoBaHue nipernapara nporeuHas Tolypocladium inflatum 62a.

OBLIO OOHAPYKEHO, UTO (PpaKL, 00IaJaolIe MaK-
CUMAaJIbHBIMI 3HAYEHUSIMU MCKOMBIX THUIIOB aKTHB-
HOCTU — (PUOPUHOJUTUYECKOM, aKTUBATOPHOU K
MJIa3MUHOT€HY M Ka3€eMHOJIUTUYECKOM — CXOOWIU C
KOJIOHKHU €IWHBbIM MUKOM M MMM U303JIeKTpuye-
ckyto Touky (pl) 5.65—5.85. JlanbHeine sKcIepu-
MeHTHI TipoBoausiu ¢ dpakuueit Ne 13 (pl — 5.75),
3HAYCHUS TPOMOOJMTUIECKON aKTUBHOCTU KOTOPOM
ObUIM HAUOOJBIIMMU. YOeJIbHAas MPOTEeOoIUTHYECKas
AKTUBHOCTb IIpoTenHa3bl coctaswia 0.78 E/mr x 1073,
DubpuHONMUTUYECKAs U aKTUBATOPHASI K TJIa3MUHO-
TeHy aKTMBHOCTb, OoTpeneneHHbIe s pakumu No 13,
0Ka3aJIMCh BhIIIIE, UeM JJIs1 aHAJIOTUYHBIX TapaMeTpOB
nperiapara INpOTeMHAa3 U KyJAbTypajbHOI >KUIKO-
CTU, U COCTaBWIW ISl JaHHON (pakuuy 3HAYEHUS
597 ycna. en/mr u 413 ycia. en/mr 6ejika COOTBET-
CTBEHHO.

Takkxe cnenu@UUIecKyro NPOTEOIUTUYECKYIO aK-
TUBHOCTb dpakiuu Ne 13 rMcciaenoBaiu ¢ MTOMOIIIbIO
crieunpUYeCKNX XpOMOTEHHBIX CyOCTPAaTOB — IT-HUT-
poanmnunoB. ITomyaeHHBIE pe3yabTaThl IIPEACTaBIIC-
HBI B Ta0j. 1. Kak BuaHO 13 TaGaUIIbI, BBIACICHHAS
MpoTerHa3a oKa3ajaach ClIOCOOHA pacIleIUISITh MOJIe-
KYJIbI CyOCTpAaTOB II0 OCTaTKaM JIM3MHA U JIEHIIMHA 1
NpPaKTUYECKU HECHOCOOHOM paclleIUIsITh MOJICKYJIbI
cyOcTpaTta Imo ocTaTKaM apriuHUHA.

OmnpeneneHue yrIeBOTHOTO KOMITOHEHTa METOIOM
JIOT-GJI0TUHTA Y U3Yy4aeMOI IIPOTEUHA3BI C TIOMOIIBIO
peakLM Ha TJIMKOIIPOTEMHEI IT0KA3aJlo, YTO OHA He
rMKo3WwIMpoBaHa (puc. 5). OTCyTCcTBUE JaHHOI MOCT-
TPpaHCISIMMOHHONM MoauduKaluu II03BOJISIET pac-
cMaTpuUBaTh MOTEHIMAJILHYIO BO3MOXHOCTh KJIOHU-
pOBaHUS U 3KCIIPECUM TeHa, KOOUPYIOILIEro oopa3o-

Tab6auna 1. AKTUBHOCTh BHEKJIETOUHOM npoTenHasbl Tolypocladium inflatum 62a 1o OTHOILIEHUIO K GeJIKaAM CUCTEMBI TeéMO-

cTasza 4€JIOBEKa

VienbHasi aKTUBHOCTb, E/Mit X 1073%
Tun akTMBHOCTU XpOMOTreHHBbI1 cyocTpar BbUIEEHHAst POTEMHA3A
Tiperiapar (dbpaximst Ne 13)
VYpokuHazHast pGlu-Gly-Pro-Arg-pNA 1.70 0
TpombuHOIIOTOOHAS Tos-Gly-Pro-Arg-pNA 2.42 —
[MnasMuHONIOOOOHAS dVal-Leu-Lys-pNA 5.93 27.21
®dakTop Xa-nmomobHast HD-Ile-Pro-Arg-pNA 1.07 0
CeprHOBEIX IpOTEa3 Z-D-Arg-Gly-Arg-pNA 2.20 —
CyOoTUIM3UHITONOOHAs Z-Ala-Ala-Leu-pNA 3.11 14.01
Dnacrta3Has Suc-Ala-Ala-Ala-pNA 0.87 —
TpurnicuHomoxooOHas Bz-Arg-pNA 0.30 0
[Tna3zmMuHonono6Hast For-Ala-Phe-Lys-pNA 3.34 8.80
ITpumeuanue. *3HaKOM “—” OTMEUYEHEI CIy4au, KOIJa aKTUBHOCTh He OIpeAesiach.

MUKOJIOTHUA U PUTOIATOJIOTUA
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Puc. 5. KauectBeHHasi peakiysl Ha NIMKOIPOTEUHBI: 1 —
TOJIOXKUTEBHBIN KOHTPOJIb (MHBepTa3a); 2 — ppakumst Ne 13;
3 — orpuuiarenbHbIii KOHTpOJb (BCA).

BaHWE MPOTEMHAa3bl, B MPOKAPUOTUYECKUX KJIeTKaX
(Popova et al., 2015).

ITo pesynbTaraMm 3KCHEPUMEHTOB MO CBEPThHIBae-
MoOCTU (puOpuHOTreHa yejioBeKa 1 OblKa, a TakXke B
aHAJIOTUYHBIX SKCMIEPUMEHTAX C TJIa3MOIi YeJI0BEKa U
TU1a3MOM KpOJIMKa TOf IeiCTBUEM NpoTernHaskl 1. in-
flatum 62a, B TIpoOe He HAOTIOMATN HATUIKe GUOPU-
HOBOTO BOJIOKHa (IO CPaBHEHUIO C KOHTPOJbHBIM
ciydyaeM IMpu gobGaBiieHUU TpombOuHa). Ha ocHoBa-
HUU 3TOTO MOXKHO 3aKJIIOUUTh, UTO Y MPOTEUHA3bI OT-
CyTCTBOBaJIa Koaryjaa3Hasi akTUBHOCTb, UTO SIBJISIETCS
XapaKTEePHBIM 151 TIOOBIX (PUOPUHOJIUTUYECKUX CyO-
craHuuit (Tad. 2).

BDnekTpodopeTUdecKoe UccleloBaHUe Tperapa-
TOB TMPOTEWHA3, BBIACJCHHBIX W3 KYJIbTypaJdbHOI
XKUIKOCTU WCCIAEAYeMOro IITaMMa MHMKPOMUIIETa
T. inflatum 62a IPOBOAVIN B CPAaBHEHUHM C TIpernapa-
TOM npoTeuHa3 Mmukpomuiiera 1. inflatum K1, njs Ko-
TOPOTO paHee OBLIO MMOKA3aHO HAJTMYME TPOMOOIUTH -
yeckoit akTuBHocTH (Sharkova et al., 2016). CortacHo
MOJYyYEeHHBIM NaHHBIM, 3JeKTpodoperpaMma BHe-
KJIETOUHBIX 6enkoB mrtamma 7. inflatum 62a cOOTHO-
cuTtcs ¢ anekTpodoperpaMmmoii 6enkoB 7. inflatum k1.
Ha puc. 6 BUmHO, 9YTO COOTHOIIICHNE, KOJIMIECTBO U
XapakTep pacloNOXeHUsI OEJIKOBBIX TTOJIOC Y Ipena-
paToB 3TUX ABYX LlITaMMOB poaa Tolypocladium siBnsi-
€TCSl CXOKMM, UTO, BEPOSITHO, MOXET yKa3bIBaTh TaK-
K€ Y Ha CXOXECTh CEKPETUPYEMBIX B KYJIbTYPaJIbHYIO
KUIKOCTh OEJIKOB MpU NIYOMHHOM KYJIbTUBUPOBA-
HUU, HAXOJSIIIMXCS B COCTaBe MOJIyUEeHHBIX MTpernapa-
TOB, a TaKXe Ha XapaKTep MX TPOMOOJIMTHUYECKOIO

addexra.

CornacHO TIOTYYEeHHBIM 3KCIIEPUMEHTATbHBIM
TMAHHBIM, BO3MOXHO BBIIEJIUTD PSII CXOICTB M pa3in-
YUl MeXIy mpernapaTtaMu MpoTerHa3 IITaMMOB MUK-
pomutietoB 7. inflatum 62a n T. inflatum K1: B aKcite-

"
é..
k4

4

Puc. 6. Dnexrpodopes nperapaToB IMIPOTeHA3 IITAMMOB
Tolypocladium inflatum k1 (cneBa) u 62a (cnipaBa).

pUMEHTaxX II0 TPOMOOJU3UCY IIpernapaTbl 00OUX
IMITaMMOB MUKPOMMIIETOB ITOKAa3aJIi BBICOKYIO 3(-
(EKTUBHOCTD TIPU CXOTHOM yIEIbHOM IPOTECOTUTH-
YeCKOU aKTUBHOCTH.

Temneparypubsie ontumMymbel 1 pH onrumymsr
npemnaparoB npotenHas 7. inflatum 62a n T. inflatum
k1 odyeHb OJIM3KM U HAXOIITCS B Mpeenax (PU3noio-
TMYECKUX MMapaMeTpoOB KPOBU YeI0BEeKa, YTO AcaaeT
WX MMPUTOAHBIMU JJIs1 UCTIOJIb30BaHUSI B TPOMOOTEpa-
MYU U AUaTHOCTUKE MaTOJOTU CUCTEMbI FeMocTas3a u
MO3BOJISIET UCKITIOUNTh MHAKTUBALIUIO WJIM HEIOCTa-
TOYHYIO 3(h@PEKTUBHOCTh BO3ACHCTBUS BCJEIACTBUE
onpeaeJeHHbIX CBOHCTB KPOBH.

CornocraBjeHe CBOMCTB MPOTEMHA3 IITAMMOB-
MIPOIYLIEHTOB MpeacTaBicHo B Taba. 3. Kak BugHO 13
Tabmuubl, TpoTenHasa 7. inflatum 62a TpoSIBISIET
OosblINe 3HaYCHUST (PUOPUHOIUTUISCKON U aKTHUBA-
TOPHOM K TIJIa3MUHOTeHY aKTMBHOCTHW, Y€M TTPOTEH-
Haza 1. inflatum k1.

Hnsa iporewHassl 7. inflatum 62a Takke oTMeda-
JIach BBICOKAsI B CpaBHEHMHU ¢ mportenHasou 7. infla-
tum k1 T1u1a3aMuHOMNOAOOHAsT aKTUBHOCTh, MOMUMO
3TOTO, OHA, TaK Xe, KakK u npotenHasa 7. inflatum k1,
XOTb U B MEHBIIIEH CTerleHH, 0banaia cyOTUIN3NH-

Ta6imuua 2. CeepThiBaHMe GUOPUHOTEHA U IIa3MOKOATYJIMPYIOLast aKTUBHOCTD poTtenHasbl Tolypocladium inflatum 62a

DdubpuHOreH
IMTpo6a ®dubpuHOreH ObIKA p IMna3zma kpoanka IMna3ma yenoBeka
yeoBeKa
IMpotennasa 7. inflatum 62a — — — _
KoHTponb (TpoMOUH) + + + +

MUKOJOI'A U PUTOIIATOJIOTUA
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Taomuna 3. CpaBHeHUe TTpoTenHa3 MUKpoMutieToB Tolypocladium inflatum 62awn T. inflatum k1

IIporennasa T. inflatum k1 (Sharkova et

IMapametp IIporeunasa T. inflatum 62a al., 2016)
dubpuHOIUTHYECKAS aKTUBHOCTD, 597.0 582.0
ycia.en/mr 6enka
AKTUBaTOpHAs K IJIA3MUHOTEHY aKTUB- 413.0 373.0

HOCTb, YCII.ell/MT OenKa

AXTHUBHOCTb I10 OTHOIIIeHUIO K OeskaM | [TnasmuHonono6Has (27.2), cyoTunu-
3uHnono6Hast (14.0)

CHCTeMBI reMocTasa (yaenabHasi
aKTUBHOCTB, E/Mi1 X 1073)

pl dpakim

Peakiiust Ha NIMKOMPOTEUHbI

KoarynasHast akTUBHOCTb OTCyTCTBYET

He rmuko3unupoBaHa

TpombGuHononoOHas (6.4), MIa3MUHO-
noao6Has (10.6), cyOTMIM3UHIIONO0-
Has (11.3), anmacrtasHas (19.3)

10.7

He ruko3unupoBaHa

OTcyTCTBYET

MoIO0OHOM aKTUBHOCTBIO. B oT/iMure oT mpoTenHasbl
T. inflatum 62a, nist ppakuuu nporeuHassl 1. inflatum
OBLIO OTMEUEHO HaJIM4YMe TPOMOMHOIIOTOOHOI U BbI-
paXkeHHOM 371aCTa3HOU aKTUBHOCTH.

OBCYXIEHUE

ComtacHO MoJiydeHHBIM JaHHBIM, IITAMM MUKPO-
muneta 7. inflatum 62a MOXeT OBITh MCIIOIL30BaH B
KayecTBE NEPCIEKTUBHOIO IMpPOAYylLEeHTa TPOMOOIU-
TUYECKUX (PepMEHTOB JJIsl CO3NAHUST HOBBIX JIEKAPCTB
VIV JVaTHOCTUYECKUX HAOOPOB HA UX OCHOBE.

C MOJIEKYJISIPHO-TEHETUYECKOM TOUKU 3pEHUST MUKPO-
muneTsl Buna Tolypocladium inflatum nanboJiee N3BeCT-
HbI, KaK IPOAYLIEHTHI LIMKJIOCIIOPUHA, OTHAKO B He-
JaBHUX HCCENOBaHUSIX TakKKe ObLJIO MOKa3aHO, YTO
TMAHHBIN B TPOMYLIPYET M APYTHie OMOAKTUBHBIE BTO-
pUYHBIE METAa0OJIUTHI, BKIIIOYasT WHCEKTUIIMIHBIE CO-
eIUHEeHUsI, TaKre KakK 3¢panenTUHbI U TOJUIIUH, T1-
KETOIMIIepa3uHbBl M KapOOKCUCTepUH, aHTUOMOTUK
sprokoHMH C u JIpyrvue paHee He MCCeJOBaHHbBIE
KJ1acchl (pepMEHTOB, K KOTOPBIM MOTYT OTHOCUTBHCS U
COeMMHEHUS, 00JIamaoIie TPOMOOIUTHISCKON aK-
tuBHOCThIO (Khaldi et al., 2010).

C TOUYKM 3peHUsT TPOMOOJIUTUYECKOTO MOTEHIINA-
na, wramMm 7. inflatum 62a mpoaeMOHCTPUPOBAT CITO-
COOHOCTh CHUHTE3UpPOBaTh IMPOTEOJUTUYECKUE dep-
MEHTBI, aKTUBHbIE B OTHOILIEHUU OEJIKOB CUCTEMBI Te-
MocTtasa. [Ipenapart, BbIAeIeHHbIN U3 KyJIbTypalbHOM
KUAKOCTU MMKPOMMUIIETA, MOCjie KYJIbTUBUPOBAHUS
Ha cpejie C IMIULEPUHOM JEMOHCTPUPOBaAJ BBICOKYIO
TPOMOOIUTHUYECKYIO aKTUBHOCTh B OTHOILIEHUU (PUO-
PMHOBBIX CTYCTKOB, OyAy4U CTAaOUJIbHBIM B (DU3HOJIO-
TMYecKUX MHTEpBajlax 3HaUeHui Temneparypbl U pH.
ITpoTenHasa, mojydyeHHasi mocjie U303J1eKTPOGOKY-
CUPOBaHUs, MPOSIBJIsIa BHICOKYIO (PUOPUHOIUTUYE-
CKYIO Y aKTMBATOPHYIO K TJIa3MUHOTEHY aKTUBHOCTD,
MPEBOCXOASIIYIO IO CBOUM 3HAYE€HUSIM MPOTEHHA3Y
omkaiiero mramma-aHaiaora 1. inflatum k1. Taxke
JlaHHas MpoTerHa3a Oblla aKkTMBHA B auarna3oHe pH,
O0nu3KoM K ectectBeHHOMY pH KpoBu, U oOiagana

MUKOJIOTHUA U PUTOIATOJIOTUA
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IIOMUMO Bpra)KeHHOfI HJ'[aBMHHOHO,Z[O6HOﬁ, TaKXKe 1
3J1aCTa3HOM AKTUBHOCTbIO, YTO TOBOPUT O BHICOKOM
IIOoTCHLMAJIC IJIdd IPpUMEHEHUSA €€ C L EJIbIO KyITMpOBa-
HUA TpOM6OTI/I‘{€CKI/IX COCTOSTHUM.

Jpyroii yHMKaJIbHOII 0COOEHHOCTBIO, KaK IIperia-
paTa, Tak Y BBIICJICHHON MPOTEeUHA3bl, MOKXHO CUU-
TaTh “TIPOJIOHTUPOBAHHBIN TPOMOOJIUTUYECKU (-
dekr”. OcobeHHOCThIO JaHHOTO 3 deKTa SIBISIOCH
TO, YTO B TeUeHMeE 24 4 Mocje B3auMOJEHCTBUS TIpe-
napata ¢ (pUOPUHOBBIM TEJEM MNPOUCXOAWJI MOCTE-
MEeHHbIN CTA0WUJIbHO BO3pacTarluii 1u3uc hpudprHa,
JIOCTUTasl MaKCUMyMa 4epe3 CTYKM Mocje alruivKa-
LIMM BIUIOTH JI0 TIOJTHOTO paspylueHust (pudbpuHoBoOit
niaacTUHBL. JaHHbIN 3P deKT He OBUI XapaKTepHBIM
JUIs mperiapara nporeuHas 7. inflatum k1 (B ero ciaydae
MoJIHAasl TepMUHALMS Ju3uca (HUOPUHOBOTO TeJist
IIpouCXoauiia B TeueHUe 3—4 4 1mocJie allUIMKaLln)

(puc. 7).

ITomoOHBIN 3ddeKT MOXKET HAWTHU IPUMEHEHUE B
mpernaparax IIpoJOHTMPOBAaHHOIO ASCHCTBUS, KaK IIpU
Hapy>XHOM IIPMMEHEHUU B COCTaBe Iejieil IPOTUB Te-
MaTOM U paHEeBBIX ITOBSI30K, TaK 1 B CJIy4asiX, TpeOyIo-
IIUX JJIUTEIBHOTO IIPUMEHEHUS TPOMOOJIUTUIECKOTO
CpencTBa MpU NPOPIAKTUKE TSKEIBIX TPOMOOTHYE -
CKUX COCTOSTHUI, TT03BOJISISI 3HAUUTEIbHO COKPATUTh
KOJIMYECTBO BBOIMMOIO IIperapara, TeM CaMbIM
yMEeHbIIasi pPUCK KPOBOTECUYEHU I IIPU IIPUMEHECHUU.

IIpumeHeHe TPOMOOIUTUYESCKUX CYOCTaHIIMIA
JUJTSl HApY>KHOTO MPUMEHEHUsI BO3MOXKHO, HallpuMep,
B KOMOMHAIWM C T€IapyuHOM [JISI TIOBBIIIEHMS CTa-
OMJIBHOCTU CyOCTAaHIINU M YBEIIMYEHUST TPOMOOINTH -
yeckoro 3 dekra. OcoOeHHO aKTyaIbHBIM 3TO MOIJIO
OBl OBITH B Clly4ae Tepallly TPOMOO30B ITyOOKUX U
MOBEPXHOCTHBIX BEeH KOHEeUHOCTE, (hjieboTpoMO030B
U TPpoMOO(dIeOUTOB, a TaKKe B ciaydae MpoUuIakTH-
K1 TPOMOOSMOOINM JIETOYHOI apTepu U MHpapKTa
Muokapaa. Tak, HampuMep, IMTOTOOHBINA MOIXO0 TPH-
MEHSUJICS ISl Tpernapara BHEKJIETOYHBIX MPOTeMHA3
MUKpomuuera Arthrobotrys longa — NOHTOJIMTHHA.
OTIBITHI in Vitro W in vivo MOKa3aan, YTO rellapvH B CO-
YeTaHUU C JIOHTOJUTUHOM HE TOJbKO MPOSIBISIET

2023
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3q

24 g

Puc. 7. TpomGonutuueckuii 3¢ deKT rnmpernaparoB MUKpoMulLieToB Tolypocladium inflatum k1 (cneBa Ha yamike) u 1. inflatum 62a
(cripaBa Ha yaike) yepe3 3 4 1 yepes 24 4 1ocJjie arruIiMKa Ha GUOpUHOBBIN Tellb.

CBOIICTBEHHYIO €My aHTUKOATYISTHTHYIO aKTUBHOCTD,
HO M YCKOpSIET BpeMsI TpoMbom3uca. A caM JOHTO-
JIUTUH, KpoMe (PUOPUHOIUTUIECKOTO AeHCTBUS, 00-
JIafaeT MKUPOKUM CHEKTPOM aHTMKOATYISIHTHOM aK-
TUBHOCTH, BO-TIEPBBIX, CHMXKAsl arperalumo TpoMOo-
LIUTOB in Vitro M in Vvivo, BO-BTOPbIX, MHTUOUPYS
remMocTa3 B IIa3Me i1 Vivo B TIPUCYTCTBUU TellapuHa
(Sharkova, 2014). MexaHu3M Hapy>KHOIO IIpUMEHe-
HUSI OCHOBAH Ha CITOCOOHOCTHU JIOHTOJIMTUHA TPOHU-
KaTh Yepe3 SIUASPMHUC U ITOIJIEXAIIe MITKIE TKaHU
B CUCTEMY MUKPOLIMPKYJISILIMU U CUCTEMHBIN KPOBO-
TOK U BBI3BIBaThb aJcKBaTHbIE (PU3MOJOTMYECKUE U
onoxumunaeckue peakunu (Podorolskaya, 2002).

IIponeMoHCTpUpPOBAaHHBIE MpeHapaToM IITaMMa
T. inflatum 62a GUOPUHOIUTUYSCKUE U aKTUBATOP-
HbIE K MJIa3MUHOT€HY CBOMCTBA MOTYT HANTU MpUMe-
HEeHME I JMAarHOCTUKM IaTOJIOTU CUCTEMEL TeMO-
craza. CylecTBylolIre Ha PHIHKE AUaTHOCTUYECKUE
HaOOPBI MPEANoJIaraloT UCIOJb30BaHUE TPOMOOIUTH-
YEeCKOTO areHTa B CBOEM COCTaBe M OTIMYAIOTCS HO-
BOJILHO BBEICOKOIT CTOMMOCTBIO 32 OIHO MCCJICIOBAaHNE.
Hcnions3oBanue nipenapara 7. inflatum 62a B KauyecTBe
TPOMOOJIUTUYECKOTO areHTa MOXET ITI03BOJIUTh CHHU-
3UTh CTOMMOCTh HabOpa 3a c4eT 00JjIee IIPOCTOTO U M-
Hee 3aTpaTHOro mpoliecca HapabOTKU CyOCTaHIIMMN.
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Thrombolytic properties of the micromycete Tolypocladium inflatum 62a isolated from the White Sea soils exo-
proteinases preparation, as well as its individual fractions, obtained after isoelectric focusing, were studied in
comparison to the closest analogue, the producer of thrombolytic enzymes 7. inflatum k1. A pronounced throm-
bolytic potential, the presence of fibrinolytic and plasminogen activator activity, specific proteolytic activity with
respect to certain substrates (plasmin-like and subtilisin-like) as well as a prolonged thrombolytic effect in con-
nection to fibrin clots were demonstrated, which can be used in the development of new drugs for the thrombotic
conditions treatment, the development of anti-hematoma drugs for external use as well as diagnostic kits for the

pathology of the human hemostasis system.
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AHAJIN3 CTPYKTYPBI MATA JIOKYCA ITOJIOBOI1 COBMECTUMOCTH
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CoenoOHbIl Tpub BelleHKa ycTpuaHas (Pleurotus ostreatus) IIMPOKO KyJIbTUBUPYETCS 10 BceMy MuUpy. Mop-
¢oreHes, cBsI3aHHBIN ¢ 0Opa30BaHUEM TUIOMOBBIX TEJI, HAXOAUTCS IO TeHETUYECKUM KOHTPOJIEM NIBYX He-
CLICTVIEHHBIX JIOKYCOB TTOJIOBOI COBMECTUMOCTHU matA u matB co MHOXECTBEHHBIMU aJUIesIMU (TeTparoJisip-
Hasl cucTema T0JIOBOi COBMECTUMOCTH). [€eHETUUeCKMiT aHaJIM3 BCTPEUaeMOCTU ajlie]ieil JIOKYCOB TTOJIOBOI
COBMECTUMOCTH Yy 17 MpUPOOHBIX U30JSITOB, COOpaHHBIX B MOCKOBCKOM 00JI., TT0Ka3aJl MyJIbTUAJLIEIbHOCTh
o6oux jokycoB — 10 ayuteneit matA noxkyca u 8 anneneit matB nokyca. AHanu3 in silico CTpyKTypHOIi opraHu3a-
LIMU JIOKyca matA y MOHOKapuoTudecKux raMmmoB P. ostreatus PC9 u PC15 Ha ocHOBe JaHHBIX MMOJIHOT€HOM -
Horo cekBeHupoBaHus (DOE Joint Genome Institute) mokazasn 4pe3BblYaiiHO AUBEPTEHTHYIO €0 CTPYKTYpPY:
matA nokyc mutamma PC9 npencrasineH ogHoi konueil reHa Adl v onHO Komnuei reHa Ad2, B TO BpeMs Kak
matA nokyc mramma PC15 umeet nBe konuu hdl.1 v hdl.2 (xknacc HD1 6enkoB) u onHy Konuto Ad2 (knacc
HD2 6enkoB). AHaaIM3 aMMHOKUCIOTHBIX MOCe0BaTeIbHOCTe roMmeogoMeHHbIx 6e1koB HD1 u HD2 noka-
3aj1, yTO OeKM 00J1aJaloT IIO0YISIPHON CTPYKTYPOI1, XapaKTepU3YIOTCS sIIEpHOM JloKain3aiyeit u comepxar
BapuabenbHbIi N-KoHel u 6oee KoHcepBaTuBHbIN JIHK-cBs3bIBaoImii 1oMeH ¢ XxapakKTepHbIM KOHCepBa-
TuBHBIM MOTUBOM WFXNXR B Tpetbeit a-criupanu. [ToaydyeHHbIe pe3yabTaThl MO3BOJISIIOT YTBEPKIAATh, YTO
MYJIbTUJIEIBHOCTb matA 10Kyca noJa0BOi COBMECTUMOCTU JOCTUTAETCS KakK 3a CYET KOMUINHOCTHA KOAUPYIO-
IIUX TEHOB B MpeJesiax JoKyca, TaK 1 3a CYET BapuadeTbHOCTH KOAMPYIOIINX TeHHBIX MTOCIeN0BaTeIbHOCTEH.

Karouesnie crosa: 63_31/II[I/IOMI/IL[CTI)I, TOMCOOOMECHHBLIC (I)aKTOpI)I TpaHCKPUIILMUH, JTOKYCHI MOJIOBOI COBMECTH-
MOCTH, IToJIOBask COBMECTUMOCTDb

DOI: 10.31857/50026364823020101, EDN: NJGWOQ

BBEIAEHUE

Jlag OONBIIMHCTBA TOMOOA3UMINAIILHBIX TPUOOB
XapaKTepeH rarjIouaHO-TUKApUOTUIECKUI KU3HEH-
HbIli LIMKJI, KOTOPbI MPEACTABJIEH AByMS YepEayIOLI-
MUcs pazaMu — MOHOKAPHUOTUYECKOM (raruyionaHo) 1
IUKApUOTUYECKON ((DYHKIIMOHAIBHO JIUILJIOMIHON).
I11onoBBIC TE1a MOTYT OOPa30BBIBATHCS UCKIIOUUTEIIh-
HO Ha JIMKApUMOTUYEeCKOM MUlleauu. B depTuiibHOi
YacTU TUIOMOBBIX TeJl Ha 6a3uausx (hopMUPYIOTCS Ta-
IUIOUIHBIE 0a3UINOCIIOPEI, KOTOPEIE IIPOpacTaloT Ta-
IUIOUIHBIM MOHOKApPUOTUYECKUM MMIIEINEM, KOTO-
phIii He ciocoOeH 00pa30BLIBATh IUIONOBLIE Teja. J1is
oOpa3zoBaHus (pepTIILHOTO (TUIOIOHOCSIIIETO) IUKa-
PUOTUYECKOIO MUIEIHS HOJKHO ITPOM3OMUTHU CIIMSI-
HUE IBYX COBMECTUMBIX IO MOJTY TaIUIOMIHBIX MUIIE-
JIneB, KOTOpHIE reTepoaUIeIbHBI 110 IBYM HECIHeN-
JIEHHBIM JJOKycaM (matA u matB) ¢ MHOXXECTBEHHBIMU
amnensmu  (AxBx, AyBy) (Zervakis, Balis, 1996;
Shnyreva et al, 2012). Panee HaMu B IpUPOIHBIX I10-
OyJSLIUSIX TpUOOB BellleHOK popa Pleurotus B Moc-
KOBCKOM 1 BopoHexXcKoii 061acTSIX OBIJIO OOHApYXKe-
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Ho 37 ajuteneil matA noxkyca u 35 anneneit matB nokKy-
ca miusg Buga P. pulmonarius n 24 amnens matA u
21 annens matB nokyca mist P. ostreatus (Shnyreva et al.,
1998; Shnyreva, Shtaer, 2006). MynsTHa/UIEIBHOCTD A
U B 1oKycoB oT™MeueHa u 1isl ApYrux BUAoB: P. djiamor
(58 matA wn 231 matB), P. populinus (126 matA n
354 matB) (Anderson et al., 1991; James et al, 2004).
Jlokychl matA v matB OTIMYAIOTCS IO CTPYKTYpPE U 00-
JIaiaoT pa3HbIMU PETYASTOPHbIMU DyHKUMsIMU. U3
McClIeIOBaHUI, MPOBEACHHBIX HA MOACIbHBIX 0a3u-
nuanbHEIX Tpubax Coprinopsis cinerea n Schizophyllum
commune, U3BECTHO, UTO JIOKYC matA KOOUpYyeT NBa
TUIIA TOMEOIOMEHHBIX TPAHCKPUILIMOHHBIX (PAKTO-
poB (HD1 u HD2), a 1okyc matB KogupyeT reHsl ¢e-
poMoHOB 1 penentopoB depomoHoB (Raudaskoski,
Kothe, 2010). Haub6onee Xxopolilo U3y4YeHHBIM SIBJISI-
eTcs matB TIoKyc B CUJTy TOTO, UTO 3aKOJAMPOBaHHbIE B
HEM TeHbl (DEPOMOHOB U PeLIENTOPOB (DEPOMOHOB 00-
JIagaloT KOHCEPBAaTUBHOM CTPyKTypoii. [eHbI JloKyca
matA, B oTau4ue OT matB, oueHb BapuabeIbHbI MO
HYKJIEOTUIHBIM TIOCJIEN0BATEIbHOCTSIM, BCJIENCTBUE
yero Mx usydyeHue 3aTpymsHeHo. CTpyKTypHasl opra-
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HU3alMsl JoKyca matA Oblla neTalbHO M3ydyeHa Ha
MonaenabHOM o0bekTe Coprinopsis cinerea, y KOTOPOTO B
npeaesaax JIoOKyca UMeeTcsl TpU Mapbl TeHOB; TTPU 3TOM
Kaxas rnapa reHoB (KacceTa) KOaUpyeT 1Ba TUIIa ro-
MEOJIOMEHHHBIX  TPAHCKPUIMIIMOHHBIX  (HaKTOpOB
(HD1 n HD2) (Casselton, Kues, 2007). OgHako y
U3YYEHHBIX BUIOB 0Oa3uIUaJIbHBIX TPUOOB pEIKO
MOXHO BCTPETUTb CTPYKTYPY matA J0Kyca ¢ MOJTHbIM
HabopoM Bcex Tpex map reHoB (kacceT). B mpenenax
KacceT JIOKyca 4acTo BCTpeyaloTcsl Aejielluu OIHOIO
3 hd TeHOB WIM Xe, HA000POT, B OMHOM JIOKYce matA
MOTYT ObITh 3aKOJUPOBAHbI OT OMHON Komuu hdl wiun
hd2 TeHOB 10 HECKOJIbKUX, HaIlpuMep, KaK y roMoba-
3uaMaabHbIX rpuboB Flammulina velutipes, Lentinula
edodes, Fomitiporia mediterranea, Schizophyllum com-
mune, Hypsizygus marmoreus (James et al., 2013;
Raudaskoski, 2015; Wang et al., 2016; Wang et al.,
2021). B pesynbTaTe aumepu3aluu ABYX COBMECTHU-
MbIx HD1-HD2 6enKoB OT pa3HBIX MOJIOBBIX HapTHE-
poB (MOHOKAapMOHOB) 00pa3yeTcst aKTUBHBIN TeTepo-
JIUMEPHBI TPAaHCKPUMILIMOHHBIA (haKTOp, KOTOPBIA
3aMycKaeT dKCIpeccuto cnelnduyeckux 1jisl pa3Bu-
TUSI JUKAapHUOHA F€HOB, a TAKXKe MOJABISET crieuudu-
yeckue “MOHOKapUOTWYEeCKUEe” TeHbI, (PYHKIIMOHU-
pylolliye B ralIoOuJHOM MULIEJIUU.

Llenbio uccnenoBaHus ObUIO IIPOBECTU KOJMYE-
CTBEHHYIO OLICHKY ajlyieieii TOKYCOB MOJI0BOii COBMe-
CTUMOCTH Y IIPUPOTHBIX U30JISITOB BEILIEHKU, COOpaH-
HBIX Ha OrPaHUYEHHON TEPPUTOPUU, U OLIEHUTH 00-
lee ajuleJIbHOE pa3HoOoOpa3ue, a TakKe MPOBECTU
aHanu3 in silico CTpyKTypbl matA J1OKyca TMOJIOBOM
coBMecTUMOCTHU Pleurotus ostreatus Ha OCHOBE TaHHBIX
MOJIHOTEHOMHOTO CEKBEHUPOBAHMSI.

MATEPHAJIBI 1 METO/bI

COop ¥ KyJbTHUBMPOBAHHE MPUPOIHBIX
n30AT0B Pleurotus ostreatus

I1nonoBEIe Tena BEeLIeHKU YCTpUUHOI (P. ostreatus)
cobupaay Ha TeppUTOPUM 3BEHMIOPOACKON OMO-
cranuuu MI'Y MockoBckoii 06i1. B aBrycre 2018 1. ¢
pa3IMYHBIX CyOCTpaTOB — OCHUHBI, Oepe3bl, psIOUHEI.
M3 ninonoBwIX Tej1 OBLIO MOIyYeHO 17 MULeInaIbHBIX
IUKApUOTUYECKUX H30JISITOB, KOTOpPbIE OBLIM JIEIO-
HUPOBAHBI B KOJUIEKIINIO Kahenpbl MUKOJIOTUU U alTb-
rojorun MI'Y. KynbTuBMpOBaHMEe IITAMMOB U IIPO-
BEICHME CKPEIIMBAaHUII OCYIIECTB/ISLUIM Ha dYalllKax
Iletpu ¢ cycno-arapom (150 M1 muBHOTO cycina, 850 Mt
Boanl, 20 T arapa) npu 25°C B TEeMHOTe.

