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W OE: AASAERAREER Pn2.Pnda Fl Pm2] R EBK PCRIFIC, M &XF Pm2 . Pmda Hl Pm2] AR E
BRTERE IS TFHRIEES, BT —HREH Pn2 + Pmda + Pm21 3 M ERMTURHYE, WU BE T Pm2 +
Pm21 . Pmda + Pm2] F1 Pm2 + Pmda 2 A BRB S MK, R, EXRERETTRREATIRDER. FREH,
EH P2l MBAKES Pm2l XEABMIEN RN Y, I ARKEE, REE Pn2 + Pnde HUIHF T Pm2 R Poda
BMEENBTE. VEESFHOERRE BN Pnds T Pm2l ) 2 ¥ PCR BUE— T RAEGR F#4T,. T #H ™Y
21 KB Ek, TRHRME Pnds #1 Pm2] , FRAZIPZARAHBREXT HAR,

XA MEARKGEERS S FHRICRE RBAE
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Abstract: Pyramiding resistance genes has been supposed as one of the most effective methods for preventing breakdown of
major gene conferring resistance to powdery mildew within a short period. It is difficult to select pyramids containing more
than two resistance genes by ¢ ds. Marker-assisted sel (MAS) is an ideal technology to select target gene
in different genetic backgrounds. Pyramiding resistant genes by MAS has been reported. So far, DNA markers linked to
wheat powdery mildew resistance genes had been found. In this study, PCR markers tightly linked or co-segregated with
Pm2, PmAa and Pm2] genes were confirmed to be applicable under different genetic backgrounds, and used to identify
Pm2, Pmda and Pm2] genes in breeding practice. Using these tested markers, a hybrid population with three powdery
mildew resistance genes was screened and 100 plants containing Pm2, Pmda and Pm2I were identified after three-cycle
MAS. In addition, dozens of plants with two Pm genes were also obtained. The results of inoculation test indicated that the
plants pyramiding Pm2] and other genes showed immunity to powdery mildew, as well as the plants possessing only Pm21.
The plants with single Pm2 had lower resistance, while those with Pmda showed middle resistance to powdery mildew.
Notably, the plants with Pm2 + Pmda showed much better resistance than those with single Pm2 or Pméa. To reduce the
cost of MAS, two PCRs were performed in one mixture, in which Pmda and Pm21 were identified respectively. MAS was
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compared with phenotypic selection also, from whch more p ve
g ; Marker-assisted sel

ion was provided.
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BTk, MEATEYEBEANER EFES
ATFHREFRGEHRSFRiC, IRERRER
%% % ¥/ RFLP.RAPD,STS,SCAR il SSR % 4+ F
Rig, 3N H A FRRICH B & I B ERRMR R
FREH BB #TERELSE, MEWH AT
EERETHOFRE,
MRERIK%FHARBERRTEEARETE
MERHBRREFRNS FRiCHBDEBRTR, . MA
SFRICHEBEF RN B EXE"HES. T
RTBATRRABREEN/MEFH BN S
M IACERTRNBA P2 + Pmda, Pmda +
Pm2] RAMBFRRS ., AXEHERME FES
NEFEABKRER Pm2,Pmda. Pm2]1 BHEYH
PCR iR " B BERE 3/ K3 UL P
HEEAMNF—RAEARRIERR, UM NEER
RUERIEE HERFANEREHH,

