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Abstract

Dalbergia sissoo Roxb. ex DC. (Sissoo) is a native forest tree species in Pakistan. Many ecological and economical uses are associated
with this premier timber species, but dieback disease is of major concern. The objective of this study was to develop a protocol for
in vitro regeneration of Sissoo that could serve as target material for genetic transformation, in order to improve this species. Callus
formation and plantlet regeneration was achieved by culturing cotyledons, immature seeds, and mature embryos on a modified
Murashige and Skoog (1962) (MS) medium supplemented with plant growth regulators. Callus induction medium containing 2.71 uM
2, 4-dichlorophenoxyacetic acid (2,4-D) and 0.93 uM kinetin produced better callus on all explants tested compared to other treatments,
such as 8.88 uM 6-benzylaminopurine (BA) and 2.69 uM a-naphthalene acetic acid (NAA), or 2.71 uM 2, 4-D and 2.69 uM NAA.
Shoot regeneration was best on MS medium containing 1.4 uM NAA and 8.88 uM BA compared to other treatments, such as 1.4 uM
NAA and 9.9 uM kinetin, or 2.86 uM indole-3-acetic acid and 8.88 pM BA. Murashige and Skoog medium containing 1.4 NAA uM
and 8.88 uM BA was better in general for regeneration regardless of callus induction medium and the type of explant used. Rooting was
best on half-strength MS medium with 7.35 pM indole-3-butyric acid. Regenerated plantlets were acclimatized for plantation in the
field. Preliminary genetic transformation potential of D. sissoo was evaluated by particle bombardment of callus explants with a p UbiGis
vector. The bombarded tissue showed transient Gus activity 1week after bombardment. Transformation of this woody tree is possible

provided excellent regeneration protocols. The best combination for regeneration explained in this study is one of such protocols.
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Introduction

Dalbergia sissoo Roxb. ex DC. (Sissoo; Fabaceace) is a
native forest tree species in Pakistan and the neighboring
countries of Nepal, India, and Bhutan. Many ecological
and economical uses are associated with this premier tim-
ber species, such as nitrogen-fixation, shade, shelter, fodder,
wood for fuel and furniture, and the sawdust is used for the
removal of nickel ions and heavy metals from industrial
waste water. Mortality of Sissoo trees has been associated
with dieback disease and it is a critical threat to this species
(Appanah ez 4l., 2000). Dieback disease has caused wide-
spread mortality of D. sissoo throughout South Asia, and
trees of all ages from saplings to mature trees are affected.
Many efforts are being made to overcome this disease, and
the causal organism associated with dieback disease was
found to be Fusarium solani (Bakshi and Singh, 1967;
Shakya and Lakhey, 2007). Shukla (2008) carried out re-
sistance screening of seeds from a number of provenances,
and pathogenicity of F. solani f.sp. dalbergia isolated from
roots and oozing pitch of dying trees was also evaluated.

Genetic transformation and in vitro regeneration has
become an indispensable means to engineer plant genom-
es with desirable traits, and a tool in functional genomics
research to manipulate organisms at the cellular level. In
trees, high background polymorphisms, long regeneration
times to maturity, and difficulty in breeding programs
makes it difficult to produce isogenic lines for use as large
experimental units. For establishing direct genetic linkag-
es between genes and phenotypes, one way is to engineer
the genomes at the molecular level. Trees will always be
attacked by a range of organisms that cause decline. Ge-
netic transformation may be a solution to overcome these
critical forestry situations, such as dieback of Sissoo, in or-
der to conserve the trees in all parts of the world. Bug, in
vitro regeneration protocols must be established that can
be used to overcome this hurdle and manipulate the tree
genome.