I'eneTnyecKuii aHAIN3 pa3HOOOPA3U AJLIEI€l TOKYCOB
M0JIOBOI1 COBMECTUMOCTH Y IPUPOIHBIX
mrammoB Pleurotus ostreatus

ITosydenne CTepmIbHBIX 0A3WIAMOCTOPOBBIX OTIE-
yaTtkoB. JJIsi MpoBeneHUsl TeHETMYECKOro aHajinia
TTOJIOBO#1 COBMECTUMOCTH ObLITa OTpaboTaHA METOIM -
Ka TIOJTy4eHUsI TUTOIOBBIX TEJ W CTEPUIIBHBIX CITIOPO-
BBIX OTIIEYAaTKOB HEMOCPEACTBEHHO Ha Jaiukax Ilet-

MUKOJIOTHUA N ®UTOIIATOJIOTI A

TOM 57  Ne 2

105

pu. s 3TOro Muneauii MHOKYJIUMPOBAJIM B LIEHTPE
yaiku I[Terpu 1 nuky6upoBaau B rTeMHoTe rpu 25°C
JI0 TOJHOTO 3apacTaHUusl MMUIIEJIMEeM TOBEPXHOCTU
vamku Iletpu (mmpubmusutenbHo 7—8 cyr). Ilocie
9TOTO YaInku [leTpy moMmelaiu B XOJI0AUIbHUK TIPU
temrreparype 4°C Ha IBO€ CYT IS CTUMYJISILIMHU TLIO-
JI0oOpa30BaHUs XOJOAOM, MOCJEe YEero MpoaosKaiv
WHKYOMpOBaTh MEPEBEPHYTHIMU TMPU KOMHATHOM
temrreparype (23—25°C) 1 ecTeCTBEHHOM OCBEIIICHUN
co cMeHoM “nmeHb — Houb”. B cpennem Ha 10—14-¢ cyT
OTMeYasy MOosIBJIeHWE Ha MOBEPXHOCTU MULISTUS MU~
HUATIOPHBIX TUIOJOBBIX T€J U CHOPOBBIX OTIEYATKOB
OasmmmocIiop Ha Kpbitnke yamku [lerpn.

ITosyueHne ralIONIHBIX TECTEPOB MOJIOBOI COBMe-
CTHUMOCTH M KOJIMYECTBEHHAs] OLIEHKA AJIJIEIbHOTO pa3-
HO0Opa3us JOKycoB. 17151 poBeaeHIS TeHETUIECKOTO
aHaJIM3a BCTPEYAEMOCTH ajijiesieif TOKYCOB ITOJIOBOM
COBMECTUMOCTHU Y TIPUPOAHBIX IITAMMOB P. ostreatus
MoJIy4yajy TarjouaHbIe TeCTePhl MOJIOBO COBMECTH-
MOCTH (THUIIOB CITApMBAHUS) COMIACHO CTaHOAPTHOM
METOIUKE C WCMOJb30BaHMEM Oa3MINOCITOPOBBIX
pacceBOB, MOJYYEHHBIX W3 CTEPUIBHBIX CIOPOBBIX
oTrneyaTkoB Ha yainkax [letpu (Shnyreva et al., 1998).
KonanyecTBeHHYIO OLICHKY ajliesieit (paKToOpOB MOJIO-
BOIi COBMECTMMOCTHU OCYIICCTBJISUIA C MCIOJIb30Ba-
HUEM ITOJy4eHHBIX MOHOOA3MINOCIIOPOBBIX TaIlio-
WUIHBIX TECTEPHBIX IITAMMOB, T€TEPOAJIIEIBHBIX ITO A
u B ¢akTopam moyioBoit COBMECTMMOCTH B MOH-MOH
U IU-MOH cKpemumBaHusx (Shnyreva et al., 1998).
MOH-MOH CKpelIMBaHUs MPOBOIUIN MEXIY MOHO-
KapHOTUYECKUMU TecTepaMU (IO YeThIpe TeCTePHBIX
mramMma AxBx, AyBy, AxBy, AyBx 1151 Kaxmoro mpu-
pogHoro wu3oasTa). JM-MOH CKpelIuBaHUS OCY-
IIECTBIISIIA MEXIY TUKAPUOTUIECKUMU TPUPOTHBI-
MM IITAMMAaMU 1 YeTHIPbMSI TecTepaMu Buna P. ostrea-
tus (tutamMmm M-38) 13 Hallei KOJUIEKIINH.

Anamm3 in silico cTpykrypsl matA
JIOKyCA 0JIOBO COBMECTHMOCTH

AHaJm3 CTPYKTYpbl matA 1oKyca y BunoB pona Pleu-
rotus. J1J1s1 IpoBeneHUST CTPYKTYPHOTO aHaIn3a matA
JIoKyca in silico ObLIN B3SIThI TTOCJIEA0BATSIBHOCTU U3
SJIEKTPOHHBIX 0a3: MMOCIeI0BaTeIbHOCTU matA JIoOKyca
MoHoKapuoTuueckux mrammoB PC9 u PC15 P. ost-
reatus (Joint Genome Institute, http://jgi.doe.gov/);
MMOCJIEAOBATEIBHOCT MOHOKAPMOTUYECKHMX IITaM-
moB RV95/134.104 u RV95/957.30 P. djamor (HoMepa
B I'enbanke AY462112, AY462111); nmociaegoBaTeab-
HOCTU MOHOKaprotndeckux mrammoB CCMSSC00488
nu CCMSSC00489 P eryngii (Homepa B I'enbanke
HQ595186, HQ595187). [iust mpoBeaeHUsT MHOXKeE-
CTBEHHBIX BEIPABHUBAHUI 1 TTOMCKA TOMOJIOTHI MEXITY
ITOCJIETOBATEIBHOCTSMU HMCTIOIB30BAIA  TIPOTPaMMYy
Dialign 2.2.1 (http://bibiserv.techfak.uni-bielefeld.de/di-
align) (Morgenstern, 2004).

AHamm3 cTpykTypbl matA nokyca Pleurotus ostreatus.
CrpykTypHbIe 1 QYHKIIMOHAIbHBIE 0coOeHHOCTH HD
0eIKOB M3yJyaJii HA OCHOBE aMUHOKMCJIOTHBIX MOCIe-
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IIOBaTEJIBHOCTEM TOMEOTOMEHHBIX OCJTKOB matA JTIOKY-
ca mrrammoB PC9 u PC15 P. ostreatus, TeHOMBI KOTO-
PBIX TIOJTHOCTBIO OTCEKBEHUPOBAHBI U ONMYOJIMKOBAHbI
Ha caiite DOE JGI (Joint Genome Institute, http://ge-
nome.jgi.doe.gov/). s npenckazaHusl HaIUYUS CHUT-
HaJIbHBIX TIOCJIENOBATEeIbHOCTEN MCITOIB30BAIM PO~
rpammbl SignalP 4.1 (www.cbs.dtu.dk/services/SignalP)
u PSORT (amroputm k-Nearest Neighbors Classifier)
(Petersen et al, 2011). 1 npencka3zaHusi CTPYKTYpPhI
Oenka (DIOOyJIsIpHAs WM TpaHCMeMOpaHHasi, Hajlu-
yue TpaHCMEMOpaHHBIX JOMEHOB, ITOBEPXHOCTHBIX
MeTeNlb), OCHOBAaHHON Ha TUAPOMUIbHOCTU/TUAPO-
(h0oOGHOCT aMUHOKUCIIOTHBIX ITOCIIEI0BATEIbBHOCTEH,
ncrioab3oBanm nporpammy Kyte Doolittle Hydropa-
thy Plot (http://gcat.davidson.edu/DGPB/kd/kyte-
doolittle.htm) (Kyte, Doolittle, 1982). Jlnst npencka-
3aHUS CTPYKTYPHOM OpTaHU3aIINK OETKOBOIT MOJIEKY -
JIbl (BTOPUYHOM CTPYKTYPbI) UCTIOJIB30BaIY TPOrpaM-
My SWISS-MODEL Secondary Structure Prediction
and Domain Assignment (http://swissmodel.ex-
pasy.org/workspace/index.php) (Arnold et al., 2006).

PE3VJIBTATDbI

KosmyecTBeHHbIH aHAIU3 aJljiejieil JJOKYCOB MOJIOBOI
COBMECTUMOCTH Y IPUPOIHBIX IITAMMOB BEIIeHKH
ycrpudaHoii Pleurotus ostreatus

s mITi AMKapuOTUIECKUX TTPUPOTHBIX M30JIS-
T0B (M-8, M-9, M-13, M-14 u M-17) GbUIHX TTOTy4e-
HBI MOHOKapHOTHYeCKUe (TalUIOMIHBIE) TeCTepHBIe
IMTaMMBI (TT0 YeTBIpe TecTepa MJIsT KaxkIoTo MPUpPOI-
HOTO LLITaMMa) U IIPOBeIeHbl MOH-MOH CKPEIIIBAHUSI
C TecTepaMU II0JI0BOII COBMECTUMOCTH (InTamMM M-38)
Buna P.ostreatus (ta6i. 1). Bo Bcex mpoBeaeHHBIX MOH-
MOH CKpEIIMBaHUSIX ObUIa MPOIEMOHCTPUPOBAaHA TO-
JIOBasi COBMECTUMOCTh MOHOKAPUOTHUYECKUX TeCTEP-
HBIX IITAMMOB, TTIOJTYYEHHBIX U3 IPUPOTHBIX TUKAPH -
OTHMUYECKUX IITAMMOB, ¢ TecTepaMu M-38 P. ostreatus.
[MoIOBY10 COBMECTUMOCTD OTNPEACIISIIN 110 HATMIUIO
XapaKTePHBIX MPSKeK HA MUTIEIUH B MECTE KOHTaKTa
MOHOKapUOTUYECKUX (TAIJIOUIHBIX) MULIEIUEB, YTO
CBUACTEILCTBOBAJIO O TMKAPUOTU3AIIM MOHOKapHO-
HOB. ®opMupoBaHE IPSKEK B 00IaCTH CETIT SIBIISICT-
Csl XOPOIIMM Y yIOOHBIM TUAarHOCTUYECKUM MPU3HA-
KOM ITUKApUOTUIECKOTO MULICIINS Y MHOTHUX TOMOGa-
3UAVAALHBIX TPUOOB, BKIIOYAs TIPEICTaBUTENCH
pona Pleurotus. B HallleM sKcHepuMEHTE I0JIOBasl
COBMECTUMOCTb CO BCEMM YeTBIPBMSI TecTepaMM
mrTamMMa M-38 yka3bsIiBajia Ha TO, 9YTO Y CKpeIlIrBac-
MBIX IPUPOAHBIX IITAMMOB IIPUCYTCTBOBAJIU Pa3InNy-
HBIC aJJIeIN JOKYCOB A M B IOJIOBOi1 COBMECTUMOCTH
(ta6s. 1). Hammune pa3nmyHBIX ajuieieil y IsaTi IIpu-
ponHbIX mrTamMmmoB (M-8, M-9, M-13, M-14 u M-17)
OBLTO MONTBEPXKIESHO TaKKe BO B3AMMHBIX CKPEIITBa-
HUSIX MOHOKapPUOTUIECKUX TECTEPOB IMTPUPOTHBIX IV~
KapUOTUYECKHUX IIITAMMOB MEXIy COOO0I BO BCEX BO3-
MOXHBIX KOMOMHaNMAX (Tabj. 2, mpeacTaBieHBl pe-
3YJIBTATHI IS TpeX ImTamMMOB). [Ipy 3TOM IIITaMMBbI
M-8 u M-9 6bTM TeTepoasIeIbHbI IO OOOUM JIOKY-
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caM II0JIOBOiT coBMecTUMOCTU (matA u matB), B TO
BpeMs Kak y mramMmmMoB M-8 1 M-13 0wt oOHapyxKe-
HbI OWHAKOBLIe ayutean B-ymokyca (50% coBmecTu-
MbIX KOMOWHAIMA B MOH-MOH CKpPEIIMBAHUSIX).
IITammbr M-14 1 M-17 ObUJIM B3aMMHO COBMECTUMBI
10 MOJIy KaK MeXay coboii, Tak 1 co mrtamMmmamMu M-8,
M-9 u M-13 (naHHble B TaGy. 2 HE MpPEACTaBJIECHbI).
OcranbHble 12 MpUPOAHBIX TUKAPUOTUISCKUX IIITAM -
MOB ObLIY MPOTECTUPOBAHBI B AM-MOH CKpEllIMBaHU-
SIX, TO €CTh B CKPELIMBAHUSIX TUKAPUOHOB C MOHOKA-
pUOTUYECKUMU TecTepamMu mrTamma M-38 Buna P. os-
trestus (Tabja. 1). B ciydyae COBMECTUMBIX IO ITOJIY
KOMOMHALIVI B IM-MOH CKPELIMBAHUSIX MTPOVCXOIM-
Jla TUKapUOTU3ALIMS MOHOKAPUOTUYECKOro TecTepa,
compoBoOXIaeMasi 0O6pa3oBaHUEM TIPSIKEK HA MOHO-
KapuOTUYECKOM MULICTTUU.

Takum obpazom, ripu aHanu3e 17 MpUPOTHBIX U30-
J9TOB P. ostreatus oOHapyXuJiM, Mo KpaiiHeit Mepe,
10 anmnneneit matA noxyca u 8 anneneil matB nokyca,
YTO COIJIacyeTCsl C paHee IMOJy4eHHbIMU JAaHHBIMU O
MYJIbTUAJIEIbHOCTHU JIOKYCOB TT0JIOBOIA COBMECTUMO-
CTU B HallIMX UCCIIEIOBAHUSX U B paboTax ApyrMx aB-
TopoB (Anderson et al., 1991; Shnyreva et al., 1998;
Larraya et al., 1999). B pabore CuBosanoBoii ¢ coas-
Topamu (Sivolapova et al., 20012) mat nokycel P. ost-
reatus ObLIIA TPOKAPTUPOBAHBI: matA J0KyC pacrioyio-
xeH Ha I1I xpomocome, matB — Ha IX xpoMocome.

AHaM3 CTPYKTYPbI matA J0Kyca 1nojoBoi
COBMECTHMOCTH y npeacraBureeii poaa Pleurotus

AHanu3 CTpyKTYpbl matA 10Kyca MoJIOBO COBMe-
CTUMOCTH IIPOBEJIN IJIsI TpeX BUIOB pona Pleurotus —
P. ostreatus, P. eryngiiu P. djamor — Ha 0OCHOBE HTaHHBIX
10 YaCTUYHO MJIM MOJHOCTbIO OTCEKBEHUPOBAHHBIM
reHomam. PaHee mpu geTaJbHOM CTPYKTYPHOM aHa-
nm3e matA nokyca y monenbHoro rpuda Coprinus cine-
rea OBUIO TTOKAa3aHO, YTO JIOKYC KOAUPYET FOMEOIO-
MmeHHEBIe Oenkyn HD1 m HD2, xoTopble SIBIISIIOTCS
¢dakTOpaMu TPAHCKPUIILIMM, HO IPU 3TOM O€JIKM 3Ha-
YUTEJIbHO Pa3jn4aloTCs MO CTPYKTYpe U aMUHOKMC-
JoTHBIM TTocaenoBatenbHoCcTsIM (Raudaskoski, Kothe,
2010; Kues et al., 2011). O6a k1acca ToMeOOOMEHHBIX
0eJIKOB coliepxkaT TpU 00JIaCTU C A-CITUPAJIBHOM CTPYK-
TYpOii, TpeThsl M3 KOTOPHIX BK/IIOUAET KOHCEPBATUB-
perit JIHK-cBsa3piBatommit motmB WEXNXR; mpu
sToM nociaegosateabHocTU JIHK -cBg3bIBaloiero 10-
MeHa Takke pasnmyarorcda. Tak, HD2 tun obmamaer
BeIcokoit [IHK -cBa3bIBatoIieit akTmBHOCTBIO, B TO Bpe-
Ms1 Kak HD1 obGiamaeT GoJjiee ¢ciadoii aKTHUBHOCTBIO,
HO IIpU 3TOM O0JIafaeT CUTHAJIaMU SIIePHOI JIOKaJIN-
3alMM 1 akKTuBaMOHHBIM momeHoM (Raudaskoski,
Kothe, 2010). benku HD2 knacca C. cinerea uMeroT
TUNWYHYIO 111 TOMEOAOMEHOB IpoTsLKeHHoCTh JJHK-
CBSI3BIBAIONIETO JOMEeHa B 60 aMUHOKMCIIOT (a.K.), B
To BpeMs1 Kak romeogomeHsl HD1 comep:kat Tpu go-
MOJTHUTEIbHBIE aMWHOKUCIOTBEI MEXIY IIEpBOM U
BTOpPOii a-cinupaisiMmu. Oco00 3HAYMMBIMU B CTPYKTY-
pe romeogoMeHHbIX 0e1koB HD1 u HD2 sasnstiorcst
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Ta6mmna 1. OrieHKa BCTpeYaeMOCTH aJuIeliei IOKYCOB TTOJIOBOM COBMECTUMOCTHU Y TIPUPOIHBIX U30JIATOB Pleurotus ostreatus

B MOH-MOH U JW-MOH CKpCIIMBaHUAX

larutonnHele TecTepbl M-38 P. ostreatus

[IpupomHbie IMTaMMBbI ml* m2 m3 m4

AIBI** AIB2 A2B] A2B2
ml A3B3 4wk + + +
x % % m2 A3B4 + + + +
z 5 m3 A4B3 + + + +
& m4 A4B4 + + + +
> ml A5BS + + - +
§ 2 % N m2 A5B6 + + + +
2 & 5 = m3 AGBS + + + +
3 mé A6B6 + + + +
2 x ml A7B7 + + + +
§ % % = m2 A7BS + + + +
S & 5 s m3 A8B7 + + + +
5 E m4 A8BS + + + +
5 ¢ : ml A9B9 + + - +
§ § =< m2 A9B10 + + + +
é = é s m3 AIOB9 + + + +
; m4 AIOBI0 + + + +
g - ml AlIB11 + + + +
g 5 ':I m?2 AlIBI2 + + + +
= g = m3 AI2BI11 + + + +
m4 AI2BI12 + + + +
M-2 + + + +
g M-3 + + + +
= é M-4 + + + +
z s M-5 + + + +
£ E M-7 + + + +
a S M-15 + + + +
% § M-16 + + + +
g 5 M-18 + + + +
E = M-19 + + + +
= = M-20 + + + +
al M-21 + + + +
M-22 + + + +

IMpumeyanue: *m — MOHOKapUOTHUYECKU I TECTEPHBIH IITaMM; **Ax By — ajiyiesiv T0KyCOB MTOJIOBOM COBMECTUMOCTH; ***+ — mosioBasi COB-

MECTUMOCTDb (I[I/IKapI/IOTI/IE}aHI/IH 44 O6paSOBaHI/IC Hpﬂ)KCK)‘

N-KOHIIbI O€JIKOBBIX TTOC/IeI0BaTeIbHOCTEM, T.K. OHU
BBITIOJIHSIOT POJIb IUMEPU3ALIMOHHBIX TOMEHOB MEX-
ny copmectuMbiMu HD1 u HD2 6enkamu. Toabko
HD1/HD?2 rerepomumMmep cnocoOcH B AajibHEHIIEeM
paboTaTh B KAUeCTBE TPAHCKPUIIIMOHHOTO (hakTopa 1
pPETYJIMPOBaTh BKCIIPECCUIO TEHOB MopdoreHe3a npu
pa3Butun epTwibHOro nukapruoHa (Banham et al.,
1995; Kues et al., 2011).

B namem nCCICaJOBaHNM Y4aCTKOB TOMOJIOTHIA Ha
HYKJICOTUIHOM YPOBHE MECXKIY ITOCICA0BATCIBHOCTSA -

MUKOJIOTHUA U PUTOIATOJIOTUA

TOM 57  Ne 2

MU hd TEHOB Y TOMOKApUOTUYECKUX (TarjIOMIHBIX)
IITaMMOB TpeX BUIOB BellleHKU (Pleurotus ostreatus,
P. eryngii u P. djamor) BBISIBJIEHO HE OBLIIO, UTO CBUIE-
TEJIbCTBYET O BBICOKOI CTETIEHU BapuadeIbHOCTH T0-
clienoBaTeIbHOCTE 3TUX TeHOB. [omooruu mexny
MOCJIeI0BaTEIbHOCTSIMU TOMEOIOMEHHBIX OEIKOB
yIaJIOCh BBISIBUTh UCKJTIOUMTEIbHO HA aMUHOKUCIIOT-
HOM ypoBHe. B pesyibrare BbIpaBHUBaHUN aMUHO-
KMCJIOTHBIX nocnienoBatenbHocTeit HD1 u HD?2 6en-
KOB ObLIM OOHapy>keHbl BEBICOKOBapraOeIbHbIE TOME-
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Tab6muna 2. MoH-MOH CKpelIMBaHUS MEXIy TECTEPHBIMU IIITaAMMaMU MIPUPOIHBIX UBONISATOB Pleurotus ostreatus

Mramm M-8 I ramm M-9 Mramm M-13
MorokapuoTieckue ml m?2 m3 m4 ml m2 m3 m4 ml m?2 m3 m4
IITAMMBI-TeCTEePBI
A3B3 | A3B4 | A4B3 | A4B4 | ASB5 | A5SB6 | A6B5 | A6B6 | A7B3 | A7B4 | ASB3 | ASB4

ml A3B3 — — — +* + + + +
Itamm m?2 A3B4 — - + k% + + + F
M-8 m3 A4B3 — + — — + + + +
m4 A4B4 + — — — + + + +
ml A5SBS + + + + — — — +
Hramm m2 A5B6 + + + + - — + —
M-9 m3 A6B5 + + + + - + - -
m4 A6B6 + + + + + — — —

ml A7B3 — + — + + + + + — — — +

[ Tamm m?2 A7B4 + — + - + + + + — — + —

M-13 m3 ASB3 — + — + + + + + - + - -

m4 A8EB4 + — + — + + + + + — — —

IMpumeuanue. *I[1onoBasi COBMECTUMOCTD (AMKApUOTU3ALIMS U 0Opa3oBaHUe MpsiKeK); **HecoBMecTuMOCTh. LlTammbr M-8 1 M-9 rete-
poaJlIeTbHBI TT0 000MM JIOKycaM IT0JIOBO COBMECTMMOCTH; Y ITaMMOB M-8 u M-13 onuHakoBbIe ajutesin B-jtokyca.

HBI, CKOHIICHTpUpOBaHHbIE Ha N-KOHIIE OEIKOBOM
MOJIEKYJIbI, U JTOMEHBbl romojoruii. Ilpu 3TOoM nBa
KJIacca TpaHCKPUITIMOHHBIX pakTopoB HD1 u HD2
OTJINYAJICH HE TOJIBKO 10 aMUHOKKCIIOTHBIM IOCJIE-
JIOBaTEJIbHOCTSM, HO U 1o yiuHe. [TocneqoBarebHO-
ctu 6enkoB kinacca HD1 B neimom Ha 40—50 amuHo-
KHMCJIOTHBIX OCTAaTKOB (a.K.) IJIMHHEE, YeM MOCJIeI0-
BatenbHOCTU Oenka HD2. Ocobo BapuabenbHBIC
yuactku y kin1accoB HD1 u HD2 6enkoB Habmoganm
3a c4eT MHCepUuii 1 aeiaenuii. Takue BapuaOenbHbBIE
YYACTKH TIPEANOJIOXUTEIBHO OTHOCITCS K METICBBIM
MIPOCTPAHCTBEHHBIM CTPyKTypaMm Oenka. Y oboux
KJIACCOB TOMEOIOMEHHBIX IOCJIeIOBATEIBHOCTEI BU-
noB P. ostreatus, P. eryngii n P. djamor ipycyTCTBOBaJ
koHcepBaTuBHBIA MOoTUB WFXNXR: y HD1 6Genka —
B paiioHe 120—190 a.x.; y HD2 6enka — B paiioHe
140—195 a.x. (puc. 1). DTOT KOHCEPBAaTUBHBIM MOTUB
WEXNXR, kak cka3aHO BBIIIE, y9aCTBYEeT B HEIIO-
CPEICTBEHHOM CBSI3bIBAHUM PETYISITOPHOTO TeTepO-
nuMmepHoro 6enka HD1/HD2 ¢ monexkynoit JHK
(DNA binding motif). MHTEepecHO Takke, yro y HD1
0O€JIKOB TpeX BUIOB BEIlIEHOK MOMUMO MoTrBa WEFX-
NXR OBUI BBISIBJIEH APYroii KOHCEPBAaTUBHBI MOTUB
HNPYPT/S, xoropsriit orcyrcTBoBail y HD2 6enkos.
Takum obpa3zom, Ha OCHOBE MPOBEACHHOTO aHaIM3a
in silico OBUIO TIOKAa3aHO CXOICTBO CTPYKTYPBI TOMeE-
OonoMeHHbIX 6eikoB AByx kKiiaccoB (HD1 u HD2) y
Tpex mnpencraButenieii poxa Pleurotus (P. ostreatus,
P. eryngiin P. djamor): Hanmmine KOHCEpBAaTUBHBIX MO-
TBOB JIHK -CcBsI3pIBaIOIINX JOMEHOB U BHICOKOBApU-
abeIbHBIX AUMEePU3alIMOHHBIX TOMEHOB Ha N-KOHIIE
0eJIKOBBIX MOJIEKYJI. BaxkHO 3aMeTUTh, YTO AUMEpU3a-
st romeonoMeHHbIx 0eikoB HD1—-HD2 Bo3MmoxkHa
TOJILKO MEXIy O€JIKaMM OT pa3HbIX MOJIOBbBIX MapTHE-
pOB, TO €CTh IIPY B3aMMOACUCTBUM Pa3IUIHBIX aJljIe-

neit matA nokyca B ckpeuuBaHuu. [Toaromy Heynu-
BUTEIBHO, 4YTO N-KOHIIBI KaK CalThl JUMEPU3ALNU
3HAYUTEILHO PA3IMYAIOTCS IO MOCIIEAOBATEIBHOCTIM
MEXIy aJIeJIbHBIMA BapMaHTaMU OEJIKOB OT pPa3HbIX
MOJIOBBIX MAapTHEPOB. 3HAYWTEIbHAasT BapuaOeIbHOCTh
N-KOHIIEBBIX aMWHOKUCIOTHBIX MOCIEA0BATEIbLHO-
CTelt TOMEeOIOMEHHBIX OEJIKOB, KaK IToJlaraioT, ooec-
MeYrBaeT HaJIu41e MHOXECTBEHHbIX aJlJIeJICii U BapU-
AHTOB aJUIEIbHBIX B3aUMOACUCTBUI MEXIY TarIOW/I-
HBIMM MapTHepaMu B cKpemuBaHusax (James, 2012).

Boiee meTanbHbBIM aHAIM3 CTPYKTYPHI MmatA JIoKyca
OBLI IIPOBEACH /I ABYX TOMOKAPUOTUYECKUX IIITaM-
MoB P. ostreatus — PC9 u PC15. Cnenyer 3aMeTUTb,
yto mraMMbl PC9 n PC15 ObUIH 110JIy4eHBI OT OOHOTO
U TOTO Xe TMKAPUOTUUECKOIO POIUTENST — UCXOTHOIO
mramma NOO1 — myrem memukapuoTu3auuu (pasie-
JICHUSI IMKaproHa Ha TOMOKAapHOHEI) B JlabopaTopun
Jlappas (Larraya et al., 2001). HecmoTps Ha mipouc-
XOXIEHUE OT OJHOTO U TOTO XK€ UCXOIHOTO POIUTEIb-
cKoro qukapuorndeckoro mrammMa N0O1, mpoBeneHHbI
HaMU aHaIu3 in silico moKa3aja 4pe3BbIYaifHO TUBEP-
TCHTHYIO CTPYKTYpY matA nokyca y 3TMX IITaMMOB-
roMOKapuoHoB: matA nokyc mramma PC9 npencraB-
JIEH OdHOI Komueil reHa Adl u omHOII KoIlueil reHa
hd2, B To BpeMs Kak matA nokyc mramma PC15 umeer
nBe konuu hdl. 1w hdl.2 (xknacc HD1 6enkoB) 1 omHy
konuio hd2 (knacc HD2 6enkoB) (puc. 2). MHbiMu
cJioBaMu, romoKapuoTtudeckuii imramm PC9 xapakre-
pu3yeTcs cTaHAApTHON (KAaHOHUYECKOIT) CTPYKTYpPOii
matA noKyca, TO €CTb COAEpPXKUT Iapy reHoB (hdl n
hd?2), xonupyromux HD1 u HD2 6enku, peryasuus
TPaHCKPUITIUY KOTOPHIX IIPOUCXOIUT C OOIICH MeX-
TeHHOI TIpoMoTOpHOIT oOtacTu. [TomoOHast CTpyKTy-
pa matA nokyca Obl1a onucaHa Wist Buga P. djamor:
Haymmuue aByX reHoB PDal v PDa2, Konupylomumx ro-
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Puc. 1. ®parMeHT BeIpaBHUBaHUSI aMUHOKKCIIOTHBIX ITOCIeA0BaTeIbHOCTel 6eskoB Kiacca HD1 (a) m HD2 (6) mis mramMmMoB
PCI15 Pleurotus ostreatus, PC9 P. ostreatus, mitammoB CCMSSCO00488 P. eryngii, CCMSSC00489 P. eryngii u 1UTaMMOB
RV95/134.104 P. djamor, RV95/957.30 P. djamor. [lporpamma Dialign 2.2.1; npsAMOYrOJIbBHUKaMU BbIAEJIEH KOHCEPBATUBHBIN MO-

™mB WFEXNXR.

MEOJIOMEHHBbIE TPAaHCKPUITLIMOHHEBIE (pakTopel HD1 1
HD?2 cootrBerctBeHHO (James et al., 2004). I'omoka-
puotnyeckuit mramm PC15 ortnmyaercsa Haanmuymem
JIOTIOJIHUTEIbHOI (BTOPOI) KOIMU T'eHa, KOOUPYIO-
mero 6emok HD1 xmnacca, B pe3ynbraTe yero B matA
JIOKyCE 3TOTO IIITaMMa UMeeTCsT TP KOITUH /d TEHOB —
hdl. 1, hdl.2 v hd2 (puc. 2). Kakas u3 Komnuii TeHOB,
koaupytomux HD1 knacc 6enkoB, y mramma PC15
SIBJISIETCSI aKTUBHOM, TpeacKa3aTb, OCHOBBIBAsICh Ha
JaHHBIX CEKBEHUPOBAHUSI, 3aTPYTHUTEIBHO, TaK KaK
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Koruu reHoB (Adl.1 v hdl.2) TpaHCKpUOUPYIOTCS B
MPOTUBOMOJOXKHBIX HAIpaBIeHUSIX, XOTS U UMEIOT
OOILYI0 MPOMOTOPHYIO 00J1acTb. MOXHO MPEarnoio-
XWUTh, UTO OOHA W3 KOIIMii reHa hdl BO3HUWKIIA B pe-
3yJIbTaTe MYTUTMKAIIMWA WUIM MHCepuu. BeposTHOCTD
BO3HUKHOBEHUS WHCEPLUKA M NEeJICeUU B Ipenesax
matA nokyca 6a3uanagbHbIX TPUOOB ObL1a yXKe Omuca-
Ha paHee (Hartmann et al., 2021). B nemom, BeicoKkast
BapuabeTbHOCTh HYKJICOTHIHBIX TOCIEIOBATEILHO-
creit hd reHOB, KoTopasi, KaK MoJjiaralot, CBs3aHa C
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P. ostreatus PC9

~ 9000 1.H.
. hd 1 hd 2
mip 2169 m.H. 2056 1.H. ¥/ 4
P. ostreatus PC15 15000
~ IL.H.
. hd 1.1 hd 1.2 hd 2
mip 2589 I1.H. 2165 m.H. 2081 m.H. ¥/
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Puc. 2. Ctpykrypa matA noKyca nojioBoii COBMECTUMOCTH U CXeMa aJUIeIbHbIX B3aMMOIEMCTBUIT TOMEeOIOMEHHbIX Oel1KoB Pleuro-
tus ostreatus. I'eH mip xonupyet nentruaasy (mitochondrial intermediate peptidase); reH fg (beta-flanking protein) konupyer 6ej10K
C HEU3BECTHOI (hyHKIIME; TeHbI /d KOOUPYIOT COOTBETCTBYIOIIME TOMEOIOMEHHbBIE OEKU.

MEXaHU3MOM HaKOILJICHUSI TOUKOBBIX MYTalIUiA, SIBJISI-
eTC MHCTPYMEHTOM ITOCTIDKEHUS OOJIBIIETO ajuIeib-
HOTO pa3zHOOOpa3us JIOKYCOB, a MYJIbTUALIECIbHOCTD
B UTOTe HaIpaBjieHa Ha CHIKEHUE BEPOSITHOCTU WH-
OpUOMHTA B TIPUPOITHBIX TOITYJISIINSX Oa3INaTbHBIX
rpu6oB. Kak n y npyrux 6a3uanajlbHbIX TPUOOB, BBI-
COKOBapuaOeNbHbIN matA NTOKyC y U3yYEHHBIX IITaM-
moB PC9 u PCI15 P. ostreatus dnaHkupoBaH OoJjiee
KOHCEPBAaTUBHBIMU ITOCJICIOBATEIBHOCTSIMU, KOIM-
pyoluMu reH mip (mitochondrial intermediate pepti-
dase) u reH fg ¢ Heus3BecTHOI pyHKuuei (beta-flank-
ing protein) (puc. 2).