1 MEEZ

1.1 RE/RUABFEEARTR

KHEFTHINEE Pm2. Pnda. Pm2] 3 E B8
EEREEGEZ ISSHARAKRANMEEIRZ.RE
BHATEX. 8F P2 WEEH 94143, 8F
Pmda BIER N 93-111, 8H Pm2l WES N
92R137. HH 94-143 IR H 1% 158° x [(TP114 x
# 5)F, x # 85851, 93-111(MEELZ WHE 10 8)
MFEHH 158 x [(Yuma/Ce x 3% 5)F, x 1% 85-
85'1,92R137 B &H Pm2l HEM/ME-BEEE 6VS/
AL B R, HBERRIGE S S, ARERILL
FHMBERRTE R, 94-143 M 93-111 HILHE
TR R
1.2 RRFZE
1.2.1 XEADNARK  HELSEXM[12],
1.2.2 PCR ¥ #4#4 = 5 pm2 BEEHA STS
BRI 31 4 51 % Whs350-1: 5'-AGCTGTTTGGGTA
CAAGGTG-3' 1 Whs350-Res: 5’'-GCCATCGTTTTCTAC
TAG-3';5 Pmda BB ILSF B STS 15127 31 1 5
%4 Rl: 5'-GTGGTGTATCAAATGTCATCAGTACTAC-
3" i Cl: 5'-TCCAGTGACCCCATCTGCTCATAC-3';
Pm2] £ H 9 SCAR 2™ 31 W HF 5 K RD: 5'-
CACCTCCTCCACTAACAGAGG-3' # RE: 5'-GTTTGT
TCACGTTGAATGAATTC-3', EiR5[ ¥t g &
ZEFARATER.

PCR ¥ 3 F PTC-200 Thermal Cycler Fi77. %

¥ Pm2.Pmda.Pm2] B9 37 PCR R AR —# &
FEH 1 x buffer(Z W E X 10 mmol/L Tris-HCl, 50
pmol/L KC1), 2 mmol/L MgCl,, 0.2 mmol/L dNTP, 45
#5|¥% 0.4 pmol/L, 1 U DNA Tog RAHE, 25~50
ng BB DNA, /G H0 ddH,0 #b 2 B & 20 L,
¥ Pm2 ) PCR R &M NMCHEH 3 min;
94 CAEH 40 5,60 CTiB X 40 s,72CIEM 50 s, TE3F 20
W, 8BH 2CHEM 10 min, )5 10CHEF. BW
Pmda ) PCR LR & A RBXBEL R 56C 1
min,25 TMER, KAB L, B8 Pr2l £2H B
SCAR-PCR K B %f4H 94 CHAE# 3 min,94°C ¥
50 5,56°CiB X 50 5,72 CEEf# 1.2 min, #E3F 30 &K, 5
H2CHEAM 10 min, BJF 10CHE, T H=HH
1.0% BURBREBER bk, ML Z 8 65, ESMT T W
b2 i:): 8

1.2.3 E£—AEBEFRmA 23 HiE 4 PCR
¥ HTFRN Pnda T Pm21 B PCR B X BB
A, MERT LB BRANESHAR, PR
WX 2F PCRE—-MERPHT. REKESHE
25 ~ 50 ng B4R DNA, 1 x buffer(10 mmol/L Tris-HCl,
50 mmol/L KCl1), 2 mmol/L MgCl,, 0.2 mmol/L dNTP,
HBEIIPE 0.4 pmol/L, 1 U Tag BE M, BIS 0
ddH,0 #hE SR 20 pL, R &KLEN 04C FdH
3 min; 94C 40 5,56C 50 5,72C 1.2 min, B 30
W, BJG 72CEM 10 min, I0CRTF, V=Y
1O MR 3k, AL Z B e s, 5T T
;HH,

1.2.4 HHEER K FF, REXKHAERE
MEMHTHOHARBEE, EEHHH. MF, R
T ERERG T, UBFBRATHEMRRS
WHGHITALER, YBREAMEE 3 SRR
F4rat, o BIEE AR R R FER A
FORERTHEE IR, RZHHRK.

2 GRMSGH

21 BFFRICHBEZERE Pn2. Pmic ¥ Pm21
k95|
BRAPAS Pm2. Pmda ¥ STS kRic
5 Pm21 FEYHY SCAR AR ML SR T A, R KB
AL A RN AR R B R P AN Pm 2H,
ATRINERENEERESE, H7T 3
RATHICHE. EF -0 THRiokEHh, bt
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¥ # #3E

