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Subject : Breeding of cytoplasmic male sterile lines and F1 hybrids resistant

to multi-diseases using the CMS system in xBrassicoraphanus.

An inbred named Baemoochae had been reported to be bred as a new

vegetable crop in xBrassicoraphanus, an inter-generic hybrid between heading

Chinese cabbage, Brassica rapa ssp. pekinensis and big-rooted radish, Raphanus

sativus. However it still required some improvement of the seed bearing ability and

the uniformity which mean genetic stabilization as a plant, even though no problem

was noticed in practical use. A cytoplasmic male sterile system and the

diversification of the germplasm were also necessary for the F1 hybrid breeding to

protect the variety right. This project composed of development of a cytoplasmic

male sterility system, genetical stabilization of progenies and diversification of

accessions with the mutation breeding, creation of new xBrassicoraphanus lines

with hybridization between different materials in B. rapa and R. sativus, and the

technical improvement of microspore culture for induced mutation.

To introduce the cytoplasmic male sterility to Baemoochae, a line, BB#6 were

crossed to a CMS line of Brassica juncea which was known as Ogura CMS. More

than 10 F1 hybrid plants showed complete male sterility. However, about 15% of

the plants in the first backcross generation(BC1F1) presented pollen and around

80% of the plants in the BC2F1 produced pollen. It was doubted If the fertility was

induced by the restore gene of Ogura CMS originated from radish. However it was

validated that it was not the Ogura system in a test with orf-138 gene which is

responsible for it and its restore gene was not in Baemoochae in a test with

molecular marker for it. Some semi male sterile plants which produce few pollen

were observed at the BC2F1 and it was maintained with self pollination. When male

sterile plants were crossed with semi sterile pollen, more than 70% of the progeny

plants were male sterile and the others were semi sterile. This male sterile and

semi sterile population(MSS line) multiplied with the semi male sterile line was used

as female parent for F1 seed production with Chinese cabbage as the male parent,

since Baemoochae is highly fertile in this combination. The MSS line was multiplied

with the semi-sterile line successfully and F1 hybrid seeds between this MSS line

and Chinese cabbage were produced effectively in the small size net houses with

the honey bee pollinator and the F1 hybrid was very uniform in the field test.

However, unexpectedly seed yield of the F1 hybrid was very low in a large scale



- 10 -

open field and the uniformity of the F1 hybrid was not good. The low seed yield

was probably resulted from the malformed female sterile plants which were

neglected in the small size population but about 26% in the field. The low

uniformity was caused by the different pollen amount(content) of each semi male

sterile plant in the MSS population. In the result, the CMS of B. juncea could not

be used for xBrassicoraphanus and the reason what is the cause of the unstable

male sterility is not yet clear. Now another Ogura CMS of B. rapa is employed to

be introduced to Baemoochae.

Several dozens of the plants originated from microspore culture with/without

the treatment of the mutagen, n-nitroso n-methyl urethane were acclimatized and

self pollinated with the ordinary practice to the pollen production plants. Not many

plants produced pollen and seeds obtained from them were also not many in the

Mi1 generation regardless the mutagen treatment. One to 3 plants of the progeny

lines were self pollinated again in the next generation(Mi2) to increase seeds for

the field test. Remarkably, more than 6 seeds per pollinated flower were harvested

from the best flower stalk of four lines out of 11 which were originated from the

NMU treatment. It was quite distinguished ability compared to 3 seeds in the

maximum pod in the wild line. This ability and the uniformity were tested on the

open field with multiplied seeds at Mi2 generation. Every ovules of 9-11 in the pod

were matured to the seed in the 4 mutant lines and only 1-3 seeds were

progressed to the seed and the others were aborted during the maturing in the

wild lines. The Amplified Fragment Length Polymorphism(AFLP) profile exhibited the

same polymorphism rate as an F1 cultivar and a doubled haploid line in Chinese

cabbage used for the standard. A mutant line was registered as BB#1 for variety

protection and applied patent for domestic and Japan, China, EU, and USA. It is

now released to farmers as a new vegetable crop. These genetic stabilization using

induced mutation of inter-generic allopolyploid is probably the first achievement in

the world and removed the barrier to prohibit synthesise the new species by the

wide hybridization.