AHaJIN3 aMHHOKHUCJIOTHBIX nocaenosareabnocreit HD1
u HD2 6enxos Pleurotus ostreatus

INpu aHanM3e aMUHOKMCIOTHBIX MOCIEA0BATEIb-
Hocteit HD1 u HD2 6enkoB P. ostreatus Ha oCHOBE
MPpOBeIeHUST MPOLIEAYPbl MHOXKECTBEHHBIX BhIPABHU -
BaHUl MOCIeA0BATEIbHOCTEl TOMEOTOMEHHBIX Oel-
KOB OblJ1a OlIeHeHa BEpOSITHOCTHAS JIOKAJIU3alus 1UC-
clieqyeMbIx 0eskoB kKJjiacca HD1 B kieTke: ajist 6eka
HDI1.1 (tumramm PC15) — 73.9% simepHas JoKaJn3a-
uus, 17.4% uutockenetHast, 4.3% Be3UKYJIbl CEKpE-
TOpHOU cuctemsl, 4.3% wmemOpaHHasl;, 1 Oenaka
HDI1.2 (tmramm PC15) — 52.2% simepHast, 26.1% 1m-
TorutasMarudeckas, 17.4% tmrtockeneTtHas, 4.3% Be-
3UKYJbl CEKPETOpHOU cucTembl; miss Oenka HDI1
(utamm PC9) — 73.9% simepHast, 17.4% nurorura3ma-
TM4eckast, 8.7% uuTOoCKeNeTHas nokanusauus. Jis
6enkoB kinacca HD2 6b1mu nipencka3zaHbl Clieaytonme
BEPOSITHOCTHBIE MECTa JOKAJMU3allMU B KJIETKE: IS
6enka HD2 (muramm PC15) — 65.2% sinepHas noka-
nmzanus, 26.1% uuroriasmatudeckas, 8.7% 1uroc-
KeneTHas; ns 6enka HD2 (mutamm PC9) — 82.6%
aaepHas, 8.7% nurockenaeTHas, 4.3% nuToniaasMaTh-
yeckast, 4.3% Be3UKYyJIbl CEKPETOPHOI cucTeMbl. Ta-
KM 00pasoM, IJisd UCCIEAyeMBIX TOMEOTOMEHHBIX
6enkoB oboux kinaccoB (HD1 u HD?2) 6puta moka3zana
BEpPOSITHOCTHas siiepHast Jokanu3auus. Cienyer 3a-

MUKOJOI'A U PUTOIIATOJIOTUA

METUTh, YTO ITOMCK CUTHAJILHBIX MOCJIeI0BATEIBHO-
CTEel SImepHOI JIoKaau3aluy IMporpaMma IpoBOIMIa
10 yJacTKaM, oboraimieHHbIM apruHuHoM (R) u mn3u-
HoM (K), wiu nponunom (P) u ructununom (H), ko-
TOpBIE SIBJISIFOTCSI MapKepaMU SIIEPHBIX CUTHAJIbHBIX
nociienoBaTeabHocTeil. Elle omHa 0coOeHHOCTh Ka-
caeTcsl TOTO, 4TO Yy IpeacTaBuTeneit kiaacca HD2
OenKoB OOHapyXeHbl XapakTepHble MoTuBbI JIHK-
CBsI3BIBaOIIETO romeobokc-goMeHa (homeobox):
MARKSMMTDRQIEVWFQNHRNRSR mis HD2
oenka mramma PC15 (maumnass c¢ 179 a.k.);
MARKSMMTERQIEVWFQNHRNRAR ot HD2
oenka mramma PC9 (¢ 177 a.x.) (rpadhuyeckue naH-
HbIE B CTaThe He MpeacTanBiieHbl). OqHaKo, B IIpeaesax
nocienoBareabHocTer HD1 0e1koB MOTHBBI TOMe-
00OKCc-IOMeHa He OOHAapy:KEHBI; ITO3TOMY MOXKHO
npenronoxutb, uro y HD2 kiacca 6enkos JHK-
CBSI3BIBAIOIIMI TOMEH Ooyiee KoHcepBaTUBeH. OCHO-
BBIBAsICh Ha OLIEHKE TUAPOMUIbHOCTH/TUAPO(POOHO-
ctu amuHokucioT HD OenkoB B mporpamme Kyte
Doolittle Hydropathy Plot, 661510 moka3aHo, 9TO y TO-
meonoMeHHBIX O0enkoB HDI1 m HD2 kmacca orcyr-
CTBYIOT TpaHCMeMOpaHHbIe TUAPOPOOHBIE YYACTKH,
M, CJIEHOBaTeJIbHO, O€IKM HMEIOT DIOOYJISIpHYIO
CTPYKTYPY, YTO XapaKTEePHO I TPAHCKPUITLIMOHHBIX
¢dakTopoB (IMoapoOHBIE HJaHHBIE B CTAaTbe HE IIPEI-
cTtaBJieHhbl). [T100yIsIpHAs CTPYKTYypa OEJIKOB U OTCYT-
CTBHUE CUTHAJbHBIX TIOCJIENOBaTEeIbHOCTE TpaHC-
MeMOpaHHOI JOKaJIM3alluy ObLIa TaKKe IIOATBEp-
xneHa B riporpamme SignalP 4.1. Xapakrepnsiii JJHK -
cesa3piBaromnii nomMmeH WEFXNXR y 6enkos HDI1
KJlacca HaxoguTcsl B TojoxeHuu 125—175 ak., ay
oenkoB HD2 xitacca — B monoxenuun 145—200 a.x.;
3TU 00JIaCTU MO3ULIMOHHO TOMOJIOTMYHBI COOTBET-
CTBYIOIIUM MOCJIeI0BAaTEIbHOCTIM T'OMEOAOMEHHBIX
o6enkoB MonesibHoro rpuda Coprinus cinerea (Shnyre-
va, 2015). Cnenyer 3aMeTUTb, YTO B LIEJIOM OEIKU
kitacca HD2 rpu6a Pleurotus ostreatus obinamanu 00-
Jee KoHcepBaTuBHOI cTpykTypoii JHK-cBs3biBaro-
IIIET0 TOMEOAOMEHaA.
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OBCYXIEHUE

B pabote mnpomeMoOHCTpHUpoOBaHA Ype3BbIYANHO
IUBEPTEHTHAsI CTPYKTypa matA J10Kyca IOJIOBOi1 COB-
MECTUMOCTHU Y ABYX COBMECTHUMBIX 110 MOJy TOMOKa-
puotuvyeckux mrammoB (PC9 u PC15) Buna P. ostrea-
tus: matA noxkyc mramma PC9 nipeacraBiieH OqHOI KO-
nuei reHa hd 1 v ogHOI Komeit reHa hAd2, B To BpeMs
Kak matA nokyc mramma PCIl5 umeer nBe Kommu
hdl. 1w hdl.2wv onHy Xoniuio reHa hd2. Avanns3 in silico
AMMHOKMCJIOTHBIX IOCJIeIOBATEIBHOCTE TOMEOI0-
MeHHBIX 6eiakoB HD1 u HD2 noka3zai, 4To Bce uc-
cnenyemble HD OGenkm o61apmaior I100YyISIpHOM
CTPYKTYPOI U XapaKTEPU3YIOTCS SIAepHOI JoKanu3a-
nueii. Y Bcex HD nmociienoBaTenbHOCTE ObLT 0OHA-
pyXeH BapuabenbHbIli N-KOHeIl U 0oJjiee KOHcepBa-
tuBHbIMA JIHK-CcBS3bIBarOInii IOMEH C XapaKTepHBIM
KoHcepBaTUBHBEIM MOTHBOM WEFXNXR B Tpetneit a-
cnupanu. Kak oputo nokasaHo paHee (Raudaskoski,
Kothe, 2010; Kues et al., 2011), N-koH1eBbIe ITOCIIE-
JIOBATEIBHOCTU B CTPYKTYpPE TOMEOTOMEHHBIX OEJIKOB
HD1 n HD2 BBIIOTHAIOT pOJbh TUMEPHU3AIIMOHHBIX
noMeHoB Mexkay coBMecTuMbiMu HD1 1 HD2 6enka-
MU-TIapTHEpaMu; U Ojlarogapsi Takoil yHKIMU, N-
KOHEIl OTIMYaeTCsI BBICOKOM CTEIEHBIO BapuaOellb-
HOCTH aMUHOKHWCJIOTHBIX ITOC/IEIOBATEILHOCTEI MEXITY
pa3HbIMU AJUIEISIMU JIOKycCa II0JIOBOI COBMECTHMO-
cTi. AKTMBHBIN rerepoaumep HDI1/HD2 wmoxer
c(OPMUPOBATHCS UCKIIIOUUTEIILHO MEXIY OeJIKaMu-
naptHepamu HD1 u HD2, xoToprsle TpaHCKpUOUpY-
IOTCSI C pa3HbIX ajuieeil matA 1oKyca B TMKapuoOHeE,
c(OPMUPOBAHHOM MEXAY COBMECTUMBIMHU IO IMOJY
rOMOKapuOTUYEeCKUMU IiTaMMaMu. Hammum pesynbra-
ThI aHAJIN3a CTPYKTYPHOII opraHu3aluy JoKyca matA
M KOIMPYEMBIX JIOKYCOM TOMEONOMEHHBIX OEIKOB
P. ostreatus moaTBEpKIalOT MHEHHUE O TOM, uto HD
OeJIKM BBIMTOJHSIOT (PYHKIUIO (DAKTOPOB TPAHCKPUIT-
OUU 1, CJIeNOBaTeIbHO, UMCIOT SIASPHYIO JIOKAJIM3a-
nuio n JHK-cBsa3biBaomue MoTtuBbl. Pe3yabTarsl
WCCJIENIOBAaHUSI CBUAETEILCTBYIOT O BBICOKOM CTPYK-
TypHO#1 BapuabeIbHOCTU MOCAEI0BaTEIbHOCTEI TO-
MEOIOMEHHBIX O€JIKOB, IIpU 3TOM MYJIbTHAJLICIIb-
HOCTb matA ToKyca TOCTUTaeTCs KakK 3a CYeT pa3aind-
HOW KOINMHHOCTY KOIUPYIOIIUX TEHOB B Mpenesax
JIOKyca, TaK U 3a cYeT BapuabdeIbHOCTH KOAUPYIOLIMX
TEHHEBIX ITocieaoBarenbHocTeli. Eie omHa MHTEpec-
Hasi OCOOEHHOCTh 3aKJII0YaeTcs B TOM, 4YTO OeJIKu
HD1 n HD2 teTpanosipHbIX 0a3MIMOMHIIETOB TOMO-
JIOTMYHBI TOMEOJOMEHHBIM OenkamM Mato2 n Matal,
KOTOpBIC SIBJISIIOTCSI OCHOBHBIMU PETYJISITOPHBIMU
eIUHUIAMHA OTHOJIOKYCHOI (OUITOJISIDHOIT) CUCTEMBI
MOJIOBOTO Pa3MHOKEHMSI Y aCKOMHUIIETHBIX IPOXOKEM
Saccharomyces cerevisiae (Kues et al., 2011; Hartmann
et al., 2021). IToaToMy HcclaemOBaHME BO3MOXHBIX
MEXaHM3MOB T€HETMYECKOM IeTepMMUHALIUM MOJja Y
TrpHUOOB SIBJIIETCS aKTyaJIbHBIM 1 IIOMOXKET Pa3o0paThCs
B CJIOXHBIX BOMNPOCAX 3BOJIOLMU CUCTEM II0JIOBOTO
pa3MHOXeHUs1. Bo MHOroM Bce ellle HepelleHHBIMU
OCTaIOTCSI BOIPOCHI Mepexona oT (PyHKIIMOHAJIBHOTO
rereporain3mMa K ToMOTaJUIU3MYy y TpuOOB, OT Ou-
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TTOJIIPHOM CUCTEMBI TTOJIOBOM COBMECTUMOCTH K TE€Tpa-
MOJSPHOM U 0OpaTHBII Mepexo, a TaKKe HabIIo-
JTaeMblii B HEKOTOPBIX TpyIlNax rpuOOB BO3BpaT K
MICEBAOTOMOTAIIIIN3MY, KOTOPBIM YacTO OOYCIIOBJIEH
MapasuTUIECKUM CyllecTBoBaHMeM. OIHAKO CleayeT
HaZesThCs, UYTO JalibHeiillee HaKOTUICHNE JaHHbBIX 110
CEKBEHHMPOBAHUIO T€HOMOB TpHOOB, HECOMHEHHO,
MPOJLET CBET HA 3BOJIOILUIO CUCTEM TE€HETUUYECKOM
JIeTepMUHALIMU T10JIa ¥ TOHUMAaHHE KITFOYEeBBIX MeXa-
HU3MOB JOCTVDKEHUSI GMOJIOTMYECKOTO pa3HOOOpasusl,
BKJTIOYAsI aJUIeJIbHOE pa3HOOOpasue.

Pab6ora BoimonHeHa 1py noanepxke rpaHtos POOU
Ne 15-54-05065 1 PH® Ne 14-50-00029.
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Structure Analysis of the MatA Locus of Sexual Compatibility
in the Edible Mushroom Pleurotus ostreatus

A. V. Shnyreva** and A. A. Shnyreva®*

4Lomonosov Moscow State University, Moscow, Russia

*e-mail: ashn@mail.ru

#e-mail: shnirevaa@mail.ru

The edible oyster mushroom Pleurotus ostreatus is one of the most cultivated species worldwide. Morphogenesis
associated with the fruit bodies maturation is controlled by two unlinked loci of sexual compatibility mat4 and
matB with multiple alleles (tetrapolar system of sexual compatibility). Quantitative analysis of the alleles of mat-
ing compatibility loci in 17 natural isolates collected in the Moscow region was performed in mon-mon (mo-
nokaryon — monokaryon) and di-mon (dikaryon — monokaryon) crossings. Four monokaryotic testers strains
which were heteroallelic at both mating type loci were obtained for each of the five natural mushroom isolates by
using original technique of sterile spore prints on Petri dishes and mon-mon crossing. Twelve natural isolates
were crossed via di-mon mating with the four monokaryotic testers M-38. Genetic analysis of the alleles of sexual
compatibility loci in 17 natural isolates revealed multiple alleles at both loci: at least 10 alleles at matA locus and
eight alleles at matB locus. Structural organization analysis of the matA locus was performed in silico for
homokaryotic strains PC9 and PC15 based on the genome sequencing data available at DOE Joint Genome In-
stitute. The matA locus is proved to be of extremely divergent structure: there are one copy of the homeodomain
gene hd 1 and one copy of the #d2 gene in the PC9 strain, whereas the matA4 locus of the PC15 strain is composed
by two copies of 4d 1. I and hd 1.2 genes (class HD1 homeodomain proteins) and one copy of 4d2 gene (class HD2
proteins). Comprehensive analysis of amino acid sequences of HD1 and HD2 homeodomain proteins demon-
strated that the proteins have a globular structure with the nuclear localization and contain a variable N-terminus
and the more conservative DNA-binding domain with a specific conservative motif WFXNXR in the third a-he-
lix. The results approve the opinion that multiple alleles of the matA locus of sexual compatibility in basidiomy-
cete fungi is achieved by different copies’ number of the coding 4d genes within the locus, as well as by the vari-

ability of the coding gene sequences.

Keywords: basidiomycetes, homeodomain transcription factors, mating type loci, sexual compatibility
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The effect of pre-sowing seed treatment with light in the red spectral region on the resistance of melon plants
(Cucumis melo) of the cultivar Kichkintoy to Fusarium wilt damage caused by Fusarium oxysporum f. sp. melonis
was investigated. The directly-opposite effects of red and far red light on the degree of plant damage by the patho-
gen, which was determined by the special symptoms of the disease on the leaves and stems of plants, were re-
vealed. When alternating seed treatment with red and far red light, the final effect was determined by the type of
irradiation that acted last. The results of photobiological testing made it possible to establish the participation of
the phytochrome system in the control of the resistance of melon plants of the cv. Kichkintoy to Fusarium wilt.
It is shown that there is a high positive correlation between the parameters of chlorophyll fluorescence induction
of leaves reflecting the functional activity of the photosynthetic apparatus and the degree of damage to plants
grown from non-irradiated seeds and seeds irradiated with red light. The results of the conducted studies establish
the possibility of effective regulation of the resistance of the melon cv. Kichkintoy to the defeat of F oxysporum
f. sp. melonis through photoactivation of the phytochrome system of seeds before sowing.

Keywords: chlorophyll fluorescence, Cucumis melo, far red light, Fusarium oxysporum f. sp. melonis, pathogen,

photosynthesis, resistance to red light
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INTRODUCTION

Among the various diseases of vegetable and melon
crops, a special place is occupied by Fusarium wilt,
which is caused by fungi of the Fusarium genus living in
the soil, on plant debris and seeds (Petkar, Ping, 2017).
Among these crops, melons (Cucumis melo L.) are
most susceptible to Fusarium wilt (Pan et al., 1996;
Trionfetti-Nisini et al., 2002; Egel, Martyn, 2007; Al-
varez, 2009; Matsumoto et al., 2011, Registeri et al.,
2012), while the most significant damage to this crop
Fusarium oxysporum f. sp. melonis inflicts on loamy and
clayey soils (Zuniga et al., 1997; Namiki et al., 1998;
Kurt et al., 2002; Elena, Pappas, 2006; Matsumoto,
2012), typical for Uzbekistan. Such soils are easily col-
onized by the pathogen due to the presence in them of
the remains of the stems and roots of agricultural plants
grown in crop rotation, and favorably influencing the
increase of these resistant pathogenic populations
(Banihashemi, Dezeeuw, 1975; Gordon et al., 1989;
Zuniga et al., 1997; Martyn, 2014). This fungal disease
manifests itself at different stages of plant vegetation,
especially during active growth, the appearance of the
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first leaves and fruit formation, which leads to wilting
of the leaves and, in most cases, to the death of plants.
Ultimately, this leads to extremely high yield losses and
a decrease in its quality.

With modern technologies of melon cultivation, as
well as many agricultural crops, it is necessary to carry
out certain preventive measures aimed at increasing the
resistance of plants to Fusarium wilt. At the same time,
various methods of seed etching and spraying crops
with pesticides are used (Jahanshir, Dzhalilov, 2010).
However, these methods of control are not environ-
mentally safe, therefore, the development of less toxic
plant protective is required (Maksimov et al., 2015). In
addition, as noted in the work by Novikova (2005),
plant protection through the use of chemicals and min-
eral fertilizers leads to the formation of resistant races
of pathogens, depletion of the quantitative and qualita-
tive composition of natural microbiocenoses and accu-
mulation of toxic residues in the environment. In this
regard, an alternative to chemical methods of plant
protection, is the use of biological products based on
live cultures of microorganisms to regulate the popula-
tion density of phytopathogenic microorganisms and
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phytosanitary optimization of agroecosystems (No-
vikova, 2005; Egel, Martyn, 2007; Baysal, Calskan,
2008; Matsumoto, 2012; Registeri et al., 2012; Okung-
bowa, Shittu, 2012; Maksimov et al., 2015; Alekseeva,
Smetanina, 2019; Miller et al., 2020; Rao et al., 2021).
Despite the significant progress made in this direction,
it is necessary to take into account the complexity of
these methods and their relatively high cost.

At the same time, the regulatory role of biologically
active red light in the processes of plant morphogenesis
of various agricultural crops is known (Butler et al.,
1959; Volotovsky, 1992; Casal, Sanchez, 1998; Legris
et al., 2019). The stimulating effect of red light is based
on the photoinduced transition of phytochrome from
inactive P, to active Ry form (Rockwell et al., 2006;
Szurmant et al., 2007; Kreslavski et al., 2009; Chen,
Chory, 2011; Sineshchekov, 2013; Galvao, Fankhauser,
2015). It is the direct (P, — Ry;) and reverse (R; — R,)
photoconversion of the photopigment that allow the
plant to respond to the quality, intensity, and duration
of illumination by changing the growth and shaping
processes, which are commonly called photomorpho-
genesis (Quail, 2007; Pham et al., 2018; Wu et al.,
2019). The role of the photoreceptor in the control of
plant resistance to adverse environmental factors
(Kuznetsov et al., 1986; Mathews et al., 2006; Kreslavsky,
2010), including pathogenic microorganisms (Hore-
mans et al., 1984; Akhmedzhanov et al., 1992, 2014;
Mavlonova, 2011), has been shown. Irradiation of
seeds with a helium-neon laser, along with a stimulat-
ing effect, already at an early stage of ontogenesis in-
duces an increase in the general nonspecific resistance
of cucumber plants to root rot and sunflower to Fusar-
ium wilt (Koreneva, 1996). In these studies on the
seeds of a number of agricultural crops, the role of phy-
tochrome as the main regulator of most physiological
processes in plants has been studied. Similar data on
the regulatory role of phytochrome in the control of
morpho-physiological processes in melon, including
resistance to biotic environmental factors, are not
available in the literature. In this regard, the purpose of
this study was to determine the effect of seed irradia-
tion with light in the red region of the spectrum on the
resistance of melon plants to the causative agent of
Fusarium wilt. Establishing patterns in plant responses
to seed irradiation with red (A,,,, 660 nm) and far red
(Amax 730 nm) light will reveal the presence or absence
of phytochrome control of the disease resistance of this
crop, and will also create prerequisites for the develop-
ment of an environmentally friendly, highly effective
method for increasing melon resistance to Fusarium
wilt injury.

MATERIALS AND METHODS
Melon seeds of the cv. Kichkintoy were sown in

sterilized garden soil in plastic trays, where they germi-
nated at a temperature of 26—30°C. The seedlings were
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grown to the stage of plants with a fully developed first
true leaf (Egel, Martyn, 2007).

Inoculation was performed using the root immer-
sion method (Matsumoto et al., 2011). A culture of the
fungus Fusarium oxysporum f. sp. melonis from the col-
lection of the laboratory of mycology and algology of
the Institute of Botany of the Academy of Sciences of
the Republic of Uzbekistan was cultivated in 100 ml of
potato dextrose broth (PDB) in 300 ml flasks on a ro-
tating shaker (about 120 rpm) for one week at 25°C. Af-
ter cultivation, the conidia suspension was filtered
through a two-layer gauze. The concentration of co-
nidia was determined using a Goryaev chamber, and
then adjusted to the appropriate density by dilution
with sterile distilled water. For artificial inoculation,
seedlings were extracted from sterilized soil, the roots
were washed in tap water, and then immersed in a co-
nidial suspension (107 spores/ml) for 15 s. Inoculated
seedlings were transferred to sterilized garden soil in
new plastic pots and grown in a growing chamber at a
temperature of 23°C (photoperiod of 16 h).

The resistance of melon plants to the pathogen was
evaluated 21 days after inoculation according to the 0—
3 severity scale of the disease (0 means no symptoms,
1 — small leaf lesions, 2 — severely affected leaves, 3 —
plant death) according to Matsumoto et al. (2012). Re-
sistance was assessed on 20 plants in each variant. The
results were expressed as averages and standard errors.

Irradiation of seeds with red light (RL) was carried
out with an illuminator made on the basis of red LEDs
(radiation maximum is 660 nm, 1000 Lux). Far red
light (FRL) was obtained using a KS-19 light filter in-
stalled between the sample and the light source.

Determination of the functional activity of the pho-
tosynthetic apparatus of assimilating tissues of melon
was carried out by the method of chlorophyll fluores-
cence induction (ICF). The ICF of leaves of control
(uninfected) and infected plants was measured on days
5, 10, 15, and 20 after infection with the causative agent
of Fusarium wilt using a portable fluorimeter
(Akhmedzhanov et al., 2013): light source is LED,
450—470 nm, receiver is P-I-N photodiode; recording
time of fluorescence kinetics up to 10 min with a reso-
lution of 0.01 s. In this case, the following ratio of pa-
rameters of the induction curve of leaf fluorescence
was used: (Fm — Ft)/Ft. The degree of reduction in the
intensity of chlorophyll fluorescence, characterizing
the integral activity of the photosynthetic apparatus,
where Fm is the maximum value of fluorescence in-
duction, Ft is the stationary value of fluorescence after
light adaptation of the plant leaf (Lichtenthaler, 1992;
Korneev, 2002; Posudin et al., 2010; Romanov et al.,
2010). The fluorescence spectra of the leaves were
measured on a LIDAR setup (Agishev et al., 2002), the
main element base of which is a helium-neon laser
emitter, the exciting light wavelength is 632 nm, the ra-
diation power is 100 mW, and the light beam diameter
is 1 cm — telescope of the Newton system with a work-
ing mirror diameter of 110 mm. Spectral selection of
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Fig. 1. The degree of damage to melon plants of the cv. Kichkintoy by Fusarium oxysporum f. sp. melonis in accordance with the se-
verity scale of the disease 0—3 (0 means no symptoms, 1 — small damage on the leaves, 2 — severely affected leaves, 3 — death of the

plant).

the signal was carried out using the diffraction grating
of the MUM monochromator. The laser operation
mode, the scanning of the monochromator over the
spectrum, and the output of the results to the display
are programmatically set. The intensity ratio I¢go/173, of
the LICF spectra were used as parameters characteriz-
ing changes in the fluorescence spectra. LICF mea-
surements were carried out on the 3—4 leaves of the
middle tier in 6—10 plants. The results were processed
by methods of mathematical statistics according to Do-
spekhov (1985).

RESULTS

A characteristic feature of the phytochrome system
is the direct opposite effect of RL and FRL on pho-
topigment activity: during direct photoconversion, RL
leads to the formation of the active Py, form of phyto-
chrome, while FRL, on the contrary, returns it to the
inactive P, form as a result of reverse photoconversion
(Volotovsky, 1992; Rockwell et al., 2006; Sineshchekov
2013; Wu et al., 2019). In accordance with this, in order
to establish the existence of photochrome control of
physiological processes in plants, the method of pho-
tobiological testing is used, which consists in fixing the
responses of plants to irradiation of RL and FRL, as
well as their alternating action. With a combination ef-

fect, the latter type of exposure determines the nature of
the physiological response (Butler et al., 1959; Kuznetsov
et al., 1986; Volotovsky, 1992).

Infection of melon with Fusarium most often mani-
fests itself after the formation of the first true leaves,
which leads to the appearance of special signs of wilt
disease of plant leaves. The leaves of sick melons lose
turgor, lighten, become covered with gray spots and
fade quickly. Fig. 1 shows the distribution of leaves into
4 groups in accordance with the degree of damage to
melon plants of the cv. Kichkintoy by phytopathogen.

The results of studies of the effect of pre-sowing
treatment of seeds with light in the red region of the
spectrum (RL, FRL, RL + FRL, FRL + RL) on me-
lon resistance to Fusarium wilt, which was evaluated by
the method of Matsumoto et al. (2012) according to the
characteristic symptoms of the disease at 21 days post
inoculation (dpi) are presented in the Table 1.

The data obtained showed a relatively low degree of
resistance of melon plants to pathogen infection (var.
No. 3), which is expressed in a high percentage of
plants with symptoms of wilt damage: with minor leaf
damage (group 1—17% of plants), with severely affec-
ted leaves (group 2—19% of plants) and death of plants
(group 3—11% of plants). Irradiation of seeds with RL
before sowing (var. no 4) has an almost complete pro-
tective effect against infection, while the percentage of

Table 1. The effect of artificial infection with the Fusarium oxysporum f. sp. melonis on the distribution (in %) of melon plants
of the cv. Kichkintoy in accordance with the severity scale of the disease as a result of various options for pre-sowing seed treat-

ment with light in the red region of the spectrum

Scale of severity of the disease
Option no Option

0 1 2 3
1 Control 99 1 - -
2 RL 100 — — —
3 Infection 53 17 19 11
4 RL + Infection 94 5 1 —
5 FRL + Infection 45 18 21 16
6 RL + FRL + Infection 47 13 32 8
7 FRL + RL + Infection 98 1 1 —

Note. 1—7 — experience options: 1 — control (uninfected plants); 2 — seeds treated with RL, plants not infected; 3 — infected plants; 4 — seeds
treated with RL, plants infected; 5 — seeds treated with FRL, plants infected; 6 — seeds treated with RL + FRL, plants infected; 7 — seeds

treated with FRL + RL, plants infected.
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Fig. 2. The effect of pre-sowing treatment of seeds with red,
far red light or their combined effect on the number of in-
fected with the causative agent of Fusarium wilt melon
plants of the cv. Kichkintoy with a characteristic change in
the color of the vascular system, in % of their total number.
1—-7 — experience options: 1 — control (uninfected plants);
2 —seeds treated with RL, plants not infected; 3 — seeds not
treated with RL, plants infected; 4 — seeds treated with RL,
plants infected; 5 — seeds treated with FRL, plants infected;
6 — seeds treated with RL + FRL, plants infected; 7 — seeds
treated with FRL + RL, plants infected.

plants belonging to group 1 decreases by more than 3
times, and group 2 accounts for only 1 percent of all
plants used in the experiment.

A completely different picture is observed in variant
no 5 with pre-sowing treatment of seeds with FRL,
where a significant, compared with the control variant,
drop in the percentage of plants in group 0 and their in-
crease in the 3-lethal group is recorded. This indicates
a directly opposite effect of RL and FRL on the wilt re-
sistance of melon plants. This is supported by the data
on the distribution of plants by disease severity groups
in variant no 6 with seed treatment with FRL after RL
irradiation, which is very close to the variants with in-
fection of plants without seed irradiation (no 3) and
with their pre-treatment with FRL (no 5). In addition,
photostimulation of seeds by RL cancels the inhibitory
effect of FRL (var. no 7), which leads to almost com-
plete resistance of plants to infection. The obtained da-
ta testify to the stimulating effect of RL on melon wilt
resistance. On the contrary, FRL lowers the effective-
ness of the defense system, compared to plants ob-
tained from seeds untreated with light. Thus, the di-
rectly-opposite effects of pre-treatment of seeds with
RL and FRL and the cancellation of the effects of one
type of irradiation by another indicates the participa-
tion of phytochrome in the regulation of melon resis-
tance to Fusarium wilt.

Another diagnostic symptom of Fusarium wilt in
plants of the Cucurbitaceae family is a discoloration of
the vascular system, which can be easily observed on a
longitudinal or transverse section of roots or stems
(Egel, Martyn, 2007). In this regard, the presence of a
change in the color of the xylem at 21 dpi was investi-
gated, depending on the pre-sowing treatment of seeds
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with RL, FRL, or their combined effect. The results of
these experiments are presented in Fig. 2.

The data obtained showed that infection of plants
(var. no 3) leads to a change in the color of the xylem,
which acquires a brown-withered hue in 63% of plants.
Photo stimulation of seeds by RL before sowing has a
protective effect against infection, which is expressed
in a sharp 8-fold decrease in the number of plants with
a changed color of the vascular system. On the con-
trary, FRL, both by itself (var. no 5) and after RL (var.
no 6), has an inhibitory effect on the protective reac-
tions of infected plants against wilt, the number of
which with signs of damage increases markedly.
Whereas the treatment of seeds with RL after FRL (var.
no 7) cancels its inhibitory effect on the ability of in-
fected plants to resist infection. At the same time, the
minimum number of plants is fixed, on the sections of
which a brown-brown color of the xylem is detected.
Thus, the presented data indicate directly opposite ef-
fects of RL and FRL on the ability of melon plants to
resist the causative agent of Fusarium wilt. Cancella-
tion of the action of red light by far red and, conversely,
far red by red light, allows us to state that the melon sys-
tem protective against Fusarium infection is controlled
by the phytochrome system. At the same time, these
data indicate the possibility of regulation of melon re-
sistance to the pathogen by pre-sowing stimulation of
seeds with RL.

To confirm this assumption, we studied the effect of
pre-sowing seed treatment with RL on the functional
state of the photosynthetic apparatus (PSA) of melon
plants under the influence of Fusarium wilt. The expe-
diency of these studies is determined by the fact that
the activity of PSA is a reliable indicator of the physio-
logical state of plants, both under normal growing con-
ditions and under the influence of adverse environ-
mental factors (Voronkov et al., 1976; Pikulenko,
Bulychev, 2007; Kreslavsky, 2010; Akinshina et al.,
2016). An effective way to study the activity of the pho-
tosynthetic apparatus of plants is the method of induc-
tion of chlorophyll fluorescence (ICF) (Kshirsagar
etal., 2001; Mandal et al., 2009; Ptushenko et al.,
2014; Babar et al., 2018), since chlorophyll, located in
photosynthetic membranes, serves as a kind of natural
sensor of the state of algal and higher plant cells under
changing environmental conditions (Veselovsky, Ve-
selova, 1990; Korneev, 2002). Fig. 3 shows the results
of a comparative assessment of the effect of photostim-
ulation of seeds with RL on the parameters of the kinetic
curves of ICF of the leaves of melon plants infected
with the causative agent of Fusarium wilt. To evaluate
and compare kinetic curves, we used the value (Fm —
Ft)/Fm, where Fm is the amplitude of the ICF maxi-
mum, Ft is the amplitude of the stationary level.

An analysis of the induction curves showed that the
value of the ratio (Fm — Ft)/Fm for the kinetics at a
wavelength of 690 nm sharply decreases by the 10th day
after infection and, starting from the 15th day after in-
fection, becomes more than 2 times lower compared to
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Fig. 3. Change in the characteristics of the induction curves of chlorophyll fluorescence (Fm — Ft)/Fm depending on the period of
infection of melon plants of the cv. Kichkintoy by the causative agent of Fusarium wilt. A — at a wavelength of 690 nm, B — at a wave-
length of 730 nm: a — control (plants were not infected); b — seeds were irradiated with RL before sowing; ¢ — seeds were not irradi-
ated with RL before sowing, plants were infected with a pathogen; d — seeds were irradiated with RL before sowing, plants were in-
fected with a pathogen. The confidence interval of the mean values was at least 95% (P < 0.05).

the control (Fig. 3, a). The same ratio for the kinetics
at a wavelength of 730 nm already at the first stages of
plant damage decreases by 20%, and on days 10, 15 and
20, the decrease in the value of the parameter (Fm — Ft)/Fm
reaches 69, 77 and 80%, respectively (Fig. 3, b). The
photoconversion of phytochrome into the active Pfr
form in seeds as a result of their pre-sowing treatment
with RL has a protective effect against the negative in-
fluence of infection on the PSA activity of plants af-
fected by wilt. So, in this case, the decrease in the ratio
of the measured parameter of the FSA does not exceed
5 percent for both the IFC kinetics at 730 nm and the
kinetics at 690 nm.

The revealed changes in the parameters of the ki-
netic curves of the ICF of the leaves of plants affected
by the pathogen may be associated with a violation of
the interaction of two pigment photosystems (PSI and
PSII) and energy migration between them. Violations
of this kind should be reflected in the characteristics of
the ICF spectra of the leaves of healthy and diseased
plants. In this regard, to confirm the above results, in-
dicating the protective effect of RL on the photosyn-
thetic activity of leaves, we studied the spectral charac-
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teristics of the ICF of infected plants grown from pho-
tostimulated and non-irradiated seeds.

Changes in the fluorescence spectra were con-
trolled with respect to the intensity ratio Ig9q/I53,. The
results averaged for each group of plants (Fig. 4) show
that during the entire period of measurement of fluo-
rescence spectra (from 5 to 20 days after infection), the
value of the ratio lgyy/l;3, for control (uninfected)
plants remained approximately at the same level, varies
slightly within the measurement error. At the same time,
already at the 5 dpi of melon seedlings, the ratio
Ig90/173¢ increases by 42%, at the 10 dpi this trend will
continue and at the 15—20 dpi the increase in the value
of the measured ICF parameter reaches a 3-fold value
relative to the control. Pre-sowing treatment of seeds
with RL almost completely prevents the negative im-
pact of the infection on the value of parameter Ig90/153
throughout the entire period of measurement of ICF
spectra. At the same time, the greatest difference in the
value of the measured fluorescence spectra of the
leaves of control (uninfected) and pathogen-infected
plants grown from seeds photostimulated by RL does
not exceed 4—5%.

2023
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Fig. 4. Changes in the spectral characteristics of laser-induced chlorophyll fluorescence (Ig9(/173) depending on the period of infec-
tion of melon plants of the cv. Kichkintoy by the causative agent of Fusarium wilt: a — control (plants were not infected); b — seeds
were irradiated with RL before sowing; ¢ — seeds were not irradiated with RL before sowing, plants were infected with a pathogen;
d — seeds were irradiated with RL before sowing, plants were infected with a pathogen. The confidence interval of the mean values

was at least 95% (P < 0.05).

An increase in the fluorescence intensity at 690 nm
can be associated with damage to the electron transport
chain (ETC) between PS I and PS II by the fungal me-
tabolites embedded in membranes, which leads to the
waste of the energy of excited molecules for lumines-
cence. Thus, the retention of the Ig,/1;3, ratio in the
fluorescence spectra of the leaves of infected plants as
aresult of RL irradiation of seed indicates its protective
effect, which prevents the disruption of ETC PSA ac-
tivity due to the negative influence of phytopathogen
metabolites.

Comparison of the experimental data on the effect
of RL on the degree of infection of melon, which was
controlled by the characteristic symptoms of the dis-
ease of artificially infected plants, and the IFC param-
eters showed the presence of certain dependencies be-
tween them. Thus, the calculation of the Pearson cor-
relation coefficient (rp) between the change in the total
number of plants affected by causative agent of Fusar-
ium wilt and the value of the parameter (Fm — Ft) / Fm
of the ICF of their leaves as a result of pre-sowing seed
treatment with RL allowed us to establish the value
rp = 0.87 with an average error of the correlation coef-
ficient mr = 0.072. Thus, a high positive correlation
was revealed between the compared indicators of resis-
tance of the melon cv. Kichkintoy to the causative
agent of Fusarium wilt: photostimulation of seeds al-
most completely prevents the manifestation of various
symptoms of Fusarium wilt in plants and a decrease in
the values of the ICF parameters of leaves, reflecting
the activity of FSA.

DISCUSSION

The results of our studies, which testify to the spe-
cific protective action of RL against Fusarium wilt, are
consistent with the data of a number of authors on the
role of the phytochrome system in the regulation of
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plant resistance to pathogens (Horemans et al., 1984;
Koreneva, 1996; Mavlonova, 2012). Evidence of the
specificity of the effects of RL is the opposite direction
of action of RL and FRL on the number and degree of
damage to melon plants of the cv. Kichkintoy by the
pathogen: in contrast to the pre-treatment of seeds
with RL, which activates the phytochrome system,
seed treatment with FRL, leading to the reverse photo-
conversion of phytochrome from active Py, to inactive
P.-form, did not affect the resistance of infected plants
compared to the control. It is known that the Py-form
of phytochrome is a factor that induces the activity of a
number of genes responsible for various physiological
processes and plant resistance to adverse environmen-
tal factors (Quail, 2006). This fact may indicate that
the irradiation of seeds with RL through a cascade of
phytochrome-dependent reactions contributes to an
increase in the integral resistance of melon to infection
of plants with the fungus F oxysporum f. sp. melonis,
which was effectively recorded by the methods of phy-
topathological control and ICF.

Indeed, many researchers (Pavlovskaya et al., 1973;
Rubin et al., 1974; Kshirsagar et al., 2001; Martinez-
Ferri et al., 2016; Akinshina et al., 2016; Babar et al.,
2018) note a significant decrease in the photosynthetic
activity of plants when affected by phytopathogenic or-
ganisms, which may be associated with a decrease in
the content of photosynthetic pigments, a violation of
the outflow of photosynthesis products due to PSA
damage. At the same time, disturbances in PSA activity
are effectively recorded by the ICF method, the pa-
rameters of which vary depending on the degree of
plant damage (Voronkov et al., 1976; Avazkhodzhaev
et al., 1995; Kshirsagar et al., 2001; Pascual et al., 2010;
Aleynikov, Mineev, 2019; Cristhian et al., 2019).

