57
Plant Biotechnology, 19 (1), 57‑ 61 (2002)

Note

Efflcient Regeneration

from Hypocotyl Cultures of Betalaill Forming
Jewel': Stinlulatory Effect of Thidiazuron

Plant, Portulaca sp cv

Md. Nazmul Hossain

BHUIYAN and Taiji ADACHI*

Graduate School ofAgriculture and Biological Sciences, Osaka Prefecture University,
1‑1 Gakuen‑cho, Sakai, Osaka, 599‑ 8531, Japan
*Corresponding author E‑mail address: taijiada@plant.osakafu‑u.ac,jp
Received 23 Aprn 2001; accepted 22 November 2001

Abstract

An

efficient

in vitro regeneration protocol has

and simple

been successfully developed from three

inbred lines of Portulaca sp. cv. 'Jewel' that contain a lot of betalain. The present report describes the
effect of thidiazuron [N ‑ phenyl ‑ N'(‑ 1,2,3‑ thidiazol ‑ ‑ yl) urea] (TDZ) on in vitro shoot regen‑
eration from intact hypocotyl explant of seedlings. The optimum level of TDZ supplementation to the
culture medium was
/lM for a week‑induction period followed by subculture of hypocotyl‑
day‑old seedling gave
basal medium (MSO). Hypocotyls excised from
callus
derived

5

on

3

5
MS

7

number of regenerated shoots than those ftom 14 or 21 day ‑ old seedling. The
N6 ‑ furfurylaminopurine
efficacy of thidiazuron was compared with N6 ‑ benzylaminopurine (BAP) and
(KlN) (purine based cytokinins) on in vitro organogenesis. TDZ was found to be more effective than
significantly higher

3

with indole ‑ ‑
as an inductive signal of regeneration. TDZ‑ supplemented medium
shoots to
stimulated
acetic acid was not effective for the regenerative response. Transfer of the
medium containing 3‑ sucrose resulted in the rapid and prolific growth of
growth regulator ftee

BAP

and

KIN

TDZ‑

%

MSO

on half‑strength MS medium without growth
regulator or in the presence of 2.5 or 5.0 !1
NAA and successfull)' acclimatized in greenhouse
condition. The procedure developed in this study may be useful toward improvement and development
plantlets. In vitro shoots

were rooted

after culture

M

of betalain through genetic manipulation.
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Cytokinin‑ Iike plant growth regulators are main‑
ly two types; one is synthetic phenyl urea derivative
including N‑phenyl‑ N '(‑ I,2,3‑ thidiazol‑ 5‑ yl)
urea (thidiazuron, TDZ) and the other is a naturally
occurring purine‑based derivative including N6‑
benzylaminopurine (BAP). In many bioassay sys‑
tems, these compounds have been shown to induce
similar physiological responses viz, regulation of
cell division,

lacaceae, and comprises more than 100 species,
distributed in tropical, subtropical and
temperate areas of the world. Portulaca grandsflora

which are

growth and differentiation of tissues

and organs (Mok et al., 1982). More recently, TDZ
has emerged as a highly effective bioregulant in

tissue cultures of a diverse array of species ranging
from herbaceous to tree plants (Murthy et al. , 1998).
The genus Portulaca belongs to the family Portu‑

comes from South America and

popular as an
ornamental plant in many countries (von Poellnitz,
1934) for its various colored flowers (red, magenta,
yellow, orange, white etc.). Petals, stem and other
parts of this plant contain a lot of betalain, instead
of anthocyanin, which is used as natural colorant in
food industries, pharmaceuticals and cosmetics
(Leathers et al., 1992). Recently, betalain has gain
attraction because betanin has shown antifungal and
antimicrobial

activities

is

(Delgado‑Var as

et al.,
qualitative identification of

2000). Quantitative and
betalain pigments and their distribution in the genus

Portulaca were analyzed by HPLC (Adachi and
Nakatsukasa, 1983). Diverse callus lines displaying
different colors (Noda and Adachi, 2000b) and
suspension culture for betacyanin production were
reported (Noda and Adachi, 2000a) from Portulaca
sp. 'Jewel'.

