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SUMMARY

. Subject
Developing Radish Varieties for European and American market.( Developing Color Radish
Varieties)

II. Achievement degree of research and development toward-goals

Initial research goals of the project include 1) development of four new varieties, 2) collection of
50 genetic resources, and 3) $100,000 seed export. Research accomplishments include 1) development
of four new varieties, 2) collection of 147 genetic resources, and 3) $60,000 seed export, resulting in
over 90% achievement rate when compared with initial goals.

II. Objectives and necessities of research

The research aims for expanding Radish seed exports towards global market including
European and American from current Asian-centered market, and also targets for selling
high-value seeds to contribute to export growth. To achieve this, research was conducted for
development of new Radish variety beyond its ordinary Kimchi food usage, with high-content
plastid and with a goal of opening a new export market.

IV. Research contents and extent

The research was conducted aiming to develop 1) a Radish variety for exports towards European
and American that contains round type red 20days radish, round type red 35days radish, red-inside
round tape radish, round type purple radish, round type green radish, round type white radish and
varietys with disease tolerance, late-bolting, physiological disorder tolerance, chlorosis, downy mildew
resistance 2) make combinations using breeding line and confirm disease tolerance, late-bolting,
physiological disorder tolerance, downy mildew resistance. and confirm good combinations and produce
sample seeds and selected combinations were registered on production and sale after local test in
europe, america and japan
3) market variety organized for stock seed increase and organized production for low price production
and high price sale

V. Research results

For variety development, 4 genetic resources of Radish variety with fusarium resistance
groups were collected and tested. and commercial varieties were then further analyzed for
Anthocyanin ingredients, finding out that plastid varieties were rich of Anthocyanin inside.

VI. Utilization Plans from Results of Research and Development

4 new varieties(ruby-yeol, kwonnong red-king, kwonnong Ruby-king, kwonnong bravo 2ho)
were completely registered, and selling & marketing activities were actively carried out with
the help of export agents worldwide. It resulted in total $60,000 amount of export. In the

_5_



near future, export growth will be targeted through export nation expansion and active selling
strategy. Meanwhile, looking at the ingredient analyzation result, Male sterility lines and
fusarium-resistant lines will be effectively utilized for developing high-content pigments
variety afterwards.
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#461 CN seeds 95 34965 2 MR Rl g 5 3
#462 CN seeds o= 24061 3.5 S o 5H 2 & B &
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72 #1050 = sperli french breakfast 3(sperli) 250s HEA A HEH X0

73 #1051 =g sperli ostergrus  rosa2(sperli) 120s =z 7202, Hoto|Al2
74 #1052 = sperli eiszapfen (sperli) 250s LRSS HHZ20Q, uholo|AlE
75 #1053 = sperli rex(sperli) 120s LR | LR

76 #1054 =g sperli e sperl) sohwarzer | 450g L =TT, 8y

2 149 B 59 94 wA
AT 276 AT AW EAT}

233 A%e] S oldel w2k

[=] A [=] A
?_ ~ ?_ ~ e
-
-

=gt 258 FME AE 276

st Al kot
- 13d =0 Mg NO. 300172 b E MSAGo] SA45™ v= v rHsstget ddy

2

=
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= dA 79, V=, 5, dE2SA AnAY Fol =yl

- §AFA HAT 800AIET AF FAVE AR H0xFe AFSAE s 99 109
ZAE 108 5908 118 109744 +350 S48 A9,
=33 AT FE oty Esb 2ok
T ISE T& M

M3te x5 408 EANEL HE 150%

MR AS 400 HEF AS 208

AR A E 20X 235U R AE 508

st s 108 7|EHE T, EYF) 150

NO.4202= ﬁi;ﬁ,gg At “HFHeH” FE FF
2ge 297t A4 AR
BYo| Fo} x/|5FHRE W)

o e HAGI A% wAlel mo o)t PO fus

|
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| A = | ! I
/ ] : l1l=05 ¥ él o q [ 2014. 1 .06
F2

st NO. 49230 A2 Al NO.42390

- FY L VF AGe) BT 209 Wl £3 Lusths FEAA FAE o9k BE By
Q1 ulEgol7l R UL e NO. 42390 AEalel A 15U EdE AmE Astel b
Slol AR 4YT alFolth. 2§, T3 Bo| S4o] 3] ;e Ao f£Eol 5@
Ao AstATh wohshzel oF 30U o saso] %77 o 59 A= ke e FAY
S gtk ol AMEARI WAl fdo] B FF 54 Hold] o FFA Ho
= Beshgc

= ST AARY 2 AT, =T A 23

L RiASH 279 A8y A4
13z Adeo] AdE TAE AL 1109 8723, e FrgF 23434 452
2 o]& 7t Als 27T AlTS T T AN AR st LA GAA S
ARE AABIAT 1M 23 F 52 TEAFES BAT, A% BAF 5AF] T=
IS BAth £ ASHAAE AAE 8171 fARE fAAY Fo 1047 == A&
HYon UmxAEs BT 4SS Bt gEbA 34 R{sta de fRAdezE
ol gt FFS SAS 0 ta AHuy AT AT fE 2 uFoA 3

f ox _>|i
oﬂ tlo oSt



of A7} He &AL ALY HZIE 2AAAY dFo =z st A7 EAsaL, A A
Ao EAVE Jloen® EA0] ol§ 7hed AFTS Ao =AE FF SA4A FF o
Els

