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SUMMARY

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 XxBrassicoraphanus, 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 Fy 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 8. 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 Fy hybrid plants showed complete male sterility. However, about 15% of
the plants in the first backcross generation(BCiF;) presented pollen and around
80% of the plants in the BC2Fi 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 BC.Fy 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 Fy 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 Fy 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 Fy hybrid was very uniform in the field test.
However, unexpectedly seed yield of the Fy hybrid was very low in a large scale



open field and the uniformity of the F;y 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 Ilow
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
Mi; generation regardless the mutagen treatment. One to 3 plants of the progeny
lines were self pollinated again in the next generation(Mi,) 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 Mi, 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 8. 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 technigque 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

_10_



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 unigue 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.

_11_
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A B2 AlEEC] Y AEH wFH AES AESH £E 55F dF YR o &
st gEoh(.

=] A 53] FHT dES TAHSE AES A A2 L] S 9
g FEL w3} A7t wol FAEST Oost(1984)0ll & stH Sageret7} 18261d0ll #Hx
vl 5= & (Brassica)2] W 5l (campetris )Oﬂ T8 (Raphanus) 2] F-fli(sativus)-& n7sle] &3+
AES Ao o FFAES  Brassicoraphanus#il  FFFTE oF 100
Karpechenko(1927)&= F-&ol w549 okul Ffi(oleracen)S sl FAZFAES A
ool thste] AR o] FFAES FUF BEAEE of=E Raphunobmsszcua}i
Btk 2y BE A 7hsd A FEEe dAA7A Zekth

add AAFe R Ay A= = F-3N (Brassica napus)7t B} 3=(B. campestris) S}
v} 3=(B. oleracea)7te] Z7t E-2ujAl(amphidiploid)¢l o] U(1935, ¢-&& ¥Ale] &9=&)d
st grelzl F 71EY fAlddle gle MEE FEY FA FFol ol 1Y Fhuge
2 196095 E FHI dENA |4 RFFHA. (Olsson¥} Ellerstrom, 1980 ; Namais
1980). £3] Nishi(1980)%= 1950t 58] uj 3o} Al xd A7} HE 274 442 9
S =85t 2 23 w7t H3kstr] Ao o wiE st A AES SASHE
H o]Z NEE AMAEA ‘Hakuran'(HE)ol2t WH 3T} o] Hakurand & 5(1987)9)

ot MAl Hxe] F1 FF2271A ddstidth & 2 %% A& Az A7HESHE
dol A AlTE 54 F AN stk wdA AFsHol 71E ATl HE oF 5
vj Zt7te]l FdE Sl fHl AsS E53 8t %1‘:}-

Al 7He3sr £3037F, & vl FE (Brassica)®t FB(Raphanus)7ke] JFEA A B A8
McNaughton(1979) 0] o} FujFE witsle] A2 B28)A] AR 2E Raphanobrassicas
4% Aol A A Zrh ' o] A& dRF B¥-& radicoleo]gtal BT 1L
Zo]o] Dolstra(1982)7} wjF=oF 7 3to] £3twzte 2 H2ujAl o] fEA &35S /935t
ol & raparadishe}xl 3 v} Qti(Lange et al. 1989). T8y} o] EF YAdo] o}
A4 A Mol Fasitha st

T8 dFAAE dAdAFAY FFLRE 1980d] SHHEH JF%@] A5t
1989) “wlF-=1"2] ofujj oF(o] ok &, 1987), & EA A F(FT o], 1992)ell F& 3 vl Ak 2 2
HE2A £=7F B gdstr AFsEol AL MFA T %*é% T 2
2B &We o=z wlEA & (Xbrassicoraphanus)olgF st ZEH Hl} -2}
(raparadish)@} sle] ©]2 3t3lo] Rustgom(e] &, 2002) E&E FEs-4TH2005.4)
0492518 %),
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THANTR =94 LR EE EFELE 2 CMS| v FEAE T H S BCFRAS
(CMSOAZO—ZOpll—NOAZO-ZOpll-S) £ ol &3I¥H. WA o BCFRAESY dAHS A 2
B AR S0MA F 24T 7hegel 27t 25252 119 28T Rtk ATE $
o)A AE<lY 01@74] 7t F7F JeERER] olsirt oF H A5 BC2Fle2 AE
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Arstdedl 2 F FANFC] B2 EYF hAS BGEI 7HdF 1459 F
HHER I A 7Sl AT SAXAF 23HE 1) CMS AT F 2AES £=7F
Fotal 27|52 T =W 1A SRl Wwd Fdsitt. 3 1d 24t E flst,
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AeAYE shdvh. 223 H7hY sk 5l 24 XHHH std=wl Aok mhb
A2 5k 2YSA Rskn AN T ARAL 2 741 tEm 2457 heE by F
S 27427 9 BYMATL 39602 R HAHE 2).
oz 22zt fEl AEH FAHEYAHA MEAE nFIAE W
MAZE 7oz 3EFHE 4dS 41t sdH. AEE al
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Aolgt SAH=LA wFE o CMSE ol&ste] oAF E4F 2t 1HFF F5&
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gz $AAA F431 vt s el AR
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% 1. W% Ogura CMS A5 (BC:F)e] 54 ZA}
bF s A& TE (AT dols | BYEY H] Az
06BRMS722 | CMSBB6E-81 | 2% | 60 | 14 @z g4 78 A% whe e
70 w1 0| %9 | 1 -
74 %10 % | 59 | 1 :
75 410 | % | 60 | 15 | Q42 A
7% 01 % | & | 1m |92 24
727 709 B | 60 15 | BdYd  FESF 17 24d

