Hh [ K FE R (Chin J Rice Sci), 2026, 40(2): 244—252
244 http://www.ricesci.cn
DOI: 10.16819/j.1001-7216.2026.250204

IKFEEF B = R Az AL AN TR R ic I 2 S5 N

kA YRR [Me’ ¥ KRR EWAT BEL? 2FY EHFEY
(B R, AR, G 2300365 2 A AOWRHERE KRG T T/ A AR AT B ARAEY) AT BE 2 Ak 30 R O (B AED, & AE 2300315
SRR ET ARG, 2B /5% 237000; MRS —{EE: *@{51E#, email: qingjin@ahau.edu.cn; xiufengwang66@sohu.com)

Development and Application of Functional Markers for Purity Identification of Wild-
abortive Three-line Hybrid Rice

ZHANG Mengke'#, LU Jiayu>*, HE Jin?, XU Xue?, WU Shuang?, WANG Peiran?, CHEN Ruofan?, JIN Qing'*,
WANG Xiufeng?"

(!School of Life Sciences, Anhui Agricultural University, Hefei 230036, China; *Rice Research Institute, Anhui Academy of Agricultural Sciences/Crop Ecological
Environment Safety Inspection and Testing Center (Hefei), Ministry of Agriculture and Rural Affairs, Hefei 230031, China; *Lu'an Academy of Agricultural
Sciences, Lu'an 237000, China;, ¥These authors contributed equally to this work, *Corresponding author, email: qingjin@ahau.edu.cn;

Xiufengwang66@sohu.com)

Abstract: [ Objective] Developing stable, efficient, and reliable markers for purity testing of three-line hybrid seeds is
crucial for current hybrid rice seed production. [Method] Based on the specific sequences of the wild abortive-type
sterility gene WA352, the major fertility-restoring gene Rf4, and the internal reference gene Actin, multiple single-gene
detection markers were designed. PCR amplification was then performed by optimizing the primer mixture ratio.  [Result]
A mixture of primers WA352-2, Rf4-3, and Actin-3 in a ratio of 1:11:3 enabled simultaneous detection of the genotypes of
WA352, Rf4, and Actin in a single PCR reaction, allowing differentiation among wild abortive-type CMS lines, restorer
lines, maintainer lines, and hybrids. [ Conclusion] The detection method established in this study is simple to perform and
yields stable and reliable results. It can not only identify genotypes in wild-abortive three-line rice but also serve as an
effective tool for molecular marker-assisted breeding. By improving the accuracy of purity assessment during breeding,
this method provides strong support for achieving high-yield and high-quality rice breeding objectives in China.

Keywords: rice; wild-abortive; three-line; detection marker; PCR

i E: [HR] FFRBEE. @R WTHRN = REATFAERNARIL, TS =RKREfHMmE EREE. [
LV ARIE B IO R G IR WA352. 30K I H RAA N SRR Actin 4 R LR H, WiT T 20 SRR IFR L,

FRE A IR A LG, B TPCRY . [4R] 514WA352-2. Rf4-3M1Actin-34%181 © 11 : 3R LLHIR & AT s
DR IRPCRY ™ 3 [RI S A WA352« RARIActinPZER R, XAOBBMBEAE R KB R REERMIASHF . [4ie]

AT R WA ICERAE vk 8, 45 RARE il 58, MLBEWAS I B IR = ZOK R RN RS, IR a] DME N4> T
FRICAI B B AIE LR, RSO RE A A &5 R R, AT Dy R E KR AR T B R E AR ST LR
BB 13RS

xHEAE: KR, B =K, KFRIE; PCR

KFERREN EEREED L —, 2E L ZRIRAOKTE R IE T, KRR
EWACUKRE N FE R KRR RERERY  FIHBUS EEREART), BERS T KB R,
MBEMBER, R, BEEMHIAAA IR . Wom @R TIE 20% A TP B R Bl &, DR T 1 500
REABREAFFRP B, REREZEmEE - BLel), ZREKBOEZMIR, ki
BT ARA Pk (Wild Abortive type, CMS-WA). 4£3%%4(Hong Lian

WS EHEA: 2025-02-14; &R BIBER: 2025-07-15,
EEWH: ZHARHESCR R E (ERIE, 202423m10050002); 7K FEF G Q#7550 700 K 2 B8 B SER = TP 4 ¥ Bh 150 B (SDKF-2024-05).



