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IOMIIOK EYFJIOFIHI/IHF BEKKPOCC ﬂYPAFAﬁﬂAPHJIA

CAPUK 3AHT KACAJUIUTUTA UNJTAMJININK TEHJIAPUHU
MAPKEP EPIAMUJIA CEJEKIUSA KUJIHIII
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Annomayus. Ywbdy maokuxomoa 6y2001 HAGIAPUHUHS CAPUK 3aHE KACALIUSUSA YUOAMIUTUSUHYU AHUKIAW MAKCAOUOa
MOoneKynsap mapkepiap Kyaianunou. Juoamau Avocet uzoeen MuHUAIAPU XOCUTOOD HAGLAD OUNAH YAMUWMUPUIUD, XOCUL
KUIUH2AH OEKKPOCC agroonap QYeHOMUNUK 6a 2eHOMUNUK xcuxamoan oaxonanou. Taokuxkom namuicanapuea kypa, Xpsp3000 eéa
Barc008 SSR mapkepnapu moc pasuwoa Yrl0 éa Yrl5 uuoamnunux eennapu Ounan skux O0SIUKIUKKA 520 IKAHU MACOUKIAHOU.
Yuby namuscanap cenexyus scapaénuda maprepea acocnanean mannos (MAC) mexnonoeusicunu Kyinaw OpKanu capux 3aneea
YUOAMIU SHU HAGLAPHU APAMUULOA CAMAPani EHOAULY8 IKAHTUSUHU KYPCAMOU.

Kanum cyznap: 6yzoo1i, dypaeaii, bexkpoce, uwamuwmupuui, JTHK, capur 3aune, kacannux, maprep.

Annomauus. B dannom ucciedosanuu 0151 onpedeneHus yemouuugoCmu COpmos NUeHuYbl K HcEImou picaguune ObLiu
npUMeHeHbl MOLEKYIAPHbIE MAPKepbl. Yemouiuugvie uzocennvie nuHuu Avocet CKpewusanis ¢ 8bLCOKOYPONCATHLIMU COPMAMU, U
nonyYeHHbie OEKKPOCC-NOKONEHUS: OYeHUBANU (DeHOMUNUYECKU U 2eHomunudecky. Pesytomamul ucciedosanus noomseepoun,
umo SSR-mapkepvl Xpsp3000 u Barc008 umerom mechyio céa3v ¢ eenamu yemouuueocmu Yri0u Yrl5 coomeememeenno. dmu
DPe3yIbmamyl NOKA3AU, YO NPUMEHeHUe MeXHON02UU MapKep-accoyuuposantotl cerexyuu (MAS) 6 cenexyuonnom npoyecce
A6/AEMCA IPPHEKMUBHBIM NOOXOOOM K CO30AHUIO HOBLIX COPMOG, YCMOUYUBLIX K JHCENMOU PIHCAGYUHE.

Knrouesvie cnosa: nuenuya, 2ubpuo, bexkpoce, ckpewusanue, JHK, scénmas pocasuuna, bonesns, mapkep.

Abstract. In this study, molecular markers were employed to determine the resistance of wheat varieties to yellow rust. Resist-
ant isogenic lines of Avocet were crossed with high-yielding varieties, and the resulting backcross generations were evaluated
both phenotypically and genotypically. The research findings confirmed that SSR markers Xpsp3000 and Barc008 are closely
linked to the resistance genes Yrl0 and Yrl5, respectively. These results demonstrated that the application of marker-assisted
selection (MAS) technology in the breeding process is an effective approach for developing new varieties resistant to yellow rust.

Keywords: Wheat, hybrid, backcross, crossing, DNA, yellow rust, disease, marker.