The results of various studies have shown that the
disorganizing effect of the pathogenic fungus £ oxyspo-
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rum in plants is manifested in the suppression of the
synthesis of photosynthetic pigments and the function-
al activity of PSII of chloroplast membranes as well as
in a change in the nature of the redistribution of ab-
sorbed light energy, which leads to a decrease in the in-
tensity of photochemical conversion (qP) and an in-
crease in non-photochemical quenching (qIN) of chlo-
rophyll fluorescence (Kabashnikova, 2014; Abramchik
et al., 2019; Cristhian et al., 2019). The change in the
spectral-kinetic parameters of the fluorescence of
leaves of pathogen-infected melon plants of the cv.
Kichkintoy can also be explained by a sharp decrease in
the effective quantum yield of photochemical energy
conversion in the reaction centers of PS II and an in-
crease in heat dissipation. Pre-sowing treatment of
seeds with RL promotes the formation of adaptive
properties of the photosynthetic apparatus in infected
leaves of the melon cv. Kichkintoy, which prevents the
inhibition of PS II reaction centers and the develop-
ment of non-radiative energy losses. Taking into ac-
count the results of the correlation analysis given
above, the data of the fluorescent analysis of the func-
tional state of PSA indicate the protective role of RL in
the resistance of melon to infection with the phyto-
pathogenic fungus F oxysporum f. sp. melonis.

Thus, the results of the studies made it possible to
establish the regulatory role of the phytochrome system
in the control of the resistance of melon plants of the
cv. Kichkintoy to the causative agent of Fusarium wilt,
the fungus F oxysporum f. sp. melonis. At the same
time, it was shown that an effective way to increase the
resistance of the melon cv. Kichkintoy to the negative
impact of the phytopathogen is pre-sowing seed treat-
ment with biologically active red light.
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HccnenoBaHo BIUSTHUE TIPEATIOCEBHON 06pabOTKM CEMSTH CBETOM KPAaCHOM 00J1aCTH CIIEKTpa Ha YCTOMYMBOCTD
pactenuit nbiHu (Cucumis melo) coptra KWIKMHTOM K TOpakeHUI0 (py3aprO3HBIM BUJITOM, BbI3bIBAEMOMY (DU -
TOIIATOTe€HHBIM ITpuboM Fusarium oxysporum f. sp. melonis. BeisiBiieHa pa3HOHAIIpaBIEeHHOCTh 3P eKTOB Kpac-
HOTO U TaJIbHEr0 KpaCHOTO CBETa Ha CTEIeHb IMOpaXkeHUsI pACTEHU I MaTOreHOM, KOTOPYIO ONpeeIsIv 110 Xa-
pPaKTepHBIM CUMIITOMaM OOJIE3HW Ha JIMCThIX M CTeOssiX pacteHuit. [Ipu yepenoBaHuM oO6pabOTKM CeMsTH
KpPaCHBIM U JaJbHUM KPaCHBIM CBETOM KOHEUYHBII 3(deKT ornpenesijics TeM BUAOM OOJIyYeHUs, KOTOPHIi
NMeCTBOBAJI TTOCAeTHUM. Pe3yabTaThl (hOTOOMOIOrMIECKOro TECTUPOBAHMS TTO3BOJIMIN YCTAHOBUTD yUacTHe
GUTOXPOMHOI CUCTEMBI B KOHTPOJIE YCTOMYMBOCTU pacTeHUi AbIHU copTa KUYKMHTOI K (hy3apro3HOMY
BUATY. [loKa3zaHO HaJIMUKME BBICOKOM TTOJIOXUTEIBHON KOPPEISIINY MEXIY TTapaMeTpaMyu WHAYKINU DIryo-
pecleHIU XxJIopodusuia JUCTHEB, OTPaXKAIOIIUX (PYHKIIMOHAIBHYIO aKTUBHOCTb (DOTOCUHTETUYECKOTO ara-
para, ¥ CTeNeHbIO TTOpaXkeHUsT paCTeHUI, BBIPAIIICHHBIX M3 HEOOIYYeHHBIX M OOJIYIeHHBIX KPACHBIM CBETOM
ceMsH. Pe3yabTaThl MpOBEIeHHBIX MCCIIeIOBAaHWI YCTAHABIMBAIOT BO3MOXHOCTb 3((MEKTUBHOMN perysiunu
YCTOMYMBOCTU ObIHU copTa KMIKMHTOM K mopaxkeHuto rpubdom F oxysporum f. sp. melonis mocpenctBoM ¢poTo-
akTUBalUUU (GPUTOXPOMHOM CUCTEMBI CEMSIH TIepe/l TIOCEBOM.

Karoueswie crosa: KpacHbI CBET, yCTOMYMBOCTD K MaTOreHy, (iyopecueHuus xjaopoduiia, ¢orocunres, Cu-

cumis melo, Fusarium oxysporum f. sp. melonis
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B paGote mpuBeneHBI CBeIeHNS O BEIACISHHBIX ¢ KIIyOHei KapTodens mraMmMax 53 BuooB rpu6coB. O6pa3ubl
MOpaXXeHHBIX U 3M0POBBIX KIIyOHEl KapTodelsi coOpaHbl B pa3inMyHbix pernoHax Poccum (AcTpaxaHckas,
bpsnckas, Bnagumupckas, Boponexckasi, Mpkyrckast, Kamyxckasi, Koctpomckasi, Maraganckasi, MockoB-
ckasi, Tamb6oBckast, Tynbckast oonactu; Pecryoavku Anbirest, Kpeim, Mapwii D11, Caxa-SAkyTtusi, KamyaTckuii
u KpacHomapckuii kpast) B iepuos ¢ 2014 o 2022 r. VI3 npenctaBiieHHBIX B paboTe 36 BUIOB SIBJISTIOTCSI HOBBI-
MU 1 paHee He 0OHapyXMBaTUCh Ha KIIyOHIX. Cpeln HUX BCTpevyaltoTcsl Kak (hUTOIAaTOTeHbl, TaK U BUIbI, KO-
TOpbIE MOTYT OBbITh UCTIOJIB30BaHbI KaK MOTEHIMAIbHBIE aTeHThl OMOKOHTPOJISI (KOHKYPEHTOCIOCOOHBIE ca-
npoTpodbl, MUKOTpO(hHI). HalimeHbl BUAbl, U3BECTHBIC KaK 3HAOMUTHI, a TAK:KEe MAIOM3YYeHHBIC BUIBI, Ubs
poJIb OCTaeTcsl Heu3BecTHOIi. B paboTe He MpuBeaeHbI OOIIEU3BECTHBIE MTATOTeHbl KapTodeisi, HOBbIE BUIbI,
nHOOpMalLIMsI 0 KOTOPLIX ObllIa paHee OIMyOIMKOBaHa aBTOpaMU, a TAKKe pa3HooOpas3ue rpudoB pona Fusarium,
110 KOTOPOMY TOTOBUTCS OTAe/bHAas Myoaukalus. B 11e;1oM, ipoBeiegHHOE MCClieIoBaHUE TTOKAa3bIBAET CJIOXK-

A. ®@. Benocoxos*, M. M. fpmeesa-**, C. M. Mucaasckuii>***, M. JI. Kypuaep>****,
A. M. Homros'-***** T II. Anoanro?****** JI H. CKokoBZ******% A A, ITungejmaHp’*****%%%*

HOe MHOTroo6pa3ue rprOoB B COCTaBe MUKOOMOTHI KITyOHS KapTodes.

Karoueswie cnoea: GuopasHoobpasue, 3aniuTa KIyoHel, KapTodeIeBOACTBO, ITaTOTeHbI, CalpOTPOdbI

DOI: 10.31857/50026364823020046, EDN: NIDZAK

BBEJEHUWE

KapTodenbs — onHa 13 KI0UEBbIX CEJIbCKOXO3sIi-
CTBEHHBIX KYJIbTYpP, 00b€MbI BAJIOBOTO MTPOU3BOACTBA
koToporo B Poccuu B 2021 1. cocraBuim 18.3 MJH T.
(Pocctar), uto nenaet Poccuto TpeTheit B Mupe cTpa-
HOM 110 TIpou3BOACTBY KynbTyphl (World potato pro-
duction, 2022) ¢ MHOTOMWUIMOHHBIM BHYTPEHHUM U
9KCIIOPTHBIM pPBIHKOM. [Ipu 3TOM 3KOHOMMYECKHE
MoTepu OT Oosie3Helt KapTodesi B OTAETbHBIX X035i-
cTBax MoryT coctaBiasaTh 30—70%, a B HEKOTOPBIX CIIy-
gasx — 10 100% (Kapsa, 2008).

HecMoTpst Ha GOJbIIyI0O BaXXHOCTh TPUOHBIX WH-
dexumii kaprodesisi ¢ SKOHOMUYECKON TOUYKU 3pe-
HUSI, B HACTOSIIIIUIA MOMEHT JIMIIb IJisI HECKOJIbKUX

123

Hau0oJIee ONAaCHBIX IaTOT€HOB MPOBOISITCSI MOHUTO-
PVHTOBBIE UCCICAOBAHMS, IIPUUYEM XapaKTep MHOTUX
HMCCIENOBAaHWII OCHOBAaH Ha OLIEHKE JIMIIb BHEIIHEN
CUMNTOMATHUKU TTOPaXXEHWI, YTO YIOOHO TSI arpoTeX-
HUYECKOU OLIEHKH ITOTEPh IIPOM3BOACTBA, HO YIIyCKaeT
BaXKHBIC CBEIACHUSI, HEOOXOIMMBIE TSI (PUTOITATOJIOTH -
YeCKOro MOHUTOPHMHTA. 3a MocjienHee BpeMsl HaKOTLIe -
HO JOCTAaTOYHO OOJIbIIIOE KOJMYECTBO MAaHHBIX, CBU-
JIETEABCTBYIOIINX O ITOSIBIEHMM HOBBIX M CKPBITBIX
nHpexkumii (Fiers et al., 2012; Tiwari et al., 2020), HO-
Bbix BumoB maroreHoB (Duellman et al., 2021; Loit,
2021; Yang et al., 2021) u o 3Ha4ueHU U BUIOBBIX COO0-
mecTB pu3ocepsl IJ1sd 310poBbs KapTodensa (Kumar
et al., 2014; Loit, 2021; Zimudzi et al., 2018). HoBbie



124 BEJIOCOXOB u np.

METOIBI AMAaTHOCTUKM U UCCIIEAOBaHMS (DUIIOTEHETH -
YeCKOT0 pa3HOOOpa3ns B acCOLMAIIMAX TPUOOB ITOYB
MO3BOJIWJIM OOHAPYXUTh, YTO peajlbHOE pa3HOOOpa-
31€ TIOYBEHHBIX MUKPOMMIIETOB, C KOTOPHIMH MOKET
B3aMMOJICMCTBOBAaTh KJIyOEHb, BBIXOOUT IaJE€KO 3a
paMKM OTHOIIEHMM “IAaTOreH—XO3SIMH”, U KapTUHa
nponoskaeT yeaoxHsAThest (Garcia-Avila et al., 2018;
Loit, 2021). IIperepneBaeT U3MeHEHUSI U B3SO Ha
XOPOILIO U3BECTHHIE MTAaTOTeHbI KiIyOHei. Tak, pa3HO-
oOpa3sue rpuboB pona Fusarium Ha KapTodese 3HaUN-
TEJILHO PacIIMpPUIOCh 32 CUYET 00JIee TOYHBIX CUCTEM
muarHoctuku (Estrada et al., 2010; Stefanczyk et al.,
2016). Acconpalinyi MUKPOMMILIETOB Ha KITyOHSIX Kap-
TOo(esIsT — 3TO CIOXHBIE KOMILJIEKCHI, BBIXOISIIINE Oa-
JIKO 3a TIpedenbl KIACCMUYECKMX arpoTeXHUYECKUX
MPEaCTaBICHNI, OTPAXXEHHBIX B IIPUBBIYHBIX METOIM-
Kax BbIpalllMBaHus 1 3a1uThl KapTodens. ITpu coBpe-
MEHHOI TEHIIEHLIMU B CTOPOHY “‘3€JIEHBIX TEXHOJIOTHIA”
KYJIBTUBAPOBAHUS M IIPUMEHEHUsI OMOTEXHOJIOrrMYe-
CKMX METOHOB, OONbHIAST POJb OTBOITUTCS ITOAOOPY
areHTOB OMOKOHTPOJIS U TOAAEPKAHUIO 3MOPOBBIX
coobmectB pusoruianbl (Mazzola, Freilich, 2017). B
5TOU CBSA3U U3YYEHUE KOMILIEKCOB IIOYBEHHO MUK-
pOOUOTHI B acCOLMALIMSAX C KJIyOHSIMU U BbISIBJICHUE
CKPBITOTO OMOJIOTMYECKOrO pa3HOOOpa3us MpeacTaB-
JIIeTCST HEOOXOMMMOI 1 TIEPBOCTEIIEHHOM 3agadeil B
MEPOIPUSITUSIX MO 00eCTIeYeHUI0 COBPEMEHHBIX MEP
110 3alluTe ypoxkash KapTodelsi 1 pa3paboTKe akTy-
aJIbHBIX HOPMAaTUBHBIX aKTOB.

HaHHast paboTa OCyLIEeCTBIISIET TIEPBbIN 1Iar B 3a-
MOJIHEHUU OeJIbIX MSITeH B cpepe pa3zHOOOpa3us co-
0OIIIECTB rPUOOB Ha KIIyOHSIX KapTodesis ¢ aKLIEHTOM
Ha MaJIOM3Y4YCHHbBIC 1 HOBBIC BUbI.

MATEPHAJIBI U METO/1bI

B paborte ObLIa MccaeqOoBaHa MUKOOWOTA KITyOHEH
Solanum tuberosum pa3HOIi CTEIIEHU MTOPAXKECHHOCTH,
KoTopbIe OB cobpaHbl B nepuon ¢ 2014 mo 2022 .
B pa3MuHbIX pernoHax Poccuu (AcTpaxaHckas,
bpsaxckas, Bnagpumupckasi, BopoHexckass, MpKyT-
ckasg, Kamyxkckas, Kocrtpomckass, MaramaHckad,
Mockosckas, Tam6oBckasi, Tyabckast 001acTu; pec-
nyomuku Anpirest, Kpeim, Mapuit D1, Caxa-fxytus,
IMpumopckuii, Kamuarckuit u KpacHomapckuii Kpas).
st aHai3a oTOMpanuch KIIYOHM, BbIpallleHHbIE Ha
MOJISIX CIeLMaTIUu3UPOBAHHBIX PACTEHUEBOAYECKUX
XO3SMCTB, Ha y4acTKaX JIMYHbBIX OJCOOHBIX XO3SCTB,
a Takxke B KapTodeaexpaHWInIax Ha pa3HbIX 3Tarax
XpaHeHus. BHelltHue ycioBus ipouspacTtaHus Kiyo-
Hell, Takne KaK peXXnM IOJINBa, 00paboTka QyHTUIIN -
JlaMU, XapaKTep ceBOOOOPOTA U COITYTCTBYIOIIE UH-
(deKIIMU Ha KaXXIOM MecTe cOopa ObLIN pa3IMUHbIMU.

CoOop KiIyOHeli B IT0JIe IIPOXOINII B aBIyCTe — CeH-
TA0pe, Korma yxxe copMUpOBaHHBIE KITYOHN KapTO-
denss TOCTUINIM TOBApPHOIO pa3Mepa, OHAKO OOTBa
elle ocTaBajiach 3ejeHoi. OTOOpP KIIyOHEM U3 XpaHU-
JIMII] IPOBOIMJIM B TEUEHME BCETO MEPUOIa XpaHESHUS
KJIIyOHEN ¢ MepUuOAUYHOCThIO B 1—2 Mecsla; TaKuM
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00pa3oM, 3aTparuBajicsl BeCh epHOJI XpaHEHUS KITy0-
HSI OT 3aKJIaJIKH B CEHTSIOpE U 10 GUHAJIBHOM BBITPY3-
K1 M3 XpaHwmil B aBrycte. Kaxknas oroOopaHHas
npoba rpeacTasisiia coboit 5S—10 KirybHe ¢ cMMIITO -
MaMM OT CpeIHEeM IMOPaKeHHOCTHU A0 BHEIIIHE 310PO-
BBIX, 0€3 CUMIITOMOB ITOPaKEHUSI.

KityOHM TIateibHO OTMbIBAJIU OT ITOBEPXHOCTHO-
ro CJIOS1 TOYBBI, MOCJIE Yero onycKaau Ha 2 MUH B 1—
3%-11 p-p TUMOXJIOPUTA HATPUS IS CTePYIIU3AIINU
KOKYPbI OT IOBEPXHOCTHBIX carpoTpodoB. OT Ki1y0-
HEW CTEpUJIbHBIM HOXOM OTpe3aJiu 3[0POBbIE UJIU C
MOpakeHUsIMU KYyCOUKM KOXYpbl M 3aKjJaAblBaIvd B
CTepUWIbHBIE BJIaXKHbIE KaMepbl Ha 2—4 CyT IpU KOM-
HaTHoIi Temneparype. M3 mopaxkeHHbIX TKaHEM C YeT-
KO BbIpaXXEHHBIM MUIIEJIMEM OIHOTO BMUa BbIpe3asiu
CTEPWIbHBIM CKaJIbIIEJIeM KYCOUYKW M 3aKJiaablBalu
HaMnpsIMy10 Ha MUTATEeIbHYIO Cpey C aHTUOMOTHUKOM.
Huist BbIOENEHUSI YUCTBIX KYJIbTYp MCHOJb30BaIU
yaiku IleTpu co cpenamu KapTodeabHO-TITIOKO3HbBIN
arap (PDA) umu cycno-arap (MEA) (Bce ucnonbs3o-
BaHHbIE B pabOTE MUTATEIbHbIE CPEbl TPUTOTOBJIEHbI
o Crous et al., 2009) ¢ no6aBieHMEM aHTUOUMOTHUKA
(rertamuuuH; 20 Mr/m).

Nnentuduxkanuio 1mo Mopdoaoro-KyabTypaib-
HbIM MpU3HAKaM MPOBOIWJIM Ha CTAaHIAPTHOU cpere
PDA u/unmu MEA Ha 7—10-e cyT pocta npu 25°C Ha
CBETY IJISI OOJBIIMHCTBA KyJAbTYp. [pubbl ponoB As-
pergillus v Penicillium NOTIOJHUTENbHO BbICAXKUBAIU
Ha arap Yameka (CZA). I'pubsl cemeiictBa Chaetomi-
aceae BbicaxyBaiu Ha OA U MHKYOUPOBAIMU B Teue-
Hue 7 cyT npu 25°C B teMHOTe. CTepUJIbHbIC U30JISIThI
9TOTO CEeMEMCTBa NOMOJHUTENBHO BbICAXKUBAJIW Ha
KyKypy3HbIii arap (CMA), kaprodelbHO-caxapo3-
o1t arap (PCA), MEA u cpeny I'etunHcoHa ¢ pa3s-
JIMYHBIMU UCTOYHUKAMU 11eJUJT107103bl. MneHTudurka-
LIMIO MMPOBOJIWIN C TPUMEHEHUEM METOJIOB CBETOBOIA
MUKPOCKOIMMK Ha Mukpockomnax JJOMO Muxkmen-6
Bap.3 u Leica DM 2500 (Leica Microsystems, I'epma-
Hus). [TpurorosiieHe MUKPOCKONMYECKHUX ITpernapa-
TOB MPOBOAWIM B JJakTO(DeHOose (MOJIOYHasi KUCIoTa —
100 ma, denon — 100 r, muuepona — 200 M1, AUCTUI-
JupoBaHHas Boaa — 100 MJ1), TToa MpenMeTHBIM CTeK-
JIOM WIHN C TIPUMEHEHUEM CHELMAIM3UPOBAHHOM afl-
re3rBHOI Tpo3payHoil 1mieHku Scotch® Crystal, ¢
MpUMEeHEeHUEM UMMepcun. st mepBUYHON UIEHTU-
duKalMu MCNojab30Bald OMNpeAeanTe/bHbIe KITIOUU
(Domsch et al., 2007), mocie dero mist 6ojiee TOUHOI
UASHTU(DUKALIMY BHYTPU POIOB TIPUMEHSIJIN CIICLIM -
aJibHble MOHOTpadUU POIOB 1 CEMENCTB.

st monyyenuss JIHK 4ducTeix KynbTyp rpuooB
M30JIITHl BBICEBAJIM HA cTaHmapTHyIO cpemy PDA ¢
nemroganom. CHITHE MULIECTNS TIPOU3BOIMIOCH Ye-
pe3 3—4 cyT BO BpeMsl aKTUBHOM a3kl pocta. Muiie-
it romorenu3upoBanu B CTAB-0Oydepe ¢ mrapuka-
mu okcuaa uupkoHus Bertin Corp. (PpaHiust) Ha Tro-
moreHuszatope The Precellys® Evolution (Bertin
Instruments, ®Ppanuus). JanbHeiiliee BbIAcICHHUE
NpoOBOAMIN KaK omnucaHo B padorax Kutuzova et al.
(2017) n Elansky et al. (2022).
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Konuenrpanuio JIHK BeIIeneHHBIX KyJIbTyp OO-
Bomuin 10 50 HI/MKJI M aMIIM(DUIIMPOBAJIN IO CIIe-
HU(GUYECKUM ydacTKaM: IJIsi O0JIbITMHCTBA U30JISITOB
obL1 B34T TeH 5.85 pPHK BMmecte ¢ permonamm 1 u
2 BHyTpeHHUX TpaHcKpubupyembix creiicepa (ITS)
(npaiitmepnl ITS1F u ITS4, Gardes, Bruns, 1993,
White et al., 1990). B kauyecTBe MOMOJIHUTEIBHBIX
Y4acTKOB MTPU HEOOXOAUMOCTU aHATM3UPOBAJIY YaCTH
reHoB b-fub (T1 u TUB4Rd, O’Donnell, Cigelnik,
1997; Groenewald et al., 2013) u rpb2 (rpb2-5F2 u
rpb2AM-7R, Sung et al., 2007; Miller, Huhndorf,
2005).

TemnepaTypy oTxXura sl KaxIoro Ipalimepa
oTpeaeIsIv ¢ TIOMOIIIbIO ITporpaMMbl Promega calcu-
lator, 3aMMCTBOBaJIM U3 JUTEPATYPHBIX UCTOYHUKOB,
JINOO omnpenesiiv onbITHBIM nyTeM. [TpousBoacTBoM
npaiiMepoB 3aHUManach KomnaHus “Eporen” (Poc-
cust). AMIUTU(UKALIAIO TPOBOIUIN 10 MPOTOKOJIAM,
onucaHHbIM Poluektova et al. (2021).

Paznenenue ¢dpparmenros JHK, monydeHHBIX B
pesyJibTaTe aMIUIM(pUKaIU1, TPOBOAWIM METOAOM
CTaHJAapTHOTO 3JieKTpodope3a B arapo3HOM Tejie C
TBE-0ydepoM. AMIUIMKOHBI HY>KHOW TJIMHBI 3KCTpa-
TUPOBaJIY U3 reJis ¢ moMolibio Habopa CleanUp kommna-
A “EBporen”. AMIUIMGUIIMPOBaHHBIE YIaCTKM Ce-
KBEHUPOBAJIM C UCITOJIb30BaHUEM Habopa peakTHBOB
BigDye®Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, CIIIA, KanudopHus) Ha aBToMaTude-
ckoM cekBeHaTope Applied Biosystems 3730 xI (Applied
Biosystems, CIIIA, KanudopHust). [TojrydeHHEBIC IO~
CJ1eJ0BaTEIbHOCTU HYKJIEOTUI0B 0OpabaThiBalUCh B
nporpamme Geneious Prime u ncrnonab3oBanuch IIst
noucka cootrBerctBuss B GenBank misi BumoBoro
ornpezaeseHus ¢ ToMolllbio nmporpaMmmbl BLASTn.

PE3YJIBTATBI U OBCYXIAEHHUE

PesynbraThl paboTHI TIpeaCTaBIeHBI B BUIE aHHO-
TUPOBAHHOTO crircka. OOCy:KIeHNe COCTAaBJICHO B BU-
JIe KOMMEHTapUeB K 3allUCsSIM O HOBBIX BUIAaX, OTMe-
YeHHBIX 1151 KapTtodens. Buabl, paHee oTMeuaBIie-
cg Ha kaprodele, pUBeleHbl 63 KOMMEHTapueEB.
B cniucke He mpuUBOASITCS CBEASHUSI 00 OOHApYXKEH-
HBIX HAMU BUAaX (PUTOITATOTEHHBIX TPUOOB, KOTOPhIE
ObLIM paHee OIyOJMKOBAHBLI B OTAEIbHBIX paboTax:
Phytophthora infestans (Mont.) de Bary (Elansky et al.,
2015), Colletotrichum coccodes (Wallr.) S. Hughes (Be-
lov et al., 2018), Alternaria spp. (Kokaeva et al., 2018,
2022; Kokaeva, Elansky, 2022), Rhizoctonia solani
J.G. Kiihn (Yarmeeva et al., 2021), Helminthosporium
solani Durieu et Montagne (Kutuzova et al., 2017,
Chudinova et al., 2020), Acrostalagmus luteoalbus
(Link) Zare, W. Gams et Schroers (Chudinova et al.,
2022), Ilyonectria crassa (Wollenw.) A. Cabral et Crous
(Chudinova et al., 2019), Septotinia populiperda Water-
man et E.K. Cash ex B. Sutton (Chudinova, Elansky,
2021), Trichocladium solani Belosokhov et Elansky
(Belosokhov et al., 2022). Takke He TpUBOASITCS BU-
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Obl poaa Fusarium, TaK KaK IMO HUM TOTOBUTCA OT-
JCJIbHadA HY6JII/IKaL[I/IH.

“MO” — ucnoiabp3yeMoe B CIIMCKE COKpallleHue
s 0003HaYeHUsT MOCKOBCKOI 001. “Mopd. mo:” —
COKpalleHHe I YKa3aHUs JIMTePaTypbl, UCIIOIb30-
BaHHOM I MOP(dOJIOrMYEeCKOro MOATBEPKICHUS B
IOTIOJIHEHNE K MOJIEKYJISIpHOIT WAeHTU(hDUKAIINH.
B xBampaTtHBIX CKOOKaxX MPUBOIMUTCS CChIIKa Ha ID
CEKBEHUPOBAHHBIX ITTOC/IEI0BATEIbBHOCTEl TEeHOB U30-
4T1oB B 0a3e naHHbIXx GeneBank.

BasnauommnneTsl

Athelia epiphylla Pers. — KpacHogapckuii Kpaii, copT
KoponeBa Awnmna, 10.04.2020, Enanckuii, 182PTI19AB
[OP289073]. — HoBwnlit Bun st kiyoHeit kaprodens B Poc-
CHMU U B MUpe. B Ipupoae — KOpTULIMOMIHBINA Ga3uINOMU-~
et Ha xBoiiHOM omnaze (Larsen et al., 1981). Ha k1yOHs1x u
B KyJIbType 00Opa3yeT IUIOTHhIe Oenble ckiepouuu. Ilato-
TEHHBIM CTaTyC HE YCTaHOBJIEH, U3BECTHO, OQHAKO, YTO
Ipyrue BUIBI Athelia MOTYT SIBIATBCS MTAaTOTEHAMU KYJIBTYP-
HbIX pacteHuit (Adams, Kropp, 1996).

Flammulina rossica Redhead et R.H. Petersen — MO,
Jmurposckuii p-H, Poraueso, copt Jla Ctpana, 06.07.2019,
BenocoxoB, 236PT20AB [OP289059]. — OtHocuTenbHO
penKuii Bud, B IpUpoae OOBIYHO OOMTAIONINIT Ha IPeBeCH-
He TucTBeHHBbIX pacteHuii (Adamdik, Ripkova, 2008) u Hu-
Korja paHee He oTMeuaBluiics ayst kaprodens B Poccuu u
BMupe. KynbTypa ¢ KilyOHel B IMTaTeIbHOM cpelie o0pa3y-
eT IUIOTHBIE OeJible cKaepolu. IMelTcst cBeneHusI O TIpu-
CYTCTBUU B HEKOTOPBIX LITAMMAaX aJIKaJIOUI0B SHOKUITOIU-
HOB, CITOCOOHBIX B 3KCIIEPMMEHTAX KOHTPOJIMPOBATH POCT
HEKOTOPBIX MaTOreHHbIX TpuboB 1 6akrepuit (Tabuchi et al.,
2020).

ACKOMHIIETBI

Acremonium minutisporum (Sukapure et Thirum.)
W. Gams — MO, [ImutpoBckuii p-H, PoraueBo, copr Jla
Crpana, 03.04.2018, benocoxos, 59 MPT18AB. Mopd. no:
Summerbell et al. (2011). HoBbrit mist KapTodelst Bum, pen-
KO YIIOMWHAEMBIii B IUTEpaType, HECMOTPsI HA ONTUMCAaHNE B
1963 r. DkoJiorus usydyeHa oyeHs cjiabo. M3BecTeH Kak 3H-
nodur B pusochepe KarmyctHeIX (Majchrzak et al., 2013).
ITaToreHHast poJib Ha KJIyOHSIX MaJIOBepOsITHA, TaK Kak IS
BuIa Obljla TToKa3aHa cjiabas JlakKa3Hasl, KCWIaHa3Hasl v
JIMTHUH-TIepOoKcHuaa3Has akTuBHOCTh (Ramarajan, Mano-
har, 2017).

Alternaria alstroemeriae E.G. Simmons et C.F. Hill. —
MO, imutpoBckuii p-H, Poraueso, copt l'ana, u3 HeGomb-
LIOI YelIyiKu ¢ BHeIIHe 3mopoBoro KiayoHs, 03.04.2018,
benocoxoB, 82MPTI18AB [OP289030]. Mopd. mo: Sim-
mons (2007). Bun HUKorma paHee He OTMeUaJICcsl HU Ha JIU-
CThSIX, HA Ha KJIYOHSIX KapToessi U ero naToreHHbli cra-
TYC B OTHOIIEHUU KIyOHell Heu3BecTeH. By O6bu1 onucaH
B 2007 r. Ha JEKOPaTUBHOM IIBETKOBOM pacTeHuu Alstro-
emeria, Liliaceae (Simmons, 2007). Ha Alstroemeria Bun
BBI3BIBACT YEPHYIO MATHUCTOCTh TUCTheB (Yamagishi et al.,
2009). BaxxHo oTMeTUTb, UTO Alstroemeria, NonoOHO KapToO-
demo, SABISIETCS KOPHEBUIIHO-KIYOHEBBIM pPaCTEeHUEM.
[TpoBeneHHbie B 2013 TecThl MATOreHHOCTU TTOKAa3bIBaIU
CIIOCOOHOCTh M3OJISITOB A. alstroemeriae MHGUUIMPOBATH
TOJIBKO MEPBUYHOTO XO35IMHA 1 HE BbISIBUJIU ITAaTOT€HHOCTHU
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110 OTHOIIEHUIO K pacteHusiM Datura stramonium n Capsi-
cum annuum (Solanaceae) (Nishikawa, Nakashima, 2013).

A. angustiovoidea E.G. Simmons — 5 Haxomok, MO,
JmurpoBckuii p-H, . PoraueBo, copt I'ana, 5.08.2017, be-
nocoxoB, 38MF17AB; 41MF17AB [OP289014]; n. [opiikoBo,
copT Mo, KiryoHU BereTupyloliero kaproders, 25.07.2017,
Benocoxos, 27MPLI17AB [OM965337, OM965338];
28MPL17AB [OM965339, OM965340]; 29MPL17AB
[OP289011]. Mopd. no: Simmons (2007). Bun paHee He
ObLT oTMeYeH 1151 KapTodensi. OnucbiBaeTcsl Kak MaToreH,
HCTIONIb3yeMbIil B OMOKOHTPOJIE COPHOTO pacTeHus Euphor-
bia B nutepatype nipoiuioro crojetus (Yang, 1990). Kpurn-
TUYECKUI BUI C TeX MOP MPAKTUYECKU HE YITOMUHAJICS B
mureparype [numb B 2011 1. Kak sHmodut Ha Suaeda (Sun
et al., 2011)], mocyie yero BHE3alHO MOSIBUJICSI COBCEM He-
naBHoO, B 2020 r. B MHnuu B oroponHoii mouse (Abdel-Sater,
2020) u B 2021 1. B KuTae, B I1ouBe 1ocJie pOTallii KapTo-
dens (Qiet al., 2021). beuio, omHako, oKa3aHo, 4To A. an-
gustiovoidea GUIOTeHETUYECKHN HAXOIUTCSI OYEHB OJIM3KO K
A. tenuissima (Ramires et al., 2018), u, TakuM 06pa3om, U3y-
YeHMe TPYTMX TeHOB M30JIsITa MPEenCcTaBIsieTcss He00Xoau-
MBIM TSI TTIOATBEPKIAEHUS TEKYIel naeHTU(DUKALIIN.

A. doliconidium J.F. Li, Camporesi et K.D. Hyde — 4 Ha-
xonku, MO, JImurpoBckmii p-H, 1. PoraueBo, copra IxXy-
pa, 7.08.2017, BbenocoxoB, 34MPL17AB [OP289012];
37MPLI17AB; 39MF17AB [OP289013]; I'ama, 14.09.2018,
benocoxos, 142MPTI18AB. Mopd. mmo: Simmons (2007).
Hosrlit Bun, onmucanHkblii B 2018 rony Ha Rosea canina, du-
JIOTEHETUYECKU OJIM3KUiL K A. aborescens, KOTopasl SIBJSICT -
cs TIaTOreHOM KITyOHeil, oOHapykeHHbIM Bo PpaHmu u
Caynosckoii ApaBuu (Fiers et al., 2012; Gherbawy & Gash-
gari, 2013). Ha kaprodene paHee He oTMevaICs.

A. multiformis (E.G. Simmons) Woudenb. et Crous —
Marananckas o061, Cycyman, 07.02.2017, EmaHckwii,
63PT6318AB [OP289020]. Mopd. mo: Simmons (2007).

A. poaceicola Thambug., Camporesi et K.D. Hyde —
MO, IMuTpoBCcKUii p-H, . PorayeBo, n3 Ki1yOHeit BereTu-
pytoiero kaprodess copra HIxXXypa ¢ MaCASTHUCTBIMU MO~
paxkenussMu Ha uctbax 07.08.2017, Benocoxos, 17MPL35
[OM967392]. CpaBHUTEIHLHO HOBBIII BHI, OMMMCAHHBIN B
2017 1. Ha pa3JIMYHBIX 371aKOBbIX. BbUT BbIAEIEH BMeCTe C A.
brassicicola N3 Tex ke cyOCTpaTOB U MPEICTABISLI COOOM
MOJIHOCTBIO CTEPUJIBHBIN MUIIEIINIA, He 00pa3yIoNInii KOHU-
WA Ha TOJIONHOM cpene win npu ooaydeHuu UV, uneHtudu-
LIMPOBaAH TI0 MOJIEKYJISIPHBIM Mpu3HaKaMm. OnucaBllve BUIT
aBTOPBI YIIOMMHAIOT, YTO BUJ UCKITIOUUTEIBHO TeieoMopdh-
HBII U He oOpa3yeT aHaMmopdHoro cnopoHoieHus (Tham-
bugala et al., 2017). Dkonoruyeckasi pojb Buaa COBEpIIeH-
HO HE U3y4YeHa, 10 CUX MOP OPTraHNU3M YITOMUHAJICS TOJbKO
B QMJIOTeHETUYECKUX U TAKCOHOMUYECKUX paboTax.

Aspergillus alliaceus Thom et Church — KpacHonapckuii
kpaii, copt KopomeBa Anna, 10.03.2019, EnaHckwuii,
291PT19AB [OP289071]. Mopd. mo: Samson et al. (2011);
Houbraken et al. (2020). — PaHee He oTMeuaBIIMiics Ha
KapTodese BUI, co ¢1abo U3ydeHHOoM posbio. U3BecTHO
O CITOCOOHOCTH IITAMMOB MPOIYIIMPOBAaTh OXPATOKCHUHBI.
Ncnonb3oBajicd B OMOJOTMYECKOM KOHTpPOJIE 3apa3svixu
Orobanche cernua, IJIT KOTOPOII SIBIISIETCS MATOTeHOM
(Aybeke et al., 2014).

