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Embryogenic cultures were initiated and established
in Khasi pine from intact megagametophytes. Factors
affecting initiation, including genotype and develop-
mental stages of explants, basal medium and growth
regulator concentrations were investigated. Mega-
gametophytes collected at different developmental stages
from open-pollinated tree genotypes, Pk-01, Pk-02, Pk-
03, Pk-04 and Pk-05, were cultured on DCR medium
supplemented with 2,4-D, NAA and BA. Megagameto-
phytes containing zygotic embryos of 0.05-1.20 mm
embryonal head size were suitable for somatic em-
bryogenesis. Extrusion of embryogenic tissues from
intact megagametophytes varied depending on the
genotype, the developmental stage of the megagame-
tophytes and media composition. Altogether 44 em-
bryogenic lines were established with the genotype
Pk-04. The embryogenic tissues exhibited luxuriant
growth and cleavage polyembryony on maintenance
medium. The proembryos failed to convert to advanced
stage embryos on the maintenance medium. Maximum
frequency (63.5%) of advanced cotyledonary somatic
embryo (stage-111) was obtained on maturation medium
with enhanced ABA (35 uM), gellan gum (5 g I'") and
maltose (60 g I™") concentrations. The stage-111 somatic
embryos produced seedlings on germination medium.

Keywords: Conifers, megagametophytes, Pinus kesiya,
somatic embryogenesis, zygotic embryos.

THE commercial importance of conifers as timber-
yielding trees has drawn considerable attention of plant
biotechnologists throughout the world to develop tech-
niques for rapid clonal propagation of these favoured forest
trees. Conifers initially received lesser attention compared
to angiosperms as far as in vitro propagation was con-
cerned, but since 1985 considerable efforts have been made
to propagate conifers through somatic embryogenesis™™.
Various types of explants have been used to achieve
somatic embryogenesis in conifers, including pines. Imma-
ture and mature zygotic embryos or intact megagameto-
phytes have been used in most cases for establishing
embryogenic cultures in conifers. However, the mature em-
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bryos have been reported to form embryogenic cultures at
much lower frequencies. In pine species such as Pinus
mariana and P. taeda, only immature zygotic embryos at
the cotyledonary or pre-cotyledonary stages have been
found effective for inducing somatic embryogenesis®.
Pinus kesiya Royle ex. Gord. (Khasi pine), an econo-
mically important timber yielding tree is found in North-
east India and extends up to Myanmar, Philippines and
Vietnam. It is one of the major sources of timber in the
region. Some genotypes of this species have tremendous
biomass potential and ole-resin prospects (2.3-2.7 kg/
tapping season of tree dia 30-40 cm). Over-exploitation,
unplanned developmental activities and age-old practices
of ‘slash and burn’ cultivation have resulted in the dwin-
dling of the Khasi pine population. Propagation of Khasi
pine by conventional methods faces constraints mainly
because the seed orchards show great variations and often
seed germination is poor. Moreover, a large number of
seedlings are destroyed by fire, low winter temperature
and heavy rainfall. The vegetative propagation method used
for its multiplication from favoured genotypes is rather
difficult as this species reaches sexual maturity at an
early stage and hence the rooting ability of cuttings de-
creases resulting in poor regeneration. Due to all these
problems, there is an urgent need for rapid clonal propaga-
tion of P. kesiya through tissue-culture methods. Some
efforts have been made earlier to micropropagate P. ke-
siya through organogenesis’° and limited work has been
done on somatic embryogenesis of this species™™* using
apical dome sections and mature zygotic embryos as
explants. The present work is focused on induction of
somatic embryogenesis from intact megagametophyte ex-
plants (with immature zygotic embryos) and plantlet
regeneration in P. kesiya. Somatic embryogenesis and
plantlet regeneration from intact megagametophyte
explants has not been reported so far in P. kesiya.

