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Embryogenic cultures were initiated at a high frequency from mature eypoetic cmbryos (from seeds stratificd at 4°C for 24 h) o)
Pinus kesiya cultured on modified Murashige and Skoog medium containing sucrose (20 g 1), 2d-dichlorophenoxyacetic acid and
a-naphthalencacetic ucid (22.6 uM and 26.85 pM respectively), hengyl adenine (111 pM), casein hydrolysate and myo-inositol (each
at 1000 mg I™') and L-glutamine (500 mg 1), Proembryonal masses developed in 2-3 weeks upon subeulture on the sine mediun
but with 1/10th the concentration of growth regulators. Cotyledonary cmbryos resulted when the praembreyonal misses were cul-
tured for 4-5 weeks on basal medium containing abscisic acid (15.12 pM) and sucrose (40 g 1) The cotyledonary cmbryos clon.
gated within 3-4 weeks on medium devoid of casein hydrolysate and L-plutamine but containing myo-inositol (1000 mg 1), sucros
(30 g 1'') and activated charcoal (2.0 g1™") under 12 1 photoperiod. In abont 3-4 weeks, the embryos geeminated bito seedlings on

modified MS medium containing sucrose (30 g 17').
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Introduction

Since the first report of the induction of embryogenic
cultures from immature zygotic embryos of Norway
spruce (Hakman et al., 1985), somatic embryogene-
sis and plant regeneration (Attree and Fowke, 1993;
Gupta et al., 1993; Nagmani er al., 1993; Gupta and
Grob, 1995; Barrett et al., 1997; Carrier et al., 1997
Guevin and Kirby, 1997; Tandon and Deb, 199K,
Kim ef al., 1999; Arya ef al., 2000; Deb and ‘Tandon,
2002) has been accomplished in several conifer spe
cies,

Pinus kesiya (Royle ex. Gord.) is an cconomically
important early successional species, which is pre-
dominant in the subtropics (800-2000 m) of north-
east India, Myanmar and the Philippines. The species
is the major source of timber in khasi hills of Megha
laya where it covers about 30% of the total forest
area. Genotypes with high biomass potential and
oleo-resin are available in natural forests. The pine
forests of this region are rapidly being depleted. The
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propagation of P kesiya by conventional methods
faces constraints mainly because the seed orchards
show great variations and at times seed germination
is very poor. A large number ol seedlings are
destroyed by fire, low winter temperature and heavy
rainfall. The vegetative propagation method used for
its multiphication from economically favoured geno
types is rather difficult as this pine reaches sexual
maturity at an early stage, after which the rooting
ability of cutting decreases resulting in poor regen
cration. These problems indicate that, there 15 an
urpent need for large-scale afforestation programn
using cloning material. In this paper we describe
somatic  cmbryogenesis and  plantlet  regeneration
using mature zygotic embryos.

Materials and methods
Plane matervial

Matwre cones were collected from open pollinated
plus trees identitied by the Forest Department, Gov
ernment of Meghaluya during late January to March
ol every year. Seeds were extracted by air-drying the
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cones at 25-30°C. The extracted seeds were stored al
4°C in sealed polythene bags (il used.

Media

Half strength MS salts (Murashige and Skoog, 1962)
with reduced ammonium nitrate (550 mg ™) and
increased polassium nitrate (4460 mg 1"y (inMS) and
DCR (Gupta and Durzan, 1985) media, both supple
mented  with casein-hydrolysate (CIH)  and myo
inositol (0-1500 mg | singly or in combination)
L-ghitamine (0-1000 mg 1''), sucrose (0-30 g | b
polyvinyl pyrollidone (PVIP) (200 mg 1" as antiosi
dant) were used. Various concentrations of 2.4
dichlorophenoxyacetic acid (2,4-D) (0-45.2 M) and
O-naphthalencacetic acid (NAA) (0-53.68 M) singly
or in combination along with 2.5 mg | benzyl ade-
nine (BA) were incorporated into the above media.
The pH of the medium was adjusted o 5.75 and
difco-bacto agar (Hi-media) (7.0 g I was used as
the gelling agent. The medin were sterilized by
autoclaving at 106 kg em™ pressuie [or 15 min.
L-glutamine, myo-inositol and abscisic acid (ABA)
were filter sterilized  and incorporated  into the
medium after autoclaving. About 15 ml awtoclaved

Table 1.
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medinm was dispensed into each test tube (size
150 % 25 mum) and cotton pluggped.