Several reports have been published on 77 vitro propa-
gation of D. sissoo using nodal, hypocotyl, cotyledon, and
zygotic embryo explants; however none of these explants
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have been utilized for genetic transformation studies. Su-
wal ez al. (1988) reported multiple shoot induction from
the nodal region of D. sissoo cotyledons cultured on Mu-
rashige and Skoog (1962) (MS) medium supplemented
with 6-benzylaminopurine (BA) and a-naphthalene acetic
acid (NAA), and shoots were rooted in non-sterile sand
beds. Sharma and Chandra (1988) produced shoots from
Sissoo hypocotyl explants cultured on MS medium supple-
mented with BA plus indole-3-acetic acid (IAA), indole-
3-butyric acid (IBA), or NAA, and shoots were rooted in
MS medium with IBA, NAA, TAA, or IBA plus NAA.
Kumar ez al. (1991) reported regeneration of shoots from
cell suspension-derived calli of cambial origin on MS me-
dium containing only BA, with rooting achieved in medi-
um containing IAA, IBA, and NAA. Nodal segments ob-
tained from coppiced shoots of D. sissoo produced shoots
on MS medium containing BA and B-naphthoxy acetic
acid, and rooting was achieved in a multi-step process us-
ing IBA, liquid medium, and activated charcoal (Gulati
and Jaiwal, 1996). Das ez l. (1997) obtained somatic em-
bryogenesis from 40-day-old semi-mature zygotic embryos
cultured on MS medium with kinetin and 2, 4-dichloro-
phenoxyacetic acid (2,4-D), and the developmental stages
were analyzed by light and scanning electron microscopy.
Cotyledonary nodes from axenic seedlings were used for
in vitro shoot proliferation of D. sissoo on MS medium
containing either BA, kinetin, isopentenyladenine, or
thidiazuron, and rooting achieved on half-strength MS
medium containing IAA, IBA, and indole-3-propionic
acid (Pradhan ez al., 1998). Shoot organogenesis and com-
plete plantlet regeneration from cell suspension cultures of
D. sissoo, initiated from hypocotyl explants, was achieved
using MS medium with various combinations of BA and
NAA (Pattnaik ez al., 2000). Adventitious shoot organo-
genesis from semi-mature and mature cotyledons was
achieved on MS medium with BA and NAA, and rooting
of shoots was accomplished using half-strength MS me-
dium containing IBA (Singh ez 4/., 2002). Micropropaga-
tion from nodal explants of D. sissoo was achieved on MS
medium with BA, TAA, kinetin, or NAA (Ali ez 4., 2012;
Joshi ez al., 2003). Somatic embryogenesis has also been
achieved with D. sissoo semi-mature zygotic and cotyledon
explants cultured on MS medium with 2,4-D and kinetin
(Chand and Singh, 2005; Singh and Chand, 2003). There
are also many conventional methods of propagation of
D. sissoo using seeds, but germination was very low and
cannot produce disease-free plants. Therefore, develop-
ment of a genetic transformation and regeneration system
would be an efficient way to obtain mass multiplication
of disease-free transgenic plants with improved traits. The
objective of this study was to develop a protocol for the
in vitro regeneration of D. sissoo plants that could serve as
target material for genetic transformation. We report on
the stable expression of the Gus reporter gene in Sissoo by
using calli from mature embryos.
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Materials and methods

Plant material

Immature and mature (green to brown in color) pods
of Sissoo with healthy seeds were collected in early March
2010 from the upper and lower branches of five different
mature D. sissoo trees growing at the University of Agricul-
ture Faisalabad, Pakistan. To the best of our knowledge,
these trees were wild genotypes to the Faisalabad area, and
thus the potential value as clonal material was unknown.
Pods were placed in plastic bags with wet paper towels and
stored at 4°C until used. Pods were rinsed under running
water for 25 min to remove debris, and then the pods were
washed with Tween 20 (10 drops per 100 ml water) for 5
min with gentle shaking. Pods were then treated with a 3%
(v/v) antiseptic solution of Dettol (4.8% chloroxylenol as
active ingredient) for 15 min, followed by rinsing four to
five times with distilled water. Pods were then rinsed in
70% (v/v) ethanol for 1 to 2 min under aseptic conditions,
treated with 0.01 M hydrochloric acid for 4 min, and then
rinsed with sterile, double-distilled water three times.
These surface disinfested pods were then used to obtain
three different types of explants. Green pods were used for
immature seeds, and mature pods were used to obtain ma-
ture embryos and cotyledons.