A. pseudodeflectus Samson et Mouchacca — MO, ImMut-
poBcKuMii p-H, n. Poraueso, copt l'ana, 03.04.2018, benoco-
xoB, 128MPTI18AB [OP289040]. Mopd. no: Houbraken et al.
(2007). HoBplii BuI, paHee He OTMeUaBIIniics Ha KapTode-
Jie. Posib Ha KiTyOHSIX HEM3BECTHA, XOTSI €CTh JaHHbBIEC O TOM,
YTO IITaMMBbI MOTYT ObITh 3HHodutamu Vitis vinifera
(Stranska et al., 2022)
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A. pseudoglaucus Blochwitz — Kanyxckas o61., Ko3enb-
ckuii p-H, ¢. Huwxnaue Ipwicku, copt Pomano, 19.05.2018,
Enanckuit, 170MPTI8AB [OP289049] — kpaiine cinaGo
U3y4eHHBII B arpapHOM 3Ha4YeHUM KcepOoMdWJIbHBINA BUI,
poJib Ha KJIyOHSIX He M3y4YeHa, paHee Ha KapTodelie He OT-
Meyvascs.

Berkeleyomyces basicola (Berk. et Broome) W.J. Nel,
Z.W. de Beer, T.A. Duong et M.J. Wingf. (=Thielaviopsis
basicola) — MO, IMuTpoBCcKuii p-H, 11. Poraueso, copt
I'ama, 01.11.2017, BemocoxoB, SOMPT17AB. Mopd mo Nel
et al. (2018). IIepeonucanneiit B 2017 I. BUO, XOPOIIO U3-
BECTHBII KaK BO30YyIUTEIb YepPHOM KOPHEBOI THUIN Taba-
Ka 1 HekoTophix 3makoBbix (N. Liu et al., 2019); B 2011 .
ObUT BIIEpBBIE BBIICICH KaK IaToreH MopkoBu B CaymoB-
ckoit ApaBuu (Abd Allah et al., 2011) 1 coBceM HeTaBHO 00-
HapyXeHHbIIi B ApreHTUHe Kak maroreH 6artara (Martino
etal., 2021). B maHHoli paGoTre BrHepBble M30JUPOBAH C
KIIyOHEe KapTodes.

Botrytis cinerea Pers. — nBe Haxonku, MO, JIMUTpOB-
ckuii p-H, PoraueBo, copt Ixypa, 01.11.2017, 499MPT17AB;
03.04.2018, 58 MPT18AB, BenocoxoB, mopd. mo: Domsch
et al. (2007).

Cephalotrichum asperulum (J.E. Wright et S. Marchand)
Sandoval-Denis, Guarro et Gene — MO, Jlrobepeukuii p-H,
n. Kpackoso, BHUUKX, copr T'ama, 25.12.2019, Eaanu-
ckuit, 274PT20AB. Mopd. mo: Domsch et al. (2007). ITpax-
TUYECKU HEM3YYEHHBIN BUI C HesICHOI aKoorueii. B 2020 r.
ObUT MIOSHTU(MGUIIMPOBAH Ha PACTUTEIBHBIX OCTaTKaxX B
Hpane (Ghosta et al., 2020), repObapHbIe MaTepUasbl TUIIO-
BBIX 00pa3lOoB M3HAYAJIBHO M30JMPOBAHBI U3 TyMyca M C
3epHa (Sandoval-Denis et al., 2016). ITaTroreHHbIi cTaTyC
HEU3BECTEH.

Cephalotrichum purpureofuscum (S. Hughes) S. Hughes —
MO, ImutpoBckuii p-H, PorayeBo, copt Ixypa 03.03.2018,
Benocoxos, 104MPT18AB. Mopd. mo: Domsch et al. (2007).

Cercospora beticola Saccardo — nBe Haxonku, KpacHo-
TapCcKuUi Kpait, kKapTodeab Hem3BecTHOro copta, 1.08.2017,
BbenocoxoB, 15KPTI7AB [OM967388], 17KPTI17AB
[OP289010]. Mopd. o: Groenewald et al. (2013). M3BecT-
HbI areHT NATHUCTOCTU JIMCThEB CaXapHOU CBEKJIbI, paHee
HUKOTIIIa He OTMevaJicsl Ha KapTodene B Poccuu unu B Mu-
pe, OIHAaKO HeAaBHUE MCCIIENOBaHUS MOKA3alu BBICOKYIO
IUIACTUYHOCTh BUJA U CIIOCOOHOCTh WMETh IIUPOKUit
CMEKTp aJbTEPHATUBHBIX XO035IEB MOMUMO OCHOBHOTO
(Knight et al., 2019).

Chaetomium globosum Kunze ex Fries — nBe Haxonkwu,
MO, JImurpoBckmuii p-H, PoraueBo, copt Jlenu bnanka,
14.09.2018, bBenocoxoB, 68MPTISAB [OP289024];
7IMPTI18AB [OM965343]. Mop®. mo: Wang et al. (2019).

Cladosporium cladosporioides (Fresen.) G. A. de Vries —
3 naxonku, MO, ImutpoBckuii p-H, PoraueBo, benoco-
XOB, pasiuuHble copra [OM965344, OM965345]. mopd.
no: Bensch et al. (2012, 2015).

C. herbarum (Pers.) Link — nBe Haxonku MO, JImur-
poBckuii p-H, PoraueBo, copt Yukaro 1.08.2017, benoco-
xoB, SMPL17AB [OP289008]; 1MPL17AB. Mopd. to:
Bensch et al. (2012, 2015).

C. verrucocladosporioides Bensch, H.-D. Shin, Crous et
U. Braun — MO, JImutpoBcKuii p-H, PoraueBo, copt JIXy-
pa 07.08.2017, benocoxos, 33MPL17AB [OM965341].
mopd. nmo: Bensch et al. (2012, 2015).

Clonostachys compactiuscula (Sacc.) D. Hawksw. et
W. Gams 104 MPT18AB — MO, JiImutpoBckuii p-H, Pora-
yeBo, copt lama, 03.04.2018, BemocoxoB, 104MPT18AB.
Mopd. no: Schroers (2001). — JIoBOIbHO peaKuii BUd, He-
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4yacTo yroMUHaloluiics B iureparype. M30sThl BUna n3-
BECTHBI 13 pusocdepsbl, pa3aaralolnxcs JUCTheB MarHo-
JINU Y APYTUX CYOCTPATOB B YMEPEHHO-TPOIIUUYECKOI 30He
(Schroers, 2001). BwimenenHswrii B OxuHaBe (AnoHwus)
IITAMM UMeJT BBICOKME TTOKAa3aTe I MPOMYKIIMU KIIOHOKO-

MPOTEHOB, CTPYKTYPHBIX aHAaJOroB N nanemuronsco-
nporeHa, cribHoro cuaepodopa (Ouchi et al., 2020). Boi-
cokast ahMHHOCTD K KeJIe3y MOXKET ObITh IPUYMHOI TTOKa-
3aHHOI CITOCOOHOCTU BUIA K OMOKOHTpoJio Phytophthora
infestans (Oliveira dos Santos et al., 2014). Cam Bum, He-
CMOTpPS Ha MMEIOIIMECS TECTUPOBAHUS ITPOTUB BhITIIEYKa-
3aHHOTO MaToreHa KapTtodeJst, HUKOTIA paHbIlle He BBIIE-
JISLICS ¢ KITyOHE! MU BEreTUPYIOIIUX PaCTeHMIA.

C. roseaf. catenulata (J.C. Gilman et E.V. Abbott) Schro-
ers — 10 Haxomok, moBceMecTHO [OM965336, OM965347,
OM967399, OP289021, OP289025-0P289027, OP289067,
0P289070, OP289072]. Mopd. no: Schroers (2001).

C. solani f. nigrovirens (J.F.H. Beyma) Schroers — 15 Ha-
XOJI0K, MoBceMecTHo. [OM967396, OP289029, OP289041,
OP289054, OP289057, OP289058, OP289060, OP289061,
0OP289063, OP289065]. Mopd. no: Schroers (2001).

Curvularia lunata (Wakker) Boedijn — MO, JAMuTpoB-
cKuii p-H, 1. PoraueBo, copt Mo, 03.04.2018, benoco-
xoB, 116 MPT18AB. Mopd®. no: Domsch et al. (2007). 13-
BECTHBIII KOPHEBOM MATOreH Pa3IUYHbIX PAaCTCHUIA, BKIIIO-
yag Oartar (Ray, Byju, 2003), mmeromuii cIrocOOHOCTH
nepexonuTh Ha pas3nunuHbiX xo3seB (Fajolu et al., 2012).
PaHee 6bu1 0OHapykeH Ha KiayOHsX Kaptodens: B FOxHoit
Apoduxe (Istifanus et al., 2014) KaK BTOpUYHBIIA HATOT'CH.
B manHoi1 paboTe BhlIeaeH ¢ KIyOHeli 6e3 SIpKO BhIpaXkeH-
HBIX TTOBPEXICHUIA.

Ilyonectria destructans (Zinssm.) Rossman, L. Lombard
et Crous — MO, JmutpoBcKuii p-H, 1. PoraueBo, copt ['ana,
ceMeHHbIe KiyoHH, 26.08.2019, Benocoxos, 179PTI19AB.
Mopd. no: Domsch et al. (2007).

Dichotomopilus funicola (Cooke) X. Wei Wang et Samson
(= Chaetomium funicola) — KpacHomapckuii kpaii, copT
KoponeBa Anna, 10.03.2020, Emanckmii, 283PT19
[OP289068]. Mopd. mo: Wang et al. (2019). B To Bpems,
kak Chaetomium globosum Xopolllo U3BECTeH Ha KIIYOHSIX B
KadyecTBe areHTa OMOKOHTPOJISI 3a00eBaHUI pa3IMUHBIX
pacteHuit (Ashwini, 2019; Bonifaz, Tirado-Sanchez, 2017;
Walther, Gindrat, 1988), Bkimouas ¢urodrtopos (Shanthiyaa
et al., 2013), Dichotomopilus funicola He 6B U30IMPOBaH U3
K1yOHeit kaprodensi. HecMoTpst Ha 3T0, BU yTOMUHAETCsI
Ha CBsSI3aHHBIX ¢ KapTodenem cybcTpartax, Hampumep, B
IMOYBaX MHTEHCUBHOTO BbIpalnBaHus Kaptodens B Mra-
Jsuu (Manici, Caputo, 2009), rne, omHako, ObLT UASHTU bW -
LIMPOBaH TOJIBKO 110 ITS, KOTOPHIii He TTOAXOINT TS pa3ie-
JieHust BUnoB ceMeiictBa (Wang et al., 2016, 2019), BBumy
Yyero K 3Toi UIeHTU(MUKALIMY CIeayeT OTHOCUTBCSI C OCTO-
poxHocTbio. B MHmuu Bunm ObLT MOeHTU(GUIIUPOBAH Ha
OBOIIIHBIX OTXOMaX, Kyaa, moMmuMo Solanum tuberosum L.,
Bxonwnu Euryale ferox Salisb., Phaseolus sp., Sechium edule
Sw., Brassica oleracea L. var. botrytis, Musa paradisiaca L. n
Bambusa arundinaceae Willd. (Sharma, Pandey, 2010). Beu-
Iy CMECEBOTO XapaKTepa UTOrOBOro cyocTpaTa, HeBO3MOX-
HO YTBEpXaTh, UTO B IMTUPYyeMoit pabote Dichotomopilus
funicola 6b11 1301MPOBaH UMEHHO C KapToders.

Didymella microchlamydospora (Aveskamp et Verkley)
Q. Chen et L. Cai — MO, iImutpoBckuii p-H, 1. PorayeBo,
coprt T'ana, 28.07.2017, benocoxos, 11M_17. ®doMouaHbIit
TJIEOCTIOPOBBINM BU/I, MAJIO BCTPEUYAIOLIMICS B IUTEpPATYpE.
MN3BecTHO, 4TO OH sBIseTcsd natoreHoM Morus migra
(Akram Ahmadpour et al., 2017) u Phoenix dactylifera (Al-
Nadabi et al., 2020), 1 prIoreHeTUIECKN OTCTOUT OT IaTO-

MUKOJIOTHUA U PUTOIATOJIOTUA

TOM 57  Ne 2

reHHBIX BUOIoB Phoma Ha Kaprodene (Chen et al., 2015).
b1 BriepBBIe M301MpOBaH U3 KIIyOHeH KapTodenss B Moc-
KOBCKOI 00J1. B IEpHOJI BereTallMy He3a10T0 nepen yoop-
KOI1, M €T0 TTaTOTeHHBIN CTaTyC He yCTaHOBJIEH.

Epicoccum nigrum Link — MO, JIMuTpoBcKuii p-H,
. PoraueBo, copt Jla Crpama, 06.12.2019, Benocoxos,
230PT20AB [OP289056] — W3BecTHBIN apOyCKYJIsSIPHO-
MUWKOPM3HBIN TPpUO, y4aCTBYIOIINI B OMOKOHTPOJIE KOPHEe-
BBIX TATOT€HHBIX TPUOOB, OaKTepUit U HEMATO Pa3IMUYHbIX
pacrenuit (Bagy et al., 2019; Li et al., 2013; Zhou et al.,
2020), B T.4. Ha KapTodeie. B Poccuu 3apokyMeHTHpOBaH
Ha KapTogeJie BIIEpBHIE.

Geotrichum candidum Link — MO, JIMUTPOBCKUIT p-H,
PoraueBo, coprt Jlemu bmanka, 14.09.2018, Bemocoxos,
168MPTI8AB [OP2890438].

Gibellulopsis nigrescens (Pethybr.) Zare, W. Gams et Sum-
merb. — aBe Haxonku, KpacHomapckuii kpaii, 01.08.2017,
Enanckuii, 16KrPT17AB [OM965334]; MO, JIMUTpOB-
ckuii p-H, PoraueBo, coprt Jla Ctpana, 06.12.2019, Benoco-
xoB, 258 PT20AB. Mop®. mo: Domsch et al. (2007), Giraldo
and Crous (2019)

Gliomastix murorum (Corda) S. Hughes — 5 Haxonok,
MO, OmutpoBckuii p-H, PoraueBo, copra I'ana, JeMoH,
Jxypa, benocoxos, 2017-2018 [OP289032].

Humicola mutabilis X. Wei Wang et Houbraken — MO,
JmutpoBckuii p-H, PoraueBo, copt I'ana, 03.04.2018, be-
nocoxoB, 108MPTI18AB [OP289035]. Mopd. nmo: Wang
etal. (2019). OnucanHbiit B 2018 1. BUA, €AMHCTBEHHOE
YIIOMUHaHWE KOTOPOTO MPUBOAUTCS U3 TTOYBBI B M3paniie
(Wanget al., 2019). Bto nepBasi HaxoaKa BrMaa Ha KapTode-
se. BoineneH u3 kiyOHeit 6e3 pu3HaKOB ITOpakeHUsI.

Juxtiphoma eupyrena (Sacc.) Valenz.-Lopez, Crous,
Stchigel, Guarro et Cano — 5 HaxomoK MaramaHCKMii Kpaii,
kiyoeHb Kaptodens, 2017, omna Haxonka MO, xiyOeHb
KapTodensi, Kpait Hekpo3a, 2021, oqHa Haxonka — AcTpa-
XaHcKasg o0i., crebenb Kaprodens, 2021, Emaxckwuii,
17MaCCK1_1 [OP896839, OP896840]. J. eupyrena onucax
KaK MOYBEHHbIN rpu0, ObUT TAKXKE HAMIEH Ha KITyOHSIX Kap-
Todens (A’Hara, 2015). Bce mraMMbl IposSIBUIIN CJIabyIo
MMaTOTEHHOCTh TPU TECTUPOBAHWUM Ha JJIOMTHKAX KITyOHei
KapTodersi.

Marquandomyces marquandii (Massee) Samson, Hou-
braken et Luangsaard — nBe Haxonku, MO, JIMUTpOBCKUI1
p-H, PoraueBo, Bbenocoxos, 01.07.2017, 80MPTI18AB;
01.11.2017, 48MPT17AB. Mop®d. mo: Mongkolsamrit et al.
(2020). Bun, mpuMeHsieMBlii B KadeCTBe areHTa OMOKOH-
TpoOJIsi TPMOOB U HEMaTol B CeIbCKOM Xo3siicTBe (Baron
et al., 2020). Panee ymomuHasics Ha kaprtodese JUIb B
Typuumn, toe ObLUTI U30JIMPOBAH U3 CKIIepoleB Rhizoctonia
solani (Diemrci et al., 2011).

Orbilia oligospora (Fresen.) Baral et E. Weber — MO,
Jdmutposckuii p-H, 1. PoraueBo, 06.08.2017, bemnocoxos,
42MCRc17AB [OM967393]. Mopd. nmo: Domsch et al.
(2007), Kamuarckuii kpaii, 2022, Enmanckwuii, 22Kam3 1
[OP978322].

Penicillium sp. — BoceMb Haxomok, copta lama, Jla
Crpana; Tynbckast 06i1., copT I'ama, 10.03.2020, Beiaocoxos,
348PT20AB. — I'pubsI pona Penicillium cantaroTcst moBce-
MECTHO pacIpoOCTpaHEeHHBIMU MOYBEHHBIMU carpoTpoda-
MM C MaJio U3y4YeHHOI poJibio B pusocdepe. B ntutepatype
MOXHO OOHAPYKUTh YITIOMUHAaHWE Ha KIyOHsIX P, brasilianum,
P. freii, P. paneum, P. raistrickii (Fiers et al., 2012) P. brevi-
compactum, P. chrysogenum, P. purpurogenum (Gherbawy,
Gashgari, 2013), omHaKO 3TH BUAKI He OBLIN OOHAPY>KEHEI B
naHHOI paboTte. HampoTuB, npuBoaMMBbIe HUKE BUIIBI pOAa
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Penicillium, obHapyxeHHble B Poccuu, SIBISIFOTCS HOBBIMU
TSI KapTo(ers.

Penicillium cavernicola Frisvad et Samson — MO, JImMut-
poBckuii p-H, Poraueso, coptr Masctpo, 03.04.2018, beno-
coxoB, 83MPTI8AB [OP289031]. mopd. no: Houbraken
and Samson (2011).

P. jensenii K.M. Zalessky — MO, JIMutrpoBckuii p-H,
PoraueBo, HeusBectHbiii copt, 01.11.2017, Bbemocoxos,
43 MPT17AB [OP289015]. Mopd®. no: Visagie et al. (2014).

P. olsonii Bainier et Sartory — MO, JIMUTpPOBCKUIA p-H,
PoraueBo, copt I'ayna, 14.09.2018, benocoxos, 67MPTI8AB
[OP289023]. Mopd. no: Samson et al. (2004) — BrineJieH co
ckiepouueB Rhizoctonia solani.

P. robsamsonii Houbraken et Frisvad — MO, JIMmutpoB-
ckuii p-H, Poraueso, copr Jla Ctpaga, 06.12.2019, Benoco-
xoB, 240PT20AB [OP289062]. Mop®. mo: Houbraken et al.
(2020).

P. subrubescens Houbraken, Mansouri, Samson et Fris-
vad — MO, JImutpoBckuii p-H, PoraueBo, copT Xypa,
03.04.2018, benocoxos, 61 MPTI8AB [OP289019]. Mopd.
no: Houbraken et al. (2020)

Plectosphaerella cucumerina (Lindf.) W. Gams — nBe Ha-
xonku, MO, JIMutpoBckuii p-H, PoraueBo, copt :Xypa,
03.04.2018, Benocoxos, 132MPTI18AB [OP289042]; 161
MPTI8AB [OP289047].

P. oligotrophica T.T. Liu, D.M. Hu et L. Cai — 3 Haxon-
ku, MO, JImutpoBckuii p-H, Poraueso, copra Ixypa, [ana,
Jla Crpana, Benocoxos, 01.11.2017, 45SMPT17AB [OP289016];
03.04.2018,95MPT18AB [OP289034]; 06.12.2019, 256 PT20AB
[OP289064]. Mopd. mo: Liu et al. (2013). OnucaHHbBIN B
2013 1. u3 nouBsl B Kutae Bua 10 cux mop He yIoMUHAJICS
BJIUTEpAType KpOMe KaK B TAKCOHOMUYECKHX paboTax. DTo
TepBasi HaxonKa Ha Kaptodene B mupe. Bo Bcex ciryuasix
BBIACJISIIICS C KJTyOHeli 0e3 MpU3HAKOB IMOpaXKeHU.

Pseudogymnoascus destructans (Blehert et Gargas) Min-
nis et D.L. Lindner — MO, JIMmuTpoBcKuii p-H, 1. [opIiiko-
Bo, copt [lama, 25.07.2017, BemocoxoB, 21MPTI17AB
[OM967389]. Mopd. mo: Gargas et al. (2009) — Tepmo-
(uIbHBIN BUI, aCCOLIMUPOBAHHBIN C CUHIPOMOM 0OeJIoTo
Hoca y jJetyunx Mbiieit (Gargas et al., 2009), uspenka yro-
MMHaeTCs Kak MaToreH 4eJoBeka, HO paHee HUKOTIa He OT-
MevaJsicsl Ha KJTyOHsIX KapTtodesi WM KaK pacTUTENIbHbII
MaToreH. BuIneseHHBIN U30JIAT He MPOSIBIISLT TTaTOTeHHO-
CTH T10 OTHOIIEHUIO K KITyOHSIM.

Pyrenophora trichostoma (Fr.) Fuckel — MO, JImutpoB-
ckuit p-H, PoraueBo, 28.07.2017, Benocoxo, 9IMPLI17AB
[OM965332]. TlneocnopoBbeiit Tpub, Giauskuit Kk Coch-
liobolus n Curvularia n U3BeCTHBII KaK BO30OYAUTEIb IISIT-
HUCTOCTM JIMCThEB pa3IM4yHbIX 371akoB (Goonasekara et al.,
2020), omHaKO HU pa3y He OTMeYaJIcs Ha KapTodeie, U ero
pPOJIb KaK areHTa pu30IUIaHbl 10 KOHIIA HesicHa. M3onupo-
BaHHbIA B MOCKOBCKOI 00JI. IITAMM C KJIyOHEll B KOHILIEe
Mepro/a BEreTalliuy MPeACTaBIIsI COO0M CTEPUIBHBIN U30-
JIST, 00pa3yoluii Ha MUTATebHON Cpeae MHOTOYMCIIEH-
HbIE MOTPY>KEHHBIE CKJICPOLIMH.

Sarocladium strictum (W. Gams) Summerbell — n1Be Ha-
xonku, MO, [mutpoBckuii p-H, PoraueBo, copt lana,
03.04.2018, benocoxoB, 91IMPTISAB [OM967397];
126MPTI18AB [OP289038]. Mopd. no: Summerbell et al.
(2011).

Simplicillium aogashimaense Nonaka, Kaifuchi et Masu-
ma — MO, JmutpoBckuii p-H, PoraueBo, copt Iana,
14.09.2018, BenocoxoB, 65MPTI18AB [OP289022]. — DH-
noGUTHBII BUII, B IPUPOIE aCCOLIMUPOBAHHBIN C IpeBec-
HBIMU TTIOPOJaMU, W YYACTBYIOIIWI B 3alllUTEe OT TPUOHBIX
naroreHoB (Costa et al., 2020), B raHHOIi1 paboTe BIIepBbIe
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oOHapyXeH Ha KapTodeJe, BblIeseH U3 KIyOHel ¢ CUMII-
TOMaMU PE3MHOBOI THUJIU.

S. lamellicola (F.E.V. Sm.) Zare et W. Gams — MO,
JdmMutpoBckuit p-H, Poradeso, copt lama, benocoxos,
14.09.2018, 76 MPTIS8AB [OP289028] — BTOpoOii BuI,
UIESHTUMDUIIMPOBAHHBII Ha KIIyOHSIX C CUMIITOMaMM pe3u-
HOBOI1 THWJIM, e 00pa30oBbIBAJI CLIOPOHOIIEHUE, CUJIBHO
HaIlfoMUHamwlIee Fusarium.

Stilbella aciculosa (Ellis et Everh.) Seifert — BbpsiHckast
0611., moc. KyspmMuHo, copt Canta, 11.2021, fApmeesna,
358 PT20AB [OM965354]. HekTpueBblii rpud, HOBU3HA
KOTOpPOTro 1JjIs1 KiIyOHeit Kaprodenst nuckyccuoHHa. Mop-
MaJIbHO B JIMTepaType He CYILIECTBYeT COOOIIeHMsT 00 oOHa-
PY>XEHUU BUIA Ha KJIYOHSIX, OTHAKO MHOTHE KOJUIEKIIMOH-
Hble 00pa3libl BhIAEIEHBI U3 pas3jiaralolleiicss Kaprodeb-
HOit OOTBBI MJM W3 MNOYBBI HA KapTodeJbHOM II0je
(Griéfenhan et al., 2011). B P®D 10T BUa BBIIEIEH BIIEPBHIE.
Bun siBasieTcsi, mMo-BUAUMOMY, IOCTaTOYHO PEAKUM, IO-
CKOJIbKY B JIMTEepaType MOCIeIHNEe YITOMUHAHUS YXOISAT B
1993 r., Korma OblIa HcciiemoBaHa ero 3(p¢GeKTUBHOCTH
npotuB Rhizoctonia solani B KadecTBe areHTa OMOKOHTPOJIS
(Lewis, Papavizas, 1993). C Tex nop eIMHCTBEHHBII IITAMM
112B m1 ero KJIOHBI TTOSIBJISLIUCH KaK pedepeHCHBIE KYJIb-
TYphl B pa3IMYHBIX UCCIACAOBAHUSAX MO OMOKOHTPOJIIO, HO
HOBbIE M30JISIThl He Bblmeasiuch (Brewer, Larkin, 2005;
Larkin, Fravel, 1998). B HacTosiilieM ucciienoBaHUM BUIIL
ObLT U30JIMPOBaH B BpsIHCKOM 06.1. U3 BIAXKHBIX BAABICH-
HBIX TIOTEMHEHUM Ha KJIyOHSIX, TTOPaXKeHHBIX aJIbTepHAPU-
030M.

Talaromyces amestolkiae N. Yilmaz, Houbraken, Frisvad
et Samson — nBe Haxonku, BaaguMmupckass 0611., Kamem-
KOBCKMI p-H., c¢. KomepuHo, copr Pen Ckaprerr,
27.10.2020, MucnaBckuii, 356 PT20AB [OP289075]; BpsiH-
ckasg o6n, moc. KyspmmHo, copr Canras, Enanckwuii,
11.2021, 357PT20AB [OM965353]. Mopd. no: Houbraken
et al. (2020). — CpaBHuTtenbHO HeaaBHoO (B 2012) onvcaH-
HBIIA BUII, IIPO KOTOPBII HE TAK MHOTO U3BECTHO B COBpE-
MeHHO#1 nuteparype. [ToATBEpXIEeHO €ro MpUCyTCTBUE B
KOPHSIX MaHTpPOBBIX JepeBbeB W Tripterygium wilfordii
(Fuetal., 2020), maToreHHOCTh B OTHOIIIEHUHU MOCKUTOB
(Jaber et al., 2016), 1 CITOCOGHOCTb BBI3LIBATH JIETOUHBIE
VH$eKIMN y malreHToB B rpyrie prcka (Villanueva-Lozano
et al., 2017). Ero mrraMMbl BBIOEISIIUCH C IIIUPOKOrO Kpyra
cyOCTpaToB: OT IIUEHULbI U KOMEHHBIX SITOI JO IOoMeTa
WK GPOHXO0ATBBEOJISIPHOM KUIKOCTH UMMYHOCYTIPECCH~
POBaHHBIX MAIIMEHTOB B NaJlaTaXx MHTEHCUBHOM Tepanuu
(Yilmazet al., 2012), a cam B OTJIMYAETCSI AKTUBHBIM CIIO-
poo6Gpa3oBaHUEM, UTO AeJIaeT eTo MOTEHIIMATbHBIM KOHTA-
MUHaHTOM. OTHAKO B TEKYIIIEM MCCIEI0BAHUM U30JISIT ObLIT
BBIJIEJIEH MPSIMBIM MTOCEBOM KyCOYKa TKaHU MOPaKeHHOTO
aJIbTepPHAPUO30M KITyOHSI, YTO TOBOPUT O TOM, UTO MU3OJIST
HUMeJT TIPSIMOe OTHOILIeHVE K KIIyOHAM U He SIBJISLICS CITy-
YaiiHbIM KOHTAMUHAHTOM C MOBEPXHOCTH.

Trichoderma citrinoviride Bissett — MO, JIMUTpOB-
ckuit p-H, 1. TopmikoBo, copt I'ana, 25.07.2017, benoco-
xoB, 1I9MPTI17AB [OM965335]. Mopd. no: Jaklitsch and
Voglmayr (2015).

T. harzianum Rifai — MO, ImutpoBckuii p-H, Poraue-
Bo, copt lama 03.04.2018, bemocoxoB, 125MPTI18AB
[OP289037]. Mopd. no: (Jaklitsch, Voglmayr, 2015).

Verticillium biguttatum W. Gams — nBe Haxonku, MO,
OnuHuoOBCcKUiA p-H, p/m Bonbimme Bsizemb, BHUN O,
copr Tama 17.08.2019, benocoxos, 180PT19AB
[OP289051]; AmutpoBckuii p-H, PoraueBo, coprt lana,
26.08.2019, bemnocoxos, 181PT19AB [OP289052]. Mopdd.
no: Zare and Gams (2000).
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V. tricorpus 1. Isaac — TamboBckasi 0671., MU4ypHHCK,
10.01.2020, benocoxoB, 193PT20AB. Mopd. mto: Zare, Gams
(2000).

Takum obGpa3oMm, mpoBeaeHHas paboTra Iokasaja
BBICOKOE pa3HooOpa3ue MUKOOMOTHI, acCOLMUPO-
BaHHOM ¢ KIIyOHsSIMU KapTodeis. M3 mpuBeaeHHBIX B
pabote 53 BUIOB rpu0bOB, aCCOLIMMPOBAHHBIX C KITyO-
HSIMU KapTodenst, 36 paHee He 0OHAPYXMBaJINCh Ha
Ki1yOHsX. Cpeau BBISIBJICHHBIX BUIIOB BCTPEYAIOTCS
KaK MaToTeHbl, TaK U IMOTEHLMaAJIbHbIC areHThl OMO-
KOHTPOJIST WM 3HA0MUTHL. I1pu 3TOM NomaBistiomast
YacTh IMOKAa3aHHOIO pa3HooOpasus IIpencTaBieHa
KpaiiHe MaJIOu3y4eHHbIMU BUIaMU C 10 KOHIIA HE $IC-
HOI1 3KOJIOTHEN U POJIbIO B COCTaBE MUKPOOUOTHI Kap-
Todesst. DTO CBUIOETEILCTBYET O HEOOXOTUMOCTU
TIIATEJILHOIO aHaIN3a MUKPOOMOTHI ITPpU pa3paboTKe
Y IIPUMEHEHUU CUCTEM 3allUThl KapTodes.

Pabora mommep:kaHa MMWHHCTEpPCTBOM HayKU M
BhIcIIero obOpasoBaHust Poccuiickoii Denepanuu
(cornammenue Ne 075-15-2021-1396).
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The paper presents information on strains of 53 species of fungi isolated from potato tubers. Samples of affected
and healthy potato tubers were collected in various regions of Russia (Astrakhan, Bryansk, Vladimir, Voronezh,
Irkutsk, Kaluga, Kostroma, Magadan, Moscow, Tambov, Tula, Kamchatka, and Krasnodar regions; Republics
of Adygea, Crimea, Mari El, Sakha-Yakutia) between 2014 and 2022. 36 species presented in the work are new
and have not been previously found on tubers. Among them, there are both phytopathogens and species that can
be used as potential biocontrol agents (competitive saprotrophs, mycotrophs). Species known as endophytes have
been found, as well as poorly studied species whose role on tubers remains unknown. The work does not include
well-known potato pathogens, new species, information about which was previously published by the authors, as
well as a variety of Fusarium spp. fungi, on which separate publications are being prepared. The study shows the
complex diversity of fungi in the composition of the potato microbiota, which indicates the need for a thorough
analysis of the microbiota in the development and application of tuber protection systems.

Key words: biodiversity, pathogens, potato growing, saprotrophs, tuber protection
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Briepsrie B 3ammamHoit Cubupu mpoBeaeHbI IPOU3BONCTBEHHBIE UCTTBITAHUS KCIIEPUMEHTAILHOTO IMPOTOTHTIA
penapara Ha OCHOBE DHTOMOIIATOreHHOro rpuba Metarhizium robertsii. Iloka3zaHa ero crmiocOGHOCTb CYIIIE-
CTBEHHO CIAEPXKUBATh Pa3BUTHE PU3OKTOHNO3a KapTodesst Ha MPOTSKeHUU BCeTo MeproIa BereTalun. Ycra-
HOBJIEHO IOCTOBEPHOE CHUXXKEHME T'MOEIM POCTKOB U pa3BUTHUSI PUBOKTOHNO3a Ha CTEOJISIX B CPAaBHEHUU C KOH-
TpOJEM U XUMHYECKUM TIpoTpaBuTesieM. Ha ygacTke ¢ mpuMeHeHueM M. robertsii OTME4eHO CyIIeCTBEHHOE
yBeJIMYEeHME KOJIMYeCTBa 310POBbIX KIYOHel (B 2.5 pa3a), KOJUMYECTBO KIIYOHE! CO CKIEPOUMIMU YMEHbBILIM -
JIOCh B 2.8 pa3a 1o CpaBHEHUIO ¢ KOHTpoJieM. D deKTUBHOCTD IIpuMeHeHUs M. robertsii B TIogaBIeHUN PU-
30KTOHMO3a OblIa BEICOKOM Ha Bcex Taliax OHToreHesa Kaprodessa u cocranisia 52—84%. B 1abopaTopHBIX
SKCMEpUMEHTaX B MPUCYTCTBUU M. robertsii yCTaHOBJIEHO TOCTOBEPHOE WHIMOMpOBaHUE (HOPMUPOBAHUS
ckieponueB Rhizoctonia solani Ha KIIyOHSIX, CHUDKEHUME UX XKU3HECIIOCOOHOCTH U pa3Mepa.
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IMaTOreHbI
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BBEAJEHUWE

®duronaroreHHblit rpubd Rhizoctonia solani Kuhn
PErucTpUpyeTCs BO MHOTUX TUIIaX ITOYB U BHI3bIBAET
Ha KapTodeJsie KoOMIUIEKCHOe 3a00j1eBaHue, TPOSIBJISI -
oneecs: B popMe CyXxoit SI3BEHHON THUJIM POCTKOB,
CcTe0JIeil M CTOJIOHOB, UTO ITPUBOIUT K U3PEKMBAHUIO,
3aJIep>KKe U BbIMagaM BCXOI0B 3TOU KynbTyphl (Baker,
1970; Carling, Leiner, Westphale, 1989; Wilson et al.,
2008). Ha xnyoHsx kaptodesst CUMIITOMBI OOJIC3HU
TaK>Ke MHOTOOOpPa3HbI: CKJIEPOLIMU, YIITyOaeHHAs TIsIT-
HUCTOCTb U CETYAThIiA HEKPO3, KOTOPhIE IIPUBOIAT K
CHUIKEHMIO KayecTBa U ypOXKalHOCTU KYJIbTYPhI BO
BCEX 30Hax BoznenbiBaHus. B 3amagHoii 1 BocTouHo
Cubupu norepu ypoxasi OT pU30KTOHMO03a JOCTUTA-
10T 30—45%. Ilopaxenne KapTodensi pU30KTOHUO-
30M B YCJIOBUSIX Pe3KO KOHTMHEHTAJILHOTO KJIMMaTa
permoHa MOXET JOCTUTAaTh MakKcuMalibHO 67—70.8%
MpU pacIpoOCTPaHEHHOCTU 3a00jeBaHUsI Ha YPOBHE
80—100%, a 3aceleHHOCTh KIYOHEH CKIICPOLIMSIMU
mocTuraeT 56.2% (Shaldyaeva et al., 2006; Tsror, 2010).

