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Table 1 SSSLs( single segment substitution lines) and HJX74 of rice in the experiment
Rt Bk 2
BB 5% REH A s Ko *i
SSSL Code  Chromosome whstitution Donor Ecotype Origin
segments
W22-04-10-04-03-02 s1 1 RA Khazar i fe FPER
W22-04-10-04-02-04-01 2
W11-15-08-03-01 S3 Basmati370 A (R 58]
W11-15-08-01-08 S4
W18-18-08-29 S5 IRAT261 Y e Je HFE
W18-18-08-05-07 S6
W18-18-07-06-18 s7
W18-18-08-04 S8
HJX74 WO 1,10 Rf3, R4 Rl eHE|
W14-16-03-13-02 S9 10 Rf4 B4k 33 il LS|
W14-18-02-04-01 S10
W02-08-03-01-02 S11 Amol 3 ( Sona) Rl B
W02-08-03-01-11-03 S12
W24-42-46-04-03-10 S13 Star bonnet 99 iz S|
W24-4246-08-01-06 S14
W24 42-46-08-08-03-06-04-07 S15
W11-09-02-03-08-08-01 S16 Basmati370 Al RS pE)
W11-09-02-07-02-03-01 s17
W20-10-01-02-02 S18 K K HUFE i
W20-02-04-07 S19
W20-19-01-10 $20
W23-07-06-08-02-04 $21 Lemont AR EqEs|
W23-07-06-08-07 S22
W23-19-06-06-11 823
W23-07-06-01-09 S24

PRI Z A R IR (K 4) , SSSL S9 Fil SSSL S10 K Fi
th 33. 9% F1 50. 7% V- B 4E 8 F/NE T 1R, FEKSE T
IR R o R8s —2  1E RfA FL[R R Rf4-1 S5 5
SRS BE PR R v [ (4 Rl e ot b IR 8 33, SSSL
S11 il SSSL S12 FFLH 5 HIX74 HHAAIRE T, A
58. 6% 1 81. 4% V- Y488y F/NER T VR R 43 S o —
X A RA-2 SEALEED | LR A RO UE T O T Y
HIAE S Fh Amol3 (Sona) , SSSL S13,SSSL S14 Fl SSSL
S15 FIH 64. 1% F1 88. 1% - 1685 F/NEE T P 9k
X537 R = 2RI TIAKF  H5a Rfa-3 SRR K
AL TR R R T 36 [ B9 A A 5 FR Starbonnet99 , SSSL
S16 - SSSL S24 K 71. 2% F11 88. 0% -4 16453 F1 /)N

RER T R o> BB U2 TR RA BRI b 4l
R4 Z5 5 FE PR LR I B RO R T B2 R Hr 3 P Rl e ot
Fift Basmati3 70 H ] (14 il R it ol ke 7K o oK S ] 1Y
FEFE &H AP Lemont

AL AE HIX74 #5407 R4 S50 FE N 50 R, R3 3
PRUAE 53 A6 3 AN S5 3L P, 1k 52 7 #h 55 31 5 AR IRl
Rf3-1, Rf3-2 I Rf3-3; [FI#F, 76 HIXT74 #5417 R3 K52 Kk
AR, R4 FER R 4 AR KR T
SSFNSRMRYCH RfA-1, RA2, RA4-3 FIRMA4, KB 1 68
R 1% 1,-KI R G878 T Rf3 Fl REA KPR A A7
F 555 2105 199 58 57 35 PR FRARRAE
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Table 2 Primer sequences of the SSR markers for the Rf3 and Rf4 genes detection

H'5  FRic B gk fir 5191751 275 3k
Code  Marker LinkedRf gene Chromosome Position/cM Primer sequence (5'-3") Reference
1 RM220 Rf3 1 24.7 F: ggaaggtaactgtttccaac McCouch %121
R: gaaatgctteccacatgtet
2 PSM348-R/3 28.9 F: gatgaggttaggttggtecc
R: gtagaatcaactcgagegge
3 PSM354 30.5 F: acaagctaaggtagtgtccatg
R: cattttacctcaggetettca
4 PSM25599 R4 10 49.5 F: cetgeagtactegeggaagagg
R: ggacgaacaccagtaggatctcagg
5 RM304-Rf4 53.5 F: gatagggagctgaaggagatg McCouch 42!
R tcaaaccggcacatataagac
6 RM6100 56.5 F: tectetaccagtacegeace McCouch %21
R: getggatcacagateattge

IE: S PSM 51l AR Al KA A 40 7 B R B SR
Note: ¥ PSM primers were previous designed by the State Key Laboratory for Conservation and Utilization of Subtropical Agro-bioresources, South China
Agricultural University.