4 Addun.

=HHs | mews E5Y Az 4| ws 28 54 5587}
31014 376X476 HEA |1 MS. F1 =g 2.8 S st
31015 377X481 HEA| D MS. F1 =@ 2.3 MR 5
31016 379X481 HeA|m MS. F1 =@ 2.2 MR st
31017 390X480 Hem MS. F1 =% 2.4 MR A ﬂg%g"%_sjflfgm
31019 399X475 SNl MS. F1 =g 3.5 S s
31024 373X473 HEA| D MS. F1 =g 3 S =
31025 373X474 XA MS. F1 x 3.2 S =
31026 374X490 AT MS. F1 =g 3.5 S &
31027 381X478 HEAD MS. F1 =@ 2.2 MR s
31028 371484 XA MS. F1 =g 4 S 3t
31029 378X489 He|m MS. F1 =% 2.2 MR 5
31034 369-13G 7285 8 s 2.5 MR st
31035 370-13G 728 As 4.1 S s
31048 476-13G 7285 AE 2.1 MR s
31049 371X384 MS.ALF As 3.1 S 3t
31053 384-13G AR As 3.2 3t
31054 393X403 MS AR As 3.5 S t
31057 403-13G AR As 3.4 S 3t
31058 481-13G 728% 8 AE 2.4 MR z
31059 480-13G 728% As 3.5 S &
31063 485-13G FH|ER SIHE F1 =¢ 4.1 S 5 £z58
31065 487-13G FH|EF FA SIE F1 =3 4.2 S &
31066 488-13G FH|HF FA SIME F1 =% 2.6 S B
31075 473-13G 72853 As 5 S =
31076 481-13G 7285 & AE 2.3 MR z
31077 474-13G 728AHR As 0.9 R &
31080 490-13G 728% 8 HE 2.2 MR z
31087 431-13G 728 As 3.4 S =
31088 433-13G 7285 3 As 3.4 S =
31089 478-13G 728% g A& 4.1 S s
31090 484-13G gt As 4.7 S s
31091 489-13G 728% &t A& 3.8 S 5

TEAGYA, AFPE Holn EAo] 53 JMAE 14dd AoixAs 43454, 14d=
10d FHNA AT FAAY 33FF st AW AR S Akt S=EAZY A=
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BN | ZA¥s | mujds 3349 AEH THE bix
1 42172 2073-52 VITESSA VITESSA(KIEPENKERL)-53-52 4.3 S
2 42173 2073-53 VITESSA(KIEPENKERL)-53-53 4.5 S
3 42175 2074-52 VITESSA(KIEPENKERL)-51-52 3.3 S
4 42178 2081-52 PARAT(SPERLI)-51-52 3.9 S
5 42179 2082-51 ROSSO GIGANTE FRANCHI(SEMENTI)-51-51 3.9 S
6 42180 2082-52 ROSSO GIGANTE FRANCHI(SEMENTI)-51-52 3.9 S
7 42195 2096-51 MS.op7tap2-71-51Xot710k2-71-52 4.3 S
X2096-52
8 42196 2096-52 o}7jop£-71-52 4.7 S
9 42233 #186-51 PINK BEAUTY PB-51 4.8 S
10 42236 #187-52 RUDOLF-52 4.8 S
11 42238 #189-52 CHERIETTE-52 4.6 S
12 42240 #222-51 VITESSA(KIEPENKERL) VITESSA-51 4.7 S
13 42247 #223-53 VITESSA-53 4.5 S
14 42251 #224-51 VIENNA(KIEPENKERL) VIENNA-51 3.5 S
15 42293 #304-54 CN#304-54 4.3 S
16 42295 #304-56 CN#304-56 3.5 S
17 42296 #304-57 CN#304-56 2.7 S
18 42297 #304-58 CN#304-56 3.6 S
19 42298 #304-59 CN#304-56 3.9 S
20 42299 #304-60 CN#304-56 4.3 S
21 42302 #304-61 CN#304-56 3.2 S
22 42303 #304-62 CN#304-56 3.7 S
23 42304 #304-63 CN#304-56 4.5 S
24 42305 #304-64 CN#304-56 4.1 S
25 42306 #304-66 CN#304-56 4 S
26 42360 #458-1 sample(CNseeds) s458-1 1.9 MR
27 42361 #458-2 sample(CNseeds) sample-2 3 S
28 42362 #458-3 sample(CNseeds) sample-3 4.1 S
29 42367 #461-1 34965(CNseeds) 34965-1 3.2 S
30 42376 #468-2 stoplite/3033 3033-2 3 S
31 42378 #469-1 clesta/3048(Kiepenkerl) 3048-1 3.7 S
32 42381 #469-4 clesta/3048(Kiepenkerl) 3048-4 3.1 S
33 42382 #471-1 r.vitessa 3036(Kiepenkerl) 3036-1 4.1 S
34 42383 #471-2 r.vitessa 3036(Kiepenkerl) 3036-2 4.4 S
35 42392 #304-2 CNseed CN#304-2 3.2 S
36 42395 CNSEED CN#304-71 3.4 S
37 42396 CN#304-71 4.9 S
38 42397 CN#304-71 3.5 S
39 42401 CN#304-77 3.4 S
40 42402 CN#304-78 3.6 S