Tisswe cultnre

The seeds were treated  with mercuric ehlonide
(0.25% wiv) [or 2-5 min and washed with sterilized
double distilled (pure) water for 4-5 times. Sceds
were further treated with 6.0% (viv) hydrogen perox
ide for 10 min and washed 4-5 times with sterilized
pure water. ‘The surlace-sterilized secds were stiali
lied at 4°C for 0-96h and at 25°C for a week
Embryos were dissected Trom stratificd seeds and
cultured on mMS; and DCR, media (Fable 1), All
the cultures were maintained at 25 F2°C in the dark
unless indicated otherwise. For each treatment, 50
embryos cultured  and  experiments  were
repeated thrice. After three weeks, the resulting cel|
masses were subcultured on the same medin for (wo
passapes al 2oweek intervals, The embryogenic cel)
masses were transferred to mMS, medium for 23
passages. ‘he procmbryonal masses and resulting
proembryos were transferred o mMSy medium con
taining 0-30.24 pM ABA singly or in combination
with 0-5% sucrose for embryo development and

were

Formulation of media® for initiation, maintenance, maturation and germination ol sonudic

embryos of Py Lesiya devived from zygotic embryos
¥ ) ¢

Media for initiation
and profiferation of
embryogenic cultures

Components

Basal medium

mMS,** DK,
Supplements (g 17)
Sucrose 20 20
(& 1.0 I.u
Myo-inositol 1.0 1o
L-glutamine 0.5 0.5
PYP 0.2 02
AC = =
Growily vegulators (M)
2,4-D)h s 22.6 22,0
NAAe e 26,85 20,85
BA 1.1 I e
ABA - .

Minteninee
mdinm

Somatic cinbryo
development and Giermnalion
maturation medinm i

mMS.

ks, mMS
20 40 10
1.0 (]
1.0 ki) ol
15 s
{4 B} 0.2 0.2
20
2.26
2.08
.00 -
{842

*Ouly aptimum media compositions are tabulied

HHHALE strength MS salts with reduced smmaninm nitiate (550 mg 1)

(460 mg 1''). '

¥ Concentrations optimized from initial experiment (0-45.2 pM

in combination),

and inereased Potassi nirate

210 and 0-53.68 M NAA singly or
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were maintained for 2-3 passages. The resultant
cotyledonary embryos were transferred on to mMS,
medium and cultures were maintained at 25 + 2°¢"
under a 12 h photoperiod of 60 mol m™s™ photon
flux provided by cool white fluorescent tubes. The
elongated embryos were subsequently transferred to
mMS medium containing sucrose (30 g ™"y for per
mination.

Results

Initiation of embryogenic cultures

Within three weeks of culture on both mMS, and
DCR; media, two types of cell masses were devel-

oped: a white, translucent, gelatinous embryogenic
callus and a hard, greenish non-embryogenic callus. In

Table 2. Eftect of different concentrations and combinations of
growth regulators in mMS; medium* on initiation of embryo
genic cultures from mature zygatic embryos.

I'er cent response of embryogenic
Growth regulators (M) culture formation (4 8134

2.4-D NAA

0 0 0

1.3 0 20.40 (1 0.55)
226 0 29.60 (£ 0.55)
339 0 20,40 (+ 0.22)
452 0 18.50 (+ 022)
0 1342 9.25 (4 0.55)
13 1342 44.0 (+0.77)

220 13.42 50.0 (+ 0.55)

110 13.42 51.85 (£ 1.1
45.2 13.42 3350 (£ 022)
] 26,84 S0.0(L07

1.3 26.84 S1.85 (4 0.67)
22.6 26.84 7960 (+ 0.55)
33.0 26.84 42,60 (+0.77)
45.2 26,84 29,60 (+ 1.10)
0 40.26 40.70 (£ 0.22)
112 40,20 4190 (+ 1 10)
226 40.26 46,30 (+ 0.55)
13.9 40,26 36.50 (+ 0.22)
45.2 40,20 3150 (4 110
o 53.68 20,30 (+ 0.22)
1.3 53.68 35.20 (+ 1.65)
226 53.68 33.30 (+ 0.55)
339 53.68 2730 (£ 0.22)
452 53.68 26,10 (£ 0.67)

*MS basal medium plus suctose (2%), BA (111 gM), Cl and
myo-inositol (each at 1000 mg I'), L-glutamine (500 mg 17"y and
PV (200,00 mg 17y,

4 Stndard error
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Figure L. Effect of seed stratification period on induction ol
embryogenic cultures from matme zygodic embryos (details are
provided in the materials and methods)

mMS, medium, 79.60% type ‘o’ cell masses and in
DERy medium 57.4% type ‘a° cell masses were
observed (data not shown). a-naphthalencacetic acid
(NAA) alone as an auxin source was [ound to be
superior 10 2,4-D (Table 2). A 24 h stratification at
4°C exhibited optimum induction of embryogenic
cultures, while, with increase in this period, a prad

witl decline in the initiation of embryogenic cultures
was observed (Figure 1),

Maimenance and proliferation of embryogenic
cultire

Embryogenic cultures raised on initintion medium
were proliferated for two subeultures where cultures
almost doubled with each subculture. The polyem-
bryonal masses  (PEMs)  and - proembryos  were
formed after 2-3 passages on mMS medium contain-
ing /10th concentration of growth regulators of that
in initiation medium (Figure 2A). The resulting pro-
embryos failed o prow further on the same media
until they were cultured specifically on development
and maturation mediumn,
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Figure 2. A, Embryogenic culture with pro-embryonal masses, B, cotyledunary stage embiyu, C,
converted into emblings (somatic seedlings): D, 7-8 et yos clumped tapether; |

Embryo development and maturation

The PEMs and proembryos converted into cotyle-
donary stage embryos (Figure 2B) within four weeks
of transfer to medium containing ABA (15.12 pM)
and increased concentration of sucrose (40p ") In
many cases, 7-8 embryos clumped together with
fused cotyledons (Figure 20,
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germnated sonatic embryo,
o potted regenciated plantlets.