x3 HMEEERS HEGMESK
Table 3 Allelic differentiations of the Rf3 loci / %

F, 24 BRAE 2006 4F 2 2007 4EMEZE LN /B E M
Average pollen fertility and seed setting of F| plants in the late season of 2006 and 2007

ez g BB R 7ZsA/SSSLs HnA/SSSLs Average
Alleles SSSLs
M E M IR wraE N 1w aE b N
Pollen Seed set Pollen Seed set Pollen Seed set
fertility percent fertility percent fertility percent
Rf3-1 S1 7.2 +1.6a 15.5 £0. 8a 1.3 +£0. 6a 12.4 £0. 6a 4.3 14.0
S2 9.9+1.6a 18.8 £1.4a 1.7 £0. 5a 13.3 £0. 8a 5.8 16. 1
Average 8.6 17.2 1.5 12.9 5.1 15.1
Rf3-2 S3 18.4 +2.9b 33.6 +1.6b 1.3 +0.3a 17.4 £0.9b 9.9 25.5
S4 19.4 + 2.8b 34.0+2.1b 2.2 +0.6a 18.4 +1.2b 10.8 26.2
Average 18.9 33.8 1.8 17.9 10. 4 25.9
Rf3-3 S5 56.0+ 1. 1c¢ 72.7 £1.0c¢ 38.6 +1.2b 54.4 £1.2¢ 47.3 63.6
S6 56.1 2. 8c 73.2 +1.9¢ 38.3+2.0b 55.7 £1. 3¢ 47.4 64.5
S7 56.8 £1.4c 73.7 £0.9¢ 38.4+1.7b 53.5+1.7¢ 47.6 63.6
S8 57.1+1.7¢ 72.9 +1.0c 38.2+2.2b 54.9 £1.4c¢ 47.7 63.9
Average 56.5 73.0 38.4 54.6 47.5 63.8
HJX74 (CK) 64.3+ 1.9b 81.0+1.4b 49.8 +0.9b 74.5 £1.5a 57.1 77.8

T /NG FHERR 0.05 KPS, Tl

Note ; Small letters in the table show significant difference at 0. 05 level. The same as below.
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Table 4 Allelic differentiations of the Rf4 loci /%
F, ZeFBRAE 2006 4F 2 2007 4FIEF LR VI IE
Average pollen fertility and seed setting of F| plants in the late season of 2006 and 2007
E e S| R B R ZsA/SSSLs HnA/SSSLs Average
Alleles SSSLs
B H M /NEEE era INEEE Pi%yia=R NEEF
Pollen Seed set Pollen Seed set Pollen Seed set
fertility percent fertility percent fertility percent

