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VCTOMUYMBOCTI K TOKCHAM IpeHodopo3a

Ptr ToxA u Ptr ToxB Pyrenophora tritici-repentis
B KOJUIEKIIMIY MSITKOM ITIIE€HUIIbI
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Pyrenophora tritici-repentis (Ptr) asnsaeTca Bo36yautenem nupeHopopo-
33, OfiHOW 13 6one3Hel NiweHNLbl, KOTopasa MMMUTAPYET yporKaii 1 Obl-
CTPO NporpeccmpyeT B CTpaHax, BO3AeNblBAOLNX MNLIEHNLY, BKTIOYasa
KasaxcTaH. Lienbto nccnegosaHus 6bina ugeHToMKaLma reHoTMrnos
nweHnLbl, yCToNumBbIX K Ptr, pace 1 1 pace 5, n nx xo3anH-cenekTuns-
HbIM 3pdeKkTopam (TokcuHam) Ptr ToxA n Ptr ToxB P. tritici-repentis (tan
spot). OxapaKkTepn30oBaHa KOMIEKUMA MATKOW nweHuLbl (41 obpasel,
B TOM Ymcsie 38 3KCNeprMEHTasIbHbIX 1 3 KOHTPOJIbHbIX) C UCMONb30-
BaHMeM MONEKYNAPHbIX MapKepoB Xfcp623 n XBE444541, opnarHocTu-
YeCKNX AnA reHoB Tsn1 v Tsc2, KOHTPONUPYIOLWMX YyBCTBUTENIbHOCTb K
TOKCUHaM rpuba. CoBnageHune annensa mapkepa XBE444541 c yctonum-
BOCTbIO pacTeHua K pace 5 coctaBuno 92.11 %, a K TOKcuHy Ptr ToxB -
97.37 %. Pe3ynbTaTbhl reHOTUMMPOBAHMA C NCMOJIb30BaHMEM MapKepa
Xfcp623 noaTBepann oXxrngaemyto peakuumio Ha Ptr ToxA; Hannume/oT-
cyTCTBYE MapKepa Xfcp623 nonHocTbio (100 %) coBnagano ¢ 4yBCTBU-
TeNIbHOCTbIO/YCTONYMBOCTbIO K pace 1 n Ptr ToxA. 3To cBupaeTenbcTByeT
0 HafEeXHOCTM ANArHOCTUYECKOro Mapkepa Xfcp623 ansa naeHtnduka-
L1V FeHOTUMOB MNLUEHWLbI C YCTONYMBOCTbIO K rpnby 1 HeUYyBCTBUTENb-
HOCTbIO K TOKCUHY Ptr ToxA. 13yuyeHre peakumm reHOTUMNOB MLUEHULbI
Ha UHOKYNALMio rpnba 1 MHGMABTPaLMio TOKCMHOB NoKasano, 4Tto 30
13 38 NpoaHanu3npPoBaHHbIX FeHOTMNOB (MK 78 %) NPOoABUNN YCTON-
UYMBOCTb K pace 1 1 pace 5, a Takxe HeuyyBCTBUTENbHOCTb K TOKCUHaM
Ptr ToxA n Ptr ToxB. Hanbonblumnin uHTepec npeacTaBnsaioT BOCEMb
reHOTMMOB MLIEeHNLbl, KOTOPble MOKa3aan yCTOMYNBOCTb/HEYyBCTBU-
TENbHOCTb Kak K IByM pacam, TaK 1 K IByM TOKCMHaM. Pe3ynbTatbl GpeHo-
TUNVPOBAHNA NOATBEPKAEHbI C MOMOLLbIO MOJIEKYNIAPHbIX MaPKEPOB.
YyBcTBMTENBHOCTL K Ptr ToxB He Bceraa koppennpoBasna C BOCMpUMM-
YMBOCTbIO K pace 5 1 3aBrcena OT reHeTnYeckoro poHa Xo3AamnHa, T.e.
OT KOHKPETHOrO reHoTMMa nieHnLbl. [lonyyeHHble pe3ynbTaTbl Npea-
CTaBNAIOT MHTEPeC ANA NOBbIWeHNA SGPEKTUBHOCTN Cenekunn Ha
OCHOBE IMMMHALMN FTeHOTUMNOB C AOMMHAHTHbIMU annenamu Tsn

1 Tsc2, 4yBCTBUTENbHbBIMU K TOKCUHaM Ptr ToxA n Ptr ToxB. NpneHTndu-
LMPOBaHHbIe reHOTMMbl HeO6XOAMMO MCMOMNb30BaTb B CENEKLUN Ha
YCTONYMBOCTb MLUIEHULIbI K MMPeHO$OpPOo3y.

KntoueBble cnoBa: nweHunua; Pyrenophora tritici-repentis; nupeHopopos;
Tsn1; Tsc2; ToxA; ToxB, MLP.
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Pyrenophora tritici-repentis (Ptr) is the causative agent
of tan spot, one of the yield limiting diseases of wheat,
rapidly increasing in wheat growing countries includ-
ing Kazakhstan. The aim of this study was the identifi-
cation of wheat genotypes with resistance to Ptr race 1
and race 5 and their host-selective effectors (toxins)
Ptr ToxA and Ptr ToxB. A common wheat collection of
41 accessions (38 experimental and 3 controls) was
characterized using the molecular markers Xfcp623
and XBE444541, diagnostic for the TsnT and Tsc2 genes
conferring sensitivity to fungal toxins. The coincidence
of the marker XBE444541 with resistance to race 5 was
92.11 %, and with Ptr ToxB, 97.37 %. Genotyping results
using the marker Xfcp623 confirmed the expected
response to Ptr ToxA; the presence/absence of the
marker Xfcp623 completely (100 %) coincided with
sensitivity/resistance to race 1 and Ptr ToxA. This
demonstrates the reliability of the diagnostic marker
Xfcp623 for identifying wheat genotypes with resis-
tance to the fungus and insensitivity to Ptr ToxA. The
study of the reaction of wheat germplasm to the fun-
gal inoculation and toxin infiltration showed that out
of 38 genotypes analyzed 30 (78 %) exhibited resistan-
ce to both race 1 and race 5, and insensitivity to toxins
Ptr ToxA and ToxB. Of most significant interest are
eight wheat genotypes that showed resistance/insen-
sitivity both to the two races and two toxins. The re-
sults of phenotyping were reconfirmed by the molecu-
lar markers used in this study. Sensitivity to Ptr ToxB is
not always correlated with susceptibility to race 5 and
is dependent on the host’s genetic background of the
wheat genotype, i. e. on a specific wheat genotype.

The results of the study are of interest for increasing
the efficiency of breeding based on the elimination of
the genotypes with the dominant alleles Tsn7 and Tsc2
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KAK UUTUPOBATD 3TY CTATbIO:

sensitive to the toxins Ptr ToxA and ToxB. The geno-
types identified will be used in wheat breeding for
resistance to tan spot.