Materials and methods
Selection of explants and genotypes

Young, green, female cones from five different mature
(15-20 yrs old), open-pollinated tree genotypes (desi-
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gnated as Pk-01, Pk-02, Pk-03, Pk-04 and Pk-05) of P.
kesiya were collected at 15-day intervals (after fertiliza-
tion from May to December) from North-Eastern Hill
University Campus, Shillong, Meghalaya, India (lat.
25°34'N, long. 91°54'E, altitude 1500 m asl) and stored
in cardboard boxes at 4°C for a maximum period of 15
days. The cones were cut into two halves and immature
seeds were removed carefully and surface-cleansed with
Citramide 1.0% (potent disinfectant) for 5 min and
washed thoroughly under running tap water for 10—
15 min. The seeds were then surface-sterilized with 70%
ethanol followed by immersion in 0.1% mercuric chloride
for 2 min and rinsed 5-6 times with sterile ultra pure
water (Milli-Q water purification system) under aseptic
conditions. The sterilized immature seeds were dissected
and intact megagametophytes containing different stages
of zygotic embryos (a—e) as defined here (Table 1) were
removed and cultured. One thousand explants (200
explants for each developmental stage) were cultured at
each collection date for each genotype.

Media and culture conditions

The explants were cultured in 60 x 15 mm sterile, dispo-
sable petri plates (Tarson) containing 10 ml of medium.
Five explants were cultured in each petri plate and the
plates were sealed with parafilm (American National
Can). The basal medium used for initiation experiments
was DCR™. The medium was solidified with 2 g I* gellan
gum. The basal medium was supplemented with 5-30 uM
2,4-dichlorophenoxyacetic acid (2,4-D), 3-18 uM -
naphthaleneacetic acid (NAA), 3-18 uM N°-benzyladenine
(BA), singly or in combination, to study the initiation of
embryogenic tissues (ET) only. The combinations of plant

Table 1.

growth regulators (PGRs) were selected on the basis of a
preliminary study (Table 2). The selected medium and
PGR combination for the initiation of ET, DCR basal
medium containing 2 g I™* gellan gum (Phytagel, Sigma),
1 g I L-glutamine, 1 g I casein hydrolysate, 1 g I™* meso-
inositol, 30 g I* maltose (Analar, Sigma) supplemented
with 20.0 uM 2, 4-D, 12.0 uM NAA and 12.0 uM BA
were used directly for the following experiments and the
embryogenic response of different genotypes was tested
on the induction medium (IM).

The pH of the medium was adjusted to 5.8 with 0.1 N
NaOH or HCI before addition of gellan gum. The
medium was then autoclaved for 15 min at 121°C and
1.05 kg cm™. L-glutamine and casein hydrolysate were
filter-sterilized and added to cooled (ca. 45°C) medium.
The cultures were incubated at 23 + 2°C in the dark. The
embryogenic extrusion from the micropylar end of the
megagametophytes (Figure 1a) was isolated after 4-6
weeks of inoculation.

The ET obtained from megagametophytes were subcul-
tured on the same basal medium but with reduced PGRs
for maintenance. On the basis of our earlier studies®, the
DCR basal medium containing 40 g I maltose, 4 g I
gellan gum, 2.0 uM 2,4-D, 1.2 uM NAA and 0.60 uM
BA (maintenance medium [PM]) was used for main-
tenance and proliferation of ET. In all the experiments,
control was maintained and all the results were compared
against the control. In case of the control, the ET were
maintained on IM.

Maturation of somatic embryos

After 3—-4 weeks on PM, the ET were transferred directly
onto maturation medium (MM) for cotyledonary embryo

Identification of developmental stages of zygotic embryos from genotypes Pk-01,

Pk-02, Pk-03, Pk-04 and Pk-05 in Pinus kesiya during collection period

Stage of defined embryo

Size of embryonal head

Approximate number of weeks
after fertilization

a 8-16 cells 5-6

b 0.05-0.2 mm 9-12
c 0.2-1.1 mm 13-17
d and e (cotyledonary embryo) 1.3-3.5mm 19-26

Table 2. Various media combinations tested in the preliminary experiment for embryogenic
extrusion and culture establishment in P. kesiya
Medium
Component (nM) DCR; DCR; DCR3 DCR4* DCRs DCRg
2,4-D 5 10 15 20 25 30
NAA 3 6 9 12 15 18
BA 3 6 9 12 15 18

Media DCR; to DCRs contain DCR basal salts + 1 g™ L-glutamine + 1 g I™* casein hydro-

lysate + 1 g I"* meso-inositol.

