RERLRLE 2011,44(12):2411-2421
Scientia Agricultura Sinica doi: 10.3864/j.issn.0578-1752.2011.12.001
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ClPER A AR B, KSR 030006: 2 v [ AR MU 2Bt AR YIRS TIF S0 T/ AR AL DR R 1 5 8 DRl 5 6 5% T KR 5 TR AR ML A 8 0

E: [H] FFRADNEPIREMKE OBRRISE IR TaPP24a BIDIREFRICIER, RNoFheidilBhik
PO B AR . (7775 Y WP R 2158 /N K LB AR 280 TaPP2Aa WER T 5, BT 5 SNP AL i 2 5,
T 3 X BRI R S 51N 6 o ik R AH P S5 B RRE e 519, R A R R MU AR X TaPP2Aa AT Ytk in,  FIH
RIL #4& (Opata 85XW7984) Fl DH BEA (5% 10 5 X &% 14) #ATZEFKThHEEARCER. [E5R] TaPP2Ua
TENL TN S B IR G HE s TaPP24a-B ALY RIL #E4K 5B HIARICIX H) Xwg909— Kgwm67, 5 2 MhRic it
BN 4.0 cM AT 3.6 cM, £ DH 44 5B Yeta ik bRic [X (8] Xgwm234— MIC363, 5 WHC363 IBHEREES N 7.5 cM;
18 2 N AR SRS Xewm67 BIFER 4251 3.6 M A1 11.4 M. TaPP2Aa-D i RIL FEAGL 4K 5D fIbRiC X
18] Xemwg770—Xbarc205, BAEHEI Y5 9.8 cMA110.0 M. [£5i8]) #iE T TaPP24a FRAERI Y ARAI S, Hid
15 DH Al RIL 2 ANE G AR BB b O B0l £ 240 QTL BEATXTEL b, B T TaPP2Aa S5/NZEHUE MR QTL B 38
EEEGIR R, FFRIDIBEFRIC T H TN E Ul R K 2 FAr id 4 Bl ik 45 .
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Abstract: [Objective] The purpose of the present research was to develop functional markers of protein phosphatase 2A
structural subunit gene PP2Aa in common wheat (Triticum aestivum L.) for marker assisted selection in breeding of drought
tolerance. [ Method] Based on the single nucleotide polymorphism (SNP) in the sequences of PP2Aa gene in common wheat and its
wild relative species, three genome-specific primer pairs and six allele-specific primer pairs were designed. The Chinese Spring
nulli-tetrasomic lines, a recombinant inbred line (RIL) population (Opata 85 x W7984) and a doubled haploid (DH) population
(Hanxuan 10 haox Lumai 14) were used for genetic location and mapping of TaPP2Aa. [ Result] The TaPP2Aa gene was located on
chromosomes 5A, 5B and 5D. TaPP2Aa-B was mapped in the intervals between markers Xwg909 and Xgwm67 on chromosome 5B
in RIL population, 4.0 cM and 3.6 cM from the flanking markers, and between markers Xgwm234 and WMC363 on chromosome 5B
