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ABSTRACT The study was carried out to develop a simple and efficient system to regenerate plants from cotyledon
and hypocotyl tissues of Chinese cabbage (Brassica campestris L. ssp. pekinensis cv Seoul). Among the various combi-
nations of naphthalene acetic acid (NAA) and 6-benzyladenine (BA) tested, the best shoot induction medium for
cotyledon, with 2.67 shoots per explants, contained 2.0 mg - L™ NAA, 1.0 mg- L™ BA and 16.7 mg - L™ AgNOs. The
shoot induction medium with 1.0 mg - L™ NAA, 50 mg- L™ BA and 16.7 mg- L™ AgNOs, was best for shoot
induction from hypocotyl explants, with 1.87 shoots per explants. After shoot induction, regenerated shoots were excised
and rooted on rooting medium. Rooted plantlets were then hardened in the high humidity growth chamber and
transplanted to pots, and then grown in the greenhouse. Regenerated plants appeared phenotypically norma and there
were no changes in chromosome number.
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Introduction

Chinese cabbage (Brassica campestris L. ssp. pekinensis), a
member of the genus Brassica, is one of the most important
vegetable for agricultural production and is widely cultivated in
Asia, especialy in Korea, Japan, and China.

Many members of the Brassicacea family are amenable to
regenerate from cultured cells or tissue via organogenesis
(Dunwell, 1981). In this family, regenerated plants have been
obtained from various tissue explants: hypocotyls (Yang et al.,
1991), cotyledons (Hachey et al., 1991), stems (Stringam, 1977),
leaves (Radke et al., 1988), roots (Xu et al., 1982), anthers
(Keller and Armstrong, 1977), microspores (Lichter, 1989) and
protoplasts (Glimelius, 1984; Spangenberg et al., 1986). Organ
regeneration from a variety of explants of Brassica species is
largely genotype and species dependent (Dietert et al., 1982).
However, Chinese cabbage (Brassica campestris ssp. pekinen-
sis) is known to be recalcitrant to in vitro shoot regeneration
compared to other Brassica species (Jain et a., 1988; Murata
and Orton, 1987; Narashimhulu and Chopra, 1988).

Almost all possible parameters have been investigated such as
media, genotype (Jain et al., 1988), variation among different
explants and the amount of growth regulators applied (Khehra

and Mathias, 1992). However, the most important factor that
influences in vitro organogenesis seems to be plant growth
regulators. Silver nitrat is a well known inhibitor of ethylene
action (Beyer, 1976) and have been shown to enhance shoot
regeneration in Brassica (Chi and Pua, 1989; Chi et al., 1990;
Sethi et al., 1990; Williams et al., 1990).

A reliable plant regeneration system is required for incorpo-
ration of agronomically useful genes via genetic transformation.
One of the objectives of this study was to develop a simple,
reliable and efficient system to regenerate plants from cotyledon
and hypocotyl tissues of Chinese cabbage, which will be used
for applying genetic engineering technology to improve Chinese
cabbage cultivars. The other objectives of this study were to
determine whether shoot regeneration from explants of B. cam-
pestris cv. Seoul was influenced by AgNOs, commonly used as
ethylene inhibitor, and finally to determine wherther phenotype
and chromosome number of regenerants were changed.

Materials and Methods
Seeds of Brassica campestris ssp. pekinensis cv. Seoul were

firstly dipped in 70% EtOH for 1 min. and rinsed three times
with distilled water. Then the seeds were surface-sterilized in
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0.8% sodium hypochlorite solution with 0.01% Tween 80 for 20 number of shoots exceeding 5 mm in length. All experiments
min. and rinsed with sterile distilled water five times. The seeds described above were repeated four times, and data were com-
were germinated in 70x170 mm bottle containing MS basal bined and analyzed using SAS program (SAS Insitute, 1985).
medium (Murashige and Skoog, 1962) with vitamins, 3% F-tests were used to determine the significance of treatments and
sucrose, and 0.8% agar. The pH of medium was adjusted to 5.8 mean separations were based on least significant difference

before autoclaving. (LSD).

