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ABSTRACT

Plant regeneration and genetic transformation techniques have been developed in leaf tissue of carnation (Dianthus caryophyllus L. cv.
‘Indios’). Callus was induced on Murashige and Skoog (MS) medium supplemented with 2 mg/1 2,4-dichlorophenoxyacetic acid (2,4-D).
Highest shoot regeneration from callus was obtained with 2 mg/l thidiazuron (TDZ) and 1 mg/l indole-3-acetic acid (IAA). Carnation
plantlets were able to regenerate within two months of culture. Agrobacterium-mediated genetic transformation was achieved using leaf
explants and a synthetic gene encoding the cryl4b d—endotoxin of Bacillus thuringiensis. Highest callus induction was achieved on
selective medium containing 100 mg/l kanamycin (Kan) and 500 mg/1 cefotaxime (Cef) after 96-hr pre-conditioning following 72-hr co-
cultivation. Highest number of shoots per callus was observed when MS medium was supplemented with 2 mg/l TDZ, 1 mg/l IAA, 100
mg/1 Kan and 500 mg/1 Cef. Shoots were elongated and multiplied on MS medium containing 1 mg/l 6-benzyladenine and solidified with
1% agar. Rooting was accomplished on half-strength MS medium supplemented with 2 mg/l indole-3-butyric acid and 50 mg/l Kan. The
putative shoots were hardened with 71% survival in a glasshouse. The transformed shoots were analyzed for the presence of the crylAb
gene by PCR. The expression of the cryl/A4b gene in the leaves of transgenic shoots was detected by an insect bioassay performed with the
larvae of carnation bud borer (Helicoverpa armigera).
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Abbreviations: BA, 6-benzyladenine; Bt, Bacillus thuringiensis; CIM, callus induction medium; Cef, cefotaxime; IAA, indole-3-acetic
acid; IBA, indole-3-butyric acid; Kan, kanamycin; Kn, kinetin; NAA, a-naphthalene acetic acid; npt 11, neomycin phosphotransferase;

SRM, shoot regeneration medium; TDZ, thidiauron (N-phenyl-N’-1,2,3-thiadiazol-5-ylurea)

INTRODUCTION

Carnation is one of the world’s most important cut flowers.
Due to its excellent keeping quality, wide range of forms,
ability to withstand long-distance transportation and remar-
kable ability to rehydrate after continuous shipping, it is
preferred by growers to rose and chrysanthemum in several
flower exporting countries (Bhatt ef al. 1989). It ranks next
to rose in popularity in the United States (Xia et al. 2006).
Being an important commercial crop, application of plant
tissue culture and plant genetic engineering in carnation
cultivars is of special value to obtain improved or desired
traits like disease and insect resistance. Carnation is severely
affected by diseases and pests. Helicoverpa armigera
causes considerable economic loss by infesting 40 to 90%
of flower buds in carnation (Sood and Kakar 1990). It is
also an important pest in cotton (Katageri et al. 2007,
Tohidfar et al. 2008) and chickpea (Gujar et al. 2007; Ahid
et al. 2008)).

Modern agriculture uses a wide variety of insecticides
to control insect damage. Most of them are chemically syn-
thesized, notable exceptions are the insect toxins produced
by Bacillus thuringiensis (Bt), which is an entomocidal bac-
terium that forms insecticidal protenaceous crystals during
sporulation. The crystal protein is toxic to Lepidopteran,
Dipteran or Coleopteran insects (Aronson et al. 1986).
Microbial formulations of Bt have been applied to agricul-
tural crops as a bio insecticide for over two decades, but
poor persistence and high costs incurred by multiple ap-
plications have limited product acceptance. Major insect
pests are developing resistance to most classes of chemical
insecticides and environmental pollution caused by insecti-
cidal chemicals is a serious problem. In view of the envi-

ronmental hazards, modern biotechnological tools could be
of much significance to alleviate the negative effect of such
chemicals. Therefore, the use of transgenic crops, expres-
sing foreign genes could be an important aspect of integ-
rated pest management (Boulter 1993). Agrobacterium-
mediated genetic transformation of elite Indian genotypes
of cotton was achieved using shoot apical meristem isolated
from seedling as explants and a synthetic gene encoding
crylAc d-endotoxin of Bt (Katageri et al. 2007).

