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W OFE: LL129AE MR CELER S ANERESRORT 4 ANEFAERRD M, BEFL T Ogura CMS 4% &
VRS HE D orf687 (Rfo) [R53AG . XF orf687 JEEF 8445 LW, KR % bAN, orf687 HIRBU 2
ST RWKKL b (83 17, 89.16%) BKY/NE b (28 £, 85.71%). B b (6 17, 100%). FKH
b1y, 100%) FAEFAEE b (10 7, 70%) Ho RIKEKD ML bdFh 95.45%EH orf687, =i
T A% MIGEE N o dt—5 R PCR-RFLP X orf687 HI3E R B HEAT 46 58 R I, A TR ThRE 56 R B Crfir)
RS MRRT LR, N 57.14%, HIRRRIFRKE N (47.13%) AN b (37.50%). 1F
RWAKKE Mo, 208 MR rfif SR BL IR A 76.19%, m T HE b (41.67%) FIZEE N (23.53%).
FERI N0 EAS B AR E R AR it BRI B AR B R R ThRE, ATTENIRRE R, H
THEEAE RNEE . RGNS MEEARE RIEE IR HRMEES.
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Distribution of orf687, a Fertility Restorer Gene for Ogura CMS in Radish
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Abstract: The distribution of 0orf687 (Rfo), a fertility restorer gene of Ogura CMS, was investigated
in 129 radish cultivars, including 5 cultivated species and 4 wild species. Our results showed that orf687
was widely distributed in East Asian big radish (89.16%), European small radish (85.71%), black radish

(100%), pod radish (100%) and wild radish (70%) . Among East Asian big radish, 95.45% of the
red-skinned radish contained orf687, which was higher than that of white radish and green radish. In
addition, genotype identification of orf687 by PCR-RFLP showed that the ratio of double recessive
genotype (rfrf) without restoring ability was the highest in wild radish (57.14%), followed by East Asia
big radish (47.13%) and European small radish (37.50%) . Moreover, in East Asian big radish, the
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ratio of red-skinned varieties with rfif genotype was 76.19%, higher than that of white radish (41.67%)
and green radish (23.53%) . The results clarified the Rfo genotypes of different radish varieties, and will
provide guidance for the breeding and utilization of male sterile lines.
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HEMEAE RMALAFEMA LS MRIHAFRAMHA T EFR. 5AAEMAMI, Mt
ANEZAEWANHENE, — T RS R A IAE, & MRHEFFE MR, Mg fk
HE, KHEEAE AR diMEAZEEYEAE  (Nuclear male sterility, NMS) A4 EMEA G
(Cytoplasmic male sterility, CMS). HI-T = FJEE A, CMS H NMS BEAH] T 23811
A 77, RS N BAERIZ N BRI S L R I T AN RIS R MRS B 45, W Oguras,
& 1t# 48A. UK-1. Kosena. NWB. DCGMS % (Ogura, 1968; filJafF %5, 1981; Ikegaya, 1986a,
1986b; Nahmetal., 2005; Leeetal., 2008) . H:H1, Ogura CMS & H Hif N H 52 HIHEMEA & 41
M. Moy T 7KF Bk, Ogura CMS HIZRIAREER orf138 5IH#E (Grelon etal., 1994; Krishnasamy
& Makaroff, 1994), ZAE VAT ALK E IR (RO WE, FHOERKIME b (Nieuwhof, 1990).
HEE b (Yamagishi, 1998; 5K %%, 1999) K HAZS b (Yamagishi, 1998) fFhH &I | Rf
R, 2 Ja 3 MFFNAEI T Ogura CMS B R E IE Rfo Corf687), 1%3E R gnh— ML & 687
MNRAIEIR ) PPR 251 (Pentatricopeptide repeat proteins) (Brown et al., 2003; Desloire et al., 2003;
Koizuka etal., 2003). ZERFHIUIFEEY], 5EAEHEKE IR ORF687 ML, HAFMHKE
IIfEM) ORF687 HE A& 4 MFRMEILER (Koizuka et al., 2003), £+ 118 (Asn/Thr) £ ¥ k(¥
REMR S B EWR IR % (Imai et al., 2002). Yasumoto %5 (2008a, 2008b) RIEAH RAIKE
A Rfo FEH 1751 2 5 I8 & T PCR-RFLP #Ric, 3 FH THF Fo Wk R L RI7E H RSP 35 b 0 A AR