The effect of naphthalene acetic acid (NAA) and 6-benzylade- Rooted plantlets were rinsed in running water to remove the
nine (BA) of cotyledon and hypocotyl explants on shoot regen- agar and planted peat pots containing vermiculite. Rooted plant-
eration was examined in combinations of four levels of NAA (O, lets were then hardened in the high humidity growth chamber

0.5, 1.0, and 2.0 mg -L™) and four levels of BA (0, 1.0, 3.0, and then transferred into 10 cm pots. Followed by 35 days cold
and 5.0 mg-L™). The effect of AgNOs treatment on shoot treatment, regnerated plants were grown in the greenhouse for 3
induction was also tested. AgNOs 16.7 mg - L™ was treated to months. To identify the fertility of regenerated plants, self polli-
shoot induction medium containing 16 different combinations of nation was conducted and seeds were harvested. Chromosome
NAA and BA and compared to non-treated medium. Cotyledons count was made by the Giemsa C-banding method (Ashmore
were removed to include 1-2 mm petioles from 6 days-old and Gould, 1981) using dividing cells in actively growing
seedlings right before the emergence of the first leaf. Hypocotyls root-tip of regenerated plants to analyzed ploidy level.
were cut 2—3 mm below the cotyledon, and the shoot apex and
roots removed. The petri plates were cultured and kept in the
condition of a 18/6 h light period and 25+2C temperature.
Shoots induced from cotyledon and hypocotyl explants were The effect of plant growth regulator on shoot regeneration
transferred to MS agar medium with 1.0 mg-L™" NAA for from cotyledon or hypocoty! tissue was tested using 16 combi-
development of the root system. nations of NAA and BA (Table 1 and 2). Shoots were obtained
Plates were distributed in a culture room in a completely via organogenesis from cells around cut edge of the cotyledon-
randomized design. Data were recorded after 4 weeks for the ary petioles within 4 weeks. The critical factor for shoot regen-

Results and Discussion

Table 1. Effect of NAA, BA and AgNOs; on shoot induction from cotyledon explant of ‘Seoul’ Chinese cabbage (Brassica
campestris L. ssp. pekinensis).

Plant growth Number of shoots regenerated per explant’

regulator NAA (mg-L™)

BA 0 0.5 1.0 2.0
(mg-L™Y + X + - + - + -

0 0.00 ¢/ 0.00 ¢ 000c /000c 000c /000cC 0.00 c /000c
1 0.00 ¢ / 0.00 c 0.87 bc / 0.60 ab 233 a /013 bc 267 a /033 bc
3 0.00 ¢ / 0.00 c 213 ab / 0.27 bc 0.80 bc / 0.00 ¢ 1.40 abc/ 0.00 ¢
5 0.00 ¢ / 0.00 c 2.00 ab / 0.00 ¢ 0.80 bc / 0.80 a 020 c /0.00c

“Total number of regenerated shoots/ total number of explants.
YThe medium with AgNO; 16.7 mg - L™
*The medium without AgNOs.

“Mean separation within treatments by least significant difference, p = 0.05.

Table 2. Effect of NAA, BA and AgNOs on shoot induction from hypocotyl explant of ‘Seoul’ Chinese cabbage (Brassica

campestris L. ssp. pekinensis).

Plant growth Number of shoots regenerated per explant’

regulator NAA (mg-L™)

BA 0 0.5 1.0 2.0
(mg-L™ + X + - + - + -

0 0.00 ¢/ 0.00 b 0.33 bc / 0.00 c 000 c /000cC 000 c /000b
1 0.00 ¢ / 0.00 b 000c /013 a 127 ab/ 000 b 0.87 ab / 0.00 b
3 0.00 ¢ / 0.00 b 000c /000b 013 c /000 b 0.53 bc / 0.00 b
5 0.00 ¢ / 0.00 b 013c /000b 187 a /0.00 b 167 a /0.00 b

“Total number of regenerated shoots/ total number of explants.

YThe medium with AgNOs 16.7 mg -« L™

*The medium without AgNOs.

“Mean separation within treatments by least significant difference, p = 0.05.
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eration was the combination of BA and NAA in the medium. In
the absence of BA from the medium, no induction of shoot
regeneration was observed. The important role of BA for shoot
differentiation in Brassica cotyledons has been reported previ-
ously (Moloney et al., 1989; Sharma et al., 1990; Hachey et al.,
1991). On the other hand, Hachey et al. (1991) also described
a requirement of NAA for the shoot regeneration from B.
campestris cotyledons.

Our results indicated that the addition of NAA increased the
frequency of shoot regeneration, callus and root formation, are
consistent with results for B. napus (Moloney et al., 1989) and
B. juncea (Sharma et a. 1990). The optimal concentrations of
NAA and BA for shoot regeneration from cotyledon explants
were 20 mg - L™ and 1.0 mg - L™, respectively (Table 1). How-
ever, 1.0 mg - L™ NAA and 5.0 mg - L™ BA were most effective
for direct shoot induction from hypocotyl explants (Table 2).