Some hybrids between different B. rapa and R. sativus accessions, which

were resistant to multi-diseases, contented high disulfide chemicals or no hair on

the leaf, were developed with the immatured ovule culture technique reported

previously to diversify Baemoochae lines. Not many hybrids were established in

every combinations and no self seeds were generally obtained from them, although

they produced much pollen. Inevitably some plants were crossed with above

mentioned mutant lines to keep their genetical properties. The hybrids were still

very low in seed yield. Therefore they were donated to the induced mutation using
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the microspore culture as same as the earlier method. One of 37 plants derived

from the induced mutation showed very high seed bearing ability in self pollination

and in crosses with various Baemoochae lines. The progeny lines selfed or

crossed were very uniform in morphology and very unique in appearance in the

field test, even though their growing were not enough to observe every character

because of the irregularly heavy rain fall during growing season this year, 2010.

Their genetic stability of the seed production and morphological characters is now

confirming again. If it is proved, it would be a broadcasting announcement that the

induced mutation using microspore culture is a new technique for genetic

stabilization of the allopolyploids in Brassicaceae.

It has been reported previously that the Baemoochae plant produces a few

embryo in the microspore culture. However the embryo yield was so low as less

than 8 per Petri-dish and so fluctuated culture to culture that induced mutation

using microspore culture couldn't be applied. The line code BB#12 which is

stabilized genetically by the induced mutation was selected as the high embryo

yield accession from the genotypic specificity trial. Its embryo yield was 18 in the

mean and 56 in the maximum per Petri-dish. Single and co-treatment of gum

arabic with Larcoll was effective in embryo development. A medium named B5M2-II

which was modified the B5 medium by reducing nitrogen content and increasing

calcium and potassium was devised for enhancing the number of normal plants

which could be transplanted directly to the acclimation bed from the transplanted

embryos. This result implies that induced mutation using microspore culture could

be applied effectively in xBrassicaoraphanus.
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제 장 연구 개발과제의 개요1
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제 장 국내외 기술 개발 현황2 ․

高田
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제 장 연구개발 수행 내용 및 결과3
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합 수 수

07BRMS 1-2S×-6sF 19 23

28 29

24 13

계 지3 71 65

07BRMS 1-6sF×○ 20 1

19 6

20 11

17 9

15 4

24 9

24 6

21 5

21 6

9 10

계 지10 190 67

합 지 수 수 수

07BRMS 1-2S× 13M-65 42 259

38 250

계 지2 80 509

태07BRMS 1-2S× 2M-11〃 37 231

38 209

계 지2 75 440
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계통 지수 수 수 립( ) 비고

08BRMS-201-4sFⓧ 3 56 15

08BRMS-202-3sFⓧ 2 55 8

계 5 111 23
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계통 공시주수 량 립( ) 비고

08BRMS-202-1~10sF 10 1.355

계통 공시주수 량(mL) 비고

과 동 계통08BRMS-317(201 ). MS 7 4501

동 계통08BRMS-318(202 ). sF 9 238

계

계통

계 개체수 채 량(mL) 비고

계 계

등08BRMS-201-3 색 (G-20) 10 92 망실4-2

등08BRMS-317-10 색 (G-20) 12 134 망실3-2

계 22 226
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공시 계통 계통 균 주 (g) (cm) 엽폭(cm) 엽수 비고

BB#1 464 양 72 30.2 16.0 7.8 재3

F1 463 양 82 37.6 14.6 8.6
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CMS BB11 25 4 - 7 14

