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Genetic analysis and microsatellite makers of a resistance gene
YrEIm?2 in wheat from Elymus mollis (Trin.) Hara
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Abstract:[Objective] Crossing triticum aessivum 7182 with Elymus mollis (Trin. ) Hara,a transloca-
tion line to be attained and named M853-2 shows excellent resistance to the dominant races of Puccinia
strii forms {. sp. tritici prevalent in China at seedlings. Inheritance of stripe rust resistance gene in M853-2
is important for revealing the resistance to stripe rust and as a resistant resource. [Method] F, seeds were

prepared by crossing Mingxianl69,a susceptible variety and M853-2. Resistance of M853-2 and its proge-
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nies was analyzed genetically by artificial inoculation with different races of the pathogen at seedlings. [Re-
sult) The resistance to the race CY29 in M853-2 was controlled by two dominant and one recessive gene in-
dependently,and the resistance to the race CY30 was controlled by two dominant and one recessive genes
(they are karyplasms genes) and three recessive cytoplasmic genes, and the resistance gene to CY31was
controlled by two dominant complement genes,and the resistance to Su-4 was controlled by one dominant
and one recessive karyplasms gene and two dominant cytoplasmic genes, while the resistance to the race Su-
11was controlled by one dominant gene named YrE[m2. To develop molecular markers for YrE/m2, bulk
segregation analysis combined with 305 SSR markers were used, one SSR marker, Xgwm495 on the 4BL
was associated with YrEIm2. The genetic distance between Xgwm495 and YrElm2 was about 7. 60 cM.
YrElm?2 was located on the 4BL. [Conclusion) The results indicated that the M853-2 as a resistance re-

source had a considerable value in wheat breeding for rust resistance.

Key words:commom wheat; Elymus mollis (Trin. )Hara;resistance gene;genetic analysis; SSR marker
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JINN, 2n=28) J& RA R} K Z WK (Hordinae) # %
J& CELymaus) (8 —A> 5 95 00 A% 1A 5 28 i, X /N 22 5% 5
Wi S 22 T A RGBT | R B A T ER R A AT RL
A REEZ AL S0 R AR 2 2l R/ 22 i Fb g p R A
T g e SN T P ES NP B2 A = L R (R R PS
FER . PEALARARRL B R A AN B T B3 Ao 3R O
Z R RS NN 7 N N [ B R O B R 2
MR R 2 00 22 B S IR R T R SO AR
U AT A RO A B — SRR L R A AR
S0 A X S A A2 R R LA 5 A AR 2 S HE A
RECHRFMEFAT TG G5 R R W] R A2 7o A7
TEZ R U AL & T e H S e ik & s 2R
XN TIF R AR A R TS DU S AR A T R AR
¥

I3 T HRICHAR R K » B Ak D A0 G L A i
5N S T S R 1 T Be . b SSR AR HR
BAT 22735 o Re eV m  FL R E M SRR R BE R
B B R JE IR E 3 T/ 22 84 g B O HS 19 )

ANTFARFR . FIHZ T EhRid T2 /N E
BRI L W Yr2,Yr5, Yr7,Yr9, Yr10, Yr15,
Yr26.Yr32.Yr34.Yr36 M YrZHS848 ' FE Hi o5 3L
PRGN Rl Bk e rh R 45 T EEAE M. Bl A ¢
Fe IR F B G N FR s AR A BT AR B R TR 4y A
LRI N T S A S B AN L E 2 R O B ]
INFE — TR A RS A 7 M853-2 H B A% 45 I X
PEAT T A5 43 W » LA 3% 5 0 3R T & $U 4k i 2 N
RO R L EAE R IR A A B EAR IS R
XL Su-11 R 1 X H AT 74 Fhnid .
DA Ay R BT 2% 55 0 i 35 DR Lo e 3 D 4
PEHLIB AR .