A high frequency of shoot regeneration from cotyledon and
hypocotyl explants was obtained only when AgNO; was included
in culture medium. For cotyledon, the best shoot induction
medium, with 2.67 shoots per explants, contained 2.0 mg - L™
NAA, 1.0mg-L" BA, and 16.7 mg - L™ AgNO; (Table 1). The
shoot induction medium with 1.0 mg - L™ NAA, 5.0 mg - L™ BA,
and 16.7 mg L™ AgNOs, was best for shoot induction from
hypocotyl explants, with 1.87 shoots per explants (Table 2).
AgNOs; is another important factor in determining the rate of
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Fig. 2. Light microscope (1600x) photograph of choromosome
from root tip of ‘Seoul’ Chinese cabbage (Brassica campes-
tris L. ssp. pekinensis).

shoot regeneration. Silver nitrat is a well known inhibitor of
ethylene action (Beyer, 1976) and since ethylene inhibits auxin
transport, one of its functions may be to alow polar auxin
transport to the petriole base where regeneration occurs. De
Block et al., (1989) also reported that AgNO; was absolutely
required for shoot recovery from transformed Barassica napus
explants.

Although shoot regeneration can be achieved with a fair degree

Fig. 1. Mgjor stages in Chinese cabbage regeneration. A: Shoot induction from cotyledon explants in shoot induction medium;
B: Regenerated shoots rooted in rooting medium with 1.0 mg - L™ NAA; C: Regenerated plant grown in the greenhouse for

50 days, D: Mature regenerants with flowers.
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of reproducibility in some Brassica species, this is not the case
with others and reports indicates that the C genome carries genes
for shoot regeneration while the A and B genomes are inhibitory
(Murata and Orton, 1987; Narasimhulu and Chopra, 1988).
Chinese cabbage carries the A genome and is one of the most
recalcitrant species in regeneration experiments, although good
responses are obtained from some genotypes (Palmer, 1992).

Regenerated shoots were transferred to rooting media with
various NAA concentrations (none, 0.5, 1.0, 2.0 and 4.0 mg -
L™). Although root formation was found in growth regulator free
medium, the presence of NAA was effective in promoting root
formation. The presence of NAA in the medium caused the
concurrent formation of roots aong with shoots from the
explants. The highest root production was recorded in medium
containing 1.0 mg - L™ NAA, where all shoots formed roots
within 2 weeks (data not shown). However, in MS medium
containing 0.5 and 2.0 mg - L™ NAA, where also effective for
root formation, the root system was qualitatively poorer than
grown in 1.0 mg - L™ NAA medium (data not shown).

A part of the population of rooted shoots was transferred to
vermiculite, then grown in soil. These regenerated plants were
not morphologically different from the source plants. Regener-
ated plants produced normal flowers and seeds after self-
pollination (Fig. 1).

Chromosome counts by Feulgen staining demonstrated that in
vitro regenerated plants had diploid (2n=20) state (Fig. 2). There
were no changes in chromosome number in regenerants from
cotyledon and hypocotyl explants.

Hermsen et al. (1981) reported that phenotypic variation
observed in explant-derived shoots of diploids mainly concerned
changes in the ploidy level and morphological changes which
were probably the result of mutated genes or deletions. How-
ever, in this experiment regenerated plants showed stability of
chromosome number and did not show phenotypic variation.

In this paper, we reported a simple and efficient system to
regenerate plant from cotyledon and hypocotyl explants of
Chinese cabbage (Brassica campestris L. ssp. pekinensis cv.
Seoul). Plantlet regenerations from cotyledon and hypocotyl
explants were dependent on the composition of plant growth
regulators in the medium employed and the explants used. Silver
nitrate has also been demonstrated to enhance shoot regenera-
tion.

=z 5

HiZ=2| XiEu) Hi= ETNZESEY
MEN =2t

KOR. J. HORT. SCI. & TECHNOL. 19(3), SEPTEMBER 2001

¥ 5t wl(Brassica campestris L. ssp. pekinensis)] A4
g shE Ao e ASAQ HEA AL AAE s
flsted AABISlch et 239 AEdd2HA NAASE BAS
ZARE v 142 NAA 2.0mg/L, BA 1.0mg/L 9} AgNO; 16.7
mg/iLE H7Is wiAeA HEG 2,677 7 F2 ARIAS
Bt sl AEAZHEE NAA 1.0mg/lL, BA 5.0mg/L <}
AgNOs; 16.7mg/lL & 718135 W AT 1.8770¢] 78 & Al
2SS Bk ARt AxE SR s 71819
o HEAE 57t FAE AN s AA 2A0A A
ettt AlEs AAE REFET GAAFAME ool gl A

o= et

Z7} 0] : 6-benzyladenine (BA), Brassica campestris L. ssp.
pekinensis, FAA 4= naphthalene acetic acid (NAA), silver
nitrate
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