in DH population, 7.5 cM from WMC363, 3.6 ¢tM and 11.4 cM from the common marker Xgwm67 in two populations, respectively.
TaPP2Aa-D was mapped in the interval between markers Xcmwg770 and Xbarc205 on chromosome 5D in RIL population, 9.8 cM
and 10.0 cM from them. [Conclusion] The present study mapped the TaPP2Aa on the homoeologous chromosomes 5A, 5B and 5D.
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Through comparative analysis with main effect QTLs for stress resistance in DH and RIL genetic populations, the genetic linkage
between TaPP2Aa and stress-resistant QTLs was identified. The functional markers developed for TaPP2Aa-B and TaPP2Aa-D can
be used for marker assisted selection to enhance the efficiency of wheat stress-tolerant improvement.
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LA 7 X ] & AR 2A (protein phosphatase
2A, PP2A) JEIL VTR F ORISR L B IE T
RN 53 R - S5 A N B 1 I A B R A SR R R T Ui —
RAVW BN B I RIS, EEDHIITR. &
ARG 5 25230 358 v o EE B P, Stk 32 R 1 T PR
PP2AREIRI AT 8L e AL, A Bh T T % I it A (5
B, 5N EIREB SR, NNEST
B AR AL . TR AW Tt 2 ] PP2AAE 2 th 4514
TEFEA HEATEFECHTIR T W7 B B2 Bl 1) 75 — 2R A
R0 PP2A R A 7t 3 B4 i A8 N SR /) B S5 IR 7L 3
Y, WMARIZERNSHERRKIE, AR, 75
WA, F5HS. KEMESERSEEZA amiE
B, fERYh, PP2AY EH 4N S 5
B 5200, J0L R 7P PP2ALE #4) T L JE [IRCNL ThA
B AR AR I A AR L Ay R AR, ST 4
S RS 325 38 U PE 3G o, AE RIS BRI 2%
PP2A [ 3% Pk 1 9 M . KR8 & 1 B R W O
OsPP2A-1 F10sPP2A-3 52 /& & A 55 i (g i 42 02,
ENEPL B, PP2AHLE]— e IfER], H4EmH
7 HE TaPP2Aa . i b I & TaPP2Ac-1 Al i 7 I &
TaBp-1 ¥1Z 5% &5 midh R X ABALLFE 1) N %
SN, I R0 Tk e [R] 1 B 5 DRI 90 R T A AR 3 R R
ST (TR A2 P S8 R 2y TARIC e 3% B bRtk
WA B mE R TAERZE . Thgebrid (functional
marker, FM) SZfRHE P 58 H 1> FAnid, Be
EE 27 a1 B P P e S B[R v PN DS E PR G R N
AT T AR 4 2 R ZH DNAY 51 7 & [FIRFLP . RAPD,
AFLPHISSREAL S bR Mo, /N 5 %8 Y5 o 28 e 4 K
R IR £ &1 (single nucleotide polymorphism,
SNP) S A8 5, | L SNPEFEHH A FIH K Cinsert and
delete, InDel) , Fi| X LSNP & ThREFRICHEAT 20 T
FRiCHBhIE B I N 2 1 B AR, il dn N EE
AR FIPpd-D1 ) 6 ZEIThREARiC 5 /N 22 1 il A
Wi hm ATk E A M8, B/ EDrebl fISNPIT
R ReARiC A /N bR C il Bk B B AR A 1K
Y DA RVIANASY Bl 2T /NEE AR