ARHFF LR T 19 ANMEKR) 129 N MM, BT orf687 1% N EmF A0,
HXTEA orf687 3738 1y B RIEAT RFLP 73T LLSSTE orf687 MR Y, X —HFFLEE FnT s bk
PEARE R POE R & SR AR AR

L bR

L1 ik

PL 129 AN N AR, BLFE 5 ANIREGAIAT 4 NEF AR, A AR KK R b (Raphanus sativus
var. hortensis Becker) 83 i, MKM/NEE N (R. sativus var. sativus) 28 iy, S35 N (R. sativus var. niger
Kerner)6 43, HELE N (R. sativus var. oleiformis Metzg) 1 47, SEF S~ (R. sativus var. caudatus Hooker
& Anderson)1 177 BYAEEE | 10 f3, 3G 2 BRINET 2 N (R. raphanistrum), 3 432 N (R. maritimus)
1 U3FE%E N (R landra) A1 4 U3 ZREEFBE N (R. sativus var. raphanistroides). 83 V3 ZR KK E MMuts
I8 N 43 4y, 2085 SRR 22 4, ZREE N SRR 18 4o APRERVE T A6 5T AR AR 7 Bt gk S it AT
O PR BEUR 02016 4F 12 15 HAGPPRHE R T- 05 T RMRH B g it 7 b O U R IR =,
2017 £ 2 A 15 H U ATl .
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F1 HRER. TERZHRM R ZEER
Table 1 List of plant materials used in this study and their primary agricultural traits, Rfo genotype
e ki RERS e e Mk RAS gy RE
Type Origin Accession Cultivar name Root shape Exterior color - Color of Fertility 2N
No. of root flesh Genotype
RIKEKE b A 1 P+ 40 days KR H: Long cylindrical 4 White H White F RIRf
Raphanus China 2 2 fh Yanzhong Round 1 White 1 White F Rfif
sativus var. 3 ¥ Eryingzi K [#: Long cylindrical 1 White | White F* fif
hortensis 4 HAEE 9% b White radish K[ # Long cylindrical [ White 1 White F Rfif
Becker from North Korea
(East Asian 5 JPE 5 /K Guangxi Maer K4 Long cylindrical [ White 4 White F RIRf
big long 6 #8451 Edanbai | Round 1 White 1 White F —
radish) 7 FREBFEE b Chendu Reluobo  #H [ #ETE Short conical [ White 1 White F Rfif
8 W EE b Manyuanhua %5 [E HEJE Short conical 1 White H White F Rfif
9 PRI Heiyezi Round [ White  White F* rfif
10 # A% Chunbulao [ Round 4 White H White F* fif
11 L H Xiangyabai K[ #: Long cylindrical [ White 1 White F Rfif
12 S 13 Duanye 13 K4 Long cylindrical [ White 4 White F RIRf
13 A Yuanbai Round 1 White 1 White F Rfif
14 H 1 40 K Xiakang 40 days K [##F Long cylindrical [ White 4 White F Rfrf
15 JLJTE b Jiujin Luobo K[ # Long cylindrical [ White 1 White F Rfif
16 1 L 4T Paolihong KAHEJE Long conical 4T Red 1 White F Rfif
17 /K3 | Shuiluobo KAHETE Long conical ~ # Pink H White F* rfif
18 — /4L Yidianhong K& ¥ Long cylindrical 4L - A A White F* rfif
Red-white
19 9 & 4. Manshenhong K[ # Long cylindrical 41 Red 1 White F* rfif
20 AEAS4L Yanzhihong JE A HETE Short conical 4T Red 4 White F Rfif
21 Z¢ 041 Chuanxinhong KHETE Long conical 4T Red | White F Rfif
22 21 2 5 Hongfeng 2 [ Round 2T Red 1 White F Rfif
23 4 K4 Nongdahong [ Round 21 Red  White F* rfif
24 Fit%% b Wuying Luobo 5 [A#EJ% Short conical 4T Red 1 White F rfif
25 K4 % b Changhong Luobo  JZ[54EJ¥ Short conical 4T Red 1 White F* rfrf
26 P94k % | Siying Shuiluobo 47 [A#EJE Short conical 41 Red 1 White F* rfif
27 7% /K% b Jialu Shiluobo  fiZ[&4EJ% Short conical 4L Red 4 White F —
28 €% N Yanghua Luobo [ Round 4T Red 4 White F* fif
29 X7K# N Gangshui Luobo H [/ 4T Short conical £ Red 4 White F* rfif
30 501 K2 K 501 Shuiluobo JE A HET Short conical 4 Red 4 White F* fif
31 % 2241 Miyunhong Round 71 Red 1 White F* rfif
32 RIRaAH Round 41 Red 4 White F* fif
Dongsheng Dahongpao
33 bRt R [ Round 41 Red 9 White F* fif
Beijing Dahongpao
34 711141 Fangshanhong Round 71 Red 1 White F* rfif
35 VLFFA% Jiangsu Wuying Round 2T Red 1 White F* rfrf
36 RN AL Round 1. Red 4 White F* rfif
Jinzhou Wujinhong
37 5% Guoguang %A #E Short cylindrical %k Green %t Green F* rfif
38 # bl ife Qingyuancui fH R4 Short cylindrical %% Green % Green F Rfif
39 S VEH B | Jixi Qingluobo K [R#: Long cylindrical %k Green %% Green F —
40 “Fi# b Pingliang Luobo K| #F Long cylindrical %¢ - A %t Green F* rfif
Green-white
41 hEERS b KB Long cylindrical %% Green 4% Green F Rfrf
Zhongwei Banchunluobo
42 FHREERE KB4+ Long cylindrical %% - H %% Green F° rfif
Dandong Lutouging Green-white
43 LHEEY b K #: Long cylindrical %% - (4 4% Green F Rfif
Mazhuang Qingluobo Green-white
44 7 Wanwanging K[ ¥ Long cylindrical %% Green %k Green F Rfif
45 k¥ Qingtoushaguan 5[4 Short cylindrical %% - H %t Green F* rfif
Green-white
46 FE%4 Saili [ A Short cylindrical %% Green %% Green F Rfif
47 H W7 Xinuoging # A4 Short cylindrical %k Green %k Green F Rfif
48 2 %5 Yanqing 2 JE A Short cylindrical %k Green %t Green F Rfif
49 1% 41 Mantanghong [ Round %% Green ZLRed F RIRf
50 2% Cuilii %6 [# 4 Short cylindrical %% Green %k Green F Rfif