_29_




BN | ZA¥s | muj¥s 3% A% THE g
41 42403 CN#304-79 4.1 S
42 42404 Atet HUA£Q-71 3.6 S
43 42406 sl ESE A HUZEY-71 3.5 S
44 #1022 Ell=E =, horti tops saxa2 (horti) 2.3 MR
45 #1023 [E[R=1= =4 horti tops bel image (horti) 4.5 S
46 #1024 Ell=Eas=s horti tops gautry3 (horti) 2.9 S
47 #1025 Elh=1=2 = horti tops french (horti) 2.4 MR
48 #1026 Ell=E =, horti tops mixed (horti) 1.6 MR
49 #1027 A9l green paradise rapid red2 sanova (paradise) 4.2 S
50 #1028 A Q1 green paradise burro gigante (paradise) 3.7 S
51 #1029 A9l green paradise flameboyant(paradise) 2.7 S
52 #1030 yZse somers summerred(somers) 3.3 S
53 #1031 Ell= A=, somers saxa(somers) 2.7 S
54 #1032 YEie somers celesta fl(somers) 3.3 S
55 #1033 Ugde somers national2(somers) 4.6 S
56 #1034 Ell==a=, somers lunar(somers) 5 S
57 #1035 [Ell=1= = somers melange(somers) 3.6 S
58 #1036 LN caillard national2(caillard) 3.3 S
59 #1037 A caillard chinese radish(caillard) 2 MR
60 #1038 mata caillard black maraicher(caillard) 1.2 MR
61 #1039 EPqPc sluis garden saxa2(sluis) 4.8 S
62 #1040 EJqe sluis garden raxe(sluis) 3.1 S
63 #1041 PP sluis garden celesta(sluis) 4.5 S
64 #1042 P sluis garden mix(sluis) 4.3 S
65 #1043 EWHe sluis garden narional3(sluis) 4.6 S
66 #1044 P sluis garden 18jours(sluis) 3.5 S
67 #1045 = sperli parat(sperli) 3.3 S
68 #1046 = sperli riesenbutter(sperli) 4.1 S
69 #1047 = sperli topsi (sperli) 3.2 S
70 #1048 = sperli cherry belle(sperli) 2.8 S
71 #1049 = sperli halbweib(sperli) 3.5 S
72 #1050 =9 sperli french breakfast 3(sperli) 3.5 S
73 #1051 = sperli ostergrus rosa2(sperli) 4 S
74 #1052 =9 sperli eiszapfen (sperli) 49 S
75 #1053 = sperli rex(sperli) 4.7 S
76 #1054 Re=el] sperli runder schwarzer winter(sperli) 2.4 MR
oA 0.6 R
] 1.2 MR
0] % A8 2.9 S
3rTE 4.1 S
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3. 2015, 3dz @+ W& R A3

<HUlS AT

- F Age] AEd Fe AR20GF7E F2 AL glor A2l Al A
oBs 1Y A4 AAdee} FHlef MS F1 F50], 127] =X A cl= Wby gl
A L 9l

-A&7] MS F1 #%&  80-1008/kge] 7HAo2 FihgEoln, 7] A FF2 °F 408/kg
292 FA 7HAoR dMEI 9l

-t AE, T AR oORE 52 pEe] vhHo R AR AuiEa glom ofF M
o FFSHAL A5

- HARE A AAHOR ABA AiE 4RI Qo) 27t B Ao .

<FU 9] R&D 71eMe S3

-H AAES MSE o] &3 FIAFTS ol oy 25 EtAsty AT ZAKMS <t

ANoy siAdHA & AE.

- 3= AT AM, Ao MS F1FF< /IEste] A& 5 Ao Lo 55 3t

I e o] FFES MELE SAHSE st A S & o E AdE.

- o] Y AFAE AE 209 F FEFEL AY AFSIA oY GSPEZEAE o] F o o] F
AX FA FE& st7] 7HA v SN0 LeE Aow AT

- 78 2 HFolA fFHo] ZATE He FAFS ALY vt 2AAMANAT dAF o g <l

st EAZF S, A A= A3 ZAVF gleEgE EAS ol& et AFS do

2 AL FF SA4dE ol &S A g

-5 =93 Crispar(syngenta), Cirox(nunhem)# &2 T2 A|AAHE FFO0=2 Au=Eo] ¢

Gl A3 SAS Koy A A= WAdo] oFstal A HiEEol7F BAHE S &1

th o] FFES MSE o] &3 FFo=E 3 TAo] glo] FUE dA Esidoy

! &
14dze] Be 758 ASAA 32 BAHE AAE FAste] S AF o5 AFoltk
ke =9 A, wa, T, BN AR cepsged My

WA el sl 237k ARSI, wgEolt Ro KAAR
o MRS} FATE 29| EHo] S5 Rk AF LTE

& dgoltt. FIA AT #464= AFH AFAolw EAo]

- 159 10€9 3 AL 168 53 7heol §4 A%, A8 AAe st 3 74

1o AL AAste] S0 AT o] 83 A,
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- 159 ¥ Sh20) 39 23%e] hEShel W, SRo} AN FYR F2 3 AT O A
2AE 59 1890 HAste] S48 AASE Bt AL AWl AAA 159 7hLol
A7k AR ABe] F4E Ak o] ARE 169 Bol A A A5ART ALY,
- 2AdE Jhe B4 A4 A% $Setn Bud 283 ASS 159 B 49 309, 59 69
514 351 T3 68 6UNE 72 297A A7lo] AR E AFE SHARE AN
FAT 2¥} AT S obge] msh gk,

Tz R g M
Hge x3, zUF 607 FMP A S 590%

AR AgEo] dF7E =FAE F7E 2As AL & WA ol ofste] v 7t
AAEsAL 2 o] BFete] Adstr|zt ofH ATk 7159k XHHH”/] A7F 71 AR =
W, &, AT A9k o] Al de A= Old‘lﬂr o] Algee HA3] =7
= NP AR T FAAAE WAAET HBAS 7R ATES FdsdH

= A

et ole A A Y] SEd e VA=
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2. 7% B4 AA
- §AFA FAT oF B0AIEH AW FAVF A4E 2623 1479 ABEE, 17 407
o FAE SPANS APHRZH, FEL 89U 279, 98 6°o] HEHA EAE 108 59
RE 119 109714 Sass B4 2A890:
=37 AEe & oldel o) 2
28 B g B

FMP xpt 267 SANER AS 150%

HER AS 200# et As 203

R ED A S 207 H5i35, ZHT HS 2507

e S 10% JlENE T, BYR) 150
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AY EL }_GJ(NO 204, NO.2173 223547 1x24NO.42230)s HF