FRAB 5. KRG B TGO — R0 2% 22 b BEAR D Th BEAR1C R TT 2 55 197
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Table 1. Sequence of PCR amplification primers
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IR Gkl [R5 H 2% R
Primer name Primer sequence Target gene Target band size(bp)
WA352-1 F: GTGCTTAAATCACTACAGGAGCG WA352 528
R: CCCTGGAAGCGGTTGATTGA

WA352-2 F: GAGGATTTTGCCTCCCCTCC WA352 604
R: GGTGCAACCTAGCCAAGTCT

WA352-3 F: GCTTACGCTATGGAGAACCCT WA352 93
R: TTCCCCCGTGCTTTCTTGA

Rf4-1 F: CTTTAGTTCAATAATTAGCGATCT Rf4 101
R: TGACATTGGGCTTCACACCA

Rf4-2 F: CTTTAGTTCAATAATTAGCGATCT Rf4 142
R: ACCAGCTAAGCAGCATCCAT

Rf4-3 F: CTTTAGTTCAATAATTAGCGATCT Rf4 267
R: ACTAACGCGTCTTCCATCCT

Actin-1 F: GCTCCTGAGGAACATCCAATTT Actin 117
R: AGCCACATACATTGCTGGTG

Actin-2 F: GGTTTGATTCTTATACCATTGTCCA Actin 115
R: GGGCATCATCACCAGCAAAA

Actin-3 F: GAGGAACATCCAATTTTGCTGA Actin 108

R: CACATACATTGCTGGTGCATT

TSN EE ) DNAUT, BARERAET 0N 1) B0 1)
KRBHLATT, I 600 uL CTAB 22 FHAN BRAE
WEEEACH BT EE . 2)7F 65°C/KIB A HH /K 30~60 min,
WA BN ER KR 3)= i 12000 r/min &0 10
min, WHX 400 pL FiERTHEOE ;s HmA
LRTRM AR, B NEUENRS), T-20°CUKAH %
% 30min VL b5 5)EE 12000 r/min K &0 10 min,
7 EiE: o)A 1 mL 75%2 8%, B FEEER,
B0 B3 DERFERT, A 200 L ddH0,
FIREIG, RET 4°CHKFE T 5 429256 .
1.3 5l4mgit

BT wA352 FEREWEHEFR XA R4 DyRes
FEA IR X IR, DAROKFEN SEER Actin BIORSF
X155, FIH NCBI 3 (https://www.ncbi.nlm.
nih.gov/)ff] Primer-BLAST #tit 1 & 4 HE 19 1
1%, MTEsSRbsdig kHE, &ERLIMF
FIERIE 1.
1.4 PCR ¥ 8 R IFAE PR AR FR K

PL_E R R ELUA KRS DNA AR, 3747 PCR §™
i, H=ME 2%B BRIk 2 2 )5 i T
R G AX 2SR E B . HAR K] PCR & R A4
2 pL 5% Go Taq Flexi Z2M, 0.6 uL MgCI2 #7K (25
mmol/L), 0.8 pL dNTPs, 0.8 uL _E Fi#5|#1(10
umol/L), 0.05 uL Go Tag i, 1.2 pL DNA kg,
4.55 uL ddH,O. ¥ IEFEF: 94 °C F FiAEE 5 min;

94 °C' RN 30s, 58 °CFiBK30s, 72 °CFALf
30s, 34 MEHR: 72 °CREEAH 7 min: 12 °C FA%)
20 min.
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FI, Hrb, 514 WA352-2 11 H 104kt H I il
ToZeti, HAT BN 604 bp, K HAE Ny w4352 %
BRL szl 51 40 (B 1-B)
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AW R B, SRR () R4 A TSI REI 114,
2R, FREREREE. T RERTI
RE Rf4 FIH AEE T ICTHREM rfe 2 8751 25 5 L
X (B 2-A), Bt T =X RERS A S 18 1 51 4 Rf4-
1. Rf4-2. Rf4-3, G55 B = R /KFE S BEAFN I
R DNA, #HT PCR ¥14, 28 FyASIN & L5
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A
1bp WA352-3_-F(442 bp) 1059 bp
WA352-2-F(349 bp)

ATG  wA352-1-F(94 bp) TAG
5} — | >
3’ 5!