SE R R TaPP2Aa ) REAR 10 I R R A% 7 A7 )
RIWARIE, TaPP2AaLy /N2 Hiidi MR QT LIv) a5 1% 81
RAMAIM . TR S n) 8 ] A 72 DA [
BFERVURFN 2 AN EALFEAARL, B N2 B FAH 0%
F K TaPP2Aal 74 2 &, FERIhAE Rt AT 8
FETENT, KL MTIZHE R 5 /N rii PR QT LI 8t A%
HEBORR, AbRCHBERE B PR ALK .

1 MRIERE
1.1 AR

FF#0 TaPP2Aa DNA 541 £ 2 A B 15
5 Nk gim /N2 (T, aestivum L., AABBDD,
2n=6x=42) : Fik 10 5. &7 14, Opata 85. W7984
AR E L, NER AR ARG, RINE R A
e Fp = $ R B/NEE UR208 (T. urartu, AA,
2n=2x=14) . I FLIR Mt 1L 3FF Y2041 (Ae. speltoides,
SS, 2n=2x=14) FIH1lI % Ae38 (Ae. tauschii, DD,
2n=2x=14) VL K PUf54k /N3 PO9 (T. polonicum,
AABB, 2n=4x=28) .

DA [ 9 5 B SR DU AR AP REF T H AR BE R 1 G
EARERL . AT HAREEFARICHT 2 S EE R KB
BA 149 MR RIINAE FA514 (doubled haploid, DH)
R (R 10 5 X8 14) DI R AA 111 PFatk
Z I E A R #EAA (recombinant inbred lines, RIL) ,
A () BEAS J2 55 7 B ES S A Opata 85, XA A
LA SR N2 WT7984

PA A4 B 35 R o B AV R B AR YR 2
FURAMV R AR Fh 0T 52 J5F) F E pise i =424k At
MEHA KSR 2K 2 — 0 — i, BYECH fy, -70°C PR
A% H.

1.2 DNA 2B

ISR B 3 R Z1DNAR,
1.3 S|4t MERE LK 18

R /N 2 5 IR 2 5 R 21 7 % [ TaPP2Aa 4 K 17
H DA T e % 78 /N 22 5L PR 4L DNAH R 5 45 7 7 16 1%
F K5l YrPa (PaF: 5-TGATGGCTATGGTCGA
TGAG-3', PaR: 5-TTAGCTAGACATCATGATCTG
GTC-3") . PCRIAZREMAR N 15 pL, Hrh 3 uL 5X
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PCR buffer, dNTPHI5|¥HIZ4HE 737124 0.4 F10.26
pmol-L™, TransStart Fast Pfu DNA Polymerase 0.75 U,
Bt DNA 50 ng. PCRJ 8 541475 95°C 3 min; 95°C 1
min, 58°C 455, 72°C 5.5 min, 35 Mg 15CH-AF.
PCR{X ~Biometra T1 thermolcycler. 7£ 1.0%F) 35 i i
BB R I PCR™ 4, 4% ¥ Biomiga EZgene™ Gel
Extraction Kit (FE/Rid, Jbnt) #AEU B EL E br A
B
1.4 DNA U

F pEASY-Blunt Simple Cloning Kit (434>, b

R1 TaPPAa FHIBENFSIH)
Table 1 Sequencing primers for TaPP2Aa

w0 EHAL PCR 724, #ilif%4k Transl-T1 Phage
Resistant E. coli &322/, BRECHMEwRE, FIH R
BNRRAE CRIR, dbnD) REGFA S A Bis A
B ik, FHIEF 514 M13F. M13R A DNAStar
PERE 7 AR P A B BRI (R 1D BT AA
¥, BRI AR R 2 /D8 12 AR 8, LR
UEM P 45 AT 52 . 3730XI DNA Analyzer
A, WP R RAR & 3% B ABI 4 A 1] BigDye
Terminator Kit v3.1 #/EULBHECH]. /T PCR % 4+A
96°C 10's, 50°C 5, 60°C 3 min, 30 MEH, 4°CHH
1fo

Gik| Bk & Eik7) Bk &
Primer Sequence (5'—3") Loci (bp) Primer Sequence (5'—3") Loci (bp)
Al CTCGAGTATCATCCTGTGGTC 761—781 A5 CAGACTTGATGAAGGGGATAGC 3482—3503
A2 GTCAGTGATTGTGCTTACTAGC 1185—1206 A6 CAATGTACTGCTATACGCTGG 4107—4627
A3 GTTTCATGTTACCCAGAACTG 1871—1891 A7 GTGCATGTTTAAAGTATGCCTAG 4640—4662
Ad TGTCTTGGGGAAGGTGCGA 2493—2511

1.5 BIZHER LM

FIFH DNAStar # 24 1) Editseq. Sequman £l
MegAlign #4147 DNA FEHIHH . 385 SNP
I3HT o
1.6 EFEARHFRSIMEITAERFEATFR PCR

I ANER NS AR DU R bRk
BF B Eexs 04, #fE /N2 AL BRI D 2R H
PREERF A MR 3 AR 41 22 5 dit 3 X514
PaA. PaB il PaD (£ 2) , Hr, PaB Fll PaD L [A
HEF 519, PaA ¥ H8IX BL A R 75 h A7 S
B. D FERFAFHIRGIE AN VI Hap T 752 5%,
HPCR ™4y (1277 bp) #¢E1J] 7y 1 013 bp A1 264 bp,

