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ABSTRACT

The present study describes the plant regeneratiarsomatic embryogenesis in suspension cultureveldfrom
the leaf and stem explants®ifiyla nodiflora The medium type, plant growth regulators, compbexact (coconut
milk and malt extract) and anti-oxidant (activatedarcoal, ascorbic acid, Polyvinylpyrrolidone andric acid)
markedly influenced the embryo regeneratio® ofiodiflora MS with 2,4-D and activated charcoal (10 mg/Lyga
the highest stimulation of embryogenic callus glow®ptimized callus was transfered into suspensiolture,
which showed the globular, heart shaped embrydd $nhwith 2,4-D + BA + picloram (0.1 mg/L), coconuilkn{10
ml/L), citric acid (100 mg/L) on"subcultures. Further development stages such @edo and cotyledonary
stage embryos and fostered maturation of embryas whserved at'8and 10" subculture. However, the high
frequency embryo germination and plantlet (45 @& mg cotyledonary stages embryos) formationokéasined
in half-strength MS medium without growth regulatérom cotyledonary embryos. All the plantlets lelished in
the field exhibited morphological characters simila those of the mother plant.

Key words. Somatic embryogenesiSESs); picloram; ascorbic acid; coconut milk; plant growtagulators;
Murashige and Skoog medium

INTRODUCTION children, and by the women after the delivery
(Nadkarni, 1954; Choprat al., 1956). Ravikanth
Phyla nodifloraL. Greene (<ippia nodiflora(L.) et al., (2000) reported that the anticancer
Mihex) belongs to Verbenaceae family, distributeccompounds (halleridone and hallerone) from
in India, Ceylon, Baluchistan, South Africa andP. nodiflora
Central America (Terblanche and Kornelin, 1996))t also has the alkaloids and shows the significant
It leaves are eaten in Ceylon and taken as tewein tanalgesic, anti-inflammatory and anti-pyretic
Philippines. It is aromatic, runner plant with sgan activities (Costaet al., 1989, Forestieriet al.,
roots and cure adenopathy, chronic indolent ulcerd996), anti-cancer, anti-tumor, anti-malarial,
diuretic and aphrodisiac and is also used for thentifungal, cytotoxic activity (Nishinoet al.,
treatment of heart diseases, ulcers, bronchitid988), antioxidant and free radical scavenging
fevers, and colds (Kirtikar and Basu, 1975). Theeffect (Ashokkumaret al., 2008), antioxidant
plant is also used for the boils, indigestion in
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activities (Shuklaet al. 2009) and cure multiple (BA: 0.1 - 2.0 mg/L), (KN: 0.1 - 2.0 mg/L),
skin disease (Abbast al.,2010). coconut milk (10 ml/L) and citric acid (50 -150
The commercial exploitation of the medicinalmg/L) were tested in the suspension culture. The
plants for the production and conventionalmedia pH was adjusted to 5.8 (1IN NaOH / HCI)
propagation is hampered due to their poor seeshd after adding the agar (0.8 %, w/v) autoclaved
viability, low rate of germination and poor rootingat 121 °C for 15 min. The callus tissue was
ability of the vegetative cuttings. The alternativeweighed and placed into 125 ml Erlenmeyer flask
propagation methods could be beneficial forcontaining 60 ml basal medium without agar.
accelerating the large scale multiplication and th&latured cotyledonary embryos were used for
conservation of the medicinal plant. Since, l@ss plantlets formation in free MS solid medium. All
vitro studies have been done in this genus, lateSEs cultures were maintained at 25+2 °C under a
studies on the propagation afppia junelliana photoperiod (16 h/8 h) with light intensity 35
(Julianiet al.,1999) and.ippia alba(Guptaet al.,  ym?s? and 55-60 % relative humidity. The
2001). Direct shoot propagation using differentyerminated plantlets were transplanted to plastic
explants has been implemented (Bletal.,2002;  pots containing vermiculite supplemented with the

Ahmedet al.,2005). Somatic embryogenesis is amutrient solution (NPK 17:17:17) at weekly
alternative method for the large-scale propagatiojtervals.

method. However, for this, there is lack of
information for the embryo induction processgtatistical analysis

(Dodemaret al.,1997). The aim of this work was Only data which showed advantageous effect were
to study the germination capability andincluded in the tables and presented in mean of
development of somatic embryos (SEs) fromexplants per treatment and repeated three times.
Phyla nodiflora Thirty replicates were used and repeated thrice.
Experimental design was completely random and
factorial with callus initiation, globular, heart,

