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Abstract: Powdery mildew and barley yellow dwarf virus (BYDV) are important diseases,which affect wheat
production worldwide. Recent years, both diseases are simultaneously found in some wheat production areas of Chi-
na. To solve this problem,a wheat-Thinopyrum intermedium translocation YW642 , containing BYDV resistance gene
Bdv2, and a wheat line CB037, containing powdery mildew resistance gene Pm21, had been used to cross and
backcross in this study. Through the disease resistance tests and molecular marker-assisted selection,22 BC, plants
and 51 F, plants which contain both Bdv2 and Pm21 genes were obtained. These wheat materials showed highly re-
sistant to both powdery mildew and BYDV. Agronomic trait assays displayed that these traits of those resistant plants
possessing both Pm21 and Bdv2 genes were better than those of the susceptible plants and the parent plants. Thus,
these resistant plants developed in the study could be used as good germplasm resources for wheat breeding with re-
sistance to powdery mildew and BYDV.
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INE SR AR TR EAEY) (FAQ,2012) , Ky
NEBRMRM Rz —fe "™ N AT i
Tz 2PN BUE I, JEARR, R T AREAR L
DL B/ INAZ dt A 5 o — A T A ] — 22 X A7 2
FRUL B FE AR, FOBI R S TA B/ N 58— K
AR 4 AR/ INA A 7 R UR TR
B K F DX A 5 BRI e IR [ 43 A M
ol P 2 ) =/, R RV K
Az T ELAT A | Ll PG | e v 45 3= 2% IXC 1] VLI A Y
A X EIEY WA i, B b Ak
ok IR HB G 118 /N2 P BT G RRE /N2 R s - LAY

F0 43 FI FHBUI 3 RS B o i RO iR /N
TGV A AL, 25 M1k, EXda 4
(R /NZEHT TR L A 56 A, 5 M 43 S HE R 37
(Pml ~Pm43)" Pm21 00T 6AL/6VS /N %
EEPAEG MR L — PRI, S
JIFA 1 R T AR B N 2 TR BB fea , i
TR TR Ry e P R RO, i
Pm21 FE PR A, X3 B /N 22 5o ki & A E X
g8

/N VR B R B B (BYDV) 805 it
T REH IR /N A BN . P EAE B — Nk
WUFR IR DU, /A2 - MEAE B &R L 4%
M BRI E D Bdv2 | {57 T v [A]IE 22 B 14 7 Ai-
B CR R 7 NI AN R (51K (757 S (¢ G R % N el
4 HEAT R B A B 2 Ai-2 e b G i RR R PO S
PRSI et 2507 R L1 A b 5 oo e 2 2
SRR TR B H — BT 5 3055 1 /N 22 -rp 1]
B3 35 5y v &, T YW642 ( H960642 ) . YW243 |
YW443 55 Hr YW642 25 A BB B B Bdv2
/N B Gy hn & ke T K B h MR 27 R g fa,
TR R A FISE I Bdv2 BLH 540 £ Fh B R
WREEMR R, HIUR MR AA 3L,

AR S AP RIS Pm21 1) 560 &
CB037 #1 & A i 2 B 95 2 I B2 1Y & i &
YW642 il it Z 5 B F 5 o A ic R R R A
(73 e AR E MR R Fedt Foky o Ao i
(I/INZZ AR, R /N2 BT B Fh B AT B2 U

1 MRS

L1 ks
YW642 (b A B4 Be AR DR E A 5T BT /)N
2T RIS ALIRAT) B4 8601 x

4//"17902/5395-12 , Hirf15395-12 2 CSph x2/L1//
CSN5BT5D, & A 40 45/ NEYLONRF 2 S5/ A2 -]
2w Sy Y ik, ) 5 1 Hh (B fIE 22 B 7 Ad-1 F Bt
DL T KA Gy iR/ INAZ G B AR TDL i &8, #5741 s i 2
IR L B2 BB EBE BN AP CBO37
JEH T ERO R G E YR A R T R SRR
At H e 52 4 A (CA9211/3/93N40/1L 10//
92R137(Pm21)/4 iL 10/5/5% 771 x 3, Hirfr 93N40
1 6V(6D) fRH & RW15 55/ 22 Fl s AR 509 4
), CB037 & A7 IR T 7 & & 09 & P 8 e 3t
Pm21M

1.2 KWH*

1.2.1 FRAEHREMAZE K YW642 1 CB037 i
ITIERE A8 HIAE A SE, 4353 F, K, F BC, Y Fh
T, ¥ YW642 . CB0O37 . F, .F, Fll BC, B Fh 1T 2012
43 HFE TR B 474 2.5 m 4780 33 em, PRER
10 em, 2T YW642 (CB037 4 F#H 1 47 ,F, Fl BC, 4%
FhAE 2 47, F, FFHE 10 17,