BET 86 M8k, EHRAEHE Pm2 + Poda + Pm2l
RSBk 34 Bk, BAPEAKBET —ER 1 M8
To BAMBRITHENLIE S 2 A8k, B3 68 B, AL
EoRATRIERERE. So4THRICRAMBAR
474 Pm2 + Pmda + Pm2] [ BABkSE 46 4, 3 13
AN EEFTRO BN (26 ) 2T EH Pm2 + Pmda +
Pm2] 2H, SEMHEX 26 MK, S EKRET
—RIE R 1 AT, B SRAT R BEYLE 5 BRIk 130
BERE I RO THRICERRE, £X—-R2 T
DR, BT 100 %8 3 ANEENAEK, HP 18

AHIT(BIT S ) 2WBEH Pm2 + Pmda + Pm21
2H,

Bi12AE pm2 XHEHESN STS IFiEM
314, ARG R B E R 4 DNA X8R
fTPCRY WM™ YR ik E., WNEREUE S, B A&
PSRBT W T 1 RFFEA 94-143 K/ph—
BB, BEDARIR, XL P2 ERNKER
ZHUO BN TE U X R B SR T B
HEFH Pm2 EE MBATHEXRFBROURE
Pm2 A,

M1 WA Pz ERKENSR
Fig.1 Identification of Pm2 in pyramids

1:94-14332 ~ 17:J1701 ~ J1716, 3P 11 KB (J1710) K- M B R A o
1:94-143;2 - 17:J1701 - J1716, but Lane 11(J1710) has no specific band.

2 RS Pmda R4 B STS HRICH5]
Wt B4 R 5 M Bk DNA #17 PCR 5 M9 ™
Y IkE . WEHTUE S, B RR o HEbk
BEHT—LAFEERGHFE 10 SR —HM KB,

8 9

10 11

m2 Mak

12 13

3. 13

RIBFERRXMR, X B Pmda ZERMBEREH,
BUENFTET HUXFFOEBETRESE
Pmda HE , MBAT HHEEX R BHUFRE Pnda
#H,

14 15 16 17 18 19 20 21 22 23

EEENER

Fig.2 Identification of Pmda in pyramids
1: 3% 10 92~ 23:J1701 ~ J1722, F 15 KM (N714) KT WM BB RA .
1:Yangmai 10; 2 - 23:J1701-J1722, but Lane 15(J1714) has no specific band.

B 3 2 Pm21 B SCAR 51X A& & )ER
Hibk DNA #47 PCR G RIT =Y a3k W, MEH
WA, BRI MY T 1 FRDA
1265 bpli & , MIBO AR I, XS Pm2] ¥

011 12 13 14 15 16 17 18 19 20 21 22 23

BB S R IR BT I X &
WORATRBERE Pn2] BB, MBEATHHX
FWHUAEE Pm2] R,

§%§ 5

3 WAk P2l XERNER
Fig.3 Identfication of Pm2] in
M: X174;1: H. villasa ;2 ~ 23: 11701 ~ J1722, 35 12 KM (J1714) 1 20 BB 1719 KT M BB R .
M: ¢X174;1: H. villoss 12 - 23:J1701-J1722, but Lanc 12(J1714) and 20(J1719) have no specific bands.
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LR 3% PCRIFICAHRMERTI TR 1, B B4HA Pm2 + Pm21 ., Pmda + Pm2] i Pm2 + Pnda
AFHRICHBESE ANBATRHNES Pm2, & THEERREHIINH) .
Pmda i Pm21 3 2 EKHE B, T EEHE T 25

%1 SFECEFORAUBRRANGEETHER
Table 1  Pyramids identified by molecular markers and results of inoculation