Culture medium and conditions

Murashige and Skoog (1962) medium with different
auxin and cytokinin ratios were screened for callus induc-
tion and regeneration from cotyledons, immature seeds,
and mature embryos of Sissoo. The callus induction media
evaluated were those of Sharma and Chandra (1988) and
Chand and Singh (2004, 2005). Unless stated otherwise,
MS basal salt medium (M524, PhytoTechnology Labora-
tories, USA) contained MS vitamins (M533, PhytoTech-
nology Laboratories, USA), 3% (v/v) sucrose, and 0.266%
(v/v) Phytagel. The pH of all media was adjusted to 5.76
+ 0.02 using 0.1 N HCl and NaOH before autoclaving at
121°C for 20 min. Culture medium was sterilized by au-
toclaving at temperature of 121°C (15psi) for 20 min. All
cultures were incubated in a growth room under 16 h light
at 2500 lux light intensity (34 umol m? s™) provided by
cool-white fluorescent tubes at 26+2°C.

Callus Induction Medium (CIM)

For callus induction, seven to eight excised cotyledons
(after germination on half-strength MS medium), imma-
ture seeds, and mature embryos were cultured in 100 x 15
mm Petri dishes containing 25-30 ml culture medium. For
callus induction, basal MS medium with three different
combinations of auxin and cytokinin were used: 1) CIM1;
271 M 2, 4-D and 0.93 uM kinetin, 2) CIM2; 8.88 uM
BA and 2.69 uM NAA, or 3) CIM3; 2.71 uM 2,4-D and
2.69 uM NAA.. Callus induction was initiated in the dark
for 15 to 20 days of culture, and then transferred to a 16
h photoperiod at 264+2°C with light intensity of 2500 lux
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(34 pmol m™s™) provided by cool-white fluorescent tubes.
All treatments were replicated three times. Visual rating of
callus induction was based on the following scale: 0 = no
callus; 1 = callus induction, but no de-differentiation; 2 =
callus induction and small amount of de-differentiation;
3 = callus induction and complete de-differentiation; 4 =
large callus induction and complete differentiation; and
5 = large callus induction and embryogenesis. The occur-
rence and type of callus for each type of explant was re-

corded daily.

Shoot Regeneration Medium (RM)

Following 15 to 20 d of callus induction, all surviving
callus were transferred to basal MS medium with three
different combinations of auxin and cytokinin for indirect
adventitious shoot regeneration: 1) RM1; 1.4 uM NAA
and 8.88 uM BA, 2) RM2; 1.4 uM NAA and 9.9 uM kine-
tin, or 3) RM3; 2.86 uM TAA and 8.88 uM BA. Callus ex-
plants were transferred to fresh media treatments (18 x 2
cm test tubes) every 15 d until shoots appeared or growth
ceased. All treatments were replicated three times. After
4 weeks on regeneration medium, callus with shoots and
without shoots were recorded, and the percentage of shoots
regenerated was calculated based on the initial number of
explants tested. All cultures for shoot regeneration were
maintained under continuous 24 h light intensity of 2500
lux (34 umol m? s™) provided by cool-white fluorescent
tubes at 25+2°C.

Root induction

When shoots reached 3 cm in length, 20 shoots each
were excised from the callus clusters and individually
transferred to half-strength MS medium with 7.35 yM
IBA or without IBA, and placed under lighted condi-
tions. The experiment was repeated thrice. Once rooted,
plantlets were transferred to a 2:1 peat:moss mixture in
pots and placed in a humidifying chamber set to provide
a 16 h photoperiod at 26°C. Plantlets were watered with
tap water once per week, gradually acclimatized to lower
humidity, and after 2 to 3 months were transferred to the
greenhouse.

Micro-projectile bombardment

Callus was induced from mature embryos cultured
on CIMI. Cultured embryos were kept in the dark for
15 d for callus initiation. Callus was placed in the center
of petri plates under aseptic conditions in order to make
them amenable for gene transformation. The gene gun was
propertly sterilized to avoid contamination. Gene delivery
into the callus was carried out by particle bombardment
using the BIORAD PDS-1000/He Particle Gun (BioRad,
Munich, Germany). Fifteen-day-old callus of D. sissoo were
cultured on CIM1 prior to bombardment. DNA coating
of gold particles and bombardment of Sissoo callus was
based on the protocol by Becker ez a/. (1994) with wheat.
Gold particles (0.2 mg) having an average size between 0.4

and 0.8 um were coated with 5 pg of the plasmid DNA of
the pUbiGus vector (Fig. 1) for transient transformation.
Particle bombardment was carried out with Helium gas at
1350 psi under a partial vacuum of 27 mmHg according
to Rana ez 4/. (2012) and Brettschneider ez 4. (1997). The
bombarded callus remained on CIM1 for 8 d until used
for the histochemical GUS assay.

