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ABSTRACT

Species of the genus Alternaria are widely distributed as saprophytes on plant
residues, as well as pathogens of various plant species. On wheat seeds, Alternaria fungi are
localized in the endosperm and fruit shells, causing symptoms of "*black germ' disease, and
are a dominant component of the wheat seed microbiome. Recently, due to the high
potential danger of these fungi, much attention has been paid to the study of the genetic
variability of populations that exist in certain climatic conditions. Using retrotransposon
sequences as markers increase knowledge about phylogenetic relationships within
populations of phytopathogenic fungi, as well as their biodiversity.

The iPBS (inter-priming binding sites) method used in this work was applied to detect
genetic polymorphism of isolates of the genus Alternaria, as the most frequently
encountered genus (the frequency of isolation was more than 50%). The isolates were
isolated from wheat seeds that were cultivated in various ecological regions. The 4 iPBS
primers used in this study amplified 387 fragments, 352 of which were polymorphic. The
level of detected polymorphism varied from 66% when using primer 2224 to 100% when
using primer 2242. The information content index of the PIC (polymorphism information
content) primers varied in the range of 0.894-0.987. Analysis of genetic polymorphism
revealed significant genetic variability among fungal isolates. Genetic analysis of
amplification profiles of isolates of fungi of the genus Alternaria conducted using the
GenAlex 6.5 software differentiated all isolates into 2 large groups. Isolates of A. infectoria
were isolated in a separate cluster. Isolates of A. alternata and A. tennuissima were grouped
in a different cluster depending on the species. Research results show that the iPBS method
is highly effective for the genetic differentiation of phytopathogenic fungi at both
intraspecific and interspecific levels.

Keywords: phytopathogenic fungi, Alternaria sp., IPC method (inter-priming binding
sites), polymerase chain reaction (PCR), genetic polymorphism, differentiation of isolates.
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INTRODUCTION

Wheat seeds contaminated with microorganisms have low seed and technological
properties. Most often, microscopic fungi of the genus Alternaria are isolated from wheat seeds.
Due to the high potential danger of these fungi, much attention has recently been paid to the
study of the genetic variability of populations of these fungi that exist in certain climatic
conditions [1].

Species of the genus Alternaria are widespread occurring as saprophytes on plant residues
as well as pathogens of various plant species. Alternaria species are fungi distributed worldwide
as saprophytes, endophytes, plant pathogens in soil, atmosphere, plant materials, and food
commodities due to their ability to adapt and survive in environmental conditions [2]. Some
species are pathogens of agronomically and economically important plants, as well as dangerous
post-harvest pathogens [3]. Alternaria fungi are found on cereal seeds, infecting embryos can
reduce plant productivity, cause "black embryo™ disease, and also degrade the quality of grain
products. Deterioration of grain quality is caused by the ability of fungi of the genus Alternaria
to produce mycotoxins, which may have carcinogenic and allergenic properties [4].

The exact taxonomic affiliation is a big problem because the Alternaria species has a
significant differentiation of cultural and morphological evidence [5-7]. Research of genetic
diversity of fungi of the genus Alternaria using various approaches, most often investigating the
polymorphism of internal and intergenic transcribed spacers (ITS, 1GS) of the ribosomal region
of DNA and various DNA technologies such as RAPD, AFLP, ISSR u SSR [6-8].

In addition to these markers, studying polymorphism using retrotransposons can expand
knowledge about phylogenetic relationships within populations of phytopathogenic fungi.

The use of retrotransposons for the study of genetic polymorphism is characterized by high
reproducibility, easy for implementation, and cost-effectiveness. This is due to the fact that
retrotransposons are distributed throughout the genome, participating in recombinations during
meiosis and mitosis, and leading to genome instability through inversions or translocations [7,
8]. Similarly to plants, activation of retrotransposons contributes to faster microbial evolution
and increased environmental plasticity [9-11]. LTR retrotransposon sequences are used to detect
myecelial fungal polymorphism using PCR fingerprinting [10-16].

The widespread use of retrotransposons as molecular markers is limited by insufficient
data on the nucleotide sequence in the LTR region of retrotransposons. Also, fungi do not have a
large genome size, so the development of genetic markers based on TE is the most difficult task
in comparison with species that have a large genome (for example, plants) [10].

