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WAE, RE - ST ERNOERICE - T, MEiams
KE2HHBERESRBICNAL LS LT 5L HERE
OEMTERITOh TV (FHI, 1985 ; M, 1986 ).
775 +HOBYITE TS B. campestris L. (»
gHA, A7, v+ & B oleracea L. (F #
vHE) EofASDhEEROLE LT, BREL OFH
MESEHENTWS (GLEBA 5, 1980 ; SCHENCK
5, 1982 ; TERADA 5, 1987 ; TORIYAMA 5, 1987 ;
Z0fh).

L LS, 7735 FREMICE T30S Ei
BREOZ REEMEHMHE L TBLALLDTHY,
FEMEYERME L b0@BHTDITD,

~F, 777 rRER0BERB BV TE, HEEHHE
ZEH LT IEEA L L AT OEBMSIL BB L TF
TLEY, ZhokBVWTHEME L TREBRPEOLER
DE (REfS, 1983), 2—p v NEE D DBARE
(G5, 1983), IR LOBEMMRE FKS, 1962)
OFBICELE->THY, BFEBEOFAEAETRREST
WAL,

THLAkhT, oHXoRB YT 28EHED
BEL - ERLIRIET 320}, BERMOEH%
AL, BERFBIRTOAD - KB o RREE
Wt SERFENEEEEBNCRET S EnSET
bBHEEZOLND. BRXZ, COLIUBA»SEHE
4~ (B. oleracea L. var. acephala DC.) D%
HEAIFAIZBAT B EEBHRNNEBENELT, &
BoR TSRS L v ikifaEo ARz & & b
i, RonftAfilgEE o ErREIECIcETRYE

FHE - i

:@**

EFEBELILLDTH 3.

FHBRETOREL-T, MBE LAYy —VOBFEHET
E o REILKFRFWHARSERICERIE L LT 5. 44K
WX ORMZE - BRI R RTERR CBHOBERT 2.

0 HHRUEGE
1 B S A NE

N4 RE BR2E CBEyr-LORE ‘0 —
173" CRIERZHEZME 0 BA L LBicB0 THEEE

L) 2EBEMNCERL, 2hoo¥ERLY 7o b 7S5
AFERBHLL, Tar7I3A OBl MY T~
¥Y—-23%0.1%, ®A45>—¥RS%0.5%aUBE
wERY, RS (1988) LEEOL & TRRLEN
Vi7a 73R+ OBEEET-7. Boh2B07
a b7 ME1 X 10/ ml OEIAERICHR L 2%,
RUAMEAERE L 7.

RSB REAY)zF Ly 2y Y a— i (PEG 4000 )
D3I3UEER Y, PEG AHEEICEpH ~5Ca 18
A2 MZ =%, MURASHIGE & SKOOG O #f {35 M
(MURASHIGE 5, 1962 ; ITM SEHli X #8324 3)
THERSE L. Cho—EOFIFEFig. 1R Lk,

REAER oMK Ic X AREC LT, 7T
52 FBHRBIRE - %, ERLHEBLL OH0oRE
R172BECEEMS B#tEHLTITY (BRES,
1986 ; S, 1988), MIEMIFCRELzo=—%
ANALAOERREMICHEL, Ficl ~2mm KHE
Lich L2 2B LB L 2. BiEticd iy 21
Y erOBEFEEEEII Table 1 D2 BY TH 5,

* REEREAY (CHEREEN
* o« EFRERR

1 FEEO-HRENCEKEEEIF R RN FRBEEFLTREL L.
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Mix the two kinds of solutions of plotoplasts T
(1 x 10%/ml, respectively) i
U

‘ @ Plate the mixed solution on a cover glass ’

&)

(keep for 5 minutes)

@ Drop 200u! PEG solution (50#1% 4) around the-)

[ mixed solution (keep for 5 minutes)

J ,

[ @ Add the 0.5m! high pH-Ca solution |

® Keep for 10 minutes

® Repeat @ and ® again [

@ Add 1m! liquid medium (keep for 5 minutes)

] ® Aspirate the solution gently by a pipette

@ Repeat @ and till the protoplasts become
globular again

@ Culture the protoplasts in the liquid media

Fig. 1

]

The procedure used for the cell fusion
between Chinese cabbage and kale.