i W, ERE, EHEE.

Ogura CMS B AR EZ I K orf687 1L b A5,

[ie] 25541, 2020, 47 (5): 864 - 874. 867
gk 1
s g RIS e e e WA oy R
Type Origin Accession Cultivar name Root shape Exterior color - Color of Fertility EHD
No. of root flesh Genotype
51 B R L L YR Oval %% Green #[Red F RfRf
Huangtugang Xinlimei with
lobelets leaf
52 B AR B3R [# Round %% Green ZTRed F RfRf
Huangtugang Xinlimei
without lobelets leaf
53 AP B3 Round %k Green #4LRed F RIRf
Beitaipingzhuang Xinlimei
54 220 BL3E Taian Xinlimei  fH 4% Short cylindrial %k Green ZTRed F RIRf
HA 55 Y % Y KR Dzumali Daikon <[ +E Long cylindrical F White 1 White F —
Japan 56 fif JEXAR Tokinash Daikon K [&/ 4 Long cylindrical 1 White A White F* rfif
57 ZIH KR Miura Daikon KR H: Long cylindrical FH White 4 White F* fif
58 —4EF Ninengo Daikon KA # Long cylindrical [ White 1 White F —
59 5 °KAR Jima Daikon KIRIH: Long cylindrical FH White 4 White F RIRf
60 1651 Nahashi K4 Long cylindrical [ White H White F* rfif
61 i o L AR K [# ¥ Long cylindrical 1 White A White F* rfif
Taibyo-Hoshi-Riso
62 % & Qingbaoxia K[ # Long cylindrical [ White 1 White F RfRf
63 H 2 Xiaji KR H: Long cylindrical FH White 4 White F —
64 A EFK Baiyuqiu K[ # Long cylindrical [ White 1 White F Rfif
65 & 35 KR Fumi Daikon KR H: Long cylindrical 4 White 1 White F Rfif
66 P4 55 KAR Sakurajima Daikon K [A#E Long cylindrical [ White 4 White F —
67 T3 2 B 78 K AR KA H: Long cylindrical [ White 1 White F* fif
Taibyo Tokinash
68 JI3 KA Buredoshiti Daikon <[5+ Long cylindrical [ White 1 White F —
69 20 KAR Kishu Daikon KR H: Long cylindrical FH White 4 White F* fif
70 A8 W A K AR K H: Long cylindrical 4 White H White F —
Abo Late Daikon
71 2 & Natsuritchi K[ #: Long cylindrical [ White H White F* rfif
L 72 4<% 1 Shinong Chunbai  [AF}: Long cylindrical [ White 1 White F RfRf
South 73 YR HE F YR Baixiawang ~ {[@: Long cylindrical [ White 1 White F Rfif
Korea 74 4% 301 Shinong 301 K[ # Long cylindrical [ White 1 White S rfif
B 75 Green Neck K [®#: Long cylindrical 4 White 1 White F* rfrf
Pakistan
Hfjfi 76 Pyonggan K [# ¥ Long cylindrical 1 White A White F* rfif
Democratic
People’s
Republic of
Korea
ZRHE 77 Everert K" #: Long cylindrical 4 White 1 White F RIRf
Thailand 78 Naovarat K[ # Long cylindrical [ White 4 White F RIRf
79 Khao Yank K [&#+ Long cylindrical F1 White 1 White F RfRf
Je /R 80 Veriety Pyuthane SH [ #ETE Short conical [ White 1 White F Rfif
Nepal 81 Pyuthane #H A #EJ% Short conical 4T Red 1 White F Rfif
B 82 Ve. Ideal Nhle K ["#: Long cylindrical 4 White 1 White F* rfrf
America 83 Ve. Tevao Sring White K[ # Long cylindrical [ White H White F* rfif
BRPH/NEE b EEPE 84 Semilla De FE IR HE T Short conical 4T Red 1 White F Rfif
R. sativus Mexico
var. sativus H fief 85 Goung Song 5 [A#E % Short conical £ Red 1 White F —