The iPBS method developed by Kalendar et al. allows us to overcome this problem by
using conservative regions of PBS (Primer Binding Site) sequences of retrotransposon sites, both
for detecting polymorphism in transcription profiles and for searching retrotransposons in
databases [11].

iPBS (Inter-Primer Binding Site Polymorphism) is a universal and effective method that
uses conservative PBS sequences, both for direct visualization of polymorphism between
individuals and for polymorphism in transcription profiles, as well as for rapid cloning of LTR
segments from genomic DNA and an algorithm for searching the database of LTR
retrotransposons. This method of iPBS amplification is based on the virtually universal presence
of the tRNA complex as a binding site for primers with reverse transcriptase in both retroviruses
and LTR retrotransposons, which is necessary for initiating reverse transcription during the
replication cycle [12].

Primers developed for amplification of conservative PBS regions proved to be very
effective in isolating a wide range of LTR retrotransposons, including non-autonomous elements
that do not have protein-coding regions, such as TRIM (Terminal Repeat Retrotransposons
Inminiature) u LARD (Large Retrotransposon Derivatives) [10].

Since many retrotransposons are embedded, recombined, inverted, or truncated, they can
be easily amplified using conservative PBS primers in almost any organism, this allows this



method to be used as a universal and highly effective method for direct detection of

polymorphism (figure 1) [13].
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Fig.1. IPBS -method using the conserved parts of PBS sequence ends for screening polymorphisms and fast
cloning of LTR parts from genomic DNA [Owwu6ka! 3aknagka He onpegeneHa.]



The iPBS method has shown the usefulness of a wide range for plants and animals and has
recently been used to characterize the genetic variability of fungal pathogens [12, 14-17].

The aim of this work was to study the genetic diversity of the main Alternaria species
isolated from wheat seeds in Kazakhstan.

Materials and Methods

Fungal materials and culture conditions.  Isolation of phytopathogenic fungi of the
genus Alternaria from the germinal zone of wheat seeds was performed using standard
microbiological methods based on stimulation of growth and development of pathogens in
laboratory conditions [15]. The percentage of a particular species (%) was defined as the ratio of
the number of grains infected by a particular species to the number of grains infected by any
species of this genus.

Isolates were grown in Petri dishes on nutrient media at 25 C for 7-15 days. Microscopic
analysis of fungi was performed on 7-15 days using Micros-200 microscopes (Austria) with an
SSD photo-attachment and the Hi-Resolution SD66P video camera. Morphological features of
the studied species were compared with standard characteristics from the definitive literature or
with the material presented on the website http://www.mycobank.org/ [16]. This took into
account such features as the type of branching of conidia, the characteristics of the surface of
spores, their size, etc.

DNA extraction. Genomic DNA was extracted from fungal mycelia (50 mg) grown in
Chapek medium using the cetyltrimethyl ammonium bromide (CTAB) protocol (CTAB
extraction buffer: 2% CTAB, 2M NaCl, 10 mM Na3EDTA, 50 mM HEPES, pH 5.3
(http://primerdigital.com/dna.html) with RNAse A treatment The mycelial mat was
homogenized in 1 ml CTAB buffer and incubated at 65°C for 1 hour. DNA was extracted with
chloroform/isoamyl alcohol in a 24:1 ratio at 65°C for 30 min. After incubation the mixture was
centrifuged at 14000 rpm and DNA was precipitated by adding an equal volume of isopropanol.
DNA was eluted in 150ul TE-buffer (1 mM EDTA, 10mM Tris-HCI, pH 8,0) and quality was
checked by 1% agarose gel at 90 V for 20 min and NanoDrop ND-1000 spectrophotometer
(Thermo Fisher Scientific).

iIPBS PCR assays. The genetic variability of Alternaria sp. isolates was analyzed by using
PBS primers designed by Kalendar et al [Owmn6ka! 3aknaaka He onpepenena.].

PCR reactions were performed in a 25 pl reaction mixture. Each reaction mixture
contained 25 ng of template DNA, 1xPhire R Hot Start I PCR buffer with 1.5 mM MgCI2, 1
uM primer, 0.2 mM each dNTP, and 0.2 pl Phire R Hot Start I DNA polymerase (Thermo
Fisher Scientific Inc.). PCR amplification was carried out in a Bio-Rad Thermal Cycler T100
under the following conditions: initial denaturation step at 98 °C for 1 min, followed by 30
amplifications at 98 C for 5 s, at 50—-60 °C (depending on primer sequence) for 20 s, and at 72
°C for 60 s, followed by a final extension of 72 °C for 3 min. All PCRs were repeated at least
twice for each isolate. All PBS primers were tested to assess the genetic diversity of Alternaria
isolates using iPBS amplification for DNA profiling. Primers that generated a few PCR products
were excluded.

