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ABSTRACT

Several physiological and biochemical effects of salicyclic acid (SA), when applied to plants, have been known for a long time. This
paper highlights for the first time the role of SA as a signaling molecule in inducing embryogenic tissue derived from mature trees of
Pinus roxburghii. External pre-treatment of explants with different concentrations (0.1, 0.2, 0.4, 0.5, 1.0, 2.0, 5.0 mg") of SA for 5 min
could not induce somatic embryogenesis effectively when plated on DCR induction medium. All explants of 10 genotypes failed to induce
embryogenic tissue, and resulted in the browning of explants with callusing during pre-treatment of explants with SA. On the other hand,
incorporation of 1.0 mg" SA in full DCR medium, i.e. containing 2,4-D, NAA and BA, was optimum for all Chir pine genotypes by
increasing the percentage of somatic embryogenesis significantly more than the control. The highest percentage (31%) of somatic
embryogenesis was recorded in genotypes PR-821 and PR-46. SA proved to be a powerful synergistic activator of somatic embryogenesis
in conifers when placed with other plant growth regulators.

Keywords: clonal forestry, India, somatic embryo, shoot apical meristem, Western Ghat Forest
Abbreviations: ABA, abscisic acid; ASA, acetyl-salicyclic acid; BAP, 6-benzyl aminopurine; 2,4-D, 2,4-dichlorophenoxyacetic acid;
DCR, Gupta and Durzan medium, H,0,, hydrogen peroxide; NAA, a-naphthalene acetic acid; SA, salicyclic acid; SDW, sterile distilled

water; TCL, thin cell layer; tTCL, transverse thin cell layer

INTRODUCTION

The plant growth regulator (PGR) salicyclic acid (SA),
when applied to plants, affects diverse physiological pro-
cesses (Dean and Delaney 2008) including stomatal closure
in Phaseolus vulgaris (Larque-Saavedra 1978, 1979), in-
duction of flowering in duckweeds (Cleland and Ajami
1974), increased cell division and growth during somatic
embryogenesis in tissue culture of Coffea arabica (Quiroz
et al. 2001), increase in the accumulation of nitrates in roots
of Pinus patula (San Miguel et al. 2002), inhibition of the
biosynthesis of ethylene in cell suspension cultures of pears
and seed germination in species (Leslie and Romani 1988)
and root growth stimulation of soybean (Gutierrez-Coro-
nado et al. 1998). In African violet, the application of SA at
low concentrations affects plant size, and the number of
leaves and flowers (Martin-Mex et al. 2005). Moreover,
application of SA to the growth medium induced flowering
in several species of Lemnaceae (Oota 1975; Cleland ef al.
1982). SA has also been reported to increase the activity of
superoxide dismutase (Rao et al. 1997), and inhibit activi-
ties of ascorbate peroxidase (Durner and Klessig 1995), and
catalase (Conrath et al. 1995), thus leading to endogenous
H,0, accumulation. Thus, SA inhibits the decomposition of
H,0, produced in plants. SA is an important signaling mole-
cule involved in plant defense responses to pathogens and
abiotic stress, as well as in plant growth and development
(Raskin et al. 1987; Raskin 1992). On the other hand, there
are several reports describing exogenous SA and acetyl-
salicylic acid (ASA) enhancing somatic embryogenesis in
plants viz. carrot (Daucus carota) (Roustan et al. 1990),
pearl millet (Pennisetum americanum) (Pius et al. 1993),
geranium (Pelargonium x hortorum Bailey) (Hutchinson
and Saxena 1996), Astragalus adsurgens Pall (Luo et al.

2001), Plumbago rosea L. (Komaraiah et al. 2004), naked
oat (Avena nuda) (Hao et al. 2006) and Pinus roxburghii
(Malabadi et al. 2008a).

