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SSR Analysis of Powdery Mildew Resistance Gene in a New Germ-
plasm N9628-2 of Triticum aestivum L.

LIU Su-Lan, WANG Chang-You, WANG Qiu-Ying, and Jl Wan-Quan

(College of Agronomy, Northwest Sci-Tech University of A & F, Yangling 712100, Shaanxi, China)

Abstract: Powdery mildew, caused by Blumeria graminis D C f. sp. tritici (former Erysiphe graminis f. sp. tritici), is one of the
devastating diseases of wheat (Triticum aestivumL.). So far, atotal of 34 resistance genes have been formally named. However, very
few of them are used in whesat production due to resistance lose and close linkage to ill agronomic traits. The new resistant germplasm
N9628-2, which was derived from the backcross of Am9 (F, progeny of the cross between tetraploid wheat-Aegilops amphidiploid
and a sensitive wheat cultivar “Shaan 160") and Shaan 160, showed highly resistant to Guanzhong 4, the prevailing Blumeria
graminisf. sp. tritici race in Shaanxi province. In the present study, we aimed to identify the resistance gene in N9628-2, and locate it
on wheat chromosome. The F; (308 plants) and F, (275 plants) populations derived from crosses of N9628-2 and highly susceptible
cultivars Shaan 160 and Shaanyou 225 were inoculated with powdery mildew race Guanzhong 4 at the seedling stage for resistance
identification. The parents and F, individuals were used for gene location with 208 pairs of SSR markers including 38 pairs polymor-
phic marker between two parents, and the result was verified by analyzing Chinese Spring nullisomic-tetrasomic and ditelosomic
lines. According to inoculation test, the resistance to powdery mildew in N9628-2 was controlled by a single dominant gene (% =
0.038 and 0.068 in Shaan 160 x N9628-2 and Shaanyou 225 x N9628-2, respectively; y%.0s = 3.84). Two markers Xwmc553 and
Xwmc684 on chromosome 6A generated polymorphic DNA fragments between the resistant and susceptible pools, indicating the
resistance gene might be located on chromosome 6A and linked to the two markers. The resistance gene was further located on chro-
mosome 6AS by the absence of the above polymorphic DNA fragments only in Chinese Spring 6A nullisomic-tetrasomic and 6AL
ditelosomic lines. The genetic distances between the resistance gene and the two markers, calculated by Kosambi’s formula, were
10.99 (Xwmc553) and 7.43 cM (Xwmc684) respectively. Our research found that the resistance genein N9628-2 was probably a new
gene differing from the reported resistance genes PmY39, PmPS5B (Pm33), and PmPSHA.
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INFZ VR s i Blumeria graminis D C f. sp.
tritici (J5i44 Erysiphe graminis D C f. sp. tritici Marchal)
SRR R E, AH4E &R AU 1200 J7 hm?Y,
WRUNZ" . BRTCIER M4 T 34 /INE I RHiG
POrEREAZS B TR 25T e kit sk 54 Rk
AR FEB, BEAEE R B A AR A RS R
AR AT B SR IR, 40 TE /N A A SR A, DURE
BB SR, R oSN E OB . B
Tl /N A7 ez X R e BT SEIR, SR BT
FEC R 3G & B o s A i 2R, RSN
SR MR R AR 2, Hod F A O AR S
T /N7 A= A8 8 S B A R KL TR ) 5 /) 22 (Triticum
aestivum L) 5% B e A R0 22— PRI AR MR
R A 2 Bt FH G 08 1R 98 T 307 /N 22 /N4 1L 3 B AL
AR AMO 5 IR B S FR B 160 258, FuftS
B 160 [m152, Ja AR R0 5 o8 B A 45 5
B3 HXF B PG G Hh i X PR A T/ VR G 4 53R
BRALE B Rl B N9628-21°1

I FARMCH AR T HE SSRARICH AR E N B
U AN L R BB B A AT Bk Y T B
MEARZ —, BHETC iz #8 T 50 H 8 e bt
%o AWFFERA SSR FRicHAR, 454 PUE B
b (BSA)XT N9628-2 HEATHL F143 5 ik PRI Yo o 4 1 o
FEA By v ] 5 AR — O R XLt 4 B L o L A T
HUEAL, RPENFIAI R IR, DL A% J R gk
— 5 IR A 5T R0 o, B A
1 MRE5ERZE
1.1 #E
1.1.1 A HH A BT E R 6 MK N9628-2
FlE A FIBE 160, BRI 225 43 B il 22 5 4 A5 Bk
160xN9628-2 FIFAL 225xN9628-2, 445 F, 308 £k Fll
F2 275tk o 23 BIXT 2858 SR AR ] L R AFD P ARE 74T
FIR R % 58 I PEBE SSR 43 TARic, LA/ I
Y39, PlT/NE PS5, NI N L SR B
fi AR AmO Sy xt B o SR Hh 5 B LA 6 53 [H]
JERE 1Y 3 AN ER-PU & 52 (CSNBAT6EB . CSNGBT6A
1 CSNEDT6A)F1 6 M4 & (CSDTEBL . CSDTEBS.
CSDT6AL., CSDT6AS, CSDT6DL #il CSDT6DS it
(NE iR ISP SRR L N=E VAN B ok 1K 7k b = o N ML a3
B K2 2 e /N i A=y a4l
112 abHmiA SR FH G v i DX LR399 T DA T/