FeH25” FE FFTHERS %%J 3 a1, NO.217

AT

< “YeHar 25” F FFTHIESY D

T CRSRT B 159 Jhg wA] A

‘HePR25 "R (HEETR), 159 7k =] B LIRS

=08 % (A5, 7H=E8) s S (g, 7HeAE8)

o3¢ 20-25cm 2Lz 0] Welo] 4, 2o} ZiR o9 20-30cm 2oz £0] weo] F1,
AqEl: T 7hs. olde 1-2% (RAA 54) Aul: olFE 10% (Bofe RNz 23)
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UERUY RASFR), 159 78 w7 47 cful s “SUlR", 159 Jhg LA B
FO: FE (12Aul8) E0): & (FeEg)

29 15-20cm 202 20] Yol 94, 21 29 10-20cm 2402 20] Yol wWhE. 2mRY
Al AR, 57158 s, BEUY AS Al WA, £7158, WY, 20192 N

<A 820, 3vbLF A=

- fE B HF A9 AR 20 o & &nste S2AAFAHE olges e B
1 HEEol7t =1 WAAAS ZEE NO. 423908 AEsted A 17d ol Alug AAbkste] &
ol AnAAE Aeltt. oF, o¥ o FAo] st ke ThAel =20 e d A
o5 Filadh vitist=dl oF 30¥€¢] 42850 &U|7F oF 5Y AR =& AL AT F
ARG ol HuFTAFIL WAL FHo] A FF SAE Holed o dFU A=

Ak
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3 7},

“NO. 422307, X354 L Axg “NO. 423907, Ag204%2 A =g

159 71S =A] A3 159 7hE =41 A3

2o 5 (9%) o £x (A%)

oF A7l 3/YE Ly HiEolE R Aol Hol | 2% AE20dFE dui, YA e, Y Fof
AMER A Oz MMEiAd &4, MS S4%

MSAS &/d%50ln 16 AIFEAL AJAL o Al WAAE, £7])58

el BARRE, £7]4

No. 42230 X &354F

“NO. 42390", Xg209%

H8209(53)

4. 20164, 43z 4+ W& 9 A+
» A3Y AYAF AT MY IA

12pd 5o AdrEo] AHE A2 YAk 119 ASE%3, 3719 FngdE 33 4=
o= o]l& e AlF 27 ASe X F 410MY A5 tiste A AATAA A%
W AAdes AAET 1479 =% 5x%E FEAFAP S BAN, AF 8% 5741501
FTEAFAH S BAT s A5HAAE AN 8 FAF FAAd Fo 107 F
AgAE Biow UHAE nF ZEAS Bt wgkbd dA Bastn I AR Jg;
= S A3 FFES S50 i AHT FGHAT AN FEH 2 v FolA 9
ol B/ HE A8e AL WY LAGAT Ao J‘S}Oq A BASPL, 2
A= e EAVF leBE 540l o] Thed ATS doE AL FFT FA A
3 ol¥ AYAYTh
ofelel FAANL WY ARY 2ASE APy FTL S48t W AFHoz o gy
Q1= Al B S0l

EXH S [E-1P3 ol e 4p: a| by K a3 EA SES R o7

SA S ZAZJAF A= &30 E SR 54 ~3 =70 A o] 37t

#456 syngenta AA Crispar 0.9 R Agko =, a2 = MS, &

#457 nunhem E[l=L=p=4 Cirox 0.9 R Alsko = = MS, &

#458 CN seeds = sample 1.4 R ESEIReR A ok o

#459 CN seeds = sample 1.9 MR LLEIRnN ZoF a3 3}

#460 CN seeds d=+ 32287 1.3 R LLEcIg=X ZOF =3 =

#461 CN seeds = 34965 2 MR ApARst Bl > 3

#464 CN seeds g 32290 15 R Bagte | & oF s

P R:0-1.5; MR:1.6-2.5; S:2.6-5.0.
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= LHEE ARY AZY 03
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W g FEoz Aol fWe 4 EAL ol wxAdAE WAl kstn A et
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WA GTA EUG FFES AN, N4, =, PANF =7 dgstgn By
#4582 9199 AZHIAM WAl S5l 23 ARSI, HEECl Kol FAAR
2 o}F $4HTL BUHATh WHTG FRTE 29 540 S5IA BT A LTE
7b ol At F3te] R¥ o Folth AT #4645 IFY AGHolr o] S5

o

st Iod =0l Al e sten A= o] &g

e
ot

e

13, 490 AFAL Bl FAAANN Autso] ARAHE A5 FH3hstd T 20
Ay AgEe sl AR 104, FEATAE 1645 FAstdsUthor 37
g gy AAA).

ATHRE IO FARY FHIR, PEPohros, AFAs, ASTUZTE AP
o Z4de BYow FEAAT FAAANNE AFY 2AE A Tagonz NI
2% Ayt BelAdA AGH AFS $4T ARYU