1.2.2 HUREE /N2 00 10 B Rhal B
JEE GAV I LT /N FER 2 5 b i ], M S
45 d ST EIBIR R E ; S IR G T ik
FERP R T R AP UR U

1.2.3 SFHRERN  Bdo2 B9 TFRic & x
31 ¥ BYAgi ( F-CATGGATAATTCAGGGAGCAT-
TCTG; R-CTGAACACGAATTTGCTGAAGGTTG )|
PBa 2t .94 CHAEYE 5 min;94 CAEE: 35 5,56 C
Bk 35 s,72 CHEA 45 5,35 PDFER; 72 °C LE A
10 min, 734 729 1 1. 5% 1% 350 B A JE H K o0
Zp IR RN 1 x TAE ¥, 100 V HL R H K 15 ~
20 min, /§ BIO-MED /A 5] %) Universal Hood II {¢#§
FIEEUGIARAE T . Pm21 4y TARiC A 514
NAU/xibaol5 ( F-AGATCCAACACCAGTTCAAG; R-
ATGTTATGGAGGCTTGTGTC) , 9" 1 4514 .94 °C FiAs
£ 5 min;94 °CAE 40 5,56 CiB K 40 5,72 °C FEAif
90 s,35 MG ;72 CHEMH 10 min, P21 H] 12%
P8 SR R A I g R e b A3 2

1.2.4 REMRGIT SN R0 B
Bt bR ifE) BT, Kl FH SPSS 19. 0 B AF53 7 .

2 FHRE5HMH

MmAEER
YW642 540 i 58 , (H & 8y 9 ; CB037 X H
K RIS, (EX B 3R LA B . X YW642
1 CBO37 IERZ42E F, Uik S W, IE R A58

2.1
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PR B8 200 A R S R BRI, DI YW642
U R K2 [ Bdw2 F11 CBO37 w40 11K 6 it A
Pm21 ¥R WS | HX 2 AN JE RIS AE 40 i T
WHERON , 3X 5 LLAT AR 8 25 RAHAF . X YWed2/
CB037//YW642 BC, 45 M AR B9 P P I A 45
WoR, BT 45 ASFE AR X 808 T R e, 5
FBARAT ; X Uk 22 BRER AU, 23 SREI N
T, BUIR B AT B L O 1 1, NS E AT, fE
YW642/CB037 F, 171 A FEH, 107 #R BT %05 |
64 PRR I N IBYE , BT R o B ol 1.67:1 53
WIH(3: 1) 22 5w F BA G 5 5 103 Bkt
PR 68 1k 3% B Ry S8 , B i Bk 43 15 e 491 oy
3:2, 5B (3: 1) Z R EF BEARI =R X,
TE F, T B2 A B AR 51 Bk (18 1) o

1 2 3 4 5

A BRI T ; B . B OO0 ;1 YWo642 5
2.CB037;3.F, Hitk;4.BC Hitk;5 . F, Mkk
A :powdery mildew resistance, B :barley yellow dwarf virus resistance,
1:YW642,2.CB037,3 . F, plant,4:BC, plant,5:F, plant
B1 EREHEESHFENEERNITERE
Fig. 1 Resistance phenotypes to powdery mildew and

barley yellow dwarf virus of different wheat hybrid plants

2.2 SFiRIERNER

2.2.1 3t Bdv2 EEESFREN  FIH P. Stoutjes-
dijk 20 FFRMFRFYES 19 BY Agi Xt PTG SE AR
FAZ I A AR E AT PCR A, 45 SRR B, YW642 |
FFA F, (BC HERE B F, FT 11853 9 ST H8 4 Js AE Ak
YIREARIN 2 Bdv2 £ [H T CBO37 gk B 5 o AT Ak
H RIS Bdv2 B (1 2) 40 Fhnic ki 25 51
SPieEmiaa s Rt e —i,

M | 23 45 67 89 10111213 14 15

566 bp-= |-

M:MD103-MarkerlIIl ;1. YW642 ;2 :CB037;3:H, 0 X fi§;
4-5.F, HliHk ;67 : BC, MMk ;8-11 . F, BT B
NAUEIRRRAIREIER 12-13 . F, P AR AR B R
TR ; 14-15 . F, P EEAHT BRI SORHT R I AE IR
M:MD103-MarkerIll ,1.YW642,2.CB037,3 ; Water,4-5; F, plants,
6-7:BC, plants,8-11:F, plants resistant to both powdery mildew
and barley yellow dwarf virus,12-13 : F, plants only resistant to
powdery mildew,14-15:F, plants infected by both
powdery mildew and barley yellow dwarf virus
B2 $#RM5IY BYAgi MNEFRAREZERFR
Bdv2 ERERI B R
Fig.2 The PCR result with primer BYAgi
to detect Bdv2 gene