T2 TaPPAa EABERSIHIFS

M B (1266bp) Al D (1251bp) FERFLK PCR =4
TRFFeK. B, B eR KA@M 519 PaA AT
48, SR G FI ] PCR-RFLP J5 7% IX 43 AN [ 32 [R 41 7 471
IR A B A Gk DY AR FOAS [ A5 A RL 2R AT B AR L R Y e
AR ERL
PCR [ Wi fA 2 F1 644 [ 1.3(Fk 72°C 1.5 min 4b),
PCR F=4#)F 1.29%35% i # 458 Fise Hh Ads l o
1.7 FNERHRSIYNLITEMEE R PCR
TERTIN 5 /S 5k E2 AL B fID 3 N4
(1) TaPP2Aa 741, TEAELZ AR IE] A FERIZH
(1) SNP 7 55, {2 B Il D B:[KI2H 2 [A] 3447 1E SNP fi7 5.
HE A B A1 D JE BRI 20 P Al 21 1) TaPP2Aa 1) SNP 7 55,

Table 2 Genome-specific primers used for chromosome assignment of TaPP2Aa

Gik| Bk OGRS PCR =4 B2 B KR
Primer Sequence (5'—3") Chromosome PCR product size (bp) Tm (°C)
PaAF GATTGTGCTTACTAGCGTAGTCAG 5A 5B 5D 1277 1266 1251 58
PaAR CGAACATGCTGAGACGAATC

PaBF GTTGCATGATATTTCTACTGGC 5B 1180 56
PaBR GCGTGTAATCAATGTCTCAAGTT

PaDF TTGTGAAGTGTGGCAAGTTG 5D 785 59
PaDR GATTTGTAGCAACTAGCAATAGAAG




2414 H gl B2 44 %

% 1 Jeong e P ik Wit S A S R PCR G (% Hirf 10X PCR buffer 1 L, MgCl,. dNTPAIG| 44

3) KilISNP. W39 056, 0.45 A1 1 umol-L™*, Fermentas Taq
P AR 5 51 W AT S AL KRR R PCR Callele- DNA Polymerase 0.75 U, #i#DNA 50 ng, PCRJZ ¥

specific PCR, AS-PCR) . AS-PCRJ% % {A %4 10 L, ZAER o 78 1.5%38 el R R PCR ™4 o

® 3 TaPPAa FEREFFSIHFT
Table 3  Allele-specific primers of TaPP2Aa

514 ClE 2R 3F SR H AR 37 specific detection PCR =K & B KIRE

Primer Sequence (5'—3') SEEA o Wt Expected size Tm (°C)
Genome Locus (bp) Base (bp)

P1F CGTAGTCAGTGATTGTTACATGTATA B 1230—1231 TA 1211 59

P1R GAAATTGGCAAGAGTTAGTCTATT B 2393 A

P2F GTAGTCAGTGATTGTTACATGTAGC B 1230—1231 — 1207 57

P2R AAATTGGCAAGAGTTAGTCTATG B 2393 C

P3F TGCAATCATTGAGTACATCCCT B 3685 T 1699 60

P3R CTAGACATCATGATCTGGTCACAT B 5339 A

P4F TGCAATCATTGAGTACATCCCG B 3685 G 1698 60

P4R CTAGACATCATGATCTGGTCACAC B 5339 G

P5F GTATTCTGCTGCTGTTATTGTCC B 2393 C 1335 60

P5R CCTAACTGACTAGCCAGCAGC B 3685 G

P6F GGTTAGGTTCCTTGTGATTTGTTAC D 1430 G 949 60

P6R TTTCAGTAACTGCCCCGGA D 2369 T

c4-1-f GTTGTTTTCAGTGCCCAGATAC * 298 60

c4-1-r CTACAAACATCAACACATAAGCATT *

VR HAMA T RN 3RS ¢ o BIMERIRSI, c4-1-f504-1-00 L ARSI, XA MEEY Y, 5P FH{EA, KillTaPP2Aa-DiY)
SNP; —: ik

Y The bold italic letters are 3' specific bases; * Primer c4-1-f and c4-1-r are a pair of positive control, amplify in all plant materials, used with P6
simultaneously to confirm SNPs in TaPP2Aa-D; —: Deletion