Fherf 45, R PGILRMBHE R AR 22 BRI
12 EBMFEnEELEE

KNP TR A e T8
FREkR, AR K E PO, AT R R
WM, EANTESENESR 15 d £4, 2k
5, TEIE 0~4 J4r Fbr e BEATHOR M A&, 0~2 2%
RBUE, 3~4 KoM, 3d )5 F A —IK .
1.3 SSR FHriEHTH
1.31 A ® DNA I R CTAB L1041
SEANH Fo AR AT B BRI ABR G FL N 2] DNA
1.3.2 SSR 314 ik FH 4y B HEAR 3 41 53 B i
(bulked segregation analysis, BSA)!® % i 5 i j 5t
PSR M T FRIC . #% Roder™ | Guyomarc!™ Al
Somers i HE 4 L 208 X SSR M1, Z4Fh Fo A%
AETAE O AR R DNA, SRJ5 I 4
SRR S E PR, T P AU BB 4 10
PR DL Pk DNA S5 50 A 4 s BT b, 10 Bk = sk
Pk DNA 25 5 R A4 0Bt , AU EAS | 8 5%
AL PR . BRI ) DNA AR %k SSR 514 .
1.3.3 PCR ¥ 3% ¥ ik B ) HAA 228
PERY SSR 43 FHRICTE Fo BUEA B BEIRAY Bk DNA
i T PCR Y 3G, 9734 [ i 7E Perkin2Elmer 480 %!
PG EoEAT, VIR AR . P IR Ko
KO3 % Wang 21 107
134 #wAAREEKRE L4 2 [ R Ml &
GrainGenes M5 B, (http://wheat.pw.usda.gov/cmap/),
B fF A SSR 4> TAmic E M fEJ (afk b, Livh
| % S HEAF 63040 [ JERRE b 1) S d - DO 4R 28 0 X A
Z SSR 4> ThRic K 45 SR AT BIE
14 HEFHEITSESA

2= (| A-3a|-2)%/3n, A Hy B SEBR VLI (E, a h
Wbtk Sz s WL A, n=A+al™

HR A e R AR VLTS PU S I SR kg 2
IF] 1) 5 4 %61 iz K osambi 2321004 5 21 5 Ky
WAL (cM)..

il MapDraw V2.1 Fi 4022 il 3 9 i 4

2 HR5HH
2.1 N9628-2 E¥MEHIERIEE DT
LR SE B4 I B R, N9628-2 Xif K 4 5 /NFh R

PR, Bk 160, PEff 225 PR a, WiANZ58 1 Fy
R FHE BT, Fo BERAIPT . SR KR LB 451



86 fE

A
g

Eihd o 34 %

108 : 34 (Piswtkbk 14k 2 HAh4h O 1 O;, Btk
B 2k 39044k 4 ) F1 101 ¢ 32 (WUbk IR 2 4k 1
9, LRk 2905040 0 FO;, SR PRBR 3 Bk 3 ZL5h4:
N A, %KL, M5 0.038 (B 160 x
N9628-2)F1 0.068 (Bi 225 x N9628-2), #1/NTF 12005
(df =1, Yoos = 3.84), FF& 31 1 MBS LM, KW
N9628-2 X X 4 5 APl iy 1 ) Sk R 4
2.2 N9628-2 i A #mEEH SSR #Rig 54T

£ 208 X} SSR 514 hA 38 X Al FERGE 1
WA, Hb 6A FAYBEXT5[4#) Xwmes53 Fl
Xwmc684 TEEAFIHL . Bt 2 (8] 9 3% H 5 i A 5
B AEAR, A0 A5 HE 0 1 I Xk 5 1 0 10 Y SSR A s
brvk KA & B R . Xwmebs53( &l 1)
Xwmc684([&l 2) %} [ 160xN9628-2 Fo 4t 142 4™ Fafk itk

M 1 2 3 4 5 6 7 8 9 10

500 bp

B type —===

Atype
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57 15 Xwmceb53 FHI Xwmc684 547 Js Ik P 14 15k A% B 1%
Sy B 1099 F1 7.43 M. KPR IE N 4N
PmY39-2, H.5 SSR 4> Fhric (13544 % 1 & WL 3.
FHBRAL 225xN9628-2 1) Fp fX 133 M Hi& bk ik,
Ptk B A g5 BT (R 2),
23 MEMFEERNREEEEM

