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Embryogenic cultures were initiated and established
in chir pine using immature megagametophytes. Three
different basal media with various combinations of
growth regulators and other supplements were tested
initially during the 1996 studies for the extrusion of
embryogenic mass, which was initiated and prolifer-
ated on DCR basal medium. Variation was observed in
the extrusion of embryogenic mass, mostly depending
on the location, collection dates, media composition
and developmental stage of megagametophytes. Three
embryogenic cell lines (R-1, R-3 and R-29) were se-
lected and used in the initial studies for maturation
and conversion of somatic embryos to plants.

SOMATIC embryogenesis in conifers has been regarded
as a model for large-scale propagation of tree species
throughout the world. Pinus roxburghii Sarg. or chir pine,
forms an important feature of the major flora in the lower
altitudes (460-1500 m) of western Himalayas. Apart from
timber and fuel-wood, indiscriminate tapping for resin and
lopping for fuel-wood from chir pine, has put a great pres-
sure on the ecology of the area’.

Elite trees producing high quality resin are mostly
selected, propagated and tapped for resin by the forest
department and other non-governmental agencies by the
conventional methods®. Our objective is propagation of
selected elite varieties for high quality resin production,
by initiating studies using somatic embryogenesis, in con-
tinuation with the ongoing work on other Indian pine spe-
cies in our lab>*. The present work describes the explant,
media composition and conditions for extrusion and
proliferation of embryogenic mass in P. roxburghii, an
important Indian pine.

The immense surge in the field of conifer biotechno-
logy in the past decade has been reviewed by several
authors® ' and somatic embryogenesis has been suggested
and proven to an extent, as a powerful tool for successful
clonal propagation®’. Partial or complete embryogenesis
has been reported in various species of Pinus, viz. P.
caribaeam, P. elliotii“, P. lambertianalz, P. nigra13, P.
patula®, P. pinaster, P. sylvestris®, P. strobus'®'" and
P. taeda"®, describing the importance of the genus worldwide.
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Liao and Amerson'' have described the recalcitrance of
the genus Pinus in terms of selection of suitable explants
for initiating somatic embryogenesis and the difficulty in
getting successful plantlet regeneration through tissue
culture compared to other conifers. The major bottleneck
in initiating embryogenic cultures of pines has been the
identification of the correct developmental stage of the
immature zygotic embryo known as the ‘window’, fol-
lowed by successful maturation and conversion of somatic
embryos to plants. The aim of the present study has been
identification of the critical developmental stage for esta-
blishing embryogenic cultures of P. roxburghii by deter-
mining the correct time for collection followed by, an
efficient regeneration protocol.

Immature female cones of chir pine were procured
from two different locations; the Conifers Research Cen-
tre Forest Nursery, Solan, Himachal Pradesh (HP)
(altitude 800 m) and Institute of Himalayan Bioresource
Technology, Palampur, HP (altitude 1300 m). The weekly
collections were made during the months of May till July
in 1996 and 1997. The cones were transported to the
laboratory in Pune and stored in cardboard boxes at 8 to
10°C till utilized (within 10 to 15 days of collection). The
developmental stage of the zygotic embryo was deter-
mined by histological examination of immature mega-
gametophytes removed from 2 to 3 cones picked out
randomly from each collection.

Seeds were individually removed from the cones, cleaned
and washed thoroughly in running tap water. Surface ste-
rilization included washing with liquid detergent (Labo-
lene®, Qualigens, India; 1% solution for 5 to 6 min),
followed by 70% alcohol (2 to 3 min) and then with
0.05% HgCl, (5 min), ending with 5 to 6 washes with ste-
rile distilled water in the laminar airflow.

The choice and response of initial explants for the induc-
tion of somatic embryogenesis in coniferous species has
been very limited. Mature zygotic embryos, seedling coty-
ledons, cotyledonary stage immature zygotic embryos and
haploid megagametophytes are some of the sources used
for raising embryogenic tissue in a number of species”’.
In genus Pinus, however, the most suitable explant for
successful induction of embryogenesis has been immature
zygotic embryo cultured within the megagametophytes.
The megagametophytes were aseptically removed from
the seeds and placed horizontally on various initiation
media. The number of explants tested for each treatment
varied according to the number of cones collected and
seeds removed from each cone.

