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Callus Formation and Rooting of Inbred Lines of Chinese Cabbage
(Brassica campestris ssp. perkinensis) Though Protopalst Culture
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ABSTRACT Protoplasts were isolated from hypocotyls, cotyledons, and young leaves of Chinese cabbage grown
under in vitro environmental condition. An enzyme mixture of 1% Cellulysin and 0.5% Macerozyme in combination
with 0.4 M mannitol was most effective condition for protoplast isolation. The highest yield of protoplasts, 7.6 x 10°
protoplast/g of fresh weight, was obtained from the treatment of leaves for 12~16 hours at 27 ~28°C with shaking
at 30 rpm. The most suitable medium for an initial cell division was K8p basal medium supplemented with 5 mg/L
2,4-D and 2 mg/L kinetin. Within 7~10 days, protoplasts derived from hypocotyl and cotyledon tissues formed cell
colonies. When the cells were grown at the size of 8~10 cells, they were embedded into semi-solid medium
containing 0.2% agarose. Calli derived from protoplast culture were transferred to the 100 different types of plant
regeneration media, but no completely regenerated plants from inbred lines of Chinese cabbage used for this study
were obtained, though frequent rooting took place in several media tested.
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A o) FoIA %t} Brassica 49\ X B. oleracea
o] &g 93y

go) g
9} B. napusolX] o8] 7pA] £4)9 AEASE
AA AR Axrgase] Hrgen (Poulsen and
Nielsen 1989; Loudon et al. 1989, Kao et al. 1990; Hansen
and Earle 1994; Lee et al. 1995; Olin-Fatih 1996), B. juncea
AME AFAA vl o &2 A=A NES} A+
A=l RIHYYT (Kirti and Chopra 1990; Narasimhulu
et al. 1993; Lian and Lim 2001a).

B. campestris?| A= LFAA vl B AFAHE0
B I EAA T (Hegazi et al. 1992; Zhao et al. 1994) ©x] A
22Tk AUAY AR HATL sriete A&l
o AXHYY, AHH AEE ZHPriPP FhH e golgt
Fl Al#EES AHstith ’dL AFAA wfgol o3t
&gt Qe ohzt dFEA %Z“’ﬂ o3 AzZ2 34
29 54 % ‘%‘Xif%}*és)r 2 FEIAES EYske 97
& gitslA AAA 23 9t} (Hansen and Earle 1995;
Cardi and Earle 1997; Sigareva and Earle 1997; Arumugam
et al. 2000; Ren et al. 2000). HZ &= ZH3AlA] L&
A Mg ol & SEEokl o B AFFEAE s A
o gk a8 d ol2j gk AAiste] AFAEA °?J% 4%
AA| wfjke] ofzf& wiFRTRE g, wi
AApska A ad) AEH T Uk (Lian and le 2001a b).
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A AFE AEAEES TYTHAM B wix
inbred lineE9¢ KW2, KW9, KW2 3 240]E’r 258
70% &g 187 253 &, 952 39 A28y, 50%
AR (5 FFHA=101) 2087 EUAHSAT B

Z A A AAHEY 3% sucroseZ} EFE MS 7]Eu) |
(Murashige and Skoog 1962)9 2|4FstSch skl FY
2 JAYZ2AS YA FYNRE ol LslHon g
© MS #jR)ef| 2~3Fmit} gk WA Alhul st FRAZ T
Bk 25+1CE AT WFLAA 1647 F57] =2

A ulF AN £ B2 ¥ d¥34E ¢
71 93te] M EY B aAQ Cellulysinz} Macerozyme2)
T, 93ZA BYRE 84 A JgAIZL RS S
& tEA st 4FFA F2E AEsch d¥EA e
T 1g A= 7dellA B3 Hﬂ-r-4 A4H s B o
YL FFE petridish9oll ¥ ot HAg] &< TVL &
o (54.6 g/L sorbitol, 7.4 g/L. CaCl; - 2H20 pH 5.6~5.8)%
Y GRS sFEES ARt HEAE AP 1~0.5

mm FEo A7Z A AE F, & A 1A
preplasmolyseE A|Z Tk 1 3 pasteur pipetteS A3}
TVL £948 AASHEL 10 mL 7}8ke] o 34%3k enzyme
2.8 HrtERk g4 Cellulysing 0.5, 1% FEE,
Macerozyme-2 0.1, 0.5, 1% 2 X353tk

