NEYHISIX H35H H3S
J Plant Biotechnol
Vol, 35, No. 3, 235-243 (2008)

= HSEH W0 QIXl= CHEet M9l 2l
ASEH Rd AYAZRH X THES!

Effects of a variety of treatments affecting Chinese cabbage protoplast
culture, and plant regeneration from protoplast-derived callus
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ABSTRACT Here we describe a procedure for Chinese cabbage protoplast culture and effects of various

treatments. Chinese cabbage protoplasts were isolated from different parts of young seedlings as using an

enzyme mixture, of which yield was maximized in seven hours around after digestion. The highest rate of

initial cell division followed by micro-callus formation was obtained in the medium with 1.0 mg/L 2,4-D, 0.5

mg/L NAA, and 1.0 mg/L BA when the cotyledon-derived protoplasts were cultured. Initiation of cell division

and micro-callus proliferation significantly depended upon Chinese cabbage genotype under a same culture

circumnstances. The micro-calli developed from cotyledon tissue of Norang-Bom cultivar successfully grew

toward callus colonies on the solidified medium with 0.2 mg/L. zeatin and 0.1 mM spermidine. The callus

colonies generated de novo shoots at the maximum frequency of 4.3% on the medium with 5.0 mg/L BA

and 1.0 mg/L NAA. Our results might be helpful for further studies to enhance the regeneration efficiency

in Chinese cabbage protoplast culture.
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Figure 1. Time curves of proplast yield depending on tissue
types of Chinese cabbage and enzyme combination. Enzyme
solution A contained 1% cellulose R-10 and 0.5% macerozyme
R-10, and enzyme solution B contained 1% cellulose R-10,
0.4% macerozyme R-10, and pectolyase 0.1%. The data
represent the mean values of ten replicates. Each bar on the
curves represents the standard deviations.
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Table 1. Effects of PGRs on cell division and further micro-callus proliferation of protoplasts derived from different types of tissue in
Chinese cabbage cultivar Seoul. The data represent the mean values of eight replicates. Values in a column within the same row
followed by a common letter are significantly different as being marked by F-value test (Duncan's multiple range test). Strength of
association (omega-square; a>2) indicates the strengths of factors impacting the values

Cell division Micro-callus proliferation
Plant growth regulator Explant 3 5
Rate (%) (F-value test) Score (F-value test)
Cotyledon 0.5 ns 0.0 ns
Free Hypocotyl 0.3 0.0
True leaf 0.0 0.0
Cotyledon 53¢ i 35 a b
0.5 mg/L 2,4-D
+ 0.5 mgl NAA Hypocotyl 16.9 a 235D
True leaf 150D 13 b
1.0 mgiL 24D Cotyledon 334 a b 85a b
+ 0.5 mg/L NAA Hypocotyl 202 b 70 b
+ 1.0 mglL BA True leaf 13.9 ¢ 27 ¢
Cotyledon 101 ¢ b 35a i
3.0 mg/lL 24D Hypocotyl 226 a 1.7b
True leaf 18.7 b 12 b
. 2 Explant, 0.13; PGR, 0.66; Explant, 0.15; PGR, 0.66;
Strength of association (') Explant'PGR 0.05 Explant*PGR, 0.11

*Number of dividing-cells / Number of observed cells
®Rank of micro-callus initiation and its growth ranging from 0 (no) to 9 (very abundant).
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Figure 2. Effects of genotype and light on cell division and further micro-callus proliferation of Chinese cabbage protoplasts isolated
from cotyledon tissue. Protoplasts were cultured in a liquid medium with 1.0 mg/L 2,4-D, 0.5 mg/L NAA, and 1.0 mg/L BA. Scores
in B frame indicate the micro-callus proliferation ranks ranging from 0 (no) to 9 (very abundant). The data represent the mean
values of six replicates. Values in a column within the same row followed by a common letter are significantly different at the
5% level (Duncan’s multiple range test).
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HhE REAA B2 callus colony 2SI} W23 R

2 37 01213 0 2 HE AojA micro-callus FEF 3 mL
£ #/3}o] BA, zeatin, NAA 5 PGR1} ethylene A3t A=
oF WAet IAS 7HA 2L )& polyamine X ethylene A4
AAA 2 sl AVG 5 D A7k 1159 TAEA]
of| plating 3+ - callus colony 2] AA-S ZAFSIATH (Table 2).
g £52 code D HjR] (BA 2.0 mg/L, NAA 1.0 mg/L,
spermine 0.1 mM), H ¥} A] (zeatin 0.2 mg/L) % 1 W}Z] (zeatin
0.2 mg/L, spermidine 0.1 mM) (Figure 3Bb)ol|A U435 3}A
callus colony7h HAE HIH, ZFH BET ASuE
code H W12} 1 MiZ|o)H 33 Eol vlAAE 254
g callus colony7h OF&5HA] F4E Gk Ethylene ® 4% 7]
W A23tol| el 9ol wet FAHo AV RAYH dFS
SAlofl zk3 Qlom (Huxter et al. 1981; Kumar et al. 1987;
Songstad et al. 1988; Chi et al. 1991), 7| L&} o2&
Brassica%;9| A= ethylene®] XA E:= 28-S AR|FHo.
2H ARSE 4FHOZ §uF & grky Wl
(Pua 1993). & A[@ol A= ethylene A FH H=9 A
Ao 9lon AF9 PGRE QIAH= polyamine ¥
ACC a0 S92 AE2 =M ethylene S 2
% As= AVGE callus colony A& z]of Z7}5H¢]out
A7F AY g EollA callus colony 9] Ao A==
S Uedislch 28y 2 A9 oy Aoaer &
o] callus colony 2 5] 1% AHLIE FEdle dAloAl ot
Z 9] cytokining B2 o] H7}e}elZol = E5k ethylene
AAA Y AME HESA] UGITH (Table 3). AA=