2 BCEOIA RAE 7hdFe] A A%

b

2. 2t 8l Ogura CMS |7 2] BCF, Aol A E9F9 &2 ¢4

A AE ZAF ARA 2= N R © 79 =

06BRMS-722+750 19 5(1) 13
-723 4 0 4
-724+751 11 1 10

-725 0

-726 0

727 0
Al 46 6(1) 39

gl #4 old Aol FA mul So| AEso] Uehbd B AAA FAF
gas} 9dokm AZEel BEaln QIH CMSel B3 BOEE thil siEstel A4sisitt.
2 APt E 4olth BBLES 659 T 2F 2T RelAE A gu 2T 29
A2 dedt. a9 S Akt B 298 BGRAAE F 28 25 94 AAt
AT FT 16% ool AA7} hdgelgeh Adslel 50%Heks AAT skl
A7k BOF A Bk Ro] AHER selE Aot
el d 7Rt the AUBCE)NE o Bol FHSHATHE 2). F HA 4674A F
ok 85%¢1 397047k Fhelolm 67N REel BJolQth. weks HTA) BB6E S CMSE O
o} CMS AECEMS o847k Gg AR BRHYoH AT CMSE IABAAF
L A g ABS Fold wEoE A gow o Wotw AEAth auAn
ZEHoE B AANA fAHRT] Wl Wolgh Aol A YL + HE WA
AFE Fo olad ABARL g ATl Ae + UAET} = dBol 4k ad
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X 3.7t fEl CMS AT Alxd € Ay JAAFH
BEs | o AAE :f ﬂjix} W
06BRMS-727 MF 15 Ak dATRE CMSoA B H 7159 &
-729 ” 1 ? ” BB1s
-730 4 1 ogura 4 BB2<
-731 ” 1 ” ” BB435
-732 ” 1 ? ” BB6%
-750 MS 8 Ak ” BB6Z 2] CMS & & EU7NA
v MF 6 | A% y y y 7k A
751 | MS 4 | AN . , , 2977
v MF 2 | A% v v y 7k A
752 | MF 3 A , 7273 5
755 | 2 ? " BB6& (SHE)E 174l Zo)
754 2 ? ” v )E 10
% 4. 7t9] Ogura CMS x v & °] F,3} BCFoAe MS dd &
A QM) A TELEY s
6] T
04-50-5-1 {(J2rxJ1)-1} BB1E | F 9 4 4 0
BCiF1 25 6 5 1
BB6% F4 25 23 23 0
BCiF+ 61 37 31 6
b Eddolz2 FAAA4Hg 0] 27]&10% Eokxl BBl1s, 1235, 135 F°] JeE=R olF
& uFstd 2 FUE E 28+ vt ALGFHIUT 2t o4 22 AFT wigst
of AFF Ho] & 5015} % BB6Z oAl freffEl EE ®olFot Edde] i 3AF
a3 AEA HRunFer 43 A 2EAF F 8 BHEHS o] &5t TR #Fe
TAE AFsHAnh
I gEs@dahels @ ol8A Bdde] 7tdAHL R IEEE Ao Atrl IABEs
E #d o gorAeAE 2AREA sen, © 7HgEE dde] Feo ' Ogura
CMS¢] EFAAZE i FAE 5 o ojr] Z=dE] AT WEIAE AZQlstaz}
stttk ©@ 22 ZFAANAIE AAIE] BESE An 4 s helo] ofya o] BN
Aoz ZowM IM/MHER I #7F Hom £IEE7} glvle SHARE ofF HA ArtH
= Y71 (sF: semi fertile) = HHE-(sMS: semi sterile)?l Zo] 3] @kt o] wt
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A %S FTHEEA o] AAE o] &3 FiAlFe] /MedAE HESLA )
Ak @ = FAHAELAHY A F4 W 7= CMS AFET B FAF AAE F
A TFUgol EL FAHEYG AT S 4= LT TAALGel NFE BBllE,
123, 133, 5025 CMS BB6= o] F ¥ m@s BCF9 o]&47t54S THES 330
E 5. 2t f@ OguraCMS vl F-Alo] dig vkE3d Zx YiF(F TR F)
HHE 2 | 06BRMS 7542 | 755- | 756-
+M8) 7503 7531 | 754-1 F) 25 L4 758-1 | 762-1
06BRMS-750-1 57 38 22 62 32 32 5 17
2 12 12 60 3 62 46 11 52
5 - 5 - 8 11 24 - 14
9 43 50 81 52 83 89 - 102
-10 - 2 23 11 - - - -
12 4 16 3 3 11 24 7 9
Al 111 143 189 139 199 215 23 194