Thin cell layers (TCL) of plant tissues have been used
successfully as explants for in vitro plant regeneration in
many plant species (Mulin and Tran Thanh Van 1989; Tran
Thanh Van and Van Le 2000; Nhut ez al. 2003a, 2003b,
2003¢, 2003d, 2003e, 2003f; Teixeira da Silva 2003; Mala-
badi and van Staden 2003; Malabadi et al. 2004a, 2004b;
Teixeira da Silva 2005; Malabadi et al. 2005; Nhut et al.
2006; Malabadi and Nataraja 2007a, 2007b, 2007d; Mala-
badi et al. 2008e; Teixeira da Silva 2008, 2009; Teixeira da
Silva and Tanaka 2009). This culture method was first
developed by Tran Thanh Van for programming different
patterns of morphogenesis (Tran Thanh Van 1981). More-
over, one of the most important developmental building
blocks of TCLs, cells, are responsible for the success of this
technology (Teixeira da Silva et al. 2007). TCL systems
allow for the isolation of specific cell or tissue layers, which,
depending on the genetic state and epigenetic requirements,
and in conjunction with strictly controlled growth condi-
tions (light, temperature, pH, PGRs, media additives and
others) may lead to the in vifro induction of morphogenic
programs (Teixeira da Silva ez al. 2007). The capacity of a
TCL to enter a program depends upon a number of factors,
including correct signal perception and transduction, the
capacity of the internal genetic machinery to respond and
react to these signals and in the latter case, may depend on
the physiological state and origin (tissue and organ) of the
TCL, environmental stress, chemical stress factors applied
to the TCL (Teixeira da Silva et al. 2007). Successful ini-
tiation of embryogenic tissue using TCL technology has
been reported in many recalcitrant pines, e.g. P. kesiya
(Malabadi et al. 2004a), P. roxburghii (Malabadi 2006;
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Malabadi and Nataraja 2006a, 2006b), P. wallichiana
(Malabadi and Nataraja 2007a), P. patula (Malabadi and
van Staden 2003; Malabadi and van Staden 2005a, 2005b,
2005¢; Malabadi and van Staden 2006), P. sylvestris (Aro-
nen et al. 2007), P. pinea (Portuguese stone pine) and P.
pinaster (Portuguese Maritime pine) (Malabadi et al. un-
published work).

Pinus roxburghii (Chir pine) is one of the most impor-
tant pine species distributed throughout all parts of India.
Induction of somatic embryogenesis using TCLs of apical
shoots and secondary needles of mature trees has been well
established in P. roxburghii (Malabadi and Nataraja 2006,
2007). In addition, the first report of genetic transformation
using biolistic method including the isolation of cDNA
clones of genes has also been reported using TCL-induced
embryogenic tissue in P. roxburghii (Malabadi and Nataraja
2007¢c, 2007d). However, there are currently no reports on
the effect of SA on induction of somatic embryogenesis in
pines despite several reports in angiosperms. Therefore, the
first objective of the present study was to determine the ef-
fect of SA on the initiation of embryogenic tissue from api-
cal shoot sections of mature (14-years old) P. roxburghii
trees. Further, in our previous study we were able to estab-
lish the embryogenic system using TCL technology in only
three P. roxburghii genotypes (Malabadi and Nataraja
2006). Therefore, the second objective of this study was to

test whether TCL technology could be applicable to more P.

roxburghii genotypes for the establishment of embryogenic
tissue from mature trees.

MATERIALS AND METHODS
Plant material

Shoot apical domes (Fig. 1A) from 10 genotypes (PR811, PR80S5,
PR821, PR32, PR76, PR193, PR46, PR51, PROS5, and PR92) of
mature P. roxburghii trees (14-years old) were collected from the
Western Ghat Forests, India (14° 5’ to 15° 25’ N latitude and 74°
45" to 76° E longitude with an average rainfall of 80 cm. Apical
domes were harvested during April. They were cleansed with 1%
citramide (sodium hypochlorite, 3.5% (v/v)) for 5 min and rinsed
thoroughly with sterilized distilled water (SDW). These were sur-
face decontaminated with 70% ethanol for 5 min followed by im-
mersion in 0.5% HgCl, for 2 min and rinsed 4 times with double
SDW. Transverse thin cell layers (tTCLs) approximately 0.5-1.0
mm thick (Fig. 1B) were cut using a sharp sterilized blade or scal-
pel from shoot apical domes (upper part with 2 to 4 sections only)
for the initiation of embryogenic tissue. tTCLs of all 10 genotypes
were kept in separate sterile Petri dishes under aseptic conditions
prior to their use in the following three separate experiments.