1.8 FERFAFRCIEE FFFIILES, PHSEHENIX 3 Fh 75145 5K B T8 itk
R FATE I8 AR AR DU 2 A R B 2 A5 M I S5 1 L ] /INFE] AL BRI D BRI, Kikdr4 N TaPP2Aa-A.
K 914, i1 AS-PCR 73 A I 2 AN igt A% 44 1) B K] TaPP2Aa-B fll TaPP2Aa-D, 7£ GenBank {5415
., AR 4% DH B R PV RIRIL B 44 (http://wheat.pw.
usda.gov/ggpages/linemaps/Wheat/SxO_5.html) {141

M H L O WUC A B D AB CK

bricig ik FEE, I MapMaker 3.0 38 £ 1F BB 52 or kb
H bR 3
+
2 z % M: 1 kb DNA marker; H: 2i£10%5; L: B3 14; O: Opata 85; W:
W7984; CS: HEZE; A: ZRURE/NE UR208; B: fMTEL/RILILEEL
2.1 TaPP2Aa RN[RIEFEEF5 SNP 4347 Y2041; D: HlLCEEE Ae38; AB: DUfA/N3 PO9; CK: BAMEXIE. T

FIF TaPP2Aa 4514 Pa7E 9 YRAHEITH  Wrsas: co: Chinese Spring: A Trtcum urary URZDS: B Aegiops
BRIP4 DNAFEFI (L) o Rt e e B ey A: Trtioum polonicum POS;
NZE . AR AR A S B DU AR 22 5 R A
R (E 2) , fENfE RNy B 3 M4 o) il 1 TEIARIR 188 TaPP2Aa 1)
5N AL B D 3 AN EEDR A AR ) AR B AR 2% Fig. 1 PCR products of TaPP2Aa in different plant materials
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AAFE. 1
AABEDD

AAER
AAFRDD

ARBRDD-)

AR
AMBE
AABEDD-L

AAIE-2
AABRDDD

AABBDI-Y

AABE- L
AABEDI-L

T
AASBOD2

AABEDDY

AA. SS. DD il HATT AT 4R UR208. Y2041 il Ae38 1] PP2Aa J¥41l; AABB-1 fll AABB-2 AU {432 PO9 [t 2 Fi1551); AABBDD-1.
AABBDD-2 il AABBDD-3 43 5l A7/ i 1 il /N 1) 3 Rt 51 TaPP2Aa-A. TaPP2Aa-B fil TaPP2Aa-D. PaBF #ll PaDF 43 %24 B fl D % K 414557 5
YIRIAL s, Hap 124 A BEFAX 5T B A D FIBGYIAL A T HEEEEH, EIHRAG B FR 7510 B

AA, SS and DD are the PP2Aa sequences from the diploid accessions: UR208, Y2041 and Ae38; AABB-1 and AABB-2 are two sequences from the tetraploid
PO9; AABBDD-1, AABBDD-2 and AABBDD-3 are three sequences from common wheat, assigned as TaPP2Aa-A, TaPP2Aa-B and TaPP2Aa-D. PaBF and
PaDF indicate the sequences for specific primers of B and D genomes. Hap I shows the specific loci for A genome. Sequence segments with target loci listed

2 AEMESMEMRL TaPP2Aa HIFEFIEE 3T

Fig. 2 Sequence alignment of TaPP2Aa in hexaploid wheat and its wild relative species

