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Abstract. Tan spot is one of the most harmful diseases of common and durum wheat in many agricultural
regions of the world. This disease is dangerous and rapidly progressing both worldwide and in Kazakhstan. Yield
reduction due to the negative impact of the pathogen can reach 60%. The purpose of this study is to identify carriers
of resistance to one of the most aggressive toxins of tan spot ToxA using molecular markers. The molecular and
phytopathological screening of winter wheat germplasm from collection nurseries for resistance tan spot Pyreno-
phora tritici-repentis was carried out. Cultivars and wheat samples were differentiated in terms of resistance and
susceptibility to tan spot. Molecular screening was conducted using SSR markers Xfcp394. As a result of study
11 wheat entries resistant to tan spot was identified. Selected entries are carriers of the recessive allele tsnl
conferring insensitivity to tan spot toxin ToxA. Scope: genetics and plant breeding.
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Annoramust. [ITnpeHo(opo3 SBIAETCS OTHOM M3 CaMBIX BPETOHOCHBIX 3a00JCBAHMH MATKOH W TBEPHOH
MIIICHUIBI BO MHOTHX CEJIBbCKOXO3MHCTBEHHBIX PETHOHAX MHpPA. JTO 3a00JICBAHHC SBILIETCSI OMACHBIM M OBICTPO
TIPOTPECCHPYIOIIUM KaK BO BCEM MHpE, Tak M B Kazaxcrane. CHIDKCHHE YPOXKAHHOCTH M3-32 HETATUBHOTO BIIMSTHHS
TaToreHa MOXET JocTurarb 60%. Llenbro HACTOSIIETO HCCICAOBAHMS SIBJLICTCS WACHTU(HMKAIMHA HOCHTEII YCTOH-
YHUBOCTH K OJHOMY W3 HaHOOJICE arpeCCHBHBIX TOKCHHOB MUPEHO(Opo3a TOXA C HCIOIB30BAHHEM MOJICKYILIPHBIX
MapkepoB. [IpoBeICH MOICKY IAPHBIN B (PHTOMATOIOTHUCCKUH CKPHHHHT TSPMOILIA3MBI O3HMOH MATKOH IIICHHUIIBI
W3 KOJUICKIIMOHHBIX MMHTOMHHKOB Ha YCTOHUMBOCTH THPEHO(MOpO3y Pyrenophora tritici-repentis. Copra m 00pa3imsl
Ju(depeHIMPOBAHEI IO YPOBHIO YCTOWYMBOCTH M BOCHPHEMYHBOCTH K IHPEHO(OPO3y. MOICKYILIPHBIH CKPHHUHT
MPOBEACH ¢ mcmoab3oBaHmeM SSR Mapkepa Xfcp394. B pesyaprare uccneaoBanmidi uacHTH(GHIHPoBaHO 11 06pas-
OB MIICHUIBI, YCTOWYIMBBIX K MHPCHO(POPo3y. OToOpaHHBIC 00pasUbl ABIAFOTCA HOCHTCIAMH PCICCCHBHOTO fs1/
aJIens T€Ha, KOHTPOIMPYIOIETO0 HEUYBCTBUTECJIBHOCTh K TOKCHHY rpuba mupeHodoposa ToxA. Obmacts mpume-
HECHMSI: TCHETHKA M CEJICKIHS PACTCHHUH.