Hindlll
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Fig. 1. Expression Cassette: p UbiGus vector showing ubil pro-
moter, glucuronidase (uidA) and Tros terminator gene regions

Histochemical GUS assay

In order to check the efficiency of the biolistic bom-
bardment, related factors of transformation, as well as the
proper functioning of the p UbiGus in callus of Sissoo, the
GUS assay was performed. GUS activity was determined
histochemically (Jefferson ez al., 1987) 8 d after bombard-
ment. Callus was incubated for 12-16 h at 37°C in staining
buffer containing X-Gluc (5-bromo-4-chloro-3-indolyl-
B-D-glucuronic acid), sodium buffer (pH 7.0), and 0.5%
Triton X-100 as a substrate. GUS activity was visually ob-
served and photographed.

Statistical analysis

All experiments were conducted as a completely ran-
domized design with three replications per treatment. The
data were analyzed by ANOVA and averages compared by
least significant differences (Steel and Torrie, 1980).

Results

Callus Induction Medium (CIM)

Callus induction is influenced by a number of factors
in woody and cultivated field crop plants. Analysis of vari-
ance (Tab. 1a) revealed the significant variation among
CIM and explants. Variations among explants as well as
among CIM were highly significant. Interactions among
the Explants x CIM were non-significant. Tab. 1b shows
the comparison of the mean values of explants for callus
induction on the three CIM. The mean values for im-
mature cotyledons, immature seeds, and mature embryos
were 249, 2.71, and 3.06, respectively. The highest callus
induction rate was found with mature embryos. The low-
est callus induction was found with immature cotyledons.
By comparing the different mean values of the explants on
different CIM, results showed that mature embryos were
the best explants for callus induction, versus immature
cotyledons and immature seeds. Tab. 1b also shows the
comparison of the mean values of CIM. The mean values
for CIM1, CIM2, and CIM3 were 3.39, 2.89, and 1.97,
respectively. It was found that CIM1 (2.71 uM 2, 4-D plus
0.93 uM kinetin) gave the highest callus rates for all ex-
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Tab. 1a. Analysis of variance for callus induction from Dalbergia sissoo explants

Source of variation Degrees of freedom Sum of squares Mean squares F-value
Explants 2 1.5024 0.75120 26.26™
CIM 2 9.3057 4.65287 162.62™
Explants x CIM 4 0.1593 0.03981 1.39™
Error 18 0.5150 0.02861
Total 26 11.4824
NS = Non-significant (p>0.05); ** = Highly significant (p<0.01)
Tab. 1b. Mean values for callus induction from three explant types of Dalbergia sissoo
Explants
Trearment Immature cotyledons Immature seeds Mature Embryos Mean
CM1 298+0.16 345+0.08 3.73+£0.04 339+0.12A
CM2 2.70 £0.05 277 £0.04 322+0.15 2.89 +0.09B
CM3 1.78 £0.12 1.90 £ 0.08 223+0.07 1.97 £ 0.08C
Mean 249 +0.19C 2.71+0.23B 3.06+0.23A

Means with the same letter in a row or in a column were not stacistically significant (p>0.05)

CIMI:2.71 pM 2, 4-D and 0.93 uM kinetin, CIM2: 8.88 uM BA and 2.69 uM NAA, or CIM3: 2.71 uM 2,4-D and 2.69 uM NAA

plants with a mean value of 3.39 + 0.12. CIM3 (2.71 uM
2,4-D plus 2.69 uM NAA) gave the lowest yield of callus
for all explants tested. Results presented in Tab. 1b showed
a highly significant difference among the various explants
and media treatments on callus induction, while the in-
teraction of the various explants and induction media was
non- significant. All explants tested for callus induction
had a significant effect on callus rate, and were different
from cach other (Fig. 2). CIM1 and mature embryo ex-
plants responded the best overall for callus induction (3.73
+ 0.04) with respect to color, structure, organogenesis, fri-
able vs. non-friable, and quantity (Fig. 3).