(European Democratic
small radish)  People’s
Republic of
Korea
faf 2= 86 71.3% & Hongmeiyu Round 71 Red 1 White F* rfif
Holland 87 =E[5 2 %5 Fengyuan 2 Round 21 Red 1 White S rfif
88 Summer Rettich Round 1 White 1 White F Rfif
89 faf %41 & Holland Hongxing [ Round 4 Red 1 White S rfif
90 Scharo [ Round 21 Red  White F* rfif
91 #7720 H Red Ball 20 days [ Round 41 Red 4 White F RfRf
eS| 92 PUZE T Sijibaiding Round 4 White [ White F Rfif
America 93 F 4k Baiyingtao Round 1 White 1 White F Rfif
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Type Origin Accession Cultivar name Root shape Exterior color - Color of Fertility ERHD
No. of root flesh Genotype
94 2114 20 H Hongbai 20 days Round 71 Red 1 White F Rfif
95 % E Meiyu Round 2] Red 1 White F RRf
96 21T Hongding [ Round 21 Red H White S —
97 Red Ball |5 Round 2 Purple A White F* rfif
98 A H KR [ Round iy 4 White F* fif
Yellow Ball 20 days Light-yellow
99 Champion Round 21 Red 1 White F RRf
100 Revosa Round 71 Red 1 White F RfRf
101 Asmer Flamenco |# Round 4 Red A White F* rfif
102 Asmer Tip Top [ Round 21 Red  White F Rfif
103 Woods Early Frame JH A #EJ% Short conical 4T Red 1 White F —
104 White Icycle K IR H: Long cylindrical FH White 4 White F —
B H0F 105 74149 (74167) Round 1. Red 4 White F* rfif
Austria
% Wi 106 Cherry Radish [ Round 41 Red H White F Rfif
Russia
1 107 Cherry Belle [ Round 21 Red H White F RIRf
France
BB 108 Redo Round 2T Red 1 White F Rfif
Romania
ERF 109 %75 Rosa [ Round 41 Red 1 White F Rfif
Italy 110 Gross Packing [ Round 21 Red  White F* rfif
i [ 111 Scarlet Globe [ Round 41 Red 1 White F RIRf
England
BE . VEIEF 112 ¥ 7% M % Black Radish KBk Long cylindrical 2 Black 1 White F RRf
R. sativus var.  Spain 113 7R 77 AR Orient Black K[+ Long cylindrical I Black 1 White F Rfif
niger Kerner Radish
(Black radish) 114 24 v Black Radish K [##E Long cylindrical 2 Black 1 White F Rfif
2 i 115 GIEZ2EEN K4 Long cylindrical 2 Black 4 White F RIRf
Russia Russian Black Long
116 % i A Round Black 4 White F RIRf
Russian Black Round
b [E 117 Black Spanish Round K[ #: Long cylindrical 2 Black 1 White F RIRf
England
WHE MR EE 118 MAZ b Oilseed Radish GHIE Oval e F —
sativus var. Germany Light-purple
oleiformis
Metzg
(Oilseed
radish)
JHE MR TEE 119 Podding Radish F RIRf
sativus var. England
caudatus
Hooker &
Anderson
(Tail-podded
radish)
[Hgasp o) PRI 120 R. raphanistrum F RfRf
Wild radish Romania
1 121 R. raphanistrum F* fif
Germany 122 R. maritimus F —
123 R. maritimus F -
124 R. maritimus F* rfif
125 R. landra F —
HA 126 R. sativus var. raphanistroides F* fif
Japan 127 R. sativus var. raphanistroides F RfRf
128 R. sativus var. raphanistroides F* rfrf
HE China 129 = F Rfif
Sichuan Lanhuazi
e FRRMEMEE, S RRMEMAT, ‘— RRZGMPANEEH orf687 2R, *FRAMFAE o