43z 3 AARAY F8 AFFTH FEAZAY, AL A3

No. | ¥%9 R c we | No. | BEd RER ® 98
1 HEFetR2s 4.7 S 54 CNsample, 4 8+-15 24 MR
2 A% 4.7 S 55 CNsample, %] 8+-16 24 MR
3 50156 5 S 58 CNsample, 4 g+-19 19 MR
4 HAre=7 5 S 59 Crispar Crispar# 51 0.8 R
5 51067 4.9 S 60 Crispar®] %52 16 MR
6 51414 4.3 S 61 Cirox % $t-51 1.1 MR
8 Citia AA125% FH¥-51-53 1.6 MR 64 CN 2H#459 CN 8445951 1 R
9 Y 571 -73-51 3.6 S 65 CN 3k4#459-52 0.7 R
15 R64A R64A-06s-1-51(4)-15G 1.8 MR 66 CN¥| #4460 CN 3H4460-51 1 R
33 Crispar Crispar-2 0.8 R 67 CN 9 46052 04 R
34 Crispar-3 22 MR 68 CNA}2H461 CN#}8H#461-51 2.1 MR
35 Crispar-4 1.1 MR 71 CN+&3H#464 CNi-& $h#464-51 24 MR
36 Crispar-5 2.5 MR 82 CNA 2H4458 CNA #H4458-2-51 1.8 MR
37 Crispar-6 0.2 R g Ak 0.8 R
38 Crispar-8 0.5 R 34 1.7 MR
39 Crispar-9 0.8 R 52 3 S
40 Crispar-10 1 R u 49 S
44 CNsample CNsample, % -3 2.3 MR

47 CNsample, %] 8+-6 15 MR

_38_



- SEHE AreNERo AEEQ) AsRA2sy, AsRHRE, 42T, UhF 1SR g
155 59 609 Amol tstel Fuierm ARRAUEAA LEAoRd % Bl
- QPEAOR GRS §ARE Jl4 Fuses] Aoz Fasksd A3 o8 A,
. delphinidin(u cyanidin | pelargonidin(ug | peonidin malvidin =1
varleties g/g) (1g/g) /g) (ug/g) (ug/g) A
FH] & N.D 151.8 254.8 N.D N.D 406.7
AFHFEE2E N.D 839.3 2.2 N.D N.D 841.5
A FFH 7 N.D 65.7 73.1 N.D N.D 138.9
AFU= N.D 51 23.8 N.D N.D 289
Al 2% NO.1414 N.D 76.5 197.1 N.D N.D 273.6
g (AR N.D 2.3 4.6 N.D N.D 7.0

201611 &% APSA HA%

AAY H

JNNUNU dEEU
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ol
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=R 1 50 5 19H$
1A =
2 1 91 0 2,900%
=3 1 5 5 37k
22 A &
2% 1 37 0 5510%
i 1 1 5 5 57$
3Ad =
= 1 2 19 8 24,375%
=3 1 0 5 105+ 0
A=
A 1 0 4 60,900% 1
) =3 4 1 0 50 20 197 0
A

2% 4 2 0 147 12 93,685% 1
FENE =
ARA oz AR, T2 A9 WA FHE 7S

e . =49 T = -
TR 5 v 7

(a4 ==t 71A) 299|299 | 2905 | 529 | 52| 5508
=z 9 T d ) ] ‘ ‘ IRl L
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| fAAY 55

= =
}iﬂ__i . o =7
(=ou %) FERE D, 54 3 71 e
R Al 559 TENE
#456  |crispar(A1 AED, HE20Q T, AGE AFA 24 ch o|%d | 2016225 | BP1234243
#457 cirox, (74, 2097, A1 AFA A = o]F3 2016.2.25 BP1234244
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SARAEYLS O FA7F wEt FHAE A EY(genic male sterility: GMS), AxdA 34
E-<(cytoplasmic male sterility: CMS), AZ& FHAZF FAHAEY (cytoplasmic-genic male
sterility: CGMS)©2. 2 F+&= thKaul,1988).
A SHELGMS)S Ao FAARE #Aste dojues AE ST, BE, T,
EnE, 7, &, 239 E FoA & F Aded I FAJQATE @0 44 o MS7F U
Bhdttal Baustgth. A8H0® 1FoA 2 o] &EHIoU MS Ed-&o] 50%°]7] w&al
AEAA THa FAH] AU
AzAdAd SAHAEJCMO)S MEAS FHEAR #Aste] Yeves A2 S5, siater],
Yol HAaE BuHAT. CMSv FFAE HFFHo=E gte ZEde we A&y 3%
(fruits ZH o7 3= FEo= e & glos 9do] uth

3z FRAEAT WY FRAS FTAEl st
25, &, 15, AR, @, otrh, 5 oF 15050 kRl A EollA B

g s

e ANEA FAHAZH SAHEACCMS)Y FHEH
TAEY Alzda Y 3 EAATE oud FHEFoE FAELC] HAH=A Ui B
T7F B ZAEAA BiFA.
ANA gl o] &= Q& Peterson(1958)¢] #A e COGMSE HUMEAF v ARIx 4
Aol 93] MS7F HEdEA Ty B st th Norvak(1971)52 Petersone] CGMS /WAE 7FA L
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o] FEEIfol| g A= ol HuHde=d 95( )= Tapetume] v]Z3i vl
kA Fete] SAEYe® Ay B

P AAA AxZATE DA ekl

ool ASH7] wEolH, SEESEe] A AR O H()e TIAEI|HE &

EA BAZZ|Fot Bk,

Ogura( )2 AREA7] o] %o Tapetum® Z=7]5-37F sHEEYY Addelgtr TR ot

shito] Esl= ol duit] | FE3), Azute] AR Qg F &3t

At sHEo] E3lE= FoF xZo] ofElomRE RYHA e Aol A()e] Hier &

2ol ol gt &kt

219892 AHEAIA AR PP ZRV] A= MEeE fARE AxAr]) R

Tapetumo] o]FHIsi A WA N7} go] 7|3 AxA= HAAA MEee FPeA] 1T

o1 B sy

(1984 AEA BALS] ZFED HAolA AHEA o AH AR M S8 B
MSell A 9491 Tapetumo] o] uldle} Fx3b7t loletn B astglch.