EAaAEE NEHGRL 50 umAZ A X XNANES
#d e CPW21S&e (27.2 mg/L KHPOs, 101 mg/L
KNO3, 1480 mg/L. CaCl, - 2H20, 246 mg/L. MgSOs - TH,0,
0.14 mg/L KI, 0.025 mg/LL CuSO4 - SH20, 21% sucrose, pH
55~5.8)02 MEIES dEYAH FAEY FE Ho} 800
rpmo A 1087 A4AEesith et AFEA S Ax
AA71ES FelEo] d4aEd] FE Sidd of 2oz y
EfLp=g o] EE2 pasteur pipette £ ZAAEA H3lo )
4R ool $70 e ARHWA ALY WS (184 gL
CaCly - 2H»0, 9 g/L NaCl, 1.0 g/L glucose, 0.8 g/LL KCI,
pH5.6~58)& 23] Al¥3 & JSAE vz|y JAEL
mLe] W58 0=2 thA] esle] 0.02 mme Sperm
counter (Hausser 3900, 1/400-mm square)S ©]-&3le] 43
A5E ZA.

21542 ZlH |HH°t

2EE 93ANE WA E 2.5x10%5x10* proto-
plasts/mLe] HE7t S5 E 843l AE°] 6 mm<l
petridishol] wjokslgict. o] o ARE-3} wix]= $A4F K8p
(Glimelius et al. 1986) v ®|o}| 2,4-D$} kineting Z§s}od
A7k 271 7~109 3 9g=AA 7 Bhs) Al
31 0.2%9) agarose} A7FE vy Al o] TAA)A wfk
3tk o] uf AMESl= BlA]= K3 (Kao and Michcharyluk
1975) WA E 7|28 3o, F s Z/MAED &
2 0.1M sucroseS AlL3I9TY AEAAZIEAZE 0.5
mg/L 2,4-D, 0.025 mg/L NAA S} 0.025 mg/L BAPE A7}t
atod wjkatich FAE callis A EA ARIE 74
7] €3ted MS 7]EuR|o)| zeatin, BAP, NAA, IAAE A7}
sho] uj Fatqith



NEA Y o, AdE 2 Bele d¥EA £ 2 v
F o Z8% LS Y E49 FFHY R 94 9
A9 Ak 9 B APHOE JFS Fe FH L9l
22} sli}o)t}t (Hegazi et al. 1992). wj3 shjsat 24 1
1 A st A 2~3F A oULE o] &3] B2 F
2 AFAAE 2= F AAB LFFA FYAAM 7 F2
T 7ol AREE A4d FRY FhoW, ol d¥EAEA
Pk 9 AR o Bl FAPHe R JFF F= FH &
2159 sputo|th

wize) 714 H3tel AYAA Be2AS
o w)Fe) A, SlE % oAAL ol g3t
Zr, JABEEE T2 3y
lulysin¥} 0.5% Macerozyme$] Zgo] vlF APAA £
of 714 At oAl 7.6 x10° protoplasts/ge] 713
2 g AFZAE EAE T AN (Table 1). E2AE
= enzyme® BAjo] £ 23~24CA 12~16A17F Wik
A1) ¥ 30~40 rpm P9) W AHEES | ~247F £l
shAu), 27~281C9) 2ol A 30 rpm FE9) B g
APIRAA RHSAIZRTE AFEA SRR 27~28CAA 12
S16A7F A% K02 HANYY Hol o FUEE WS 6
-8AIZE F M EHE0] HalHA &
oA BeEsol ok A #
12~16M7F H2) T HEHol ]
£e5lo] Yo AL #AY 4 Uit (Figure 1B). T2

%3

Table 1. Effect of enzyme concentrations on the protoplasts yields
of B. campestris (KW9).

Enzyme Solution El E2 E3 E4

“Solution K3 medium, 0.4 M mannitol, pH 5.6~ 5.8

Yields of Protoplast

5
(1 X protoplasts/g) 4.8x10

45%10° 7.6x10° 44x10°

E1 Cellulysin 1%, Macerozyme 0.1%; E2: Cellulysin 1%,
Macerozyme 0.5%; E3: Cellulysin 0.5%, Macerozyme 1%;
E4: Cellulysin 1%, Macerozyme 1%.

Table 2. Factors influencing on protoplast yield of B. campestris
(KW9).

