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IDENTIFICATION WHEAT GENOTYPES RESISTANT
TO TAN SPOT PYRENOPHORA TRITICI-REPENTIS

Abstract. Intensified wheat production, changes in cultural practices including shifts from conventional tillage
to reduced tillage practices, and wheat monoculture involving cultivation of susceptible cultivars has resulted in
development of tan spot to epidemic proportions in Kazakhstan. Pyrenophora tritici-repentis, causal agent of tan
spot on wheat. In recent years, there has been increasing distribution and harmfulness of P. tritici-repentis on wheat.
The aim of the study was to identify and select wheat germplasm resistant to tan spot P. tritici-repentis using
molecular markers. The results of field evaluation showed resistant reaction to tan spot in 76 wheat varieties (68%).
Molecular screening of wheat germplasm was carried out based on the reaction to the fungal inoculum and to host-
specific toxins (HST) produced by the P. tritici-repentis. The wheat germplasm insensitive to the toxins HST Ptr
ToxA and Ptr ToxB was selected. As a result of molecular screening of 111 wheat genotypes using SSR marker
Xfcp623 linked to insensitivity gene to the selective toxin Ptr ToxA of tan spot, 31 carriers of effective tsn/ gene
were identified, which accounted for 27,9% of the genotypes studied. Ten samples of wheat (Jubileynaya 60,
TOO11/TOO007, F3.71/TRM/VORONA/3/0C14, NANJTNG 82149 KAUZ, ECHA/LI115, Akmola 2, Kazakh-
stanskaya rannespelaya, Kazakhstanskaya 25, 428g/MK-122A and 190-Naz/GF55) are characterized with complex
resistance to the races Ptr 1 and 5, as well as to 2 toxins (ToxA and ToxB) and to the Septoria nodorum blotch isolate
SNB7k. 20 promising wheat lines resistant to tan spot were selected. These genotypes also showed a moderate and
high level of field resistance and recommended to use in the breeding programs for resistance to tan spot.

Key words: wheat, tan spot, resistance genes, molecular markers.

Introduction. The Kazakhstan is one of the major wheat producers in the world. However, diseases
and pests play an important role in yield reduction in Kazakhstan. Tan spot is one of the most harmful
diseases of soft and hard wheat in many agricultural regions of the world including Kazakhstan. The
causative agent of this disease is the homotallic ascomycete P. tritici-repentis (Died.) Drechsler; imperfect
stage Drechslera tritici-repentis (Died) Shoem.In Central Asia the disease was discovered in 1980s in
Tajikistan and in recent years it has spread throughout Central Asia and Kazakhstan [1,2,3].

Five toxins (Ptr ToxA, ToxB, ToxC, and 2 toxins, united in a group Ptr ToxD) have been identified,
three of them are well characterized while two are tentative. The Tsn/ — Ptr ToxA, Tsc2 — Ptr ToxB, and
Tscl — Ptr ToxC interactions have all been shown to play significant roles in the development of tan spot
in common (hexaploid) wheat [4,5].