358 HQ897162. HQ897163 Al HQ897164. F:[A4H
JF B2 (8] 22 S o vk B R 2 R S 5 | At T Ak
N /NFZ TaPP2Aa-A.TaPP2Aa-B fll TaPP2Aa-
D 17514 K437 4 5 846 bp. 5 366 bp A1 5563 bp.
3 AR AH L R A S R AR AL, 39 E 12 NIRRT
AIIANE T, Hrh s e Mg 8 W& TR A ERE K.
Lbxf 5 moNfEik/Ang 3 ANERANERFF ],
TaPP2Aa-A [ 51 5¢ 4= M[F; TaPP2Aa-B 54+ 4 5 4
SNP {755, Hrf 2 MrFARTFX, 3 /MITHET
X, A 1230—1 231 bp i) TA/I~ (~FRHK)
(2 1MHNET).2393bp i AIC CEBSAHET) .
3685 bp K T/G (5 8 ANFMET) « 4 037—4 038 bp
M TTIG~ (8 AWET) F15 339 bp 1 AIG (8
12 NMAMET) 3 TaPP2Aa-D 4 HH 2 4~ SNP 7 4,
BN TFHEFIX, HIN1430bp I TIG (55240
EF) Ff12369bp K1 GIT CGESANET)
2.2 BERBHFFSINMALES TaPP2Aa BN EN
HRAE TaPP2Aa 1EAS [F] ik [K 20 o 7 51 22 e 1 (1) B
D HERNAKEREY (F2) , FFERBATGOMAE
fr (B 3) o Her, A BFATFH A RGN DI
Hap T BEVIG AT, 156 3R R H 2 H I 04T 97 3,
S8 )5 FH Hap 1 X% PCR =¥t TEEY], # TaPP2Aa-A

NSATSD
N5SBTSA
N5BTSD
N5SDT5A
N5DT5B

s}
w
(31
5
A MHL OWCSAB DABZ

bp
1200

200

1200

800

A: Fi PCR-RFLP 7|4 PaA-Hap [ ¥ TaPP2Aa-A 5EfifE 5A F: B: H
R 519 PaB #4 TaPP2Aa-B EfI7E 5B I: C: FHRERSI# PaD ¥
TaPP2Aa-D E{7fE 5D I.. N5AT5B. NSAT5D. N5BT5A. N5BTSD.
NSDT5A Fll NSDT5B 73 7 AAH R o BRI A 5 CK: [ PEx
A: TaPP2Aa-A located on chromosome 5A with PCR-RFLP primer
PaA-Hap I ; B: TaPP2Aa-B located on 5B with PCR specific-primer PaB;
C: TaPP2Aa-D located on 5D with PCR specific-primer PaD; N5ATSB,
N5AT5D, N5BT5A, N5BT5D, NSDT5A and N5DT5B: Nulli-tetrasomic
lines of Chinese Spring; CK: Negative control

3 TaPP2Aa B E{RENL

Fig. 3 Chromosome locations of TaPP2Aa
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SENLTE BA Jetifh s FIH TaPP2Aa-B il TaPP2Aa-D

2 PP H R S 51K 3 43l 8 A AE 5B Fl 5D B fafk

k.

2.3 FNEERFFSIMHALURTFEEEERMRIE
AS-PCR #&31]

16 5 /N fER/NE R, TaPP2Aa-A 1F 51143 il 56
4= A [H]; TaPP2Aa-B 7E DH BEAIXE F ik 10 5 &
7 14, LLJ RIL BHARIREE Opata 85 Fl W7984 2 [i]
S AFE 2R . LLRIE 10 5 TaPP2Aa-B [F7417E 1 230
—1 231 bp. 2 393 bp. 3 685 bp. 5 339 bp KIHHIE

(TAATA) XTI, €32 14 ) SNP £7 25 8 (~CGG) .
Opata 85 & (~CGG) . W7984 (~ATG) . THEHE
N (~ATA) , [if3% TaPP2Aa-A (~ATG) Fl
TaPP2Aa-D (~ATG) fEAHRMAL s FR A, Wit
T 4 XFRE[E I R DH B A& TaPP2Aa-B 2 M HAT SNP
AR R KRy 5+ PCR 514 P1. P2, P3 P4 J¢ 1 X
AE [F) I RS RIL B4 TaPP2Aa-B 2 MHHAL SNP 4547
FEHFFR PCR 519 P5 (& 4) ; TaPP2Aa-D 741 7E

DH #EARXUEE TG ZE 5, TAE RIL BEASEA Z [0 47
EZ5%. 5 TaPP2Aa-B 557 L KIRr = 51 ) v T HARAL,
14 TaPP2Aa-D /741 1 463 bp 1 2 369 bp 4t Opata 85

(CT) Ml W7984 (TG) Mk % H, FK =%
TaPP2Aa-A (TG) Ail TaPP2Aa-B (TG) FEAMAL 4
IR, BeitfE RIS I RIL FEAAIX 2 4> SNP &7
F:PRRE R PCR 514 P6, 8t 514 c4-1 VR NBATEXT
HE .