752 : BB 639 CMS AE(BCF)dA Vet 715 A%

753 : 7]¥&2] BB 6%

754-1 : BB 6504 = o] g0z 1Rt WHo /A o] Fri(HAy )
754-2 ” ” y (FA %)
75 : Al E7tangor A4 AE( ov)

756 : BB11&, 758 : BB123&, 762 : BBI3Z&

A ANE AAF 2Q g
2] CMSA < BC3F13} BC4AF1e 7+ 28 &S XAMSHaL oln] EaE BC2F1
AASl B3 et T Al £ 6ol BQIAL A% AdTE melAsied o
FolE 7 47k WskekA @ A ok & o 7085% FE APIAT A& 1
Bhim 9= A 2o, 2elm BOFYHE WAL dEdn AT

1}. Ogura CMS¢| ¢l

AL 7ol CMS AES £YT o o)A o] Ogura CMSe1 stFYATH =LA %), o}
2t4 WA Ogura CMSE A ujstE orf-1388-HAte] DNA FZ ¢ primer?2 PCRE 53
St orf-138 primer= BioGreen219] ‘A& F F(AF EF) SZAY ZANA 2435}
of BESL YW AL o] &t 2 A3 olm g1 e F9b wjF9 Ogura CMS
A%LS 2 afre] bandE UERNREH wIF A CMS AFdAME oleld band7} e}
A okth(a®™ 1). 2 stollA] g8l ® CMS7F Ogura CMS7F obd oz vpelytTh.
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E 6. MIFA JoCMS| o AE SAHEY /MA £ IF(CMS BB63%)

A5 ZAF RA
(FZH3) A% 7+l £9 HHE-¢] 7+ RA (&)
F1 4 0 4 - 0
BC1F1 43 7 36 ? 16
BC2F1 46 39 5(2) 2 85(89)
BC3F1 30 18 10 2 60(67)
BC4F1 50 22 8 20 44(84)

():¥EY WA =T

0923 058l 0BBRMS  DBCMS oS 05RKE OBRL
-7 -2 - -5 -2m =227 -243 -376-4 -376-6 -205 -155

097kMS-27, -28 : 7t9] Polima CMSZ &# 7 AlFo| wiFAS shH m3s 7%
08Bj-1, -5 : 7t¢] Polima CMSZ U&7 A%

08BRMS-201 : 7t€] Ogura CMSell v BB6ZE 53] w333t A& (BC4F1)
08BRMS-227 : 7t€] Polima CMSell wjF-2 BB12E & 23] w343k A5 (BCIF1)
08CMS-243 : Hj 3 &%) CMSol| vjFZ 43 w3k A 5 (BC3F1)

07MS-376 : S0l A =YH Zxol(=tehe) CMS

06RMS-205 : A &5 (Ogura CMS ©|§ F1 &%)

06FL-155 : FAlF 3 AF4 3 MS A&

a9 1. vl 5A CMS AF9 orfl38 F3A F5F AR

weba v FA el CMS7F A MY o] wet 749dst Eo7be 3] Ogura
CMS9| 3 EfF-dA wfjEo] ofdA e BETL AZstA =AUtk A F © FdsiA 9o
A BFARE FAdza o dAFLoA BioGreen21H A2 F Ogura CMSe] 3B
Al gk g mAE fEghar k. o]& Eokdol BE FQ 570 wiEA AlS ol
PCRE 333ttt 2 27 Ogura CMSE 3&EAD ¢ Qe oW {FHAE Az Ho
7 A dls gle A2 YERRTHE 7).
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o 3 A SA%guFv ReR $ieln it sulforaphance Fawel AEH Y
1 sulforaphane¥ = 3}etz27F oF7F gt 227 94| ZFEH3 FAr]jse 713 Aoz &
A sulforaphened U3} Bgjo] thzxFo R -3t JAJATHLIm et al. 2009). U3 A&
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X 65. v 2] sulforaphene % BAz

e Hfj - =} Hfj 3= 7
-9 A L A A iha]
Sulforaphene(ug/g FW) 77 294 3 65 6
? . Mean of 3 replications. Plants of BB#4 grown 80days in fall season.
E 66. W] FA Qo] B9 sulforaphene 3 (ug mg" FW)
9l 73] &9l
53] o)
T5 AdAl T=5 AJAl T=5 JAl

¥ (ug/g FW) 30.8 36.0 191.4 150.3 137.3 268.2 294.3

? . Mean of 3 replications. Plants of BB#4 grown 80days in fall season.
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A o =7]= Bt7 o] 3t Bho] FdE < sulforaphened] = BATE e A
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R 67. |5 8 AFe BAu]e] AS717HE sulforaphene 33F(pg/100g F.W)

AS5d(Y) BB4% BB6% BBl12%& 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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- Soo-Seong Lee, Sun—-Ae Lee, Jungmin Yang, Jongkee Kim. 2010. Developing
stable progenies of xBrassicoraphanus, an intergeneric allopolyploid between Brassica
rapa and Raphanus sativus, through induced mutation using microspore culture.
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