WA352-1-R(439 bp)
- WA352-2-R(108 bp)
WA352-3-R(526 bp)
B
PN | WA352-1-FR WA352-2-F/R WA352-3-F/R

2000bp

1000bp
750bp
500bp
250bp
100bp

AR HIHER WA352 L5Isa b, 58T DNA B4 50 | MBHAE A, SITERRFE A5 Lisbs;: B A wA352 51419 1
SR, L AEREFEA; 20 MEREN35; 3 FOMEMRLN; 4 RRERIPS 7B; PN: 514)4; M: DL2000 DNA #7ic,(100~2000 bp).

A, Primer binding sites on the target gene WA352. The numbers in parentheses represent the coordinates of the primers on the genomic sequence, with the first
base at the 5' end of the DNA sequence as the starting point; B, Amplification results of WA352 primers. 1, CMS line Hengfeng A; 2, Restorer line Yinzhan 3; 3,
Hybrid variety Quanyousimiao; 4, Maintainer line Huhan7 B; PN, Primer name; M, DL2000 DNA marker (100-2000 bp).

1 BREE wA3s2 LSS SRR WA3S2 514 B4R

Fig. 1. Schematic diagram of primer binding sites on the target gene WA352 and WA352 primer amplification results

A
1bp 2355 bp
ATG R[B-I_—_]_:(MSS bp) TAG
59 : : 3-
3 5
Rf4-2-R(760 bp)
Rf4-1-R(801 bp)
Rf4-3-R(635 bp)
B

PN Rf4-1-F/R Rf4-2-F/R Rf4-3-F/R

A B R LRSS G, 55 T E T2 Ll DNA 74 503 1 MR s, SIER R AT 5 ERARRR, EIXF R4 B =568 R I 51 9088
KHVAREIR F 3551490 B: RA SIMT 4R 10 AEREFE A 20 IKE RV 35 30 RSMERLE: 4 RFFRIPF 7B; PN 514744; M: DL2000
DNA #rig (100~2000 bp).

A, Primer binding sites on the target gene Rf4. The numbers in parentheses represent the coordinates of the primers on the genomic sequence, with the first base
at the 5' end of the DNA sequence as the starting point. The three specific primers for Rf4 adopt the same F-primer; B, Amplification results of Rf4 primers; 1,
CMS line Hengfeng A; 2, Restorer line Yinzhan 3; 3, Hybrid variety Quanyousimiao; 4, Maintainer line Huhan 7B; PN, Primer name;M, DL2000 DNA marker
(100-2000 bp).

2 BrYEE R LSS ERIR R R4 514 BER

Fig. 2. Schematic diagram of primer binding sites on the target gene Rf4 and Rf4 primer amplification results
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A
1 bp ) Actin-3-F(390 bp) 1725 bp
Actin-2-F(60 bp) -

ATG Actin-1-F(384 bp) TAA
5 : — : 3,
3 s

Actin-1-R(1226 bp)
Actin-2-R(S52bP)\ i 3R (1229 bp)
B

PN Actin-1-F/R

Actin-2-F/R

Actin-3-F/R

A: HIOEER Actin ERIIEEN SRR B, F55 52 0L DNA 741 505 1 ANMBEONEE &, SITER AT 81 ERARKR: B: Actin 51409 455,
I RERMEEA; 22 MWERRE35; 30 JTMEMRLY; 4 REERIE 7B. PN: 5[4#4; M: DL2000 DNA #£it/(100~2000 bp).

A, Primer binding sites on the target gene Rf4. The numbers in parentheses represent the coordinates of the primers on the genomic sequence, with the first base

at the 5' end of the DNA sequence as the starting point; B, Amplification results of Actin primers; 1, CMS line Hengfeng A; 2, Restorer line Yinzhan 3; 3, Hybrid
variety Quanyousimiao; 4, Maintainer line Huhan 7B; PN, Primer name; M, DL2000 DNA marker (100-2000 bp).

B3 BMEE Actin ESIEEMSR Actin 5143 IBEER

Fig. 3. Schematic diagram of primer binding sites on the target gene Actin and amplification results of Actin primers

V) Rf4-3 Refe e Rl th Pk 52 2 R0 4 58 P 4 iy 1Y)
Rf4 FEIH, TMANE RAREE RN TCA I &, 3
Rf4-3 5| WHENRS S PERSIN R4 FEIK, Rf4-3 5|44 14
FrBOR/NA 267 bp, K HAE N Rf4 BRI R 514
(K 2-B).