FIH AS-PCR 3 Al sc il 75 A 44 /N 22 TaPP2Aa-B Al
TaPP2Aa-D (2 . H Tt DH ## {4 TaPP2Aa-B
FERIAL 514 PL AN P3 XA R IE 10 51 B JEH4H
B S, TSI P2 B P4 WS 14 1) B KPR 44
Sy (K5 o Fik, % T DH BASEARIE 10 5
A2 14, P1 A1 P2, P3 1 P4 435 N EL AN A
R 5519 TR RIL B4 TaPP2Aa-B 3K 7 )
514 P5 {EXUSE 2 [A]/] PCR Fe4474E % 5, Opata 85
WA 1335 bp 2k, 1 W7984 [F] i #77E 1 335 bp Al
1695 bp 2 M (K5

P1F: —— TATA P3F: — CCCT
P2F. — TAGC P4F. — CCCG
R —— D ——
A s TA—GC. ATCCCT. 3
TTATCT CACACT
D 5 TA----GC. ATCCCT. 3
TTATCT CACACT
B 5 TATAGC. ATCCCT. 3
(H) TTATCT TACACT
B 5 TA----GC. ATCCCG 3
L) GTATCT CACACT
P5F. — GTCC
E——
B © 5 TA----GC. TTGTCC. ATCCCG 3
GTATCT CGACGA CACACT
—
P5R: CGAC—
BW g TA-—--GC TTGTCA ATCCCT s
TTATCT AGACGA’ CACACT
B (CS)s: TA----GC ATCCCT. 3
TTATCT TACACT
1230-1231 bp 2393 bp 3685 bp 5339 bp
«— «—
P1R: TTAT — P3R: TACA—
P2R: GTAT— P4R: CACA—

B (H).B (L) .B ) .B W) FIB (CS 75l T ik 10 5. &7 14, Opata85. W7984 Fl+ [EF1E 1 230—1 231 bp. 2393 bp. 3685 bp
15339 bp 4b¥) SNP 7 2 CRHAMAZEE) 5 A FI D 4 7I387R TaPP2Aa-A il TaPP2Aa-D 1EMIRIAZ FIFIF 4. P1. P2, P3. P4 Fil P5 Fon R4 X Leh7

MBS

B(H), B(L), B(O), B(W) and B(CS) list SNPs of Hanxuan 10, Lumai 14, Opata 85, W7984 and Chinese Spring at 1 230-1 231 bp, 2 393 bp, 3 685 bp and 5 339
bp (bold and italic letters). A and D list the sequences of TaPP2Aa-A and TaPP2Aa-D at these sites. P1, P2, P3, P4 and P5 are primers designed based on the

SNPs

4 FFRFMAERFFRSIIHIREE
Fig. 4 Strategy for designing the allele-specific primers to genotype the SNPs
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MHLOWCCK MH L OW CSCK MH L OW CSCK MH L OW CSCK M o0 W CK

bp
2000
1200
A B C D E

A. B. C. D. EfILN5I¥ PL. P2, P3. P4 Fl1P5 {4 474 A, B, C, D and E are the PCR products of P1, P2, P3, P4 and P5 in order

5 ARIEFEBIME TaPP2Aa—B ) AS-PCR #67
Fig. 5 Genotype detection of TaPP2Aa-B using AS-PCR

TR RIL ##44 TaPP2Aa-D 2EF MK 514 P6  F13.6cM (7 .
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Fig. 7 Map of TaPP2Aa on chromosomes 5B and 5D
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