Three different basal media, DCR19, LP? and BM1
(ref. 21) were tested for the initiation of embryogenic cul-
tures in earlier studies (in 1996). All the three basal media
were supplemented with 3% sucrose, 1.0 g I'' myo-inositol,
0.5g1" CH (casein hydrolysate), 0.5 g1 L-glutamine,
50 uM 2,4-D (2,4-dichlorophenoxyacetic acid), 20 uM
BA (N°-benzyladenine), 20 uM kin (kinetin) and 0.18%
gellan gum (Figure 1). The pH of all media was adjusted
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to 5.8 with 1N NaOH/HCI prior to autoclaving. An aver-
age of 15 to 20 megagametophytes were cultured in each
petri plate (Laxbro®, 15 x 85 mm) and all cultures were
incubated at 20 + 2°C in dark for the extrusion of emb-
ryogenic mass. Explants were cultured (60 to 100 mega-
gametophytes per treatment in triplicate) depending on the
availability of cones and the harvest of immature seeds
from each cone.

On the basis of earlier studies (in 1996), the mega-
gametophytes showed best response of extrusion and pro-
liferation of embryogenic tissue on DCR basal medium
(48.31% extrusion and 13.5% cultures established) among
the three basal media tested (Figure 1), and were used in
the experiments in the subsequent year (1997) (Table 1).

Variation was observed in the developmental stages of
immature megagametophytes of P. roxburghii collected
from the two provenances, Solan and Palampur (western
Himalayas) (Tables 1-3). The cones from the trees in
Solan (altitude 800 m) showed delayed development
compared to the cones from Palampur (altitude 1500 to
1700 m) (Tables 2—4). This had a direct effect on the
extrusion ‘window’ in the two provenances. Variation was
also observed among the trees in Palampur (Tables 3 and
4). Despite this variation in the maturation stages of the
developing megagametophyte, the correct stage for extru-
sion (Type 1, Figures 2 a and 3 a) or the ‘window’, app-
eared quite uniformly within 10 to 15 days of the
fertilization.
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Figure 1. Effect of three different basal media (DCR, LP and BM1)

on the extrusion and establishment of embryogenic cultures of P. rox-
burghii. All three basal media contained 3% sucrose + 1.0 g I myo-
inositol + 0.5 g 1I”! L-glutamine + 0.5 g I"! caesin hydrolysate + 50 uM
2,4-D+20 uM BA +20 uM Kin + 0.18% gellan gum. (Data from
collections made in Solan during May—June 1996.)

1000

A study of the development of megagametophytes in P.
roxburghii before and after the fertilization was con-
ducted in the previous year to assess the correct time of
collection for the induction of somatic embryogenesis.
The reference regarding the developmental stages of the
zygotic embryo of P. roxburghii followed throughout this
manuscript is from the monograph on genus Pinus °.

The first indication of culture initiation is the extrusion
of immature zygotic embryos through the micropylar end
of megagametophyte within 10 days of culture, which was
translucent to white. The morphology of the extrusions
varied and was classified according to Liao and Amer-
son''. No single type of extrusion was observed to be
prominent on one particular basal medium, thus implying
that the variation in extrusions is related only to the deve-
lopmental stage of the immature zygotic embryo. Among
the four different types of extrusions that were observed
during the study (Figure 3 a—d), Types II-1V did not give
rise to embryogenic cultures (Figure 3 »—d). Embryogenic
callus that had proliferated to 1-1.5 cm in diameter was
considered as an established culture and was further mul-
tiplied by subculturing every two weeks.

It is notable that only the Type I extrusions (Figures 2 a
and 3 a) survived, proliferated and established as embryo-
genic cultures. The proliferating cells in the embryogenic
mass in pines are generally the suspensor cells”. Figure
2 b shows initial somatic embryos separated out from
embryogenic mass and the embryo heads are stained red
with acetocarmine. Apart from a suitable media composi-
tion (basal salts, growth regulators, organic nitrogen, and
gelling agent), the induction and proliferation of embryo-
genic mass was observed to be sensitive to temperature.
The proliferation was best observed at 20 + 2°C and an
increase in temperature by 3 to 4°C was absolutely detri-
mental for the proliferating cultures.

The extrusion and establishment of embryogenic mass
is completely dependent on the collection of cones at the
correct stage of the immature zygotic embryo. As it can be
clearly observed from the present study, the time of matu-
ration of cones varies not only within the locations

Table 1. Various media combinations tested for the extrusion and
establishment of embryogenic cultures of P. roxburghii

Medium* D-1 D2 D3 D4  D-5
CH (g™ 0.5 0.5 - 0.5 0.5
L-glutamine (g 17! 0.5 0.5 - 0.5 0.5
2,4-D (uM) 50 50 50 50 -
BA (uM) 20 20 20 - -
Kin (uM) 20 20 20 - -
Phytagel (%) 0.18 - 0.18 0.18 0.18
Difco Agar (%) - 0.8 - - -

*Media D-1 to D-5 contain DCR basal salts'® + 3.0% sucrose + 1.0 g 1™}
myo-inositol with different concentrations and combinations of growth
regulators, organic nitrogen (L-glutamine and CH) and gelling agents
gagar and gellan gum).