Experiment 1. Effect of pretreatment of explants
with SA only

During this experiment, the tTCLs of all 10 genotypes were pre-
treated with SA (Sigma, USA) (ACS reagent grade) at different
concentrations (0.1, 0.2, 0.4, 0.5, 1.0, 2.0, 5.0 mg'l) for 5 min and
subsequently explants were cultured individually on full-strength
DCR basal medium (Gupta and Durzan 1985) containing full-
strength inorganic salts and 0.2 g 1"" polyvinyl pyrollidine (PVP)
(Sigma), 2 g I'" Gellan gum (Sigma), 30 g I"' maltose (Sigma) and
0.3% activated charcoal (Sigma) without PGRs (i.e., pre-culture
medium as defined in Malabadi and van Staden 2003; Malabadi et
al. 2004; Malabadi and Nataraja 2006). These cultures were first
treated with SA for 5 min then incubated in the dark at 4°C for 3
days (Malabadi and van Staden 2003; Malabadi et al. 2004; Mala-
badi and Nataraja 2006). The SA/cold-pretreated explants at 4°C
for 3 days were then subcultured on induction medium, namely
full-strength DCR basal medium containing 0.2 g I'' PVP, 2 g I'!
Gellan gum, 1 g I"' L-glutamine (Sigma), 1 g I casein hydrosylate
(Sigma), 1 g I'" meso-inositol (Sigma), and supplemented with
22.6 uM 2.,4-dichlorophenoxy acetic acid (Sigma), 26.8 uM a-
naphthalene acetic acid (Sigma), and 8.9 uM 6-benzyl aminopurine
(Sigma) for the initiation of embryogenic tissue as described pre-
viously (Malabadi and van Staden 2003; Malabadi et al. 2004;
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Fig. 1 Effect salicyclic acid on somatic embryogenesis from vegetative
shoot apices of mature Pinus roxburghii trees. (A) Apical shoots from
mature trees (scale 10 mm = 0.9 mm). (B) Shoot apical dome thin section
showing the initiation of white mucilaginous embryogenic callus (scale:
10 mm = 4 mm). (C) Proliferation of white embryogenic callus on main-
tenance medium (scale: 10 mm = 7.5 mm). (D) Development of somatic
embryos on maturation medium seen under the microscope (scale: 10 mm
=11 mm).

Malabadi and Nataraja 2006; Malabadi ef al. 2008). The pH of the
medium was adjusted to 5.8 with 1 N NaOH or HCl before Gellan
gum was added. The media were then sterilized by autoclaving at
121°C and 1.05 kg/cm? for 15 min. L-glutamine and casein hydro-
sylate were filter sterilized (Whatman filter paper, pore size = 0.45
um; diameter = 25 mm) and added to the media after it had cooled
to below 50°C. All the cultures were maintained for 20-30 days in
the dark at 25 £+ 2°C. The presence of embryonal masses (cells
undergoing division showing the formation of a head) and cleav-
age poly-embryony (cells undergoing division showing the forma-
tion of head and suspensors, which is an advanced stage) showing
embryonal suspensor masses (ESMs) (nothing but pro-embryos
with developed heads and suspensors) was determined by squash
preparation of embryogenic tissue under the microscope at 45X,
65X or 100X magnification. After identification of embryogenic
cells, the embryogenic mass of cells was separated from the rest of
the tissue, and subcultured on maintenance medium (for at least 4
to 6 weeks) for the further proliferation of callus. Maintenance
medium consisted of full-strength DCR basal medium containing
30 g I"' maltose, 2 g I'' Gellan gum supplemented with 2.26 uM
2,4-D, 2.68 uM NAA and 0.88 pM BA (Malabadi and van Sta-
den 2003; Malabadi er al. 2004; Malabadi and Nataraja 2006).
During the maintenance of embryogenic cultures, the embryogenic
callus forming proembryonal masses were broken into small simi-
lar-sized pieces and then subcultured onto maintenance medium
every two weeks. In all these experiments, a control was main-
tained, and all the results were compared against the control,
which was induction medium without SA.