Shoot Regeneration Medium (RM)
The analysis of variance for shoot regeneration showed
that there was highly significant variation among explants

407 Catyledons

= Immalure seeds

3.5 4 0O Mature emixyos

3.0 1

25 4

20 -

Callus Induction

1.5 4

1.0 4

0.5 4

CIM2

Callus Induction Medium

CIM3

CIM1

Fig. 2. The rate of callus induction on cotyledons, immature
seeds, and mature embryos on three different callus induction
media (CIM). CIM1: 2.71 ypM 2, 4-D and 0.93 uM kinetin,
CIM2: 8.88 uM BA and 2.69 uM NAA, or CIM3: 2.71 uM 2,4-
D and 2.69 uM NAA

and RM, and the interaction (Tab. 2a). Tab. 2b shows
the comparison of the mean values of explants for shoot
regeneration on the three RM. The mean values for im-
mature cotyledons, immature seeds, and mature embryos
on shoot induction were 0.77, 0.82, and 1.54, respectively.
Mature embryo callus produced the greatest shoot induc-
tion. The least responsive for shoot induction was found
with immature cotyledon callus. Tab. 2b also shows the
comparison of the mean values for RM. The mean val-
ues for RM1, RM2, and RM3 were 1.87, 0.86, and 0.39,
respectively. RM1 (1.4 uM NAA and 8.88 uM BA) was
found to be the best medium for shoot induction for all
explants with a mean value of 1.87 + 0.14. The least re-
sponse for shoot induction was observed on RM3 for all
explants tested. Shoot induction on RM2 (1.4 uM NAA
and 9.9 uM kinetin) was higher than RM3 (2.86 yMIAA
and 8.88 uM BA), but lower than RM1. RM1 and mature
embryo callus responded the best overall with 2.4 shoots
regenerated per explant (Fig. 5).

Fig. 3. Callus induction on mature embryo explant cultured on

CIMI1 (2.71 pM 2, 4-D and 0.93 pM kinetin)
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Tab. 2a. Analysis of variance for shoot induction from Dalbergia sissoo explants
Source of variation Degrees of freedom Sum of squares Mean squares F-value
Explant 2 3.3613 1.68065 82.88™
RM 2 10.1891 5.09454 251.24™
Explant x RM 4 0.3098 0.07745 3.82°
Error 18 0.3650 0.02028
Total 26 14.2252
* = Significant (p<0.05); ** = Highly significant (p<0.01)
Tab. 2b. Mean values for shoot induction from three explant types of Dalbergia sissoo
Explants
Treatment Immature cotyledons Immature seeds Mature Embryos Mean
RM1 1.48 £ 0.12b 1.72 £0.07b 2.40 £0.00a 1.87 £ 0.14A
RM2 0.57 +0.14c 0.52+0.10c 1.50 + 0.00b 0.86+0.17B
RM3 0.25 +0.08d 0.22 +0.07d 0.72 +£0.03¢ 0.39 £0.09C
Mean 0.77 £0.19B 0.82+0.23B 1.54 + 0.24A

Means with the same letter in a row or in a column were not statistically significant (p>0.05)
Lowercasc letters represent comparison among interaction means and uppercase letters were used for overall mean

RMI: 1.4 yM NAA and 8.88 yM BA, RM2: 1.4 yM NAA and 9.9 uM kinetin, or RM3: 2.86 yM IAA and 8.88 uM BA

Root Induction

Root induction was only observed on half-strength MS
medium with IBA (Fig. 6). Root induction was observed
between 15-20 d after culture on root induction medium.
Root initiation started with the formation of callus at the
base of the shoots, and root numbers varied between one
to three roots per shoot with a mean root length of 2.5cm.
Rooted plantlets were successfully acclimatized and main-
tained under greenhouse conditions for future use.

Micro-Projectile Bombardment
Genetic transformation of 3 weeks old callus derived
from mature embryos was achieved using the biolistic

257 Cotyledons

@lmmature seeds
Mature embryos

2.0 1

Shoot induction

0.5 4

0.0+

RM1

RM2
Regeneration Media

RM3

Fig. 4. The rate of shoot regeneration from cotyledons, imma-
ture seeds, and mature embryos on three different shoot re-
generation media (RM). RM1: 1.4 M NAA and 8.88 pM BA,
RM2: 1.4 uM NAA and 9.9 pM kinetin, or RM3: 2.86 uM TAA
and 8.88 uM BA

gene gun. The #id A gene under the control of an ubiguitin
promoter and 7os terminator was successfully bombarded
into the tissue, and the histochemical assay of the trans-
formed callus was conducted 1 week after bombardment.