*DCR,4 medium showed best result for initiation of embryogenic cultures.
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development. The DCR basal medium was tested with
four different combinations of gellan gum, abscisic acid
(ABA) and maltose: (1) 3 g I* gellan gum + 30 uM ABA +
40 g I maltose; (2) 59 1™ gellan gum + 30 uM ABA +
40 g I maltose; (3) 59 I gellan gum + 35 uM ABA +
60 g™ maltose and (4) 5gI™ gellan gum +40 uM
ABA + 60 g I* maltose. All the cultures were kept in the
dark at 25 + 2°C with 55-60% relative humidity. After 2—4
subcultures at 2 weeks interval in the above medium, the
cultures were transferred to the germination medium.

Germination and plantlet recovery

After 8-10 weeks of maturation in the presence of ABA,
advanced cotyledonary somatic embryos were picked
from the cultures for germination. The number of cotyle-
donary somatic embryos formed was determined per
gram ET by counting, and for each explant type three rep-
licates were taken. The germination medium (GM) used
was half-strength DCR basal medium with 2 g I"* gellan

Figure 1. Somatic embryogenesis in Pinus kesiya Royle ex. Gord.
(Khasi pine) from intact megagametophytes (stage c) and isolated mature
zygotic embryo explants. a, Embryogenic extrusion from the micropy-
lar end of intact megagametophytes after 4 weeks of culture (bar:
0.5 mm). b, White, translucent embryogenic tissue (callus). Arrows in-
dicate proembryos (bar: 1.0 mm). c, Early stage proembryos. Arrow
indicates embryonal head (bar: 0.1 mm). d—e, Cleavage polyembryony.
Arrows indicate embryonal heads (bar: 0.5-0.1 mm). f, A distinct early
stage (stage-1) somatic embryo with dense embryonal head and many
suspensor-like cells. Arrow indicates embryonal head (bar: 0.2 mm).
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gum on the basis of our earlier experiment'?. Somatic
embryos were considered germinated as soon as radical
elongation occurred and conversion to plantlet was based
on the presence of an epicotyl. After 6-7 weeks on the
GM, plantlets were directly transferred to vermiculite.
Plantlets were placed in a growth room under a 16 h pho-
toperiod (50 pmol m2 s™) for hardening.

Statistical analysis

In all experiments two replicates were maintained. Each
replicate consisted of 20 petri plates, containing five ex-
plants each. Thus, for five developmental stages a total of
1000 explants were cultured in one season. The experi-
ments were repeated twice in two seasons of cone deve-
lopment. Callus and proembryos were observed under
inverted microscope (Leitz), while somatic embryos were
observed under stereo zoom microscope (Leitz), and data
were recorded on weekly basis. Data presented in the
tables were analysed for significance and the differences
contrasted using two-way ANOVA at 5% level.

Results

Genotype, developmental stage of explants and
initiation of embryogenic cultures

The study revealed that the embryogenic extrusion and
subsequent embryogenic culture establishment from various
developmental stages of explants (Table 1) in IM varied
considerably with different genotypes. In fact, some geno-
types of P. kesiya did not show any embryogenic re-
sponse. The genotypes Pk-02, Pk-03 and Pk-04 exhibited
embryogenic response, while there was no embryogenic
response in genotypes Pk-01 and Pk-05 (Tables 2-4).
Though somatic embryogenesis was noticed with Pk-02
and Pk-03, embryogenic lines could be established only
with genotype Pk-04 (44 lines), which indicates that the
genotype of the parent has an important bearing on the
embryogenic response. Out of 44 embryogenic lines from
different developmental stages, 36 were obtained from
stage-c explant alone (Table 4).

It was found that stages-b and -c (0.2-1.2 mm) zygotic
embryos were highly responsive and stage-c (Figure 1a)
was the most appropriate for somatic embryogenesis.
Though somatic embryogenesis was achieved with stages-d
and -e explants, the frequency of initiation showed a de-
clining trend (Tables 3 and 4).

Maintenance of embryogenic cultures

After 4-6 weeks of culture on IM, the ET of genotype
Pk-04 were subcultured on PM for further growth and
proliferation of embryonal suspensor masses. DCR basal
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Table 3.

Embryogenic responses of different genotypes of P. kesiya on DCR, medium (induction medium)

Initiation of embryogenic extrusion from different developmental stages of the explant (%)

Genotype ax b* c* da* ex
Pk-01 - - - - -
Pk-02* - - 0.50 + 0.68° 1.00 + 0.93° -
Pk-03* - - 1.50 + 1.00° 1.30 +0.79° -
Pk-04 - 5.00 + 0.86° 46.00 +2.31° 450+1.11° 4.50 +0.58°
Pk-05 - - - - -

*200 explants were cultured for each developmental stage of explants.
®Means (+) followed by the same letter were not significantly different at P < 0.05.
*Genotypes Pk-02 and Pk-03 showed initiation of embryogenesis, but no embryogenic lines were established with

these genotypes.