MATERIAL AND METHODS torpedo and cotyledonary stages of the callus. The
. _ _ data were subjected to analysis of variance and
Plant material and inoculation mean seperation was carried out using Duncan’s

Phyla nodiflorayoung plants were collected andpmultiple Range Test (DMRT) at 5% level

maintained in Department of plant science gardergnificance (Gomez and Gomez, 1976).
Bharathidasan University, Tiruchirappalli, Tamil

Nadu, India. Two years old young leaf and stem

explants were washed in running tap waterResSULTSAND DISCUSSION

surface disinfected in a solution of Hg@0.1 %,

w/v) containing distilled water for 2 min and cgusinitiation

finally rinsed with sterile distilled water for senal | 41| media, the callus initiation didnt occur

times. The explants were inocglated into the MSyithout the growth regulators (control) in leaf and
(Murashige and Skoog, 1962); SH (Schenk andiem explants (data not shown). The suitable
Hildebrandt, 1972), WPM (Lloyd and McCown, empryogenic callus induction was observed in

1980) and B5 (Gambort al.,1968) medium. 2,4-D and NAA with ascorbic acid in MS, SH, B5
_ _ _ _ and WPM (Table 1). However in B5, SH and
Embryogenic callusinduction and maturation WPM media, the embryogenic potential

The leaf and stem explants were inoculated int@jgnificantly decreased (data not shown). Callus
the medium with plant growth regulators andiitiation and proliferation was better in 2,4-Ddan
antioxidant. Both the explants were cultured ofNAA than IAA, IBA in all media (data not
different media for embryogenic callus induction:ghown). Between the two auxins, 2,4-D (0.6 mg/L)
namely MS, SH, BS and WPM supplemented withyith ascorbic acid (10 mg/L) induced higher
sucrose (3 %, wiv), combination with 2,4-D: 0.2 -empyogenic callus in leaf explants (94.5 %; Fig.

1.4 mg/L, NAA: 0.2 - 1.4 mg/L with ascorbic acid 1A) than stem explants (76.8 %, Fig. 1 B) after 25
(10 mg/L) respectively. For SEs maturation,gays (Table 1).

auxins with picloram (0.01 - 0.2 mg/L), cytokinins
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Table 1 - Embryogenic callus induction from leaf and sterplants ofPhyla nodifloraon B5, MS, SH, WPM
medium supplemented with 2,4-D and NAA, after 2§sda

. Embryogenic callus frequency (%)
Medium type /
Plant growth NAA (mg/L) + Ascorbic acid (10 mg/L) 2,4-D (mg/L) Ascorbic acid (10 mg/L)
regulators / Explan 92 0.4 0.6 08 10 12 14 02 04 06 08 1.0 1.2.4

B5 Leaf 328 376 4059 52.8 4469285 224 214 284 308 39.7 285 226 184
MS Leaf 4958 63.2 716 785 63.0 524 40.68 504 65.6 945 71.3 626 56.0 39.%
SH Leaf 385 4568 542 654 54 398 328 3568 38.2 42.4° 455° 425° 40.00 34.6°
WPM  Leaf 395 40.0° 435 47.3% 457 32.2°265° 34.7°36.6° 455 518 485 354° 28.0
B5 Stem 248 29.0° 349 402 36.8 30.0 268 3068 36.2 52.2 41.8 39.6° 35.0° 26.8
MS Stem 305 406 558 59.8 48.F 42.6 39.¢ 35.8 428 76.8 51.8 426 39.4 31.0
SH Stem 26 29.3 32.2° 3469 33.2°26.8°20.2° 210" 243 282¢ 316 26.2¢ 2289 18.%¢
WPM Stem 208 284 302 358 285 236 19.7 30.0°34.2° 36.& 38.2° 307 26.8 227
Values are mean of 30 replicates per treatmentepehted thrice. Values with the same supersaphat significantly
different at 5% probability level according to DMRT.