Nevertheless, the biosynthetic pathway

58
of betalain is not yet well determined. Therefore,
biotechnological application such as genetic trans‑
formation system is essential to improve the knowl‑
edge of the genetics and biochemistry of betalain.
On the other hand, improvement and development
of betalain by genetic engineering are future aspects
under controlled conditions. However, an effective
regeneration protocol is prerequisite for gene ma‑
nipulation. There are only a couple of reports on in
vitro propagation of Portulaca grandlflora with
limited success. Konar (1978) reported that P.
grandsflora cell cultures showed relatively slow
growth and organogenesis occurred infrequently.
Rossi‑Hassani and Zryd (1995) obtained about 10
shoots from hypocotyl culture by using BA
combined with NAA. In the present report, we
describe a rather novel approach for establishment
of an efficient regeneration protocol through hypo‑
cotyl culture by using thidiazuron [N‑ phenyl‑N'(‑
1,2,3‑thidiazol‑5‑yl)] (TDZ) from three inbrod
line of Portulaca sp, cv. 'Jewel'. Moreover,
we
compare here the potential role of TDZ with that of
NS‑benzylaminopurine (BAP) and N6‑furfuryla‑
minopurine (KIN); two most commonly used purine
‑ based cytokinins.
Seeds of three near isogenic inbred lines of
Portulaca sp. cv. Jewel (Adachi et al., 1985); JM,
JR and JW expressing magenta, red and white color
petal, respectively, were surface sterilized by im‑
mersion in 70% ethanol solution for Imin, followed
by immersion in 1% sodium hypochlorite aqueous
solution for 15min. Seeds were then washed with
sterile distilled water for several times. To promote
germination, seeds were soaked in 1% thiourea for
30 min. Sterile seeds were germinated and main‑

were transferred not only on

NAA

MSO but also on IAA

(1 and 2 flM) ‑supplem‑
2 11M) and
ented media. In a separate experiment, the poten‑
tiality of carbon
sources such as sucrose, glucose
and fructose in different concentrations (20, 30, 40
and 50 mgl‑1) were compared to maximize the
shoot growth on MSO. The pH of all the culture
media was adjusted to 5.7 before autoclaving at 121
oc for 20 min. Cultures were maintained under 16 h
light/day (25 !Imol m 2 s ]) at 26 'C in the growth
chamber. For root initiation, isolated shoots (5‑ 10
(1

and

cm) were cultured on medium containing half‑

strength of MS salts and full strength of basal
organic constituents without any plant growth regu‑
lators or with 2.5 or
/lM NAA. Cultures were
maintained at 26 'C under 16 h light/day. Rooted

5

were removed from culture medium, rinsed
water and transferred into greenhouse condition

plantlets
in

for acclimatization.

The response of explants to TDZ depends on the
concentration and the duration of exposure. Ini‑
tially, non‑organized tissues developed around the
cut edges of explants on any concentration of TDZ
and leaf‑ Iike multiple adventitious buds emerged
directly from those non‑ organized tissues (Fig. IA)

tained on agar‑ distilled water medium. Seeds‑con‑
taining vessels (150‑ml conical flask) were kept
under 16 light/day (25 ! mol m 2 s 1) at 26 ･C in
the growth chamber. Seeds were germinated within
days. Intact hypocotyls from 7, 14 and 21 days‑

h

4

old seedlings were excised by sterile scalpel. The
hypocotyl explants were inoculated on
(Mura‑
shige and Skoog, 1962) basal medium containing 30
g 1‑1 sucrose, 3 g1‑1 gellan gum and various concen‑

MS

BAP and

trations (1, 2.5, 5, 10, 20, 25 /lM) of TDZ,
KIN alone or in combination with or !lM

I 2

IAA in

a series of experiments. For each plant growth
regulator (PGR) treatment, 18 vessels each con‑
taining 5 explants were made. For determination of
the optimal duration of exposure of the explants to

medium

containing TDZ, BAP or KIN, 3 vessels
explants per vessel) of each treatment were
subcultured on plant growth regulator‑free
the
(5

MS

medium (MSO) 1, 2, 3 and 4 weeks after culture
initiation. TDZ, BAP and KIN‑treated explants

Fig.

1

Regeneration of shoots from hypocotyl culture
of Portulaca sp, 'Jewel' JR. Hypocotyl explant

was
(5

!1

on medium supplemented with TDZ

cultured

M) for 3 weeks and then

hypocotyl ‑ derived

was subcultured on MSO. (A) Shoot
primordia formation with red pigmentation from
hypocotyl‑derived callus
days after transfer
callus

onto

MSO.

5

(B) Multiple shoots

transfer onto

MSO.