Teraperature 23~24C 27~28C
Pre-incubation time (hour) 12~16 -
Shaking speed (rpm) 20 30 40 20 30 40
Incubation with Shaking (hour) 1~2 12~16
Protoplast yield (1 X 10'/g) 0.1 02 03 65 7.6 5.1

- : direct incubation with shaking.
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£ sl ¥ 30 rpm £52 7PEA FEElHA v dslH
BAhgHo] AEZAN HE3= Wrt BopxuA 432
A7 AXA o 4A BEl=H7) b o B g9 9y
AANE A& ¢ Yk 2y A" £E7) 40 rpm oY
B AE7L GA st Eo} AFAA o] AUk (Table 2).
CPW21S §9o 8 AFAAES NE RN7A7|EH A
w580z F i o] AHst 43 FAAES I
t} (Figure. 1C).
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Zhao 5 (1994)9] AtdME FZE vy} e o242 o
UA e AAslade] AREN SAEAES #H|
ate] AEe] AR Asete] Uehe Ao2 dERTh o
218t AGES MEZF FEt 8~ 104 DAl A 71 1
atA veped old FEste AXES agarose WA
WA (semi-solid medium)el] ZAA)A wjoksld 4oz
WA AU

Q3 Wi EAG A= AZZE 715 2} QoA EE5E
o] 245l ek sled (Kao et al. 1990) A& AA uj ol
FAoltt HE HYollA E2lE AFHA ] = Aot 3§
HEoll A dojzl ARTE BT T4 MZEEH A=A
AL Asted A9 shES dPEA AER 2 A
o] vl %t Ao R Atg¥ch

AFEA vl AEZH A, AEEG L A& A
e A ol JEE AEY dxe AEAY 2EE
9] & wh=t} (Eriksson 1986). #2]d d¥AA= 54

~ .

= K8p vl R0l 2154 2,4-De} kineting Z51e] w3}

I;‘L)ll

A=t 2,4-D7} 5 mg/L T8]7 kinetino] 2 mg/Le] 23}
Axzgde] 71 gdd RS A § YAtk 24-D S5
mg/L#} kinetin 2 mg/L& 7[5 wiAZ oA A EE G o)
kst =gt (Figure 1D) 2] 252 sucrose’} 2% $+-%
MS7]Ee]x]e] 2 mg/L zeatin, 0.5 mg/L BAP¢} 1 mg/L9]
NAAZY 7k vlx] R3S o dejre A8 52 44
& HUA Aejxrt AR sta 713 FAHA
ATt ol FEEE 24-D7t st AZEEE A5kt 7]
& BE gAATIE AR ARt T 9¥8FEA =
719 Aol 1 mg/L 2,4-D9+ 0.5 mg/L BAP, 1 mg/L NAA
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Figure 1. Photographes of protopalsts being isolated and differentiated into callus and roots. A, Protoplasts being released from Chinese
cabbage leaf when exposed to cell wall digesting enzyme treatment; B, Protoplasts further released from leaf tissue prior to purification; C,
Isolated and purified intact protoplasts; D, Cells at division; E, Callus from protoplasts-derived cell; F, Roots formed from protoplasts-derived
callus.

o4 Walh AHE AL BAY 5 AU Figue IE, @
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2 Aol el AY3 s, oAUS Aol ¢
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v kS 38l 7“31’\2 FAAZT B1E AH2A 227 3F HE ojddo] dFHA EARE AREHAE v F<]
FAER 97 waur AT B A¥Y AAS 7|2 4FFA 2l P A%S 249 2% 0.4 M mannitol
A8 2 35lo] B. campestris$t B. oleracea 7+9] AME FF AEZARZ & 1% Cellulysinz} 0.5% Macerozyme2]
AE2AE Hast=d A2ttt (Lian and Lim 2001a). = &43Fe] w3 4824 el /M 4% 22z Ye
& B. juncead A& ZAuY LRAA wikol] Qg 4 wow, YEHE 27+1TAA 30 rpm-J EEE 12~16A]7F
24 A2 A7} FYsQ7lol (Lian and Lim 2001b) ¥} $<F Z29 wSARS o 7.6 x10° protoplasi/g®] 7H3 %
AYPAA Z7|uiSst A Hﬂ°k°ﬂ7‘1 NBAEs] g3 2 YIFAES AUTE MEELES /71A717] ¢ste K8p
2Q1EL Aty 7129 WPEES & AASAIT  wiAe] 5 mg/L 2,4-De 2 mg/Lol Hrteke o W 7~
AAES] w3 AFEA HH°k°ﬂ*15 SAg AEA A 1090 A shiSel g dFAA A AEFEC|
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