2.3 KIBASEEA Actin 5 FFRCHTF .

BT R R P EEA S A B R, A H K
BIEW, NTERET DNA JES ) S S
RIWRA, AT TINT WS HE R AT PCR 41
F MR TR A RN B R T /KRG N S 3L K] Actin 1)
TR X T =5 R R Y 914 Actin-1 .
Actin-2. Actin-3(F 3-A). 45 & B A = RKFEALEE
AFIGAZ TR DNA, #E47 PCR 473, 28 skl
RIM=X 5|t el AT 2. E R R
FE RAGAS TR BT P SRR, PRk 3 A B
K/INA 108 bp (51 Actin-3 1F NG SESZE6 1N 2
g1%)(E 3-B).
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R4 FR 255, ik ) WA352-2, Rf4-3.
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YIRS INELR], DL =5 51 PR &4 8= A T
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3. Actin-3 G 11 1. 1201 /1401
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ZZFHf) DNA, #E4T PCR ¥4, k&R ERIM
WA352-2. Rf4-3. Actin-3 FIERILE N 1 14 1 1 54
Wi, AT RPYHEH 604 bp F1 108 bp Fi 2k,
BN I ML R M A SR, KERPH 8 H
267 bp 1 108 bp Py 2k, AREIEM K E FEEIFN Z
B, 25 FhrR g8t 604 bp. 267 bp. 108 bp =
gkitr, ARGRIFI HERT B CIE IR L kAR S DR R P 2 3
R, MR R R Ry 8 108 bp — 4671, 18R L
WS IR, % E ) 2 nT DURSE A BN R 3L
& X X PUR A K FEA RN E 4).
2.5 SI¥EERMK

W14 S 45 FRAIE 52 WA352-2 Rf4-3. Actin-3 ]
RN 140 1 SIS U, NseBlsk
LA, X5 A BRI B3k AT BE— AP AR
oo MRIE 104 1 WS PIELB Ty 38 B A 8] A B
2 ps, $E1:8:4.1:9:3.1:8:8.1:12:
12, 1:10:50 10614 XNFhELH, 256 5 m
ZRKFESLBEARRIZL A F0) DNA, #HT PCR ¥4
K, 45 RRPEIY) WA352-2. Rf4-3. Actin-3 K]
LA 1841 :9: 3MIENT, segtas
EABXRT S8 — MR AS R AR SR B . SRTT, aX
ANBIYNE A EBI R N SR Actin [ HLIK 26T 72



TRA RS KB EFIC = AR AR 2% SR Al A T D RERR L BT A 5

249

PR 1:1:1

I AEREE A; 20 WERMY 35 30 RSHERLYE; 4 REERVS 7B; PR: 514 WA352-2, Rf4-3. Actin-3 ¥ H0fil; M: DL2000 DNA #7ic

(100~2000 bp).

1, CMS line Hengfeng A; 2, Restorer line Yinzhan 3; 3, Hybrid Quanyousimiao; 4, Maintainer line Huhan 7B; PR, Primer ratio of WA352-2, Rf4-3 and Actin-3;

M, DL2000 DNA marker (100-2000 bp).
El4 SIESHPDRIFEER

Fig. 4. Initial screening results of primer combinations

A

PR 1:8:4 1:9:3 1:8:

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

A BWEIMAAHEIRER; B B RSIMAAEIRMER, 1 AEREE A 20 IRE R G 3 55 30 RCHEMRLYE; 4 REFRPE
7B; PR: 5|4 WA352-2: Rf4-3: Actin-3, M-DL2000 DNA F7ic(100-2000 bp).

A, First primer combination ratio optimization results; B, Second primer combination ratio optimization results, 1, CMS line Hengfeng A; 2, Restorer line Yinzhan

3; 3, Hybrid Quanyousimiao; 4, Maintainer line Huhan 7B; PR, Primer ratio of WA352-2, Rf4-3 and Actin-3; M, DL2000 DNA marker (100-2000 bp).