CMS BB12

CMS BB13 17 3 - 13 1

CMS BB 50 42 10 6(3) 10 16

계
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08BRMS-211-31 0.3515 -

19 0.4848 -

28 0.5212 S

26 0.5273 -

10 0.5394 F

13 0.5818 SF

23 0.5818 SF

25 0.5879 SF

21 0.5939 -

29 0.6000 S

9 0.6061 S( )

32 0.6121 S( )

12 0.6545 F

17 0.6606 S

3 0.6909 F

6 0.6909 -

33 0.6970 -

34 0.6970 F

1 0.7212 SF

5 0.7212 SF

30 0.7212 -

8 0.7273 SF

27 0.7273 S( )

11 0.7333 SF

22 0.7333 -

20 0.7455 F

7 0.7515 -

4 0.7576 -

14 0.7576 F

24 0.7576 -

36 0.7576 SF

2 0.7636 SF

35 0.7697 F

15 0.7758 SF

18 0.7758 F

16 0.7818 F
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계통 지 수 수 수 립( )
당

수

08BRMS-211-9sFx215-2(BB#50) 8 213 239 1.12

08BRMS-211-27Sx215-2(BB#50) 11 292 289 0.99

08BRMS-211-32Sx215-2(BB#50) 12 273 151 0.55

08BRMS-211-9sFⓧ 6 190 51 0.27
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계통 수 수 비고

08BRMS-301-1Sx221-3(BB#12) 공 11 0

08BRMS-301-1Sx300-89(BB#12) 공 44 0

08BRMS-301-2.3S x BB#12 망실 꿀 사 - 3 주2



- 39 -

계통
채 량

립( )
비고

태 지수 수

09BRMS-429
08BRMS-301/1-2S

(GCMS)

공 11 148 립1
BC2

망실 꿀 - - 립1

09BRMS-422
07-33-125-3

(GCMS)

공 5 101 0
BC1

망실 꿀 - - 37

10MS-56
태2M-21/1-3/1

(RCMS)
망실 꿀 - - 29 F1

계통
립수

아

수

MS

개체수
색 비고

10BRMS-603 GCMS-BB#12/BB#12 BC1 17 17
17

(100%)
색

10BRMS-605 RCMS-BB#12 F1 15 12
12

(100%)
색 주1

-609
GCMS-BB#12/BB#12

/BB#12
BC2 2 0 - -

주 주1 : 12 주 만 무채 고 색 색1 (6 )
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계 복 친( )

BB 1 BB 6 BB 12

채 량 3 101 7

량 3 30 7

보 개체 수 1(MS) 19(MS) 0

07BRMS-24 (JpCMS×BB#6)-2
3/176

(F1)

2/46

(F1)
-

2/125

(F1)
- -

-4 -
5/83

(F1)
- - -

-5 - -
3/121

(F1)
- - -

-6 - - - -
4/223

(BC1)
-

07BRMS-25 ( ×BB#1)-1〃 - - - - -
7/193

(BC1)
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계통 개체수

JpCMS BB#50 2 가

JpCMS BB#12 1 가

JpCMS BB#11 2 가

JpCMS BB#13 2 가

JpCMS BB#6 2 가

계통 지수 수 수
당

수

08BRMS-227-1sFx300-89(BB#12) BC2 5 162 46 0.28

08BRMS-227-1sFx215-2(BB#50) F1 4 139 165 1.19

08BRMS-227-1sFx215-3(BB#50) F1 1 35 10 0.29
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계통
지

수
수

채 량

립( )

당

수

08BRF1-248-1Sx216-5(BB#13) BC1 7 183 19 0.10

08BRF1-248-2Sx216-5(BB#13) BC1 7 196 14 0.07

08BRF1-248-1Sx215-2(BB#50) F1 9 230 14 0.06

08BRF1-248-2Sx215-2(BB#50) F1 5 137 33 0.24

계 - 28 746 80 0.11

계통
공시주수

계 계( + )
채 량 립( ) 비고

08BRF1-250(JpCMS BB#12)x263(BB#12) 2+10 134

08BRF1-295(JpCMS BB#12)x263(BB#12) 2+10 22

계 4+10 156

계통 공시주수 주 개체( ) 가 주

09BRMS-427 08BRF1-250x263 6 개체1(4 ) 5
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Mi3