Experiment 2: Effect of incorporation of SA in
induction medium

In this experiment, the tTCLs of all 10 genotypes were cultured
individually on pre-culture and induction media under the exact
same conditions as defined in Experiment 1, i.e., without any SA.
Although culture on maintenance was identical, in this experiment
it was supplemented with different concentrations of SA (0.1, 0.2,
0.4,0.5, 1.0, 2.0, 5.0 mg™") was used for this purpose. The controls
were the same as for Experiment 1.
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Maturation of somatic embryos

For maturation, embryogenic tissue clumps of each of the 10
genotypes from experiments 1 and 2 were incubated in the dark at
room temperature (28 + 2°C). The percentage somatic embryoge-
nesis was calculated as responsive callus-based embryogenesis
(expressed in terms of number of responsive regrowth of callus
pieces per 100 since a total of 100 pieces of calluses were subcul-
tured). Therefore, 5 g of embryogenic tissue of each genotype was
taken aseptically and chopped into 100 pieces under aseptic con-
ditions by using a normal scalpel and blade and subcultured on
maintenance medium for the growth of callus. The number of pie-
ces re-callusing from the 100 sub-cultured embryogenic tissue in-
dicated the percentage of somatic embryogenesis. This was esti-
mated (i.e. the total number of somatic embryos, germinated em-
bryos, and somatic seedlings produced per gram FW of tissue was
calculated) before transferring the embryogenic tissue onto matu-
ration medium. One gram fresh weight of embryogenic tissue of
each genotype was transferred to sterile empty Petri dishes (60
mm diameter) containing two sterile Whatman filter paper disks
(50 mm) (Schleicher and Schuell, qualitative circles). The Petri
dishes were sealed with Parafilm and kept at 25 + 2°C in the dark
for 24 h to obtain the desired extent of desiccation. After desic-
cation, the partially desiccated embryogenic tissue (1 g-pieces X5
per Petri dish) of each genotype was transferred to maturation
medium to induce cotyledonary embryo development. Maturation
medium consists of full strength DCR medium with 60 g 1" mal-
tose, 37.84 uM abscisic acid (ABA; Sigma, ACS grade) and 5 g 1!
Gellan gum (Malabadi and van Staden 2003; Malabadi ez al. 2004;
Malabadi and Nataraja 2006). All the cultures were placed in the
dark at 25 + 2°C and maintained for 8-12 weeks (Malabadi 2006b;
Malabadi and Nataraja 2006a, 2006b).

Germination and plantlet recovery

After 12 weeks of maturation in the presence of ABA and higher
concentrations of maltose (60 g I"' maltose), the cotyledonary so-
matic embryos were recovered from the cultures for germination.
Before germination, cotyledonary somatic embryos of all 10 geno-

types were cold pre-treated at 2°C and kept in the dark for 25 days.

The germination medium consisted of half DCR medium with 2 g
I'" Gellan gum (Malabadi and Nataraja 2006a, 2006b). In the first
week of germination, cultures were kept in the dark then trans-
ferred to diffuse light (30 pmol m™ s) in the second week, and
thereafter to a 16-hr photoperiod under a light intensity of 50 pmol
m? s for hardening. Somatic embryos were considered germi-
nated as soon as radicals elongated and conversion to plantlets was
based on the presence of epicotyls. After 4-6 weeks on germina-
tion medium, plantlets were transferred to vermiculite in a con-
trolled growth room.

Statistical analysis

In experiments 1 and 2, each replicate contained 50 cultures and
one set of experiments consisted of two replicates (i.e. total of 100
cultures per experiment) for each genotype. All the experiments
were repeated in triplicate. Data in Tables 1 and 2 represent the
average of three independent experiments. Data was arcsine trans-
formed before being analyzed for significance using ANOVA
(p<0.05) or evaluated for independence using the Chi-square test.
Further, the differences in means were contrasted using Duncan’s
multiple range test (a=0.05) following ANOVA. All statistical ana-
lyses was performed using SPSS (Microsoft Windows ver.
13.0.1.1) statistical software package.