Key words: wheat; Pyrenophora tritici-repentis; tan spot;
Tsn1; Tsc2; ToxA; ToxB; PCR.
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BEJIMYCHNE MTPOU3BOJCTBA IIICHUIIBI U U3MEHEHUS B
MIPaKTHKE €€ BO3ACIBIBAHMUS BKIIOYAIOT MEPEXO] OT
TPaJUIMOHHON 00PaOOTKHU MOUBBI K MUHUMAIILHOH, C
COXpaHEHHEM CTEPHH Ha €€ TOBEPXHOCTH, M HETATUBHO BIIHS-
10T Ha (PUTOIATOIOTUYECKYIO CUTYyaruio. MOHOKYIBTYpa U
BO3/IEJIBIBAHUE COPTOB MMIIIEHHUIIBI C HEAOCTATOYHBIM YPOBHEM
YCTOMYUBOCTH K OOJIE3HAM CITOCOOCTBYIOT HAKOTIIICHUIO MH-
(heKIIMOHHOTO MOTEHIMAIA ¥ Pa3BUTHIO OOJIC3HEH JIMCTOBBIX
mstauctocteit (BJII) mo macmtadoB snuaemun. Mctounu-
KaMM MH(EKINH SBISIOTCS HH)UIIMPOBaHHBIE CEMEHa, pac-
THUTEIJILHBIC OCTATKM II0CEBA ITPEIBIAYIIETO I'0/a, TOPAKECHHBIC
pacTeHus U AUKopacTylue 3j1aku, Bocnpurumunsblie K BJIIL.
[oBbImenne TeMneparypbl U IPOSIBICHHUE 3aCyXH M3-3a U3-
MEHEHHS KJIIMMaTa NPUBO/IT K OBICTPOMY CTAPEHHIO JINCTHEB,
4yTO yBeauuuBaer pacnpocrpadeHue bJIII u yrpoxaer mio-
06anpHOMY NMPOM3BOACTBY MINEHUIL. B ycioBusx, Omaro-
MPUATHBIX JUIS Pa3BUTHs MHPEHO(POPO3a, MOTEPU ypoxKast
moryT npesbimars 50 % (Rees et al., 1988). BpenonocHocTb
00JIe3HN 3aKIIOYaeTCsA B YMEHBIICHUH ACCUMMIISIIIMOHHON
MIOBEPXHOCTH, BO3pACTaHUM TPAHCIUPALUK, YMEHBIICHUH
HaKOIJICHUS] OPraHUYECKOI'0 BEIIeCTBA, TOPAKEHUH BCEX Hal-
3eMHBIX OPIaHOB PACTEHMH, a TAKKE B TOTEPE Ka4eCTBA 3epHA
n3-3a (POPMUPOBAHUSI MEITKOTO ¥ HEBBITIOTHEHHOTO 3€pHA.
[Tuperodopo3 — 0JHO 13 CaMbIX OIACHBIX U BPEAOHOCHBIX
3a00JIeBaHNI MATKOM U TBEPIOW MIIIEHHUIIEI BO MHOTHX CEJb-
CKOXO3SHCTBEHHBIX PETHOHAX, KOTOPOE OBICTPO MpOrpeccupy-
eT KaK BO BCeM MuUpe, Tak 1 B Kazaxcrane. DnuuroTus 310t
6omne3nn OblTa panee obHapykeHa B bensrun (Maraite et al.,
1992), Aurnnu (Cook, Yarham, 1989), Pymerauu (Dumitras,
Bontea, 1981), [Tonwine, Benrpuu, JlarBun u Uexuu (garové
et al., 2003). Ha teppuropunn CHI" matoren BcTpeuaercs B
Poccun, Monnose, Ykpaune, benopyccuu, LlenrpanbHoit
Asun u Kazaxcraune (ITocniexos, 1989; Cynranora, 2007).

B Hacrosee BpeMsi OTMEUaeTCs HapacTarollee pacipo-
CTpaHEHHE W YBEIMYCHHE BPEJOHOCHOCTH IMUpeHO(Opo3a
nmeHunbl B Kazaxcrane. B 1986 1. B ceBepHOM peruoHe
Kazaxcrana muperodopo3 Ha SpoBOii MIIEHUIIE pa3BUBAJICS
10 YpOBHS 3 (pUTOTHH, ¢ 0xBaTtoM 50—63 % rmiormaneii. [To-
creayromme 3upUTOTHH ¢ pacipocTpaneHueM g0 40—50 %
ormeuaimnchk B 1993—-1994 rr. B mpenropnoii 3oue FOxHOTO
n lOro-Bocrounoro Kazaxcrana snudurotuiiHoe pasBuTHe
0o0JIe3HEN JIUCTOBBIX MATHUCTOCTEH HA O3MMOM IIIEHHUIIE
Habmromanmy geteipe pasa: B 1993, 2002 n 2003 rr. B mepron
2000-2005 rr. B 3TOM peruoHe TPHKIbI TPOUCXO/IHIIO ST (-
TOTUHHOE PA3BUTHE JKEITON P3KABUUHBI COBMECTHO C KEITOU
ISITHUCTOCTBIO JINCTHEB U CENTOPHO30M. YCTaHOBJIEHO, YTO
Cpeti KOMMEPUYECKHX 1 TIEPCIIEKTUBHBIX Ka3aXCTaHCKHUX COp-
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TOB O3UMO¥ MIIEHHUIIBI OTCYTCTBYIOT 00pPa3Ibl, yCTOHYUBBIE K
nnpenopoposy (Koiimbaes, 2002). B Bocrounom Kazaxcra-
He 3a00JIeBaHNE OTMEUAETCSI €5KETOJTHO C IIOPAKEHHOCTHIO OT
10-25 o 50-75 %. C yBenu4ueHneM J0IH 03UMOM MIITCHUITBI
B CTPYKTYpE ITOCEBOB U €€ BO3/ICJILIBAHIEM B MOHOKYIIBTYpE
MOPakaeMOCTh OOJIE3HSIMHU JINCTOBBIX MITHUCTOCTEN B AlIMa-
THUHCKOI obnmacTu moBsicuiack 10 75 % (Koitmmbaes, 2002).

Kaxmoe coBmecTHOE B3amMojeicTBHE MEXTy 0a30BOH
pacoii 1 cooTBeTCTBYIOLIEH it quddhepeHuupyoei TMHIen
MPOUCXOINT YePe3 MOCPEIHNKA — XO3SIMH-CIIE()UIHBIH TOK-
cuH (host selective toxins — HST). K nHacrosimemy BpemeHu
usBectHbl uetbipe HST Pyrenophora tritici-repentis, kaxipiii
13 KOTOPBIX UMEET CBOIO XapaKTEPHUCTHKY: TOKCHH Ptr ToxA
uHAynupyeT Hekpo3; TokcuHsl Ptr ToxB u Ptr ToxC — xito-
po3bl; TokcuH Ptr ToxD unaynupyer HeKpo3 U XJ10p03 OJHO-
BpemenHo (Ballance et al., 1989; Ali et al., 2010). UxenTu-
(bunmpoBaHbl U30IATHL P, tritici-repentis, TPOU3BOASIINE BCE
BO3MOJKHBIE KoMOuHanuu TokcuHOB Ptr ToxA, Ptr ToxB u
Ptr ToxC, KOTOpbIe COOTBETCTBEHHO PAHKUPOBAHBI KAK PACHI
ot 1-# no 8-ii (Lamari, Bernier, 1989; Strelkov, Lamari, 2003).

Toxcun Ptr ToxA — mpoxyKT OAMHOYHOIO T'€Ha, OTBEYaeT
3a Pa3BUTHE HEKPO30B B TKAHIX UyBCTBUTEIBHBIX 00pa3II0B
MIICHHLBI, SBISETCS PHOOCOMAIEHO-CHHTE3UPYEMbIM OcII-
KOM ¢ MoJseKyisipHoii maccoit 13.2 x/la, muuoit 117 amu-
HOKHCITOTHBIX octarkoB (Tuori et al., 1995). Ptr ToxA BbI-
3bIBaCT HEKPO3, KOHTPOJIUPYETCS] JOMUHAHTHBIM TeHOM 1511
M CrocoOeH CHHTE3UpoBaThes B pacax 1, 2, 7 u 8 (Strelkov,
Lamari, 2003). Btopoit HST, Tokcun Ptr ToxB, cunTe3upy-
ercs B pacax 5 (Orolaza et al., 1995), 6, 7 u 8 (Martinez et
al., 2001). DTo HU3KOMOJIEKYJISIPHBI BOJOPACTBOPUMBIH,
OTHOCHUTEILHO TEPMOCTAOMIBHBIN XO3IMH-CIIEIU(DUIHBIN
6enox (6.61 x/la) umHO# B 63—64 aMMHOKHCIIOTHBIX OCTaT-
Ka, IPeICTaBIEHHBI MHO)KECTBEHHBIMH KOIUAMHU B TEHOME
n3omsAToB P tritici-repentis. Ptr ToxB BbI3bIBa€T XJ10p0o3 U
KOHTpOJIMpyeTcst ToMuHaHTHBIM reHoM Tsc2 (Friesen, Faris,
2004). Tpetuii TokcuH, Ptr ToxC, Takxe BbI3bIBAET XJIOPO3bI,
cunaTesnpyetcs pacamu 3, 6 u § (Lamari, Bernier, 1991). He-
kporpodusie 3ddexropsl (NE) paccmarpuBarorest kak (ax-
TOPBI BUPYJIEHTHOCTH, ¥ OBUIO BBIJIBUHYTO TPE/IIOII0KEHHE,
YTO YyBCTBUTENBHOCTH K NE MPUBOIUT K BOCTIPUUMYNBOCTH
Kk O6one3nsiM (Anderson et al., 1999).