5. CGMSe] A ESHE A+
(1) CGMS AlzAe] FAe 44 2 7=
CGMS= EA < 22 ¥4 s vEZEgor e gFAd & A= F435
of ¢t=tu] Leaver and Gray(1982)7} #&# Fdx7} mlEZc ol LS R o]
Clark(1985), Dewey 5(1986), Hanson3Conde(1985) 12|31 Holfords(1991D)el 23] mtDNAe] A
=°| FA=EAT. Aol BE A=A cpDNAo= A9l ztol7t gl
ALY Al CGMSY] tiREe mEZcgol genomed] 7]1E9 mtDNAS
recombination®} rearrangementol] 23 A A M Z-L sequence’} HUFAA <
Buga ot &3 A2 AP mtDNAE F2 ATP synthase A A& a2} cytochrome
oxidase A3 (con) 2He] AzTkolv} Aujdel s AT Zoltt. ol S, HFY
o, ¥, @, T, A, ¥, dutetrl, s oA FHEHATHAbad 5, 1995 Akagi,
1995; Dewey ,1986; Kim, 1998; Kohler,1991; Szklarczyk,2000; Tang,1996; Zabala -&,1997).
Dewey 5(1986), Grelon(1994), Levings(1993), Zabalas(1997)o)] &t 2424 T-CGMSe| 7
£+ recombinationell 2]& 3567 base pair=7|Ql T-urfl3o)gt= MEZE FAAZE A7 o
Folal, S-CGMSe] A9+ HkE= ‘R’ regionol] 5 7§12 chimeric ORFQl orf355 ¢ orf77 7}
A d =HA7] dFoleka sk Levings(1993)l o3t o] T-urfl3 F A7} AR} H 3
S HA 13K dalton®] polypeptideE TH=+=d], o]z o] Tapetumu] vjEZTgole] ydto
F2rst Al HHE olute] B S WMAAIA rEZEZ o Yol Ca++ol NAD+E wlEZE=dof v
o8 {ESA7MA "ot o= Qldl mEZEgote] F4E&2 543 AdtE L Tapetumd] 5
o] B3t Eo FAHEYC] He Aom Bt
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Hanson(1991, 1996)e]l ¢]&tw #ZUole] CGMSE 3153 base pair=7]e] S-pof 2t A E$
mtDNA Z7}o] 4+ = o)A, John $(1992)0l <3l 7] COMSE 3kbA TS prs S22+
F7F Ao g, Kanzakis(199Del 2)std 32 CGMSE mtDNA<recombinationol] 23t pkz5
FrAzbel 98, Kim(1998)o 2]3tH Peterson CGMS 113+ coxll9} atp6 A7kl -2 #k=}
oA WMol 293 MS/F S71¥tty R usyth

Bonhomme(1992), Grelon(1994), Jean &(1997), Sigh and Brown(199Del &fst¥  f-=jl
polimas} napus CGMS7} Q=] o= k2t AR orf2249} orf2229) 71918 thal 5+t
Chtrit 5(1992)e ©)at% == 50kbd =2 mDNAS AAld)] o8] MS7t 718k a2
Holford (199Dl &fst Fat= MSeF MFZEol mtDNA®] Zpol7h Ilthar B skt
Makaroff(1995)2 ogura CMS+ mtDNAS] AL orf138 FAA ] o&l, $AEYe] F71h
O st o] FHA= 19kDae] ©hid g hAddttta B uskgth Sakaie kosena CMS+ Al
WEE orf125 o o3l Edel #71HH ol fFx¥A= 19%kDaol @iide A st= Ao® Hi
At
Iwabuchi(1999)%= orf138 orf1259] A7 LS Blwalg =), orf 1255 orf1389] ul3] 39bpe)

717} deletion, 27] 2] amino acid substitution®] ¢l &= homologous sequence® R Ithal 3} th.

rr

orf

e CGMS 4435 A & 7%

Dewey(1987)¢F Moneger(1994)+= 34 &US A 43 EFd 2 nuclear fertility restorer
genes; Rf)oll 2l3 3| E= =4 o] 3EFHAE CMS associated geneo] &HE-S A3t} 31
3, B FoA dAel B CMS associated transcriptt} protein®] 749} FAZF Utk
B 13kt Iwabuchi(1993), Pring(1998), Wise(1996)-2 dA 2] 3] &2 altered RNA mutation©]
1} CMS associated transcripts®] editione] A7} Atk B 313}

AANA I ERFAAE St dARYel ga FolA cloning® o] H ¥ =,
Cui(1996)¢} Liu(200D)= <49 rf2 f% A+ aldehyde dehydrogenenaseE codingdttial X1
391 aL, Bentolila(2002)= = FUole] Rff#AAE  pentatricopeptide repeat(PPR) containing
protein& coding gtthal BH.a13}% T
Koizuka(2000, 2003)= 9] kos CMSelA A3 E2 F 7 BEFHA Riy, Riel o8 A
Wl E T Bustdar, Rl 93 orfl2b proteine] ZFAdchy R st oh X3 Rfy F4A
of 3dlgst=  orf687e FAHIY EHisHe=ul ol 16 repeats of 35-amino acid
pentatricopeptide repeat(PPR) containing proteing coding d+chal R 13}t
Gregory(2003)= H< ogu CMSelA #A3]EH2 Rfo FZAe] Auj==d o] Rfo FAAE
cloningste] R =u]l kos CMSe orf6873 %ol 687701¢ amino acid codingst™ ©o]&
pentatricopeptide repeat(PPR) containing proteineo]g}xl R 15t +=d orf6873 Rfo= 2 #
A= FA A
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1. [3l 9] +=+] Characterization of Red Radish Anthocyanins Authors

GIUSTI, M. M., & WROLSTAD, R. E. (1996). Characterization of red radish anthocyanins.
Journal of Food Science, 61(2), 322-326

%= : Red radish (Raphanus sativus L.) anthocyanins were extracted from liquid nitrogen
powdered epidermal tissue using acetone, partitioned with chloroform and isolated using C-18
resin. The monomeric anthocyanin content, determined by pH-differential, was 154 =+ 13
mg/100g epidermal tissue (pelargonidin-glucoside basis). Thermal processing of radishes showed
that the pigments were stable to heat. Four major pigments were identified by Mass
Spectroscopy, HPLC, and spectral analyses as pelargonidin-3-sophoroside-5-glucoside
derivatives. The two major pigments were acylated with malonic acid and either ferulic or
p-coumaric acid. The two other pigments were acylated with only ferulic or p-coumaric acid.
Acylation increased pigment resistance to acid hydrolysis.