::;:‘ Pm2 Pmda Pm21 Discase :;: Pm2 Pmda Pm21 Disease
J1701 + + + R 1754 + + + R
J1702 + + + R J1755 + + + R
11703 + + + R 11756 + + + R
J1704 + + + R nis7? + + + R
J1705 + + + R n7s8 + + + R
J1706 + + + R 759 + + + R
1707 + + + R J1760 + + + R
J1708 + + + R J1761 + + + R
J1709 + + + R 1762 + + + R
710 - + + R J1763 + + + R
n7m + + - s J1764 + + + R
nmn2 + + + R J1765 + + + R
73 + + + R J1766 + - + R
J1714 + - + R 767 + + + R
1715 + + + R J1768 + + + R
J1716 + + + R J1769 + + + R
Iz + + + R 1770 + + + R
1718 + + + R nm + + + R
nmn9e + + - s nmn + + + R
720 + + + R nm + + + R
1721 + + + R 774 + + + R
722 + + + R s + + + R
11723 + + + R 76 + + + R
J1724 + + + R nm + + + R
11725 + + + R nms + + + R
J1726 + + + R J1779 + - + R
727 + + + R J1780 + + + R
Ji728 + + + R J1781 + + + R
J1729 + + + R 782 + + + R
1730 + + + R J1783 + + + R
731 + + + R J1784 + + + R
nm32 + + + R J1785 + + + R
733 + + + R J1786 + + + R
J1734 + + + R J1787 + + + R
J1735 + + + R J1788 + + + R
J1736 + + + R J1789 + + + R
737 + + + R J1790 + + + R
J1738 + + + R nm1 + + + R
J1739 + + + R nmsz + + + R
J1740 + + + R J1793 + + + R
J1741 + + + R J1794 + + + R
J1742 + + + R J1795 + + + R
J1743 + + + R J1796 + - + R
J1744 + + + R 1797 + + + R
1745 + + + R J1798 + + + R
J1746 + + + R J1799 + + + R
47 + + + R J1800 + + + R
11748 - + + R J1801 + - + R
J1749 + + + R J1802 + + + R
J1750 + + + R J1803 + + + R
11751 + + + R J1804 + + + R
n7s2 + - + R J1805 + + + R
J1753 + + + R J1806 + + + R

¥+ "RRRRERIOHE: - "EREREREA L IS RREEER .
Note:“ + "indicates specific marker is detected; * - "indicates specific marker is not detected; “LS” means light sensitive.

2.2 AR PCRE—IHRPHT BERFH#AITPCRY HMEMTYHRKE, EAXTHE,
A4 BT Pmda F1 Pm21 &9 2 MR BZE 14 BIKEFER —HBEER TR PCR =W, 1~5
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¥ B HnH

iR B A Pm2I # SCAR 3|95 14 i i 3k 45
.18~ 23 JE R B A Pmda B STS 1YW HY PCR
PEYHEKE R, 6~ 17 KER 2 RN RN HETE
PHEMRRRER. NEPITURS, 218

THREHET 2 PCRGEZRSP, TR H
Pmda BI¥E R AWM Pr2] MRS, 2 W R
ERHE AW,

5 16 17 18 19 20 21 22 23

M4 E-TEEHRBENEST2HPCRESWEKXE
Fig.4 PCR pattern amplified by two pairs of primers
M: $X174;1: 92R137;2:J1701;3:J1702;4:J1703;5:J1704,;6:J1701; 7: J1702;8:J1703; 9:J1704;10:J1705;11:J170612:J1707;
13:J1708; 14 J1709;15:J1710; 16:J1711;17:J1712; 18: Yangmai 10519:J1701;20:J1702;21 :J1703;22: J1704;23: J1705..
1~5 K RMA Pm2l 519956~ 17 R MA 253185:18~ 23 RIIA Pmda 5180,
From Lanes 1 to 5, only primers of Pm2] are added; From Lanes 6 to 17, two pairs of primers are added;
From Lanes 18 10 23, only primers of Pmda are added.

2.3 RASIMAUEREKRDERR

ERAATHRIEEERAE MU ERRN, &
ST FHRICEE H AR T TRRIEATEMDL
Fo EHREEMTERERWE S H6 Fin,

MWESTURS, RF R4 Pm2 BEB, HK
BAsE, W P2 EECEEFHE. X Pnda
HpmAeEN, A ERELBEE, MERIALE
ER5., EBEZRNE, Pnda + Pm2 M BETHE
HTHEANPm2 HEAR Prdc BEREFERBTIHT, &
WAIMHE EREFELBRAOER. 8F Pn2] HR
S ERAMAN Pm2] FEMN KR EREAM
o H P (E6).