PacoBslit coctaB P. tritici-repentis ObUT U3yYCH paHee B
Kazaxcrane (Lamari et al., 2005; Zhanarbekova et al., 2005;
Maraite et al., 2006). AHanu3 BUpYJIEHTHOCTH P. tritici-
repentis, paClIpOCTPAHEHHOTO B CTPaHAaX, PaCIIOI0KEHHBIX MO
HAIpaBJICHNIO BEIMKOTO MIETKOBOTO My TH, TTOKa3aJ IIHPOKOE
pazHooOpasue naroreHa B Azepoaiimpkane u Cupui, rie ooHa-

BaBuNOBCKMI XKypHan reHeTUKn n cenekuyummn - 2018 - 22 - 8

979



Genotypes-carriers of resistance to tan spot
Ptr ToxA and Ptr ToxB in common wheat collection

PY’KEHO II0 IIECTh M BOCEMB Pac COOTBETCTBEHHO, B TO BPeMs
kak B Kazaxcrane, Kpipreizcrane n Y30ekucraHe BBISIBICHO
TOJBKO 110 JiBe packl (Lamari et al., 2005). B CeBepHom Kazax-
cTaHe HanboJee pacpocTpaHeHHON OKa3anach paca 1. K neit
otHocsTCs 87 % uzonstoB P. tritici-repentis u3 LlenTpanbHOR
Asun u Kazaxcrana, v To16K0 7, 5 1 1 % ObLau uaeHTHDUIH-
pOBaHBI Kak pack 2, 3 1 4 coorBeTcTBeHHO (Zhanarbekova et
al., 2005; Maraite et al., 2006). B pe3ynsrare cpaBHUTEIBHOTO
HU3y4YeHHs PacoBOro coctana P, tritici-repentis B Poccuu uieH-
TuUIIPOBaHEI pack 1, 2, 4 u 8, a B Kasaxcrane oOHapyke-
HbI packl 1, 3, 4, 6 u 8. Ha tepputopuu Ceseproro Kapkaza
Poccun nomunupoBanu pacer 1 u 2, B Kazaxcrane — pacsr 1
u 8 (Koxmerona u z1p., 2016). E.W. I'ynersesa ¢ coasr. (2018)
0OHapYKHUJIM BBICOKOE TeHETHYECKOE CXO/ICTBO OMCKOM MOIy-
JISIITAH ¢ CEBEPOKA3aXCTAHCKOM U YEeNITOMHCKON, 9TO TOBOPHUT O
€IMHOU ATIHICMHUOJIOTHYECKOH 30HE M BO3MOYKHOCTH TeHHOTO
MOTOKa MEX/Ty U3y4EHHBIMH MOMYJIIIUSIMU. DTO CIIEyeT Y-
THIBAaTh TIPH Pa3MEIICHUH B TaHHBIX PETHOHAX TEHETUYECKH
YCTOWYUBBIX COPTOB TIIIICHHIIE.

MornexynspHble HUCCIIEA0BaHUS T€HOB, KOHTPOIUPYIOIUX
peaKInIo Ha XO3sIMH-CcIIenn(UIHbIe TOKCUHBI P, tritici-repen-
tis, TIO3BOJIMITN Pa3paboTaTh MOJEKYISIPHBIC THATHOCTUKU
OT/ENIbHBIX TOKCHHOB C MOMOIIBIO MOJMMEPA3HON LEeMHON
peakuuu (ITLP) (Muxainosa u ap., 2012). IlepBbie mpaii-
MeEpBbI JUIsl TEHOB YCTOMYMBOCTH K TOKcHHaM ToxB u toxB
npeIokeHsl B crarbe (Martinez et al., 2004). B 2007 r. Ob1a
paspaboTtana MHOKecTBeHHas (MynbTutuiekcHas ) [P, mo3-
BOIISFOIIAs] OJJHOBPEMECHHO BEISBISTH aJICTH TEHOB 10XA,
ToxB u toxB mpu HalIW4M{ BHYTPEHHETO KOHTPOJIS — IeHa
«JTOMaIIHero Xo3sucTBay CHS- 1, KOHTPOIHPYIOIETO XUTHH-
curTeTasy (Andrie et al., 2007). MiccnenoBanne 10 TO3UIHOH-
HOMY KJIOHUPOBaHUIO 7371/ C UCTIONB30BAHUEM MAPKUPYIOILEH
MOMYJISIIIAN TETPATUIONTHOHN MIIEHUITBI TPUBEIIO K CO3IaHUIO
SSR-mapkepos Xfcp ! u Xfcp?2, paclionoKeHHBIX B UHTEPBAJIC
0.8 cM or rena Zsnl (Lu, Faris, 2006; uur. mo: Muxaiinosa u
Ip., 2012). B mocnenyromem OblTH mosrydeHs! Apyrue SSR-
Mapkepsl: Xfcp620 n Xfcp394, mokann3oBaHHBIC B HHTEPBA-
ne 0.07 cM or rena Tsnl, a Taxke Xfcp623, noxanu3oBaH-
HBIM B JJIMHHOM ILJIe4e XpOMOCOMbI 5B B HHTpoOHE 5, B 10-
3unmn 4901...5280 nokyca 7311, TECHO CLETUIEHHBIN € TEHOM
ycroitunBoctu K Oone3nu (Zhang et al., 2009; Faris et al.,
2010). J{st upeHTH()HUKALMK HOCUTEIICH I'eHa YCTOMYHUBOCTH
k TokcuHy Ptr ToxB (ren 75c¢2) ucmoms3oBancs STS-mapkep
XBE444541, nokaau30BaHHbII B KOPOTKOM ILJIEUE XPOMOCO-
MBI 2B, KOTOPBIii CIIETUICH C TEHOM yCTOMYMBOCTH K MMUPEHO-
(hopo3sy mmeHuIs! Ha paccrossaun 0.6 cM (Abeysekara et al.,
2010). Hannuue 3(GeKTHBHBIX MOJIEKYJISPHBIX MapKepoB,
TECHO CIICTUICHHBIX C T€HAMH YCTOWYHBOCTH K TOKCHHAM,
TIO3BOJISICT IPOBOIUTH MOJICKYIISIPHBIN CKPUHUHT CEJICKITHOH-
HOTO Marepuaa MIICHNIBI.

Lenbto uccnenoBanus OblIa UASHTUHHUKALMS T€HOTHIIOB-
HOCHUTEJIEH YCTOMUMBOCTU K P. tritici-repentis ¢ UCIONIB30-
BaHHeM pac u TokcuHOB Ptr ToxA u Ptr ToxB, a Taxxe Mo-
JIEKYJISIPHBIX MapKepOB, CLEIUICHHBIX ¢ TeHamu I5nl u Tsc2,
KOHTPOJIMPYIOIIUMHI YyBCTBUTEIFHOCTh K TOKCHHAM T'pHOa.

MaTepmanbl n metoabl

HccnemoBanus mMpoBOAMIN Ha KOJUTEKIUH U3 41 oOpasma
MSATKOHW MieHunbl Triticum aestivum, BKIIOUAIOUIEH mep-
CTIEKTUBHBIE JIMHUU M COPTa Ka3axXCTAHCKOH M 3apyOeKHON
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CeJIeKI[MHU, B TOM uucie 17 xazaxcTaHCKHUX, 4 POCCUUCKHX,
17 o6pasmo u3 CIMMYT u ICARDA, 1 copt u3 Erunera u
2 nmuann u3 Kanapt (cm. Tabnuiy). Copt Salamouni ucnoss-
30BaH B Ka4eCTBE HEBOCIIPUUMYHUBOIO KOHTPOJIS JIst pac 1
u 5 mupenodoposza u TokcuHOB Ptr ToxA u Ptr ToxB; copt
Glenlea — B kauecTBe BOCIIPUUMYHMBOTO KOHTPOJIS TSI pachl 1
n TokcuHa Ptr ToxA (Faris et al., 2010); nmunaus 6B662 — B ka-
YeCcTBE BOCIPHMMYMBOTO KOHTPOJIS Ul Pachl 5 M TOKCHHA
Ptr ToxB (Singh et al., 2010).