돌연변

처리 무Y
채

개체수

식

량

당 수 후 (Mi3)

순도
비고

개체 수 립( )

06BR-603ⓧ 처리 5 464 5 7.5 맛 양

604ⓧ 처리 2 122 1 3.8 “

605ⓧ 처리 5 389 1 3.5 “ 맛 양

606ⓧ 처리 3 1.101 1 6.8 극양
신미무,

극강

607ⓧ 무처리 1 6 - - -

608ⓧ 처리 1 50 - - 맛 양

609ⓧ 처리 2 66 - - “

610ⓧ 처리 5 566 1 6.2 극양 맛 맵고 달다

634ⓧ 처리 1 56 - - 양

635ⓧ 무처리 1 2 - - -

649ⓧ 처리 1 10 - -

658ⓧ 무처리 2 210 1 6.6 극양
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계통 공시

주수

채 량

당100

립( )

체

(mL)

개체당

(mL)

당10a

(L)

07BRop-810 06BR-603 BB 11 30 765 1.790 60 119

-811 606 BB 12 40 884 3.280 82 164

-812 610 BB 13 40 756 2.810 70 140

-813 658 BB 14 40 798 2.140 54 107

-814 - BB 1 39 232 1.140 29 59

-815 - BB 4 21 163 630 30 60

-816 - OV115C 4 19 - - -

계 평균, 계통8 240 600 11.790 54 108

Howard, 1938; Tokumas

& Kato, 1988; Prakash et al. 2009)
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계통 검 개체수
수AFLP band 다

드 (%)체 다

07BRop-810 BB 11 30 731 31 4.2

811 12 36 673 25 3.7

812 13 40 717 47 4.3

813 14 30 729 29 4.0

814 1 40 672 30 4.5

815 4 38 919 50 5.4
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계통
주

(kg)

엽

(kg)

근

(kg)

엽

(cm)

엽수

( )
순도

경

( )㎝

특08BR 167 BB#1 1.5 1.4 0.13 47 17 상 9

168 2 2.0 1.9 0.13 46 18 18

169 4 1.4 1.3 0.10 47 15 23

170 6 1.2 1.1 0.10 40 16 10

171 11 1.5 1.4 0.10 40 18 상 13

172 12 1.3 1.1 0.10 40 14 상 17

173 13 1.6 1.5 0.10 40 19 상 14

174 50 1.5 1.4 0.10 41 18 상 12
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BB 계통 주 특

특09BR -399 50 BB#50-7M-10-1ⓧ 키가 크고 결 강함

특09BR -402 4 OA20-2Bop-2-3M-2-1ⓧ
묘 생 늦고 지상 가 에

어 람

특09BR -448 12 BB#12-2Mn2-7ⓧ 색 연한 색 타냄

특09BR -450 - (OV115CxOAm4)-2M-18-1 크고 엽연 결각 심함

계통 BB 계통 주수
지

수 수
수

당

수

특08BR -267ⓧ 2 OABJ-1M-18-1,2ⓧ 2 12 425 113 0.27

특08BR -270ⓧ 50 BB#50-7M-10ⓧ 1 5 183 499 2.73

특08BR -284ⓧ 4 OA-20-2Bop-3M-2-1ⓧ 1 15 484 209 0.43

07BRMC-119-

7ⓧ
12 1 7 168 467 2.78
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개체
계

무계통( ) 무

후F1 F2
식물F3 비고

식 Y 식물수 립( )

