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Abstract. Factors involved in promoting caulogenesis
from hypocotyl explants of Phyllanthus fraternus were
studied. Hypocotyl explants were cultured on B,
medium  supplemented with2,4-D or NAA in the
presence and absence of BAP (atconcentrations 0,
107, 10¢ and 10°M). Adventitious shoots differentiated
from callus developed fromthe cutends of12.5% of the
hypocotyl segments cultured on medium supplemented
with 10°M BAP in combination with 10"M 2,4-D or
10°M NAA. Profuse rooting occurred from the
hypocotyl explants on medium supplemented with 10M
BAP + 10°M NAA. Incorporation of casein hydrolysate
in B, medium along with 10°M BAP + 10'M 2,4-D
enhanced the frequency of cuitures with adventitious
shoots upt068.0%. Glutamine, glutamic acid or proline
could partially substitute for the effect of casein
hydrolysate. Amongst the hypocotyls from 3-14 d old
seedlings, the best caulogenesis was obtained with
hypocotyls from 7 d old seedlings both in presence or
absence of casein hydrolysate. Best rooting of shoots
wasachieved on half-strength B, medium supplemented
with 10°M IBA. After hardening, plantlets were suc-
cessfully transferred to the soil.

Abbreviation BAP: 6-benzylaminopurine; 2 ,4-D: 2, 4-dichloro-
phenoxyacetic acid; IBA: indole-3-butyric acid ; NAA: 1-
naphthaleneacetic acid;, CH: casein hydrolysate; Arg: L-arginine;
Glu: L-glutamic acid; GIn: L-glutamine; Leu: L-leucine; Lys: L-lysine;
Pro: L-proline.

Introduction

Phyllanthus fraternus (Euphorbiaceae) is an
underexploited herbaceous medicinal plant usedin tradi-
tional and folk medicine. An extract from these plants has
been shown to possess anti-viral properties (especially
against Hepatitis viruses) (Blumberg et al., 1989;
Thyagarajan et al., 1988 ; Unander, 1991) . Extracts of
P.fraternus have also been shown to have stomachic,
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diuretic and antipyretic properties (Chopra et al., 1956)

Members of Euphorbiaceae, viz. Euphorbia esula
and E. lathyris, produce adventitious shoots from hypo-
cotyls of intact seedlings grown under natural conditions
(Preece and Ripley, 1992). Nataraja et al. (1973)
reported the formation of shoot buds from cortical cells
of hypocotyls of intact in vitro grown seedlings of
E. puicherrima. The present investigations were carried
out with the aim of inducing caulogenesis from
hypocotyl-derived callus of P. fratemus followed by
regeneration of plants.

Material and methods

Seeds of P. fraternus were collected from Jamia Millia Islamia
campus. Seeds were treated with ~0.5% Teepol B-300 (National
Organic Chemical industries Ltd., Bombay) for 2 min and washed
with distilled water. They were then surface disinfected with 0.1%
HgCl, for 3 min and washed thoroughly with sterile distilled water.
The disinfected seeds were placed on 0.8% agar (RM 026 Himedia
Laboratories Private Limited, Bombay) in cuiture tubes (150x 25 mm
containing 20 mi per tube) to raise sterile seedlings. The cultures
were maintained at 25+2°C with a light/dark cycle of 14 h/10 h.
White, cool fluorescentlight of photon flux ~100 umol m2 s (Philips,
India) was used. Hypocotyl segments (8-10 mm long) were excised
(~2 mm below the cotyledonary node) from 7 d old seedlings and
were cultured on modified B;medium (Neena and Pardha Saradhi,
1992) gelled with 0.8% agar. The medium was supplemented with

'2,4-D, NAA or BAP alone orin various combinations (at concentra-

tions 0, 107, 10° and 10°M). The pH of the growth medium was
adjusted to 5.8 and was autoclaved at 1.06 kg cm2for 15 min. In
order to test the effect of organic nitrogen on caulogenssis, B,
medium containing 10°M BAP + 10°M 24-D was further
supplemented with casein hydrolysate (at 0, 100, 200 or 500 mg/),
L-arginine, L-giutamic acid, L-glutamine, L- glycine, L-leucine, L-
lysine or L-proline (at concentrations 0, 0.1, 1, 5 or 10 mM).