Wzonsiter pac Ptr 1 u 5 6bumn npenocrasnenst Dr. S. Ali
(Yausepcuret HOxno# Jlakotsl, CIIIA) 1 ncmoip30BaInch
JUISl OLICHKH YCTOWYNBOCTH KOJUICKIIMM 00pa3II0B MIICHUIIBI
K P, tritici-repentis. PasaMHOXeHUe KyJIbTYpbI rpubda P, tritici-
repentis BBINONHUINA 10 MeTonuke JI.A. MuxaiinoBo# u ap.
(2012). Toxcun Ptr Tox A uaaynmpyer oOpazoBaHne HEKPO30B
y pactenuii copra mienuibl Glenlea, a tokcunsl Ptr ToxB u
Ptr ToxC mHAYIMpPYIOT 00pa3oBaHNE XJIOPO30B y PACTCHUH
nuHuM 6B662.

W3zy4enue yctoiunBoCTH 00pa3LOB MIICHULIbI K P, tritici-
repentis TIPOBOIWIN B TerutuIle mpu Temmeparype 21 °C ¢
16-4acoBbIM (hoToneproiomM. PacTeHus MIICHUIIB BBIPAIIN-
BaJIM J10 (ha3bl JBYX JIMCTHEB B 25 MJI IUTACTUKOBBIX Ba30HaX,
3aMOJIHEHHBIX TIECKOM, Ha THAPOIOHHUKE C MPUMEHEHHUEM
nuTarenabHoro pactBopa Kuoma. JIMcThst pacTeHUM, B3SITHIX
B KauecTBE KOHTPOJIsS, BMECTO TOKCHHOB MH(HIBTPOBAIH
25 MKIJ CTepMIBHON TUCTHILTUPOBAHHON BOABI (UeCHOKOB 1
Ip., 1960). B xaxxaplif Ba30H MOMEIIANIH 110 TSATh PaCTCHHMA
Ka)k710ro copta. OIBIT IPOBOAMIN B TPEXKPATHON OBTOPHO-
ctu. Pactenus 3apaxanu onpeneneHHoi pacoil Bo30ynuTens
Oosie3Hn (BOAHO-KOHUINAIBHON CYCHEH3WEH CIOp) MyTeM
OIPBICKMBAHMS U3 IyJibBepu3aTropa. KoHneHTpanus crop B
cycniersun coctasisiza 3000-5000 criop/mit. BrakHsrit mie-
puon B TeueHue 18 9 mojiepKuBajiv C TIOMOIIBIO TTOJIHITH-
JICHOBBIX U30JIATOPOB. YYET CTENCHU Pa3BUTHSI 3a00JI€BaHNUS
mpoBoanIM Ha 7—8-¢ cyTkH 1o mkane Lamari, Bernier (1989),
COITIACHO KOTOPOH copTa C MPOSBICHUEM HEKPOTHYECKOH
peakuunu 1-2 6asta oTHOCHIH K ycToitunBbIM (R) oOpasnam,
a ¢ TUIIOM peakIuy Hekpo3a 3—5 06auioB — K BOCTIPHHMYH-
BbIM (S). Ha siuanm 6B662 oneHnBany Hajau4Iue WIN OTCYT-
CTBHE XJIOPO3a 10 TOM K€ IIKaJe.

WHpuabpTpaio TOKCHHAMU TPOBOJMIN HA MPOPOCTKaX
MIICHUIIBI HA cTaany IByX juctoukoB (Lamari et al., 2003;
Xu et al., 2004). YciaoBus BbIpaIiuBaHus PACTCHUN OMMCAHBI
BbIe. BTopoit nmuct (Tpu pacTeHHs U3 Kakaoro oOpasima)
noziBepraiy MHQWIBTpannu 25 MKJI OYMIIEHHBIX TOKCHHOB
Ptr ToxA u Ptr ToxB (npenocrasnensi Dr. S. Ali, YauBepcuter
FOxmnoi1 J{akotsr, CLIIA) ¢ ncons3oBaHieM IIpuia Ha | Mir.
YeTsIpe MMCTa KaX/IOTO COPTa/IMHUN 00pabdaThiBaJIN JABaXK-
JIbl KYJIBTYpaJIbHBIM (DUIIBTPATOM KaXKJIOTO M3 TECTHPYEMBIX
TOKCHHOB. 3aTeM HH(UIBTPUPOBAHHbIEC PACTCHUSI ITOMETIATN
B pOCTOBYI0 Kamepy npu temmneparype 21 °C ¢ 16-qacoBbiM
dhoronepuonom. Pacrenus orienuBaiu uepes 4 JHsl OCIIC UH-
¢unprpanun. JINCThs pacTeHNH, B3ATHIX B KA4€CTBE KOHTPO-
JI5, BMECTO TOKCHHOB WH(UIBTPOBAIN 25 MKJI CTEPHIILHOMN
JUCTUNIMPOBAHHOM Boabl. 10 MpUCYTCTBUIO/OTCYTCTBUIO
CHMIITOMOB Hekpo3a 11t ToxA mim xmopo3a 1t ToxB Ha
MH(UIBTPOBAHHON CTOPOHE JICTA OIIEHUBAIHN 00pa3Ibl KaK
YyBCTBUTEJbHBIC MM HeuyBcTBUTENbHBIE K HST.

Brinenenne renomuoit JJHK u3 pacturensHoro marepua-
Jla OCYIIECTBISIIN U3 JIUCTHEB S-THEBHBIX MPOPOCTKOB IIIIIE-
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AnnenbHoe cocToAHMe reHoB TsnT 1 Tsc2 B ob6pasLiax nweHnLbl U X peakuumn Ha 3apaxkeHue P, tritici-repentis

Obpasel, Mpowuc- AnnenbHoe COCToAHME Peakuus K nsonatam pac rpmba
XOXAeHune MOJNEeKYNIAPHbIX MapKepoB n HST TokcmnHam Ptr

Bunyodkor CIMMYT- tsni tsc2 2 | 1 |
ICARDA-
IWWIP
Aray KazaxcTaH Tsni Tsc2 4 S 3 |
Koksu » Tsni Tsc2 4 S 2 S
Ramin » Tsni Tsc2 4 S 3 S
428/Umanka-17 » Tsni Tsc2 3 S 4 S
428/Umanka-18 » Tsni Tsc2 4 S 4 S
KR11-20 CIMMYT- Tsni1 Tsc2 4 S 2 S
ICARDA-
WWIP
ZM23524 CIMMYT Tsni Tsc2 3 S 1 S

CeneKkuyma pacteHuii Ha UMMYHUTET BaBunoBCKMI XKypHan reHeTUKn n cenekyun - 2018-22-8 981



Genotypes-carriers of resistance to tan spot
Ptr ToxA and Ptr ToxB in common wheat collection