2 weeks

after

(C) Proliferation of shoots
after
weeks. (D) Elongation of shoots on
containing 3% sucrose.
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MSO
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comparison of the efficacy of TDZ,

BAP

and KIN for induction of shoot organogenesis
from hypocotyl culture of Portulaca sp. 'Jewel'
JR (hypocotyls from 7 day ‑ old seedling). White
bar, black bar and gray bar represent TDZ, BAP
and KlN, respectively. Data are presented in

mean

higher TDZ concentrations (5‑25 /lM), the non‑
organized tissues expanded, and the whole explant
turned into a mass of tissue, which was defined as
callus. All the calli were compact and greenish in
color. Although hypocotyl formed larger callus in
higher TDZ concentration, callus size did not have
any role to increase the number of shoots formed.
or hypocotyl‑derived

produced multiple shoots within 3‑4 weeks
after transfer onto MSO or I ,1M IAA or NAA‑
supplemented medium. In every treatment, hypo‑
cotyls or hypocotyl‑derived calli produced signifi‑

callus

MSO

in
higher number of shoots on
comparison with IAA or NAA‑ containing medium.
Number of shoot formed per hypocotyl or callus
depends on two important factors; one was the
period of exposure to TDZ, and the other was the

cantly

concentration of

/1M

TDZ. The hypocotyl‑derived

which had been formed by

TDZ

for

3 weeks,

cal‑

the treatment of

5

produced a mean of 32.4

number
our culture
was
system, after transfer onto MSO. Explants, which
remained on the medium containing higher concen‑
shoots that

tration of

the highest

in

TDZ for more than 3 weeks,

induced less

and some of them
number of shoots via
showed browning symptoms and stunted growth.
Moreover, some calli lost the ability to regenerate
calli,

shoot.

The hypocotyls cultured on
5, 10, 20,

BAP

or

¥

)

KIN

(1, 2.5,

25 /LM) ‑ supplemented medium produced
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Fig.

3

TDZ

and IAA on the induction of
shoots on hypocotyl explants of Portulaca
sp.'Jewel' JR (hypocotyls from 7 day‑ old seed‑
Effects of

ling).

with red pigmentation of betalain (only in JR & JM
lines). Subsequently these buds converted into com‑
plete shoots after transfer of the hypocotyl explants
onto MSO (Fig. IB, C, D). When the explant was
cultured for 3 weeks or more in the presence of

lus,

V¥:

i standard deviation (n = 15).

TDZ‑exposed hypocotyl

l

z O

25

concentration ot Plant 9rowth regutator(uM)

Fig.

5ji

Data are presented in mean value (n =

significantly

less

15).

number of shoots than those

TDZ

treated with equimolar concentrations of
hypocotyl‑derived calli as shown in Fig. 2.

or

To

invoke shoot organogenesis on BAP or KlN ‑ treated
hypocotyls, a continuous culture period (3‑4
weeks) was needed, and one or two week‑ treatment
failed to stimulate shoot regeneration after subcul‑
ture on MSO. BAP stimulated to produce more
shoots from hypocotyl than KIN. Among the 6
concentrations tested, 10 /LM of both purine‑based
cytokinins (BAP and KIN) gave the highest number
of shoots (Fig. 2).
By adding I or 2 !lM IAA to the different concen‑
tration of

TDZ‑supplemented medium, hypocotyl

explants produced compact light greenish callus
within 2 weeks. In these calli, shoot number signifi‑
cantly reduced than those induced by TDZ alone
(Fig, 3). Similar response
after subcultured on
was observed when IAA was added with BAP or

MSO

KIN ‑ containing medium.

The effectiveness of TDZ on shoot regeneration
was also observed in JM and JW inbred lines (Table
l). Hypocotyls exposed to 5 flM TDZ for 3 weeks
and subsequently those calli induced
regenerants in JM and 24.0 regenerants in JW

formed
25.･‑

calli

lines, respectively after

subculture on

MSO. The

induction of shoots per hypocotyl or hypocotyl‑
derived callus was also affected by seedling age.
Hypocotyl excised from 7 day‑ old seedling signifi‑
cantly influenced the number of regenerated shoots
per hypocotyl‑ derived callus than 14 or 21 day‑ old
seedling. Three inbreed lines (JR, JM, JW) showed
the same response. Among the three inbred lines, JR

invoked highest number of shoots than JM and JW.
Although shoot formation from intact seedling and
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Table

I

Effects of

TDZ and seedling age on the

number of shoots regenerated from hy‑
pocotyl culture of three inbred lines of

Portulaca

sp. 'Jewel'.

Seedling age (days)

Inbred line

7

14

MSO

21

3.3

JR

32.4

:!1

4.2

24.2

1.8

19.6

JM

25.2

i 4.0

20.2

dl 2.5

15.9

3.8

JW

24.0

4.4

19.4

i

15.1

2.9

2.6

M

Hypocotyl explants were exposed with 5 /! TDZ
for 3 weeks and hypocotyl derived calli were trans‑
‑
ferred onto

MSO medium.

