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ABSTRACT

Celosia argentea (Var.) cristadmaranthaceae) is a widely cultivated ornameptaht, which has antibacterial,
astringent, haemostatic, hypertensive, ophthalamc| parasitic significance. This study describgeatocol forin
vitro callus induction and plant regeneration from leafd stem explants . argenteaising Murashige and Skoog
(MS) medium. Callus culture was initiated and bkshed from seedling, leaf, and stem explantslditg were
cultured on MS medium supplemented with auxin al@®& mg/L Naphthaleneacetic acid (NAA), 2, 4-
Dicholorophenoxyacetic acid (2, 4-D). Green and mmmpact callus (98%) were induced using MS medium
supplemented with 0.5 mg/L NAA and 1.0 mg/L Bedeyiae (BA). Two different concentrations (1.0 mgA_+
0.5 mg/L NAA and 1.0 mg/L BA + 1.0 mg/L NAA) susfcdly induced plant regeneration with multiple st® (1.5
and 0.9 shoots per explants, respectively). Sufidestsoots were transferred to rooting medium sappnted with
1.0 mg/L Indole-3-acetic acid (IAA) (80%) at"3Hay. Acclimatization was done, which resulted @¥%Qof the
plantlets surviving in garden soil. This protocautd be used to micropropaga argentedor conservation,
commercial natural product production. The highguency of callus indicated potential &f. argenteafor
secondary metabolite production (celosin) in phacmaical industry.
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INTRODUCTION herbaceous stem; leaves are simple, opposite,
entire, and often covered in woolly hair. It bears
Celosia argentegAmaranthaceae), also known aspinkish or white flowers and the arrangement is
cock’s comb, has wide diversity and is widespreadimple with branched spikes or racemes and
around tropical Africa, tropical and subtropicalinflorescences (Koh et al. 2009; Peter et al. 2011;
Asia and America. It is a traditional vegetable inverma 2011).
West and Central Africa (Grubben and DentonTraditionally, dried leaves, inflorescences, and
2004). These plants are widely grown forseeds ofC. argenteaare used in Chinese medicine
ornamental purpose in the tropics and subtropicd®@ong 1994; Xu et al. 1996t is used internally
such as in MalaysiaC. argenteavariety can be for haemotological and gynaecologic disorders.
distinguished based on their different forms ofExternally, it functions as a disinfectant, also to
cockscomb (Grant 1954). Seedlings,treat inflammation (Santosh 2008), dysentery, and
inflorescences, and young leaves @f argentea dysuria, poultices for broken bones (Wiart 2000;
are used as vegetables in China and some otheoh et al. 2009), ailment for eyes and liver (Duke
countries (Palada and Crossman 1999). The size afid Ayensu 1985), mouth sore, blood diseases,
C. argenteais up to two meters. It has anand others (Jain and Defilipps 1991). The
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compounds found irC. argenteacontribute to 2.5 mg/L 2, 4- Dicholorophenoxyacetic acid (2, 4-
pharmacological properties such as antibacterial)), Naphthaleneacetic acid (NAA), 1.0-3.0 mg/L
antimitotic, antineoplastic, diuretic, Benzyladenine (BA), and Kinetin (KN), and
hypoglycaemic, hepatoprotective, combinations of different concentrations. The
immunomodulatory, cytoprotective, and woundmedium was supplemented with 30 g/L sucrose
healing (Hayakawa et al. 1998; Wiart 2000;(Duchefa, Germany), gelled with 0.8% agar
Vetrichelvan et al. 2002; Gnanamani et al. 2003)Oxoid, England) and the pH was adjusted to 5.7-
The compounds found in the plant consist 06.8. Around 2.0 mL of medium was used for each
celosin, nicotinic acid, celogenamide A, celogentirculture tubes (25x150 mm). Cultures were
A- D, H, J, and K, moroidin and some others. Thenaintained at 282°C under 16/8 h photoperiod
leaves have high concentrations of calciumwith a light intensity of 35u Eifs® from Phillips
phosphorus, potassium, sodium, magnesium, iroepol- white fluorescent tubes with 55-65% relative
zinc, and copper; also, they possess trace leVels loumidity.
chromium, manganese, nickel and lead. The low
concentrations of lead and other heavy metalSallus Induction, Shoot Regeneration and
make it suitable for consumption as vegetable® ultiple Shoots
(Ayodele and Olajide 2011). Leaf and stem explants of. argenteawere
Tissue culture has been implemented to regenerataltured on MS medium with PGRs that consisted
the plants and induce callus formation.of different concentrations and combination of
Micropropagation has been employed to enhand®GRs 0.5:1.0; 1.0:1.0; and 1.0:0.5 mg/L of BA:
the mass production, quality, and sterilizedNAA and 0.1:1.0; 1.0:1.0; 1.0:0.1 mg/L of KN: 2,
condition of the targeted plant. This is the reasod-D. The leaf and stem explants were surface
tissue culture works needed to be developed befoigjured using scalpel to give a few slight cut and
carrying out any molecular work (Ghorpade et alfaced the media abaxially. The role of media
2012). This study focused on standardizinghature and biomass of callus was studied in leaf
efficient techniques for callus induction andand stem explants &. argenteaThe regenerated
micropropagation with specific objectives of (i) shoots were transferred to the MS medium with
Callus development from leaf and stem explants afupplemented PGRs to provide mass plant
C. argentea (ii) In vitro regeneration ofC. production.
argentea using different concentrations of plant
growth regulators; and (iii) Mass propagatiorCof Root Induction
argenteainto complete plants. The minimal length of shoots were developed up
to 5.0 cm and above, then shoots were cut and
transferred to rooting MS medium supplemented
MATERIAL AND METHODS with 0.5-2.5 mg/L Indole-3-acetic acid (IAA) and
Indole-3-butyric acid (IBA). After 35 days, the