OKoHuaHme Tabnnubl

A.M. Kokhmetova, Sh. Ali
Z. Sapakhova, M.N. Atishova

Ob6paszel Mpowc-

XOX[EHNEe MONEKYNAPHbIX MapKepoB

AnnenbHoe CoCTosHNEe

Peakuus K nsonatam pac rpmba
n HST TokcuHam Ptr

Mpumeuarune. Xfcp623 — SSR-mapkep K nokycy Tsn1, onpegensiolemy 4yBCTBUTENbHOCTb K Ptr ToxA, amnnnduumpyet pparmeHT anuHow 380 n.H.; XBE444541 -
STS-mapkep K Jlokycy Tsc2, amnnnuduumpyet ¢parmeHTbl AaMHON 340 N.H. y YyBCTBUTENbHbIX K TOKCUHY ToXB 11 505 M.H. y HEUYBCTBUTENbHBIX K TOKCMHY ToxB
06pasLoB niueHuLbl; Salamouni — HeuyBCTBUTENbHbIV KOHTPONb A4NA pac 1 1 5, TokcnHoB Ptr ToxA un Ptr ToxB, Hocutenb peueccmBHbIx reHoB tsn1 ntsc2; Glenlea —
BOCMPUUMYMBBIA KOHTPOMb AnA pacbl 1 n Ptr ToxA, HOCUTeNb JOMUHAHTHOTO reHa Tsni; 6B662 — BOCNPUMMUUBBIA KOHTPOMb ANA packl 5 n Ptr ToxB, HocuTtenb
[OMUHAHTHOTO reHa Tsc2; 1-5 — 6ann nopakeHus no wkane (Lamari, Bernier, 1989): 1, 2 - yctonumBble, 3-5 — BOCMPUMMUKBBIE; peakuma Ha nHounbTpaumio HST:

- HeYyyBCTBUTEJIbHOCTb, S- BOCMPUMMUYNBOCTb.

uunsl ¢ nomonipio CTAB-merona (Riede, Anderson, 1996).
Kauectro Bbiesnennsix npod JIHK mposepsuin B 1 % ara-
PO3HOM resie. BTOpUUHBIN KOHTPOJIb HA YUCTOTY U Ka4eCTBO
BBITIOJTHSIN Ha ciekTpodoTomerpe SmartSpecTMPlus (Bio-
RAD). [Tocne konuuecTBeHHOM onleHKH koHIeHTparus JJTHK
OpLTa HOpManm3oBaHa /10 30 Hr/MKI s mocieytoreit [TLP.
Komnuectso JIHK coorBercTBoBano mporoxomy IIIP mms
UACHTU(QHUKALNN COOTBETCTBYIOIETO MeHa YCTOHYMBOCTH.
Jna naeHTHGUKAIUA HOCHTENEH TeHOB YCTOMYHUBOCTH HC-
nonb3oBanu meron I[P ¢ mpaiimepamu, duaHknpyromu-
MU JMarHOCTHYECKHE MapKepbl reHoB, u npodamu JJHK
KoJutekiuu u3 41 obpasma MATKON TIeHunbl. [ eHOTHITE ¢
aneneM reHa I3nl, 9yBCTBUTENBHOTO K TOkCUHY Ptr ToxA,
BBISBISUTH ¢ moMoIbio SSR-mapkepa Xfcp623 (Zhang et
al., 2009), HOCuTenHN amyens reHa I5c2, 9yBCTBUTEIHEHOTO
k Tokcuny Ptr ToxB, — ¢ ucnons3zoBanuem STS-mapkepa
XBE444541 (Abeysekara et al., 2010). Mapkep umeeT 1Ba
asurenst: 380 1. H. (IOMAHAHTHBIN aJiienb reHa 75n [, cleruieH-
HBII C YyBCTBHTEILHOCTHIO) U HYJb-aJUICNb (PELeCCHBHBIN
aJIeNb TeHa tsnl, CLIeTUIEHHBIN ¢ YCTOMYMBOCTBIO K TOKCHHY
Ptr ToxA) (Zhang et al., 2009). CukBeHC paiiMepoB Mapkepa
Xfep623 (5'-3"): F — CTATTCGTAATCGTGCCTTCCG;
R — CCTTCTCTCTCACCGCTATCTCATC (Faris et al.,
2010). XBE444541 — STS-mapkep K Jnokycy 1sc2, 9yB-
cteuTtenbHOMYy K Ptr ToxB. Mapkep umeer aBa amnens:
340 m.H. (TOMUHAHTHBIA amnens reHa 75¢2, cuerIeHHbIN
C 9yBCTBHUTENBHOCTHIO K TOKcHHY Ptr ToxA) m 505 1. H.
(perecCuBHEIN ayuienb TeHa fsc2, CICIUICHHBIA C yCTOWYH-
BocThiO K TokcuHy Ptr ToxB). CukBeHc nmpaiiMepoB map-
kepa XBE444541 (5'-3"): F — TGGACCAGTATGAGA;
R — TTCTGGAGGATGTTGAGCAC (Abeysekara et al.,
2010).

O6pem peaknuonHoi cmecu miust [1IP ¢ mapkepamu
Xfcp623 u XBE444541 cocTaBisia 25 MKJI M coziepskalt 2.5 MK
renomuoii JIHK (30 ur), 1 M kaxxaoro mpaiimepa (1 pM/Mk1)
(Sigma-Aldrich), 2.5 mxa cmecu ANTP (2.5 MM, BoxHBIIT pac-
tBOp dCTP, dGTP, dTTP u dATP) (3AO «Cunexc», Poccus),
2.5 mxn MgCl, (25 MM), 0.2 mxn Tag-nomumepasst (5U,
5 en/mxn) (BAO «Cunekey, Pocenst), 2.5 mxa 10X ITL[P-0y-
bepa, 12.8 mxn ddH,O. ITLP-ammnudukanuio ¢ Mapkepamu
npoBoawiIM Ha amiuudukarope Mastercycler (Eppendorf,
I'epmanmust). Pesxum [T P-ammmdukarwm ¢ Xfcp623: Hawams-
Has neHarypauus npu 94 °C B teuenue 3 MuH; 45 HUKIOB!
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94 °C B Teuenue 1 mun, orxkur npu 60 °C B Teuenue 1 muH,
72 °C B Teyenue 2 MuH; GpuHANbHAs doHrams npu 72 °C B
tedenne 10 muH. [TIP ¢ mapkepom XBE44454 ] BRIIONHAIA
IIPU CIETYIOUIEM PEeXKUME: HauallbHas AeHaTypauus npu 94 °C
B TeueHue 5 muH; 45 1ukiios: 94 °C B teuenue 30 ¢, OTKUT
mipu 58 °C B Teuenue 30 ¢, 72 °C B TeueHue 2 MUH; PHUHATHHAS
anonranus npu 72 °C B reuenue 7 MuH. J[71s pa3aeneHus am-
IUIMQUIMPOBAHHBIX (PParMEHTOB IIPOBOJIUIIH AJEKTpodopes B
2 % araposznom reine B TBE-Gydepe (45 MM tpuc-6opar, 1 MM
EDTA, pH 8) (Chen et al., 1998) ¢ nobaBiaeHueM 3THIAYM
Opomua ¥ B IPUCYTCTBHH Mapkepa pasMepoB (pparMeHTOB
Gene-RulerTM, 100 bp DNA Ladder (Fermentas). Buzya-
JM3alMI0 Telel OCYIIECTBISUIN B TeJIbJIOKYMEHTHPYIOIICH
cucreme Mega Bio-Print 1100/26M (Vilber Lourmat).

Pe3ynbratbl

ITouck reHOTUIOB-HOCUTEIIEH ajlIeel TEHOB yCTOMUYNBOCTH
K TIperodoposy P. tritici-repentis OBLT OCYIIIECTBICH B pe-
3yNbTaTe MOJICKYJSIPHOTO aHAJIN3a M CKPUHHUHTA KOJJICKIINHT
00pas3IoB MIIEHUI[bI, OCHOBAHHOTO HA PEAKIIMU K H30JISITaM
pacsl | 1 pacsl 5 Tprba U K X03IWH-CIIeII(PHIHBIM TOKCHHAM
Ptr ToxA u Ptr ToxB. Peakiiny reHOTHITOB IIIIEHUIIHI HA U30-
nsThl pac 1 TokcuHbl Ptr ToxA u Ptr ToxB npencrasiens! B
Tabnue.