Note: Data are presented here in
deviation value (n=15)

mean

:

standard

petiole was also investigated by exposing TDZ,
number of regenerants and frequency of regen‑

eration

were not so high as hypocotyl.

The cluster of shoots with the original explant
was transferred to the fresh MSO for shoot elon‑
gation. Shoot elongation and growth depended on
the type (sucrose, glucose and fructose) and concen‑
tration (2, 3,
and 5%) of carbon sources. Best

4

performance was observed in sucrose‑containing
medium than that of glucose and fructose and the

optimum conc, was 3%.
Elongated shoots were excised from

the propa‑

gule mas̲s and transferred to the rooting media
full and half‑strength MS basal salts
with organic constituents without growth regulator
or with 2.5 !lM or 5.0 !LM NAA. Half‑strength MS
gave better rooting response than full‑strength MS.
The frequencies of shoots with root formation after
weeks of culture were 379{ on half‑strength MS
medium without PGR, 30% with 2.5 !lM and 22%
with 5.0 flM NAA, respectively. The rooted plant‑
lets were successfully transferred to the pots
con‑

which were

5

taining 1:1 mixture of soil and vermiculite under

greenhouse condition with

The observation of the

TDZ

is

the

90% survival.

present study indicates that
for the

most potent growth regulator

induction of shoots in Portulaca sp. 'Jewel'. Mean
number of shoot formation per hypocotyl exposed
to TDZ was comparatively higher than the previous
report in Portulaca grandiflora, where BAP (5 /1 M)

and NAA (2.5 ! M) were used combindly (Rossi‑
Hassani and Zryd, 1995). In the present study,
exposure to lower TDZ conc. (5 /lM) for limited
period of time (3 weeks) provided sufficient stim‑
ulus for

optimum shoot induction without any

including a decrease in the number of regenerants
and hyperhydricity of the shoot. Similar phenom‑
enon was described previously (Lu, 1993; Murthy et
al., 1998). In the present study, the stimulus for
shoot organogenesis of TDZ was sufficient for
shoot organogenesis from hypocotyl or hypocotyl‑
derived callus after subculture on
(growth
regulator free medium). This indicates the capa‑
bility of TDZ‑stimulated hypocotyls
or callus to
synthesize required level of cytokinins or auxins for

other

PGR combination. Interestingly, Ionger exposure to
higher levels of TDZ resulted in residual effects,

growth and proliferation after culture on PGR free
medium. TDZ has been shown to induce the accu‑
mulation of both endogenous auxins and cytokinins
in legumes and herbaceous species (Murthy et al.,
1995; Hutchinson and Saxena, 1996).
The medium supplemented with auxin such as
IAA or NAA produced less number of shoots than
MSO from TDZ‑treated hypocotyl or callus. In
addition, TDZ‑supplemented medium with IAA
reduced the regenerative response (Fig. 3). From
these results, we assumed that higher level of auxin
suitable for regenerative response in Portu‑
laca sp. Jewel.
In general, TDZ has been reported
more effective

was not

than purine type cytokinins in shoot formation (Lu,
1993; Murthy et al., 1998), which is consistent with

our results; TDZ‑treated hypocotyl or callus pro‑
duced significantly higher regenerants than those
treated with BAP or KIN. TDZ
was successfully
applied to induce shoot organogenesis in other
recalcitrant species (Malik and Saxena, 1992; Aka‑
saka et al. 2000).
,
Rooting response of TDZ‑induced shoots was not
satisfactory. Inadequate rooting
on TDZ‑induced
shoots was reported in previous studies (Lu, 1993;
Khalafalla and Hattori, 1999). In earlier reports,
evidence was shown that TDZ stimulate the ethy‑
lene level in closed culture system (Yip and Yang,
1986; Hutchinson et al., 1997) and that ethylene
level inhibits the rooting in faba bean shoot culture
(Khalafalla and Hattori, 2000). Defoliation, which
occurred frequently in our culture system, supports
the enhanced ethylene production within the vessel.
Therefore, we predict that elevated ethylene level
played some role to inhibit the root formation.
Further experiment is necessary to increase the
rooting percentage of TDZ‑stimulated in vitro
shoots.

we have developed a simple and
procedure to regenerate Portulaca sp.
'Jewel' plants for the first time from hypocotyl
or
hypocotyl‑ derived callus of three inbreed lines (JR,
JM, JW) by stimulatory effect of TDZ. This proce‑
dure will be utilized for gene manipulation in
respect to enhance the betalain production and
In conclusion,

efficient
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thereby facilitating the future development of beta‑
lain biosynthetic pathway research and genetic
control.
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