To check whether the age of the hypocotyl donor
seedlings affect shoot inducing ability, hypocotyl explants from 3-14
d old seedlings were grown on B, medium supplemented with 10M
BAP + 10"M 2,4-D bothin the presence and absence of 200 mg/l CH.

For rooting, shoots (~2 cm long) were transferred onto What-
man No. 1 filter paper bridges in culture tubes containing 15 ml of
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haif-strength B, liquid medium supplemented with IBA or NAA at
concentrations 0, 107, 10 or 10°M. Rooted shoots were then
hardened by transferring them to half-strength B, medium lacking
sucrose and other organics. These plantlets were transferred to
pots (90 x 110 mm) containing autoclaved mixture of perlite, loamy
soil and coarse sand (1:1:2 by vol), covered with thin perforated
transparent polyethylene bags and were keptin agrowth chamber
(maintained at 25°C and with light conditions similar to that mentioned
earlier) for 7 d for acclimatization. These plantiets were irrigated
initially with one-fourth strength and subseguently with one-tenth
strength B, medium lacking organics. Polyethylene bags were
removed fromthe pots onday 14 and the potted plantiets were finally
transferred to the garden on day 18.

At least 24 replicates were used for every treatment and
all experiments were conducted at least 3 times.

Results and Discussion

Hypocotyl explants from 7 d old P. fraternus seedlings,
cultured on B;medium supplementedwith 2,4-Dor NAA,
initiated callus from the cut ends 7 d after cuiture,
followed by proliferation of callus from all over the
surface. Best callus induction and proliferation oc-
curred on medium with 10°'M 2,4-D (Fig. 1A). Occa-
sional root induction was observed in some of the
cultures grown on this medium. The roots induced in
these cultures were hyaloid and swollen. Callus
inducing ability of 2,4-D decreased with an increase
in its concentration. In contrast, callus inducing ability
of NAA increased with increase in concentration (Table
1). Presence of NAA in medium also resulted in differ-
entiation of roots from callus (Fig. 1B), and the number
of roots from callus increased with the increasing
concentrations of NAA (Table 1).

Table 1. Effect of 2,4-D and NAA on callus and root formation
from hypocotyl explants of P. fraternus grown on B, medium.

Auxins in % cultures  Relative % cultures  No. of roots

M callusing callus growth rooting per culture
24D
o] - - 10.4 1
107 100.0 +4+ 62 34
10¢ 83.3 ++ - -
10 - 833 + - -
NAA
o - - 104 1
107 833 + 100.0 7-8
10® 833 ++ 100.0 10-15
10° 100.0 +++ 100.0 35-40

Mean of 3 independent experiments each with 24 replicates.
Data recorded at the end of 28 d culture.

Unander (1991) reported induction of callus from
stem and branch pieces of Phyllanthus amarus, P.
urinania and P. abnormis in presence of 2,4-D or IBA
alone and in combination with BAP. Further, he
observed optimal callus induction and growth when

either of the auxins was used along with BAP. In
contrast, during the present studies, optimal induction
and growth of the callus was observed from hypocotyl
segments of P. fraternus when 2,4-D was used alone.
But the presence of BAP along with either of the auxins
(2,4-D or NAA) resulted in compact callus formation.
Callus formed on B,medium supplemented with 10°M
BAP + 10'M 2,4-D (hereafter referred to as BMM),
developed 1 or 2 minute dark green patches 15 d after
inoculation. Subsequently, 5-6 d later, shoofs origi-
nated from such patches in 12.5% cultures (Fig. 2).
Shoot buds were also induced from ~12.5% cuitures on
medium supplemented with 10°M BAP + 105M NAA. All
the cultures grown in the latter medium showed profuse
rooting.

Fig.1 A. Hypaocotyl culture of Phyllanthus fraternus raised on B,
medium supplemented with 2,4-D 10”M showing callusing after 30
d. (x2)

B. Hypocotyl culture of P. fraternus showing rhizogenesis on B,
medium supplemented with NAA 10"M after 30 d. (x 1.8)

C. Hypocotyl culture of P. fraternus showing caulogenesis on B,
medium supplemented with 10°M BAP + 10°M 2,4-D + CH 200
mg/l after 25 d. (x 1.8)

D. Plantlet of P.fraternus obtained after rooting of shoot from ‘C’
on half-strength BS medium supplemented with IBA 10°M. 20d after
transfer. (x 0.95)