Rf4-1 S9 40.1+ 1.5a 48.5 +1.0a 23.5+ 0.6a 49.3 +1.0a 31.8 48.9

S10 43.8 £0.3a 51.1+1.2a 27.8+2.1a 53.7+1.1a 35.8 52.4

average 42.0 49.8 25.7 51.5 33.9 50.7

R-2 HJX74 (CK) 64.3+ 1.9b 81.0+1.4b 49.8 £0.9b 74.5 £1.5a 57.1 77.8

S11 65.2 £0.9b 81.3+£0.7b 53.4+1.6b 79.8 £0.8b 59.3 80.6

S12 64.7 +1.4b 82.1+0.7b 52.4+1.9b 80.6 +0.8b 58.6 81.4

Average 64.7 81.5 49.9 75 57.3 78.2

RA-3 S13 69.3 £1.5¢ 86.9 x1.1cd 58.7+1.8¢ 90.3 £0.7cde 64 88.6

S14 70.2 £2.6¢ 86.5+0.7¢ 58.3+1.3¢ 89.9 +£0.7cde 64.3 88.2

S15 69.6 +£1.8¢ 86.3 £0.7¢ 58.5+1.5¢ 88.8 £0.5cde 64.1 87.6

Average 69.7 86.6 58.5 89.7 64.1 88.1

RA4 S16 77.8 £1.3d 90.9 £0.9d 67.5 +2.0def 87.6 +1.0¢ 72.7 89.3

S17 77.6 £1.5d 92.0+0.6d 66.1 +1.7def 88.1 +0.8cd 71.9 90.1

S18 76.3 £2.4d 88.5 +£0.8cd 68.8 +£0.8f 93.1+0.4e 72.6 90.8

S19 76.1 +1.6d 88.8 £0.7cd 67.4 +1.3def 92.2 £0.4de 71.8 90.5

S20 75.4 £2.7d 88.7 £0.6¢cd 68.4 £1.4ef 91.6 £0.7cde 71.9 90.2

S21 76.8 £1.5d 89.0 +£0.7cd 64.8 1. ldef 81.7+1.2b 70.8 85.4

322 76.0 £2.7d 89.3 £1.3cd 63.8 x1.6d 81.3+1.2b 69.9 85.3

S23 76.0 £1.6d 90.5 +1.0cd 63.6+1.8d 80.0 +0.8b 69.8 85.3

S24 75.6 £2.1d 89.8 £0.7cd 64.0 +£1.7de 80.8 +0.9b 69.8 85.3

Average 76.4 89.7 66.0 86.3 71.2 88.0

2.3 Rf3 # RfA EAEER RGN
TS B Ut & rh 8 SORA HIXT74 AUHE— M
RURANER, 73 A —A7 s ATh o HIXT74 B9 52 56
B B U RS PR E HE . R 4 /TR
W HIXT74 3705 PR 52 JE K R SAIAEAE I ST AE M &
PR IR E 80 2 /DR 34% , A SSSL S9 Al SSSL
S10 HREALFX A E F1 7K, BIH#E71 B Tk 2 fE
CE N BRI LR XEAE R B R N R 0,
H T INMERLN , HIX74 #5447 1K 52 FE R R4 SRl A7 7E
BEXSAEH B IR Z R 200 5% (% 3) ., HI,
TE HIX74 WG HE I RA 5 50T, R3-1,Rf3-2 Fl R3-3
(RBAL RN 70500 0,5% F142% 5 4E HIXT74 P95 HL A
RP3 MAETS BT RA-1,RA2  RA-3 I RA-4 HyisiE5%

MY 0,23% ,30% F137%
2.4 WA-CMS 1 Y-CMS =& 05 L3

24 4~ SSSLs #il HIX74 5 KRE & ZsA Fl HnA 2%
L F, AR AL RN ) I EX TAE
2 ZsA 3R 50. 2% Fl 64. 1% (£5) , Xt FAE &
HnA 73514 36. 5% 1 57. 8% , L1 WA-CMS 1]
W MEAF T Y-CMS, #574F R3 S [A JA 1% SSSLs FI
HIX74 7 30. 0% 1 45. 7% W46 Ky RN F 1,
MiHEHF R4 L R 88 A9 SSSLs 1 HIX74 57 MY 56. 6%
F176. 3% BIAER R/ NEEE P, R HEAT R3 56 [ g
Hr1Y) SSSLs YK TR T4 R4 FE PR HEA 1Y) SSSLs K
277,
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A HIXT4(RABRAB/RARMA) ;B #EH7 H R RB3RAB-3/RA2RMA2 Hikk; C.#5H7 B RAB2RB-2/RA-2RMA-2 IR ; D #4H HLHHI Rf3-
LRA3-1/RA-2RA-2 fitk; . #EH7 H N RBARS3-4/RA-ARMA Hitk; F.#H5ILNIY RBARB4/RA-3RA-3 AR G 5 S B RB-4R3-4/
RA-2RMA-2 flkE; H. #5H 5L R RB-4R3-4/RA-1RMA-1 itk
Explanation: A : HIX74 (RBRA/RARMA) ; B:A-lines/SSSLs (RB-3RA-3/RA-2RA-2) ; C:A-lines /SSSLs (RB-2RA-2/RA2RA-2) ; D: A-lines/
SSSLs (RA-1RAB-1/RA-2RMA-2) ; E:A-lines /SSSLs ( RB-4RA4/RA-4RA4) ; F: A-lines/SSSLs ( RB-4Rf3-4/RA-3RfA-3) ; G A-lines/SSSLs
(RB-ARB-4/RA-2RA-2) ; H:A-lines/SSSLs (RB-4RA-4/RA-1RfA-1).

E1 HIX74 1 F1 ZF@EREHH 2-KI 6
Fig.1 I2-KI stainability of pollen grains of HJX74 and the F, plants ( A-lines/SSSLs) with the different Rf genes

£ 5 WA-CMS #1 Y-CMS Ak &1L &

Table 5 Restorability comparison of WA-CMS and Y-CMS /%
5T RI3 G B 1) B B R 5T R4 FER R 1Y) 5 )y B R -2
SSSL with Rf3 locus SSSL with Rf4 locus Average
Eikey
Cross B EE INEEE B EE NEEE W F NEEF
Pollen Seed set Pollen Seed set Pollen Seed Set
fertility percent fertility percent fertility percent
ZA/SSSL, HJX74 37.1 51.3 63.2 76.9 50.2 64.1
HA/SSSL, HJX74 22.9 40.0 50.0 75.6 36.5 57.8
SEF4 Average 30.0 45.7 56.6 76.3 43.4 61.0
TRMEBEFT QTL FIMER PN Y B BefRie R B A
A ‘ N, 0 — N 57,
3 g A Be G 2 SRR A e B W 5t 5 2 MoRA