1R Tk

.1 & #

Wil /NFE — R R L & M853-2, 5y i &
PR S5 A 2 AR A7 B R A7 AR SR AR S Sl /N A 7182, J%
o i AR BE 169, M853-2 5 ER BT 169 Z2 &2 F, 4R
Tl /INAZ 545 TR A /N BB 45 b 29,3031 FIZK IR K
RITH 25 Su-4 A1 Su-11, 34 /1 V5 Jb A MORE 57 A 24 A 1R
5 BEAE ) PO AL T Y
1.2 7 &

1.2.1 #&E#HREMEL PORMEEEANIR
ARFBF B 5 4l W s BRI 50 B 3R A7 R T 0N T4
R, /N 4 S — S R TS R R
BF s 2 I TS BT )2 TR SRR A S B T R R
TRAS P AATE 24 hOIRE 10 CAA . ZIRHBAREN
GRBE R 15~17 °C /1% 10~14 C S B E] 14~
16 h/d, JEIRIRE 10 000 1x) ¥ & K9 - 17 2800 i b
BBt 169 84 AN IR A AR g A, R gL AU R 4
11 %% ,800,05,0;",1,17,2,27,3,3,3" .41 1



543

W SR A <3 /N A2 — SRR 22 55 5 3 A DT AR5 0 4 DR AR 0 BT R TR i 189

F0~2" APIM.3 ~4 KW, ZIFBE. F, AR
(42 G AU e 25 AR GBI B H L Ty K i AT
T A B DU 58 L B A A 3 Y 40 B A o R T Y A ]
BE RHEEAETA,
1.2.2 JRE2 DNA#RRAL, &L E /N
&L 4 DNA BfE 2 B CTAB . i 0. 8%
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Bric 4] 25 i 2 .
1.2.3 SSR 514 .PCR ¥ ¥ Fo & 38 = 4h ¢4 5 H7
SSR 5| ¥R #& http://wheat. pw. usda. gov & F 1
SIFA R A TR "G . 3G N B
AL 25 pL, i AL H6 10 mmol/L Tris-HClL(pH
8.3), 1. 8 mmol/L MgCl,, 5 mmol/L KCI, 4 Ff
dNTP 4% 200 pmol/L,240 pymol/L 5[#),1 U Tag

fiti .50 ng FPH4H DNA, PCR Jz W # )% K :94 C i
A5PE 4 min; 94 “C 28 M 1 min,50~60 CiE kK 1 min
R EAR B P %), 72 CHEMf 10 min, 3 35 M F
WG 72 CHEM 10 min, ¥ IRV AE M J Re-
search PTC-200 #! PCR ¥ i 47. ¥ 44 7™ ¥ H]
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Table 1 Resistance of translocation line M853-2 and its parents to wheat stripe rust at seeding
X 41 K Material CY29 CY30 CY31 Su-4 Su-11
LR F H E. mollis 0~0; 0~0; 0~0; 0~0; 0~0;
7182 3 3 4 4 4
M853-2 0~0;3 0~0;3 0~0; 0~0;3 0~0;3
%% 169 Mingxianl169 4 4 4 4 4

2.2 ZE M2 mEFERMNBEESH

M 2 T LU W, 8 F CY29 /NFl S . M853-2
B 169 2852 Fy AUIE RO SHUR I B L IAT & 2
Xk CELAME D AT T X B e R IR Rl A 9+ 55 1k
i LB % 5 2 % CY29 /N i) Bt 5 M gt A4 & 4n
Az A%

e CY30 /MM )5 ,M853-2 5841 169 42 %C F,
RIERH AU B AT & 3 ¢ 61 Hpil, BT &
2 XP AN 1Ok A R PR B A B L s T AU SE
HEPURE AT 72 57 WHL BTG H 3 X &
PEFE I CHerp 2 500 2 B0 TR A SR04 461 9 20
B IE R S PR B LA R . B 3% 5 o & 0
CY30 /NFf 9 BT 45 18 3t A2 63k 52 40 A% ik TN 42 #f 4
AT RES A0 R AR AL O
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RIE BRI B L3 45 45 2 X m pE 26 I GR BN
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B F R HBIIRD B 9: 7
L), BOAF A R 2 % S M 35 DR (3R B B AME D $5
G OB =0 = A 0 o = N = A NI IS TN R R VP
Su-4 /NP BTG5 1 188 4% R 52 4 Jf A% R DX 4 1 A, T
AE 55 20 i I 35 A% A G

AP Su-11 /NFP S . M853-2 544%% 169 74 % F,
fRIER AR AA MHURS B LA A 3+ 1t RiAF
A eh 1o P S PR A 4 B L BB S L R
Su-11 /AR etk i 1 X d P = 50 IR 4 o i 3
iy 45 0 YrEDm 2, 3k 1% J8 40 A% i 1% .