05BR-527 진주 평 0 0 - - -

-528 원 0 2 1 0 -

-529 계통25 0 2 1 1 -

-531 “ 무 0 0 - - -

-532 “ “ 0 0 - - -

-533 “ “ 0 2 1 15 -

-534 계통27 “ 0 0 - - -

-535 진주 평 “ 0 0 - - -

-536 계통25 “ 0 2 1 0 -

-537 계통27 “ 0 0 - - -

-538 계통25 “ 0 1 1 0 -

-539 “ “ 0 2 1 64 순도 양
포 양

-540 “ “ 0 1 1 3 -

계 0 12 7 83
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개체 수 수
량 립( )

비고
체 수 당

06BRMS-755-1 220 833 3.8 후05BR-539

-2 331 766 2.3

-3 338 880 2.6

-4 330 745 2.3

-5 351 649 1.9

-6 290 444 1.5

-7 258 262 1.0

-8 268 581 2.2

-9 291 341 1.2

계 2,879 5,499 1.9

개체 수

생산 량

비고
체(ml) 개체 당(ml) 당10a (L) 꼬 리 립100 ( )

15 1,050 70 140 919
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계통 또는

개체
합OV

무
합

량

립( )

량

아수( )

포

양 주수( )
비고

07OV-124 갯무x 무 xBB12 1

125 " 식 1

126 " 무 xBB13 1

127 " xBB12 2 생(1)

" " xBB13 4 3(1)

128 " " xBB12 1

129 " " xBB13 3

135 " " xBB12 2

136 " " xBB12 0

130 계x27 고사 - -

131 " " - -

132 " " - -

133 " 무 xBB12 0

134 " " xBB12 0

BB6 (MS) - - x128 2 2(0)

BB12 - - x128 4 2(2)

" - - x136 1 1(1)

" - - x129 1 1(0)

BB13 - - x128 2 2(1)

계 11(5) 1
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주 양
계통

량

립( )

아수

립( )
비고

신08BR -231 07OV-128 갯BB#12x( x )-1 2 2 포 양

232 07OV-136 갯BB#12x( x )-6 1 1

233 07OV-129 갯BB#12x( x )-2 1 0

234 07OV-128 갯BB#13x( x )-1 2 1 포 양

235 07OV-128 갯JoCMSBB#6x( x )-1 2 0

236 07OV-127 갯( x )-4xBB#13 3 1 포 양

311 07OV-127 갯( x )-4M 2 2 포 래

계 13 7
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개체수(%)

체 생산 가 개체 개체

계231-1M 38 28(74) 8(29) 20

계231-1Mn 27 21(78) 7(33) 14

계 65 49(75) 15(31) 34
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개체 지
가

지수 수

수

당 수( ) 수 수( / )

231-1M 7 32 19 608 97(0.16) 11/9=1.2

13 14 1 145 1

14 6 2 119 5

15 23 5 422 5

23 16 2 221 4

31 3 1 46 1

35 13 6 164 86(0.52) 12/4=3.0

42 11 1 136 1

계 118 37 1.861 200

개체 지
가

지수 수

수

당 수( ) 수 수( / )

231-1Mn 2 16 14 366 361(0.99) 48/19=2.5

3 10 1 177 1

8 22 1 370 1

12 14 1 225 1

20 21 1 371 1

28 4 1 62 1

30 5 1 58 1

계 92 20 1.629 367
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합
지수

수 수
당

수

신08BR -231-1Mn-2x377-14(BB#50) 2 32 120 3.75

신08BR -231-1Mn-2x385-12(BB#12) 3 58 255 4.40

계 합2 5 90 375 4.2

개체 계통
지수

수 수
체 가

신08BR -234-1M-

1

갯BB#13-1x( -1x -2)-1｛ ｝

-1M-1
16 2 359 6

-4 -4 13 1 226 1

-7 -7 4 4 109 24

-13 -13 1 1 22 11 11/22=0.5

-14 -14 9 2 139 5

계 43 10 855 47
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계통
별 개체 수

가 계

08BRN-253 J13-1xBB#12 갓 무채x 웅 2( ) 3( ) 5

08BRN-254 J13-1xBB#12 갓 무채x 비 웅 1( ) 1( ) 2

08BRN-257 J33-1xBB#12 뿌리갓 무채x 웅 2( ) 1( ) 3
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계통 양 수
양 시당 수