Kupuw. KOmwok 6yroon O6yTyH oyHéna eTuwTvpunaguraH
acocuin JOHNW akMHMapuaaH 6ynud, MHCOHNMAPHWUHT 03UK-OBKaT
mMaxcynotnapu 6unaH TabMuHNawaa Myxum YpuH TyTagu.
moban o3yka kannopusnapuHuHr TaxmumHad 19-20% uHu Ba
OKCUMHWHT 21% vHY TabMuHNaiam [1,2]. LyHé 6yinab 2,5 mun-
nvappgra siKuH UHCOH ByFA0 MCTEBMON KUNaau, eTULLITAPULL Maii-
[OHU Byiinya 218 MUNNMOH rekTapaaH OpTUK KWLLIOK XyXanuri
epnapuHu srannanan. CyHrv hunnapaa rnoban nKnum yarapyilm
HaTuxacuga OyFOOMHUHI CapuK 3aHr KacannurmHu kentupub
ynkapyBuun Puccinia striiformis f. sp. tritici (Pst) natoreHu xxaxoH

Mukécuaa OyFoon eTUwTUpULW yYyH GroTuk canbuii omunnap-
naH bupu 6ynub, Gyroon akunaguraH 6apya MUHTakanapga
XOCUITHWHT ce3unapnu aapaxaga kamanviumra cabab 6ynvokaa.
Capuk 3aHr KacaniurMHUHT 3NUAEMUAIapU XOCUMOOPNUKHUHT
100% rava nykotunuwumMra onub KenraH xonatnap KysatunraH
[3]. Xo3upraua 6yrnornaa Pst ra yngamnunukHy 6olwkapysun 83
Ta nokycaa 89 Ta annenb katanornadraH [4,5]. BynapgaH 62
Tacu acocuii reHnap 6ynub, YCUMNUKHUHT Gapya pUBOXIaHMULL
6ocknunapuga wipamnunukem (All Stage Resistance — ASR)
TabMuHnangun. KonraH 27 tacu aca kaTTa éwaarv YyCUMnuk
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ynpamnunurmim (Adult Plant Resistance — APR) 6epyBun knymk
reHnapaup. Wynapaax 6ewta ASR (Yr5, Yr7, YrSP[1]; Yr10[6];
Yr15 [7], nkknta APR (Yr18 [8] Ba Yr46 [9] xampa 6utta HTP
(High-Temperature Post-Infection Resistance) renn (Yr36 [10]
X03Upraya KIoHnaHraH.

NKknum y3rapuwin capuk 3aHTHWHT SIHTW MpKnapu nango
6ynuwura onnb kenmokaa, 6y aca maexyn ASR (6apya pvBoX-
naHvw 6ockmunapuaa YngamIunmnk) reHnaprHu camapacus
kunmb kyimokaa. LWyHu nHobatra onn6, 6us Bekkpocc ycynuaa
YaTUWTUpWNraH gyparai asnognapga Kacannvkka kapLuv Y-
[aMIY reHOTUNIapHM aHWKNaLLHN Makcas KUnauk.

MaTepuannap Ba ycnybnap. Tagkukotaa capuk 3aHrra
ynpamnu Avocet nsoreH nunusanapm (Yr10, Yr15 rewnapura ara)
Ba tokopwu xocungop KpacHogapckas 99, 'pom HaBnapu ota-oHa
cudpatnaa vunatunub, BC,F, Ba BC,F, Gekkpocc asnoanapu
onuHamn. Capuk 3aHr Kacannurira Yaamnmnvk CyHbuin pasuaa
ApatunraH nHdekumnoH goxaa MetepcoH R.F. (1948) ycnybura
acocnaHraH 6axonalu wkanacu [11] 6ynmua 6axonaHam. Taokukot
HamyHanapuHuHr ymymuii JHK reHomu BeHn ByGHepHWHT npoTo-
Konu opkanu axpatungu [12]. TagkukoT HamyHanapuHu 6apr
Tykumanapugad CTAB (Cetyltrimethylammonium bromide)
ycynuaa reHom [HK axpatnnunb [13], 11 Ta SSR mapkepu TaH-
naugwn. Monynaums ctpyktypacn STRUCTURE pactypum [14].

accoumauus Taxnunm aca GLM Ba MLM mogennapv épgammaa
Tassel nactypuga amanra owvpunau.