CHho—HOEREZ, WINbd 20 COBERHETITL,
BYI0 1 BEEREET T, 0% 20001k, 16 HER
BT CfT -7z,

2 MEHEOHTERUFHERE

MEHEOHE IR, BMELAREORELHRABLL
B3l ECE-TiTot. bbb 44 ‘BFiG2
B BEmICER (L) 28L, 722 28000 ED
THRVORHMLT, r—n 00— 173 BEUHKL,
Ty 7 ARETIECEILT, oo EEEL
THEHEREE L /2. £ 0HER & Do > W TR
RoREEEET 2 A — 3 YREBETHEL .

Bob L -8R, BRAELLRSBLEFE LT
SUREBER - ki, SBEOBAEI>VWTER, £
BRUCERETOBEZREL . TOoBRECHEE-

fe@EIConTE, EROBELHETIL L b, &
SN IERZHIC L 5 AMOBTRIER CRMAFEM &
Lz 0B R LRI L 3B TFRESHAE L.
THhbE, REKROBTFORBEG-T, SHLEDYE
DEXEERUBTFEREFEL, chick v TEIEY:D
OB THAEHLE.

I WRRUBE

1 BMELBROETEFI R UHEROHE

MAMEED 7o 75 2 b i, HoRsstid ok
BElToo=—2ERsEE s {uEmbTr
REERL T, BICES LRI U o, B b
HAOBHEATERAEZSCELZANVZAORERTEN
hoOEEHNERE, LE3KHcBT YT L E
vOEERCER L OMRAE Table 1itRL, F1ie,
Plate a, biciZ 2 7o b 7S5 Z b ORIA S BSULE
BO7a 75X OSBRI ERL .

AN RS TR SRS S ITHELL I VR
O, VIPOBEE O 2,4—-D BERUH VAL
BEgichofs+t L e vBEEEIh ZERHED O h
fz (Table 1). T 55, FHORKFEREHICEL TR,
2,4 -DBEH25mg I OBAIL, v+—ULHkb
DHNAHEHM MM (6 BEO L L 2{LiEH DT &
BH#L, 0.5mg/ IXi3 5.0mg /I DBAICIRT K
Epbliihot, BERBOLLEEYOS L, ~NI Y
1 FR2S KoL TRIPHRAEM®D2,4-D &
BE0.5mg/ I LEVEEIKI0 = —EROBENE
WZEMHLhIcER (RS, 1988), Fhr—ak
E—HEicBTas++ YR ‘Yo T3, GG
DNAADSmg /I DFBER, 2,4-D M 2mg/ 1D
BAKEKHENTHVZREBZV I EBB DA TH S
(NISHIO 5,1987). ARSI BIF 3 @MSMEE D H v
2bicE T A 2,4—D BEECh S A
BRUF v+ vt 2 iFEBEORMic Y, hid
NIHFA, F—=DOTa b TIRNRUBEORMS SO
FZIR MDA —F v VBECHT ARIGD 3 EHES
Li:bDEEZLNB,

wiz, BV ZCEHIC B 5SS O BE R URY
FLEVHEANZORBCKRETEES, VSO 2,
A-—DEEHM25mg /I O MBRic>WTAHBZ E, ¥
HESOBRESEEOMS EHioHE& (Table 1 @
() TRLEBER) &, 1/ 2BEOBETEAN
ZORICBEAEEBEDON Lo, Zhie LT
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Table 1 The relationship between the phytohormone levels in the media and shoot