P. tritici-repentis isolates has been grouped in 8 races based on their ability to produce two distinct
symptoms, necrosis and/or chlorosis on appropriate wheat differential [6]. Races 1 and 2 of P. tritici-
repentis produce a host-selective toxin (HST), Ptr ToxA that induces necrosis symptoms [7]. Ptr ToxA is a
well-characterized HST of P. tritici-repentis and the gene that encodes for Ptr ToxA production including
the endogenous promoter has been cloned [8]. Tsn/, a single dominant gene that conditions sensitivity to
Ptr ToxA on the long arm of chromosome 5B, has recently been cloned [9, 10]. Eight major genes for
resistance to tan spot (Isr1-Tsr6, Tsr Har, TsrAri) have been characterized and designated [11]. They
located on chromosomes 2BS, 3A, 3BL, 3DS and 5BL.
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In the CIS countries, the pathogen in Moldova, Ukraine, Belarus, Central Asia and Kazakhstan was
found [12]. There are a number of studies on the racial composition of P. tritici-repentis in Asia and
Kazakhstan. The greatest diversity was observed in Azerbaijan, where races 1, 2, 3, 5, 7, and 8 were
identified, and in Syria, where races 1, 3, 5, 7, and 8 were detected; the little variation was found in the
virulence of isolates from Kazakhstan (race 1 and race 2) [1]. It has been revealed that race 1 is the most
widespread race in Central Asia and Kazakhstan (87%), and races 2, 3 and 4 were minor [13]. It was
found that races 1 and 2 dominate in the North Caucasus in Russia, and races 1 and 8 P. tritici-repentis
dominate in Kazakhstan [14]. The results of previous studies indicate the possibility of identifying
recessive alleles of genes resistant to P. tritici-repentis toxins using molecular markers [15,16]. Since Ptr
ToxA toxin can be synthesized in races 1, 2, 7, and 8, and race 1 is widespread in Kazakhstan, the present
study is dedicated to the search for gene carriers of resistance to Ptr ToxA toxin.

Currently, there is an increasing prevalence and increased damage of wheat by tan spot in
Kazakhstan. The majority of commercial wheat cultivars currently grown in Kazakhstan are still
susceptible to tan spot. The presence and activation of P. tritici-repentis requires the rapid development of
new varieties resistant to disease. The relevance of such studies is due to the need to develop genetically
diverse sources of resistance, donors and promising wheat lines that can be used in breeding of resistant
varieties. The main objective of this study was the identification of wheat genotypes resistant to tan spot
P. tritici-repentis.

Materials and methods. A collection of 111 common wheat germplasms, including elite lines and
cultivars of wheat from Kazakhstan, Russia and CIMMYT evaluated for P. tritici-repentis resistance and
were characterized using the molecular markers. The field experiments conducted at the Southeast
Kazakhstan, Kazakh Research Institute of Agriculture and Plant Growing (KRIAPG), Almalybak
(43°13'N, 76°36'E, and 789 masl), Almaty Reg., in the 2017-2018 crop seasons. The experiment
conducted in a completely randomized design with three replications. The field evaluation of adult plants
assessed three times according to the scale for appraising the foliar intensity of diseases [17] in the
modification for tan spot [18]. The standard international wheat differentials included Glenlea and
Salamouni cultivars, as well as 6B662 and 6B365 lines and used in the field and seedling tests.

Selection of resistant wheat genotypes based on germplasm screening against fungal inoculum and
HST selective toxin of P. tritici-repentis was carried out on the basis of HST tests. The purified HST
toxins provided by foreign collaborator, Dr. Ali S., University of South Dakota, USA. Toxins injected into
wheat leaves. The presence or absence of necrosis / chlorosis symptoms on the infiltrated side of the leaf
indicates sensitivity or insensitivity to HST.

Genomic DNA extracted at two-leaf seedling stage for each individual plant using the CTAB method
[19]. DNA concentration measured using a spectrophotometer SmartSpecTMPlus (Bio RAD). The DNA
concentration for each sample was adjusted to 30 ng/ul. Samples were genotyped using the SSR marker
Xfcp623 designed to detect alleles of the Tsnl gene. The sequence of primers and PCR reaction conditions
are given by [10]. The carriers of the Tsn/ gene was also were detected using PCR protocol for SSR
marker Xfcpl published at the WheatCAP website http://maswheat.ucdavis.edu/protocols]. The
amplification products were separated on 2%-agarose gels, to determine the length of the amplification
fragment 100 bp DNA Ladder (Ferments, Lithuania) was used. Gels were visualized on Gel
Documentation System (Gel Doc XR+, BIO-RAD, Hercules, USA) for documentation of allele types in
cultivars. Wheat entries 6B662 and Glenlea served as positive and negative controls, respectively.