Pm2 Pm2+Pmia Pmda

5 NMAK Pm2+ Pmda MBHRMRR
of plant pyramiding Pm2 and Pmda

Pm21+Pmda +Pm2 Pm2/

M6 &H Pm2l BRHERR
Fig.6 The resh of plant Pm21

3 g

ERRERHT, EF LM EREERYR R S
WRIESEREN MANE P EMHKREARE
IR W ERHERE Pms BB PR HRER
KXo , (BRI R B R H & 780D U0 5 B A 5 A
£ RBEFRREE RSB, REFRRE,
HTHERUEBEMIBFAN G, —RTEH 2
AR 2AMUERFRREEERS D — M af P, )
BWER—BHEBPAARGOREM K, ERIRK
BEHHERAFR. AIARSEMERNEE, TEH
Hig AR BT BB (B T DL B 2 B G
BAEEAR; A ATEMERE, THRE R
EHESFSRARERAR, BXEHLEERHN
HAERER SRR PLEEEZF — 4%
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HUFNBAZ A IHEREEHRE . B, %%
WFmEEFEREUERRSMERREEENA
WABERR, S8 SANIRERREEHNS
FRIEMTHEREEREZEEH M RMAERR,
EBRFAAE Pm2.Pmda 1 Pm21 REFEHK ST
FiIEH BT ERBAZE 3 2 FIRiCEE,
RIFEB T —#AEH Pm2l + Pmda + Pm2 KIELER,
ZPUERREARSGTR T, A FRICEERFER
BEFERTHENRRE, BRl, 2P EARR
HHRACHRA T EFELA PCR 1T, FIAIX &
WRICHATHEEE W AKIMRER SR, EFHIT
#EP RERTFANTRR,

APREEEZV . EAANREBESEMERE
EN, XA Pm2 ZEMERCARAOBRE, RE
Pmda BHHBELBARERFIE, BEREX 24
EARSGE-EN, AHHBFTFRAIRINEEY
ik, XEAREEEEAERESATRE. &
B Pm2l MR AR Pm2] BIAEAE B4R X, 3y
KB T HRBEAF, XEHT P2l REMNAHEHH
MR RI A EMFEEETH
REEENER, WRAAS FRICHBERE,
AL RN &H it P AN FIHS
FIRICHBI AR, TUFEBEEREH Pn2 +
Pmda + Pm2] ROME B, B H I L R A B
Pm2] EEMHBEIRFA

RESTFHICERAEMDEARFHRIEECES
T B KBRRAES BB H AL, R 4
FRICEATAHAETHEENRARTHRRS
MERERS KPP EEFRARS FTHICER
WRANBEARE, —BROFHRCEETFRINT
ML, BT, FR—FLF LANSTHRICR
MEEREMEX—RENERER, FPREFA
Ll PCR ARy 2 RE 69 STS #7321 SCAR #7ic E R
2R THEM Pnda T Pm21 #9 2 # PCR AL
E—MEERERPRT HE—- PR, RESZM
T 1519, RMERAME 1 Wik, XK
BT AN WHRNE, BRXHERA LIRS
2 PCR RMAB X BEEMHR,2 X5 HTHE
T, AHEHFRXNDERER , EREE B FAH.

BB HNERMFICZEA T BELE XS,
MEARURARERFASTNERIES , AHER
MAaFRICHENRESERTRTTHRRENES
SemARIE, B FRAFICH N MRS, £4R
SFIRCHAELHERS BREER TS, L

EAESE T —REKERET S ERAN . L%
k589 100 (k=B EHR G &P, KA T 18 MEAT
09 90 R BRAE 3 MIRB B MG,

KPR F,.F, fCHBELRR KT, M F,
RIFHAS FHRICHEERE, 8T F, RESEA MR
B He A A K 1, BB T ) 2 43 A 90 e B R0 T 4K
&, £ F.F A, HAR TR ME e, 1
4 FARiTE B PR BRI R SR SR A &
KRR, XERRMPEREARRE.
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