Regeneration in carnation from callus explants has been
reported to be difficult and depends upon the genotype, ex-
plant and plant growth regulators (PGRs) (Kallak ez al.
1997). Efforts devoted to genetic transformation via callus
phase in carnation are limited to the work of a few investi-
gators (Shiba and Mii 2005). Several procedures for trans-
ferring Agrobacterium-mediated marker and desirable
genes have been described (Kiss ef al. 2000; Zuker et al.
2001; Bae and Yu 2002; Nontaswastri and Fukai 2005;
Kinouchi et al. 2006). Before using this technique, it was
important to know whether callus mass in Dianthus caryo-
phyllus cv. ‘Indios’ was able to regenerate whole plantlets
and conditions required for such plant regeneration and to
standardise the technique of Agrobacterium-mediated gene
transfer in carnation cells with insect resistance (crylAb)
gene. The work described here was initiated to establish a
protocol for plant regeneration from callus in cv. ‘Indios’
using in vitro leaf explants and genetic transformation and
expression of the crylAb gene.
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Table 1 Shoot regeneration frequency of carnation from leaf explants

Treatments (mg/l) Shoot regeneration (%) Average number of shoots per callus

BA Kn TDZ Zeatin NAA T1AA

2 0 0 0 1 0 24.53 (29.54) 5.5(2.54)
2 0 0 0 0 1 38.67 (38.44) 42(2.27)
0 2 0 0 1 0 23.13 (28.73) 5.8 (2.61)
0 2 0 0 0 1 42.00 (40.39) 6.8 (2.79)
0 0 2 0 1 0 46.00 (42.70) 12.2 (3.62)
0 0 2 0 0 1 49.33 (44.62) 12.0 (3.58)
0 0 0 2 1 0 32.17 (34.55) 4.2 (2.26)
0 0 0 2 0 1 45.17 (42.23) 4.2(2.26)
CDo.os (0.31) (0.04)

Figures in parentheses are arc sine and square root transformed values

MATERIALS AND METHODS
Explant source

Leaves (0.5 cm?) from aseptic cultures (four-weeks old) of Dian-
thus caryophyllus L. cv. ‘Indios’ maintained on MS (Murashige
and Skoog 1962) medium supplemented with 1 mg/l BA in the
Department of Biotechnology, University of Horticulture and For-
estry, Solan, India were used as explants.

Culture medium and culture conditions

To achieve callus induction, leaf explants were cultured in 100 ml
flasks (Borosil, Bombay, India) with the abaxial surface down on
MS medium supplemented with vitamins, 100 mg/l myo-inositol,
30 g/l (w/v) sucrose, 8 g/l (w/v) Difco bacto agar (LobaChemie,
Bombay, India) and 2 mg/l 2,4-dichlorophenoxyacetic acid (2,4-
D)(callus induction medium, CIM). The concentration of 2,4-D
was selected on the basis of preliminary work carried out in the
department. The pH of the medium was adjusted with 1 N HCl
and/or 1 N NaOH to 5.8. Medium was autoclaved at 1.1 kg/cm?
for 15 min at 121°C. All the cultures were maintained at 24 + 2°C
with a 16-hr photoperiod (50-60 pmol/m?/s) provided by white,
cool fluorescent tubes (40 W each, Philips). After four weeks of
culture, the calli were transferred to shoot regeneration medium
(SRM) consisting of MS medium supplemented with various con-
centrations of PGRs alone or in combination such as 6-benzylade-
nine (BA), kinetin (Kn), thidiazuron (TDZ), zeatin, indole-3-acetic
acid (IAA) and a-naphthalene acetic acid (NAA). In all, a total of
27 concentrations and combinations of PGRs were used, although
only the treatments that produced shoots are presented in Table 1.
The shoots elongated and were multiplied on MS medium sup-
plemented with 1 mg/l BA and solidified with 1% agar. The rege-
nerated shoots were separated and individual shoots were trans-
ferred to MS medium (%2 strength) containing 2 mg/l indole-3-
butyric acid (IBA) and 0.2% activated charcoal (E. Merck (India)
Ltd., Bombay) for root induction and elongation to get complete
plantlets. The regenerated plantlets were acclimatized by the
method described by Kanwar and Kumar (2009).

Agrobacterium strain and plasmid
Disarmed 4. tumefaciens strain EHA 105 harbouring binary vector

pBin Btl containing the cry/4b (National Research Centre on
Plant Biotechnology, Indian Agricultural Research Institute, New

T-DNA

Fig. 1 Structure of expression vector: T-DNA region of pBin Btl, con-
taining (i) transcriptional fusion of NOS promoter with coding region
of npt-II and NOS terminator and (ii) transcriptional fusion of CaMV
35S promoter with the coding region of cryl4b and NOS terminator.
LB, left border of T-DNA; RB, right border of T-DNA; 35S, CaMV 35S
promoter; NOS-ter, nopaline synthase terminator; NOS-pro, nopaline
synthase promoter; npt-I1, neomycin phosphotransferase-1I; crylAb, insect
resistance gene; OCS-ter, octopine synthase terminator.

Delhi) and mprIl (neomycin phosphotransferase) genes driven by
CaMYV and NOS promoters, respectively (Fig. 1).