Results. The results of field evaluation the resistance of 111 genotypes of wheat to tan spot showed,
that immune and resistant (0 - 10%) were 76 varieties (68%) of the total number of wheat entries. The
immune type of reaction to tan spot demonstrated 16 varieties of wheat, including Princes, Koksu, Opaks
18, Odesskaya 120, Pyrotriks-50, Polovchanka, Raminal, Rasad, Sanzar 8, Taza, Tyniysh, Umanka,
Sharora and Erythrospermum 78. The most susceptible varieties were Azharly, Basar, Batyr, Bulava,
Bezostaya 1, Kyzylbidai, Lutescens 9 and others. Thus, the results of the field evaluation of tan spot
allowed to rank the material studied on the level of resistanc. Immune and resistant reaction type to tan
spot showed 76 wheat cultivars.

In previous studies, we used markers Xfcpl, Xfcp393, Xfcp394 and Xfcp620. Our results using these
markers enabled the screening of a large number of wheat accessions for resistance to the Ptr ToxA [15,
16]. However, the repeatability and matching molecular data and phytopathological evaluations was not
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always complete. With further development of PCR, we found, that the most adequate for the
identification of carriers of resistance to tan spot is a molecular marker Xfcp623 [20,21,22]. This
functional marker was developed by Faris et al., 2013 as a result of mapping, sequencing and cloning of
the Tsnl locus (intron 5). From a practical point of view this marker is the most effective and reliable [4].

In this regard, to identify genes Tsnl and tsnl in the studied wheat material the SSR marker Xfcp623
was used. As an example, the results of the PCR amplification products, when the Xfcp623 primers were
tested on 17 wheat genotypes, are shown in the figure. Marker Xfcp623 formed fragment size 380 bp,
which is associated with a dominant allele Tsn1 sensitive to ToxA P. tritici-repentis.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 M

380 n.u.

DNA amplification profile for of wheat cultivars and lines obtained with diagnostic marker Xfcp623 linked to the Tsnl gene
sensitive to Ptr ToxA. 1— Kazakhstanskaya 4, 2 — Kazakhstanskaya 19, 3 — Omskaya 28, 4 — Omskaya 35, 5 — Zhalyn, 6 — Kargaly
9, 7 — Karaspan, 8 — Akmola 3, 9 — Severyanka, 10 — Albidum 31, 11 — BR35/BR14, 12— CEP80111/VEE, 13 — ALTAR 84/AE,
14 — TPAP#1/OPATA, 15— CROC 1AE, 16 - TALHUENJNJA, 17 — Kenzhegaly, 18 — Salamouni (the insensitive control
for toxin Ptr ToxA, carrier of recessive gene tsnl), 19 — Glenlea (negative control), M — marker for molecular weight
(Gene Ruler 100 bp DNA Ladder)

As shown in figure, 6 out of 17 samples (Kazakhstanskaya 4, Zhalyn, Karaspan, Severyanka,
BR35/BR14, ALTAR 84/A) had polymorphic band identical to molecular marker Xfcp623, linked the
dominant Tsn/ allele conferring toxin Ptr ToxA sensitivity. Ten entries including Kazakhstanskaya 19,
Omskaya 28, Omskaya 35, Kargaly 9, Akmola 3, Albidum 31, CEP80111/VEE, TPAP#1/OPATA, CROC
1AE, TALHUENJNJA, and Kenzhegaly showed null-allele, linked the recessive tsnl allele conferring
toxin Ptr ToxA insensitivity. Thus, of the 17 analyzed promising wheat lines 10 wheat genotypes
insensitive to the ToxA toxin of P. tritici-repentis were identified.

As a result of molecular screening of total 111 wheat genotypes using SSR marker Xfcp623,
31 carriers of tsnl gene accounted for 27,93% of the samples studied were identified. It should be noted
that the phytopathological evaluation of wheat samples in which the genes for resistance to tan spot toxins
were found, showed a high and moderate degree of field resistance (5-15%) to diseases. The association
between resistance to tan spot and the presence of a toxin toxicity gene ToxA, tsnl was noted. The
correspondence between phenotypic and molecular analyzes was 95-98%.