B nienom wacrora ycToiunBbIX K pace | u pace 5 00pasioB B
KOJUIEKIIMH MIIEHHIIBI ObLIA JOCTATOMHO BBICOKOI M cOCTaBUIIa
79 %. HanbombImmii ”HTEpEeC MPEACTABISIIOT BOCEMb 00pa3IioB
mreHunbl: Kokbiday, 428g/MK-122A, Lutescens 90, Lazzat,
Omskaya 28, Omskaya 36, SOMO/SORA/ACTSS, BR14/
CEP847-1 u BR14/CEP847-2, xoTOpBIE MOKa3aJIi BEICOKYIO
ycroitunBocTh (1 6amn) xak Kk aByM pacam (1 u 5), Tak u K
nByM TokcuHaM (Ptr ToxA u Ptr ToxB), a Taksxe monTsepaniu
HeBocnpuuMunBocTh HST Kk ToKkcHHAM mpu MONEKYISIPHOM
CKPUHUHTE (CM. TaONuILy). YMEpeHHas CTeTIeHb YCTOHYMBOCTH
K pacaM u TokcuHaMm P, tritici-repentis otmedena y 21 oopasua
mreHnnsl. Hanbonee yeToiamBeie K mupeHodopo3y o0pasiis!
npezctasiens! B muHUSAX 13 CIMMYT (36.8 % o6pasuos) u
Kazaxcrana (31.6 %). BocnpuuM4uBOCTh MpaKkTHUECKU KO
BCEM M3YYEHHBIM pacaM U TOKCHHAM OOHapy»XeHa y BOCbMHU
00pas3110B MIIEHUIBI, BKIFOYas IIATh Ka3aXCTAaHCKNX 00pa3IoB
1 TPH 3apyOeKHbIE INHUU. V30J5ThI packl 5 HE BCer/ia BbI3bl-
BaJIU XJIOPO3 y TEHOTHITOB MIIICHUIIBI, [T KOTOPBIX BBISIBICHO
HaJlu4ue ajuresst reHa 75c2, 4yBCTBUTEIBHOTO K TOKCHHY
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[eHOTUMbI-HOCUTENN YCTONUMBOCTM K TOKCMHAM nupeHodopo3a
Ptr ToxA v Ptr ToxB B Konnekuuu Markom niueHuubl

A.M. KoxmeToBa, C. Anun 2018
3. CanaxoBa, M.H. Atnwosa 22.8
<—380n.H.

MpopyKTbl amnandmKaumy obpasLoB MLLEeHNLbl C UCMONb30BaHMEM AMArHOCTUYECKOro MapKepa Xfcp623, cuenneHHoro ¢ re-
HOM Tsn1, onpepenaoLWwmm YyBCTBUTENBHOCTb K Ptr TOXA.

1 - 428/Umanka-17; 2 — 428g/MK-122A; 3 - Kokbiday; 4 - Lazzat; 5 - 428/Umanka-18; 6 - Omskaya 28; 7 - KR11-20; 8 - Omskaya 36;
9 - JAS58/JAS55//ALD/3/MRNG/4/ALD; 10 — Koksu; 11 - ZM23524; 12 — SOMO/SORA/ACTS5; 13 — BR14/CEP847; 14 — Astana; 15 — Kazakh-
stanskaya 25; 16 — Kazakhstanskaya Rannespelaya; 17 — Keremet; 18 — Salamouni; 79 — Glenlea; M - mapkep monekynspHoro Beca (Gene-
RulerTM, 100 bp DNA Ladder (Fermentas)). icnonb3oBaH 2 % arapo3Hbiii refib.

Ptr ToxB. Tak, ycToitunBast peakuus K pace 5 oOHapy>KeHa y
muani ZM23524 1 KR11-20. ¥V 3THX reHOTHIIOB OTMEYeHa
yCTOWYMBAsI pEAKIs Ha N30JIAT PAChl S ITPU HAJTMYHUH aJIIETIsS
TeHa YyBCTBUTEIBHOCTH T5c2, 00HAPYKEHHOTO B pe3yJIbTare
[ILIP, u peakitus xsopo3a Ha TokcuH Ptr ToxB. I[Tpu uadmb-
Tpamnuy pacTeHUH copTa mieHus Aray TokcuaoM Ptr ToxB
1 3apayKCHUH U30JIATOM Pachl 5 HAOIIONAIN HEUyBCTBUTEIb-
HOCTb K TOKCHHY W BOCIIPHIMYHUBOCTD K H30JIATy Ipuda.

I'enoTunpoBanue 00pa3OB MIIEHULIBI C HCTIOIb30BAHUEM
MOJIEKYJISIPHBIX MapKepOB ObIIIO HAIIPABJICHO HA HICHTH(HKA-
I[UIO HOCUTENIeH F'eHOB, KOHTPOIUPYIOIINUX YyBCTBUTEIIBHOCTh
n yctoiumBocth K TokcmHam HST Ptr ToxA m Ptr ToxB.
Mapxkep Xfcp623 ammumdunuposain ¢pparment 380 1. H., ac-
COLIMUPOBAHHBIN C TeHOM 757/, 4yBCTBUTEIBHBIM K TOKCHHY
Ptr ToxA y BocbMu 00pa3ioB nieHUIs! 1 KoHTpoist Glenlea,
HocuTens reHa Tsn/ (cM. Tabmuiy, pucyHoOK). BeineneHnHble
BOCEMb 00Pa31I0B MIIEHUIIBI ObUIN UyBCTBUTEIBHBI K pace | u
tokcuny Ptr ToxA. Hynb-amnens Mmapkepa Xfcp623 okxa3zancs
CIICTUICHHBIM C HEUYBCTBUTEIFHOCTHIO K TOKCHHY B 30 00pas-
1[aX MIICHUIIBI U B KOHTpoJie Salamouni. CTeneHs ClenIcHus
Mapkepa Xfcp623 ¢ eHOTUITMPOBAHNEM IO YCTOHIUBOCTH K
pace 1 u Ptr ToxA cocraBuna 100 %. [1o pe3ynsrartam ckpu-
HUHTra 00pas3IoB MIIEHUI[bI, OCHOBAHHOTO Ha PEaKIMH K U30-
naty pacel | n mapuasTpaty HST Ptr ToxA, Bce 30 06pa3ios
MPOSIBUIM HEUYBCTBUTEIILHOCTB K pace 1 u Tokcuny Ptr ToxA.
Ha pucyHke npezcTaBieH nmpumep 3iaeKTpodoperpaMmbl ¢
nmaraeva [T1P, oTpaxaromeit Hamuane/0TCYTCTBHE B HiCCTIe-
JTyeMBbIX oOpasmax jjokyca 757/, 9yBcTBUTENBHOTO K Ptr ToxA.

Mapxep XBE444541 amnnuduuuposan ¢pparMeHT
340 m.H., CICTUICHHBIA ¢ airieneM rera 75c2, KOHTPOIUpy-
IOIIMM YyBCTBHTEJILHOCTh K TOKCHHY B BOCBMH 00pasiax
TIIEHUIIBI U B KOHTpoJie 6B662 (cm. Tabnuiry). I1aTh 13 3THX
BOCBMH 00pa3IoB ObUIN YyBCTBUTEIBHBI K pace 5; ceMb M3
BOCHMH 00pa3IoB MOKa3aJId TAK)KE YYBCTBUTEIBHOCTH K
tokcuny Ptr ToxB. B ciyuasx ammiudukaiuu GparmeHra
mmHou 505 1. H., Mapkep XBE44454 1 yka3sIBan Ha CIIeTIe-
HHUE C HEUYBCTBHTEIHFHOCTBIO (YCTOMYMBOCTBIO) K TOKCHHY
y 30 o0pa3ioB mieHUIbl U B KOHTposie Salamouni. Bee o1-
MeUeHHbIE 00Pa3IIbl IPOSBIIIN HEUYBCTBUTEIBHOCTB K pace 5
n TokcuHy Ptr ToxB npy ckprHHHTE TeHOTHIIOB € IIOMOIIBIO
usonata pacel 5 u uHpuisTpara HST Ptr ToxB. Crenens
crerieHns Mmapkepa XBE444541 ¢ HeqyBCTBUTENBHOCTBIO K
pace 5 cocrasuna 92 %, a k Ptr ToxB — 97 %.