Statistics and iPBS data analysis. PCR products were separated by electrophoresis at 70
V for 6 h in 1.5% agarose gel with 1XTBE buffer. Visualization of amplification products was
performed using gel documenting systems ChemiDoc-It2 (UVP, LLC, Upland, CA, USA;
Analytik Jena AG, Jena, Germany) and PharosFX Plus (Bio-Rad Laboratories Inc., Hercules,


http://primerdigital.com/dna.html

CA, USA) with a resolution of 50 microns after staining with ethidium bromide. The analysis of
the spectra of amplification was performed using the GenAlex 6.5 software [17].

Only clear scorable bands were used to study genetic variability among the isolates of
Alternaria sp. from wheat grains. Each band of a unique size was assumed to correspond to a

unique locus. To construct a binary matrix, reproducible fragments were scored as present (1) or
absent (0).

RESULTS

Isolation and identification of fungal isolates of the genus Alternaria. We studied wheat
seeds of various sorts zoned in Pavlodar, Aktobe, Karaganda, Akmola, and North Kazakhstan
regions (Table 1).

Table 1. Total percentage of wheat infection with phytopathogenic fungi

Percentage of Frequency of fungal selection by
Region infected samples genus, %

in the probe, % Fusarium | Alternaria | Bipolaris
Pavlodar region 25,0 10,0 50,0 -
Aktobe region 16,7 8,5 77,5 -
North-Kazakhstan region 33,3 3,7 60,0 3,5
Karaganda region 19,5 6,7 65,5 -
Kustanai region 11,3 4,0 55,5 -

Comparative analysis of the generic composition showed that the most common germinal
zone of wheat seeds was contaminated with fungi from the genus Alternaria, which was isolated
with a frequency of up to 50-77. 5%. The intensity of damage by fungi from the genus Fusarium
was insignificant (3.7-10%). The pathogen of helminthosporous root rot Bipolaris was isolated
with a frequency of 3%, this pathogen was identified only in seed samples from the North
Kazakhstan region. A total of 24 isolates of fungi of the genus Alternaria were isolated.
Identification of the isolated isolates using microbiological methods, as well as using ITS-DNA
sequencing, allowed differentiating them into the species A. infectoria (7 isolates), A. alternata
(13 isolates) and A. tenuissima (4 isolates) (data not published).

Band polymorphisms. The primers used showed high resolution. Representative
banding patterns for the isolates obtained from primer iPBS2395 are shown in figure 2.
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Fig. 2. The band profiles with iPBS2395 primer for fungi isolates. M: 100 bp DNA Ladder (Thermo
Scientific GeneRuler DNA Ladder Mix). Lanes represent Alternaria sp., NT: non-template DNA



The 4 iPBS-retrotransposon primers amplified 387 bands, of which 352 were polymorphic
with an average polymorphism of 91% (Table 2).

Table 2. iPBS primers that have been used for genetic analysis Alternaria sp

iIPBS Sequences (5°-3’) Tm (°C) | Polymorphic PIC
name bands, %
2221 5’acctagctcacgatgeca3’ 58.0 98 0.928
2224 5’atcctggcaatggaacca3’ 56.6 66 0.894
2237 5’cccectacctggegtgcca3’ 65.0 98 0.946
2242 5’gccccatggtgggegeca3 69.2 100 0.987
Mean 91 0.939

The highest PIC value was 0.987, which was obtained from the primer 2242 and the lowest
was 0.894 obtained from primer 2224. The highest percentage of polymorphic bands was 100%,
which was obtained from the primer 2242 while the lowest percentage of bands (66%) was
recorded in the primer 2224 with an average of 91% polymorphic bands per primer. The number
of amplified bands varied from 15 to 40, on average, each primer generated 19 bands in the
profile.

The informativeness of each primer was evaluated using PIC (polymorphism information
content) which was calculated using the following formula:

PIC=Y(I-p?)/n

where p; is the frequency of presence (1) of each band, and n is the number of bands for
each primer.