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Beenenne. B nocienHue roarl 3HAUUTENEHOE MECTO B COCTABE MATOICHHOTO KOMITICKCA MIICHHULIBI B
Kazaxcrane sanumact mnupenodopo3. BosOyaurenem 0onie3HH SBISCTCS (DUTONMATOICHHBIH Tpud —
TOMOTAUTHYHBIA ackOMULET Pyrenophora tritici-repentis (Died.), Drechsler, necoBepmennas cragus
Dreschslera tritici-repentis (Died), KOTOpPBIH BBI3BIBACT MUPCHO(OPO3 WIH KEATYIO IHITHACTOCTD TUCTHCB
Ha mureHurle. [Tupenodopos sBiseTCs OAHON U3 CaMbIX BPSAOHOCHBIX 3a00JCBAHUI MSTKOW U TBEPAOH
TMIICHULBI BO MHOTHX CEIIbCKOXO3MHCTBEHHBIX peruoHax Mupa [ 1]. 91o 3aboneBanue ABASICTCS ONACHBIM H
OBICTPO TPOTPECCHUPYIONINM Kak BO BeeM mupe, Tak u B Kazaxcrane. Ecau mo 90-x rogos mpomioro
cToneTus SMU(UTOTHIHOEC WM CHIBHOS Pa3BUTHE BPEIOHOCHBIX TpHOHBIX OomesHed B Kasaxcrane
MPOUCXOAMIO 2—3 pasa B AecATHIICTHE, TO 3a mocieaHue 20 net s3muduroTnn HabIroxanucs 10 5— 6 pas;
MPU 3TOM CHIDKCHHE Ypoxkas coctaBiaano ot 15 po 25% [2]. Ilupenodopo3 mopakaeT MIIEHULY |
TPUTHKAIIC, B MCHBIICH CTCICHH — PUC M SUMEHb. PasBurHio OOJNE3HH CHOCOOCTBYIOT COBPCMCHHBIC
HWHIYCTPHUATBHBIC TCXHOJOTHH 3¢MJICICINA. MUHHUMAaIbHAs 00paboTKa MOYBEl ¢ COXPAHCHHEM CTCPHH Ha
¢ MOBEPXHOCTH, MOHOKYIBTYPA M BO3ACIBIBAHUE COPTOB MIICHULBI C HEAOCTATOYHBIM YPOBHEM YCTOH-
YHBOCTH K marorcHy. McTouHNKOM HMHGpEKIMH AN 3apayKCHHS BCXOAOB O3UMOU MIICHULBI B OCCHHHUE
MEPUOJ MOTYT CITY’KUTh HHQULIMPOBAHHBIC CEMCHA, PACTUTEIBHBIC OCTATKHU MOCECBA MPEABIAYIIETO BEreTa-
LHOHHOTO CE30HA, MOPAKCHHBIC PACTCHUS CaMOCEBA W AWKOPACTYINUE 37aKH, BOCIIPUUMYHBBIC K 3TOMY
3a0071€ BaHUIO.

[To maHHBIM psOa aBTOPOB MOTEPH 3€PHA B YCIOBUAX SMHUPHUTOTUH AOCTUTAOT 65%, IPU 3TOM VXV A-
IacTCd Ka4eCcTBO 3¢pHA muueHUs! [3]. dnudurorns 3o 601e3un oOHapykena B benbrum [4], B AHranu
[5], B Pymeiauu [6], B [lonbiie, B Benrpun, B Jlareun u Yexuu [7]. Ha teppuropun CHI maroren Bctpe-
gaetcs B Momnasuu, Ykpaune, benopyccun, Cpeaneit Asuu u Kazaxcrane [1, 8, 9]. bonbuioe BHUMaHue
HCCIEAOBATENH VACTIOT aHATU3Y CTPYKTYPHl MOMYILILUM NATOTCHA, H3YUCHUIO ICHETHKH VCTOHIHUBOCTH
U YAVYLICHUIO COPTOB METOJAAMH KIACCHUCCKOU CeleKIMH. B HacTosImee BpeMs oTMEUaeTCs HapacTaro-
[Iee PacIpOCTPAHCHHUE U YBEIHMUYCHHIE BPEIOHOCHOCTH nupeHodoposa nmeHuns! B Kazaxcrane. B nepuoa
2000-2005 rr. B 3TOM peruoHe 2-3 pasa NpoHUCXOIWIO SIMHUPUTOTUHHOES PA3BUTHC JKENTOW PHKABUYUHBI U
COBMECTHO JKEJITOU MITHHUCTOCTBIO THCTHEB U cenToprosoM (Septoria nodorum wu S. tritici). B mpearop-
HOU 30HE KOKHOTO M Ioro-soctouHoro Kasaxcrana snudHTOTHIHOE pasBHTHE TPUOHBIX ISTHHCTOC-
TCH JMCTHCB HA O3MMOU MIICHHLE 3a YKa3aHHBIUA mepuoa HaOmoganu 4 pasa: B 1993, 2002, 2003 rr.
M. K. Koitmmbaesbim (2002) ycTaHOBICHO, YTO CPEIH KOMMEPUCCKUX M MEPCICKTUBHBIX KA3aXCTAHCKUX
COPTOB 03UMOH MIIEHHULBI OTCYTCTBYIOT 00paswel, ycroiumebie k nupeHodoposy [10]. Camraercs, uro
pacopoctpanenue mupeHodoposa B LleHTpansHol A3um CBSI3aHO ¢ MUHHUMAIBHOW 0OpabOTKOM MOUBHI C
COXPaHCHUEM CTCPHH, MOHOKYIIBTYPOU MIICHHULIBI HITH YPE3MCPHON HACHIIICHHOCTBIO €10 CEBOODOPOTOB U
BO3JCIBIBAHHEM HEYCTOMYMBBIX K IIATOTCHY COPTOB.