The bombarded callus showed blue spots (Fig. 9).
Discussion

In this study, callus induction from immature cotyle-
dons, immature seeds, and mature embryos was different
in color, texture, quantity, and organogenesis. A visible
difference was found in callus texture. Callus induced on
immature cotyledons was soft, while the callus induced
on immature seeds and mature embryos was slightly hard
in texture. More organogenic callus was achieved from
mature embryos and immature seeds, as compared to the

immature cotyledons. The best response was found for all
E

g »;

Fig. 5. Shoot induction from mature embryo callus cultured on
RM1 (1.4 yM NAA and 8.88 uM BA)
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Fig. 6. Rooted shoot of Fig. 7. Acclimatized plantlet of

Dalbergia sissoo Dalbergia sissoo

Fig. 9. Transformed callus of Dalbergia
sissoo showing GUS expression (blue)

treatments for callus induction from mature embryos, and
results were statistically different from immature seeds
and cotyledons. To our knowledge, this was the first re-
port that mature embryos and immature seeds were used
as initial explants for in vitro regeneration of D. sissoo.
Kumar ez al. (1991) regenerated plants of D. sissoo from
cell suspension-derived calli of D. sissoo. Callus induction
occurred on cambial tissue cultured on MS medium with
9.05 uM 2,4-D and 0.44 uM BA, and shoot bud differen-
tiation occurred from cell suspensions plated on medium
containing 2.22-8.88 uM BA, but without auxin. Pattnaik
et al. (2000) obtained shoot organogenesis and plantlet
regeneration from hypocotyl-derived cell suspension cul-
tures of D. sissoo. Callus induction increased on MS me-
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dium containing 10.74 uM NAA and 2.22 uM BA, and
shoot-bud differentiation was best on a medium contain-
ing 13.32 uM BA and 2.69 uM NAA. Singh ez al. (2002)
used semi-mature and mature cotyledon explants for ad-
ventitious shoot organogenesis and plant regeneration
of D. sissoo. MS medium with 4.44 uM BA and 0.26 uM
NAA was best for regeneration from semi-mature coty-
ledons, whereas MS medium with 22.2 uM BA without
NAA was best for regeneration from mature cotyledons.
Chand and Singh (2005) regenerated plants from callus
cultures derived from semi-mature embryos of D. sissoo.
Callus was induced on MS medium with 2.26-13.57 uM
2,4-D in combination with 0.46 uM and 1.16 uM kinetin,
and shoot regeneration occurred on MS medium contain-
ing 2.22-13.32 uM BA and 1.34 uM NAA. Our results
indicated a better response with mature embryos as com-
pared to immature seeds or cotyledons. Somatic embryo-
genesis and plantlet regeneration was achieved with D. sis-
s00 using various concentrations of 2,4-D and kinetin (Das
et al., 1997; Singh and Chand, 2003). Bari ez 4/. (2008)
used nodal, internodal, and shoot tip explants for callus
induction and plant regeneration of D. sissoo. Friable green
callus was induced on nodal segments cultured on MS me-
dium with 8.88 uM BA and 2.69 uM NAA, and the high-
est number of shoots were regenerated on MS medium
containing 6.66 uM BA and 2.86 yM TAA. Thirunavouk-
karasu ez al. (2010) found MS medium to be superior to
woody plant medium for micropropagation of D. sissoo.
In our study, the best response for callus induction was
with mature embryos cultured on MS medium with 2.71
uM 2,4-D and 0.93 uM kinetin, and then cultured on MS
medium with 1.4 uM NAA and 8.88 uM BA for shoot
regeneration.