Molecular screening of wheat germplasm and screening based on the reaction to the fungal inoculum
and to HST toxins allowed selecting of wheat genotypes resistant to leaf spot diseases based. As an
example, the table shows the 10 most resistant and the 10 most sensitive genotypes to the the 2 races and
toxins of P. tritici-repentis (Ptr), and to the race of S. nodorum blotch (SNB7k). In the table the results of
PCR to identify genes for resistance to toxin Ptr Tox A, as well as the response to fungal inoculum: race 1
of Ptr, toxin HST ToxA, race 5 of Ptr, toxin HST ToxV, race of Septoria SNB7k has shown.

In PCR using SSR marker Xfcp! first 10 genotypes formed DNA fragment of 374 bp which is
associated with the presence of the recessive allele zsnl, insensitive to Ptr ToxA, and the next 10 wheat
samples formed fragment of 402 bp, typical for dominant allele 7snl, susceptible to Ptr ToxA. Thus, the
complex resistance to two races of Ptr (1 and 5), two toxins (HST ToxA and HST ToxB) and the race of
Septoria SNB7k were found in Kazakhstani commercial varieties (Yubileynaya 60, Jubileynaya 60,
Akmola 2, Kazakhstanskaya rannespelaya, Kazakhstanskaya 25), as well as in developed in our laboratory
advanced lines (428g/MK-122A and 190-Naz/GF55), and aslso lines from CIMMYT (TOO11/TOO0OQ7,
F3.71/TRM/ VORONA/3/0C14, NANJTNG 82149 KAUZ and ECHA/LI115). Using the technology of
selection for HST-toxins and marker assisted selection, a new wheat material adapted for Kazakhstan,
resistant to the aggressive toxins of LSD, was selected.
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Selection of disease resistant wheat genotypes based on germplasm screening using inoculum of fungi and HST toxins

Marker Xfcpl Reaction to inoculum of Ptr
Name of entry
I S Race 1 HST ToxA Race 5 HST ToxB SNB7k
Jubileynaya 60 374 n.u. - 1 I 1 I 1
TOO11/TOO0O07 374 n.H. - 1 I 2 I 1
F3.71/TRM/VORONA/3/0C14 374 n.H. - 1 I 2 I 1
NANJTNG 82149 KAUZ 374 n.H. - 1 I 2 I 2
ECHA/LI115 374 n.H. - 1 I 2 I 2
Akmola 2 374 n.H. - 3 I 2 I 2
Kazakhstanskaya rannespelaya 374 n.u. - 1 I 2 I 2
Kazakhstanskaya 25 374 n.u. - 2 I 1 I 3
428g/MK-122A 374 n.H. - 1 I 1 I 1
190-Naz/GF55 374 n.H. - 1 I 1 I 1
Bogarnaya 56 - 402 n.H. 4 S 2 I 4
Bulava - 402 m.H. 4 S 2 I 5
Mereke75 - 402 m.H. 4 S 1 I 5
Nureke - 402 m.H. 4 S 2 I 4
Steklovinaya 24 - 402 n.H. 3 S 2 I 4
Saratovskaya 42 - 402 n.H. 5 S 2 I 4
Farabi - 402 n.H. 4 S 2 I 4
Karlygash - 402 n.H. 4 S 3 I 2
Gozgon - 402 m.H. 4 S 1 I 5
Kysylbiday - 402 m.H. 4 S 2 I 2
Note: Ptr — tan spot, SNB — Septoria, HST ToxA and ToxB — tan spot toxins, SNB7k — race od Septoria; I — insensitivity,

S — sensitivity to toxins.