5 SIMEEHITEMMLER

Fig. 5. Optimization results of primer combinations
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10:4,1:10:3.1:6:2.1:11:3.2:13 4,
2015 07 NMEIIAA G, ks T PCR §14
K, 45551 WA352-2. Rf4-3. Actin-3 F

PRFEEA 1 D11 3 F12 13 240, AIULEAT R
R 604 bp A1 108 bp B4k, KE R
t 267 bp F1 108 bp i k17, A2l 14 H 604 bp.
267bp. 108bp =2k, MiRHFRH Ry 14 H 108 bp
—4y, HRIEW . SERE, fFETUHE 5-B).
54%) WA352-2 : Rf4-3 : Actin-3=1 : 11 : 3 X—4H&
R T 2013 0 4, BE, KFRELH
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A M 1 2 3 4 5 6 7 M B M 8 9 1011 12 13 14 M

2000 bp
1000 bp
750 bp

500 bp
250 bp
100 bp

C M 15 16 17 18 19 20 21 M M 22 23 24 25 26 27 28 M

2000 bp
1000 bp

750 bp
500 bp
250 bp
100 bp

Ar DR ZOKTEHE AL DNA B, 3KIE 10 4R 43 5 20 B 97125 3: SRl 40 SEFHN: S:R2117; 6: SR44T; 70 BRAW: B: UAER
IKFEIEIF ] DNA 9B, Fodr, 3KIE 8: 183 As 9: I 7A; 10: AR A5 11 FE As W5 12, BIKAs %5 13, 1F A 405 14, |7 8A;
C: DAAASHUKREREN AL DNA NBH L P okiEg S 15, 25704 5 16 2N 17: HIRERLW; 18 AMmLN: 19: JERLw: 20
FL 1105 210 2R, D: WUEHUKAEEE R4 DNA B, Jorh, 3Kkid 22, A8 115 23: JTRERE 4 %55 240 &K 498; 25: HAHS; 26: 9311;
27: & 65; 28: FEL 11;24: &K 498 A E & ; M: DL2000 DNA Marker (100-2000 bp).

A, Using genomic DNA from restorer line rice as the template. Lane 1, Yizhan 3; Lane 2, Yuehui 9712; Lane 3, Yuezhan; Lane 4, Meixiangxinzhan; Lane 5,
R2117; Lane 6, Lvsimiao; Lane 7, Yuehesimiao; B: Using genomic DNA from CMS line rice as the template. Lane 8 is Hengfeng A ; Lane 9, Huhan7A; Lane
10, Longtefu A; Lane 11, Hefeng A; Lane 12, Mingtai A; Lane 13,WufengA; Lane 14, Guang8A; C, Using genomic DNA from hybrid rice as the template, lane
Lane 15, Quanguangyou 4; Lane 16, Quanyousimiao; Lane 17, Shenyouyuehesimiao; Lane 18, Wuyoujingsimiao; Lane 19, Yiyouyuehesimiao; Lane 20, Zhuyou
110; Lane 21, Quanzaoyousimiao; D, Using genomic DNA from conventional rice as the template, Lane 22 is Zhonghuall; Lane 23, Guangluai4; Lane 24,
Shuhui498; Lane 25, Nipponbare; Lane 26, 9311; Lane 27, Taizhong 65; Lane 28, Nanjing 11, where Shuhui 498 is the restorer line, M, DL2000 DNA marker
(100-2000 bp).

El6 WRA-F/R 5|#7EREIKFEM L RO HEIE R

Fig. 6. Amplification results of WRA-F/R primers in different rice materials

WA352-2 : Rf4-3 © Actin-3=1 : 11 : 3 HI5I¥4E1E

R K FEEF O = BRI AQBREA RS M Thee s 3 T 54518

Fhaid, FEEZSI A G4 WRA-F/R,

2.6 WRA-F/R 3|4H938F Bl AR 1S W 38 R T R k2>
N T PIAUE WRA-FR SIVIRISEHIVERISE B s T AR A K A8 P B R P 2 R 2 4 &

RIGHERTE, FIH WRA-F/R 517050 28 p P = SCm B, Xt 2R 500 1 3 DAk DGy F 95 () 2

FOKMEBEARMIZR A AR ELZEAT PCR 19K, 45 40, F 2430 KRERE & Yy, HL DL Sk = A

REIR 28 f/KAEAE AN A SRR AT 58, S5P0W SuRsE R EA BRI, g T FRE

& R eva, AT KK WRA-FR 5| I R B L. SR, ZKAB A S Fh (1) 44 B g
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EEPHINH LA AL Y her I AN B AL BAS U N 2. H A,