Rooting microshoots of D. sissoo regenerated in vitro
has been achieved using both full-strength and half-
strength MS medium containing various concentrations
of IBA, IAA, NAA, or indole-3-propionic acid (IPA), or
combinations thereof. Kumar ez /. (1991), Pradhan et 4l.
(1998), and Pattnaik ez /. (2000) reported in vitro root-
ing of D. sissoo microshoots on half-strength MS medium
supplemented with 5.71 uM TAA, 4.92 yM IBA, and 5.37
uM NAA. Gulati and Jaiwal (1996) used a three-step pro-
cess to root Sissoo microshoots regenerated from nodal
cultures, by first culturing shoots on MS medium with
100 uM IBA, then transfer to half-strength liquid MS
medium with activated charcoal, followed by culture on
half-strength liquid MS medium without plant growth
regulators or charcoal. Shoots regenerated from semi-
mature and mature cotyledons rooted on half-strength
MS medium with 1.23 pM and 4.92 IBA uM, respectively
(Singh ez al., 2002). Microshoots regenerated from semi-
mature zygotic embryos rooted on half-strength MS me-
dium containing 1.23 uM IBA (Chand and Singh, 2005).
Thirunavoukkarasu ez a/. (2010) reported the best rooting
of microshoots regenerated from nodal cultures derived
from coppiced shoots was on half-strength MS medium
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with 7.35 uM IBA. Ali ez al. (2012) reported optimum
rooting of D. sissoo microshoots on MS medium supple-
mented with 4.92 uM IBA, whereas Joshi e al. (2003)
reported rooting on half-strength MS medium with 4.92
uM IBA. In our study, the best rooting of D. sissoo in vitro
regenerated microshoots was achieved using half-strength
MS medium with 7.35 uM IBA, producing on average one
to three roots per shoot with a mean root length of 2.5
cm.
In the present study, MS medium with 2.71 uM 2,4-D
and 0.93 uM kinetin (CIM1) induced callus on all three
explants tested (3.39 + 0.12). This medium was also used
successfully by Chand and Singh (2004) who regenerated
plants from nodal segments. Intermediate in callus induc-
tion (2.89 + 0.09) for all explants tested was MS medi-
um containing 8.88 uM BA and 2.69 uM NAA (CIM2)
(Chand and Singh, 2005). The least responsive was CIM3
(1.97 + 0.08) containing 2.71 uM 2,4-D and 2.69 uM
NAA previously studied by Sharma and Chandra (1988)
and Chand and Singh (2005). In our study, mature em-
bryos responded best compared to cotyledons and imma-
ture seeds, and shoot regeneration (1.87 + 0.14) was best
on MS medium containing 1.4 yM NAA and 8.88 uM BA
(RM1). Chand and Singh (2005) using semi-mature zy-
gotic embryos, found shoot regeneration from callus was
best (45%) on MS medium supplemented with 1.34 uM
NAA and 2.22-13.32 uM BA.

Agrobacterium- mediated transformation of woody
tree species is becoming routine, especially in poplar, eu-
calyptus, and several pines (Bishop-Hurley ez 4/, 2001;
Cseke er al., 2007; Fillatti ez al., 1987; Harcourt et al.,
2000; Meilan er 4l., 2002). Genetic transformation of
many Asian tree species still remains largely unsuccessful
or unreported, and genetic transformation of D. sissoo has
not been reported previously. Our preliminary results of
micro-projectile bombardment of D. sissoo callus tissue
showed transient GUS activity 1 week after bombard-
ment. Although this was transient expression of a reporter
gene, it provides the basis for optimizing the conditions
for bombardment of D. sissoo in future studies for stable
transformation with disease resistance genes, especially
against dieback disease. Duchesne ez al. (1993) reported
the highest GUS activity of embryogenic cell lines of Larix
was in cells bombarded 5-6 d after transfer to fresh media.
Aronen ¢t al. (1994) reported transient GUS expression in
35 out of 44 tree genotypes of Pinus sylvestris (Scots pine)
studied. Lambardi ez a/. (1998) observed high expression
of GUS when 15 days subcultured embryonal-suspension
tissue of Cupressus sempervirens (Mediterranean cypress)
was utilized. Purohit ez /. (2007) used the biolistic-me-
diated DNA delivery method with hypocotyls of Feronia
limonia (a fruit tree) as a first step towards optimizing
the parameters for stable genetic transformation. To the
best of our knowledge this was the first time D. sissoo was
shown to have transient GUS expression in callus tissue via
micro-projectile bombardment. Our results indicate that

stable genetic transformation may be possible in the future
with D. sissoo provided an efficient regeneration system is
used.
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