Discussion. ToxA toxin is synthesized by races 1, 2, 7, and 8, and the ToxB toxin is synthesized by
races 2, 7, and 8 [23]. Previous studies have shown that races 1 and 8 are widespread in Kazakhstan [14].
The comparative analysis of phenotypic and molecular data on the presence or absence of resistance genes
and expression of resistance to disease in the field was carried out. Sensitivity to the toxin Ptr ToxA
produced by isolates of race 1 (nec+chl-), controlled by one dominant gene 7sn/, located on the long arm
of chromosome 5B [10]. It is assumed that the sensitivity to the toxin Ptr ToxA and susceptibility to
necrosis of the fungus is controlled by the same gene [24]. The Tsnl gene responsible for sensitivity to the
protein components of plant toxins, Ptr ToxA, produced by the fungus P. tritici-repentis; this toxin is one
of the main factors associated with the development of P. tritici-repentis in susceptible wheat genotypes
[25].

In this regard, the present study was aimed at assessing varieties and promising lines of wheat from
Kazakhstan and abroad for resistance to race 1 and race 5 and sensitivity to toxins Ptr ToxA and Ptr ToxB
P. tritici-repentis. The results of field evaluation showed resistant reaction to tan spot in 76 wheat varieties
(68%); almost the same results were obtained in previous study [21]. Results molecular screening for
resistance to tan spot obtained in this study contradict the previous data related to field evaluation to tan
spot in Kazakhstan and in South Russia that showed a low level of resistance among most commercial
wheat cultivars [26]. Based on our results, it is important to carry out breeding for resistance to most
common races of pathogen.

For successful selection of immunity, international cooperation with CIMMYT is of great
importance. Our studies have shown that varieties resistant to tan spot must be developed using a variety
of germplasm. Broad based tan spot resistance sources from the CIMMYT may contribute to the
resistance observed in our study and can be utilized to develop cultivars with broad-genetic base durable
resistance to wheat tan spot.
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Conclusion. Results of field phytopathological screening of 111 commercial wheat varieties tan spot
allowed ranking the studied material according to the level of resistance. The immune and resistant type of
reaction to tan spot showed 76 varieties of wheat. As a result of molecular screening of 111 wheat
genotypes using SSR marker linked to insensitivity genes to the HST Ptr ToxA, 31 carriers of effective
tsnl gene were identified, which accounted for 27,9% of the 111 samples studied. Based on the results of
molecular screening and the study of the reaction of wheat samples to the inoculum and to the toxins of
diseases, 10 disease-resistant lines have been identified. These genotypes also showed a moderate and
high level of field resistance and recommended to use in the breeding programs for resistance to tan spot.
The results of study are used in wheat breeding programs for tan spot resistance with the Marker Assisted
Selection.
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MUPEHO®OPO3FA PYRENOPHORA TRITICI-REPENTIS
TO3IM/I BUJIA TEHOTUIITEPIH UJIEHTUOGUKAIIUSIIAY

AnHorauus. bunaii eHmipiCiHIH KapKeIHIOB AaMybl, TOXKipiOwe amaHpIHAa OWOail eHIIpiciHIH e3repicTepi,
JIOCTYPJIi TOTBIPAKTHl OHIACYIACH MUHUMAJIBl TOKIpHOUETe oTy XKoHE Te3iMci3 Ommail copTTaphIHBEIH MOHOKYJIBTYpa
peTiHae ecipy mUpeHO(MOPO3IBIH NaMYBIHBIH IHASMHS KOJIEMIHE akelin cOKThIpansl. [Tnpernodopo3 nyHHEKY3iHIH
KOITereH aybUlllapyallbUIbIK aiMakTapbl MeH Kas3akCcTaHHBIH JXyMcak >KOHE KaTThl OMOalBbIHBIH aca KayinTi
aypynapbiHblH Oipi GoJjbin TaObuiaabl. [IupeHOGhOPO3AbIH KO3ABIPYLIbICH Pyrenophora tritici-repentis. COHFbI
XKbULIAPhI Ounaina P. tritici-repentis-TiH naMmybl MeH Kayinrtiiiri 6akputanyna. Kasipri Tanmga 6ec Tokcun (Ptr ToxA,
ToxB, ToxC sxone 2 TokcuH, Ptr ToxD T0ObIHA OipiKTipiireH) HaeHTHGUKALMSIAHFAH.