CeneKkuyma pacteHuii Ha UMMYHUTET

YacToTa BCTpedaeMOCTH ajuiesst Mapkepa Xfcp623, cuen-
JICHHOTO C TeHOM #sn, a Takke ajiens Mmapkepa XBE444541,
CIICTUIEHHOTO C T€HOM fSc2, KOHTPOJIHUPYIOIINX HETyBCTBHU-
TeabHOCTh K TokcuHaM Ptr ToxA u Ptr ToxB coorBercTBeH-
HO, coCcTaBmiIa B 00oux ciydasix 79 % (30 obpasion). Berpe-
YaeMOCTb aJlIeNIei MapKepoB, CIEINICHHBIX C IOMUHAHTHBIMHU
annensMu reHoB T3nl u Tsc2, KOHTPOIUPYIOUUX TyBCTBH-
TeIBHOCTHIO K Ptr TokcnHam, coctaBuna 21 % (8 oOpasios).

SSR-mapxep Xfcp623 ammmduimpoBan pparMeHT pa3me-
pom 380 1. H., CLETJIEHHBIN ¢ JOMUHAHTHBIM aiiieneM 1snl u
OTIpeNIeNAIONINH TyBCTBUTEIBHOCTH K Ptr ToXA y mectu 06-
pasimoB: 428/Umanka-17, 428/Umanka-18, KR11-20, JAS58/
JAS55//ALD/3/MRNG/4/ALD, Koksu, ZM23524 u y KOHT-
posst Glenlea. [Ipyroii aniesns, 0OHAPYKESHHBIH ¢ TOMOIIBIO
Mapkepa Xfcp623 y ocTambHBIX 00Pa3loB MIICHUIIBI, TIPE-
CTaBIIST COOOW HYIIb-aJJIeIb, XapAKTEPHBIH I HETyBCTBHU-
TeNbHBIX K TOXA FeéHOTHITIOB 1 YKa3bIBAIOIIMI Ha PELIECCUBHOE
COCTOSIHME ajuens tsnl.

O6cyxpeHue
HecMmotpst Ha TO 9TO THPEHOPOPO3 — UPE3IBBIYAIHO BaKHOE
3a00J1eBaHye MIIIEHHIIB, B HAYIHOH JINTEpaType MO-IIPEKHEMY
HEJI0CTaTOuHO MH(pOpMAIMKU 00 yCTOWYMBOCTH K OOJE3HU
u mpeobmanaromuM pacam P. tritici-repentis Cpean COPTOB
MIICHAIBI, Bo3/ienbiBaeMbIx B Kasaxcrane. [Ipennoxennoe
HCCJICAOBAHUC SABIACTCA OAHUM M3 IEPBBIX B 9TOM PETUOHC
M BKJIIOYAeT KOMIUIEKCHBIH CKPHHHHT C HCIOIb30BAHUEM
pac M OUHMIICHHBIX TOKCHHOB, a TaK)Ke MOJICKYIISIPHBIN aHa-
JIN3 Ha MPUCYTCTBUC U3BCCTHBLIX I'CHOB, KOHTPOJIUPYIOHIUX
yCTOHYMBOCTh K Oone3Hu. B mocnennee Bpems MpoBeIEHBI
WCCIICIOBAHMSI, HAIIPABICHHBIC Ha OLEHKY YCTOWYMBOCTH
repMOILIa3MbI TieHHIIbI K mupeHodopo3y (Chu et al., 2008;
Singh et al., 2010, 2016; Kokhmetova et al., 2017; Dinglasan
et al., 2018). UzBectHo, uto T¥nl u 15c2 BMecTe ¢ APYTUMH
réHaMu Urparot GOHLLLIyIO POJIb B MMATOI'CHE3C,; BBISABJICHBI
aaIuTHBHBIE Y(PQEKTHI, KOTOphIe MoKa3zann 3(p(eKTHBHOCTH
AKKyMYJISIIIUN aJUIeNie TEHOB yCTONYMBOCTH JUTSI CEJICKIINHI
Ha ycToiunBocTh K nuperogpopo3sy (Kollers et al., 2014).
Hexpotpodusie apdexropsr (NE) P. tritici-repentis ToxA n
ToxB BBI3BIBAIOT pa3BHUTHE MATHUCTOCTH JIMCTHEB IPH pac-
INO3HaBaHUU JOMUHAHTHBIMHU aJUICIISIMU IT'CHOB Tsnl n Tsc2
(Virdi et al., 2016). B psine paboT moka3aHbl CTaTHCTHYECKA
3HAYMMBIE B3aMMOCBSI3H MEXJy UyBCTBUTEIBHOCTHIO K NE
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983
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U BOCIIPUUMYHMBOCTRIO K P. tritici-repentis (Lamari, Bernier,
1989; Friesen, Faris, 2004; Abeysekara et al., 2010). B Ha-
wem uccinenosanuu NE P. tritici-repentis ToxA u ToxB uc-
TMIOJTb30BaHbl KaK (paKTOPbI BUPYJICHTHOCTH JIJIsl CKPUHUHTA
repMoriIa3Mel neHunsl ¢ NE-conepkamuMn KynbTypamH,
YTOOBI TIPEICKA3bIBATh UX PEAKINIO Ha THPEeHO(OPO3.

Hacrosiiiee uccinenoBanue 00ycinoBiIeHO HEOOXOAUMOCTBIO
pacHmpeHust TeHETHYECKOT0 NONMMMOp(H3Ma ¢ IPUBICYCHH-
€M Pa3sHOPOAHBIX UCTOYHUKOB YCTOHUMBOCTHU, KOTOPBIE MO-
I'YT IPUMEHSATHCS B CEJIEKLIUM YCTOMUUBLIX K P, fritici-repen-
tis COPTOB MIIEHUIIBL. DTy 3a/1a4y yaJI0Ch PEIINTH HAa OCHOBE
ucnons3oBanus [P, nzonsatos pac u TokcuHoB Ptr ToxA u
Ptr ToxB. C nomolipi0 MOJEKYISPHBIX MapKepoB Xfcp623
n XBE4444541, nnarHoctuueckux s reHoB Tsnl u Tsc2,
CBSI3aHHBIX C YyBCTBUTENbHOCTBIO K Ptr ToxA u Ptr ToxB,
ObLTa OXapaKTepru30oBaHa KoJUIeKius u3 41 oOpasia MsIrkoi
MIICHNIBl. Pe3ynbTaTel T€HOTUITMPOBAHUS TE€PMOTLIA3MbI
MIIEHUIBI C UCIOJIb30BAHUEM MOJEKYISPHOTO Mapkepa
XBE444541 coorBeTcTBOBAIN (DEHOTUITMYECKUM PEaKIIUSIM
K pace 5 co crenenbio cueruierns 92.11 %, a k Ptr ToxB —co
cTeneHslo cuerienus 97.37 %. Pe3ynsrarsl reHOTUITUPOBAHUS
C UCIIOJIb30BaHUEM MOJICKYIIIPHOTO Mapkepa Xfcp623 cooT-
BETCTBOBAIN (DEHOTUIHMYECKUM PEAKIUSIM HEUYBCTBHUTEIb-
HOCTH WJIHM YyBCTBUTEIBHOCTH K TOKcHHY ToxA co 100 %
CTETICHBIO CIETICHUA. JTO MO3BOJISIET CAEIATh 3aKIIUCHHIE
00 aJIeKBaTHOCTH M Ha/IS)KHOCTH AUArHOCTHYECKOTO MapKepa
Xfcp623 nns npeHTH(UKAINN HOCHTENEH yCTOHYMBOCTH K
TokcuHy ToxA mupenodoposa. DdpdekTuBHOCTh Mapkepa
Xfcp623 o0ycrioBneHa ero JToKanu3annueil BHyTpu reHa Isnl,
B UHTpOHE 5 3TOTO JIoKyca, B mo3unuu 4901...5280 (Faris
et al., 2010). B 6a3e nannpix Komugi (Wheat Genetic Re-
sources DataBase) rer 75n/, 3aperHCTpHUPOBAHHBIN KaK T€H
uyscTBUTENbHOCTH K HST ToXA, XapakTepusyeTcsl Hanu4u-
em 8 sk3oH0B 1 S/TPK-NBS-LRR crpykrypoii. Yka3siBaer-
csl, 9T0 11 (PyHKIIMOHUPOBaHUS TreHa 7571/ HeoOXOIUMEBI BCe
Tpu JoMeHa, ipu 3ToM Oenok TSNI He B3ammoneicTByeT
Hanpsamyo ¢ ToxA.