INepcriekTBHOE HaIlpaBieHHWE B 3alllUTe KapTo-
denst ot 3abosieBaHUSI — UCMOJIb30BaHME MIPEIapaToB
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Ha OCHOBE OMOJOTMYECKUX areHTOB, B MEPBYIO OUe-
pelb MUKPOOPIaHU3MOB, YacTO OOJIAMAIONIUX TTOIH-
GYHKIUOHAIBHBIM AeiicTBueM. OHU CTUMYIUPYIOT
POCT 1 pa3BUTHE PACTCHU M, X YCTOMYMBOCTH K a01O-
TUYECKUM CTpeccaM M BpeIHbIM opraHusmam. Kc-
MOJIb30BaHMe GUOTIpEITapaToB HA OCHOBE MUKPOOPra-
HU3MOB TIPUOOpPETAET B COBPEMEHHBIX YCIOBUSX
0oJIbIIIOe 3HAYEHUE U MHULIMUPYET aKTUBHBIN TTOUCK
HOBBIX, 00see 3(h(PEKTUBHBIX IITAMMOB MUKPOOpPTa-
HU3MOB JIJis TT0IaBJIeHUsI naToreHoB. [TosBiseTcs Bce
0oJbllie J0KAa3aTeJbCTB TOrO, YTO MPUMEHEHUEe MUK~
POOPTaHU3MOB, KOJIOHU3UPYIOIIMX pu3ocdepy U ca-
MU pacTeHus (Harpumep, 0akrepumn Pseudomonas n
Bacillus, rpuObl apOyCKyISIpHON MUKOPHU3BI U TPUOBI-
SHI0GUTHI), UMEET BLICOKHIA TMTOTEHIIMAI B KA4eCTBE
CpeICTB OMOJIOTUYECKOM 3aIUTHI OT (PUTOITATOTEHOB,
TO3BOJISIIOIIMX CHUXXATh 3a00J1eBA€MOCTb U CTUMYJIU -
poBaTh pocT pacteHuii (Wilson et al., 2008). YctaHOB-
JISHO, YTO PHTOMOITaTOTeHHbIe Tpudnl Metarhizium n
Beauveria HaxoaaTcsa B MyTyaJTUCTUYECKUX B3aUMO-
OTHOIIIEHUSIX C PACTEHUSIMU, BBICTYIIAsI TOCTABIIKA -
MU a30Ta, IPOU3BOAUTEISIMUA BTOPUIHBIX META0OIM -
TOB, MMPOMOTOPAMU POCTa, AaHTAarOHUCTAMU TPUOHBIX
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1 BUpPYCHBIX ¢uronaroreHoB (Vega, 2018) m moryrt
OBITH MCITOJIb30BAHBI B KAU€CTBE MUKOIIECTUIIUIAOB C
MEePCNEKTUBON AOJTOCPOYHONM 3aMEeHbl CUHTETHYe-
ckux nectuunaos (Lednev et al., 2019).

Taxk, momaBiaeHue (PUTONATOISHHBIX IPUOOB ITOCIIE
00paboTKM pacTeHUl pa3TMYHBIMUA BUIaMU TPUOOB
ponoB Metarhizium n Beauveria ObII0 TOKa3aHO B ClIe-
nylolmux cucremax: Pythium myriotylum w Rhizoctonia
solani — pacteHUs1 ToMaTOB U xJonyaTHukKa (Ownley
et al., 2008), Fusarium oxysporum — nyk (Flori, Rober-
ti, 1993), myuHucTtasi poca — orypel (Kim et al., 2010),
BUPYC XeJITO Mo3auKu — ThikBa (Jaber, Salem, 2014).

Ackomurtiet Metarhizium robertsii IBJIsI€TCSI OTHUM
U3 HauboJiee paCIPOCTPAHEHHBIX B [IOUYBE BUIIOB H-
TOMOIIATOT€HHBIX I'PMOOB, ITOpaKaIOIINiA HACEKOMBIX
pa3HBIX OTPSII0B. ZKM3HEHHBIN IIMKJI 3TOT0O I'prda Kak
¢dakynpTaTUBHOrO camnpoTpoda BKJIIOYAeT pasHbIe
CTaguu: ITaTOT€HHYIO, IIPOXOISINYI0 Ha HACEKOMBIX, 1
MOKOSIIYIOCsI, KOIJa KOHMAWU TIpruba MOoIagarT BO
BHEIIIHIOW cpeny (MoyBa, pasjiuYHbIe YacTU pacTe-
Huii u np.). UccnemoBanus (Hu, Leger, 2002; Bruck,
2010) mokaszanu, 4TO Ha MOCJIeAHEe CTaauu rpud CIIo-
COOCH K KOJIOHM3allMM PacTeHU U pa3MHOXEHUIO B
nx puzocdepe. ABassach U3BECTHBIMUA SHTOMOIIATOTE -
HaMM, B JJAOOPaTOPHBIX YCIOBUSIX IpHOBI pona Meta-
rhizium (M. robertsii, M. anisopliae) nonaBistiau GuUTO-
MaTOreHHbIE OPraHU3MEI ponoB Pythium, Fusarium u
Rhizoctonia (Ownley et al., 2010; Sasan, Bidochka,
2013). [TpoBeaeHHbIE HAMU MpeABapPUTEIbHBIC TOJIe-
BbIe UcTibITaHUS Metarhizium robertsii B 60pb0e C pu-
30kTOHMO30M nokazanu (Tomilova et al., 2020), yto
npearnocanodyHasi 00padoTka KJIyoHel KapTodest KO-
HUAUSIMU Tpuda caepXXUBaeT pa3BUTHE PU3OKTOHMO-
3a Kaptodeas B IIepuoI Bereralu B YCJIOBUSAX 3a-
nagHoii Cubupu.

Ilenpio maHHOro McCciaemoBaHUSI OBLIO M3y4eHUE
3¢ HEeKTUBHOCTU IIPUMEHEHMS IIPOTOTUIIA ITperapara
Ha OCHOBe KOHUIUit M. robertsii TpOTUB PU3OKTOHMU -
03a B IIPOMU3BOIACTBEHHBIX arpO3KOCHUCTEMaxX KapTo-
dens necoctenu [1proohs.

MATEPHAJIBI 1 METOJbI

JIabopaTopHbIe uccaeI0BaHUs IPOBOAVIIN Ha Oa3e
HMHcTUTyTa cCUCTEMaTUKM U 3KOJIOTUM KUBOTHBIX CO
PAH un HoBocubupckoro I'AY. IIpousBoacTtBeHHbIE
ucneiTanus nposeneHbl B 3A0 “IIpuoodekoe” Hoso-
cubupckoit obmactu (2021 r.). O6beKTaMu UCCIea0-
BaHMIl sABIsUIMCH copT Kaprodens Penm Ckapier,
IITAMM HTOMOIIaTOTeHHOTro rpuda Metarhizium ro-
bertsii (n3onar P-72) u Bo3OyguTeab pU30KTOHUO3A
Rhizoctonia solani.

B pabote ucrosib30BaH 3HTOMONATOT€HHBII TPUO
Metarhizium robertsii (utamm P-72) u3 xomnekuun
MUKpOOpraHn3mMoB MHCTUTYTA CUCTEeMAaTUKU M KO-
aorun xkuBoTHbIX CO PAH Poccuiickoii akaneMuu
Hayk. [llTaMM BBIIEJIEH M3 MOTUOIINX JIMYMHOK KOJIO-
panckoro xXyka Leptinotarsa decemlineata Say Ha tep-
putopuu JlatBuu B 1972 1. (Serebrov et al., 2007). Bu-

MUKOJIOTHUA N ®UTOIIATOJIOTI A
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noBas uacHTUGbMKALYsI Iprba NpoBeIeHa Ha OCHOBE
CEKBEHMPOBAaHHUS PerrMoHa reHa akTopa 3J0Hraluuu
EF1la (Kryukov et al., 2017).

B nabopaTopHBIX YCJIOBUSIX MNPOBOAWIU OLICHKY
aHTarOHUCTUYECKOI aKTUBHOCTU Metarhizium robert-
sii B OTHOIIEHNN (pUTOIMATOTeHHOTO rpuda Rhizocto-
nia solani MO METOOMKE COBMECTHOTO KYJbTUBUPOBA-
Hus (Sobowale et al., 2010) Ha KapTO(eTHbHO-TITIOKO3-
HoM arape (KI'A). Arapossie 610km (muametp 10 Mm)
C IISITUIHEBHOM KylIbTypout Metarhizium robertsii pa3-
MeIIAJIM Ha paccTOsSTHUU 3 cM OT Kpas yaiiek [letpu
(muametp 90 mMm). Uepes 2 cyT Ha IIPOTUBOIIOIOXHYIO
cropoHy uaiiek Ilerpu Tmomelnanum aHaJOTUYHBbIE
o610k Rhizoctonia solani. KoHTponb cogepkan TOJIb-
KO R. solani. Yamku nukyouposanu npu 25°C B TeM-
HoTe. MHrubupoBaHue (hopMUpOBaHUSI CKIEPOLIMEB
OLIEHUBAJIU 1O TIOTHOCTU MULEJIUAJIBHBIX 3a4aTKOB
CKJIEpOLIMEB TIPU OMMHOYHOM pocTe (huTonaTroreHa u
€ro COBMECTHOM KYJIbTUBUpPOBaHUU ¢ M. robertsii ¢
dukcanueit napamerpos Ha 10, 20 u 50-e cyr. I1not-
HOCTb MMIIEJNUS OLIEHMBAJIU 110 WHTEHCUBHOCTHU
OKpacKM ¢ moMolIbio mporpaMmbl ImageJ (Abramoff
et al., 2004). DkcnepuMeHT IIPOBOAWIM ABaXKIHl B
LLIECTU TTOBTOPHOCTSIX.

IMponsBoacTBEeHHBIE UCTTBITAHUS TIPOTOTUTIIA TIpE-
mapata Ha OCHOBe KOHMAuU Metarhizium robertsii
nposonuian B 3A0 “IIpuobckoe” HoBocubupckoit
00JI. Ha y9acTKe TTPON3BOICTBA CEMEHHOTO KapToders.

ITpou3BOACTBEHHBI SKCIIEPUMEHT BKITIOUATT TPU
BapuaHTa: 1) 00paboTKy KiIyOHEeM Boaoii (KOHTPOJIb);
2) 006paboTKy KIIyOHel rpuoom M. robertsii; 3) obpa-
OOTKY KIIyOHE XMMUUYECKUM IpernaparoM DMECTO
KBaHTYM (3TaJIOH).

O06paboTKy KiTyoHeit kapTodens copra Pen Ckap-
JIeT KOHUIUsIMU M. robertsii IpOBOIMIN HETIOCPEN -
CTBEHHO nepen nocaakoii. Mcmob3oBaan Maioo0b-
€MHO€ ONpPHICKMUBAaHUE KIIyOHEil B IIPOM3BOIACTBEH-
HBIX KOHTelHepax (pacxod 3KCIIEpUMEHTaJIbHOIO
MIPOTOTHUIIA [Tpenapara ¢ TATpoM 5 X 10° KoHauii/r co-
craBun 0.6 Kr/T, pacxon paboueii cycnieHsuu — 12 j1/T
KJIyOHei), B KOHTPOJbHOM BapraHTe IIPOBOAMIN 00-
paboTKy Bomoii (12 1/T), 00pabOTKy CUCTEMHBIM MH-
CeKTO-(YHTULMIHBIM MpenapaToM DMecTO KBaHTyM
OCYIIECTBJISUIA B peKoMeHmoBaHHOK mo3e 0.3 /T ¢
pacxomoM padoueii xxuakoctu 12 i/T. Inomans Kax-
noii penssHku — 0.5 ra. IlocagkKy oOCylLECTBISLUIA
14.05.2021 MexaHU3UPOBAHHBIM CITOCOOOM C UCIOJIb-
3oBaHneM Kaprtodenecakanku Grimme GL 34 KG.
IMocanky KJyGHEH MPOBOAWIM Ha TIyOUHY 6—8 cM,
cxeMma mocagku 75 X 20 cm. dpesepoBaHue rpedHeit
ocymiectBiastmim Grimme GF 75-4 gepe3 5 cyT nocie
MOCaAKU IS CO3AaHUSI MPOYHOTO PHIXJIOrO T'peOHs
BOKPYT KIIyOHSI.

[lepen 3akyagkoil AKCIIepMMEHTA IIPOBEIN aHAIIN3
3aCeJICHHOCTH TOYBHEI TpMOOM Rhizoctonia solani me-
TOAOM MHOXECTBEHHBIX TOUYBEHHBIX TabJieToK (Henis
et al., 1978) ¢ ucronb30BaHUEM CEJIEKTUBHON Cpebl
(Ko and Hora, 1971). ComtacHO 3TOMY METOy, ITIOYBY
IIPOCEUBAJIM YePEe3 CUTO C MELIEM 2 MM M XpaHWIU B
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KapTOHHEIX KopoOkax. HemocpencrBeHHO mepen pa-
00TOI YPOBEHB BJIAXKHOCTHU ITOYBBI TOBOAWIN OO 18—
22%. I1ouBy 3a1peCcCOBBIBAJIN B TPYOKU IPOOGOOTOOP-
HUKAa ¥ BBIKJIAObIBAIMA IIOYBEHHBIE TaOJeTKu (10
15 mT.) Ha arapu3oBaHHYIO cpeny B yamku IleTtpu B
10-kpaTHOI TOBTOPHOCTU Ha BapuaHT. CpeaHsisd Mac-
ca tabnerok 104—115 + 1.77 mr. Yamku ¢ TabneTkaMu
nHkyoupoBanu npu 20—24°C B teyeHue 18—244 u
IIpOCMaTPUBaIU BU3YAJIbHO M IOl MUKPOCKOIIOM Ha
MPUCYTCTBYE TUINYIHOIO Mulienus R. solani.

IMTopaxxeHHOCTh KapTOo(dens: pu30KTOHNO30M Y4~
TBIBAJIM B ABa 3Tarna (nepBbiii yueT 15.06.2021 — yepes
MSITh HeJEeb Tocie Mocaaku, (aza BCXOI0B; BTOPOit
yuet 08.07.2021 — yepe3 ceMb Heleb IIOCe ITOCaIKM,
¢aza OyToHM3ALMU—LBETCHMS). AHATU3UPOBAJIU T10
15 pacTeHUif B 4eThIpEXKPATHOM ITOBTOpHOCTH (60 pac-
TeHWid Ha BapuaHT) mo Metoauke ®panka (Frank,
Leach, Webb, 1976) o cnenyroieii mkane: 0 6amioB —
HeT nopaxkeHwuii; 1 6aan — HaJuyue OMHOIO Mopaxe-
HUS IJIMHOI MeHee 25 MM; 2 0aJij1a — OIHO ITopaXkKeHHe
IJIMHOM 26—50 MM WIM HECKOJIBKO MEJKUX Mopaxe-
HUI [UTMHON MeHee 50 MM; 3 Oajuta — OOHO WM He-
CKOJIBKO ITopazkeHuit 6oiee 50 MM, HO HE OKOJIBIIOBBI-
BaroIInx cTedenp; 4 6auia — OqHO MJIA HECKOJIBKO 10 -
paxXeHuii MeHee 25 MM, OKOJIbLIOBbIBAIOIIUX CTEOCIIb;
5 6aJJTOB — OMHO WJIM HECKOJILKO MOPaXKeHUI IIMHOMI
oosiee 25 MM, OKOJTBIIOBBIBAIOIINX CTEOCTb.

s KaXXImoro pacTeHUsI PAacCUUTHIBAIM MHIEKC
pa3BuUTUs 00JIE3HU MO OOLIEIIPUHATON (popmyie ITy-
TeM CYMMHUPOBaHUSI TIPOU3BENECHUI KOJMYECTBA
cTebseit (pOCTKOB) Ha COOTBETCTBYIOIIUIA OaJII IIKa-
JIBI U AeJICHUsI Ha TIPOU3BeICHUE CYMMbI KOJIUYECTBA
cTeblieil Ha BBICINMIT Oa/lyl 1IKAJIbI, BhIPAKEHHOE B
MPOLIEHTAX.

Ha Ttom e Marepuaie onpenesijii IMPOLEHT O~
FI/I6]_LII/IX POCTKOB, a TaKXKE€ OIIaBIIMX M IMOBPECXKIACH-
HBIX CTOJIOHOB OT OOIIETO VX YMCJIIA.

O11eHKY ITOpa>keHHOCTU KIIyOHE pU30KTOHNO30M
MPOBOAWIN C OMNpeIeJeHUEM CKJIepPOLMaIbHOTO MH-
nexca (Shaldyaeva, Pilipova, 1999) mo BapuaHTam
onbiTa (ypoxaii ¢ 25 pacreHUil B YeTbIpexXKpaTHOM
noBTopHOCTH). CKJIepOoLMaIbHBII WHIEKC MOACUYU-
TeIBasIK o popmyite: Si = (hy + 3.51 + 5m + 6h)/(c +
+hy+ 1+ m+h), rme c, hy, I, m, h — macca ki1yoHeii;
¢ — KJIyOHU, CBOOOIHBIE OT PU30KTOHMO3a; hy —
KJyOHU ¢ MULIEIMAJIbHOM (popMoii (B hopMe ceTyaTo-
ro HeKpo3a, yriIyOJIeHHOM NITHUCTOCTHU); | — KiIyOHU!
MopaxXeHbl B CIa00i cTerneHW (CKJIIEPOLIMU OT eau-
HUYHBIX 1 3aHnMalomux 10% noBepXHOCTU KITyOHST);
m — KJIyOHUY IMOpaxXkeHbI B cpenHeil cTereHn (CKJIepo-
LIMM 3aHUMAIOT 25% NoBEepXHOCTU KIIyOHST); h —
KJyOHM MopakeHbl B CUJIBbHON CTeTIeHU (CKJIEPOLIUU
3aHuMaloT 50% m 6oJree MOBEPXHOCTH KITyOHST); 3.5, 5,
6 — HdpoBbie KO3PDOULIMEHTHI POPMYJIBI, OTpaxKalo-
II1e CTETEHb BPEIOHOCHOCTU OTASIbHBIX (POPM MpO-
SIBJICHUSI PU30KTOHMO03a.

B nipoiiecce aHanm3a o6pa3ioB KapTodes Kiyo-

Hu (He MeHee 100 1IT. Ha TTOBTOPHOCTh) pacHpeaesIsi-
JIi 110 rpymnmam (c, hy, 1, m, h), a 3aTeM KaxXayro U3 HUX

MUKOJOI'A U PUTOIIATOJIOTUA

B3BCIIMBAJIA 110 OTACIbHOCTU U UX MACCY UCITOJIb30Ba-
JIN IJIA 11oACYETAa CKIICPOLMAaJIbHOTO MHACKCA.

HN3ydyeHne Ku3HECIIOCOOHOCTU CKJIEPOLIMEB C
KJTyOHEIT HOBOTO YpoKasl IIPOBOIWIN Ha KapTopeIbHO-
nmoko3HoM arape (KI'A), momeniasi rsiTb CKJIEpOI1eB B
vamky I[leTpu mo BappaHTaM MPOM3BOACTBEHHOTO OIThI-
Ta (KOHTpOJNb, Metarhizium robertsii XUMWUECKUI 3Ta-
JioH) B 10-kpaTHOIt ToBTOpHOCTU. CKIIEPOLIUU OTAEISI -
mm ¢ 50 kirybHet cpemHero oopasiia 13 4eThIpeX IMo-
BTOpHOCTeN. Yalku nHkyouposanu npu 22—24°C B
TEMHOTE B TeueHue S cyT. ZKu3HecrmocoOHOCTh BO30y-
JIUTEJISI OLICHUBAIN 110 KOJIMYECTBY IIPOPOCIIINX CKIIe-
pOlIMeB U IMaMeTPy KOJIOHUIA.

AHaJIN3 JaHHBIX NPOBOAWIIN C WUCIOJIb30BaAHUEM
Statistica 8 (StatSoft Inc., CIIIA) u PAST 3 (Hammer
et al., 2001). HopmanbHO pacmnpeneseHHble JaHHbIe
OBLTU TIPOAHATU3UPOBAHBI C TOMOIIBIO OTHOMAKTOP-
Hoit ANOVA ¢ mocienyromumM TecToM ThIOKU, He-
HOPMAaJILHO paclipeieieHHbIe JaHHbIE — C UCTIOIb30-
BaHMeM aHanmm3a Kpyckam—Yosmca ¢ Hocieayomum
TecToM JlaHHa.

PE3YJIbTATDI

Ilepen 3akiankoit sKcIiepuMeHTa ObLT BBHITTOTHEH
aHaM3 PUTOCAHUTAPHOTO COCTOSIHUS IIOYBbI U ITOCa-
JIOYHOTO Martepuaja Kaprodeis. YCTaHOBJIEHO, YTO
YPOBEHb IMOYBEHHON MH(EKIIMU ObLI HUXE ITopora
BPEIOHOCHOCTH, OTHAKO OTMEUYEH BLICOKUI1 YPOBEHb
MOPaXXeHHOCTH KIIyOHEeil pM30KTOHMO30M (pacmpo-
CTpaHEHHOCTh (pOPM PU30KTOHMO3a Ha KIYOHSIX CO-
craBisiia 78%, ckiepouyaNbHBI WHAEKC — 2.24,
Tabi. 2). TakuM o6pa3oM, UCCIeTOBAHUS IPOBOIM -
JI1 Ha BBICOKOM €CTECTBEHHOM MHQMEKIIMOHHOM
¢oHe MopakeHHOCTU PU3OKTOHHUO30M CEMEHHOTO
MaTepuana.

IIpu onieHKe BBIMAA0B BCXOAOB OTMEUYEHO 3HAYM-
TeJIbHOE CHUXKEHUE KOJMYECTBA MOTUOIINX OT PU30K-
TOHMO3a POCTKOB ITOCje TpuMeHeHust M. robertsii 1 B
BapvaHTe C XMMUYECKUM BTAJIOHOM, pas3uyusl 1O0-
CTOBEpHEI B cpaBHeHMHU ¢ KoHTpojeMm (Tect daHHa,
P=0.005). B aToT Ke nmeproa OTMEUEHO CYIIIECTBEH-
HO€ CHUXKEHME MHAeKca pa3BuTusi 6one3nu (MPb) Ha
ctebisax B 3.8 pasa mocie o0pabotrku M. robertsii 110
CpaBHEHUIO C KOHTpoJjeM (Tabi. 1).

B a3y uBereHus (cemp Hemelrb) MaKCUMAaIbHBII
addexT o cHmkennio MPb monayden mocie obpa-
0oTKU KIIyOHeil M. robertsii, pa3au4usi 0 CHIXKEHUIO
MMOPaXXKeHHOCTH CTeOJIelt JOCTOBEPHBI KaK IT0 CpaBHe-
HUIO C KOHTPOJIEM, TaK M C XMMHYECKUM ITPOTPaBUTE-
aem (P < 0.0009). BnepBble OTMEUEHO JOCTOBEPHOE
CHIXKEHHME KOJIMYECTBa MOpaxkeHHbIX (B 3.6 pasa) u
ONAaBIIMX CTOJOHOB (B 23 pasa) mocie o0paboTKu
M. robertsii o cpaBHeHUIO ¢ KOHTposieM (P < 0.003).
[MprMeHeHNEe XUMITYECKOTO 3TaJIOHA 00ECITCYHITO 10~
CTOBEPHOE CHIDKEHWE TOJIBKO OIABIINX CTOJIOHOB IO
CpaBHEHUIO ¢ KOHTpoJieM (B 4.4 paza, P = 0.004).

IIpennocamounas obpaboTka rpudoom M. robertsii
MOJIOKUTEILHO BJIMsIIa Ha Ka4eCTBO KJIyOHeit HOBOTO
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Ta6mmna 1. PazBuTue pu3okToHMO03a KapTodenst Ha poHe ipumeHeHust Metarhizium robertsii, %

Iloka3aTtenu KoHTtponb M. robertsii XUMUYECKHUIA 3TAIOH
Horu6mmue poctku (15.06) 10.52 ob ob
PasButune 60je3Hu Ha cTe6sx (15.06) 44.92 11.9% 20.6°
PaszBurue 6one3nn Ha creoirsix (08.07) 53.72 25.9b 50.12
IospexaeHHble cTonoHHI (08.07) 10.62 2.95b 6.42b
Omasmiue crtoaoHE (08.07) 13.82 0.6° 3.1b

ITpumeuanue. PazauaHble OyKBBI YKa3bIBAIOT Ha CYIIECTBEHHBIC pa3Inuus MexXay BapuanTtamMu (omHodakTtopHast ANOVA, tect Thioku,

P <0.05).

Taomna 2. Bnusinue Metarizium robertsii Ha paclipOCTPaHEHHOCTb (hOPM MPOSIBJICHUSI PU30OKTOHMO03a Ha KITYOHSIX

PacripoctpaHeHHOCTs | PacrpocTtpaHeHHOCTh GOpM Ha KIIyOHSIX HOBOTro ypoxkas (%)
[TokazaTenu ¢dopM Ha TMocagoUHbIX
KTy6HsIX (%) KOHTPOJIb M. robertsii XUMUYECKUN 3TAJIOH
CB0OOIHbIE OT PU3OKTOHUO32 21.8 20.00 £ 2.312 49.6 + 3.40° 33.6 £ 5.67°
CeT4yarslii HEKPO3 29.6 10.0 25.2 30.7
CKJIepOLIIM BCETO: 49.2 69.9 25.2 35.8
B TOM UYMCJIE:
eIVMHUYHBIE 14.8 18 14.9 19.8
Ha 1/10 moBepXHOCTHU KITYyOHSI 18.0 32.3 9.3 11.7
Ha 1/4 moBepXHOCTU KIyOHS 13.7 14.8 1.0 3.3
Ha 1/2 NOBEpPXHOCTU KIIyOHS 2.7 4.8 0 1.0
Si (cxkIepounanbHbIN MHICKC) 2.24 2.83+0.122 1.18 £ 0.16° 1.63 +0.27°
PasMepsl ckiiepoiieB, MM 3.025 £ 0.46 1.825+0.36 2.70 £ 0.48
IIpopocuine cKirepolLnu Imocie 62 12 57
nepuoja xpaHeHust, %

ITpumeuanue. PazauuHble OyKBBI YKa3bIBAIOT Ha CYIIECTBEHHBIC pa3Inuus MexXay BapuanTtaMu (omHodakTtopHast ANOVA, tect Thioku,

P<0.05).

ypoxasi. OTMEYEHO CYIIECTBEHHOE YBEIUUCHHNE KO-
JINYECTBA 3IOPOBBIX KJyOHEe#l Ha yyacTKe ¢ TIpUMeHe-
HUeM M. robertsii Kak B CpaBHEHUHU C KOHTposieM (P =
=(.002), Tak u ¢ xumuueckum TpernaparoM (P = 0.049).
3HauyeHUs cKJlepouraabHOTo MHAeKca (Si) Kak 0600-
ILIEHHOTO TT0KAa3aTeJs ITOpaXkeHHOCTHU KITyOHeil BceMu
dopMaMM PU30KTOHMO3a OBUIM JTOCTOBEPHO HIKE
KOHTPOJILHBIX KaK IOcJie XUMUYECKOM, TaK U Mocje
o6pabotku rpudom (P <0.004, (Tadi. 2). YcraHoBIIe-
HO, 4TO B BapuaHTe ¢ M. robertsii KOMA4ECTBO 300PO-

Ha poCTKax Ha CcTeOIsIX
73.5 51.8

Kpome Toro, B 1a00paTOPHBIX B3KCIEpPUMEHTaX
YCTaHOBJIEHO, UTO MpUMeHeHue M. robertsii CHUXXaJIO
KU3HECTTOCOOGHOCTh U pa3Mephl CKilepoiueB Rhiocto-
nia solani, cdopMHUpOBaHHBIX Ha KJIYOHSIX HOBOIO
ypoxas. Tak, B KOHTPOJILHOM BapHUaHTEe KOJIMIECTBO
MIPOPOCIINX CKJIEPOLMEB COCTABISLIO 62%, B TO Bpe-
MsI Kak Tmocjie npuMmeHeHusi Metarhizium robertsii
ToNbKO 12% ckiepoleB o0pa3oBaiyd KOJOHUU Ha

MUKOJIIOTHUA U PUTOMATOJIOINA  tom 57

Ha CTOJIOHAX
83.9

No 2

BBIX KJIYOHEH yBEJIMUMIIOCh B 2.5 pa3a, a KOJIMIeCTBO
KJIyOHEI cO CKJIEpOLMSIMU CHU3WIOCH B 2.8 pasa 1o
CpaBHEHUIO C KOHTPOJIEM, UTO B UTOTE IIPUBEIIO K Cy-
LIECTBEHHOMY CHUKEHUIO CKJIEPOLIMAbHOTO MHACK-
caB 2.4 paza.

Buonornyeckas 3>(GEKTUBHOCTh TPUMEHEHUS
M. robertsii nyist CHUKEHUSI pU30KTOHMO3a (%) Obla
BBICOKOM Ha BCeX 3Talax OHTOoreHe3a Kaprodeis u
cocraBJIsiia:

Ha KIIyOHSIX
58.6

B CpEIHEM I10 PacCTeHUIO
66.9

arape c ao0aBieHMEM aHTUOMOTUKOB, POCT rpuda
ObL1 c/1abbIM, TUAMETP KOJIOHUM B 7 pa3 MeHbIlIe KOH-
TpOJBHEIX. PazMepsl ckneponneB, GOPMUPYIOIINXCS
Ha KJIyOHSIX Mocjie 00pabOTKM 3HTOMOIIATOT€HHBIM
rpuboM, ObITH B 1.65 pa3a MeHbIIIe KOHTPOJIbHBIX 3HA-
YEeHUH.

Pesynprarbl  TOMMOTHUTEIILHBIX  J1aOOPATOPHBIX
SKCIEPUMEHTOB II0Ka3ajy, 4TO IIPM COBMECTHOM
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Puc. 1. [1OTHOCTD MUIIETUATTBHBIX 329aTKOB CKIIEPOIIMEB
Rhizoctonia solani ipyu OMMHOYHOM POCTE U COBMECTHOM
KyIbTUBUpPOBaHUU ¢ Metarhizium robertsii. TInoTHOCTB
MULEIUST U3MEPEHa MO0 MHTEHCUBHOCTU OKPAaCKHU KOJIO-
HuM (ron 6;10KoM Rhizoctonia solani) B iporpamme Im-
agel. PaznnuHble OYyKBBI YKa3bIBalOT Ha CYIIECTBEHHbIE
paznuuust mexay Bapuantamu (P < 0.05, T-tecT).

KyJbTUBUPOBAaHUU M. robertsii BBI3BIBAI 3aJCPXKKY
oOpa3oBaHus cKIleponeB Rhizoctonia solani (puc. 1, 2).
IIpu cpaBHEHUM TUIOTHOCTH MMIEIUAIBHBIX 3a4aT-
KOB CKJIEpOIIMEB ITPU OMMHOYHOM pOCTe (pruTomarore-
Ha (puc. 2, a) 1 €ro COBMECTHOM KYJIbTUBUPOBAHUU C
Metarhizium robertsii (puc. 2, B) yCTAaHOBJIEHO JOCTO-
BEpHOE MHTMOUpPOBaHe (P OPMUPOBAHUSI CKJIEPOLIEB
Rhizoctonia solani B npucyrctBuu Metarhizium rob-
ertsii Ha TIPOTSIKEHUH BCETO Ieproaa HaOII0aeHU I
(T-Tect, P<0.015).

OBCYXIEHUE

Bozboynurens pu3zokToHMO3a KapTodenss hopMu-
PYET OOMIJILHYIO TTOIYJISLIMIO CKIIEPOLIEB Ha KITyOHSIX
(ot 9 mo 180 Ha oguH KJIyO€Hb) U B TIOYBE, JOCTUTAsI
YHCJIEHHOCTH B arpO3KOCHCTeMax KapTodels Goiee

I
A

ITAJTOAEBA u np.

50 mponaryn Ha 100 r (Shaldyaeva et al., 2006). DHTO-
MOIIATOTeHHBI Tpud M. robertsii cmiocoOOEH KOJIOHU-
3UpOBaTh MOA3EMHbIE OPraHbl paCTEHUM, B pe3yJibTa-
T€ Yero MpoOMCXOJUT CTUMYJIMPOBAHUE psiia OUOXU-
MUUYECKHX MPOLIECCOB B PACTEHMUSIX, COMPSIKEHHBIX C
MOBBIIIIEHUEM MMMYyHUTeTa. MHOTrMe aBTOpbI Mpe-
roJiaraloT KJjloueByl0 pojib MeTabOJIUTOB IHTOMOMNA-
TOTeHHBIX TPUOOB B MHTMOMPOBAHUM (UTOMATOre-
HoB. Ilpuyem BIMsIHME TPUOOB HAa pacTeHHE MOXET
OBITH OMOCPENOBAHO KaK BO3ACKHCTBUEM HEMOCPE-
CTBEHHO MeTabOJIUTOB Irprba, Tak 1 COOCTBEHHO B3a-
UMOJIEAICTBMEM MeEXAy I'puOOM U pacTeHuem (IaT-
TepH-PAaCIO3HAIOIINE CTPYKTYpPbl T'puba MOTYT BbI-
CTYNaTh B KAYECTBE CBOCOOPAa3HbIX JJIIMCUTOPOB). DTU
MPEeAnoaoXeHus: ObUIM TOATBEPXKIEHbI B 3KCIIEPU-
MEHTaX C UCTOJb30BaHUEM OECKIETOYHbBIX (pUiIbTpa-
ToB KyabTyp (Renwick et al., 1991; Bark et al., 1996;
Sasan, Bidochka, 2013; Lozano-Tovar et al., 2017).

JI1st IOSICHEeHUsI MEXaHM3MOB MOJIM(PYHKIIMOHAIb-
HOTO JENCTBUS SHTOMOITATOIEHHBIX IPUOOB psii aBTO-
POB BBIABUTAIOT CJACAYIOIINE TUIMOTE3bl: KOHKYPEH-
muio 3a cyocrpat (Ownley et al., 2004, 2008), anTaro-
Hu3M (Collemare et al., 2014; Rios-Moreno et al.,
2016; Garrido-Jurado et al., 2017) u akTMBaLMIO 3a-
IIUTHBIX CUCTEM pacTeHUil B pe3yiabTaTe cTpecca
(Ownley et al., 2010; Maksimov et al., 2015).

[IpenBaputenbHBIe 1a00pPaTOPHBIE MCCAESIOBAHMS
aHTarOHMCTUYECKMX CBOMCTB Iutamma M. robertsii
CBUAECTEIBCTBOBAIM 00 AaKTMBHOM ITOJABJICHUM UM
rpnda Rhizoctonia solani. Tak, Ipy IINTEIILHOM COB-
MECTHOM KYJIbTUBUPOBAHUU 3HTOMOMNAaroreHa ¢ R. so-
lani orMedeH 3 deKT oruieTaHusI TUP U HEKPOTHU3a-
LIAY TIOBEPXHOCTHOTO MULIEIUS BO3OYIUTEIIST PU30OK-
toHuo3a (Tomilova et al., 2020). ITpoBeneHHast HaMu
KOJINMYECTBCHHAas OLICHKA ITJIOTHOCTU MULICIIUAJIbHbBIX
3a4aTKoOB cKJepouueB R. solani mokasajia 1O0CTOBEp-
HO€ WHTuOMpoBaHUE (OPMUPOBAHUS CKIIEPOIIVEB

R. solani

Puc. 2. CpaBHurenbHass MOopoIOrus KyIbTYphl Rhizictonia solani (a) 1 COBMECTHOM KyJabTyphl uTonaroreHa ¢ Metarhizium rob-
ertsii (0). [TMOTHOCTb MULIEINST U3MEPSUIN TTO MUHTEHCUBHOCTHU OKPACKU B 00J1aCTH 11011 6J10KOM Rhizoctonia solani ¢ TOMOLIBIO IIPO-

rpammbl ImageJ (10-e cyT KyJIbTUBUPOBaHMSI).

MUKOJOI'A U PUTOIIATOJIOTUA
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¢uronaroreHa B mpucyrctBuu Metarhizium robertsii
Ha MpoTsKeHU S0-TU CYyTOK KyJIBTUBUPOBAHMUS.