Genetic transformation

The leaf explants were cut into small pieces (0.5 cm® in size) and
inoculated on CIM and pre-conditioned for 96 hrs. Fresh cultures
of Agrobacterium were centrifuged for 10 min at 5000 rpm and
supernatant was discarded to get a pellet. This pellet was resus-
pended in MS liquid medium to get a concentration of 10° cells/ml.
The bacterial suspension and pre-cultured leaf explants were used
for co-cultivation experiments. Leaf explants were immersed into
bacterial suspension for 5 min and then were blotted dry with a
pre-sterilized filter paper and inoculated on CIM for co-cultivation
in the dark. After co-cultivation for 72 hrs, explants were trans-
ferred to fresh selective callus induction medium containing 100
mg/l Kan (HiMedia, Bombay, India) and 500 mg/l Cefotaxime
(Cef; Ranbaxy, India) for the selection of transformed cells and to
inhibit further bacterial growth. Leaf explants were subsequently
subcultured to fresh selective CIM in order to check excessive
bacterial growth. After four weeks, callus pieces (0.8-1 cm?) were
subcultured on selective SRM containing MS salts supplemented
with 2 mg/l TDZ, 1 mg/l IAA, 100 mg/l Kan and 500 mg/1 Cef.
Escapes were removed by subculturing green shoots on selective
SRM at an interval of four weeks (two cycles) and regenerated
shoots were rooted and acclimatized as explained under ‘Culture
medium and culture conditions’.

Statistical analysis

Each treatment consisted of at least 15 explants, and each experi-
ment was repeated thrice. Data recorded for different parameters
were subjected to completely randomized design (Gomez and
Gomez 1984). The statistical analysis based on mean values per
treatment was made using ANOVA.

Polymerase chain reaction analysis

Genomic DNAs were isolated from the leaves of Kan resistant
shoots following the procedure of Offringa and Lee (1995). PCR
analysis was carried out to detect the presence of the cryl4b gene
using forward primer 5-CTCCTCTCCGTCTACGTCC-3' and
reverse primer 5-GGGCCCCTTCACCGATGTTCC-3". The pri-
mers were designed by Bangalore Genei, Bangalore, India on the
basis of DNA sequences of Fujimoto et al. (1993). Plasmid DNA
used in transformation served as a positive control and DNA iso-
lated from non-transformed (control) plants was used as a negative
control.

Each PCR reaction mixture (20 pl) consisted of 10.2 ul Milli
Q water, 0.4 pl of 2 U Tag polymerase, 2 pl of 10X 7ag DNA
polymerase buffer, 1.8 ul of 25 mM MgCl,, 1.5 pl of 200 mM
dNTPs, 1 ul of 5 pM each primer and 2 pl of 50 ng genomic DNA.
The conditions for PCR reactions were; one cycle a 94°C for 4
min as pre-heating, 32 cycles at 94°C for 60 sec (denaturation),
55°C for 90 sec (annealing), 72°C for 120 sec (extension) and one
cycle at 72°C for 5 min (final extension). The amplified products
were separated on 1.4% agarose gel and visualized with ethidium
bromide using a UV transilluminator and photographed using gel
documentation system (Alpha Imager, USA).
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Insect bioassay

Laboratory bioassays were performed using second instar larvae of
Helicoverpa armigera reared on an artificial diet consisting of
chickpea soaked in water for 48 hrs. The tests were conducted
using excised young apical leaf tissues from control and
transformed plants. Visual observations on the feeding behaviour
(leaves consumed by larvae) and mortality rate of larvae were
recorded daily up to four days.

RESULTS AND DISCUSSION

After two weeks of inoculation, the size of the leaf
segments had increased. Callus was observed on the cut
ends of the explants and the entire surface of the explants
was covered with callus after four weeks of inoculation.
Shoots started originating from calli subcultured on SRM
after four weeks. Per cent calli forming shoots and average
number of shoots formed per callus were recorded, with the
highest response on MS medium supplemented with 2 mg/1
TDZ and 1 mg/l IAA. Shoot elongation and multiplication
were achieved on MS medium supplemented with 1 mg/l
BA. Shoots (2-3 cm length) were excised and cultured on
Y-strength MS medium supplemented with 2 mg/l IBA and
0.2% activated charcoal. The rooted plantlets were
transferred to pots containing a mixture of sand: soil: FYM
(1: 1: 1) and acclimatized.