Note: F means male fertility, S means male sterility,

means without orf687,

cas

means normal cytoplasm.
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1.2 DNA BY2ENS PCR # 18

PUBr et i Aild, K4S E QIAGEN A R A4E 7 1) DNA $2BUAGI &, %3 /EF M7 & DNA
53 85
R4 2 R K1 Ogura CMS B MK E LA orf687 751519 (Koizuka et al., 2003; Yasumoto
etal., 2008b). LJi#51#) P1: S'-cttcecttcattgatcaageeg-3', iG5| 4 P2: 5'-ctcaatcaatcaactggtgaca-3'o
PCR B B AR A 20 L, &4 12.9 uL ddH,0, 2 pL K 10x PCR Buffer (MgCly) , 1.6 uL dNTPs
(10 mmol - L™, . F¥3I4% 0.5 uL (10 pmol - L™, 0.5 pL ExTag B (2.0 U - uL™") , 2 pL DNA
B (40 ng - uL™)o IRFIMA E TaKaRa A7 . PCR ¥ A2 FA3E: 94 ‘CAME 2 min; 94 CARHE 30s,
58 ‘CiBK 30s, 72 CHEMH 2 min, 35 AMEFF; 72 CIEM 5min; 4 CLRAF. P 1.5%BRIEREEER
LYK 72 PCR ¥ #4724
PIEYEARE & ‘MS-Gensuke” FIKE & ‘Yuan Hong” NXIHE. ‘MS-Gensuke’ HIFERI TN rfif,
“Yuan Hong’ MIZE[R 2N RfRf (Yasumoto et al., 2008b).