RESULTS AND DISCUSSION

In the present study, the incorporation of SA into DCR in-
duction medium influenced somatic embryogenesis in a few
of the Chir pine genotypes which were previously con-
sidered to be recalcitrant. This study for the first time high-
lights the importance of SA as a signaling molecule. There-
fore, SA can be used as growth regulator in conifer somatic
embryogenesis and its use might help to solve the low
initiation frequencies of many other recalcitrant pines. The
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primary goal of in vitro culture of forest trees has always
been mass clonal propagation of the most desirable geno-
types, although very recently the provision of target mate-
rial for gene transfer has assumed prominence (Malabadi
and Nataraja 2007e; Malabadi et al. 2008c, 2008d). A sim-
ple and efficient transformation procedure has been deve-
loped for embryogenic tissue of P. roxburghii using dis-
armed Agrobacterium strain EHA105 containing copies of
virB, virC and virC genes from the supervirulent plasmid
pToK47 (Malabadi et al. 2008b). This robust and reliable
regeneration system has been the basis of a programme for
genetic engineering P. roxburghii using A. tumefaciens-me-
diated gene transfer (Malabadi ef al. 2008b). This is the first
report of Agrobacterium-mediated T-DNA integration in P,
roxburghii using embryogenic lines derived from apical me-
ristematic tissue of mature trees (14-years old) (Malabadi
et al. 2008b). This procedure will therefore, permit Chir
pine (P. roxburghii) improvement via genetic engineering
and facilitate physiological studies through the use of gene-
tic manipulation. Embryogenic cultures have been gene-
rated for most of the conifers. For the most part, however,
even the best of these systems lack commercial viability for
two reasons: first, a low frequency of regeneration for many
of the most desirable clones; and secondly, unproven geno-
types, as starting material for the cultures is derived from
seeds or seedlings. Therefore, the current approach of clo-
ning mature trees of conifers using SA has many practical
applications particularly in clonal forestry schemes. Use of
SA might be helpful in solving many problems of conifer
somatic embryogenesis. On the basis of findings by several
research groups, SA is an important signaling molecule not
only involved in defense responses but also in somatic em-
bryogenesis of many plant species (Luo et al. 2001; Koma-
raiah et al. 2004; Hao et al. 2006). SA is a mobile molecule,
which is capable of acting as a cell signal that senses, am-
plifies, and transmit information from a cell and might help
in programming towards embryogenesis during cloning.
Secondly, SA is involved (together with nitrogen oxide,
hydrogen peroxide, and other metabolites) in the function of
several signal systems, unifying them into an intricate net-
work of regulatory interactions (Vasyukova and Ozerets-
kovskaya 2007). Perhaps embryo differentiation may sharing
some of the intermediates in the salicylate signal pathway.

Pre-treatment with SA (Experiment 1)

In the present study, pre-treatment (5 min) of shoot-tip
tTCL explants of 10 different Chir pine genotypes with dif-
ferent concentrations of SA did not induce embryogenic tis-
sue any more than the control (Table 1). All genotypes
showed a mixed response in embryogenic tissue induction
following pretreatment of tTCLs with SA (in general). The
pre-treatment of tTCLs from any of the 10 genotypes with
0.1,0.2 and 0.4 mg" SA could not effectively increasing the
percentage of somatic embryogenesis when compared to the
control (Table 1). PR-05 and PR-92 failed to induce em-
bryogenic tissue following pre-treatment of explants with
any concentration of SA (Table 1), i.e. these two genotypes
were completely recalcitrant to this treatment. Pretreatment
of explants with higher concentrations (2.0-5.0 mg™) of SA
might have had a toxic effect and resulted in the browning
of explants without callus formation in all 10 genotypes
(Table 1). The percentage of responsive explants that could
induce embryogenic tissue increased (significantly in some
cases) from 7 to 12% in PR-811, 3 to 5% in PR-32, 6 to 8%
in PR-805, and 11 to 16% in PR-821 following the pre-
treatment of 1.0 mg" SA when compared with the control
(Table 1). This trend was also similar with 0.5 mg' SA
where the percentage of responsive based explants for indu-
cing embryogenic tissue increased from 7 to 9% in PR-811
and 11 to 14% in PR-821, respectively. Therefore, pre-treat-
ment with 0.5 or 1.0 mg” SA was optimum at least in a few
P. roxburghii genotypes (PR-811, PR-32, PR-805, PR-821)
for improving the percentage of somatic embryogenesis
(Table 1).
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Table 1 Effect of pre-treatment (5 min) of 10 P. roxburghii genotype tTCLs with different concentrations of salicyclic acid on the initiation of embryo-

genic tissue.