3epTTeyaiH MaKcaThl — MOJICKYJIANBIK OAiCTep/ i KOJAaHbI, P. tritici-repentis nupenodoposra te3imai Oumai
repMoIlIa3MaJIapblH aHBIKTAY KoHe ipikrey. [lanma xarnaiibiHaa Oaranay HoTwkeciHae ounaiapiH 76 coptsl (68 %)
nupeHodopo3ra Te3imMIi peakuus TaHbITTHL. [TupeHodoposra 16 Ounail cCOpThl UMMYH/BI PEaKIMs THIIIH KOPCETTi,
omap Princes, Kokcy, Omakc 18, Onecckas 120, IMupotpukc-50, [TonoBuanka, Pamunan, Pacax, Canzap 8, Tasa,
Tynrem, YManka, [lapopa sxone Dpurpocnepmym 78. Axapisl, bacap, bateip, Bynasa, besocras 1, Ke3suibuaai,
Jroteenc 9 xoHe Oackama copTTap aypyra TesiMmci3 Oonmwl. P. tritici-repentis. nponyuupneirin, (HST) wne
KOXXaliBIHHBIH CHEeH(UKAIBIK TOKCHHBI MEH CaHBIPAayKYJIaK HHOKYJISITBIHBIH PEAKIUs HeTi3iHae OutaiqbH YPBIKTBIK
TUIa3MAChIHBIH MOJIEKYJIaibIK cKpuHUHTI kyprizingl. HST Ptr ToxA men Ptr ToxB TokcuHIepiHe Te3iMai Ouian
repmoruiazmacsl ipikreminmgi. [Tupernodoposasiy Ptr ToxA CeneKTHBTI TOKCHHIHE TO3IMII TeHMEH Oainanbickan SSR
tunTi Xfcp623 mapkeprepi KOJMAaHbUIbIN, OugaiapiH 111 reHoTHIiHE MOJIEKYJIAIbIK CKPUHHHT XKYPri3y HOTHKe-
cinne, a¢dextuBTi tsnl reHiHiH 31 TackIMannaymbichl WACHTH(UKALMSUIAHIBI, O] 3€PTTEJTIeH TeHOTUI-TEpPAiH
27,9% xypanpl. Tokcunaepre Te3iMaUTIK TeHaepl Oap Oumail yiariiepid (pUTOMOTONOTHSIIBIK Oaranay HOTHXKe-CiHJIe
aypyra Jaja >karjaiiblHoa opramia jkoHe orapbl (5-15 %) Te3iMAuIiK TaHBITTBL. Aypyra Te3iMauIiK neH ToxA
TOKCHHIHE Te3IMAI tsn/ TeHIHIH apachlHIAFbl OaiIaHbIC aHBIKTAIBIHABL MOJEKyIalbIK oHe (PEHOTHUIITIK aHaIHU3-
JIEpJIiH apachIHIAFkI ColikecTiTiK 95-98 % Kypanbl.

SSR-tunti Xfepl mapkepin kongansi [P ananus sxxyprizy Hotmkecinne Ptr ToxA-ra te3iMai tsnl peneccuBTi
reHiMeH OaiinmanpicKaH kenemi 374 x.H. KypaiteiH JJHK dparmentrepi 6ap 10 TeHOTHIT aHBIKTAIBIHIBI, COHBIMEH
karap Ptr ToxA-ra Te3imci3 kenemi 402 sx.H. KypalTeiH Tsn/ mOMUHAHTTHI TeHi 6ap Oumakiapy 10 ynrici nneaTHdH-
KallMsJIaHAbL.