W3yuyeHne peakiuy repMoIia3Mbl MIIEHUIB HA HHOKY-
JSIIMIO ¥ MHOUIBTPALMIO TTO3BOJIMIIO BEISIBUTH Ooiee 78 %
00pas3IoB, YCTOINUUBBIX OJTHOBPEMEHHO Kak K pacam 1 u 5,
Tak u K TokcuHaMm Ptr ToxA u Ptr ToxB. [lonyuennslie gas-
HBIE COBMAJIAIOT ¢ OoJlee paHHUMH PEe3yJIbTaTaMy N3yYeHUs
KOJUIEKIIUHU MIICHUIBI, IJIe HEUyBCTBUTEIbHAS peaklus K
Ptr ToxA Habmonanacek y OonpmmHCTBa (64.5 %) N3ydeHHBIX
reroturo mueHUIB! (Kokhmetova et al., 2017). C npaktu-
YEeCKOM TOUKHU 3peHUs], HauOOJIBIINI HHTEPEC MPEACTaBIAIOT
BOCEMb 00Pa3I0B MIIEHHUIIBL, TPOJEMOHCTPHUPOBIIHNX CAMYTO
BBICOKYIO YCTOHYMBOCTB OTHOBPEMEHHO K IByM pacam (1 u 5)
u asyM TokcuHaM (Ptr ToxA u Ptr ToxB), a Taxoke moarsep-
JUBIIUX HeBocnpunMunBocTh kK HST mpm monekyssipHOM
ckpuHHHTe. OIHAKO U30JIAT PAchl 5 He BCET/Ia BBI3BIBAI XJIOPO3
y TEeHOTHIIOB MIIEHUIIBI, I KOTOPBIX MPEIoNarajoch Ha-
JMYKMe JOMUHAHTHOTO aJuiesis reHa 75¢2, 9yBCTBUTEIILHOTO K
Tokcuny Ptr ToxB. Tak, ycroiiunBas peakius K pace 5 BMECTO
0KHMJ]aeMOH BOCIIPHMMYMBON OOHApyKeHa y JTMHUH NILIeHHU-
el ZM23524 u KR11-20. Ilpyn nHGUIBTpAaIuHd TOKCHHOM
Ptr ToxB y copTa nuenunsl Aray Takske BMECTO 0XKHIaeMON
BOCIPHMMYHBOM pEaKIMX HAOJII0/1a1ach HE4yBCTBUTEIILHOCTD
k Ptr ToxB. 3T0 commacyeTcs ¢ pe3yasraTaMu psiaa UCCIeo-
BaHUU, OCBSAIICHHBIX B3auMozaeiicTButo 15n/—Ptr ToxA, rue
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[I0Ka3aHo, uTo uyBCcTBUTENbHOCTH K NE He Bcera onpenenser
4YyBCTBUTENIBHOCTb K P. fritici-repentis, a BAUSIHUE B3aUMO-
neiictBust Tsnl—Ptr ToxA B pa3BuThu OOJE3HU 3aBUCHT OT
TeHETUUECKOTO ()OHA XO35IMHA, T. €. OT KOHKPETHOTO F'eHOTHIIA
mrennne! (Chu et al., 2008; Faris et al., 2012; Kariyawasam et
al., 2016). B crarse (Muponenko, Kosanenko, 2018) na npu-
Mepe B3auMOJICHCTBUS ajuteseii rena Tsnl u reHa-3ddexropa
P tritici-repentis ToXxA B KOHKPETHBIX Mapax T€HETHYECKH
OXapaKTePU30BaHHBIX 0OPA3IOB IMIIICHUIBI U U30JSATOB Ta-
TOTeHa II0Ka3aHo, YTO OJIUH U TOT JKe IPU3HAK «00pa3oBaHue
HEKpO3a Ha JIMCTBAX» B COUCTAHUAX PA3TUYHBIX TEHOTHUIIOB
COPT—H30JIIT UMEET Pa3HYI TCHETHYECKYIO MpUpomy. Dd-
dhexTel B3aumoneiicteus Tsn/-ToxA Ha nupeHodopos y
MSATKOH TIIIEHUIIBI MOTYT BapUPOBATH OT HE3HAYMTEIBHBIX
JI0 OYEHb 3HAYUTEJIbHBIX B 3aBUCUMOCTH OT F€HETUYECKOTO
(hona xo3smHa (Virdi et al., 2016). ABTOpsI OCIEAHEH pabOTHI
TIPEITOJIOKIIIN, YTO HEKOTOPHIE TEHOTHITHI TIIEHHUIIBI 001a-
JAroT (pakTopaMu, KOTOPBIC MTPUBOJIAT K I3MCHCHHIO YPOBHEH
sKcnpeccun reHa Tox A yepes anmcra3s uik KakuM-To 00pa3om
WHTHOHMPYIOT pacro3HaBaHne TOKCHMHA ToxXA renom 7snl B
pacTeHusX, 3apaXCHHBIX CIIOpaMH Tpuoda.

JJist yCenHoM ceeKIny Ha IMMYHHUTET OO0JIbIIIOE 3HAYe-
HHE MIMeeT MeXayHaponHoe corpyaHmdectBo ¢ CIMMYT.
CornacHO HaIlMM HMCCIICIOBAHUSAM, COPTa, YCTOWYHBBIC K
UpeHo(Opo3y, CIEeAYeT CO3/1aBaTh C UCIIOIb30BAaHUEM pPa3-
HOOOPAa3HBIX HCTOYHUKOB FEPMOIIIa3MEbL. B kagecTBe TOHOPOB
YCTOWYHMBOCTH HEOOXOIUMO TIPUBJICKATh K THOPHUIH3AINH
oopasipl u3 kowteknun CIMMYT, Poccuun u Kasaxcrana.
[Tonmy4yeHHBIC HAMU PE3YABTATHI CO3JAIOT BOSMOXXHOCTH IS
nepexoa celeKIMOHHOro npoiecca B Kazaxcrane Ha HOBbIN
Hay4HBIH YPOBEHb 3a CUET KOMIIJIEKCHOTO TPUMEHEHUS MO-
JEKYJISIPHO-TEHETHIECKHUX U (PUTOTIATOIOTUIECKIX METOIOB.
JlaHHBIC TEHOTUITHPOBAHUS U CKPUHHHTA C HCTIOTh30BaHHEM
HEKpOTPO(HBIX 3P (HEKTOPOB NPENICTABISIOT HHTEPEC ISl MO~
BBIIIeHNS 2P ()EKTHUBHOCTH CENEKITNH Ha OCHOBE YTUMHUHAIINN
U3 CEJICKIIMOHHOTO MaTepHalia HOCHTEICH TOMHUHAHTHBIX
anyeneii reHoB 75n/ u T5c2, 9yBCTBUTENBHBIX K arPECCUBHBIM
tokcuHaM Ptr ToxA u Ptr ToxB. Hocurenn unentuduimpo-
BaHHBIX PELECCUBHBIX ajuienel tsnl u tsc2 reHOB yCTONUun-
BocTu K TokcuHaM Ptr ToxA u Ptr ToxB P tritici-repentis
HEOOXOMMO HCIIONIB30BaTh B CEJIEKIIMOHHBIX MPOrpaMmax
IO TIOBBIIIICHUIO YCTOMYMBOCTH K MTUPEHO(OPO3Y MIIICHHIIBL.

bnarogapHocTn

Pabora BeinosiHeHa npu pruHaHCOBOI oanepskke MuHHCTEp-
cTBa 00pa3zoBaHus U Hayku Pecriyonuku Kazaxcran B pamkax
mpoekTa rpanToBoro ¢puHaHcupoBanus Ne AP05132540.
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