Boz6yaurens 6one3HH NMpOAYLHPYET TOKCHHBI, BBI3BIBAIOIIKE OBICTPOE OTMHpaHue THCThEB. Kak
TrOOBIC TOKCHHBI MIAPA3UTOB, OHHU SBISIOTCS HMMYHOCYIIPECCOPAaMH, HOO, BBI3BIBAS MOBPEKICHUS KICTOK
pacTeHus, HHIHOUPYIOT UX CIIOCOOHOCTh AKTHBHO COMPOTHBIAThCH HHpeKkuu. CrnenudaHOCTh B3aUMO-
JCHCTBUS H30JIITOB TPHOA ¢ pacTCHUEM O0YCIIOBICHA HATMYHUECM XO3SUHO-CIIC UG UIHbIX TOKCHHOB (Host
Selective Toxins — HST). Bocnpuumuunsas peaxims pacTeHUs NPOSBIIETCA B CIydYac, KOTJa MATOrCH
MPOM3BOAUT TOKCHHBI, I KOTOPBIX V XO39HHA HMECTCS COOTBETCTBYIOMMH penentop. ObOpazoBaHue
TOKCHHOB KOHTPOJHPYETCS COOTBETCTBYIOIIMMH I'¢HAMHU M HAcIeAyeTcs B motoMcTse. Ha ceromusammauit
naeub, ueteipe HST, Ptr ToxA [11], Ptr ToxB [12], Ptr ToxC [13] u Ptr ToxD [14] Obuiu oxapaktepu-
30BaHbl B PA3MUUHBIX pacax P. fritici-repentis. Bce TOKCHHBI — GEIKOBOH MPHPOABI, 32 HUCKIIOUCHHUEM
tokcnHa ToxC, KOTOpBIH NpeacTaBisIeT coO0M MOMIPHOE, HEHOHHOE H HU3KOMOIIEKYISAPHOE COCANHCHHE.

CenekTUBHBIE TOKCHHBI (PYHKIIMOHUPYIOT Kak (akTopsl matoreHHocTd. [lostomy cnenmduueckuii
HST, npoxyunpyemblii KOHKPETHBIM H30ATOM, ompeesieT ero pacy. Ptr ToxA BeI3bIBacT HEKpo3 Ha
Glenlea u Katepwa [15, 16, Ptr ToxB seizeiBacT xj10po3 Ha 6B662 u Katepwa [17], a Ptr ToxC BeizbiBacT
xy0po3 Ha 6B365 [13]. Copra mmenunst Salamouni [17], u Auburn [15], ABASFOTCS HEUYBCTBHTCIBHBIMU
ko BceM oxapakrepuzoBaHHbiM HST rpuba. K Hacrosmemy BpeMEHM HACHTH(DUIIMPOBAHBI H3OISATHI,
MPOU3BOASINNE BCE BO3MOKHBIC KoMOuHaimu TOKCHHOB Ptr ToxA, Ptr ToxB u Ptr ToxC, kotopsic,
COOTBCTCTBCHHO, PAHXKUPOBAHHI Kak packl ot 1 mo 8 [18].

Lamari u Bemier (1989) cooOmunu 0 BOZHUKHOBEHHH TOKCHYHOTO COCAMHCHHS B KYJIBTYPE (Pub-
TPaATOB U3 U30JITOB Pachl | M pacwl 2, W MPEIOIIOIOKIIN, YTO TOKCUH P. frifici-repentis OTBCTCTBCHCH 32
pa3BUTHE CHUMIOTOMOB HEKpPO3a Ha YyBCTBUTEIbHBIX reHotunax mmeHunsl [19]. Tlosxke, dwersipe
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HCCIICIOBATENBCKUAEC TPYMITBI HE3aBHCHUMO JAPVI OT APYra BBIJCIWUIA M OYHMCTHIIM TOKCHH HEKPO3a W3
KyJAbTYpbl (PUIBTPATOB M30JATOB P. fritici-repentis, BbI3pIBAOIUX HEKPO3 [15, 16] u omucamu TOKCHH
Hekposa Ptr, kak puOOCOMANBHO CHHTC3HPYEMbI MOHOMEPHBIH H TEpMOJIAOHIBHBIN OENOK ¢ MoJe-
kyssiproit maccoit 13,2 kDa [20]. Ptr ToxA ssasercs mpoaykrom ogHoro reHa. Balance et al. (1996) u
Ciuffetti et al. (1997) x1oHHPOBATIN U CCKBEHUPOBAIH OIUH U TOT K& MEH, KOAUPYIOMHN TOKCHH TOXA u
OOHAPYIKHUITH, YTO B PE3VJIBTATE PA3THYHBIX MOCT-TPAHCISLMOHHBIX MPOLECCOB TEH MOXKET MPOU3BOIUTD
TOKCHHBI C Pa3IUYHBIMU OMOXMMHUYCCKHMH CBOMCTBAMHM, HO C OJMHAKOBOU BHPYJICHTHOCThIO [21, 22].