regeneration after cell fusion treatment

Phytohormones Phytohormones

in liquid media in callus media regeneration

Zeatin in

No. of No. of Percentage of

calluses calluses shoot Treatment

media transplanted with shoots regeneration symbols

2,4—D Kinetin 2,4—D Kinetin

mg/l mg/{ ng/1 mg/l ng/1 %

0.5 0.5 1.0 0.5)% 1.0 21) 6 29 A
0.5 0.5 2.0 1.0 1.0 7r AD® 3 43 B
0.5 0.5 2.0 1.O) 1.0 5 0 0

2.5 0.5 1.0 0.5 1.0 60] 6 10 C
2.5 0.5 2.0 1.0 1.0 28 1 4 D
2.5 0.5 Q.0 0.5) 1.0 64 30 3 5 E
2.5 0.5 2.0 1.0) 0.5 20 0 0

2.6 0.5 2.0 1.0 0.7 18 1 6 F
2.5 0.5 2.0 1.0) 1.0 16 1 6 G
5.0 0.5 1.0 0.5 1.0 7 ao 2 29 H
5.0 0.5 2.0 0.5 0.7 13 0 0

a

Table 2 Number of hybrid plants obtained
by the cell fusion between Chinese

The parentheses mean that 1/1 MS was used as a basal medium for callus culture, although
1/2 MS was used usually.
The numerals in the parentheses are average

levels in liquid media.

cabbage and kale

T a No. of No. of No. of
reatment regenerated developed hybrid
symbols

shoots plants plants
A 6 6 1
B 3 2 0
C 6 3 1
D 1 0 0
E 3 3 1
F 1 1 0
G 1 0 0
H 2 2 1
Total 23 17(2)° 4
a See Table 1.

b 2 plants out of 17 were considered as poly-
ploids from the fusion of kale protoplasts.

callus numbers among the same phytohormone

AN AR R LE Y BEBEL TR, 1 mg/l
D2,4-D205mg/lDOhAxF v E2MAEDLEL
BT, Bt EryE22mg/lEIlmg it LB
SItHBE LU THSPIRA LV IODESED - f.

o, chDH AN OEEFRMUEE IR, FsMb
B ¥7F vBECEESL, ¥7F  BEML
mg/l DFALREL DM THEMELB D Sh D
LT, 0.7Tmg /1 X1 0.5mg. I DB&ITIFIZE
AEBMEBRED ot i,

HtASMTEMLL - 28 HoXELRERAO
MS e B L2 & T 5, 17T EHRR LEDB R
ELE ThSISWTEOERAEELLER, 48
EBNT A L —VOFRELHERD, SR
EHEshKk, Tho 4 BEOHR%E Table 2 1KRL
o, TO5H 1K (Table2 DEREE) IcBEL TR
RN E TR SR L, REAREEELLECS
In=38TNIHAEr—LDE2EETHB &H
B ohi,

Ihs4fEERVEFh b EFsh, HEYEE LTH
#L7 (Plate C). ThoPAD1I3@AEIZVTARS
Fy-nEEROEEERL, 741 BEGOEMLE
Fvohnfihot, TOXr—-VEII3EED S B 2
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i3, BATEIcB I 3TEAZORS S iciE oA &
EWr—NVERBLTRADIRKEVIEND, =1
O7a 752 MEESRME L TEULERETH S &
HESN7: (Plate f).

KRR S & B AR R OMRILD DI i,
AALER O OBEKSBY TEETH 5. Z0kd
EorOBEFESEREIN TV EY, 20hcHME
fENDOEVWEDOEIca - FTE 724 F (I0A) %
WL TRELT 3 HEBES AV hTw3 (TE
RADA &, 1987). AT I D& 5> BRSO ERE
TERGEWI - 220, JERAHED S 0BFMES
Eh oo, 2FEOH 1./ 4 OEERFEINEETS -
7.