Plant Material successful root induction was observed, the

C. argenteaseeds were purchased from JUsCQmpers of roots as per shoot was recorded and
nursery area in Kuala Lumpur, Malaysia. Theyn ated.

were washed thoroughly in running tap water for
30 min, including 2% (v/v) Teepol (Reckitt acimatization

Benckiser, Malaysia) for 5 min, then washed withp|gnyiets were successfully developed from rooted
70% ethanol for 3 min, followed by another washyantiets, The roots were washed in running tap
with 5% sodium hypochlorite for 1 min, then by yater 1o remove the medium. Rooted shoots were
0.1% mercury chloride (Hgg)lfor 1 min. Prior 0 panted in PlantafiSt soil in plastic pots covered

culture, seeds were rinsed three times with sterilg.., o plastic bag that had holes for about four
distilled water. The explants were cultured in MSyeeks duration. The plantlets were removed from
medium (Murashige and Skoog 1962). the pots and transferred into the field. The soil
Media and Culture Condition used was PlantaflBr Young Plant Substrate,

; . 0 > gy
Approximately 1.0 cm of leaf and stem explants oﬁ/hmh consisted of 50% white peat + 50% black

c ; tured in MS di eat + 1.0 kg NPK fertilizer, including trace
- argentea were cultured In MECIUM o ements and the structure of the soil was fine.

supplemented with single PGRs ranging from 0.5-
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Callus Biomass was on MS medium supplemented with 0.5 mg/L
Callus was collected at week 3 and weighed usingAA and 1.0 mg/L BA for both green compact
fresh and dry weight. Combination of PGRs wagallus (Fig. 1A) and red compact callus (Fig. 1B).
used to determine to find the maximum biomassGreenish-reddish-white compact and friable callus
The callus was transferred into Petri dish to weigliFig. 1C), reddish-white compact (Fig. 1D) and
the fresh weight, then stored in oven 35°C for 2 tdriable callus and reddish; white compact callus
3 days and dry weight was recorded. CallugFig. 1E) was also observed in both leaf and stem
biomass was calculated as followBrdsh weight explants. Most of the friable callus were obtained

— Dry weight)/Dry weight from leaf explants. Previous study (Taha and Wafa
2012) had shown to have white, yellow, orange,
Statistical Analysis green and black callus €. cristata All the

All the experiments were repeated three times witbxplants were able to produce reddish purple
10 explants per treatment. The data pertaining toallus on MS medium containing 0.5-2.0 mg/L
callus induction, shoot initiation, shoot BAP and 0.5 mg/L NAA.
regeneration, and rooting were subjected to medfresh weight of callus biomass for leaf and stem
separation and standard deviation, carried owgxplants ofC. argenteaare shown in Figure 2. The
using SPSS Version 14. The significance ohighest fresh weight was achieved on 0.5 mg/L
differences among means was carried out usingAA and 1.0 mg/L BA (stem explants) with 2.03
Duncan’s multiple range test (DMRT) at<P0.05 g/L, followed by 0.5 mg/L BA and 1.0 mg/L NAA
(Gomez and Gomez 2003). The results weraith 1.62 g/L, and 1.0 mg/L KN and 0.1 mg/L 2,
expressed as mean = SE of the total experiments.4-D with 1.44 g/L. The concentration of 0.5 mg/L
NAA and 1.0 mg/L BA produced the highest yield
for stem explants (0.16 g/L), while 0.5 mg/L BA