SA *Responsive explant-based somatic embryogenesis (%)

(mg™) PR-811 PR-805 PR-821 PR-32 PR-76 PR-193 PR-46 PR-51 PR-05 PR-92

0.1 6.0+02a 50+02a 10.0+06a 20+0.1a 120+13a 2.0+0.1a 13.0+06a 2.0+0.1a 0.0+00b 00+00Db
control 70+03a 60+02a 11.0+04a 30+0.1a 13.0+1.0a 2.0+0.1a 120+05a 2.0+0.1a 0.0+00b 3.0+0.1a
0.2 70+0.1a 40+£03a 100+03a 20+0.1a 10.0+09a 2.0+£0.0a 11.0+26a 00+00b 0.0+£00b 0.0+00b
control 7.0+03a 60+£02a 11.0+04a 30+0.1a 13.0+1.0a 2.0+£0.1a 12.0+05a 20+0.1a 0.0+£00b 3.0+0.1a
0.4 30+0.1a 20+0.1a 120+12a 20+0.1a 11.0£1.7a 2.0+0.1a 11.0+04a 0.0+00b 0.0+00b 00+£00D
control 70+03a 60+02a 11.0+0.8a 3.0+0.1a 13.0+1.0a 2.0+0.1a 120+05a 20+0.1a 0.0+£00b 3.0+0.1a
0.5 9.0+02a 30+0.1a 14.0+0.7a 3.0+0.1a 90+03a 00+£00b 10.0+0.0a 00+00b 0.0+£0.0b 0.0+00b
control 70+£03a 60+02a 11.0+04a 30+0.1a 13.0+28a 20+0.la 12.0+05a 2.0+0.1a 00+00b 3.0+0.1a
1.0 120+£08a 80+0.1a 160+20a 50+03a 11.0+14a 00£0.0Db 80+05a 00+00b 00+00b 00+00Db
control 70+03a 60+02a 11.0+04a 3.0+0.1a 13.0+1.0a 2.0+0.1a 120+05a 2.0+0.1a 00+00b 3.0+0.la
2.0 0.0+£00b 0.0+00Db 00+00b 0.0+£0.0b 00+0.0b 0.0+0.0b 00+00b 0.0+00b 00+0.0b 0.0£00b
control 70+03a 60+£02a 11.0+04a 3.0+0.1a 13.0+1.0a 2.0+0.1a 120+05a 20+0.1a 00+00b 3.0+0.1a
5.0 0.0+0.0b 0.0+0.0b 0.0+0.0b 0.0+0.0b 0.0+0.0b 0.0+0.0b 00+0.0b 00+00b 00+00b 00£00b
control 70+03a 60+£02a 11.0+04a 30+0.1a 13.0+10a 2.0+0.1a 120+05a 2.0+0.1a 0.0+00b 3.0+0.1a

Means (+SE) followed by the same letter in each column were not significantly different at P<0.05 using DMRT. All experiments were repeated in triplicate and data

represents the average of three independent experiments.
Control = Explants without pre-treatment of different concentrations of SA.

* Responsive explant-based somatic embryogenesis = The percentage was calculated on the basis of explants producing embryogenic callus.

Table 2 Recovery of somatic embryos, germination and establishment of somatic seedlings from embryogenic tissue in ten geno-
types of Pinus roxburghii following the incorporation of 1.0 mg I'' SA in the DCR basal medium (initiation medium) compared

against control lacking SA.