According to Botstein et al (1980) classification, highly informative primers include those
in which PIC>0,5, medium-informative - with a PIC value in the range of 0.5-0.25; to low
informative - PIC <0,25 [18]

The genetic distance between the pairs of isolates was used to perform the cluster analysis
based on UPGMA (Figure 3).
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Fig. 3. Clustering of 25 fungal species of Alternaria sp. revealed
by cluster analysis

This cluster analysis provided a clear differentiation of the isolates of Alternaria species
according to their class. The cluster analysis grouped all the isolates into 2 main groups. The first
Group consisted of 7 isolates of A. infectoria. The second Group was further divided into two
sub-clusters based on taxonomic classes consisting of fungi species belonging to A. alternata (13

isolates) and A. tenuissima (4 isolates).

DISCUSSION

It is known that fungal diseases of plants that cause a significant decrease in yield can
spread through seeds. The harmfulness of microscopic fungi contaminating the seeds of
agricultural plants involves not only in reducing germination and germination energy, but also in

the production of mycotoxins, which pose a great danger to mammals.

Isolates with the most typical morphological and cultural characteristics were used for the
study of genetic polymorphism by iPBS amplification. This method is a new highly informative
tool for analyzing the genetic diversity of various plant species and microorganisms [10, 19, 20;



21, 22]. In this article, the method was used to analyze the variability of Alternaria isolates
isolated from wheat seeds that are cultivated in various geographical areas of Kazakhstan.

In this study, the number of bands produced with PBS markers, as well as the level of
detected polymorphism, is comparable to similar works [Owwu6ka! 3aknagka He
onpegenena.,Ommnoka! 3akiaaka He onpeneaena.]. Cluster analysis of the results showed that
the distribution of isolates on the phylogenetic tree corresponds to their taxonomic classification
[3, Ownbka! 3aknapka He onpegenena., 6]. This indicates the possibility of using this method to
develop a system for identifying a complex phytopathogenic species of Alternaria. Currently,
identification of these fungi is a big problem, because the basic distinctive signs, such as color
and form of colony characteristics of filamentous turf, micromorphology of conidia, can be quite
varied [1, 6]. In this study, the location of A. alternata and A. tenuissima isolates in the same
cluster group on the tree confirms their morphological similarity, it is also shown in the work
that the ITS profiles of these species are completely identical [*°]. Differences between the two
species were detected only on the level of ATP-ase in the plasma membrane and calmodulin loci
[Ownbka! 3aknagka He onpegenena.]. Our results confirm that species can be separated based on
the polymorphism of DNA profiles based on iPBS amplification results. The high level of
intraspecific polymorphism detected using iPBS primers indicates the possibility of analyzing
intraspecific variability among Alternaria isolates, which may be useful for studying the
phylogeny of these fungi on a global level.

CONCLUSIONS

In conclusion, studies have shown the possibility of using the iPBS method to study the
genetic variability of phytopathogenic fungi. The analysis of genetic polymorphism performed
using iPBS markers allowed us to determine the genetic diversity of isolates that were isolated
from the same source but different ecological regions that differ in a significant variety of
environmental factors. A variety of environmental conditions (temperature, humidity, insolation
level) cause dynamic activation of retrotransposons in the genome, thereby increasing the
adaptive potential of these fungi [24, 25]. The study of iPBS polymorphism profiles of isolates of
phytopathogenic fungi isolated from various regions of Kazakhstan has the potential to be used
in further research to understand the specialization of pathogens, allows us to assess the diversity
of populations to develop a strategy for protecting wheat from fungal diseases.
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TYUIH

Ocimaik KaaAbIKTapbIHAAa canpo@uTTep peTiHAe, COHbIMEH KaTap KeNnTereH eciMaik
TYpJepiHiH Ko3AbIpFuIITApbl peTiHge Alternaria TykbIMaac TypJepi KeH TapajFaH.
Bupaiinpin TykpiMaapeinga Alternaria canpIpayKylakTapbsl HI0CHEPM/AE KIHE KeMic
KaObIKTaApPbIHAA OPHAJACKAH, «Kapa YPbIK» aypy OeiruiepiH TyabIpajabl :KoHe Ouaai
TYKbIMJIACTAPbIHBIH MHMKPOOHMOMA JTOMUHAHTTHI KOMIOHEHTI 00JibIn Ta0bLIaaAbl. COHFBI
YAKbITTA OCbl CAHBIPAYKYJIAKTAPABIH KOFapbl NMOTEHIHAJIAbI KayiNTijJiri HITHKeciHe,
apHaiipl  KJIMMATTBIK  JKaFjaiijiapaa  0OojaTblH — NONYJSINUSIHBIH — TeHETHKAJBIK
Bapuale/airin  3eprreyre YyJKeH Ha3zap ayaapbuiaabl. PerporpaHcno3onaapiabiH
PeTTUIIKTEePiHIH Mapkepiep peTiHAe KOJIAHbLIYBI, (PUTONATOreHAI CAHBIPAYKYJIaKTAp
NONYJSINMSACHIHBIH iliHae (UIOreHeTHKANBIK KapbIM-KATHIHACTAP, COHBIMEH KaTap
0JIApABIH OMOATYaHTYPJIIITT Typaabl MAFIyMaTTapAbl YIFaliTaabl.