FEARAED | LAY 3% 0 P 33 Ay Rl A 50 bk
FH (QTL) A5 B AW B IT, IF A2 #E T MAS ==
W= RE ORI B RV NI B (= =4 0p- A T S
QTL Z [AI Y AH BT, AA AL 15 55— BN A 2

S B0 XU X B Y QTL #EAT 40 i igt 4% 75 5
TUARN A RT QTL M2, A2 35 I 5 Fr BL
PRI R AR 2 QTL #EAT T %58 TS 40 E 37, I 5
B T — St E MR A QTL, R, 5 5 BefUit 22 2 kAT
BEFAMHT R QTL ST BAE A L7118 Teng
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LRSI AE HIXT4 3550, KR AR K i 3 A
W FEHAFTE S AN LA S5 BT s, Wa-t, Wa-gl,
Wa-g2 il Wa-g3, T4 5 BT I hy 5K A 3= b
R ANHERR Sy S BRI R 22 FE M st AR sl DL Z 3 st i%
T, AL, fE HIX74 5 F I E LK RA Al
R FEHFEAT N AFHE 3 A4 AL N AR S i 55
FIERMK K Ay 44 A R3-1.RAB2.RAB-3 A1 Rf4-1 Rfd-2 .
RAA-3 | \RfA4, HIXT74 WE A RLSN RBRA/RARMA , R3
HI R BRAFAE RS SR AL RN 4390 R 34% 1 5% , T4
3 FIZ 4 Won HIX74 HA 57.1% F77. 8% 1883 Fl/I
FEE R, o7 LLAED HIXT74 b, BR TR 2 3K R M
R NOZIBATAE A B sk 5L i ELx & HE i
EWEVEVE . R B 5g 56 09 )5 ik, v] UG &5 f
XL AT PEAN ] (0 R 5 A A S R B R
TR S S E R B 2 B W Y

FEREYI A R v A0 M T 1 AN B AR &R
SN (RF) &R A, W1 R 3 X ( RY) 3 A5 45 P 1)
o R B R E RIFTHE, Luo %57 ) 7o ke T 8
VSR 240 it S5 A S B L TR WA3S2, 378 T WA352 78
B 1 R b A DR 20 A TR B AN R AR I 4 AL
FRFIAS [ 1K 52 e R F WA352 (94RO 2%, F SCH
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Allelic Differentiations of the Rf3 and Rf4 Genes on Fertility Restoration in
Rice with Wild Abortive and Y Type Cytoplasmic Male Sterility

CAI Jian'?, LAN Wei', LIAO Qiu-ping’, MA Tong-fu'
('School of Life Science, Fu Yang Teachers College, Fuyang, Anhui 236041;
2The State Key Laboratory for Conservation and Utilization of Subtropical Agro-bioresources

South China Agricultural University, Guangzhou, Guangdong 510642)

Abstract: To detect the naturally occurring allelic variation at the fertility restorer ( Rf) loci on chromosomes 1 (Rf3)
and 10 (Rf4), eight SSSLs carrying Rf3 locus, sixteen SSSLs possessing Rf4 locus and HJX74 were crossed to two GMS
lines ( A-lines), such as Zhenshan97A (ZsA, WA) and Y-HuanongA (HnA, Y), respectively, the F, plants,
carrying the genotype Rf3rf3/Rf4rf4, were selected by marker-assisted selection, and their phenotype for pollen and
spikelet fertility were evaluated. The results were as follows. (1) There were much differences in restoring abilities
among the twenty-four SSSLs and HJX74. The restoration abilities of SSSLs carrying Rf3 locus were weaker than that of
SSSLs with Rf4 locus and HJX74. SSSL S6 carrying Rf3 locus exhibited 7. 2% (15.5% ) and 1.3% (12.4% ) pollen
(spikelet) fertility of F, plants and possessed the weakest restoring ability to WA-CMS and Y-CMS. Out of sixteen
SSSLs with Rf4 locus, high levels of pollen fertility ( >70% ) and spikelet fertility ( >85% ) were observed in the
crosses of A-lines/SSSLs S14-S18 and SSSL S20, which showed stronger restorer ability to WA-CMS and Y-CMS. (2)
Based on the pollen and seed fertility of the F, hybrids, the Rf3 and Rf4 genes were classified respectively into four
alleles, namely Rf3-1, Rf3-2, Rf3-3 and Rf34 for Rf3, and Rf4-1, Rf4-2, Rf4-3 and Rf4-4 for Rf4. HJX74 carried the
genotype RfBRf3/RfARf4and showed that the effect of Rf3 was larger than that of Rf4. (3) In inheritance background of
HJX74, WA-CMS was restored more easily than Y-CMS.
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