BnepBble B yclOBUSIX MPOU3BOACTBEHHbBIX dKCIE-
PUMEHTOB YCTaHOBJICHO, YTO 00paboTKa KIIyOHEel Me-
TOIOM MaJIOOOBEMHOTO OINPBLICKUBAHUSI CyCIIeH3UE
KoHUaUit M. robertsii mepen MOCAAKOM CyILIECTBEHHO
CIAEPXKUBAET Pa3BUTHUE PU3OKTOHMO3a B TEUEHUE BCe-
ro BereTalimoHHoro nepuojaa. Ha ¢ase moysHbix Bcxo-
JIOB HAMU YCTAHOBJIEHO JOCTOBEPHOE CHVXEHUE TU-
0eJii pOCTKOB Y MHAEKCA pa3BUTHS PU3OKTOHMO3a Ha
cTeOJIsIX B pe3yabTare o0padboTku M. robertsii. B npo-
BEJIEHHBIX paHee UCCIeIOBAaHMIX HaMU ObLIO OTMeYe-
HO, UTO HayaJIo KOJIOHU3ALIMU PACTEHUI rpubamMu co-
MPOBOXIAJIOCh JTOCTOBEPHBIM POCTOM aAKTUBHOCTU
3alMTHBIX (PEPMEHTOB: TIEPOKCUIa3bl B TKAHSIX KOP-
Heit (B 1.5 paza) u noaudeHoIoOKCuaa3bl B JIUCTHIX
(Tomilova et al., 2020), 4TO CBUAETEILCTBYET 00 U3-
MEHEHUU UMMYHHOTO CTaTyca KOJIOHU3UPYEeMbIX pac-
TEHUI 1 COOTHOCUTCS C JaHHBIMU APYTUX UCCIIeIOBA-
teneii (Hirano et al., 2008; Maksimov et al., 2015).
Bo3moxkHo, 3amuTHBI 3(@GEKT OT pUM3OKTOHMO34,
00yCIIOBIEHHBIN IpUMeHeHueM M. robertsii, coueTaeT
KaK aHTaroHMCTUYeCKue CBOIMCTBA, TaK U aKTUBU3a-
LIMIO 3alIMTHOM CUCTEMBbI pACTEHUSI-XO35IMHA.

HMHokyasiius  KapTodeass 3HTOMOMNATOTeHHbIM
rpudboM M. robertsii obOecrieumBalla 3HAYMTEILHOE
yJy4dllleHUEe CEMEHHBIX KayeCTB IMOJYYEHHbIX KIyO-
Hell B yciaoBusix 3amagHoii Cubupu. O000IIeHHBIH
rnokasartejib MpOosiBJIeHUsI 3a00jeBaHusl (CKJIEPOLIM-
aJTLHBIN MHIIEKC) CHIKacs B 2.4 pa3a, a pacIipocTpa-
HEHHOCTb KJIyOHel co cKJIepousiMU — B 2.8 pasa I1o
CpaBHEHUIO C KOHTposieM (Tadi. 2). Takum oOpa3om,
obpaboTKa KiyoHew M. robertsii TIO3BOIUT HE TOJIBKO
CHU3UTb PU3OKTOHMO3 KapTodesisi, HO U KOHTPOJIU-
poBarh pacrpocTpaHeHue (UTONATOTEeHHOTo Trpubda
Rhizoctonia solani.

Pa6oTa BEITIONTHEHA TIpU (DUHAHCOBOI MOIIEPKKeE
rpanta PH® Ne 19-14-00138.
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For the first time in Western Siberia, production tests of an experimental prototype of the drug based on the en-
tomopathogenic fungus Metarhizium robertsii were carried out. Its ability to significantly restrain the develop-
ment of potato rhizoctoniosis throughout the entire growing season is shown. A significant decrease in the death
of sprouts and the development of rhizoctoniosis on the stems was established in comparison with the control
and chemical protectant. In the area with the use of M. robertsii, a significant increase in the number of healthy
tubers (by 2.5 times) was noted, the number of tubers with sclerotia decreased by 2.8 times compared to the con-
trol. The effectiveness of M. robertsii in the suppression of rhizoctoniosis was high at all stages of potato ontogeny
and amounted to 52—84%. In laboratory experiments in the presence of M. robertsii, a significant inhibition of the
formation of Rhizoctonia solani sclerotia on tubers was established, as well as a decrease in their viability and size.

Keywords: biological effectiveness, entomopathogens, prevalence, Rhizoctonia-like fungi
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MICROMYCETES ROSSICAE: CHOROLOGICAL AND TAXONOMICAL NOTES.
5. PSEUDOCERCOSPORELLA FILIPENDULAE (MYCOSPHAERELLALES,
ASCOMYCOTA) — NEW FIND FOR SAINT PETERSBURG (RUSSIA)
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The present report continues the series devoted to rare and interesting species of microfungi from various regions
of Russia that cause rust, shoot deformations or leaf spots, and highlights Pseudocercosporella filipendulae (My-
cosphaerellales, Ascomycota), a rare species new to Saint Petersburg City (Russia). The morphology of the species
was repeatedly studied, emphasizing the conidia variability. This note gives further information on the distribu-
tion of the species in Russia, as well as the size of its conidia.

Keywords: cercosporoid fungi, conidia variability, Filipendula, leaf spots, Mycosphaerellaceae

DOI: 10.31857/S0026364823020137, EDN: NJJYWJ

The present report continues a series devoted to rare
and interesting species of microfungi of various regions
of Russia that cause rust, shoot deformations or leaf
spots (Zmitrovich et al., 2020a, 2020b; Dudka, Zmi-
trovich, 2020, 2021) and highlights a less known repre-
sentative of the genus Pseudocercosporella.

The genus Pseudocercosporella was described by
Deighton (1973) for phytopathogenic, leaf spots-form-
ing cercosporoid fungi with colorless/pale hyphae,
well-developed to reduced (mostly hyaline) stromata,
semi-micronematous to macronematous, simple, rare-
ly branched, straight and subcylindric to geniculate-
sinuous, continuous (reduced to a single conidioge-
nous cell) or septate, solitary to fasciculate conidio-
phores forming flat, crustose to subglobose sporodo-
chial conidiomata, separate or integrated, terminal,
monoblastic, determinate to polyblastic, sympodial,
indeterminate conidiogenous cells (conidiophores re-
duced to a single conidiogenous cell), and inconspicu-
ous, thin-walled, hyaline, not darkened, subcylindri-
cal, filiform or somewhat obclavate, euseptate, usually
multiseptate, conidia of schizolytic separation pattern.

In light of molecular data, the genus appears to be
polyphyletic (Frank et al., 2010), and not every species
described so far have been verified molecularly.
A number of species are known from scarce finds.
In this notice, we focus on Pseudocercosporella filipen-
dulae, previously known from two finds in Russia.

This taxon was originally described as Cercospora
laxipes f. filipendulae by Mel’nik (1966) based on some
differences from f. laxipes in conidia size and substrate
specialization (“Ad forma laxipes sporulis minutibus
(28—60 X 3—4 um) et hospitis Filipendula ulmaria (L.)

141

Maxim differ”, ibid.). The type specimen was collected
in the Russian Soviet Federative Socialist Republic
(R.S.F.S.R.), Leningrad Region (Tosnensky district,
near Lisino-Korpus village), in a swamp spruce forest
of, on fresh leaves of Filipendula ulmaria. Later, Braun
and Mel’nik (2008) raised the rank of this taxon to spe-
cies and placed it in the genus Pseudocercosporella,
based on the morphological concept of the genus. Also,
these authors have presented the second find of
Pseudocercosporella filipendulae from the Pskov region
of Russia (Pechersky district, near Livimae station, al-
so on living leaves of Filipendula ulmaria). We found
this rare species in September 2022 in Saint Petersburg
City (Pushkin, Babolovsky Park) on the same host.
This isits third find in Russia; the new material collect-
ed broadens the understanding of the range of variabi-
lity of the species’ microstructures.

Macroscopic photographs were done using a Nikon
D80 camera with AF Micro Nikkor 60 mm lens. Mi-
cromorphological analysis of lesions was performed
using a Zeiss Axiolmager.Al light microscope. Micro-
preparations were mounted in distilled water or a 5%
KOH solution. The sizes of conidiophores and conidia
were measured in 40—60 times random replicates in
water. The variability of conidia was assessed according
to the methods proposed by Parmasto et al. (1987).

Pseudocercosporella filipendulae (Melnik) U. Braun
et Melnik, Mikol. Fitopatol. 42 (4): 305, 2008. — Cer-
cospora laxipes J.J. Davis f. filipendulae Melnik, Novit.
Syst. Pl. non Vasc. 3: 218, 1966.

Description. Colonies hypophyllous, effuse, arach-
noid or patches-forming, whitish-gray. Mycelium both
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(b)

Fig. 1. Symptoms caused by Pseudocercosporella filipendulae on Filipendula ulmaria (LE 287681): a — the upper leaf surface; b — the

lower leaf surface. Scale bar — 1 cm.

internal and external. Vegetative hyphae septate,
branched, hyaline, smooth, varies in diameter as:

Mel’nik (1966)
2.5-3 um!

Stromata absent or reduced to slightly swollen basal
cells. Conidiophores arising on superficial or substo-
matal mycelium, solitary or loose fasciculate, un-
branched, more or less erect, straight or geniculate, cy-

Mel’nik (1966)
length % diameter in medial part 28—60 % 3—4 um
diameter at the base 1=2 umz

Symptoms. Leaf spots amphigenous, necrotic, dif-
fuse to angular, 0.2—1.5 mm in diam., sometimes con-
fluent in clusters up to 4 mm in diam., on the upper leaf
surface first rose-red, then cinnamon-brown, on the
lower leaf surface cinnamon-brown, sometimes with
yellowish areolation.

Hosts. Only one host is known so far, namely Fili-
pendula ulmaria (Rosaceae).

Distribution range. Russia: Leningrad Region,
Pskov Region, Saint Petersburg.

Material examined: R.S.F.S.R., Leningrad Region,
Tosno Rayon, Lisino-Korpus, 08.08.1963, on F ulma-
ria, leg. et det. V.A. Mel’nik (LE 40409, holotype of
Cercospora laxipes {. filipendulae). — Russia, Pskov Re-
gion, Pechery Rayon, Livimae, 11.08.2007, on F ul-
maria, leg. G.Yu. Konechnaya, det. V.A. Mel’nik
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Braun, Mel’nik (2008)
1.5-3.5um

current data
(1.0) 1.5—4.0 (4.5) um

lindrical, 0—1-septate, with 1—3 conidiogenous loci.
Conidia solitary, obclavate to hyphoid or filifom,
sometimes sublunate, hyaline, thin-walled, smooth,
(0) 1—10-septate, varying in their sizes as:

current data
(14) 22—60 (82) um
(0.5) 1-1.5 (2.0) um

Braun, Mel’nik (2008)
(10) 25—70 (85) um
1—1.5um

(LE 232213). — Russia, Saint Petersburg, Pushkin,
Babolovsky Park, 25.09.2022, on F ulmaria, leg. et det.
1.V. Zmitrovich (LE 287681).

In other countries, according to our data, this spe-
cies has not been recorded till now. It is possible that,
like all members of the genus, this species is host-spe-
cific. North American Pseudocercosporella crataegi is
morphologically close to P. filipendulae, however, is
distinguished by the regular formation of well-deve-
loped conidiophore fascicles, emerging through sto-
mata, as well as larger conidia, reaching 120 X 5 um
and having up to 12 septa (Braun, 1995).

For all known localities, the host plant Filipendula
ulmaria is a species of native flora. It is a species gravi-

! Calculated basing on scale-bar in the Figure 3 (Mel’nik, 1966).
2 See footnote 1.
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tating toward more or less aerated wetlands on black
woody peat. In Saint Petersburg, the habitat is located
in the undrained part of a park with vegetation in its
natural dynamic phase (birch-alder swamp forest). All
known finds of the pathogen are located in the south-
ern taiga subzone, no material has been yet obtained
from the middle taiga subzone.

The work was carried out using technique of the
Center “Cellular and Molecular Technologies for
Studying Plants and Fungi” at Komarov Botanical In-
stitute of the Russian Academy of Sciences and was
supported by the State Research Task (BIN RAS,
Ne 122011900033-4).
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Mukpomuuetbl Poccun: reorpapuyeckne 1 TAKCOHOMUYECKHE 3aMETKH.
5. Pseudocercosporella filipendulae (Mycosphaerellales, Ascomycota) — HOBass HaX0JKa
nasa Cankr-Ilerepoypra (Poccust)

N. B. 3mutpoBuy®*
¢ Bomarnuueckuti uncmumym um. B.JI. Komaposea PAH, Cankm-Ilemepbype, Poccus
#e-mail: iv_zmitrovich@mail.ru

Coo0111eHre TTPOIOIKAET CEPUIO MO PEIKUM M MHTEPECHBIM BUIAM (DUTOTIATOTEeHHBIX MUKPOMMIIETOB U T10-
cBsaeHo Pseudocercosporella filipendulae (Mycosphaerellales, Ascomycota) — penkomy BUy, BIIepBble OOHapY-
xeHHoMy B I. CaHkT-IletepOypre (Poccust). [1pomommkeHo nzydeHre MOpGhOoJI0rniecKX OCOOCHHOCTEM BUA,

B YaCTHOCTH, BapI/Ia6eJTI)HOCTI) pasMEpoB KOHUWIUH.

Karoueesnvie croea: NI3MEHINBOCTh KOHUIWIA, JINCTOBBIE MSTHUCTOCTH, LIEPKOCIIOPOUIHBIE Tpudkl, Filipendula,

Mpycosphaerellaceae
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28 stuBaps 2023 r. ucnionamiocsk 70 net KOputo Ka-
nuToHOBMYY HOBOXUIOBY — U3BECTHOMY MUKOJIOTY
U TIPOTUCTOJIOTY, IOKTOpPY OHOJIOTMYECKUX Hayk,
npodeccopy, 3acily:KeHHOMY nesitento Hayku PO.
CBoio TBOpueckyo cynb0y lOpuit KanutoHoBwy
CBSI3aJl C BCECTOPOHHUM U3YYeHUEM YAVUBUTEJIbHOM
TPYIIIbl OPraHU3MOB — MUKCOMMULIETOB (Myxomycetes),
pexXae BCero, Mx BUIOBOTIO U 9KOJIOTMYECKOTO pa3-
HOOOpa3us B pa3IudHbIX Onomax 3emiu. ['eorpadus
€ro 9KCIeauLIni BKitoyaeT EBporty (eBporieiickast 4acThb
Poccun, ®panuus, l'epmanust, Mcrmanus), ApKTHKY,
AnTtapkTtuky, Kamuatky, Asnsicky, HanbHuii BocTok,
crenu 1 nycThiHu Kazaxcrana, CeBepHOii AMEpUKHU,
Mounrommmu, Ipukacrmist, OpeHoypXxnbs, a Takke Ce-
BepHbI KaBkasz, TaexHble jneca Cubupu, Ajras,
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Vpana, CesepHoii EBpomnbl, maneorponuku (Bner-
Ham) u Heotrponuku (ITyspro-Puko, Kocra-Puka,
OkBanop, bpaswius). 1151 MHOTHUX U3 3TUX PETMOHOB
9TO ObLJIU MEPBBIE UCCIIENOBAHUS MUKCOMMIIETOB.

Bceg nayunag nesitennpHOCTh FOpusa KarmnronoBnua
cBs3aHa ¢ borannueckum nHctutyToM um. B.JI. Ko-
MapoBa, TJ¢ OH IIPOIIe MyTh OT CTapllIero JadopaHTa
JIo 3aBeaymolero jgadboparopueii. B 1975 . oH OKOH-
YUl OUOJIOTO-NOYBEHHBIN (akynbTeT JIeHUMHrpan-
CKOTO TOCyIapCTBEHHOTO yHHuBepcurera (Kademapa
300JIOTMM OECIIO3BOHOYHBIX), 1 MIPUIIIE]T B TPYIIITY T10
M3yYEeHMIO MATOJOTMYEeCKX HOBOOOpa30BaHUIA y pac-
TeHUI1, pyKoBoauMyto 1.0.H. DpukoMm Mocudosuyem
CnensgsHoMm. I'pyrra 6p1a co3mana B8 BMUHe ¢ 1ienbio
U3y4deHUs TIpOOJIEM TepaTOreHe3a y pacTeHUM KakK Mo/
BO3ACMCTBUEM pa3IMYHBIX (DUTOIATOICHOB, TaK U
MO/ BIMUSTHUEM KaHIIEpOT€HOB U APYTUX HEOIaronpu-
STHBIX (paKTOPOB cpeabl. B cocTaBe 3Toi rpymnnsl pa-
0oTau TaKKe Ipyrue U3BECTHBIC BIIOCIECICTBUM yUe-
Hbele, Takme Kak M.B. Kaparerma, H.I1. Bacunbes.
C 1981 r. mo HacTosi1ee Bpems nesarebHocTh FO.K. Ho-
BOXXMJIOBA CBSI3aHa C JIAOOpaTOpHUEl CUCTEMaTUKU U
reorpacduu rpuoos BUH PAH, roe oH 3ammTui KaH-
nunatckyio (1981 r., pykoBonuteab — M.A. boHaap-
mneBa) u mokTopckyto (2005 r., koncynsranT — M. B. Ka-
pateirMH) aucceprauuu. B 2011 r. eMy mpucBoeHO
3BaHue npodeccopa, B 2021 r. — 3aciayXeHHOTO JiesI-
Telist Hayku Poccwuiickoit dengepanmu.

IO.K. HoBOXWUIIOB M3BeCTeH KaK KPYITHBIN yde-
HBIM y HacC B CTpaHe M 3a pyOesKoM Giaromapsi CBOUM
paboTtam B obiacTtu reorpadun, MOpdOIOruUu U CHUCTe-
MaTUKM MuKcommileTroB. Harmcanneiii nm “Omnpene-
muTenb rpnooB Poccum: otnmen Cnm3eBuku. Bemr. 1.
Kinacc Mukcomunetsl” (1993) 6bU1 mepBbBIM pyKO-
BOJICTBOM MO paboTe ¢ STMMU OpraHU3MaMU, U3JaH-
HbIM 11ocie 1907 r. B Halei cTpaHe M eTMHCTBEHHBIM
no 2022 r. ompenenuTeseM Ha pyccKoMm sizbike. MM
onyonmKoBaHO 0osee 250 HaydYHBIX TPYIOB, B YKCIIE
KoTopheIX 11 MoOHOTrpadmit, MOCBAIIEHHBIX TpUOaM M
cauzeBukam. FOpuem KanuroHoBruuem ¢ coaBTopaMu
onucaHbl 2 pojga v 24 HOBBIX BUa MUKCOMMIICTOB.

Opuit KanuToHOBMY CO CBOUMHM YYeHUKAMU
BIIEpBhBIEC TIPOBEN IJIAaHOMEPHbIE KPOIIOTIMBBIE HC-
cJieToBaHUS 110 MHBEHTapU3ally Y aHAJIN3y BUIOBO
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CTPYKTYPBI COOOIIECTB MUKCOMUIIETOB BO BCEX OC-
HOBHBIX TIPUPONHBIX 30HaX Poccum. B pesymbraTe
ObUTM pa3paboTaHBl M BHEAPEHBI HOBBIE METOMBI IO
cbopy, cucTteMaTu3aluy WHGOPMAIIMM U peTUCTpa-
LIUU JAaHHBIX O TepOapHBIX 00pa3iax MUKCOMUIIETOB.
OH CTOSLT Yy UCTOKOB co31aHus ba3bl TaHHBIX O MUKO-
sgornyeckoMm repbapuu bBUUH PAH (LE), kxortopas
pa3BUBaETCS W NPOJOXKAET TOMOJHSTBCS IO cei
neHb. OH COOCTBEHHOPYYHO TMOTOJTHUT MUKOJIOTUYE-
cKkuii repbapuii 6osee yuem 20 000 o6GpasLiaMu MUKCO-
mutieToB. C ero y9acTreM ObUTH OIyOJIMKOBaHBI TTep-
BbIe CBEIECHUS U CITUCKU BUIOB MUKCOMMIICTOB IIJIsI
psima perrnoHOB Poccum m mpyrux ctpan: JIeHUHTpam-
cKkoii 06i1. (1980, 1986, 1999, 2007), AnTaiicKoro Kpas
(2009, 2010, 2013), ITpumopckoro kpas, CeBepHOTO
IMpukacous (2000, 2003, 2005, 2006), YykoTku
(1986, 2000), Kamuatrku (2017), Anscku (2002),
CaepmioBckoii oou. (2001), Teepckoit 06i. (2006),
Kanmbikuu (2022), Tatapcrana (2022), Teissl (2021),
Monroauu (1986, 2008), benopyccuu (1988), Ykpau-
HbI (1983, 1985, 1985, 1986, 1988), Kazaxcrana (2018,
2020, 2020), BeetHama (2012, 2013, 2014, 2015, 2020),
psima oxpaHsSeMBIX IPUPOTHBIX TeppHuTopmii: Jla-
TUTAHACKOTO TIPUPOITHOTO 6MochepHOTo 3aIToBeTHI-
Ka (2020), JlazoBckoro 3amoBemHuka (1989, 2020),
CHX0T3-ATMHCKOTO TOCYTapCTBEHHOTO TTPUPOTHOTO
onocdeprHoro 3amoBenHuka nMeHn K.I. Adbpamosa
(2017), TebepamHCKOro MpupoaHOro OuocdepHoro
3anoBenHuka (2011, 2013), LleHTpaabHO-JIECHOIO TO-
cygapcTtBeHHoro 3aroBegHuka (1980), LlenTpanbHO-
YepHO3eMHOIo OuoCGhEpHOTro 3aloBeIHUKA WM.
B.B. Antexuna (1984), AnTaiickoro 3amoBegHUKA
(1987; 2010), Openbyprckoro 3aroBemauka (2006),
3anoBenHuka “Cronobr” (2008), Turupenkoro 3amo-
BegHuka (2010) u op. KOpuit KanutoHOBUY npuHU-
MaJl ygacTue B cosmaHum KpacHoit kHwurm JleHnH-
rpanckoii (2018) u Bonrorpanckoii (2017) obmacreid.

ITo mepe oborameHus apceHana (payHUCTUYECKUX
1 TaKCOHOMMYECKMX HCCIEeIOBAHUIT MOJIEKYJISIPHO-
dMIIOTeHETUIECKUMU METOoJaM1 M OMOMH(MOpMaTH-
yecKUM WHCTpyMeHTapueM, [Opuii KannroHosuu
aKTUBHO WX OCBauBaeT, MPUMEHSST IJIsl pelIeHUs
mpo0JyieM cucTeMaTUKM, (uioreHuu, duaoreorpa-
¢UU U BKOJIOTUM MUKCOMUILIETOB, UX CKPBITOTO pas3-
HooOpa3usi. B pesynbrare ObLIM CKOPPEKTUPOBAHBI
¢dunoreHeTUYECKNE B3aMMOOTHOIIECHUSI MEXAY TaK-
COHaMM, IpPOBeJAcHa PEeBU3US UX IPaHUI] HA OCHOBE
KOMIUIEKCHOTO ITOAX0Ja C UCIIOJIb30BaHUEM MOJIEKY-
JISIPHO-(WJIOTEHETUYECKOT0, MOP(OIOTMYECKOr0, 9KO-
JIOTUYECKOTO M reorpamnuecKoro aHajau3a; yCTaHOB-
JIEHO pacripeneieHre QUIOTeHEeTUISCKIX MapKepoB
no apeajaM MOpdOBUIOB MUKcoMulileToB. OH BHeEC
3HAYMUTEbHBINA BKJIaJ B COBPEMEHHYIO CUCTEMAaTUKY
MmukcomuiietoB (2019). ITox ero pykoBoACTBOM pa3-
paboTraHa, peaju3oBaHa W MNPOTECTUpPOBaHA 3JIEK-
TpoHHas 6a3a JJHK-1mTpuxKomnoB TEeMHOCHOPOBBIX U
CBETJOCIIOPOBBIX MUKCOMUIIETOB Ha OCHOBE KOJIJIEK-
uit peepeHCHBIX TepOapHbIX 00Pa31OB MIOJOBEIX
tell (crmopoopoB) MuKcomuileToB. Kpome Toro,

MUKOJIOTHUA U PUTOIATOJIOTUA

TOM 57  Ne 2

IOpwuit KanmnToHOBUY C €ro KOJIJIEKTUBOM BITEPBBIE B
Poccum mpoBell KOMITIEKCHBIE UCCIIeTOBAaHUS CKPBI-
TOr0 pa3HOOOPa3Usi MOYBEHHBIX COOOILIECTB MUKCOMM -
LIETOB HA OCHOBE METareHOMHBIX TEXHOJIOTHIA.

I0.K. HoBOXUI0B — TaJIaHTJAMBbBIII OpraHU3aTop.
ITon ero pykKoBOACTBOM U aKTUBHOM YYaCTUU BBITIOJN -
HSUTUCh MEXIYHapomHble MpoeKThl “Distribution
maps of Myxomycetes”, “Linking local databases for
collections of plasmodial slime moulds (Myxomycetes)
to create a global web-based herbarium” (The Global
Biodiversity Information Facility (GBIF), kpymnHbie
OTeYeCTBeHHBIC TIPoeKThl “HMHbopManmoHHass cu-
cTema 1o 6uopa3zHoobOpa3uio” (pyKoBOIUTEIb pado-
yeii rpynIbsl co ctopodsl BUH PAH). Takke oH sB-
JISICS pyKoBomuTeJeM IiporpaMM “buomormgeckoe
pa3HooOpas3ue Poccun”, “buopa3zHooOpas3ue: CocTo-
ssHUe U nuHaMmuKa”. [Toa ero pykoBoACTBOM YCIIEIITHO
3aBepleHbl MHorve npoektbl POMU. B HacTos1iee
BpeMsI 1O €ro PYKOBOACTBOM BBITIOJHSIETCSI MPO-
rpaMMa Hay4dHbIX UCCJIEIOBAHUI U TEXHOJIOTUYECKUX
pabot coBmecTtHoro Poccuiicko-BrerHamckoro Tpo-
MUYECKOTO HAyYHO-UCCIEI0BATEIbCKOTO U TEXHOJIO-
rudeckoro 1eHTpa Ha 2020—2025 rT. o HarpaBIeHUIO
“Tpormmueckast 3konorust” (mpoekT “TakcoHoMmue-
CKO€ U DBKOJIOTMYECKOEe pa3HOooOpazue MUKOOUOTHI
TpoIu4YecKux iecoB BeeTHama”) u mporpamma “buo-
pa3HoOOpa3ne, KOJOTUS M CTPYKTYPHO-(PYHKIIO-
HaJIbHbIE OCOOEHHOCTU TPUOOB U TpUOOOOPa3HBIX
npotuctoB”, rpanT PH® «PekoHCcTpyKIIUS “Iimy6oKoit
¢dunoreHun”» rpudbO0OpPa3HBIX MIPOTUCTOB (Myxomy-
cetes = Eumycetozoa) Ha OCHOBE JaHHBIX, MOJTYYeHHBIX
MeTonoM “genome skimming”, a Taxke npoekr “Iep-
OapHbIe (HOHIBI OMOJIOTMYECKOTO pa3HOOOpa3ns pac-
TeHuit u rpu6oB KoyutekiimonHoro ponaa boranuue-
ckoro nHcturyta um. B.JI. KomapoBa PAH: monep-
HU3alMsl, Pa3BUTUE U CETEBOE B3aUMOJEMCTBUE KaK
OCHOBa (byHIaMEHTaJbHBIX MCCIIENOBaHUI U COBEp-
IIEHCTBOBAHUSI TEHETUYECKMX TEXHOJOTUi1”, KOTO-
PBIil MONIYYWJT TIOAIEPKKY B paMKax peajav3alun oT-
JIeJbHBIX Meponpusituii deaepaibHON HAyYHO-TEX-
HUYECKOW TIporpamMMbl pa3BUTUSI TE€HETUYECKUX
texHonoruii Ha 2019—2027 rr. B Hacrosiiee Bpems
IOpuit KanmuroHoBuy siBasiercst npencenareieM Mu-
KOJIOrM4YecKom cekiimu Pycckoro 6otaHuueckoro oo-
1llecTBa, 3aMecTuTelsieM Mpencenarens duccepraliu-
oHHoro coseTa 24.1.002.01, 3amecTuTenem npeaceaa-
Tenass YuyeHoro coseta bMMH PAH, pykoBomurtenem
nabopaTopuM CUCTEeMaTUKM W Treorpaduu TrpubdoOB
BHWH PAH, pa3pabaTbsiBaeT 1 YUTAET KypChl B paMKax
MporpaMMbl MOJATOTOBKM aCUPAHTOB MO CIlelUab-
HoctH “Mukonorusi” B BUH PAH, pykoBonut acniu-
paHTamMu u MaructpaHtamu. IOpwuii KanutoHoBuu
pazxer MCKpy JIOOBM K MMKCOMHUIIETaM B JajeKOi
Cubupu u Ha TIPOTSKEHUM OoJiee 15 neT mogaepku-
BaeT pa3zButue 3Toro HanpapiaeHus B [ICBC CO PAH
COBMECTHBIMM MPOEKTAaMU U HAydHO-METOANYECKU-
MU KOHCYJIbTallUSIMU.

10.K. HoBOXMIOB SBISIETCS BPHO TJIaBHOTO pe-
nakrtopa xypHaia PAH “Muxkosnorust u ¢utonaroio-
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rusi”, YJIeHOM pEeIKOJUIETMM HaydHbIX n3ganuii “Ho-
BOCTH CHMCTEMAaTHMKM HU3IINX pacteHuii”, “Bbunocde-
pa”, “Protistology”.

CBouM OoratbiM ONBITOM U 3HAHUSIMU B 00JaCTH
MUKoJIOTUU U Tpotuctonoruu Opuit KanutoHoBuy
LIEIPO IEIUTCS C KOJUIETaMU, 3aHUMAaeTCsI IIOATOTOB-
KOI HOBOTO IMOKOJIEHMSI MOJIOABIX YueHbIX. Ero yue-
HUKU BCErla YyBCTBOBAJIM J1OOpOKEIaTEIbHOE OTHO-
meHue 1 3a00Ty. OH 00J1a1aeT CIOCOOHOCTHIO CO3/Ia-
BaThb BOKPYI ce0sS MUKPOK/IMMAT YBJIEYEHHOCTU U
TBOpPYECTBA, CIHOCOOCTBYIOIINN 3(PHEKTUBHOMY UC-
CJIeIOBaTEIbCKOMY IIPOLIECCY U TOCTVKECHUIO 3HAUM -
MBIX pe3yibTaToB. I1om ero pykoBOACTBOM YCIIEIIIHO
3alllMIIEeHbl CEMb KaHAWIATCKUX W JIBE JOKTOPCKUE
mucceprauuu. Ero ydyeHuMKm paboTalOT B pa3HBIX
yroJKax CTpaHBI 1 3a ee IpeneaaMu: 3eMiussHekass MH-
Ha BnagumuposHa — B Bonrorpane, Koienesa Ae-
Ha IletpoBHa — B JlarBum, ®edenos KoHcraHTuH
Anexcanaposuu — B EkatepnHOypre, BnaceHko AHa-
cracuss BnmanumupoBHa — B HoBocubupcke, OKyHb
Muxaun BagumoBuu — B ABcTtpuu, Epacrosa apbs
AnexcanaposHa — B Hosoit 3emanonn, Ilermia Oxer
Huxkonaesuu — B I'epmanuu, Mopo3 Esrenumii Jleonu-
noBuY — B Pecnniy6uke benapych, ImommHckuii Bia-
mumup MBanoBua — B Mockse. HecMoTps Ha TO, 94TO
HE BCE OHM CBSI3aJIU CBOIO JaJIbHEHIITYIO KU3Hb C U3Y-
YyeHWEeM MMKCOMUIETOB, KaX/Iblii U3 HUX BHEC BECO-
MBI BKJIaJ B HAyKy U C OTPOMHOI 0J1aroJapHOCTHIO
BCIIOMWHAET CBOETO YUYUTESISI U TOPAUTCS TEM, UTO EMY
JIoBenoch padorarsb ¢ HUM. B yecTs FOpusa KanutoHo-
BrYa OBLI OIMMCAaH HOBBIM B MUKCOMUIIETOB, OOHA-
pyXkeHHbI1 B Cubupu — Echinostelium novozhilovii.

Nurepecsr IOpng KanmmTtoHOBMYA yIMBHUTEIIHLHO
pa3zHooOpa3Hbl. OH MoTpsIcalolle 3pyIUpPOBaH, B €ro
OMOIMOTEKE MOXHO HATY KHUTH 110 (PUJIOJIOTUH, ap-
XEOJIOTUM, UCKYCCTBOBEICHUIO, MaTeMaTUKe, MEIU-
1MHe, uctopuu. Kaxnass akcneauiusi ¢ HUM — 3TO
yBJIEKaTeJIbHOE ITyTellecTBUe, B KoTopoM FOpuii Ka-
MMATOHOBMY BCETIA CTAHOBUTCS M BEJIMKOJICITHBIM T'H-
JIOM, U T€HEpaTOpPOM MAEH M MaplIpyTOB, U HaAEXK-
HBIM TOBapUIIEM, KOTOPbBII IT0OCTapaeTCsI B3BAJIUTD HA
CBOM IUICYM OCHOBHYIO Maccy mpoOjieM u padoT.
IOpnit KanmutoHOBUY OTIMYHO pa30upaeTcsl B BUIO-
BOM pa3HOOOpa3uy NTUIl U HA MPOTSLKEHUN MHOTUX
JIET yBJEKaeTcs UX IMpodecCuoHaIbHONM (POoTOChEeM-
Koii. UM co3maH TipeKpacHbIN 3JeKTPOHHBIM atiiac

IITUII, OOUTAIOIMMNX Ha ocTpoBax MUHCKOTO 3aMBa.
IOpnit KanutoHOBUY O4YeHB JIIOOUT M XOPOIIO 3HAET
cBoii ropona Cankr-ITerepOypr u ero ucroputo. I1po-
TyJKU ¢ HUM 110 [leTepOypry — 3To HEBEpOSITHOE MpH-
KJIIOUEHUE, C KOTOPbIM HE MOTYT CPaBHUTbCS HUKa-
Kue npodeccuoHaabHble 3KCKypcuu. OH MOXeT Mo-
Ka3aTb HEOOBIKHOBEHHbBIE, HE TYPUCTUUYECKUE, HO HE
MEHEEe UHTEPECHbIE U KPpaCUBbI€ YTOJIKU CTApOTo To-
polia u paccka3aTbh O HUX SIpKO U KpacouHo. OH Bceraa
3HAET O CaMbIX HEOXKUAAHHBIX MEPOTIPUSITUSIX, KOTO-
pble TIPOXOIST B TOPOJE€ — OT XYHAOXECTBEHHBIX BbI-
CTaBOK J0 POK-KOHIIEPTOB.

VY IOpug KanutoHoB1YAa OUeHb HaIeXKHAsT U KPETl-
Kasi ceMbsl, KOTOpasi €ro BO BCEeM ITOMICPXKUBAET.
Ero xxena I'onyoesa Onbra I'eoprueBHa Ha MpOTSIKE-
HUM MHOTUX JeT aBnsiercst it FOpus KanmuronoBuya
WCTOYHUKOM BIOXHOBEHUS IJII HOCTMXXKEHUSI OOJIb-
IIMX BBICOT M yTEIIEHHEM B MOMEHTHI Heydad. Y HEero
MpeKpacHbIe AeTU U BHYKU. OH — CTPACTHBII pBIGaK 1
aKBapUyMMCT. ¥ HEro goMa M B JJabopaTopuU Bcerma
€CTh HEOOBIKHOBEHHOI KPacOThl aKBapUyMbl C He-
OOBIYHBEIMU obOuTatensiMu. Kpome Toro, oH o4eHb
mobut cobak m komrek. Kpwmit KarmuroHosnmy —
OYeHb NO3UTUBHBIN U HEKOH(INKTHEII YeJI0OBEK, YTO
MpeBpalraeT padoTy ¢ HUM B IPa3dHUK U YIOBOJIb-
ctBre. OH yMeeT 3aXKNUTaTh JJIOOOBE K HayKe B CepaIiax
MOJIOJICKU, KOTOpasi OCTAaeTCs C Held Ha BCIO OCTaBIIy-
1ocs KU3Hb. OH yMeeT IIyTUTh, OBITh TYIIOM KOMIIA-
HUW W cIbImarh uyyxkoe MHeHue. FOpuit KanntoHo-
BUY YMEET KUTh SIPKO U TaK Xe SIPKO, SMOLIMOHAILHO,
OYeHb YyOeTUTEIbHO U TIIyOOKO MUcaTh CTaTbU, KOTO-
pble caMble peclieKTabelIbHbIe POCCUIICKUE U 3apy-
OeXXHbIC M3JAaHUsI CYUTAIOT 32 YECTh ONyOJIMKOBATh.
CuyacTbe, KOrma X1U3Hb CBOIUT TeOSI ¢ TAKUM YeJIOBe-
koM. CyacTbe, KOTra Thl UMeeIllb BO3MOXHOCTD XOTSI
OBl U3peaKa ¢ HUM oO1aThesi. HeBeposiTHOE yo1OBOJIb-
CTBUE BUIETH U CIIyLIaTh ero. Kaxmas Bctpeda mogo6-
Ha TJIOTKY CBEXero Bo3ayxa.