Homunanraeiii red, Tsnl Obut uneHTHbUIIMpoBaH HA Xpomocome SBL [23]. JlanbHetinee uccie10BaHue
MOKAa3a710, YTO HEUYBCTBUTCIBHOCTD XO3UHA K TOKCHHY HPOSBILICTCS B CBI3H C OTCYTCTBHEM Y HETO FeHA
YYBCTBUTEIBHOCTH K TOKCHHY. B BOCIIPUHMYHMBOM XO3SIMHE TOKCHH I'€HA UYBCTBHTCIBHOCTH, BEPOSTHO,
MPOU3BOAUT XO3SMHH-CICHUPHUSCKHA PELENTOP HIM CANT CBI3BIBAHHUSA AN TOKCHHOB, YTO BBI3BIBACT
CHMIITOMBI KENTOH MATHHUCTOCTH. B yCTOMYHMBOM XO3SMHE XO3MHH-CICHU(PHUYCCKHA PELCHTOP HE MOXKET
TCHEPHUPOBATHCS B CBA3U C OTCYTCTBHEM I€HA YYBCTBHTCIBHOCTH K TOKCHHY, H 3TO MPHBOIUT K Hapy-
LICHUIO CHUTHATBHOTO Kackaaa, HeoOX0ANMOTO IS aKTUBH3ALMH TOKCHHA B Xo3sauHe. [Iytem mMeuenus Ptr
ToxA senensim (diryopecuentabiv Oenkom (GFP) Manning et al., 2002 uccrneaoBaan pa3iudaHbe ACH-
ctBust Ptr ToXA B HEUYBCTBUTCNBHBIX M YyBCTBUTC/IBHBIX THHUSX MIICHHIBI U OOHApYy:kuia, uto Ptr
ToxA ycBauBacTCs KICTKAMHU YYBCTBUTCIBHBIX K TOKCHHY JIMHHM, HO HCUYBCTBHUTCIBHBIMU JTHHUSIMH OH
He ycBamBacTes [24]. YceBoenue moxket 3amututh Ptr ToxA ot aerpagammu nporenHazoii K B kmerkax
YYBCTBUTCIBHOM MueHULB!. Takum oOpa3oM, 7's77/, TeH 4yBCTBUTCIBHOCTH, CKOPEE BCETO, BEACT ceOs Kak
PCLENTOpP W OTBEYACT 32 MOIVIOLICHHE TOKCHHA KieTkod pacteHus. MccnenoBanus BozOyaurens Stago-
nospora nodorum blotch nokazamu, uto TokcuH Ptr ToxA B3ammoneiictBoByeT He Toabko ¢ Tsnl. Tokcnn
ToxA, npousBoaumsiii S. nodorum, Takxe mokasan BanmoackcTeue ¢ Tsnl. MekBUIOBOH NEPEeHOC TeHA
ToxA ot S. nodorum x P. tritici-repentis IPUBEI K MOSBJICHUIO CUMIITOMOB 00/1¢3HU mupeHodopoza [25].
Cuxsenc P. tritici-repentis Ptr ToxA u S. nodorum ToxA mokazan 99,7% roMonoruui MexIy ABYMS
TCHAMHL.