The quality and quantity of the nitrogen source has
been reported to influence organogenesis in tissue
cultures (Veliky and Dyson Rose, 1973). Natural
extracts such as CH have been reported to promote
callus induction and enhance morphogenesis in tissue
culturesincluding those of certain Euphorbs (Hirabayashi
et al., 1992; Liuetal., 1992; Johri and Srivastava, 1973;
Srivastava, 1971, 1973; Yamamoto, 1991). In the
present studies, the presence of CH (at all concen-
trations tested) enhanced shoot inducing ability of
hypocotyl explants grown on BMM (Fig. 2A). About
5.5 fold increase in cultures showing caulogenesis was
noted on BMM supplemented with 200 mg/l CH. In
addition, CH also increased the number of shoots
formed per culture. The number of shoots onthis medium
varied between 5-15 (Fig. 1C), as compared to 1 or2 on
BMM.
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Fig 2. Effect of different concentrations of CH and amino acids
on the percentage of P. fratemus cultures showing caulogenesis.
m, n, o and p represent 0, 100, 200 and 500 mg/l of CH respectively.
a, b, c, and drepresent 0.1, 1,5, and 10 mM of the amino acids
respectively. The vertical lines above the bars represent standard
deviation from the mean values of 3 independent experiments. Data
scored after 28 d culture.

The age of explants has been reported to
influence organogenesis in tissue cultures (Clog et al.,
1990; Sharma etal., 1990). Response of hypocotyl
explants obtained from different aged seedlings
cultured on BMM and BMM supplemented with CH is
depicted in Fig. 3. Irrespective of the age of the seedling
from which the hypocotyl segments were obtained, the
frequency of cultures exhibiting shoot induction was
higher in the presence of CH than in its absence.
Hypocotyl explants from 7 d old seedlings showed
higher caulogenic capacity than those from younger or
older seedlings (Fig. 3). ‘
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Fig 3. Frequency of caulogenesis of P.fratemus from hypocotyl
explants of different aged seedlings on B, medium supplemented
with 10°M BAP + 107M 2,4-D in absence () and presence (s) of
CH (200 mg/)). Data are the mean of 3 independent experiments_+
istandard deviation. Data scored after 28 d culture.

Casein hydrolysate is known to be rich in amino
acids (Johriand Srivastava, 1973) and amino acids have
been reported to enhance caulogenesis in cultures
(Basu et al., 1989; Freytag et al., 1988; Shetty et al.,
1992). Hence attempts were made to replace CH by
amino acids at concentrations ranging from 0.1 to 10
mM. Among various amino acids used, GIn, Gluand Pro
significantly promoted shoot induction from hypocotyl
cultures grown on BMM (Fig. 4). In contrast, Leu
inhibited shootinduction. Figure 2B depicts the effect of
various concentrations of Gin, Glu, Gly and Pro on the
frequencyof cultures showingshoot induction. Gin, Glu
and Pro brought about maximal shootinduction at 1
mM, with Ginand Glu showing the strongest promotive
effect. No shoot induction was observed when the
concentration of Gln, Glu or Pro was elevatedto 10mM.
It is clear from Figs. 4 and 2B that none of the amino
acids used singly could completely substitute for the
stimulatory effect of CH, thereby suggesting the
necessity ofa balance of various amino acids for optimal
shoot induction. We conclude that organic nitrogen is
one of the essential factors for promoting shoot
induction from hypocotyl culturesin Phyllanthus fraternus.

Rooting of shoots

Auxins such as IBA and NAA are widely employed to
induce rooting (Hussey, 1986; Wakhlu et al., 1989).
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Fig 4. Effect of CH (200 mg/) and amino acids (1 mM) on the
frequency of P.fratemus cultures showing caulogenesis. Data
scored after 28 d culture. '

In the presentinvestigations, shoots obtained on BMM
+ 200 mg/l CH were excised and transferred to half-
strength liquid B, medium supplemented with IBA or
NAA (at concentrations 0, 107, 10%or 10°M). Root
initiation was observed within 7-8 d from the cut end of
-shoots. Both IBA and NAA promoted initiation of roots
at all concentrations tested. However, at 10°M they
also induced callus from the cut ends. Best root
induction, with both the auxins, was observed at 10°M.
However, the roots obtained with IBA were healthier
and longer (Fig. 1D) than with NAA. Plantlets were
hardened and transferred to the garden, where 70%

have survived.
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