Somatic embryos maturation in suspension 2,4-D (0.6 mg/L) + BA (1.0 mg/L) + picloram (0.1
culture mg/L) + coconut milk (10 ml/L), citric acid (100
Embryogenic tissue was maintained and bulked umg/L) to form torpedo (62.6 %) and cotyledonary
through secondary somatic embryogenesis. latage embryos (55.2 %) in suspension culture
order to stimulate SE maturation, the pieces ofTable 2).
embryogenic tissue (15 to 20 mg), whick
considered of immature embryos, were transferre@Ger mination and field survival
into each conical flask containing suspensiofhe mature cotyledonary embryos were
maturation medium supplemented with piclorantransferred to half-strength MS medium without
and additives. The suspension culture was superigrowth regulators which showed the increase
in embryogenic callus maturation than semisolidrequency of plantlets than full strength medium
culture of leaf explants. In order to determine th€Fig. 2). In germination experiment, a total of 100
effect of PGRs on somatic embryogenesis imature embryos (20 mg) were selected on placed
P. nodiflorg the highest frequency embryos at theon the germination media. These embryos were
globular stage (89.8 %), heart stage (74.9 %) wemresponded differently on half-strength and full
observed onto media suplemented with 2,4-D (0.6trength germination media. 52 % of these
mg/L) + BA (1.0 mg/L) + picloram (0.1 mg/L) + embryos were showed root emergence in half
coconut milk (10 ml/L) with citric acid (100 mg/L) strength MS medium, which included root and
in 40 and 60 day®uring the embryos maturation, shoot in 140 days. While 26 % (100 days) and
the suspension culture was continuously0 % (120 days) of them demonstrated the shoot
subculture every week to prevent the re-callus anand root initiation. About 160 days (44 %) of all
phenolic excretion in the medium. developed embryos were significantly reduced the
germination nature without hardened. Significantly
Torpedo and cotyledonary stages in suspension  reduced abnormal embryos were observed in full-
culture strength MS medium (data not shown). The SEs
The advantage of suspension culture was that tlgermination in the present study could be due to
large number of free single cells were aggregateithe persistence of auxins, which might also be the
and it could be easily identified from the cause of dedifferentiation of embryos. However, in
undifferentiated and differentiated cells half-strength medium the plantlets were recovered
(developmental stages) of SEs (Fig. 1C-1)(45 plantlets / 20 mg cotyledonary embryo callus)
However, the abnormal embryos were trumpetin 120 days. The germinated plantlets were
shaped and didn't show any further developmenindividually transferred to the pots containingl soi
Torpedo and cotyledonary stages embryosand and farmyard manure (1:1:1) and were reared
development were observed in MS medium withn the green house (Fig. 1K).
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Figure 1 - Plant regeneration from leaf and stem explantBlofla nodiflora(L.) Greene via somatic
embryogenesis
A — Embryogenic callus (leaf explant); B — Embryoigecallus (Stem explant); C —
Different stages embryos (leaf explants); D — Glabshaped embryo; E — Heart shaped
embryo; F and G — Torpedo stage embryo; H — Latpetto stage embryo; | — Early
cotyledonary stage embryo; J — Embryo germinatior; Germinated plantlets maintained
in the field.

Table 2 - Somatic embryogenesis from callus induced fronfi sea stem explants d?hyla nodifloraon MS
medium supplemented with 2,4-D, picloram and BAtspension culture at different days
Globular (%) Heart (%) Torpedo (%)  Cotyledonary (%)

Plant growth regulators (mg/L) 4" subculture 6" subculture 8" subculture 10" subculture

Coconut milk + Citric acid

(10 milL) (100 mg/L) 40 days 60 days 80 days 90 days

2,4-D Picloram BA
0.6 0.01 0.5 72.6 +1.7 61.3+1.5° 495+1.0 36.2 +1.4°
0.6 0.1 0.5 65.2 +1.53' 56.4 + 2.1¢ 38.8+ 1.5 29.6 +2.0
0.6 0.2 0.5 59.1+0.9 52.8+25 32.6+3.2 258+ 1.0
0.6 0.01 1.0 785+ 2% 59.6+1.8 46.1+ 2.1 384+17
0.6 0.1 1.0 89.8+2.8 74.9+0.6 62.6+ 1.8 55.2+2.%
0.6 0.2 1.0 71.4+ 1.5 64.6+2.2 56.4+1.3 325+1.9
0.6 0.01 1.5 69.7 + 1.4 52.3+1.% 412+1.4 31.0+0.9°
0.6 0.1 1.5 53.2+1.7 476+19 37.9+18 27.8+1.%
0.6 0.2 1.5 46.0+2.1 34.1+20 295+2 1 18.2+2.2

Values are mean of 30 replicates per treatmentrapdated thrice. Values with the same superscritnat significantly
different at 5% probability level according to DMRT.
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Figure 2 - Somatic embryos germination from cotyledonry stageryos ofPhyla nodiflorain
different days.