Table 4. Embryogenic response and somatic plantlet recovery in P. kesiya

Develop- Number of Established Number of Somatic
mental stage explants Embryogenic embryogenic embryogenic embryo Seedlings
Genotype of explants cultured extrusion (%) culture (%) lines established (g7 fr wt) (g7 fr wt)
Pk-04 a 200 - - - - -
b 200 5.00 £ 0.86% 1.50 + 0.58° 3 43.00 £ 1.15 20.00 +1.15
c 200 46.00 +2.31° 18.00 £ 2.31° 36 51.00 + 1.15 29.00 + 1.15
d 200 450 £1.11% 1.50 + 1.00° 3 35.00+1.73 18.00 £1.15
e 200 4.50 + 0.58° 1.00 +1.15° 2 35.00 £ 1.15 17.00 £ 1.15

*Means (+) followed by the same letter were not significantly different at P < 0.05. —, No response.

medium with 40 g I"* maltose, 4 g I"* gellan gum with
reduced PGR concentrations of 2.0 uM 2,4-D, 1.2 uM
NAA and 0.60 uM BA (maintenance medium [PM]) was
suitable for maintenance and proliferation of ET. Mainte-
nance of ET on IM resulted in browning of cultures. Five
per cent of the embryogenic cultures from the stage-b
explants proliferated for 6-8 weeks on IM but, only 1.5%
cultures could be established after six months on PM.
Maximum frequency (18.0%) of the established ET after
six months was observed with the stage-c explants (Table 4).
The frequency of established embryogenic cultures was
1.5% with stage-d, and 1.0% with stage-e explants res-
pectively, after six months. In our study, a total of 44
embryogenic lines were established after six months in
culture with stages-b—e from Pk-04 genotype (Table 4).

Microscopic observation of the cultures showed the
presence of somatic embryos at various stages of deve-
lopment (Figures 1b-f and 2a, b). Proembryos with
dense embryonal head and suspensors of one to many
elongated cells (Figure 1c—e) were observed. In the ini-
tial and established cultures, somatic embryos with fused
embryonal suspensor masses with embryo heads were
also observed (Figure 2 a).

Development and maturation of somatic embryos

The proembryos and stage-1 embryos which developed on
maintenance medium failed to grow further until they
were transferred to a medium with increased maltose,
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ABA and gellan gum concentrations respectively. Out of
four different combinations of media tried, DCR basal
medium containing 5 g I"* gellan gum, 35 uM ABA and
60 g I"* maltose (MM) was found suitable for maturation of
somatic embryos. Proembryos and stage-1 embryos matu-
red into advanced stage-1l and stage-I1l somatic embryos
on MM. Stage-l and stage-11 somatic embryos consisted
of an opaque, smooth and glossy embryogenic head sub-
tended by long, translucent suspensor cells (Figures 1f
and 2 a). With majority of embryogenic lines, stage-l and
stage-11 somatic embryos formed advanced cotyledonary
somatic embryos (stage-11l; Figure 2b) only when cul-
tured on DCR basal medium devoid of growth regulators,
but containing ABA (35 uM), gellan gum (5g ™) and
maltose (60 g I"). A maximum maturation frequency of
63.5% was recorded on this medium.

Germination of somatic embryos

One gram fresh weight of ET produced a maximum of 51
somatic embryos from stage-c-derived cultures, of which
36 somatic embryos were successfully germinated and
produced 29 somatic plantlets. On the other hand stage-b
cultures developed 43 somatic embryos per gram fresh
weight of callus and 29 somatic embryos germinated to
produce 20 somatic plantlets. Similarly, 35 somatic
embryos each were observed in stages-d and stage-e de-
rived ET respectively. In the case of stage d, 23 somatic
embryos germinated successfully producing 18 somatic

CURRENT SCIENCE, VOL. 95, NO. 10, 25 NOVEMBER 2008
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Figure 2.
somatic embryos sharing common suspensor cells (bar: 0.4 mm). b, Stage-111 (cotyledonary) somatic embryos (bar: 1.0 mm). ¢, A well-germinated
somatic seedling (bar: 1.0 cm). d, Healthy somatic seedlings ready for field transfer (bar: 1.0 cm).

plantlets. Seventeen somatic plantlets were obtained from
22 germinated somatic embryos with stage-e cultures.
Highest percentage (80.55) of somatic seedling recovery
was observed with stage-c cultures and the least seedling
recovery of 68.96% was recorded with stage-b cultures
(Table 4).