Bupaitnei 10 yorici (FO6mneitnas 60, TOO11/TOO0O07, F3.71/TRM/ VORONA/3/ OC14, NANJTNG 82149
KAUZ, ECHA/LI115, Axmona 2, Kasaxcranckas panHecrenas, Kaszaxcranckas 25, 428g/MK-122A u 190-
Naz/GF55) paca / meH 5-ke, conbiMeH Katap 2 Tokcunre (ToxA men ToxB) xone Septoria nodorum blotch SNB7k
M30JITHIHA KEUIeHAl Te3IMAUITIMEH CHUNarTajiabl. 3epTTey HOTHKeciHie, nupeHodoposra Tesimai, OwmaiinbiH
MEePCIEeKTUBTI JIMHUSIIApBl TaHAAJIBIHIBI. byl reHoTHNTEp Nana >karaalblHAa Ja OpTalla )KOHE >KOFapbl TO3IMIUIIK
TaHBITTHI )KOHE TUPEHO(OPO3Fa TOIMAUIIK CeNeKIHs OarnapiIaMaiapblHaa KOJIJaHyFa YChIHBIIIBL.

Tyiiin ce3nep: Ounaii, mupeHodopo3, TE3IMALTIK reHAEpPi, MOJIEKYIaIbIK MapKepiep.
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NIAEHTUOUKALNNA 'EHOTHUIIOB NIIEHUIIBI,
YCTOWYUBBIX K MAPEHO®OPO3Y PYRENOPHORA TRITICI-REPENTIS

AHHOTanMsl. VIHTEHCHBHOE TPOM3BOJCTBO HIICHUIIBI, U3MEHEHHS B MPAKTHKE BO3EIBIBAHUS IIICHHIBI,
BKITIOYAOIIME TIEPEX0]] OT TPAAWIMOHHOW O0OpabOTKM K MHUHUMAIbHOH 00pabOoTKe MOYBB, M MOHOKYIETYpa
MIIEHAIBI, BKIIOYAIOIIAsT BO3/ENbIBAHINE BOCHPHUHMYHMBBIX COPTOB, CIIOCOOCTBYIOT Pa3BHTHIO IMHUPEHO(OpPO3a 10
MaciTaboB snuaeMuu. [TupeHoPpopo3 ABISIETCA OJHUM U3 CaMBIX BPEIHBIX 3a00JICBAHUI MATKOW U TBEPAOH MIIICHU-
bl BO MHOTHX CEJIbCKOXO3SIMCTBEHHBIX pernoHax Mupa, BKimrouas Kaszaxcran. Pyrenophora tritici-repentis —
BO30yAUTENb IHpeHo(opo3a mueHuIpbl. B ociaennue roas HabII0OAaeTCs POCT PACIPOCTPAaHEHUS U BPEAOHOCHOCTH
P. tritici-repentis na nennne. K HacrosimeMmy BpeMeHH uaeHTHHIMpoBaHO ATk TOKCHMHOB (Ptr ToxA, ToxB,
ToxC u 2 ToxcuHa, 06beAnHEHHbIX B rpymy Ptr ToxD).