Bepinren  :kymbicta  Alternaria  Tektec  M30JSITTApAbIH  T'€HETHKAJBIK
nosumopdusmin anbikray ymin iPBS aaici (inter-priming binding sites) konnanbuiabl, eH
ken TapaaraH (mwbiry :kuidiri 50% -man acager). Ocwl 3eprreyne 4 iPBS mnpaiimepi
KoianbuIFran 387 ¢parmMeHTTi aMnmiM@UKanUsAIaHFaH, OHbIH 352-ci moaumop¢Thl Ip
TYPJi 3KOJOTUSJIBIK AaHMaKTapAaH OKIIAYJAHBIN OcipijireH Ouaail TYKbIMbIHAH 0OJIiHIi.
AHBIKTANATBIH NMOJTUMOP(pU3M AeHreiti 2242 npaiiMepin Koaganranaa 66% -ab1 2242-re
neiiin 100% -au1 Kypanbl. [lpaiimepain akmaparTbhuiblK uHaekci PIC (polymorphism
information content) 0,844-0,987 apanbirbiHaa Goaabl. I'eHeTHKAJIBIK moJuMopdu3Mii
Tajay Ke3iH/Je CaAHBIPAYKYJIAK HU30JATTAPbIHBIH APAChIHAa aTAPJIBIKTAll IeHeTHKAJIBIK
e3repicrepi aHbIKTAIAbL. GenAlex 6.5 OaraapiaMacbhblHbIH KeMeriMeH KYyprisijirex
Alternaria TekTec caHbIPAYKYJIAKTAP HM30JATTAPLIHBIH NPOQWIiH aMIIHpUKANUAIAY/IA
FeHeTHKAJIBIK Tajjlaylda O0apiblK W30JATTApALI 2 yiakKeH TomkKa Gesai. A. infectoria
30JIATOPJAApPBI  0eslek KJjacrepae okmayiaanabl. A. alternata skome A. tennuissima
H30JIITTApPbl  TypJepre OaiylaHbBICTHI 0acKa KJacTepre TONTACTHIPbLIAbLL. 3eprTey
HOTH:KeJIepi  kepceTkeHael, iPBS omici ¢uronarorenaik caHbIpayKyJaKTapaAbIH
reHeTHKAJBIK Au(depeHIMANMIIAHYBI YIIIH KOFApbI JIeHTeilIeri eMec, COHbIMEH Karap
UHTEHCHUBTI emec jAeHreiige ne tuimai. iPBS onici puronarorenaixk canbipayKyjJiakTapabiH
FeHeTHKAJBIK JAu(pdepeHINANMICH] YIIIH KOFapbl KoHe OeJqriji OIp meHreige THiMai
eKEeHiH 3epTTey HITHKeIepi KepceTei.

Herisri ce3nep: ¢uromarorenmik canbipaykyaakrap, Alternaria sp., iPBS oanici
(inter-priming binding sites), moaumepa3abl Tiz0ekTik peakuusi (IITP), renermxanbik
NOJTUMOP(pU3M, H30IATTAPABI capajay.

N3YYEHUE TEHETUYECKOI'O IOJIMMOP®U3MA I'PUBHbIX
IMATOI'EHOB C UCITIOJIb30BAHUEM iPBS AHAJIN3A

Xanmnimna O.H., Typ:xkanoBa A.C., llleBuos B.A., Tymen0aesa A.P., Paiizep O.Bb.,
Tarumanona /JI.C., Kanenaaps P.H.
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oksfur@mail.ru