HaTtuxanap Ba myHo3apa. TagkukotTnapmuaaa HamyHanapaa
nonynsauus Tyaunuwm taxnunu Ba STRUCTURE pactypuaaru
MaKkcuMan ab3onuk aXTUumonnurngaHd doiganaHnb camapanu
TacHudnangn. STRUCTURE gacTtypuii TabMUHOTY Nonynsaums
nungarn HamyHanapHWHT TeHeTUK XuxaTaaH OOoFMUKNUIUHM
Ttacauknagn. STRUCTURE pactypu éppamunpa baiiec [15]
éHpawysuaaH ongananmd, 6yFoon reHOTUMMHUHT NONyNAaums
Ty3unuwm ypraHungu. MNonynauus Ty3unmwmHn ypraHuL Makcy-
man genbta K (AK) acocuga knactepnap coHuHn (K) aHmknalw
yyyH 1 gax 10 rava 6ynraH onguHaaH 6enrunaxraH knacrepnap
conu (K) épaamuaa amanra owmpunaun. BC,F, 6ekkpocc asnoa
nonynsauusnapuga Evanno tectu opkanu aHr tokopn AK=3 ga K
HUHT MaKcyMarn YYKKMCUHN HaMOEH aTau, By ByTyH NonynsumsHn
3 KMYKMK KeHxa nonynsumsra rypyxnail MyMKAHITUIMHA KypcaTan
(1-pacm).

Structure HaTuxxanapu Structure Selector nactypu (https:/
Imme.ac.cn/StructureSelector/) éppamnza kanTa vwnaHau.
OnuHraH mabnymoTnap acocuza KenuHrn bockudra yruwra
UMKOH Gepan. KelinHrn 6ockmuga doeHoTUNMK, reHOTUMUK Mab-
nymoTnap Ba yXLallunvk matpuuacy (KapuHOOLIMK) xpucobnatu
yyyH GLM, wyHuHrgek MLM Taxnunu ytkasungn. Capuk 3aHr
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1-Pacm. Yr10/6 Avocet x Grom va Yr15/6 Avocet x Grom kom6uHauusanapga (A) AK kuitmatnapu acocuparu dapasui
KeHXa nonynsuusanapHu 6axonauw. (B) K-kuitmatnapu acocuga nonynsiuusa Tapkubu Taxnunu.
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Xaoean

Bekkpocc aBnog gyparainapuga GLM va MLM Taxnunu

. GLM MLM
Jyparail anontap p-Value R? p-Value R?
Yr10xKr(Xpsp3000_260) 0,0000612 0,16429 0,001654 0,1811
Yr10xGr(Xpsp3000 260) 0,009726 0,1198 0,009725 0,1198
Yr15xKr(Barc008 245) 0,000223 0,14124 0,005416 0,1008
Yr15xGr(Barc008 245) 0,000031 0,1762 0,00757 0,8203

Kkacannurn 6unaH 3apapnaHuw gapaxacu xamga 6ekkpocc
aBnognapaa kynnanunrad yta nonumopd 8 ta SSR mapkep
MabnyMoTniapy acocuaa MyxvMMm accoumauns xaputanapuhu
aHuKnaLw yvyyH ymymun 4usmknu mogens (GLM) sa apanaw
ynsunknu mogens (MLM) énpawyenapvaaH donganaHungu.
Capwik 3aHr kacannurura accoumauusi 6ynraH mapkep xam GLM,
xam MLM Taxnun mabnymotnapu 6up-6upura mytaHocub Ha-
TUXa kang atunranga, ywby mapkepHu 6ornaHraH aeb xynoca
Kunuw uMkoHusiTuHn 6epagu. GLM Taxnunupga capuvk 3aHrra
yngamnunuk 6enrmunapm yyayH P <0,05 gaH tokopu axamusTra ara
6ynraH accoumatus rypyx TaHnaHau. Tassel gactypura reHoTunvk
MabnymoTnapHu toknawaa GLM taxnunu ydyH 1;0 reHoTunnaww
waknuaa, MLM taxnunu yuyH aca “Hapmap” waknvra yTkasunraH
xonga amanra owuvpunan. ByHuHr yyyH xap 6up aHuknaHraH
annen “A’- annenHuHr masxyamury, “C’- annenHuHr MaBxXyanuri
Ba “H’- amnnundmkaums keTmaraH annennap cuatuaa kognaHmo
y3raptupungun. bapya accouuaumsnapHy Taxann KUnvLw Mogen-
napu SSR mabnymoTtnap Tynnamuaar 5 coonsnu annen gpuntpu
6unaH donganaHunau.