비고
평균

OV115CxBB#1 7 - 9.2

BB#6 5 - 5.1

BB#1 5 - 1.6

OAm18-2 3 - 0.0

신 합계통 4 11.6 15.2

BB#12 6 18.1 56.0 돌연변 계통BB#1
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11.2

15.2

2.3

19.1

NLN13 + G10 + L 10 + G 10 + L 10

Medium



- 73 -

51
59

40

1

25
23

48

15

24 18 13

84

MS2 MS4N MS4K1 B5M2-Ⅱ

Medium for plant regeneration

Normal 
plants

Abnormal 
plants

Died embryos
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물 무채 무

뿌리 뿌리

Sulforaphene( /g FW)㎍ 77 294 3 65 6

엽 간
뿌리

륵 엽신 륵 엽신 륵 엽신

함량( /g FW)㎍ 30.8 36.0 191.4 150.3 137.3 268.2 294.3
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생 수( ) BB4 BB6 BB12 BB50

20 76.9 88.3 52.6 49.3

35 73.3 86.0 59.2 45.8

50 76.6 88.0 57.9 55.1

60 89.4 74.8 59.9 52.1
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연 간 잡종 종속간 잡종 의 안정화( )
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제 장 연구개발 성과 및 성과활용 계획5

무채 웅 계통 한 내 간 1

무채 포라 리하는 도

수 무 간 복 체 우 사 거 주. 2009. 2 . 50

심포지움 편집 진 청 립원 특 과학원, p. 85-105. ( ) , . ,

시 원 시험

Soo-Seong Lee, Sun-Ae Lee, Jungmin Yang, Jongkee Kim. 2010.

Lim, S, Lee J, Kim J-K (2009) Analysis of isothiocyanates in newly generated

vegetables, Baemuchae(xBrassicoraphanus) as affected by growth.

International Journal of Food Science and Technology 44:1401-1407
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가 보 월. 2006 12 30

무 합친 무채 내 시 체 식 는 새 운 채- ‘ ’ /․

림 술평가원 우수과 도. (2007 )

다 도 연 비 연 우수 연 에 무채 개. 2007 100

연 개 핵심 것1) !

계 수 어 지2) ?

과는 어느 도 가3) ?

앞 게 달라집니다4) .

애락 연 후 담5) /

라 우리 시 참. 2008

마 민신문 월. 2009 6 24

무 합친 맛에 무 무진 리 채 신 도/ /․

지 업 월. 2009 12
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개 가를 찾아 수 편:

무를 한 무채 어 새 운 만들다- ‘ ’/

사 한 경 월. 2010 7 8

신 찾아 경 도 지역 연 앙 식 신 재개/ /

무채 술 개 에 주 하고 다-‘ ’

무채 고 게재 하단 에 맛과 능 무채 무 고- : C6 1/3 ( + )

아 컷뉴스 월. 20xx x 23 ( 6).

크 리 가진 신개 시 우수사 에 앙GRRC

수가 무채를 문수 지사에게 하는 사진게재GRRC ‘ ’

무채 시연 개.

앙 학 주 무채를 한 여러 가지 리를 비하여- GRRC

안 시 주 들에게 개함 약 시식( 50 )

든 식 다 맛 지만 겨 스 샐러드 물 치가 고라고 칭찬- -

차 앙 보 월. 2010 10 22

- 무채 보 보에 앞 에 재:
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제 장 연구개발 과정에서 수집한 해외 과학 기술 정보6

Orychophragmus violaceus 라고도 함)

Ma, N. & Z-Y. Li, 2007 ; )
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