2.2.2 X Pm2l EEMSFRERM N A Z. Cao
ERUIE R Pm21 HEEARIC NAU/xibaolS , %} Pm21
LML B, CBO37 . F, \BC, il F, FAYHL A
KRR A R BRI, YW642 BC, FI F, A0 2% 1 05906
FERRE A R BAYE , 4> FAR e R I 45 55 T A R i 2
gt e—%(K3),

M 1 2 3 4 5 6 7 8 9 10 11 1213 14

902bp+-” bl o el

M:MDI109-100 bp DNA Ladder;1:CB037;2: YW642 ;3 . F, #ith;
4 :BC PRI ;5-8  F, BT FUBYR XU B R AR 5
9-10: BC, BB Mk 5 11-12 . F, BT BRI 8% 1 B Rk 5
1314 ; F, BEAT B LA TL R A AR R
M:MD109-100 bp DNA Ladder,1:CB037,2 :YW642,3:F, plant,
4.BC, plant resistant to powdery mildew,5-8 :F, plants resistant to
both powdery mildew and barley yellow dwarf virus,9-10;BC,
plants infected by powdery mildew virus,11-12:F, plants only resistant
to barley yellow dwarf virus,13-14:F, plants infected by both powdery

mildew and barley yellow dwarf virus

B3 45554 NAU/xibaol5 X/NEEAR
L ERSH Pm21 BEEKKNLE R
Fig.3 The PCR result with primer NAU/xibao
15 to detect Pm21 gene

2.3 REHERAE

SYBEROM A R (R 1) AR 43 BERUK
HH RS, UHAACE R BE RO A 1 B A1
PRE A B8 YW642 F, Iif5 BC HEARFN F, iy
PUE R R R A B E R, HH B S
T CB037 Fl F, r (1) J8% v 8 i AL PR , Ut B Xo) K v 52
M) F19) = 2 BRI , 1A o X R v T AT Bk 2 )
PARRRIEOR A R, F, F, R OUHT R L R R
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AR bR BB 25 5 T YWe42  CBO37 T A
BC, AR F, AT B kA3 s B9 AR, A0
F T E TN 2 i £ A AR b 1 P R A
FUBHI S /)N A2 Bk ) TR RO A — € 2 i, HL IR
i G 4% 5 % s A PR R B R BT PR e £ 5 B
MRORE T I A 45 R 5 SRR B0 S [R] ;TR0 EE 4y
Pl F, B A BC ALRR AN F, Hh 40 B 6 o AR bR 1)

F1 ELXERERENEDIREERBAEER

TRIE WS = T YW642 (K iK 8 48 i 22 & XL i i
), WEET CB037 Ml F, o JEw B 19 R bk (5
AEHITFE XA B, Ul Tkt 2 A7 3
R, Kol B BT BC, RIAR AN F, PR
o AR REL R 17 TR0 T W 055 T° YW642 T BB HY T 4%
i AT

Table 1 Agronomic traits in F, ~ F, generations and parent plants

SrEERL

Tiller number

Bk (em)
Plant height

LIRS IX

Kernel number

BRI (g)
Seeds weight of

THIHE (g)

Thousand kernel

of a whole plant a plant weight
YW642 2.79 65. 74" 109. 42" 3.91° 35.57°
CB037 2.90 56.67 " 94,20 2.92* 31.00"
F 2.88" 64. 28" 120. 38 **b 4.76 %" 39. 86 ***
BC;-R 2.75% 61.39 " 88.95* 3.17° 35.75*2
BC,-S 2.79 62.46*" 94, 46 * 3.51* 37.76*¢
F,-B+P+ 2.88 66.51" 124. 44 **b 4.74 %> 38.91*P
F,-B+P- 2,94 63.00" 106. 47° 3.96" 37.36 "¢
F,-B-P + 2.85 57.40** 93. 00* 2.83** 30.13 %P
F,-B-P- 2.79 57.40 ** 81.21 **b 2.48 b 30. 88 ***

BC,-R:BC, " AR YA ; BC, -S . BC, RN BUFERE ; F,-B + P + ., REHT 3 8006 Bt AR BUAE AR F, - B + P- PUEUE R (AP A
BRI ; F, -B-P + 5 EVBHR (SRR AR B s F, -B-P- BRSSO SOR L B AR ; © 2 19 YW642 7E£.0.05 K EA 2SR, ™ . 15
YW642 7£ 0. 01 KF 45 255 5a: 5 CBO37 7 0. 05 /K LA 25 ;b 55 CBO37 7£0. 01 KF LA %R