PenaxkumonHast kojjerus XypHaia “Mukoyorus
¥ (PUTOIIATOIOIUS” , KOJUIEKTUB JIaOOpaTOPUU U MHO-
FOYMCJIEHHbIE YYEHUKW U KOJIJIETM TIO3APaBIsIOT
IOpus KanutoHoBMYA C ero 3aMedaTesIbHbIM 100uJie-
€M, 3KeJlaloT €My KpPEernKOro 310pOBbsl, XXMW3HEHHO
9HEPTUM, TOCTATOYHOM JJI1 YCIEIIHOTO UCIIOJHEH WS
BCEX HAMEUEHHBIX TUIAHOB Y TBOPYECKUX 3aTyMOK.
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I'mommHckuii B.U. cm. E.C. I'y6anoB, B.W. I'moumnHckuii, @.M. boptHukoB, A.B. MaTBees,
JLO 2 (R 5 [0):10) ' 8) (0) : JEUURNN RO OURURUPPRR

Toruna H.H. cm. O.I1. I'aBpunosa, T.}O. I'arkaesa, A.C. Opuna, H.H. ToruHa ............cccooooiiiiiiiiiin.
ITomzxknHa M.M. cm. U.A. Kaszapues, M.M. I'omxuna, E.JI. I'acny, JI.b. Xnonynosa, ®.b. 'anHu6arn ....

I'y6anos E.C., I'MmommHckuii B.U., boprHukoB @.M., MatseeB A.B., HoBoxunos 10.K. Pon Perichaena
(Myxomycetes, Trichiales, Arcyriaceae): TaAKCOHOMUYECKasl UICTOPUS U PEKOMEHIAIMY 110 UASHTU(DU-
362000707 B (0] 012 10):37 11 (o) : JUUUUN PR UPUUUPPPRRRRRS

I'ymamoBa U.T. cm. 3.P. Axmenosa, T.D. lllonaxynos, WU.T. I'yisimoBa, 3.T. XamMpaeBa .............cceeeeeeenenn..

Hexunmaa T. cm. C.B. Bonooyes, C.1O. BonbimakoB, FO.P. XUMWY U IIP. ....covvveiiieiiiiiiiiiiiieiee e,
ExoB O.H. cm. C.B. Bomo6yes, C.1O. Bomnbiiakos, FO.P. XUMWY M AP. ...ooveviiiiiiieiiiiieeciiee e
ExxoB O.H. cm. C.B. Bono6yes, C.}O. Bonbmakos, JI.b. KaIMHUHA W AP. ...ooovvveiiiiiieeiiiiiie e,
EpodeeBa E.A. cM. H.A. KOUYHOBA, E.A. EPOMEEBA ....covuniiiiiiiieiiie e

MUKOJOTIUA U GUTOIIATOJIOTUA  tom 57
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Epodeena E.A. cM. FO.A. Peopue, A.B. boraueBa, EXM. BYJTaX M IP. covvevvvniiiiiiiiiiie e
Edumona A.A. cm. C.B. Bonooyes, C.}O. Boapmiakos, JI.B. KanuHMHA W AP. ..oovveniviiieiiiiiiieeiiiieeeceiis
Edumona A.A. cm. C.B. Bono6yes, C.1O. bonbirakos, FO.P. XUMIY W IP. ...ooeiiiviieiiiiiiieeiiiiieeeeeieeee.

3axaposa E.A. cM. B.A. Kapnos, B.®. Cmupnos, O.H. CmupHosa, H.A. Auukuna, E.A. 3axaposa,
A.JO. HInmkuH, A.E. UBAHOBA, T.A. CEMEHOBA .......vvuneiiiiineeeiiiieee e eeeeeeeeeeee e e et eeeeateeeeeerneeeees

3aruHa E.A., CazanoBa H.A. IlepBas B Poccun Haxonka Suillus glandulosus (Suillaceae) n3 MaramaH-
16 0]l 1)) -1 1 / OO U PPUPPRPRSPUPPPPN

3BaruHa E.A. cm. FO.A. Peopues, A.B. boraueBa, X.JIxK. BEKEP M IP. ..euoiiivnnniiiiiiieeiiiieeeeeeeeeeeee e
3BaruHa E.A. cMm. FO.A. Pebpuen, A.B. boraueBa, E.M. BYTaX L IID. ....oooiiviniiiiiiieeiiiiiee e

3Bsaruna E.A., CazanoBa H.A., BynbonkoBa T.M. Suillus paluster u S. ochraceoroseus (Boletales) B CeBep-
L2017 72 NC ) 4 P PUPPTTP PP

3eneneBa 10.B., Abnosa U.b., Cynaukosa B.I1., MoxoBa JI.M., KonrkoBa 3.A. BunoBoii coctaB Bo30y-
JIUTENIEi CENTOPUO30B IIIEHULILI B eBpoIieiickoi yactu Poccun u naeHTUGUKaLMs reHOB-3DdeKTo-
POB SHTOXA, SHTOXT 1 SHTOX3S ..ottt e et e e e e et e e e et e e e eaaanns

3mutposuu M.B. cm. C.B. Bonobyes, C.1O. bonbimakos, FO.P. XUMWY M IIP. .....oooovviiiiieeiiiiiiiiiiieieeeees
3mutpoBud U.B., Ceitun A.K. Mukonorndeckoe Hacinenue MoranHa bykcbayma. 4. [puOsbl, onucaH-

Y3

Hble B ueTBepToi “LleHTypun™ (1733). 2. JICHTUHOUIHDIC BUIBI .....ccevvvenerrienneerrrnneeerernnaeerssnnaessssenneans
3mutpoBud U.B. cM. M.A. boHmapueBa, M1.B. BMUTPOBHIY .........ccoueiiiiiiiiiiiiiiieeeeiicee e
3mutpoud M.B. cm. A.T. [upsie, U.B. 3mutpoBud, O.C. IHUPACBA .....cceeeeiiiiiiiiiiiieeeeeeeeeeeiiiciee e e e
3mutposud U.B. cm. C.B. Bono6yes, C.10. bonpirakos, JI.b. KaqumHIHA W OP. .....ocvvviiiiiiieeiiiiieeeeiiinnn.

3mutposud U.B., Certua A. K. Muxkonorndyeckoe Hacinenne Moranna bykcbayma. 5. [pubsl, onmucan-
HbIe B ueTBepToil “LlenTypun” (1733). 3. PyccyonnHbie BUOBI, TP UCTUHHBIX U Y€TBEPTHIM,
HEBEPHO MHTEPITPETUPOBAHHBIM JIMHHEEM .....cceiiiiiiiiiiieiieeiciececeeiitiiiaaa et vaaeeeeeeeeeeeeeeeeeeeeeaaaaaaaeas

3oroBa E.B. cMm. I.T1. Kononenko, E.A. ITupsasesa, E.B. 30ToBa, A.A. BYPKMH ........ccoovvvviiiiiieeeiiiin,

WBanosa A.E. cm. B.A. KapnioB, B.®. Cmupnos, O.H. CmupHoBa, H.A. Auukuna, E.A. 3axaposa,
A JO. INmkuH, A.E. UBAHOBA, T.A. CEMEHOBA .....uueivvniiiiiiiieeiieeieee e e e eae e e e et e e e eaeeeaneeeanes

Wsanymenko 10.10., BomooyeB C.B. HoBbie 1 mHTEepecHBIE HAaXOOKN a0 OPOUITHBIX TPUOOB
Ha TeppuTopud IIaTO I'YHUO (darecTaH, POCCHIST) .....cooivvieiiiiiiiie e

HNnerommH B.A. cM. N.1O. Kupuunenu, 11.}O. Biacos, B.A. UneomuH, E.B. AdakymoB, A.JI. Jlanumyc
Wcaesa JI.I. cm. C.B. Bono06yes, C.1O. bonpimakos, JI.b. KaTuHMHA W OP. c.ovvveiiiiieiiiiiieeeeciieeeeeie e
HcemyxambeToB 2K. 1. K 1001m1e10 MypaTa KOMIITBIOACBA .......ccevvuniiiiiiieeeiiiiieeeeiiieeeeeieeeeeeeieeeeeteeeeeaa s

Kazapues U.A., T'omzknna M.M., I'acuu E.JI., XmonyHoBa JI.B., F'anan6an ®.b. Paznoo6pa3ue rpubos
pona Colletotrichum Ha HEKOTOPBIX IUKOPACTYIINX U KYJTBTYPHBIX PACTEHHUSIX ...cvvvneererrnneerrinneeeennnnnnns

Kanununa JI.B. cMm. C.B. Bono6yes, C.}O. boabmakoB, FO.P. XUMUY M IAP. ....ccovveeiiiiiiiiiiiiiiee e
Kanununa JI.B. cm. C.B. Bono6yes, C.}O. bonbmakoB, JI.b. KaqmHUHA W AP. ...coovvveeiiiiieiiiiiieeeeei,

Kanununa JI.B., [Tanomoxusix E.A., ITonos E.C. I'epbapuii rpu6oB boraHnyeckoro MHCTUTYTa
nM. B.JI. KomapoBa PAH. TumoBkle 00pa3iibl TAKCOHOB NOpsiaKa Boletales ...............ccoeeeeeeeeeeeeenaenen,

Kanuronos B.M. cm. C.B. Bono6yeB, C.1O. bosbiiakos, KO.P. XUMWY M AP. ..covveeiiiiiiieiiiiiieeeciieeeceeies
Kamuronos B.A. cm. C.B. Bono6yes, C.1O. bonbiiakos, JI.b. KammAMHA W OP. ....coovvveeiiiiiiieiiiiiieeeceiins

KapakoroB C./., ApmaBa H.B., bammkaroBa M.b., AunpeeBa T.A. Unentudukauus Pestalotiopsis fune-
rea Ha TIOPaXKEHHBIX IePEBbSIX TYU 3allalHOM B IEKOPATUBHBIX HacaXIeHUSIX MOCKOBCKO 001acTu
(@ 30 TeT03 ¢ § RSP PPPRRRRt

Kapmnos B.A., CmupHoB B.®., Cmupnosa O.H., Anukuna H.A., 3axaposa E.A., llumkun A.1O.,
WBanosa A.E., Cemenona T.A. [leiicTBre OMOLIMIOB Ha aKTUBHOCTD PsIAa 3KCTPaAIlCIUTIONSIPHBIX
(epMeHTOB TPUOOB-AECTPYKTOPOB TEXHUYECKUX MU3IETNM, IKCITYaTUPYEMBbIX B YCJTIOBUSIX TPOTTAYE-
CKOTO KITMMATA (BBETHAM) ...oouvuiiiiiiiiiiiiii e e e e et e e et e e e et e e e e et e e e eaaneeeseaanns

Kupumnos [.B. cm. M.A. [Tanamapuyk, JI.B. KUPHIITOB ......ccovniiiiiiiiiieiie e ee e eaanes
Kupumnos [.B. cm. M. A. TTanamapuyk, J1.B. Kupumno, .M. LHAAPUH .......cccovveiiveiiiieiiiieeiieevieeevee,
Kupunnos [.B. cm. C.B. Bono6yes, C.10. bonbirakos, FO.P. XUMIY U IP. ..ooeeiiiiiiiiiiiiieeiiiiieeeeeeieeee,

MUKOJIOTHUA U PUTOMATOJIOINA  tom 57 Ne2 2023
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Kupuunenu U.10., Baacos [.10., UnslomuH B.A., AbakymoB E.B., Jlanuayc A.JI. Mukpockonunyeckue
rpuObI B MOYBAX YepHEBOM TANTU 3aTTATHON CHOMPH ...covviivneiiineeiieeiieeeieeeeeeeeeeeeeeeeeeeeeeeeneersaeeenns

Kosanesa B.A. cM. HO.A. Bunorpanosa, E.M. JlaniteBa, B.A. KoBanesa, E.M. [lepmuHoBa. ....................

Kononenxko I'.I1., IMupsseBa E.A., 3otoBa E.B., Bypkux A.A. XeMo- 1 (O€HOTUITHI TOTEHIINAJIBHO TOK-
CUTEHHOTO TPUOA ASPEFGILIUS FIAVUS ..........eeeeeeeeeeeeeiiiieeee e e e eeeeeettteee e e e e e e e e eeeaaat s e e e aeeeeessssnnnaaeeeaeeeaesnees

KonbkoBa D.A. cMm. 10.B. 3enenena, U.b. A6nosa, B.I1. Cynnukosna, JI.M. MoxoBa, D.A. KoHbKoBa ....
Koconanos [.A. cm. C.B. Bono6yes, C.1O. bonbiakoB, FO.P. XUMIY U JP. ...oeevvvieeeiiiiiieeiiiiee e,
Kotupanra X. cM. FO.A. PeopueB, A.B. boraueBa, X.JIxK. BEKEP M AP. ...ovvvneiiiiiiieiiiiiiee e

KotkoBa B.M. HoBble cBeneHUs 00 apriio@oporuIHbIX rpubdax naMsITHMKa Npupoasl “MU360pcko-
Maubckast moarHa” (ITCKOBCKast 00JIACTD, POCCHISI) ..ooooiiiiiiiiiiiiiiiiciceeeee e

KouynoBa H.A., EpodeeBa E.A. HoBble cBeneHus 0 6a3uanaibHBIX MaKpoMulleTax 3eiiCKOro 3arnoBe/ -

KouynoBa H.A. cm. 10.A. Pe6pueB, A.B. boraueBa, X.JIoK. BeKep M IIP. ...coovvvniiiiiiiiiiiiiieeeeeee e,

Kpyrosckuii K.B. cMm. B.B. bupiokos, M.H. ITaBnos, F0.A. JlutoBka, H.B. Opemikona, B.B. Illapos,
E.I1. CumonoB, JI.A. Ky3bMUH, K.B. KPYTOBCKUIA ......ccocvvvniiiiiiiieeiiiieee e

KproukoBa O.E. cMm. C.B. Bono6yes, C.1O. bonbirakoB, JI.B. KaquHUHA M IP. ...coovvveeiiiiieeiiiieeeeiiis
KysnemoBa A.A. cMm. FO.B. LIBeTKOBa, A.A. KYBHEIIOBA ....uuciiiviiiiiiiiieeeeiiieeeeeeiieeeeeee e e et e e e e e e e e

Kysemun JI.A. cm. B.B. bupiokos, U.H. ITasnos, FO.A. JIutoBka, H.B. Opemkosa, B.B. I1lapos,
E.IT. CumonoB, JI.A. Ky3bMUH, K.B. KPYTOBCKUIA ......ccccvvviiiiiiiieeiiiiiecceee e

Krsiposa E.W. cm. H.B. Muponenko, A.B. Xiortu, E.U. KsipoBa, [I.A. benos, O.C. A¢aHaceHKo ..........

Jla Po3a A., ArameHHoHe B., Cautrak A., AMOpocno B. Penkuii cpenuzeMHomMopcKuii Bun Xylaria puta-
minum (Xylariaceae, Ascomycota): iepBast HaXOOKa B MITAJIMH ...........ccoovveiiiiiiiieiiiiiii e

Jlanuayc A.J1. em. U.1O. Kupuunenn, [1.1O. Binacos, B.A. UnslomuH, E.B. Abakymos, A.JI. Jlanunyc

JlanrreBa E.M. cMm. FO.A. Bunorpanosa, E.M. JlanireBa, B.A. KoBaneBa, E.M. [lepmuHoOBa .....................
Jleoctpun A.B. cMm. C.B. Bono6yes, C.}1O. bonbmakoB, FO.P. XUMUY M IP. ....coeevvvneiiiiiiieeiiiiieeeceiiee e,
Jleoctpun A.B. cMm. C.B. Bomobyes, C.1O. Bonbiakos, JI.b. KaTUHUHA VAP, «.coovveeiiiieeiiiieeeeiiieeeeeeaa.

JlutoBka FO.A. cm. B.B. buprokos, U.H. I1asnos, FO.A. JIutoska, H.B. Opemikosa, B.B. I1lapos,
E.I1. Cumonos, [1.A. Ky3pMuH, K.B. KPYTOBCKHI .........coiiiiiiiiiiiiieeiiiie e

Jlo6omuna E.B. cMm. A.M. Haconos, I.B. SIky6a, E.B. JIOOODMHA ...........ceeiiiiiiiiiiiiiieiiiiieeeeee e

MartseeB A.B. cMm. E.C. I'ybanos, B.U. I'Mmommnckwmii, ®.M. BoprHukoB, A.B. MaTBees,
FOLK. HOBOMKIIIOB ....vvtuuiieeieiiiiiiiiiiiieeeeeeeeeeetiieeeeaeeeeeeeeaatta e eaeaeesssssasnaaaaeassssssssnnnnnaaaaesesssssannnnaaaaaaes

MenbkymoB I'M., Pomrynkuna E.B., MeaskymoBa E.A. K 140-1eTuio co mHsI poXIOeHUS
Anexcanapa MuxaitioBuda CUTPUAHCKOTO (1882—1967) .....uuuuiviiiiiiiiiiiiiiiiieeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeneees

MenbkymoBa E.A. cm. I'M. MenbkymoB, E.B. PomynkuHa, E.A. MEIBKYMOBA .........ueeevivieeeeiiieeeeinennnns
Muponenko H.B., Xiortu A.B., KxipoBa E.W., benos [I.A., Adpanacenko O.C. [lepBoe oOHapykeHNE
BUpOUIa BEPETCHOBUIHOCTU KJTyOHEe! KapTodesss B MpUPOIHBIX U30JIsITaX BO30yauTelist Gutodro-
p03a KAPTOMDECIIST PAYIOPAINOFA INfESIANS .........coeeeeeeeeeeiiiiieieeee e e eeeeeee e e e e e e ettt eee e e e e e e e eeaasaiaeaeaaaaaeans
Moconosa C.H. cm. K. /1. baBnankynoBa, C.H. MoconoBa, M.P. I'ansi0aeBa, H.M. AkmaTanuesna ..........
Moxosa JI.M. cm. FO.B. 3enenesa, U.b. Adnosa, B.I1. CynnukoBa, JI.M. MoxoBa, D.A. KoHBKOBA .......

HaconoB A.A., AAxy6a I.B., Jlobonuna E.B. [lnnurensHoe coxpaHeHWE pe3UCTEHTHOCTHU K KapOeHIa3umMy
y Venturia inaequalis B KpacHOTAPCKOM KPA€ (POCCHIST) ...oovvviiiiiiiieeeiieeciiiiiiceiee et e e e

Hosoxunos FHO.K. cMm. E.C. T'ybanos, B.1. Imomunckuii, ®.M. boprHukos, A.B. MarBeeB,
JLO 2 QR 5 [0):10) ' 1) (o) : JEUU OO UUUPPRR

OpemkoBa H.B. cm. B.B. bupiokos, U.H. I1asnos, FO.A. JlutoBka, H.B. Opemxkosa, B.B. Illapos,
E.I1. Cumonos, I.A. Ky3pMuH, K.B. KPYTOBCKHI .........coiiiiiiiiiiiiiieeiiice e

Opuna A.C. cm. O.I1. I'aBpusiona, T.}O. I'arkaesa, A.C. Opuna, H.H. ToruHa ..........ccocooovvieiiiiiieeiiis
OpuHa A.C. cM. @.B. TaHHUOAT, A.C. OPUHA ......coooiiiiiiieeee et e et e e e e e e e e e eeeaaa
Ocwmonosckast H.I. em. K.B. CazanoBa, H.I. OcmonoBckast, I.FO. BITacOB .........cccoovvveeiiiiiiieiiiiiieeeeiiins

MUKOJOTIUA U GUTOIIATOJIOTUA  tom 57
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ITaBnoB MU.H. cM. B.B. buprokos, M.H. Ilasnos, F0.A. JIutoBka, H.B. Opemikosa, B.B. Illapos,
E.I1. CumonoBs, .A. Ky3bMuH, K.B. KPDYTOBCKMI ........uoiiiiiiiiiiiiiiiee e eaain s

IMTamamapuyk M.A. cm. C.B. Bono6yes, C.1O. bonbirakos, FO.P. XUMWY M IIP. ....cccoovveniiiiiiiieeiiiiieeeeeeiianns

IManamapuyk M.A., Kupusnnos /I.B. JlornonHeHus K 6M0Te arapuKoOuaHbIX 0a3UIMOMULIETOB (Agaricomy-
cetes, Basidiomycota) naninonanpHoro napka “lOrbeig Ba” (Pecnyonuka Komu, Poccus) .....................

IManamapuyk M.A., Kupwmnos A.B., aapun A.M. Lactarius kauffimanii (Russulales, Russulaceae) —
TIEPBAST HAXOIKA B EBPOIIE ...eeiiiiiiiiiiiiieeieiiiiiieeeeeiittee e e e eitteeeeeeeeitaaeeeeeessssaeeaeessessessaeeeesssnsssnaeesennns

IManomoxubix E.A. cm. C.B. Bono6yes, C.}O. boabiiakoB, FO.P. XUMUY M IAP. ....coevvvviiiiiiiieeiiiieeeeeeiinnes
ITanomoxusix E.A. cMm. JI.b. KannanHa, E.A. TTanoMoXHBIX, E.C. TTOTOB ........ovvvviiiiiiecieeeece e,
[MepeBenenuena JI.I. cm. C.B. Bono6yes, C.}O. Bonbiiakos, FO.P. XUMWY W AP. ..oovvveeiiiiiieeiiiieeeeiiii,
IlepmunoBa E.M. cm. FO.A. Bunorpanosa, E.M. JlaniteBa, B.A. KoBanesa, E.M. IlepmMuHoBa ...............
IMupszeBa E.A. cm. I.I1. Kononenko, E.A. [IupszeBa, E.B. 3otoBa, A A. BYpKHH ........cccceovvviiiiiiinnnnnnnnn.
[MTonusosckas B.b. cM. K.B. CazanoBa, B.B. [TOHUBOBCKAS ..........covuuiiiiiieeiiiiieeeeeiiieeeeeee e
ITonkona E.I. cM. O.B. Boponko, E.I'. [TonkoBa, E.}FO. BaroBeImeHCKAST ..........cceevvveeiiiiiieeeiiiieeeeiiinnnns
ITomos E.C. cm. F0.A. Peopues, A.B. boraueBa, X.JIxK. BEKeP M IP. ..covueiiiiiiiiiiiieeiiiie e
[TomoB E.C. cMm. IO.A. Peopues, A.B. boraueBa, E.M. BYJTaxX M IIP. ....coovveeiiiiiiieiiiiiiieeeiiieeeeeeeeeeeee e
ITonoB E.C. cMm. C.B. Bono6yes, C.1O. boinbiiakoB, FO.P. XUMIY M AP. ..ccovvniiiiiiieeiiiiiieeeceicee e
ITomos E.C. cm. C.B. Bono6yes, C.1O. bonpirakos, JI.b. KamuHMHA W IP. ....ooovvvviiiiiieiiiiiieeceee e
[TomoB E.C. cm. JI.b. Kanmnnauna, E.A. T1amoMOXKXHBIX, E.C. TIOTOB ......cocvveiiiiiieeiiiieeeeeee e
IMomeBanos /I.B. cMm. A.A. Illupoxux, JI.B. [TombiBaHOB, W.I". IHIMPOKMX .....cevvvveniiiiiiieeiiiiieeeeeie e,
IToranos K.O. cm. C.B. Bono6yes, C.}O. bonbmrakoB, FO.P. XUMWY M IIP. ....oooovveiiiiiiieiiiiieeceeeeeceei
INcypuesa H.B. cM. FO.A. Pebpuen, A.B. boraueBa, E.M. BYJTaX L ZIP. ....ooovvvieiiiiiieeeiiiiieeeeeeeeeeeee e,

Peopues 10.A., boraueBa A.B., bekep X.[x., D6epxapn V., KouynoBa H.A., Kotupanra X.,
ITomoB E.C., CazanoBa H.A., Illupsie A.T., lllupsieBa O.C., 3Bsiruna E.A. “HoBbie nj1s1 pernoHoB
JlanpHero BocTtoka Poccum Buabl MaKpOMUIIETOB. 27 pPUCYHKH PEIKUX X UHTEPECHBIX BUIOB ...........

Pe6pues 10.A. NUnenTudrKaMOHHBII KJII0Y K poJIaM 1 HEKOTOPEIM BHUIaM ractepomuiieToB Poccumn ...
Pe6pues HO.A. cm. C.B. Bonobyes, C.1O. BonbimakoB, FO.P. XUMPY M IAP. ...ooovvneiiiiiieeeiiiiieeeeeieeeeeeii,

Peopues I0.A., borauesa A.B., bynax E.M., byxaposa H.B., EpodeeBa E.A., I1lomos E.C.,
IlcypueBa H.B., Cazanosa H.A., IllupseB A.I'., 3Bsaruna E.A. HoBrsie mist permoHoB Poccuiickoro
JlanbHero BoCTOKA BUIBI MAKPOMUIIETOB. 3 ....ccvuuuneriiiieeriiineeeeeueneeesetieesessenaeesssiaaesesrnaeessssseessssnnaesees

Pe6pues I0.A. cm. C.B. Bono6yes, C.10. bonbirakos, JI.b. KaquHUHA W IP. ....coovvveiiiiiieeiiiieceeiiee,
Pomrynkuna E.B. cM. .M. MenbkymoB, E.B. PomynkuHa, E.A. METbKYMOBA .......ccuuvieeiiieeeiiiieeeeiaennnns

CazanoBa K.B., Ocmonosckas H.I'., Bmacos I.}1O. [Ipoaykiivst opraHU4ecKux KMCJIOT TpubaMu:
MeTaboanU3M, HGU3NOJOTUYECKAS U DKOTOTUUECKAST SHAUMMOCTD ...ueeueeeeneeneneeeerrresresrereeeerererereeeeeeseseens

CazanoBa K.B., [Tonnzosckas B.b. MerabonutHbiit ipoduias Mukpomulieta Lecanicillium gracile,
BBIIEICHHOTO M3 INTYKATYPKU U OCITTOTO KAMHST ..evvvvierrieireeeeeeeeaaaeaeaeaaaaaaaaaaeasaasasaesnnnnsnnnnsssssssssssssssssees

CazanoBa H.A. cM. E.A. 3BATHHA, H.A. CA3AHOBA ........ceiiiiieiiiiiieeeeiiiiee e e et e e e eeeeeteeeeeeaanes
CazanoBa H.A. cm. FO.A. Pe6pueB, A.B. boraueBa, X.JI2K. BEKED M IP. «.ccovveniiiiiiieeiiiiieeeeeiee e
CazanoBa H.A. cm. FO.A. Pe6pueB, A.B. boraueBa, EXM. ByTaxX M IP. ....ooovvniiiiiiiiiiiiee e
CazanoBa H.A. cMm. E.A. 3Bsaruna, H.A. CazaHoBa, T.M. BYJTBOHKOBA ..........cccvvveeiiiiineeeiiiiieeeriiieeeennnnnnns
Caurtrak A. cM. A. Jla Po3a, B. AramenHoHe, A. CauTTaK, B. AMOPOCHO .......cuuneeriiineeeiiieeeeiiieeeeeiieeeens
Capkuna N.C. cm. 1.B. CTaBUIIEHKO, M.C. CAPKITHA .........oiiiiiieeeiiiiee e e e et e ee e e eeeeaaneas
Capxkuna U.C. cm. C.B. Bono6yes, C.}1O. bonbirakos, JI.b. KaquHUHA W IAP. ...cooovvvneiiiiieeeiiiieeeeiiieeeee,

CemenoBa T.A. cm. B.A. Kapnos, B.®. Cmupnos, O.H. CmupnoBa, H.A. Anukuna, E.A. 3axapoBa,
A JO. HInmkuH, A.E. UBAHOBA, T.A. CEMEHOBA .....uucivueiiiieiiieeieeeee e e e e eae e e e e e aeeeaeeeaeeeaneeeanees

Cumonos E.I1. cm. B.B. buprokos, U.H. I1asnos, I0.A. JlutoBka, H.B. Opemikona, B.B. Illapos,
E.I1. CumonoB, JI.A. Ky3bMUH, K.B. KDYTOBCKMI .....cuuvuiiiiieeiiiiiiiiiiiieeeeeeeeeeeviiee e e e e eeeevvie e eeeeeas

MUKOJIOTHUA U PUTOMATOJIOINA  tom 57 Ne2 2023
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114
220
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171
220
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220
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114
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CwmupHoB B.®. cm. B.A. Kapnos, B.®d. Cmupnos, O.H. CmupnoBa, H.A. Auukuna, E.A. 3axaposa,
A JO. HInmkuH, A.E. UBAHOBA, T.A. CEMEHOBA ......ueivtniiiiniiiieeiiieeiieeeeieeeteesaeeeaeesaieesaeesaeessneesanaes

CwmupHoBa O.H. cm. B.A. Kapnos, B.®. Cmupnos, O.H. CmupnHoBa, H.A. AnukuHa, E.A. 3axapoBa,
A JO. IInmkuH, A.E. UBAHOBA, T.A. CEMEHOBA .....uueivvniiiieiiieeiieeite et e e e eae e e e e e e e e aeeeaeeeaneeranees

Coxomnosa I' 1., Bynemikos H.U., Llenunanosa E.E., [muaymkux A.I1. PasHooOpa3ue BUIOB B KOM-
mekce Fusarium solani (Neocosmospora) n uX TaTOT€HHOCTb JIJISI PACTEHUM U YEJIOBEKA ............eevennn...

CrapuiieHko M.B. cm. C.B. Bono6yes, C.1O. bonbiiakoB, FO.P. XUMWY M IIP. .....oovvvieeeeeiiiiiiiiiiiieeeeees
CraBuienko U.B., Capkuna W.C. HoBrsie mis1 KpbiMckoro nojyoctpoBa BUIBI abWLI0(hOpOUIHBIX

Cropoxenko B.I. JlepeBopaspyiiaromiye rpuobl B CTPYKTYpe JIeCOB e10BBIX (popmanmii EBporeiickoit
JoTeTe) /07 SO PSS RRSRNY

CynnukoBa B.I1. cm. FO.B. 3eneneBa, U.b. A6noBa, B.I1. Cynnukosa, JI.M. Moxosa, D.A. KoHbkoBa ...
ChITH A.K. cM. Y. B. 3MUTPOBUY, A. K. CBITHH ......ciiiiiiiiiiiiiiieeiiiiiee et e e e e e e e eae e e eea e e e eaaeeeeeeanns
CoITH A. K. cM. M1.B. 3MUTPOBIY, A. K. CBITHH ......coiiiiiiiiiiiiiie et e et e e e e et eeeeaans
Xampaena 3.T. cM. 3.P. Axmenosa, T.D. IlllonaxyHnos, U.T. I'yisimoBa, 3.T. XaMpaeBa ............cceeeevvvunnnnnnnn.
Xumuu 1O.P. cm. C.B. Bono6yes, C.1O. bonbiakoB, FO.P. XUMIY U JP. ..ooeoeiiiiieeiiiiieiieiiieeeeeee e
XmonyHoBa JI.b. cm. M.A. Kazapues, M.M. Tomxxuna, E.JI. Tacuy, JI.B. XionyHosa, ®.b. l'anuu6an ....
XotamoB M. M. cM. .T. AXMEIKAHOB, M. M. XOTAMOB .......ccvuuiirrneerineerrnnerieesreesreeesseeessessresessenessenessens
Xiortu A.B. cM. H.B. Muponeunko, A.B. Xiwottu, E.M. Ksipona, /I.A. benos, O.C. A¢aHaceHKO .............

LiBetkona 10.B., Ky3nenoBa A.A. BrisaBiieHre aHTpaKHO3a 3eMJITHUKYA Y METOIBI TMAarHOCTUKH BO30Y-
D117 o0 (537 BT LaTe) (5] : 213 00 (O PP PPN

LenmunanoBa E.E. cm. I /1. CokonoBa, H.W. bynbinkoB, E.E. llenunanona, A.Il. IMUHYIIKUH ...............
Hlagpuu .M. cm. M.A. I1anamapuyk, .B. Kupumnos, 1. M. IamgpuH ............coeeeiiiiiiiiiiiiieeeeee e,

IIapos B.B. cm. B.B. bupiokos, U.H. I1aBnos, F0.A. JlutoBka, H.B. Opemkosa, B.B. I1lapos,
E.I1. Cumonos, I.A. Ky3eMuH, K.B. KPYTOBCKMI .........ccoooiviiiiiiiiiieeiiiiieeeeeeeeeeeee e

ITaxoBa H.B. cM. C.B. Bono6yes, C.1O. bonbiiakoB, FO.P. XUMWY M IIP. ...oovvveeeeeiiiiiiiiiiciieee e,
ITaxoBa H.B. cm. C.B. Bono6yes, C.}O. bonbmakoB, JI.b. KaquHMHA W AP. ..coovvvneiiiiiieiiiiieeeeiiiee e

HlIupoxkux A.A., I[TonsiBanoB [.B., Illupokux W.I'. DddeKTh acconmnnpoBaHHBIX ¢ MUKCOMUIIETAMU
GaKTepuii IIpM BeIpAIIMBAaHUY CheTOOHOTO JJeKapCcTBEeHHOTO Tpuba Hericium erinaceus .......................

[upoxkux U.T. cM. A.A. lupokux, [.B. ITonbiBaHOB, Y.T. ILIMPOKKX ....evivviiiiiiiiieeiiiiiieeeeiiieeeeiiie e
HlupsieB A.T. cm. FO.A. Peopuen, A.B. boraueBa, X JI3K. BEKEP M IP. ..covveeiiiiiiieieiiiiieeceiiee e
HlupsieB A.T. cm. FO.A. Peopuen, A.B. boraueBa, E.M. ByTax M IIP. ...cooovvviiiiiiiiiiiiiieee e,
IIupsieB A.T. cM. T.C. BylrakoB, A. L. LLIHIPSIEB .....uuoiiviieiiiiiiee e e

Hlupsies A.I., 3mutpoBuy U.B., [llupsiea O.C. HoBble 1 peakue BUIbI arapuKOMUILIETOB Ha IPEBECHBIX
MHTPOAYLEHTaX B I. EKaTePUHOYPTE (POCCHISI) c.ovvvniiiiiiieiiiiiie e

HlupsieBa O.C. cm. A.I. Hlupsie, 1.B. 3MutpoBud, O.C. IHIHPICBA ......cevvvneieiiieeeiiieeeeeiiieeeeeeee e
Iupsiea O.C. cm. I0.A. Pebpuen, A.B. boraueBa, X.JIxK. BEKEP M IIP. ..ovvveiiiiiniiiiiiieeeiiieeeeeeeeeeeeee
HTumurun A.C. cm. C.B. Bono6yes, C.1O. boibiiakoB, FO.P. XUMWY U IP. ..oovveiiiiieeiiiiiieeeiciieeeceiiee

umxkux A.O. cm. B.A. Kapnos, B.®. Cmupuos, O.H. CmupHoBa, H.A. Auukuna, E.A. 3axaposa,
A JO. HInmkuH, A.E. UBAHOBA, T.A. CEMEHOBA .....uueivuniiiiiiieeieee e e et e e e e e e e e eeaneeeanans

IlonaxyHoB T.D. cMm. 3.P. Axmenona, T.D. IllonaxyHos, . T. I'yismoBa, 3.T. XaMmpaeBa ........cc..ccevvenneenne.
Boepxapn Y. cM. FO.A. PeopueB, A.B. BoraueBa, X.JIoK. BEKEP M IIP. ....oeeviviniiiiiiieieiiiee e
Sxy6a I'B. cMm. A.M. Haconos, I'B. SIky0a, E.B. JIOOOIMHA .........cuuneiiiiiieeiiiiieeeeiiie e

MUKOJOTIUA U GUTOIIATOJIOTUA  tom 57
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