2. [311€]==&] Quality determination of red radish by nondestructive root color measurement

Schreiner, M., Krumbein, A., Schonhof, I, Widell, S., & Huyskens-Keil, S. (2003). Quality
determination of red radish by nondestructive root color measurement. Journal of the
American Society for Horticultural Science, 128(3), 397-402.

%% : A new approach for nondestructive quality assessment based on color measurement
was developed for red radishes (Raphanus sativus L.). Postharvest changes in hue angle
corresponded with changes in soluble and insoluble pectic substances linked to textural
characteristics in ‘Nevadar’ radishes. Changes in glucosinolates were related to changes in
chroma and were associated with radish flavor. However, monosaccharides were not related
to root color during the 4 days of postharvest period. Nevertheless, the data suggest that
root color may be used as a rapid, inexpensive and reliable indicator of quality during the
postharvest distribution of radish.

3. [3l9+=+&] Acylated anthocyanins from red radish (Raphanus sativus L.)

Otsuki, T., Matsufuji, H., Takeda, M., Toyoda, M., & Goda, Y. (2002). Acylated anthocyanins
from red radish (Raphanus sativus L.). Phytochemistry, 60(1), 79-87.

%= : Twelve acylated anthocyanins were isolated from the red radish (Raphanus sativus L.)

_52_



and their structures were determined by spectroscopic analyses. Six of these were identified

as pelargonidin 3-0-[6-0O-(E)-feruloyl-2-O- g -d-glucopyranosyll-(1—2)- ¢
-d-glucopyranoside]-5-O-( £ -d-glucopyranoside), pelargonidin
3-0-[6-0-(E)-caffeoyl-2-0-(6-(E)-feruloyl- g -d-glucopyranosylD)-(1—2)- 4
-d-glucopyranoside]-5-O-( s -d-glucopyranoside), pelargonidin
3-0-[6-0-(E)-p-coumaroyl-2-0-(6-(E)-caffeoyl- p -d-glucopyranosyl)-(1—2)- g
-d-glucopyranoside]-5-O-( £ -d-glucopyranoside), pelargonidin
3-0-[6-0-(E)-feruloyl-2-0-(6-(E)-caffeoyl- g -d-glucopyranosylD)-(1—2)- g
-d-glucopyranoside]-5-O-( 5 -d-glucopyranoside), pelargonidin
3-0-[6-0-(E)-p-coumaroyl-2-0O-(6-(E)-feruloyl- g -d-glucopyranosyD-(1—2)- 5
-d-glucopyranoside]-5-O-( s -d-glucopyranoside), and pelargonidin

3-0-[6-0-(E)-feruloyl-2-0-(2-(E)-feruloyl- # -d-glucopyranosyl)-(1—2)- 8
-d-glucopyranoside]-5-O-( 5 -d-glucopyranoside).

4. [3l9)+=<] Anthocyanin pigment composition of red radish cultivars as potential food
colorants

Giusti, M. M., RODRIGUEZ-SAONA, L. E., Baggett, J. R, Reed, G. L., Durst, R. W., &
Wrolstad, R. E. (1998). Anthocyanin pigment composition of red radish cultivars as potential
food colorants. Journal of Food Science, 63(2), 219-224.

%= : Red radish (Raphanus sativus L.) cultivars were evaluated with respect to qualitative
and quantitative anthocyanin (ACN) pigment content. Radishes were grown at 2 locations
(Corvallis and Hermiston, OR) and harvested at 2 maturity stages. Pigment content was
dependant on cultivar, root weight and location, higher amounts being obtained at Hermiston.
Spring cultivars (n=22) had pigmentation in the skin, ranging from 39.3 to 185 mg ACN/100g
skin. Red-fleshed Winter cultivars (n=5) had pigment content ranging from 12.2 to 53 mg
ACN/100g root. ACN profiles were similar for different cultivars, the major pigments being
pelar gonidin-3-sophoroside-5-glucoside, mono- or di-acylated with cinnamic and malonic
acids; individual proportions varied among cultivars. Estimated pigment yields ranged from 1.3
to 14 kg/ha.

5. [8l¢J+=+] Chemical characterization and antioxidant capacity of red radish (Raphanus
sativus L.) leaves and roots

Goyeneche, R., Roura, S., Ponce, A., Vega-Galvez, A., Quispe-Fuentes, I., Uribe, E., & Di
Scala, K. (2015). Chemical characterization and antioxidant capacity of red radish (Raphanus
sativus L.) leaves and roots. Journal of Functional Foods, 16, 256-264.

% E . Abstract
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Red radish roots and leaves were characterized in terms of their physico-chemical,
nutritional, antioxidant and microbiological properties. The nutritional value of radish leaves
far exceeded the corresponding value for roots. Leaves presented higher percentage of
protein, ash and crude fiber than roots. Calcium was found to be the most abundant mineral
with a value of 752.64 mg/100 g. Ascorbic acid content in leaves (38.69 mg/100 g) doubled the
value found in roots. Total phenolic contents of leaves (695.07 mg GAE/100g d.m.) were almost
two times higher than for roots, while total flavonoid levels (1042.73 mg quercetin/100 g d.m.)
were four times higher. Leaves’ and roots’ antioxidant activities were 39.48 mmol and 11.09
mmol TE/100 g d.m., respectively, by means of ORAC analysis. The most abundant free and
bound phenolic compounds of roots and leaves were pyrogallol and vanillic acid; and
epicatechin and coumaric acid, respectively.