1.3 RFLP &#f

R PCR #3845 3, VA orf687 S 14 374, FIR$IPEN VIR Ssp T (TaKaRa, Japan)
AT . BEVIRBIR 29 20 uL, &4 MilliQ /K 1.5 L, 10x Py IREZEM 0.5 uL, Ssp 1 B (5
U) 1.0 uL & PCR ¥ 7.0 pL. RMNAKZRT 37 CHAE T 2h, 1.0%3R I HEEL R FHIK 5

2 ERE5

2.1 Ogura CMS BMREEEH orf687 EE NN

FIH B MR I orf687 557514 PU/P2 Xt 129 NAFEIZEALKE | G AT PCR 734 45 1 2
INEAE orf687 FERI XA Yuan Hong” . ‘“MS-Gensuke” AR ZHA A I RS G 1 %
1750 bp HJ H Bk GRS AR 45 R & 1.

MYH MS 1 25

—— 1750 bp

1 Ogura CMS BHREER orf687 ZExT IR TFh B A5 SFheh Ao 145
M: Marker 2000; YH: Yuan Hong; MS: MS-Gensuke; 1~25 73 BIXf R 1 # 1 ~25,

Fig. 1 Amplification of orf687 in control and tested radish varieties
M: Marker 2000; YH: Yuan Hong; MS: MS-Gensuke; 1 —25: 1~ 25in Table I.

HRHE PCR F 1945 R, BI 1 750 bp HI T BAFAES &, Guit / AVEE LN orf687 £ 129 M ¥
bR A (R 1, R 2. ERTIN 129 A EAld, 112 MR EAT orf687, (5B AT 86.82%.
HAP RS 83 A 3 AR 1 70 A EEA0h 91.20%, i TRRIHANE b (85.71%). il
6 N ML AL NS AZER, RIETEEMAE b hRaZER, 10 MEFEE b
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BTN EEEER.

R Z R FEE AR RKE b, 48 Mo s, 183 95.45%, Rl 22 4S5
P, A 1AM S AR HOGERE b (94.44%) FIEE b (83.72%). BFAE hr, 2
ANRINEF R NAT 4 DRI N EMEH orf687 FH, MKEE bR A RIS H A B A&l 3
MEE MH1ANERE orf687 B

F2 BUHREEE orf687 EFEREE RAFMPHNH
Table 2 Distribution of orf687 in cultivated and wild radishes

EEELSE (e

D S R 2 )
;iziies ::aTTetky%;pe Nur'nber of  orfe87" lzi)tgi;wf
variety
REKRKE b M4 N White skinned 43 36 83.72
R. sativus var. hortensis Becker 23 | Red skinned 22 21 95.45
(East Asian big long radish) £43 |~ Green radish 18 17 94.44
WRIM/NEE N R. sativus var. sativus 28 24 85.71
(European small radish)
MLAE N R. sativus var. niger Kerner (Black radish) 6 6 100.00
HHE b R sativus var. oleiformis Metzg 1 0 0
B N R. sativus var. caudatus Hooker 1 1 100.00
& Anderson  (Tail-podded radish)
WA % N Wild radish WKIHEF 2 N R. raphanistrum 2 2 100.00
HE N R maritimus 3 1 33.33
Fi3% N R. landra 1 0 0
KW E N R sativus var. 4 4 100.00
raphanistroides
&t Total 129 112 86.82

W orf687 R EA orf687 KA
Note: orf687": Plants with orf687 gene.

22 ARAEBE MpMhEMREERE orf687 MERBLE

WRYE orf687 TEAFE AR PCR H G55 R, ST EA orf687 (I 174y, FHIR SN VIR Ssp 1
VAL, DURAE REAS SR A% T PR S LA orf687 HIFERAY . 45 BB RIKHE & Yuan Hong” (FE[H
B RIR 3K45 1 224 F1526 bp W26, ANBEFR ‘MS-Gensuke” (FEEFELN rfif) 38431461 750 bp
%1, MZAE LR RAFHRAS 1750, 1224 A1 526 bp 1 3 46741 (& 2).