After 7-8 weeks of maturation, advanced cotyledonary
somatic embryos (Figure 2b) were harvested from the
cultures for germination. The germination medium used
was half-strength DCR basal medium with 2 g I"* gellan
gum. After 4-6 weeks, germinated somatic embryos (Figure
2c) were ready to be transferred to vermiculite in a
growth room for hardening (Figure 2 d).

Discussion

The major bottleneck in the induction of embryogenic
cultures in pines has been the identification and use of the
correct developmental stage regarded as a ‘window’*>*.
Harvesting of explants at the proper developmental stage
of the zygotic embryo is critical for inducing somatic
embryogenesis in conifers’’~'°. Identification and deter-
mination of the proper developmental stage on the basis
of time of the season may not be an effective marker for
induction of somatic embryogenesis, as the size of the
embryos and developmental stages differed even among
seeds from a single tree. The post-fertilization period can
serve as an effective marker, but determination of precise
time of fertilization is difficult to ascertain. Therefore,
embryo size and morphology serve as better parameters
for selecting responsive embryos®. Immature zygotic em-
bryos at the precotyledonary stage of development in
intact megagametophytes are the most responsive type of
explants and embryogenic response declines drastically
with cotyledonary-stage explants®*®%°. Immature female
cones of P. kesiya collected at different developmental
stages and examined to determine the optimum stage for
initiation of embryogenic cultures, showed that intact
megagametophytes containing stage-c immature zygotic
embryos were suitable for somatic embryogenesis, an
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Somatic embryogenesis in P. kesiya: Maturation of somatic embryos, seedling recovery and establishment. a, Stage-l and stage-Il

observation in conformity with Arya et al.*. The embryo-
genic response declined with cotyledonary-stage explants
in P. kesiya. The present study reveals a similar higher
embryogenic response with precotyledonary-stage zygotic
embryos and a decline in embryogenesis with mature
cotyledonary zygotic embryos on IM. This result con-
forms to earlier reports® =22,

Some genotypes did not show any embryogenic res-
ponse. Somatic embryogenesis was noticed with Pk-02
and Pk-03, but embryogenic lines could be established only
with Pk-04, which indicates that the genotype of the parent
has an important bearing on embryogenic response, as
observed earlier®?,

The strength of gelling agents seems to play an impor-
tant role in the initiation and maintenance media, as it af-
fects water availability to the cultures. Phytagel proved to
be an effective alternative gelling agent to agar in conifer
somatic embryogenesis®®2®. In the present study, the use
of enhanced gellan gum in the initiation medium (2 g I%)
and maintenance medium (4 g I*) formed gels of higher
strength, which is associated with reduced water avail-
ability, triggering a shift in the development programme
of the cultures, from proliferation of embryogenic cells
with cleavage polyembryony to the development of pro-
embryos and early-stage embryos in the maintenance
medium?®.

Enhanced concentration of maltose, gellan gum and
low concentration of growth regulators in PM improved
the development of proembryos, which could be attri-
buted to the reduced water availability of the medium. Our
results are in full agreement with earlier reports that low
water availability resulting from high gellan gum concen-
tration promotes somatic embryo maturation in Pinus
strobus®?. The development of somatic embryos by par-
tial desiccation treatment could affect the endogenous
ABA level. This treatment might set in rapid biochemical
changes, which result in the formation of specific
enzymes that might play an important role in water-stress
tolerance and in the maturation of somatic embryos?°.

Thus the present investigation demonstrates the induc-
tion of somatic embryogenesis, maturation and plantlet
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regeneration from somatic embryos of P. kesiya from in-

tact

megagametophytes containing immature precotyle-

donary zygotic embryos. The initiation of somatic embryo-
genesis is dependent on the developmental stage of the

expl
The

ant, genotype of the parent and media composition.
somatic embryos formed on IM matured in large

numbers only when transferred to a medium with higher

osm
ther
som

oticum (maltose) and gellan gum concentration. Fur-
efforts are required to achieve higher frequency of
atic embryogenesis using megagametophyte explants.
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