Genotypes Callus based-somatic Somatic embryos Somatic embryos Somatic seedlings
embryogenesis recovered per g fresh wt  germinated per g fresh wt  recovered per g fresh wt
(%) of embryogenic callus of embryogenic callus of embryogenic callus
PR-811 28.0+12a 11.0+0.5b 50+02b 30+£0.1b
control 7.0+03b 30+£0.1b 0.0+0.0c 0.0+0.0c
PR-805 300+1.8a 17.0+23b 13.0+1.2b 10.0+05b
control 6.0+02b 20+£0.1b 1.0+0.1b 0.0+0.0c
PR-821 310+ 1.6a 16.0£19b 120+05b 8.0+£0.3b
control 11.0+04b 40+02b 20+0.1b 1.0£0.1b
PR-32 14.0+0.8b 6.0+04b 30+£02b 20+£0.1b
control 30+£0.1b 20+0.1b 00+0.0c 00+0.0c
PR-76 260+ 1.6a 150+ 1.8b 10.0+1.5b 7.0+03b
control 13.0£1.0b 6.0+04b 30+02b 1.0+0.1b
PR-193 150+1.3b 80+1.0b 50+0.1b 30+£02b
control 20+0.1b 30+£0.1b 1.0+0.1b 0.0+0.0c
PR-46 310+ 1.8a 18.0+£23b 150+18b 10.0+£0.7b
control 120+£05b 50+£02b 30+04b 1.0+0.1b
PR-51 8.0+0.3b 11.0£2.0b 7.0+02b 40+03b
control 20+£0.1b 40+0.1b 20+0.1b 1.0+0.1b
PR-05 30+£0.1b 6.0+03b 30+£1.0b 1.0+0.1b
control 0.0+0.0c 00+0.0c 0.0+0.0c 0.0+0.0c
PR-92 12.0+£0.7b 250+18a 170+1.8b 9.0+£0.2b
control 3.0+0.1b 0.0£0.0¢c 0.0+0.0c 0.0£0.0c

Means (+ SE) followed by the same letter in each column were not significantly different at P<0.05 using DMRT. All experiments were repeated in
triplicate and data represents the average of three independent experiments.

Control = DCR basal medium lacking SA

(% of somatic embryogenesis) = 5 g of embryogenic tissue of each genotype was taken aseptically and chopped into 100 pieces and subcultured on
the maintenance medium for the growth of callus. Out of 100 pieces, growth of the number of pieces was recorded and calculated in terms of

percentage of SE. This represents callus-based somatic embryogenesis.

SAin induction medium (Experiment 2)