Medium D-5 is the control devoid of growth regulators.

These combinations were used in the studies during 1997 (Tables 2-4).
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(Tables 2—4), but also within the trees in one location
(Tables 3 and 4). The collection schedule has to be
well regularized to obtain maximum number of well-
established embryogenic cultures.

The advanced cellular stages of zygotic embryos only
(Type 1 extrusion) produce embryogenic cultures and
even the type of extrusion is very much similar among
different locations. In the Type II extrusions, the zygotic
embryo is of very early cellular stage and unable to give
rise to the embryogenic cultures. Similarly, in Type IV
extrusion the zygotic embryo has matured to an early
smooth paraboloid structure and is thus unable to respond
and give rise to embryogenic tissue.

Three embryogenic lines (R-1, R-3 and R-29) were sel-
ected among the different cell lines that were initiated,
which are presently being maintained on the same initia-
tion medium and cultures are being utilized for maturation
studies. Pre-maturation treatment for two weeks on hor-
mone-free DCR medium containing 0.5% activated char-
coal to stop the proliferation of embryogenic tissue, was
observed to be sufficient before the maturation treatment.
Somatic embryo resembling the early smooth paraboloid
stage zygotic embryo can be seen in Figure 2 ¢, where the
bullet-shaped head (0.3 mm long) with suspensor cells is
visible. Cultures at this stage of development were then
transferred to maturation treatments.

Table 2. Effect of growth regulators, organic nitrogen and gelling agent on extrusion and establishment of embryogenic cultures of P. roxburghii

(Collection at Solan, 1997)

Culture medium (see Table 1)

Collection D-1 D-2 D-3 D-4 D-5 (control)
date Stage of zy§0tic
(1997) embryo ? % Extrusion + S.E. (% Established cultures)#
23 May No fertilization No extrusion observed
31 May No fertilization No extrusion observed
13 June Early cellular 41.12+£2.2 (3.8) 18.60 + 1.54 (2.7) 2422 +1.39(0.0) 18.94=3.13(4.4) 18.04 = 2.98 (0.0)
24 June Mid-cellular 46.64 = 4.58 (20.6) 2545+137(11.8) 21.43+£0.67(0.0) 30.60=x0.76(10.4) 16.07+1.81(0.0)
8 July Smooth paraboloid  14.22 £ 1.06 (0.0) 22.62 = 0.98 (0.0) 16.40 £ 2.2 (0.0) 12.43 + 1.06 (0.0) (0.0)

*Data are given as % extrusion = S.E.; Data within parentheses represent % established cultures from the extruded embryogenic tissue.

Table 3. Effect of growth regulators, organic nitrogen and gelling agent on extrusion and establishment of embryogenic cultures of P. roxburghii
(Collection at Palampur: T1, 1997)
Culture medium (see Table 1)
Collection D-1 D-3 D-4 D-5 (control)
date Stage of zy§0tic
(1997) embryo!” % Extrusion = S. E. (% Established cultures)*
2 June Early cellular 30.03£1.68(6.8) 39.80x1.44(7.7) 25.26+2.24(0.0) 570+ 1.16 (0.0) 0.0 (0.0)
10 June Mid-cellular 49.10 £ 3.14 (26.3) 3588+ 1.3(16.6) 22.03+1.64(0.0) 26.32+1.17(0.0) 32.94+1.53(0.0)
17 June Smooth paraboloid 27.46 £0.72(9.5) 33.30+3.85(7.3) 30.75+0.67(0.0) 23.31=0.85(0.0) 14.76+1.13(0.0)
24 June Pre-cotyledonary bumps  29.48 £9.78 (0.0)  33.46 £ 1.01 (0.0) 0.0 (0.0) 23.73 £0.82 (0.0) 0.0 (0.0)
1 July Developing cotyledons No extrusion observed
8 July Germination No extrusion, only germination of seeds observed

*Data are given as % extrusion + S.E.; Data within parentheses represent % established cultures from the extruded embryogenic tissue.

Table 4. Effect of growth regulators, organic nitrogen and gelling agents on extrusion and establishment of embryogenic cultures of P. roxburghii
(Collection at Palampur: T2, 1997)
Culture medium (see Table 1)
Collection D-1 D-3 D-4 D-5 (control)
dates Stage of
(1997) zygotic embryo'’ % Extrusion = S.E. (% Established cultures)”
2 June No fertilization No extrusion observed
10 June No fertilization No extrusion observed
17 June Early cellular 39.16 £ 0.56 (8.5) 41.83 £0.80 (7.3) 12.6 £1.08 (0.0) 26.30£0.15(0.0) 22.12+1.06(0.0)
24 June Mid-cellular 41.40+1.29(14.6) 35.44+£1.11 (142) 24.80x2.07(0.0) 37.96+£2.47(2.4) 2091=%1.89(0.0)
1 July Smooth paraboloid 9.03 £1.78 (0.0) 14.90 £ 0.95 (3.3) 0.0 (0.0) 15.23 £ 1.0 (0.0) 0.0 (0.0)
8 July Developing cotyledons No extrusion