Brassica BfE#)icHB VTR, B. oleracea ® 7o +
752 OEYERMSERE T DI LT,
B. campestris XU B. napus 8 3 HA{L i W
WETH2 (ULRICH 5, 1980 ; XU &, 1982 ; (LB

5
5%
F12t+ o
3 D[j a
N
= °
= ol
2 8 A ..
A A
2 A A
2 4} 4
2
K]
& I L ! s
50 100 %

Leaf width/Leaf length

Fig.2 A comparison of leaf morphology among
Chinese cabbage (O), kale (A) and their
somatic hybrids (@),

5, 1988). T @7, B. oleracea w33 5 I0A ML
B, HEMRORIR B TERFELE S, Ly
LEBLED—HAT, AWM THILLS KT 7S5 X b
oDHNALICET BHEY L E Y OBEISEYORE
KE-TRUEBIEAFIHTEILITE-TH, H58
EAMREEOHEE 2R LS 3 LTk TH 560
EEZ LN 3B,

2 FMERMEORNYE

Fon-FHEBOEOREL, ~J 44 RUT -
NWEHB LT Fig. 2RUPlated ik L 7. @d A
W 2EDSL, Ny A BB 2S RERIXHT S
BEOLW I ERI T 2 EREL O IO stz &
EVDIHLT, = ‘0—-173" BhoDHAL
ThENS VLR, £F0ES, EX+cE
BA U 7 (A 4MBMETE 3 Mikic oW T A & I
BlLkETA (Fig. 2) Thos 3BHREIVERS o
OB L THBO R EhEIcB L b oo, g,/
EERICBLTRPRPNI V1K D, T EMHELE
SERHICEL TRPPr — AE 0 ot % R Em b5
Shtbnl, £, ThoIMAkOEEIEEREINSE
NHRBOT -V EEBICERE LR 0 - 12,

IR 4 BiE D 5 B I MEHEERE - DT,
ENSIOVLVTIERRRHEEE L LA, 8~9 %
&, WTFhFVLBRHELRLE (Plate e). #2 7,
INSD55 2@EKICH VT, HEB I~ 74 RY
FVEORB L ABTRELZFEL, ToKE%
Table 3 iR L 72,

MASHIMRE L, BMICBVTCIIREEIEY 72 2.8 X
REOMOBTEEKL, £ v va ‘BFIE2E &
OREICBVTIZEE5XIZI10.2BOBEFAEERL -0

Table 3 Seed fertility of somatic hyblids between Chinese cabbage and kale in the self-

fertilization and back crosses

Strains® and No. of flowers No. of pods No. of No. of seeds
cross combinations pollinated (A) with seeds® seeds (B per flowers (A/B)
A self 18 12 144 8.0
E self 37 31 104 2.8
A X Nozaki No. 2 51 38 518 10.2
E X Nozaki No. 2 23 12 149 6.5
A X 0—-173 28 0 0 0
E X 0 -173 36 0 0 0

& Symbols for the strains (A, E) are same as the Tables 1 and 2.

b No. of pods which have at least one seed.
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KHLT, = < 0-1783° LoliTidL BFH
Bohibh-7 Zhonlehs, BAELEL2EER
EERBEEBLTN I 41 LOEBERBETH S0
D, - OLHIRETS D LS N,

IhgET, 775 FREOGEEEOEHICBEL
TRELLOHRENS B b0, KRB TR
TERFEEL LWERDTV, £OHhT, SUNDBERG 5,
(1987) &, B. campestris & B.oleracea D& TH
S 2n = 38 OB c >V TRELAERL,
BHER U B. campestris L OREOWTHIZBWVWT H
RCBETERRSBO TEVI L2EFDTHS, h
LT, A THRAELA 2HEERHSACEESET
BHEEEL, honssy (N2 H4EF L RYODHE2
PEARMERE) &7 4 4 ORITED S n M (L8
5, 1984) kv HviEERLE. TS5LET TS5 F
B A c sy s@ TR L TR, BHE
FTHREHE LB, —RNZEREHRT 2
BB E-TVRY., 4%, MRS cHEY MO
BiFLEDT, BREL 0o WTRAT 2 LENS
A9,