cytokinini= 2 Fo A ACC
202 ethylene AJARS =
(Saha et al. 2007).

g 239 callus colonyS thAFO.Z G-t vl R] code
T LH3L 5 (See the medium codes in table 2) BA, zeatin
A NAAZL T8 = 28 7R MSHiRof 21481 callus
colony @] B3-S A5Gt (Table 3, Figure 3Bc). Code D
B Zjo A {23t callus colony<= callus®] 2|3} oF7he] Z+
MR PGS B AE L W) ARE B B
4 93k (Figure 3Bc lower dishes). Code H ujj zjol| A &2}
3} callus colony= BA 2.0 mg/L2} NAA 1.0 mg/L Z7hufx|
o A 2.9%%} 22.7% 9] WIm & 747} Aot #a)7) &3} g
AL tHE v R|o A= callus AT 24 E] %k Code 1 HY
A]of| 4] AT colony+= BA 2.0 mg/L2} NAA 1.0 mg/L A7}
d)Zjof 4 14% HIE= BA 5.0 mg/Lo} NAA 1.0 mgL 37}
Hl 2o e 43%9] HIE& 742 Al27} 283} (Figure 3Bf,
gEslen, Z1zo] uj|of A Be] Ars} (Figure 3Bd, ¢) ¥l

= 22.7%%}+ 11.7% %ok
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Table 2. Effects of PGR and ethylene-related substances on callus colony formation from micro-callus suspension derived from Chinese

cabbage protoplast culture

Medium code PGR (mg/L) Polyamine {mM) AVG Cultivar
BA  zeatin  NAA spermidine spermine (uM) Norang- Josaeng- Seoul
Bom Chuseok
A - - - - ? -
B 20 - 1.0 - - + - +
C 2.0 - 1.0 - 5.0 + -
D 20 - 1.0 - 0.1 - +t - +
E 2.0 - 1.0 05 - -
F 2.0 - 1.0 1.0 - -
G 2.0 - 1.0 2.0 -
H - 0.2 - - - - ++++ ++ +++
| - 0.2 - 0.1 - - +++4 ++ +++
J - 0.2 - 1.0 -
K - 0.2 - 2.0 - - -

?Levels of callus colony formation: -, non; +, poor; ++; moderate; +++; abundant, ++++; very abundant.



HiZE FHEA s OiXi= CIYE Malol Bt HEAM Foff BHAZRE ME WS - 241

Figure 3. Phenotype of Ogura CMS and plant regeneration through protoplast culture in Chinese cabbage. A: a, male sterile flower
and filaments with no pollens in an Ogura CMS inbred line, Seoul; b, chlorosis in young leaves of Ogu Seoul. B: a, protoplasts
isolated from cotyledon tissue followed by fluorescein diacetate (FDA) treatment for a viability test (Bengochea and Dodds 1986).
More than 90% of protoplasts were viable, and the inset shows protoplasts in an enzyme solution before FDA treatment; b, callus
colonies arising from micro-calli derived from cotyledon tissues of NorangBom cultivar; ¢, calli growing in a shoot induction
media; d and e, root primordium initiation (arrow) and its growth respectively; f and g, shoot primordium initiation (arrow) and
its growth respectively; h, root induction from the regenerated shoots on a PGR-free MS medium; i, acclimatized Chinese cabbage
regenerants.

Table 3. PGR effects on shoot and root regeneration from callus colony derived from protoplasts of Chinense cabbage cultivar Norang-
Bom. The data represent the mean values of seven replicates (six to ten callus colony per pertri-dish). Values in a column followed
by a commom letter are significantly different at the 5% level (Duncan’s multiple range test)

PGR (mgiL) )
Callus colony source - Shoot regeneration (%) Root regeneraion (%)
BA zeatin NAA
D 2.0 - 1.0 0.0 b 00 ¢
5.0 - 1.0 0.0 b 00c¢
- 1.0 - 0.0 b 00 ¢
- 5.0 - 00 b 0.0 ¢
H 2.0 - 1.0 29 ab 22.7 a
5.0 - 1.0 0.0 b 72¢
- 1.0 - 0.0 b 00c
- 5.0 - 0.0 b 00c
| 2.0 - 1.0 14 b 22.7 &
5.0 - 1.0 43 a 1.7 b
- 1.0 - 00 b 00¢

- 5.0 - 0.0b 00c¢
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