RESULTSAND DISCUSSION and 1.0 mg/L NAA, and both leaf and stem
explants of 0.1 mg/L 2, 4-D and 1.0 mg/L KN
Surface Sterilization showed the highest biomass, 0.11 g/L, 0.10 g/L

C. argenteasterilization protocol was optimized and 0.10 g/L, respectively (Fig. 3).

with minor modification from Taha and Wafa The most desired type of callus are red compact
(2012). Five different sets were used by adjustingallus for the betalain content (Schliemann et al.
the time and concentrations of sodium2001), and green compact callus could have other
hypochlorite and mercury chloride. The first setcompounds found irC. argenteasuch as celosin
consisting of high to low concentrations of sodiumg, celosin F, and celosin G, together with cristata
hypochlorite had no germination and after tha{wu et al. 2011). Based on the biomass, the
gradually the concentration was increased, whicboncentration that induced the highest yield was
showed, 24.7% success rate. When the mercugfem explants on 0.5 mg/L NAA and 1.0 mg/L
chloride was added in the protocol, theBA, 0.16 g/L, which produced numerous green
germination rate significantly increased, whichand red compact callus. The optimum time for
under optimized condition was as 83.3% survivatallus growth was from theé"xay of culture until
germination rate and less than 10% contaminationeek 6 (lag phase). After that, the callus biomass
rate in other methods. Other methods showed thgas significally reduced for the next 2 to 3 weeks.
absence of germination (50-80%). All germinationFor Alternanthera tenella an amaranthaceae

data were recorded on the starting Bh@eek. family, MS basal medium was supplemented with
1.0 mg/L 2, 4-D and 1.0 mg/L KN and, 2.5 mg/L
Callusinduction NAA and 1.0 mg/L BA for callus induction

Callus was induced on MS medium with different(Salvador et al. 2009). |A. philoxeroidegMart.),
concentrations and combination of PGRs usinghe callus induction took place using MS medium
leaf and stem explants. The callus could bgith 2.2 um BA and 2.2um 2, 4-D in 20 days of
differentiated by biomass; and the color andiark treatment at initial stage (Gao et al. 2011).
structure of the callus. Suitable callus induction
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Figure 1 - A: green compact callus; B: red compact callusg@enish reddish compact and friable
callus; D: reddish white compact and friable callls reddish white compact callus; F:
shoot regeneration; G: root induction at"3%ay; H: plantlets hardening inside culture

room; |: acclimatization.

FreshWeight Callus Biomass

Fresh weight, g/L

Stem  Leaf | Stem  Leaf | Stem Leaf | Stem Leaf | Stem  Leaf = Stem  Leaf

1.0mgLBA+ | 1.0mgLBA+ | 05mgLBA+ | 1.O0mgLEN+ 1.0mgLEN+ 0.lmgLEN+
0.5mgLNAA | 1L.OmZLNAA | 10mgLNAA |0.1mgL2 4-D 1.0mgL2,4-D 1.0mgL2 4-D

u Callusbiomass
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012
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008
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Dry Weight Callus Biomass

Stem  Leaf | Stem Leaf | Stem Leaf | Stem Leaf Stem Leaf = Stem  Leaf

1.0mgLBA+ | 1OmgLBA+| 0.5mgLBA+| 1.0mgLEN+ LOmgLEN+ 0.1mgLEN+
0.5mgLNAA | 1.0mgLNAA | 10mgLNAA [0.1mgL2.4-D 1.0mgL2 4-D 1.0mgL2 4-D

mCallusbiomass

Figure 2 - The fresh weight (g/L) callus biomass Figure 3 - The dry weight (g/L) callus biomass induced

induced from leaf and stem explants &felosia

argentea.