*Data are given as % extrusion = S.E.; Data within parentheses represent % established cultures from the extruded embryogenic tissue.
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Effects of ABA (abscissic acid, Sigma Chemical Co,
USA) and gellan gum were tested in the initial studies on
the maturation of somatic embryos. ABA was filter steri-
lized and added to pre-autoclaved medium. Initial exp-

=

eriments suggest that a combination of 30 uM ABA with
0.25% gellan gum, among the various combinations
tested, was best suited for the maturation of somatic emb-
ryos (Table 5). Klimaszweska and Smith® reported the

Figure 2. [Initiation of somatic embryogenesis from immature zygotic embryos of P. roxburghii Sarg. a, Type I extrusion from within the mega-
gametophyte (bar =1 mmy); b, Cellular stage somatic embryos with distinct head, stained with acetocarmine (bar =1 mm); ¢, Somatic embryo
resembling a bullet-shaped head of zygotic embryo (bar = 1 mm); d, Embryogenic culture on maturation medium showing developing somatic embryos
(bar = 5 mm); e, Somatic embryo showing development of pre-cotyledonary bumps (bar = 0.5 mmy); f, Fully developed somatic embryo (bar = 2 mm}.
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Figure 3.

Different types of extrusions observed during culture initiation in somatic embryogenesis

of P. roxburghii (bar =2 mm). a, Type I extrusion giving rise to embryogenic cultures; b, Type II
extrusion with individually proliferating embryonal heads; ¢, Type III extrusion with cell mass pushed
away by cord-like formation of suspensors; d, Type IV extrusion with two early cellular stage

embryos protruded by suspensor cells.

use of very high concentration of gellan gum (1%) and
ABA (120 pM) suitable for P. strobus somatic embryo
maturation. There are mixed reports regarding the
medium suitable for maturation in Pinus species, but
the role of ABA in the normal development is fully
established’. Somatic embryos resembling stage-D zygo-
tic embryos can be seen developing in Figure 2d
and e. The prominent head with pre-cotyledonary bumps
or small cotyledons, and hypocotyl with a developing
radicle can be clearly observed. Fully developed somatic
embryos are formed on separating out from the callus and
culturing them on a medium devoid of growth regulators
(Figure 2f).

From our studies it can thus be collectively concluded
that somatic embryogenesis in immature zygotic embryos
is possible and is similar to the cleavage polyembryony

CURRENT SCIENCE, VOL. 79, NO. 7, 10 OCTOBER 2000

observed in nature. The ‘window’ or the correct stage of
the zygotic embryo is perhaps the middle cellular stage,
where the embryo has not developed into a smooth
paraboloid structure and this is completely independent of
the different locations, differing even among the trees
within the same location. But, the appearance of the Type
I extrusion is very much uniform in relation to the stage of
the developing zygotic embryo.

Further studies for better understanding of the deve-
lopmental process are essential to fully ascertain the best
media supplements and culture conditions for the matura-
tion of somatic embryos, in order to obtain the optimum
conversion percentage, to maximize the embryogenic
potential and normal development of somatic embryos
into plantlets. The pre-maturation and desiccation treat-
ments are critical stages after successful establishment of
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Table 5. Effect of various media on somatic embryo maturation in
three established cell lines (R-1, R-3 and R-29) of P. roxburghii.
The embryogenic culture clumps were first transferred to
hormone-free half-strength DCR basal medium for one
week before transferring them to maturation medium

Embryogenic cell lines

Medium* R-1 R-3 R-29

10 uM ABA + 0.18% 54 (4y* 46 (0) 38 (2)
gellan gum

30 uM ABA +0.18% 45 (7) 38 (3) 47 (4)
gellan gum

30 uM ABA + 0.25% 38 (13) 47 (8) 52 (18)
gellan gum

0.30% gellan gum 28 (0) 35 (0) 42 (1)

Control 0(0) 0(0) 0(0)

23. Klimaszeweska, K. and Smith, D. R., Physiol. Plant., 1997, 100,
949-957.
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*All media contain half-strength DCR basal salts!® +2% sucrose +
1.0g 1 myo-inositol.

#*Data represent number of clumps of embryogenic cell lines cultured on
different media combinations; Data within parentheses represent the
number of clumps of embryogenic tissue showing somatic embryo
formation. {Weight of each clump of the embryogenic mass varied from
320-550 mg).

embryogenic tissue for the development of somatic emb-
ryos to plants.
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