DISCUSSION Influence of additives and coconut milk in
somatic embryos maturation
Influence of medium and plant growth  Successful somatic embryogenesis was after
regulators obtained in the optimum concentration of auxins
When the leaf and stem explants were immersegbmbined with cytokinins, picloram, additives
into B5, SH, WPM media with plant growth (citric acid) and coconut milk. The activated
regulators and ascorbic acid, the somatic embrya#arcoal, polyvinylpyrrolidone and malt extracts,
callus initiation was significantly reduced, evén i however significantly reduced the somatic
they were maintained for longer period in theembryos quality (data not shown). Guo and Zhang
culture. Zimmerman, (1993) reported that the prot2005) reported more frequency of SEs maturation
embryogenic callus were containing auxins tdn MS medium supplemented with 2,4-D (0.2
synthesize all the necessary genes to complete tmg/L) + BA (5.0 mg/L) in Zingiber officinale
globular stage. However, the auxins were removeldence, tests were conducted without picloram and
from the culture to make inactive genes omdditives in addition to plant growth regulators,
synthesize new gene products for the completiowhich showed that the SEs maturation was
of embryo development. Kawahara andsignificantly reduced (data not shown).
Komamine (1995) reported that the exogenoukiroozabady and Moy (2004) reported picloram as
auxins were involved in gene expression of earlpne of embryogenic potentials agent to increase
stages of somatic embryogenesis. However, Warije growth regulators inAnanas comosus
et al. (2006) reported that the NAA (0.2 mg/L) andHowever, picloram regulated the embryogenic
2,4-D (0.2 mg/L) induced the embryogenic callusstages and produced maximum frequency of SEs
in Chorispora bungeanasimilar results were and plant germination (Littlet al., 2000; Grollet
observed inPhoenix dactyliferaFki et al.,2003, al., 2001). Somatic embryos maturation was
Lin et al., 2004). In other plant species, the 2,4-Dstimulated by auxins combine with cytokinins in
influenced the embryo induction and participation-eptadenia reticulatgMartin, 2004).
at initial stages of development (Greyal., 1993;
Mujib and Samaj, 2006; Junaidt al., 2007; Influence of strength media in plant
Sharmaet al., 2007). In the present study work in germination
P. nodifloraNAA was less effective compared to The suspension culture derived from the
2,4-D. cotyledonary embryos were transferred to full and
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half strength medium with auxins. SomaticCosta, M., Di Stasi, L.C., Kirizawa, M., Mendacolli
embryos were exposed to too much auxin during S.L., Gomes, C., Trolin, G. (1989), Screening iceni
the development, but failed to accumulate the pf some medicinal plants used for analgesic purpose
storage protein and germinate at a lower frequencyg‘7thze5 sétgte of Sao Pauco. Partlll Ethnopharmacol.
(Stuartet a_l., 1984). The pr_esent results ShOV\{edDodeman, V.L.,, Ducreux, G., Kresis, M. (1997),
that somatic embryos germinated without auxins.

? L Zygotic embryogenesis versus somatic
However, SEs maturation and germination were embryogenesisJ. Exp Bot.48, 1493-1509.

critical steps for the recovery of healthy plantsrirgozabady, E., Moy, Y. (2004), Regeneration of
(Ramanjini and Prakash, 1998). Hwang (2006) pineapple plants via somatic embryogenesis and
reported that 87 % SEs successfully developedorganogenesisn Vitro Cell. Dev. Biol. 40, 67-74.

into plantlets on % MS medium without growthFki, L., Masmoudi, R., Drira, N., Rival, A. (2003)\n

regulators after six weeks culture Adelmoschus  optimized protocol for plant regeneration from
manihot embryogenic suspension cultures of date palm,

In conclusion, somatic embryos were induced Phoenix dactyliferalL., cv. Deglet NourPlant Cell

: . . .~ Rep.,21, 517-524.
from the immature zygotic embryos by picloram InForestieri, A.M., Monforte, M.T., Ragusa, S., Traya

suspension culture._ The_ best embryp callus A., Lauk, L. (1996), Anti-inflammatory, analgesic
induction in MS medium with 0.1 mg/L picloram  an4 pyretic activity in rodents of plant extracted

in the leaf explants were optimum for torpedo and iy Africa medicine Phytothera. Researlp, 100-106.
cotyledonary stage embryos. The somatic embry@ambrog, O.L., Miller, R.A., Ojima, K. (1968),
development total process was completed in 160 Nutrients requirements of suspension culture of
days. This efficient somatic embryos protocol soybean root cell€xp. Cell. Res50, 151-158.

could be useful for conservation and agronomyomez, KA., Gomez, AA. (1976), Statistical

and in the improvement &. nodiflorausing gene procedures for agricultural research with emphasis
transfer biotechnologies rice. International Rice Research Institute. Losa®@a

Philippines, p. 264.

Gray, D.J., McColley, D.W., Compton, M.E. (1993),
High frequency embryogenesis from quiescent seed
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