BEJ, AT IEZAR I SE I, AR %osE = ROKHRE 458 Ml B 1) 7 5k 3 A (] N X
Wi AL e B PR 7 3 B O = FROKRB AR S MPRE #L A P e vE . AR KA DNA 2 FArid %5
#2 BHATAEE Y% E, WRA-F/R FRic k6 ilgh B0, %%, H DNA 7 FAsid 224 RFLP. AFLP.
TERE # 1 FIURE a2 A SRl o 4 AN EZRAS R 460 RAPD. SCAR. SSR %2021, (U HF 7L 4iiE , RAPD+
ERFRAEE RN 95.8%, MIATFAEZANE GB SCAR F1SSR Z2 £ Flibric 24 0] T ke 7K g 458 Fol
4404.1-2024 FOKFERASFPCRHAFRE R 97% 4l fF J 1Sk R22-241, AT 57 DLBF IR = B /KR8 AL B
AEREEER . 285 Rk —PIESE T WRA-FR #8310 RFIZRASFNTF B, 75 WA352 3R KRR X 55,
FESERRR I A A R, BERE RS RIZERESE R R4 B D) RE B A Bt X I g 2 0 514, i
AL HER EL TSR TR, AT R S\ Whidk LA I0E, 45 WRA-F/R 5|40]
PR SS e SR A I SRR (B 7). PATEAS TR b 2 /KR H e S PR 18 H 3 i L 2 1
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#2

A: BEFRVKIENS BI(K) DNA SR EFES 1 B S BRI 192 BREETHIK —Frs B: 346 UKIEXS RK) DNA S35 FAE i 2 BEHLIERT 192 BRATFE9—

#k; M: DL2000 DNA #xic. (100~2000 bp)-.

A, DNA profile of Sample #1, with each lane corresponding to DNA extracted from one of 192 randomly selected rice seedlings post-nursery cultivation. B, DNA
profile of Sample #2, with each lane corresponding to DNA extracted from one of 192 randomly selected rice seedlings. M, DL2000 DNA marker (100-2000 bp).

El7 WRA-F/R 5433 BF B = Rk FE AR S FohAse G ) R R T R M AR AR FR A AR 45

Fig. 7. Detection results of WRA-F/R primers on single-plant agarose gel electrophoresis of the wild-abortive three-line hybrid

rice samples
S, WIREBEMALE, BEIE R EUHEX 43
HEFWH=RPRAT R WME R, REERUIIE
AR DRI AERARL, RIS 28 4 1l % Wi
IKFE LA Z G VI HEAT I, R IR S, RAaE TG
. BEfE, FIFH WRA-F/R 59555 i 4 BF I 24 /K e
IRASSRIRE A AT AL RE S, AR BN HRENE A RIX
Iy ARACTPRISE AL R R, I 4 ol A 4 B2 1) H
1. BRI, ABEFEIT R M5 14 e BN =
FRIKFEARAFNELSE, R — P RIE . HERIBARTBL,
MR E R LA T KSR, AR EERR
WEAT R F A

FURT,  HH A DR 265 T8 124702 46 R 28 A8 il
FEREM MR 2Tk —, ZIhERAET
FEPR IR R AL BEAT S S5 VP, TEik EAR R e
PRIVEEAITYAE S, S BUESEFRN ] HhxE BLX 725 2%
KA BOL R AN EL R, T2 TR LR IE T DNA
T AP AFEARIEIBEAT R, ELH S 7k
(I BE AT 22 5, 2 A Pl P 46 v S I SE D HE A )
RHERsY Rk, HE/MXFES DNA 2 7 Aric i
ARGEARGHAT B, P S 5 n] At — D4R i 28 A T
a5 TS T B USRI AR PR, e Ah, AHEFEIT
R EIFRICEE R B O = ROK AR 2 S R A A 40
X FHARAE R, oG RMENSE, B5F
HEEA B R SEORAE ZAR, BtiZisd
HAEH . BT RGN ERNERNE RIERERT
JKHE B Al N A O A0 B B eV E A B 2R, (HH

HI 9 A 5 Hh P 1 2 S o 400 58 285 5 (1 T e 2k A
pRic, BEk, AHE TR HAR = R AR ThRE

PIbmieF R4t T BRI BB ASE ., Kok, HEE
7D EEBOR KA D RS, A 7> FhRid
BN E B BRSSP R S HHERE L
EE AR SETH AN B IR P AR S U R
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W B BEE RO R E B KR T &
(A R A AN 52

AR L R 1B CHEKRERZE)
I 3t (http:// www.ricesci.cn).
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