Accoumauumsa Taxnun Hatuxanapu: GLM sa MLM mogenna-
pyv GLM xamzga MLM mopenu Taxnunu capuk 3aHr kacannurura
yngamnunurm yayH Yr10/6 Avocet HUHF gyparai aBnognapu yqyH
Xpsp3000 mapkepu, Yr15/6 Avocet HUHT gyparai aBnognapu
y4yH Barc008 mapkepu 6ornaHrannuri aHvknanam. Ywoy SSR
MapKepnap 3Hr l0KopW accoumaumanapHy kypcatam sa P-kuimatu
P<0,05 akaHnuUrn ynapHWHr CTaTUCTUKA XUXATAAH axaMUATUHM
Tacavknaau. by Typnv xun Taxnunuin éHaallyenapaa aHuknaHraH
accoumaumsnapHuHr 6apkapopnuriimn aHrnatagn. GLM taxnunu

R? kuiimatnapm 0,1198 gan 0,1762 raya 6ynraH accoumauumsinap-
Hu kypcatan, MLM Taxnunu aca 6y 6enrvHuHr accoumaumuanaHraH
mapkepraptu 0,08203 gaH 0,1811 raya 6ynraH R? kuiimatnapm
6unan myxum 6ornanuwnapHu kypcatau (1-xagsan).

Yr15/6 Avocet x Grom pyparav HamyHanapuga GLM Ba
MLM Ttaxnunnapu yTkasunraHga, xap WkKkana Taxnun Ha-
Txanapuaa Barc008 npanimepuHuHr 245 xydT acocu skkon
YCTYHNNKHU HaMOéH aTtau. GLM Taxnunga P-value 0.000031
kumatHu, MLM taxnunga aca 0.00757 kunmatHu kypcataw.
R? kunmaTtn GLM taxnunga 17.62% Hu, MLM Taxnunga aca
8.2% Hun Tawkun a1am. Yr10/6 Avocet x Krasnodarskaya-99
6ekkpocc ayparannapwv reHotunnapuaa aca bmprHumn Hasbar-
Aa gwm273 mapkepu, CyHrpa ukknHam ypuHaa xpsp3000 map-
kepuHuHr P-value kuiimatn 0.0000612 skaHnuUrv aHuknaHau.
KennnHrn MLM taxnunu Hatuxacuga xpsp3000 mapkepuHUHT
P-value kuimatu 0.001654 6ynun6, 6y mapkep capanab
OnUHAN.

Xynoca. Onub 6opunrax Taxnunnap Hatwkacuga Yr10 Ba
Yr15 reHnapuHUHT MaBXyANUIMHA aHUKNaLlaa TeryLnm Moneky-
NAp MapKeprapHUHr camapagopnuri Tacavknadan. XKymnaaax,
xpsp3000 mapkepu opkanu Yr10 reHunun, Barc008 mapkepu ép-
aamuaa aca Yr15 reHnHu aHuknat MyMKUHIUIM, MOC paBuwaa
Yr10/6 Avocet Ba Yr15/6 Avocet Tuamanapu acocmaa OnuHraH
pyparavinapaa amanra owupwunran N3P Taxnunnapw HaTwxana-
pv 6bunax Tacamknanav. Maskyp mapkepnapaaH dogananHuiu
CapviK 3aHrra Ysgamny YyCUMIMKIapHU aHuKnalwaa Ba ynapHu
cenekuUMoH Makcagnapga camapanu capanab onvwiaa Myxum
axamusaTra ara 3kaHnurn ncbotnaHaun.
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