BC, -R:BC, plants resistant to powdery mildew,BC, -S:BC, plants susceptible to powdery mildew,F,-B + P + . F, plants resistant to both powdery mildew

and barley yellow dwarf virus,F,-B + P-:F, plants resistant to barley yellow dwarf virus but susceptible to powdery mildew,F,-B-P + ;F, plants resistant

to barley yellow dwarf virus but susceptible to powdery mildew,F,-B-P-:F, plants susceptible to both powdery mildew and barley yellow dwarf virus, * .
difference at 0. 05 level compare to YW642, ** . difference at 0. 01 level compare to YW642 , a difference at 0. 05 level compare to CB037 ,b; difference at

0. 01 level compare to CB037

L5 FRTIR, & Bdv2 + Pm21 XUHLHE R B9 /N4
FEAR LR T H AR , RIS Bdv2 FE K
BT Pm21 FEHR MR, BEA S Bdv2 HEH XOR S
Pm21 P RRER R IR 2, BAIH Bdv2 + Pm21 $it
o 22 R 5 A — A 2 A Y, AR I =2 TRDAS B2 % 1
TR RN VR s R BT B I i Jnb 25 T35 B ) 7 e
FE A AR

3 i

AR A Ji 7545 1220 /N g - T A2 B S BN 2R
BRI F R SR %/ 32 -2 A gt i B
BEEIAS KRB ST , /N2 rp AN IR G @ 1A R B AE — 2 T
JE 52/ A IE R e AR IC XS, ABETE R F, BT
T 1 A R0 AR T RGN 42 8 7S B R T S
SrESLLBICA 1. 67: 1, B HT E B L

3:2, SIS E A 30 1 AR RS, X Al BE S T
YW642 Hi) T7DS. 7DL-7XL (7TAi#1L) 5 i i B il
CBO37 114 6 VS/6AL i i B T4 T /N 22 ) i e
EARMIE R BT . 7380, AN F/INEE SR G st A% 15 5%
H1 Ph 55 R 23 52 ) /)y 22 [] Y5 G €0 4% ] 1 36 25 1
FAPT AT 5T o BT PR B R SR A YW642 5
A EE ph AR RIE R AL T 5, LYk
BC G/ L BE N 2%, 3 0] BB 2 K, B S 43
LA O S B (A A SR A

T EV/NE FUBE 1950 4R KT , i Nz 270
60 12 kg MU= , NILFF LG B ARBOR & Fh > IR
JLHERME R E B — R T o fFr H
T B /N AR S5 AR 2 SRR TR O 25 T Bk,
B NPURTEA R AR BT, I, EEAREA
PUE RN SR T E LR, AN, TRk
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Wi e RS AR U A BRI /N 22 T R A RHI A1 5 M 929

A AR A0 A T PR BLAEAR 22 22 DX T I 63 35 2 R AR
Jily, PRl 7 e 22 Tl 3 0 /N 22 AR A TE TR BE
B 25O 30 3 o T RS O B B R O ik B
T EEAE Pmd + Pmi3 + PmV + YrX + Bdv2 Pm4 +
Pmi3 + YrX + Bdv2 .Pm4 + PmV + YrX + Bdv2 .Pmi3 +
YrX + Bdv2 Fll PmV + YrX + Bdv2 %5 5 FEEp BRI
BURRNR I /NEE 2R XU AR B 0 AR B R
FIEEIR O R TR YW243 | 405G 0 545 i 5L [
Yrl Yr2 Yr9 Rl YiX HUFFERIR LR Sr31, Hunt- 45 5
Lr26 , L AR 0 5L B Pmda  Pm8, 4T 18 1295 3k
Bdv2, XSRS T 20 3 Pt If gk A
o, (H R T HAR 2R G ARG RN) 24,

N O S BN (s W= D R EA e s e i TwE 303 i
PR32 Mg fn A 22 07 GBI A T Bdo2 F
Pm21 BN ¥ AERK 48 Bk BC AFPE 22 #RA1 F, MRk
51 B, s S ST B B2 s R o A AR B A 20k
PRI R HAC R T 264, UL Bdv2 1
Pm21 FEHREAE—RAH B F o3t /N 22 5 o A
FEARLMR, A/NEYRERRL T — 2 n] FEY
ik,

O B Bt R B R LA F AR A AR
P R AT 5 324 CBO37 #H4t

SE 3k
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