5B, BELL 2EGAOMTEFERRENED S
hah, Thic IHEEEOBRENZER & E IR
BFOBEWICLAREFHOERLBES LTVWE D EE
Zoh, COTEhoBTREDS T, HEERMEPH
RoHE LB S M T 2BIC bRIBERGEHA
TELEBHRETHILODEEZOND,

—%, FHMEEEOVWTRLENI L LOTKIE
BTh-1okHLTr—LvEoRETRETVESH
Wipotel &id, BEOFEEF ¥ %% (CHIANG 5,
1977), 3R ABERI N7 53 0% (EH,
1976 ; WS, 1984) TED ORI EULTY
5. IO ER, B napus 3T OB AEICEREL,
—#iz B. campestris E ORBEIBETH DI L
T B. oleracea Lt DRMIREETH L L 2R KT 5
bOTH 3.

Plb&y, AERIcE -THEON NI AL r— N
OFMIRMRE L, BTRHROEREORN I, -
NOEEENS F A ICBAT BRMELTHATSECE
BERETH B LEZ oD, Sk BohiZEERRic
BOTHRHESORBREOER L 0 5 0BERKRAE
FEL, EUERAOTRENARANICRN T 24BN S
350LEIOLND,

vV 1 L3

NoHA CHF2E EHFES -V 0-173 O
THYZFLYsY) 3 - ARV THBERS I L DIEH
HagEE e L, TotEEA L k.

MEOMAMNIEROEBICBIT 54 L ROHKZRL, »
IH4EFeNYDTO T TR DA NI
#HYFLVE Y BEOTENBEE TRVBEN TV, 2
®T 1T HEORYMBELR, 0554 BEKEHR
¥R, 2@EELNr - VR LOMESEY EEL SN,

RMMAMRE L, ¥4 & — Lo R EoRkEE
ERL, BT EUIEBLE -7 QMR
e, BTl s EE T BELCRN NI &
ORLREIBEETH 7208, r—VEORRTRETF
REBoHLEDL -7, &b, EohicElaEirr —
NORMEEN T A ICBATEEMERVEEEEZLS
it
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Explanation of Plates

The process of cell fusion and characteristics of somatic hybrids between

Chinese cabbage and kale.

a : Cell fusion of Chinese cabbage and kale

b : Cell division after cell fusion treatment

c: A somatic hybrid between Chinese cabbage and kale

d : Leaf morphology of the hybrid and parents
(Left : Chinese cabbage, Right : Kale)

e : Pollen of the hybrid

f: Flower morphology of the hybrid
F. of Chinese cabbge and cabbage, Left : Chinese cabbge,
Somatic hybrid, Right : Kale, Right below : Polyploid of kale)

(Above :
Center :
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Somatic Hybrids between Chinese Cabbage ( Brassica campestris L. )
and Wild Kale (B. oleracea L.)

Hiroshi YAMAGISHI, Hiroaki YOSHIKAWA and Susumu YUI

Summary

Somatic hybrids between Chinese cabbage and wild kale were obtained by protoplast fusion
using PEG, and their characteristics including morphology and fertility were investigated.

Callus development after fusion treatment was optimum at phytohormone levels intermedia
te between those suitable for Chinese cabbage and cabbage. Out of the 17 plants obtained, 4
were somatic hybrids and 2 were polyploids developed from the fusion of kale protoplasts.

Somatic hybrids which showed a leaf morphology intermediate between that of the parents
did not grow a head. Both the pollen fertility and seed fertility by selfing were normal. It was
possible to obtain seeds by backcrossing to Chinese cabbage, but not to kale.

Based on these results, the somatic hybrids were considered to be suitable breeding materials

for the introduction of useful genes from wild kale into Chinese cabbage.
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