HiVk & B, [ CSNBATEB Fl CSDT6AL #b, Hifth
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3 I R E 467 F 6AS,
2.4 N9628-2 ¥k & E I KIE
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1 SSR 5|4 Xwmc553 7EFE 160 x N9628-2 F, {X B4/ 18 45 R
Fig.1 PCR profile of Xwmc553 in F, population of Shaan 160 x N9628-2
M: DL2000; 1: Bk 160; 2: N9628-2; 3: $ijiih; 4: U ith; 5~11: GHUIR KA K 52l A 7 1 B bk
12~16: 5 JRJG S A A Sty A I 1 B bk 17~20: ) B3 A5 003 R S 1 Bk
M: DL2000; 1: Shaan 160; 2: N9628-2; 3: resistant bulk; 4: susceptible bulk; 5-11: individuals with the specific band from resistant
parent; 12—16: individuals with the specific band from susceptible parent; 17-20: individuals with both resistant and susceptible bands.
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2 SSR 3|4 Xwmc684 7E Bk 160xN9628-2 F, X Ky #1445 R
Fig.2 PCR profile of Xwmc684 in F, population of Shaan 160xN9628-2
M: DL2000; 1: Bk 160; 2: N9628-2; 3: $iiiih; 4: Biits; 5~10: HUi 32 A< K 5ty AH 7] ) Bk

11~15; 520 R ACRR S AR [R] B SRR 16~19: [ I &5 A7 BURRR Sl B0 K
M: DL2000; 1: Shaan 160; 2: N9628-2; 3: resistant bulk; 4: susceptible bulks; 5-10: individuals with the specific band from resistant
parent; 11-15: individuals with the specific band from susceptible parent; 16-19: individuals with both resistant and susceptible bands.

% 1 SSR#RiZ Xwmc553 #1 Xwmc684 7E Bk 160xN9628-2 F, Bk sh i1 43 &
Tablel SSR markersrelated toresistancein F,population from Shaan 160 x N9628-2

SSR Frit HiHtk Resistance plant B Btk Susceptible plant
SSR marker AR Atype  AB ! ABtype B %l B type AR Atype ABA T ABtype BT B type
Xwmc553 43 62 7 2 24
Xwmc684 32 71 1 4 29

AL BURCEAR MR, B AR BOREA MR R AB L RO A BUR R R o
A type: specific band from resistant parent; B type: specific band from susceptible parent; AB: both resistant and susceptible bands.
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F 2 SSR#RIE Xwmcb53 F1 Xwmc684 FERk{f 225xN9628-2 F, B Y 53 55
Table2 SSR markersrelated to resistancein F, population of Shaanyou 225xN9628-2

SSR Fid PUJ bk Resisitant plant J8& bk Susceptible plant

SSRmarker A% Atype ABE ABtype B Btype A% Atype ABWF% ABtype B %l Btype
Xwme553 43 54 2 5 26
Xwmc684 40 59 3 4 25

AL HURRABIRR A B AL SR A B Sl AB A B RN S A SR R
A type: specific band from resistant parent; B type: specific band from susceptible parent; AB type: both resistant and susceptible bands.
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10.99 cM ——
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-/

3 6A RBIRLIMAMBIMERE PmY39-2 iB{& EHIE
Fig. 3 Location of SSR markers Xwmc553 and Xwmc684 on
wheat chromosome 6A
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PS5. Am9. Bk 160 Fl N9628-2 ik 41k FFH 5
Pom R EBA 2 4~ SSR #rid Xwmcs53 Al
Xwmc684 #1773 #r (&l 5), 514 Xwmce553 414 1) 5
N9628-2 T 1453 3% 8 1) 4 547 76 PS5 1 Y 39 1 [F]
BF R B, DT X DB A bR i AP S TR A R . 5
) Xwmc684 171 (1) 5 N9628-2 1t 11 45 5 14 40l it 4 S
WAESEA PS5 B4 B, WAAE /N 1 5 Y 39 Hp
WP, RUNZPRICRIET Y39, FiikFE R ] Ak
J5T Y39,

Bl 4 Xwmc553(A)FN Xwmc684(B)7E H [E & Hk - I R F0 X ik i #4 43 B 18 45 R
Fig. 4 Performance of Xwmc553(A) and Xwmc684(B) in Chinese Spring nullisomic-tetrasomic and ditelosomic lines

M: DL2000; 1: Shaan 160; 2: N9628-2; 3: CS; 4: CSN6BT6A; 5: CSN6DT6A; 6: CSNGATEB;
7. CSDT6BL; 8: CSDT6BS; 9: CSDT6AL; 10: CSDT6AS; 11: CSDT6DL; 12: CSDTEDS.

M 12 345 1 2 345 M

EEE"
i’ T —500bp
250 bp —> ll
A B

5  Xwmc684(A)F1 Xwmc553(B)7E N9628-2 8%
EARTHY SR
Fig. 5 Performance of Xwmc684(A) and Xwmc553(B) in
N9628-2 and its parents
7 3k B 7R S HU BB 4 Y B AR
The arrows show the specific bands in resistant plants. M: DL2000;
1: PS5; 2: Am9; 3: Y 39; 4: N9628-2; 5: Shaan 160.
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