MMSYH 1 2 3 4 5 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

—1750bp
—1224bp

—— 526bp

B2 Ogura CMS B HREEE orfes7 ERNBEEBHEMHPHEHEER
M: Marker 20005 YH: Yuan Hong; MS: MS-Gensuke; 1~26 73 HIXf R 1 H 1~ 26,
Fig. 2 Genotypes of orf687 in the control and different radish varieties
M: Marker 2000; YH: Yuan Hong; MS: MS-Gensuke; Lane 1 -26: 1 -26in Table 1.
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R4 PCR-RFLP 4558, 3 #r AR MR % B MR R BE A orf687 BB Y (3R 3) . MR
R i) AR KKE b G HECR, BE M 41.67%, 203 b 76.19%, 44 b 23.53%,
3 FNRIFIN 47.13%; BRIM/NEE b (37.50%) FIEFAESE N (7 FPoF3y 57.14%) (5 HEBEK. AR
XL (RRD AN, JHBERWAKE b 1 3D N RXRERRE S RRS,
6 MEE MH 4 AR AN RIRS, 2 AN Rfifs

B R RS MBS N E KT IR orf687 LR (3R 3), KILLE b
Fhrb rfif R R B AT AR e, TAE] 76.19%, HEARNE] RRF LR, S8 N orf687 [F3EK A
KIS M, rfif FERB LERCN 23.53%, Wit/ FL4% b 2 DMEGHEFE MK orf687 1
FERIBL > AR rfif B0 RARE. 1 0G5S NGB RSN ofif, ZRIEFEE DAL S 3 PR L.

£3 TRF MNERETEEREEENEER
Table 3 Genotypes of Rfo gene in cultivated and wild radishes

mAEA AEIREEREE (%)

y W i 2 TR
;ﬁﬁies :;j?:;%;pe Number of  Genotypes of Rf gene (%)
variety rfif RIRf Rfif
R KKE N Raphanus. sativus var. hortensis Becker F% |~ Wihte skinned 36 15 (41.67) 9 (25.00) 12 (33.33)
(East Asian big long radish)
213 | Red skinned 21 16 (76.19) 0 (0 5 (23.8D)
%%35 N Green radish 17 4 (23.53) 5 (29.41) 8 (47.06)
BRIM/NEE |~ R. sativus var. sativus (European small radish) 24 9 (37.50) 6 (25.000 9 (37.50)
MY N R.sativus var. niger Kerner (Black radish) 6 0 (0 4 (66.67) 2 (33.33)
FEM® N Rsativus var. caudatus Hooker & Anderson 1 0 (0) 1 (100D 0 (0
(Tail-podded radish)
HFAERE b KRB 2 1 (50.000 1 (50.000 0 (O
Wild radish R. raphanistrum
W% N R maritimus 1 1 (100.000 0 (0) 0 (0)
RIEHE bR sativus 4 2 (50.000 1 (25000 1 (25.00)
var. raphanistroides
121t Total 112 48 (42.86) 27 (24.11) 37 (33.03)

K 5 A0 BLSE F R 100% AR B IERTY RRF (£ 4). iIX—45R K], REEFH Ogura A5
BEE OEEBEEAET R, Fik, GURERIVHIAEE, DI KEEASE REAFRE G FT
N H

F4 LEX FIMABREHNEEERR
Table 4 Genotypes of Rfo gene in ‘Xinlimei’ radish

P o HHEWKSE BRI B Genotypes of Rfo gene
Variety name Number of plants rfif RIRf Rfif
¥ T e 0 B35 Huangtugang Xinlimei with lobelets leaf 8 0 8 0

W AR 0 B3 Huangtugang Xinlimei without lobelets leaf 15 0 15 0
JERF 0 B 3E Beitaipingzhuang Xinlimei 6 0 6 0
ZR420 B3 Taian Xilimei 7 0 7 0
i 41 Mantanghong 11 0 11 0
A1l Total 47 0 47 0

Ogura CMS K EER iz 04 T HARE AR M, REZHHAREE MhAIkEER
(Yamagishi & Terachi, 1994). XRUET o EA AR R AKEE by RPN b 3 RBREERAKH
PEVRE BRI AT, RIS B R G %, MR R T 5 LL B (R 5). X —&5 ik —
WUESE T TR H AR S b, @ LR 2 h b R 2 H0A E IR EE R (Yamagishi,
1998).
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Table 5 Genotypes of Rfo gene in radish varieties from different regions