TpaguuoHHBIE METOABI CEACKIHKU HE Bceraa >(PQexTHUBHB, OCOOCHHO I TAKOTO MOJHUTCHHOTO
MPU3HAKA, KaK Hepacocmeiubpuueckas ycToHuuBocTh K 00je3uu. s toro uto0sl ¢ Oombiueii 3¢dek-
TUBHOCTBIO KOHTPOJIHMPOBATh OOJIC3HCYCTOWINBOCTD, OUCHb BAYKHO HMETh B PACTIOPSKCHUH MOJICKYISPHO-
TCHETHYCCKUE MAapKephl, CONPSLKCHHBIC € 3TUM MpH3HAKOM. HaneskHble TeHETHUCCKHE MapKepbl, Kak
MPABUIIO, HEHTPAIBHBI IO OTHOLICHHUIO K MPH3HAKAM, Ha KOTOPBIC BEACTCS CCJICKIINS, KOAOMUHAHTHBI IS
pacro3HaHus POIUTEIBCKHX (POPM U CTAOMIIBHO COXPaHSIOTCS B MOTOMCTBE. [[prMeHEHHE MOTEKY APHBIX
MapKEPOB 3HAYHMTCIBHO PACIIMPHIO BO3MOXKHOCTH OLICHKH TI'CHOB VCTOHUMBOCTH K HEOIarompHsATHBIM
takTopam oxpyxaromeli cpeapl. Mcnonap3oBaHHe MOJICKYISAPHBIX MAPKEPOB MO3BOJSET PCIINTh 3aJaYH,
HEJOCTYNHBIC [T TPAAULHMOHHON CENCKLUH: PasrPaHH4HUTh CHCUU(HUCCKYI0 H HECHeUU(UUCCKYIO
VCTOMYUBOCTh M HCCICAOBATh B3aUMOJCHCTBHEC COOTBETCTBYIOIIMX JIOKYCOB, OIPCICIUTh PACOBYIO
cneun(pUIHOCTh OTACIBHBIX TCHOB H OLICHHTH B3AUMOJACHCTBHE MEXAY I'CHAMH YCTOWYHMBOCTH K INATO-
TCHAM, Pa3BUTHEM PACcTCHHH M OKPYXKAOLWICH cpenoi. B mpakTHUECKOM OTHOIICHHUH BBISBICHHE MOIEKY -
JSIPHBIX MapKEPOB YCTOWYHNBOCTH K MHUPCHO(OPO3Y CYIIECTBCHHO YCKOPSET U 00IETIacT NEPCHOC ICHOB U
Jenaet 3ToT mpouece Goaee addextuBHbM [26]. MapkepHas cenexumst (Marker Assisted Selection) Ha
VCTOMYUBOCTh K MUpeHOGOopo3y saBisercsa Oonee 3¢GQPCKTHBHOM, MO CPABHCHHUIO C APYTUMH OONC3HIAMH,
MOCKOJIBKY HACJCAOBAHHUE VCTOHUMBOCTH K TOKCHHAM HOCHT PeLeCCHBHBIN Xapaktep. Cenekius ¢ mo-
MOIIbI0 MApPKEPOB NMPOTHB JOKYCOB YYBCTBHUTCIBHOCTH K TOKCHHY B OCKKPOCCHBIX CXEMaxX SBISCTCS
0CcOOCHHO TMONEC3HOH, IOTOMY YTO YyBCTBUTCIBHOCTD SABIACTCS JOMUHHUPYIOIUM MPU3HAKOM, U OCKKPOC-
CBl C HCIOJb30BAHUCM YYBCTBHUTCIBHBIX PEKYPPCHTHBIX POJUTCICH JAIOT TOMBKO YYBCTBUTCIBHBIC
pacrenus. K HactosmemMy BpemeHH paspaboTaH HUPOKUH HAOOp MOJCKYPHBIX MAapKepoB, MPEIHA3HA-
YCHHBIX T MAPKUPOBAHHMS TTIABHBIX TCHOB U JIOKYCOB KOJIUYCCTBCHHBIX MIPU3HAKOB, ACCOLIMUPOBAHHBIX C
YCTOWYUBOCTRIO K mupeHodopo3y mmeHuisl, B T.4. RAPD [27], RFLP [23], AFLP [28], SSR [29],
EST-SSR [30] u DART-mapkepst (JHK uun trexHomorus s usyueHus: pazuoodpasus) [31]. Hanaxkena
MapKEpHAsl CENCKLMA A reHa 7'sm/, KOHTPOIHMPYIOLIETO VCTOMYHUBOCTh K HEKPO3Yy, WHAYLHPYEMOMY
pacamu 1, 2, 7, u 8 toxcuna Ptr ToXA B TeTpanmmouaHbIX U I'EKCAIUIOUIHBIX MINCHUIAX. MOICKYISIpHEIE
HCCIICIOBAHUS TCHOB XO3SHMH-CIICHU(HIHBIX TOKCUHOB P. frifici-repentis TIO3BOIUIN pa3padoTaTh MoOJe-
KYJUIPHBIC JUATHOCTHUKH OTACTBHBIX TOKCHHOB ¢ momomneio TILIP [32]. Ileperic mpatiMepsl 1y TCHOB
yCTOHYUBOCTH K TokcHHaM ToxB u toxB Geun npeanoxenst B padote Martinez et al. (2004) [33]. PaGora
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