Henbto uccnenoBanus ObLIO BBISABICHHE M OTOOpP I'epMOILUIa3Mbl MIIEHUIBI, YCTOHYMBOH K NUpEeHO(DOPO3y
P. tritici-repentis, ¢ UCIONBb30BaHNEM MOJIEKYJISIPHBIX MapKepoB. Pe3yibTaThl M0JI€BOH OLIEHKH MOKA3aJId YCTOHYH-
BYIO peakIuio K mupeHodopo3y y 76 copToB meHUIs (68%). IMMYHHBIH THII peakiuy K MHPEHO(GOPO3y TOKA3aIH
16 coptoB mmieHunpl, B ToM umciae Princes, Kokcy, Omakc 18, Omecckast 120, ITupotpukc-50, ITomoBuanka,
Pamunan, Pacan, Canzap 8, Taza, Tynrsimm, YManka, [lapopa u Dputpocrnepmym 78. Hanbonee BOCIpHHMYHBBIMEI
okazanuck copra Axkapisl, bacap, bateip, bynasa, bezocras 1, Kenputonnaii, JIrorenierc 9 u npyrue. Monexkymsip-
HBIIl CKPUHMHT T'epMOILIa3Ma IIICHHUIbI IPOBOAMICA Ha OCHOBE PEAKIMH K MHOKYJIIOMY Ipuba M crneunudpuieckue
quist xo3siuHa TokcuHbl (HST), nmpomsBogumeie P. tritici-repentis. OtoOpana repMoruia3Ma IIICHHIbI, HEYyBCTBH-
tenpHas K TokcmHaM HST Ptr ToxA wu Ptr ToxB. B pesynbprare mozexymsipHoro ckpuHuHTa 111 reHoTHmon
MILIEHNIBI ¢ ucTioib3oBaHueM SSR mapkepa Xfcp623, cleruieHHOro ¢ reHOM HEe4yBCTBUTEIBHOCTH K CEJIEKTUBHOMY
tokcuHy Ptr ToxA nupenodopo3sa, Obu1 naeHtnunuposan 31 Hocurenb 3 (GEKTUBHOTO reHa tsnil, 4TO COCTaBHIIO
27,9% ot uucnaa u3y4eHHbIX reHoTUNoB. duTonaronoruyeckas OLEHKAa OOpa3lOB IIIEHHIBI, B KOTOPBIX ObUI
oOHapy»KeHbI T'eHbl YCTOMYMBOCTH K TOKCHHAM, ITOKa3ajla BBICOKYIO M YMEPEHHYIO CTEIEHb I0JIEBOH YCTOHUMBOCTH
(5-15%) x Oone3nsM. bria oTMedeHa CBSI3b MEXIY YCTOWYHBOCTBIO K OOJIE3HN M HAIWYMEM HEUYBCTBUTEIBHOTO K
TokcuHy ToxA reHa tsnl. CoorBercTBHE MeX1y (EHOTHNMYECKUM W MOJEKYJISIPHBIM aHAIM3aMH COCTaBHJIO
95-98%.

B pesynmprare TP anammsa ¢ ucmone3oBanumem SSR-mapkepa Xfcpl 10 renorumoB ¢opmupoBamm JJHK
(parmeHT pazmepoM 374 IL.H., YTO YKa3bIBAaCT HA HAIMYNE PELECCHBHOTO I'eHa 571/ HedyBCTBUTEIBHOTO K Ptr ToxA.
Jecstb 00pa3ioB miieHUIsl GpopmupoBaiu (GparmeHT pasmepom 402 1.H., XapaKTEPHBIH IS JOMHHAHTHOIO I'€Ha
Tsnl, uyBctButenbHoro Kk Ptr ToxA. BwisiBieHo necsath obpasuoB mienuns (FOouneitnas 60, TOO11/TOO0QO7,
F3.71/TRM/ VORONA/3/ OC14, NANJTNG 82149 KAUZ, ECHA/LI115, Akmona 2, KazaxcraHnckas paHHecIenas,
Kazaxcranckas 25, 428g/MK-122A u 190-Naz/GF55), koTopble XapakTepu30BaIuch KOMIUIEKCHOH YCTOHYMBOCTBIO
k pacam 1 u 5, k 2 Tokcunam (ToxA u ToxB), a taxoke k usonary Septoria nodorum blotch SNB7k. Takum oGpazom,
B pe3yJbTaTe MCCIIENOBAHUH OTOOpaHbI NEPCIEKTHBHBIC JIMHUM MIICHHUIBI, YCTOHUYMBBIE K NHUpeHO(Oopo3y. OTh
TEHOTUIBI TAaKXXE IO0KAa3aJd yYMEPEHHBIH M BHICOKMH YPOBEHb IOJEBOM YCTOWYMBOCTH M PEKOMEHIOBAaHBI JUIs
UCIIOJIb30BaHMA B IPOrPaMMax CeNEKIHH Ha yCTOHYMBOCTH K MUPEHO(OPO3y.

KiroueBble c1oBa: mieHnna, MMpeHO(POpPO3, TEHBl YCTOHYMBOCTH, MOJIEKYJIIPHBIE MAPKEPBHI.
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