B Sh AR orf687 fhFhEL B RS B (%)
Origin Number of Number of variety Genotypes of Rfo gene (%)
variety with orf687 rfif RfRf Rfif
#[E China 54 51 23 (45.10) 8 (15.69) 20 (39.22)
HZ Japan 17 11 7 (63.64) 2 (18.18) 2 (18.18)
W Europe 28 25 11 (44.00) 6 (24.00) 8 (32.00)
3 Wi

ARIG FPAGI 7B SRR MK R IR orf687 FE 5 NSRSz 4 ANEFAEFN R A, Bk
Nob, JLTRTE S MR ISE orf687 BF, HBTARNTEA 86.82%, TERWAKE Mo s
MR, 73 A AR = IE 95.45% o PRI 10 4 B AR FAT R A 74 B orf687 2214, iX 1t B orf687
J A T8 MRS FRAIEF A= FR A . Yasumoto 5 (2008b) B 7T T VK B 3L K orf687 1 H AREF 55
W A, 88.1%IIMEMEH orf687 I B, AMTEREGH—8. 5o, orf687 EEAFLE b
ARl AT R, AR KK o, RS MR oA, AR A N AR A,
BE—2B 3% orf687 MR RLBHATI E , WA B MK S ThRE B R B rfif TEAR TR EE by BRIANES b
FETE N A, TERE N RS MR EE. TE 3 MNRBRT KK b, rfif
MAEA S MR R, fE4E NP K. 760 BE S N hyg 303 mhr JER T, 0%
BOMEIAIE & FIH Ogura-CMS SRIFIEMEAE R 3 MEFRANIK, EHBRERCIEEAT R T2
T84, NTHRBIGEMMRFFR, FERMLKENRLHSE, HAEHERTEESE. RS iR
LA FIZRALES N B MERER AL, TDUSEEfE RS e I, TR KEN R A AT ST N
ANEAHEEAR T EFN B E R R, o7 DR T & B R R B A B RIE B HEEAT R

TS (2017) % 23 DNHIEE MM E ZER orf138 LML E K E E K Rfo
FIE R T S, FEH PSR AW A E (Yasumoto et al., 2008a) H & THiBhik#
(1) 5738 & SNP ARic IR T ORFE RAEHA /%L, BRI 2 SMER1 K I E P Sk RIE A [R]85 25 7Y
PR ARARAFAE S, B TR D, B R . Yasumoto %% (2008a) K I Rfo-
rfo FURTRIMKE LN (Rft) 3 FhRTUAEANFIRIEES N BFAFEAR b 1) 0 A SR A AE 72 3, (B IR R
fhEFA S N FPAIERES 2 N (Yasumoto et al., 2008b, 2009). AHFF P FIHZ /N ESKAIHKE N
PRI FCHEVE R B B M FER Rfo 105047, %t Ogura-CMS 76583 Rl 15 25808 N g e S 0l 1 %
T AR, T RTEE XS AN [F) R R R AR B A G AN B IR A R B 7 5K

WA RM, 3 b Ogura-CMS Z /A5 PSR ST (1 B R IR B LB a5 25, 19815 5K 2%,
1999; Bett & Lydiate, 2004). HTH#J AL miLFE Rfo/Rfkl (Brown et al., 2003; Desloire et al.,
2003; Koizuka etal., 2003) 1 Rf3 (Wangetal., 2013, 2015, 2017). fEAWFH, HLefFEA
P orf687, RTATIE R ALK EER, WAERE TR HE— DL w. FHob, 15 Rfo b s,
SN FERA RWARE T, B AR A Rfo/rfo A1 £ K4 (Yasumoto et al., 2009) , 7E/b
MR IS AR — e A SE 7 R K], W Rfob (Wangetal., 2008) , Rfoc (Wangetal., 2010) , Rft
(Yasumoto et al., 2008a, 2009) , PPR-B-31 (Hawliczek-Strulak etal., 2015) , rfo’*’/rfo® (Kim et
al., 2009) F L7rfo/D8IRfo (Hemandez etal., 2010) . [Fit, £ EXHEFAN G A ML A 47
TNV S, NEEAE RINEERIES.
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