Cermination and plantlets regencration

The cotyledonary stage embryos separated from the
clumps started elongation within two weeks of cul-
ture on mMS, medium under light. The elongated
embryos, upon transler w modilied mMS, medium,
formed rooted somatic seedlings (Figure 2D). About
40.0% of the tested somatic embryos were converted
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into somatic seedlings alter 4-5 weeks ol transfer.
The plantlets were transferred (o a potiing mix (¢on
taining the decomposed litter of pine forest) (Figure
2E) and about 62% survival frequency was recorded

Discussion

In the present study the stratification of secds fin
24 h at 4°C prior to dissection of embryos exhibited
a pronounced promotive effect on the formation ol

embryogenic  cultures.  Increase  in stratilication
period and in temperature resulted in poor embryo
genic response. Tremblay  (1990) reported  hetter
embryogenic culture induction Tollowing a 4 h imhi
bition of Picea glawca seeds Other workers like
Finer e al. (1989) in Pinus strobes, Nagmani et of.
(1993) in Pinus palustris, Lelu er al. (1994) and
Bonga er al. (1995) in Lariv deciduas reported thai
precotyledonary to pre-germinating embryos  were
suitable for initiation of embryogenic cultures.

In the case of P kesiva. 12 MS salts with reduced
NILNO; and  enhanced KNO. along  with €11
(1000 mg 1™ and  L-glutamine (500 mg 1) was
found 1o be more effective for initiation of embryo
genic cultures, This report ditfers from the report of
Hristoforoglu er al. (1995), where. in a comparative

study, they reported an increase in the number of

Picea abies embryogenic lines by three times in a
medium containing glutamine and asparagine than in
the one containing NILNOy and KNOy. While Nuoy
gaard (1997 reported  better embryogenic culture
formation of Abies sordmannivcna on 172 BLG me-
dium (Verhagen and Wann, 1989) with no NILNO,,
with reduced levels of KNO; (50,0 mg 17" and KOl
(3725 mg ™' and supplemented with L-glutamine
(750 mg 1) and aspargine (50 mg 1) Like in he
other conifers (Nagmani et al . 1993 Li er al .. 1998)
lower concentration ol the carbon source (.00
sucrose) was found to be more elfective for initiaton
of embryogenic cultwres af P kesiva, The embryo
genic cultures of 2 kesiva could proliterate well an
the anitiation medinm up o 3 O weeks, while Nag
mant er af, (1993) reported that the embryopenn
cultures of long-leal pine could not grow well on it
tion medium and tured hrown after one subeulture,

The proembryos were converted into eotyledonary
embryos on basal medinm containing higher concen-
trattions ol suctose in compunction with ABA. 1t was

observed that neither sucrose nor ABA singly could
promote maturation of somatic embryos. A cancen
tration of 4% sucrose and 1512 pM ABA was Tound
o be elfective for somatic embryo  maturition
Tremblay and Tremblay (1995) reported that sucrose
(4-06%) in the medium could serve as an osmotic
agent amd asoa carbon source for hlack SPruce son
tic embryo maturation. Norgaard  (1997) reparted
thit o combination of both and sucrose was more
cliective than either of them used singly Tor matura
tion of somatic embiyos in Abies norvdmannian
Webster e af. (1990) reported that 40 pM ABA was
aptimum for the production o matire embryos
Vagner et al. (1998) reported an mcrease in exope
nous ABA levels (30 pM). an increase m somatic
cmbryo matiwation ol Meea abies was observed.

P kesiva somatic embryos became distinet and elon
gated on basal medium free of growth regulators, CH
and  Loglutiimine but containing activated charcoal
(0.2%). 1t as believed that activated charcoal (AL
absarhed all the endogenous prowth regulators and
growth inhibitors and stimulated  better singulition
and clongation ol embryos. Beewar er al. (1989)
transferred the Norway spruce cultures with embryo
nal suspensor masses on hormone-free medium con
taining activated charcoal for one week. N1 owas
thought that activated charcoal absorbed  growth
regulators and caused the culture to cease cleavage
palyembryony. Gupta er af. (1993) reported that a
combination of increased osmaolarity with ABA and
activated charcorl produced pood quality cotyledon
ary embryos. In Pseudotsuga wmenziesii, embryo
development and maturation  were  promoted by
amending  the medimm  with  activated  charcoal
(125 ¢ 1"y and ABA 38154 M (Gupla et al.,
1995),

I the present study, initiation. development, matura
ton ad germnnation of 720 Aevive somatie embryaos

have been achicved. This opens up a great potential
for Targe scale propagation of this species, which is
tacing a rapid dechine in papulation. Fucther work on
mereasimg conversion fregquency of somatic embryos
IS progress.
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