6. [3l¢]+=<] Anthocyanin and glucosinolate occurrences in the roots of Chinese red radish
(Raphanus sativus L.), and their stability to heat and pH

Jing, P., Zhao, S. J., Ruan, S. Y., Xie, Z. H., Dong, Y., & Yu, L. L. (2012). Anthocyanin and
glucosinolate occurrences in the roots of Chinese red radish (Raphanus sativus L.), and their
stability to heat and pH. Food Chemistry, 133(4), 1569-1576.

%% : Roots of three unique Chinese radish cultivars were evaluated as potential sources for
anthocyanin-type colourants or value-added products. These cultivars showed high variation in
anthocyanins (63.77-160.74 mg/100 g FW). Seventeen pigments were tentatively identified by
mass spectroscopy as pelargonidin-3-sophoroside-5-glucoside derivatives with multiple acylation
of hydroxycinnamic acids. A bright colour (CIELab) of radish anthocyanins has been shown at
a wide pH range, comparably stable at pH < 4.2. Those anthocyanins also showed a
remarkable thermal stability, following a zero-order kinetics at pH 2.5 with half-lives of 14.5
or 87 h at 90 or 100 ° C, respectively. Additionally, those cultivars varied in glucosinolate
contents (59.69-163.91 mg/100 g FW), whereas their degradation was sensitive to pH and
followed a first-order kinetics at pH 5.8 with half-lives of 11.44 or 7.05 h at 90 orl00 ° C,
respectively. However, the stable pH ranges for anthocyanins and glucosinolates were
different: pH < 4.2 and pH > 3.6, respectively. In a radish juice model (pH 5.8/2.5), thermal
degradation of anthocyanins or glucosinolates was associated closely with media pH values. In
conclusion, cultivar selection, and thermal and pH conditions during processing or storage
should be taken into account for quality, stability, and health benefits of radish derived
natural colourants or nutraceutical products.

7. [3l9)+=+] Anthocyanin occurrence in the root peels, petioles and flowers of red radish
(Raphanus sativus L.)

Tatsuzawa, F., Toki, K., Saito, N., Shinoda, K., Shigihara, A., & Honda, T. (2008). Anthocyanin
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occurrence in the root peels, petioles and flowers of red radish (Raphanus sativus L.). Dyes
and pigments, 79(1), 83-88.

%= : Three novel acylated pelargonidin 3-sophoroside-5-glucosides were isolated from the
root peels, petioles and flowers of red radish, Raphanus sativus ‘Cherry Mate’ , in addition
to five known anthocyanins namely, pelargonidin 3-sophoroside-5-glucoside, pelargonidin

3-[2-(glucosyD-6-(trans-p-coumaroyl)-glucoside]-5-glucoside, pelargonidin
3-[2-(glucosyD-6-(trans-feruloyl)-glucoside]-5-glucoside, pelargonidin
3-[2-(glucosyD-6-(trans-p-coumaroyl)-glucoside]-5-(6-malonylglucoside) and pelargonidin

3-[2-(glucosyD-6-(trans-feruloyl)-glucoside]-5-(6-malonylglucoside). The structures of three
new acylated anthocyanins were shown to be  pelargonidin  3-O-[2-O-(p3
-d-glucopyranosyl)-6-O-(trans-caffeoyl)- f -d-glucopyranoside]-5-O-(6-O-malonyl-
-d-glucopyranoside), its demalonyl derivative, and  pelargonidin 3-0-[2-0-(p
-d-glucopyranosyl)-6-0O-(cis-p-coumaroyl)- 2 -d-glucopyranoside]-5-O-(6-O-malonyl- 3
-d-glucopyranoside). These pigments were the main components present not only in the root
but also in the petioles and flowers of red radish. p-Coumaroyl anthocyanins were the main
pigments found in the root, petioles and flowers. Although the trans-p-coumaroyl form was
abundant in all three plant organs, its cis form was present in very low amount within the
root but in large amount in the flowers and petioles.

8. [3l<]+=%] Antioxidant and pro-oxidant properties of acylated pelargonidin derivatives
extracted from red radish (Raphanus sativus var. niger, Brassicaceae)

Wang, L. S., Sun, X. D., Cao, Y., Wang, L., Li, F. J.,, & Wang, Y. F. (2010). Antioxidant and
pro-oxidant properties of acylated pelargonidin derivatives extracted from red radish
(Raphanus sativus var. niger, Brassicaceae). Food and Chemical Toxicology, 48(10), 2712-2718.

%% : The antioxidant and pro-oxidant potential of an extract from red radish, in which the
major compounds were acylated pelargonidin derivatives, were assessed with a variety of
assays in vitro. The extract appeared to form a complex with Fe3+ or Cu2+. It displayed a
concentration-dependant reducing power (1.16 OD700 nm at a concentration of 4 mM) and
scavenging effect against 2,2’ -azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) radicals (with
IC50 = 1.74 £+ 0.03 mM). It could promote the cleavage of plasmid DNA with Cu(ID/H202 or
Cu(D alone. This DNA damage could be inhibited by horseradish peroxidase, catalase, and
EDTA, respectively. The extract also showed growth inhibition of Bel-7402 cells at lower
concentration. The results suggested that the formation of reactive oxygen species might be
involved in the mechanism of DNA damage. The acylated pelargonidin derivatives extracted
from red radish could act as antioxidant and pro-oxidant and their antioxidant and pro-oxidant
properties were relative to the reaction conditions. It might provide novel antioxidant and
anticarcinogenic agents.
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