DL Brah R M, B ;& MB53-2 X /N 2%
A R A, TR R B R CY29.CY31
1 Su-11 F M #% B 35t L . X CY30 F1 Su-4 KB
b 558 T EAE A G W B R 8L U8 B BT A 0 st
R n] e 5 TR I /N 22 2588 TR AR B INFR AL G
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Table 2 Genetic analysis of M853-2 and Mingxian 169 to five races of Puccinia strii forms {. sp. tritici at seedlings

o F, #E{K F, population e . .
S K RS I A T P HORAEREH
Pathotype Cross type ﬁﬁﬁf R M‘Eaﬁniﬁ S (R:S) X P value No. type of R gnens
CY29 1E 3¢ Positive 19 109 9+ 55 0.016 =>0.95 2D,1R
3¢ Inverse 17 132 9:55 0. 662 0.25~0.50 2D.1R
CY30 1EAZ Positive 10 263 361 0.432 0.50~0.75 1D.,2R
A2 Inverse 35 271 7+ 57 0.013 =0. 90 3R
CY31 1E A2 Positive 160 135 9:7 0. 407 0.50~0.75 2D
3¢ Inverse 156 100 9:7 2.099 0.10~0. 25 2D
Su-4 1EAZ Positive 230 51 13:3 0.021 0. 90 1D,1R
A2 Inverse 172 152 9:7 1.234 0.25~0.5 2D
Su-11 1E A Positive 199 68 31 0.012 =0.90 1D
A2 Inverse 180 67 3:1 0. 487 0.25~0.50 1D

E: DAg R R FERME.

Note: D indicates dominate, R indicates recessive.
2.3 BiF& MS32MEFERER SSRIRKIZE5E
fi
VEF A Su-11 /NFP ) 171 # F. #EEH F
SSR FRiCHIZE . FIFH BSA ¥, 1 285 Xf/NE M TR
I RTHNG S5 A M853-2 B 3 A 44 5% 169 P15
b A L E 1T PCR 973 A 169 X 51 ¥ 7E i iR
AP 28 GEAR B 28R 60. 7%, K
A 16 XFTEPUR b [ 43 th 2 A8 i — 2P R

RIS H Y 2 8] Y 35t 4% % Bk 0 0 ik 3 1Y
ZEMSI Y AT DR RE, R ARG -
YrEim2 ) SSR #7110 X gwmd95 1% b ic 3k i
PEFRIC . HAEBUR R A B39 i R IR IC/E AL
FE IR RN R B R AE A IC O B D)

#— % 4BL 1Y Xwme, Xbare, Xgwm
20 XM HEAT Y R R AT 25

B 1 51¥ Xgwmd9s 78 YrEIm?2 3N F, BEK L5 4
i iR 2 APk DNA B Bt ; M. DNA Marker; Py 470056 3545 M853-2; P, JB ik £ 45 £ % 169;
Br. HU It 5 Bs. 800 5 R, BT IR 5 S. S8 bk ACRR). 24 5 bk s H(Rr). 22 & UM ik BCro) . J8 bk
Fig. 1
Arrows indicate polymorphic DNA fragments; M. DNA molecular weight Marker;P;. Resistant parent M853-2;

Amplification results of Xgwm495 on F, population of YrElm2

P.. Susceptible parent Mingxian169;Bg. Resistant bulk;Bs. Susceptible bulk;R. Resistant plant;S. Susceptible plant;

A(RR). Homozygously resistant plant; H(Rr). Heterozygously resistant plants; B(rr). Susceptible plant

2.4 BHIE M2 HEFERNEMEST

I Xgwm495 XF F, 4R 125 #R YT F K 1 46
PRIB BPR 1E 4T PCR 97 34 ML UK 40 B (] 1), 45
TR AR 125 BREUIRHRE 41 BRD R A LA,
TTRRYHG Y H RLHE 7 BRYTHE B LA S 7E 46 R
AR L5 BRI A T L1 AR H O RS,

40 BRAHEH B BRI (3 3), i F, fRBARKAY SSR 3
BTG T 45 R (R ) T LLAE L SSR 514 Xg-
wmA95 [P 17 55 M853-2 Hi /K U5 % Su-11 (1
PSS HE A B 9 7% 456 & . Mapmarker EXP
3.0 BAF TR W] L X gwom4 95 5% BT 5% 55 Jk [F] f1 33t
fEHEES R 7. 60 M,
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Table 3 Amplification results of linked marker on F, population of YrElm?2
SSR #rid R YA Fric i B Marker genotype BB 24 % F, 43 I WAL B /oM
SSR marker Genotype A H B Sum F, segregation Genetic distance
R 41 77 7
Xgwmid95 171 1:2:1 7.60
S 5 1 40
3 W i i F& M853-2 Xf/NEFFEWA RIFHitk . EHEF
»
(o)