Incorporation of 1.0 mg™' SA in the induction medium was
optimum for all 10 genotypes by increasing the percentage
of somatic embryogenesis compared to the control (Table
2). The highest percentage (31%) of somatic embryogenesis
was recorded in PR-821 and PR-46. For PR-05, in particu-
lar, the addition of 1.0 mg"' SA to the induction medium
was very beneficial since in the control this genotype failed
to induce somatic embryogenesis. This clearly indicates the
positive role of SA as a signaling molecule during cloning
of mature P. roxburghii trees. In this study SA alone (i.e.
without PGRs) did not induce somatic embryogenesis and
resulted in the browning of explants and callus. Microsco-
pic observation showed simple, elongated parenchymatous
cells without any sign of cleavage polyembryony. SA, when
combined with 22.6 uM 2, 4-D, 26.8 uM NAA, 8.9 uM
BAP in the induction medium, improved the percentage of
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somatic embryogenesis. However, in PR-05 this synergistic
mix induced only 3%somatic embryogenesis while in PR-
05 it failed to induce somatic embryogenesis. Hence, the
combination of SA with other PGRs such as 2,4-D/NAA/
BA might be beneficial in inducing somatic embryogenesis
in Chir pine. In geranium (Pelargonium x hortorum Bailey),
thidiazuron (TDZ) effectively induced somatic embryoge-
nesis in cultured hypocotyls explants during only a 3-day
period of induction (Hutchinson and Saxena 1996). The
presence of acetylsalicyclic acid (ASA) during this period
caused a two-fold increase in the number of somatic em-
bryos an enhanced synchronization of embryo development
compared to the TDZ treatment alone. However, in the
same study, SA was ineffective in modulating similar em-
bryogenic responses as ASA in geranium. Enhanced soma-
tic embryogenesis and plant regeneration have been ob-
tained using young leaf bases of naked oat (Avena nuda) as
explants by including 0.5 mM SA and carrot embryogenic
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callus extracts in MS media. An improvement was achieved
in somatic embryogenesis and plant regeneration on the cor-
responding media supplemented with 0.5 mM SA and carrot
embryogenic callus extracts as compared to control (Hao e?
al. 2006). Somatic embryogenesis was induced from sus-
pension cultures derived from leaf callus of an important
medicinal plant, Plumbago rosea L. (Komaraiah et al.
2004) in which 8.32 uM ASA alone induced embryogenesis,
but IAA, NAA or IBA alone failed to elicit a similar res-
ponse. Optimal embryogenic response per culture (216 em-
bryos per culture) was observed in MS medium containing
a combination of ASA (8.32 uM) and TAA (5.06 uM), i.e. a
similar synergistic response as observed in our study bet-
ween SA/ASA and other PGR(s) in the medium. It was also
observed that by increasing the concentration of ASA alone
(without auxin) in the medium (up to 11.09 uM) the number
of somatic embryos formed per culture increased (Koma-
raiah et al. 2004). The interactive effect of ASA and IAA
appears to be essential for enhanced production of embryos
per culture since no embryogenesis was noticed when [AA
alone was added in Plumbago rosea L. (Komaraiah et al.
2004). SA is endogenously produced in many plants in nor-
mal as well as during stress conditions (Raskin et al. 1990).
However, the mechanism of salicylate-induced differentia-
tion in plants is not known, although salicylate is a signal
molecule implicated in eliciting many physiological func-
tions in plants (Komaraiah et al. 2004). Ping et al. (2001)
reported that the inclusion of SA to differentiation medium
below 200 umol/L significantly enhanced somatic embryo-
genesis in Astragalus adsurgens Pall. callus cultures, the
highest frequency of somatic embryogenesis occurring at
150 umol/L SA. They also reported that enhanced somatic
embryogenesis by SA was accompanied by an increase in
the endogenous hydrogen peroxide (H,0O,) level compared
to controls. This increased endogenous H,O, level was re-
lated to the inhibition of ascorbate peroxidase and catalase
activities (Ping ef al. 2001). Although the promoting effect
of exogenous H,0, was significantly lower than that of exo-
genous SA on the development of somatic embryos, the
pre-treatment of callus cultures of 4. adsurgens with dime-
thylurea (a trap for H,0,) significantly inhibited somatic
embryogenesis, even if callus was cultured on the differen-
tiation medium supplemented with 150 pumol/L SA, sug-
gesting that endogenous H,O, was required for SA-en-
hanced somatic embryogenesis in 4. adsurgens (Ping et al.
2001). H,O, and its role in plant stress have been reviewed
by Cheeseman (2007). Therefore, one possible link between
oxidative stress and plant regeneration in tissue culture
could be H,O,. SA is endogenously produced in many
plants in normal as well as during stress conditions (Raskin
et al. 1990). SA also inhibited ethylene biosynthesis in cell
suspension cultures of carrot (Roustan ez al. 1990). It is
well known that ethylene inhibits differentiation in plants.
In the present study SA may be promoting embryo deve-
lopment by inhibiting ethylene biosynthesis. Another hypo-
thesis is that SA has been reported to increase the activity of
superoxide dismutase (Rao et al. 1997), and inhibits the ac-
tivities of ascorbate peroxidase and catalases, thus leading
to endogenous H,O, accumulation in Arabidopsis thaliana
(Rao et al. 1997). The biosynthetic pathways of SA have
been reviewed by Vasyukova and Ozeretskovskaya (2007).

CONCLUSION

The cloning of mature P. roxburghii trees was successful
following the addition of 1.0 mg" SA in DCR induction
medium in most P. roxburghii genotypes tested. On the con-
trary, the external application of SA to tTCL explants prior
to cloning was not effective for inducing somatic embryo-
genesis. Therefore, SA was shown to play an important role
in inducing somatic embryognesis in conifers, expanding
this function already observed in a wider range of plants.
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