from leaf and stem explants GElosia argentea.
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Shoot I nduction end of & week, five shoots were formed (50%
The best results for shoot regeneration wershoot growth). The length of the shoots was
obtained in 0.5 mg/L NAA and 1.0 mg/L BA. The increased and around 5-7 cm. With 1.0 mg/L NAA
shoot started to regenerate at day 5 and continuadd 1.0 mg/L BA, developed shoots were stunted
to develop new shoots. After one week, the shootss the callus formed and managed to be
were initiated only on the stem explants with MSregenerated again after two weeks and the lengths
medium with 0.5 mg/L NAA and 1.0 mg/L BA were about 2-3cm (20%). Even thougdB.
(50%) (Fig. 1F), with 1.5 shoots as the highesargenteainduced callus, direct shoot regeneration
yield, followed by 1.0 mg/L NAA and 1.0 mg/L was observed from stem explants and not from
BA (40%), with 0.9 shoots, and MS mediumcallus. Both leaf and stem explants responded
without PGR (10%), with 0.5 shoots (control).under the same conditions; however, stem explants
With 0.5 mg/L NAA and 1.0 mg/L BA, the length gave a higher yield for shoot induction.

of initiated shoots was about 0.2-1.0 cm. By the

Table 1 - Shoots regenerated froGelosia argentedeaf and stem explants after 24 days.

Plant growth regulators (mg/L) Response (%) No. Shoots Shoot length (cm)

NAA 2,4D BA KN Stem Leaf Stem L eaf Stem L eaf
- - - - 10 6.7 0.6+0.031 0.2+0.01% 2.1+0.018 0.6+0.048
1 - 0.5 - 3.3 3.3 0.1+0081 0.1+0.00f 0.3+0.03%# 0.4+0.03%
1 - 1 - 433 6.7 09+0041 03+0.014 4.8+0.06% 1.0+0.046

0.5 - 1 - 50 20 1.5+0.084 0.8+0.018 7.2+0.0483 1.7+0.024
- 1 - 0.1 6.7 3.3 04+00%1 0.1+0.00f 13+0.06%¥ 0.2+0.01%
- 1 - 1 6.7 33 05+0.0%0 0.6+0.018 14+0.078 15+0.07%
- 0.1 - 1 3.3 33 05+0.019 0.2+0.002 1.2+0.091 0.26 +0.091

Values are mean of 10 replicates per treatmentemehted trice. Values with the same superscrénhat significantly different
at the 5 % probability level according to DMRT.

Rooting and Acclimatization successfully acclimatized to the natural
environment. About 90% of the plantlets survived

Plantlets around 5 to 7 cm were cut and transferrqﬁ the garden soil. Those p|ant|ets were Compared
to MS medium supplemented with 2, 4-D, NAA, with other plantlets.

IAA and IBA. However, 2, 4-D and NAA did not

induce the roots orC. argentea,but the basal

callus induction instead. IBA concentrations (1.07able 2 - The effect of auxin on root induction from
and 1.5 mg/L) gave the highest rooting respons&e€losia argenteafter 35 days culture.

3.4 roots per shoot. The length and numbers of’lant Growth Regulators  Number of Roots,

roots were observed with 1.0 mg/L IAA (Fig. 1G)—— (mg/L) Per Shoot
and was the most suitable concentration of auxin.
, . 0.5 3.4+0.8%
It showed the highest roots per shoots with 1 48+103
dispersed arrangement. At f*35day, the root - 15 3.4+ 085
formation from organogenesis was observed in 2 3.9+088
both the leaf and stem explants that had formed 25 1.5+ 0.4%
callus from explants on 1.0 mg/L BA + 0.5 mg/L IBA
NAA and 1.0 mg/L KN + 0.1 mg/L 2, 4-D, 0.5 0.8+0.32
respectively. The callus organogenesis 1 34+£0.8%
development is shown in Figure 4A-D. After two 1.5 3.4+0.88
months, the plant regeneration and root induced 2 15+041
2.5 1.4 +0.3%

. . -
plantlets were hardened (Fig. 1H) inside thVaIues are mean of 10 replicates per treatmentrepeated

culture room with  262C under _16/8 N twice. Values with the same superscript are natiagntly
photoperiod. The hardened plantlets (Fig. 11) wergifferent at the 5% probability level accordingDMRT.
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Figure 4 - Observation of callus cultures derived from exdaofin vitro propagatedC. argenteaA:
heart stage in organogenesis B: callus generatiots rC: formation of roots on callus
surface D: organogenesis roots.
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