A FE XS /N A — AR 2 B i R M85 3-
2 HEAT T ARG Hh 35 AL o3 A 38 3 43 /N b ik D
Tz L R WAL L IF A SSRF AR A i)
1B R N E 7 F 4BL b, HAT. B 7o
PR E LA FAERI Yr SRR A7 A2 B AL EE
4B Yok FI &S IHRNEA YrMor . YrYam \Yr-
Cle . Yr22 . YrND YrHVIIVF1 Yrju3PY, T EH
SELNE AN SRR AR 503 BUARER T CY29 NRIY
FPRERL T 4B.5B Qe R b A H 2 1 o B
S SCA S MU R T B HUA BRI YT ul g L
T AB gk b, IR YrJu3 2 AT YrMor,
YrYam Fll YrCle 37 3£ 4 ; Chen 25000 75 X 4 B1) 2%
F Clement,Moro BT 5% 85 5 K & 7 AF 5 H 6 it
KEFHN YrMor \YrCle i T 4B Yefaik [, Yr-
Mor 438 F ARG F Moro H, Al BER IR T H FE A
W3l /A P 1178383 5k Omar, J 42 %07 i 18 69
Yray e 4BL G a4k b /NME 6 5 AW T 4%
A CY31 £ AER, 51 & M853-2 #:Fh CY31 #
BNPURG, IE YrEln2 5 Yray J 58 & A F Y,
YrJu3 FEHRARBUA R 29,10 5 7 & M853-2 Xf Z&
29 W BT S ME R 2 b R R 1N R M R D A A
YrEIm?2 Arj gt 2 H bz —, L YrElm2 F1 Yr-
Ju3 AIRE A 1Y i 5 i — 2B T . YrYam B3
R SRR AL 35 % 5] 27 £ Yamhii, SRIE T 3% A& Alba,
Clement S fif = g Fl, Ho & A S MBLA B R Yr2,
Yr9 FAL T 4B Je i ik 10 YrCle . /NZ2 5 Flvm A
5031 B4t 254 HE A AT SR 1 T b ) IE 2 L O HL
XF Su-11 % 3k B 5 100 A W 55 v B £ & M853-2
RPLAR B LN DOR A 2R i 22 7, JF X Su-11 R
U I YrElm 2 540 503 th e fifE 4B B
K ERPRERENEER2AFBN. KT YrEm2 5
YrCle Yr22 . YrNd . YrHVII Fil YrYam )& 2
] i BEHEAT SV AT A REE— P B H R R
LA

AR 4 B PR 5 P 2 33 o BT B PR R L S A
A5 A B A BN BRI B IR 5 PR IR A2 9 BT 1 Bt BT U
HFABRMB R EE ., KRN RN, 5

Fofr e o] LUAE R B % 4 RO BT IR A R, b Ah . RN BT
B AL AT b, ik H e R R /N 22 PSR R
A1 5 58 BRI E 1 S IERSE I F, ARG
1E 38 45 BN T) L HU9s b B VR REAC I R B 1 X 3
DAL 0 85 L T AR A2 AR S 4 S A ok HE LG 2 — Fh
SR A o ELAE 4 ) B PR B A B4 . Chen 250
FE IO A AS ) i o I sz 58 B 75 1 40 i I X it 2% 45 3 T
Y 22 38 A 52 A, DA A T R 2 4 i A% S5 DXL RN A i o S
A EAE 45 . ARWF5E . 5 7 & M853-2 X
B S0 TR A /N BB I BV A A R VRS
HE— 2B UESE T AT AR TR 45 AR .

— MBS A SN e ok B BEAR ME 5 /N 22
MIYe ok 2z i) & A sc e S E 4. AR S F, B
WL T /DB AR AR . X R B G A SN R B F
P 4> FARic i B A — SR, (H H 38 1% B
WA R A T — 2.

14 8

AR 5T B KA — A0 5 S R 35BN
WAL 5P I R A PR R R R R T T s
AR SSR 4 FARICHF I . B T 3K — 3 A B
S I YrEIm?2 i Pk 5 N 3 A%, JF 0 H e
I3 Jk PR TR AT 58 7 5 o /N 22 90 2% 5 0 S I 4 T b e Al
B e B8 R FE R BN 25 T A .
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