mailto:oksfur@mail.ru
mailto:oksfur@mail.ru

ABCTPAKT

Buabl poxa Alternaria mmpoko pacnpocTpaHeHbl Kak canpo(uThl HA PaCTHTEIbHBIX
0CTATKAX, 2 TAKKe KaK NMaToreHbl Pa3/IMYHbIX BHIOB pacteHmuii. Ha ceMeHax mieHUIbI
rpude Alternaria Jjoxkaam3oBaHbl B JHAOCIEPME H ILUIOAOBBIX 000JI0YKAX, BBI3HIBAKT
CHMIITOMBI 0O0JI€3HU «YEPHBI 3apOAbIID» H SBJASKTCH JOMHHAHTHBIM KOMIIOHEHTOM
MHKpOOMOMA ceMsiH mileHUIbl. B mociieqnee BpemMsi BBHIY BBICOKOH NMOTEHUHAJLHOM
OMACHOCTH JTHX TpuOOB YyjaejasieTrcss O00JblIOe BHUMAHHE W3YYEHUI0O TeHETH4YeCKOH
BapualeJLHOCTH MOMYJISIHIi, KOTOPbIe CYIIECTBYIOT B OMNpeIeJeHHBbIX KINMATHYECKHX
YCJIOBHSIX. Hcnosab3oBaHue B KayecTBe MapKepoB MocJIe10BATEILHOCTEH
PETPOTPAHCIIO30HOB pACIIMPSeT 3HAHUS O (UJIOTeHEeTHYEeCKHX B3aMMOOTHOIEHUSX
BHYTPH NONYJIAUMHA (PUTONATOreHHbIX TPU00B, a TaK:Ke 00 UX OMOPa3HOOOpa3HH.

Meton iPBS (inter-priming binding sites), ucnosb3yemblii B 1aHHOW padoTe, ObLI
NMPUMeEHEH /IJIsl BbISIBJIEHHS reHeTHYeCKOro mojiuMopdusmMa u3oaToB poaa Alternaria, kak
HauOojlee YacTO BCTpPeYaeMoro pojaa (Yacrora BbleJeHUs cocTaBuiaa Oosiee 50%).
HN30as1THI ObLJIM BbIAEJEHbl U3 CEMSH MIIEHUIbI, KOTOPas BO3/1eJbIBAJIACHh B Pa3THYHBIX
IKoJOrnYeckux perumonax. 4 IiPBS mpaiiMmepa, KoTOpble HCHOJIb30BAJINCH B JaHHOM
HccJaeaoBaHuu, amiuinuuupoBaaun 387 d¢parMenToB, 352 HU3 KOTOpPBIX OBbLIH
MOJUMOP(MHBIMU. YPOBEHb JAE€TEKTHPYEMOro mnojauMopdusmMa BapbupoBaj oT 66% npu
HCNOIb30BaHMU npaiiMepa 2224 no 100% npu ucnoab3oBanuu npaiimepa 2242. Unaekc
undpopmaruBHoctu npaiimepo PIC (polymorphism information content) BapnupoBai B
auana3zone 0,894-0,987. Anaamn3 reHeTu4eckoro mojauMop¢usMa BLIABHJ 3HAYHTEIbHYIO
reHeTHYEeCKYI0 H3MEHYNBOCTh CpeId H30JATOB rpuboB. 'eHeTHuyeckuii anaau3 npoduJiei
aMIUIMpUKAIMU W30J5TOB TpHOOB poma Alternaria, mpoBeaeHHBI ¢ HMCHOJIb30BAHHEM
nporpammbel GenAlex 6.5, nuddepenuupoBan Bce H30JIATHLI HA 2 00JbIIME I'PYNIbI.
H3zoastel A. infectoria 0bLIM BbIeIE€HBI B OTAEJALHBIN Kiactep. U3oaarTel A.alternata n
A.tennuissima ObLIM TPYNNHPOBAaHBLI B JPYyroM KJjacrepe B 3aBHCHMOCTH OT BHA.
Pe3yabTaTsl HCCJIeI0BAHM I NMOKa3bIBAIOT, 4yTo MeTOoa iPBS sIBJISIETCSI
BbICOKOI(PEeKTUBHBIM ISl TeHeTH4Yeckol nuddepeHunanum (GpUTONATOreHHbIX IpudoOB
KAaK Ha BHYTPUBHI0BOM, TAK U HA MEe>KBH/I0BOM yYPOBHSIX.

KiroueBble ciaoBa: ¢guromarorenHbie rpudbi, Alternaria sp., merox iPBS (inter-
priming binding sites), moaumepa3snass wuenHass peakmus (IIIP), renernueckmii
noumMoppusm, 1uddepeHuuanusa U30J19TOB