Among various PGRs tested in MS medium for shoot
regeneration, 2 mg/l each of BA, Kn, TDZ and zeatin in
combination with NAA or [AA were able to form shoots
from callus. 2 mg/l TDZ in combination with 1 mg/l IAA
was more effective in inducing shoots than any other
combination (Table 1). Kumar et al. (2006) achieved 27
shoots from callus mass on MS medium supplemented with
0.6 mg/l TDZ and 0.6 mg/l zeatin in carnation cv. ‘Candy’.
Frey and Janick (1991) achieved maximum proliferation
from petal explant-derived calli with 0.05 uM TDZ and 0.5
UM NAA in cvs. ‘Scania’, ‘White Sim’ and ‘Sandra’. TDZ
was more effective than BA in inducing shoot formation
and proliferation in heat tolerant carnation ‘German Red’
(Sankhla et al. 1995). However, in our study, continuous
culture on TDZ medium resulted in abnormal shoots and
higher rate of hyperhydricity. Similar results were reported
by Ahmad ef al. (2006) in carnation ‘Finest Mix’. Therefore,
shoots were elongated and multiplied on MS medium
supplemented with 1 mg/l BA and solidified with 1% agar.
In our experiment, 27 growth regulators combinations were
used for shoot regeneration (full data set not shown), but
only a few treatments (Table 1) responded indicating that
‘Indios’ is recalcitrant. These findings supported the results
of other researchers (Nakano and Mii 1992; Shiba and Mii
2005) who reported difficulty in regenerating plants from
highly de-differentiated callus cultures.

Leaf segments were pre-cultured on CIM for 96 hrs,
then co-cultivated with A. tumefaciens for 72 hrs and then
transferred to the fresh selective CIM containing antibiotics.
Callus formed after two weeks at the cut edges of the leaf
segments and also at the wound site, where the tissue was
damaged during inoculation (Fig. 2A). The non-trans-
formed (control) tissue did not survive on selective medium
containing 100 mg/l Kan and 500 mg/l Cef. The developing
transformed calli were transferred to selective SRM. The
explants gave rise to green callus from which shoots deve-
loped (Fig. 2B); these shoots were subjected to two more
cycles (four weeks per cycle) on the same medium to
remove escapes. Three independent transformed lines (T,
T, and T;) were selected in the presence of Kan; these were
elongated and multiplied. The Kan-resistant shoots were
transferred onto rooting medium for rooting (Fig. 2C) and
acclimatized. The transformed plants were carefully nur-
tured in the glasshouse (Fig. 2D). PCR analysis showed the
presence of the cryl4b gene in these shoots (Fig. 3). The
transformation frequency (percentage of total number of
PCR-positive shoots to total number of infected explants)
was low (2.5%) (Table 2). Probably the recalcitrant nature

Table 2 Transformation efficiency of in vitro-derived leaf explants.

Number of explants infected 120
Number of Kan resistant shoots 3
Number of PCR positive shoots 3
Transformation efficiency* (%) 2.5

*Transformation efficiency is percentage of total number of PCR positive shoots
to total number of explants infected

Fig. 2 Plant regeneration and genetic transformation studies in
carnation (Dianthus caryophyllus L. cv. ‘Indios’) leaf tissue. (A) callus
formation on selective callus induction medium in leaf explants; (B) shoot
regeneration on selective shoot regeneration medium after four weeks; (C)
rooting of regenerated shoots after three months; (D) hardened
transformed plant of carnation.

1 2

kb=

Fig. 3 PCR amplification of cryl4b gene fragment in transformed car-
nation plants. Lane 1, a marker (500 bp DNA ladder); Lane 2, plasmid
DNA (positive control); Lane 3, DNA sample of non-transformed control
plants; Lanes 4-6, DNA sample from transformants T;, T», T; (1 kb DNA
fragment corresponding to crylAb gene).

of the carnation cells affects transformation. Franklin et al.
(2008) reported that the recalcitrant nature of cells affected
transformation in Hypericum perforatum. Shiba and Mii
(2005) reported that there have been no reports on the use
of callus or cell suspension cultures for transformation
because of the difficulty in regenerating plants from highly
de-differentiated cultures in carnation. Therefore, a regene-
ration system applied widely in transformation studies have
been restricted to inducing direct adventitious shoot forma-
tion from excised plant tissues such as petals, leaf, apical
meristem and internode segments (Lu and Chandler 1995).
Kinouchi et al. (2006) transformed potted carnation cv.
‘Lillipot” with cDNAs for ACC oxidase in sense or anti-
sense orientation or mutated carnation ethylene receptor
cDNA by Agrobacterium mediated gene transfer and repor-
ted transformation frequency of 4% in leaf explants. Van
Altvorst et al. (1996) reported transformation frequency of
2.5% in Agrobacterium mediated transformation of petal
explants of carnation cv. “White Sim’. The expression of the
gene was further confirmed by an insect bioassay where
100% mortality was observed within four days of initiation
of the bioassay (Table 3; Fig. 4).

The genetic transformation of plants offers a new pers-
pective to introduce new insect control genes into crop’s
gene pool. Insecticidal crystal proteins of Bt have long been
used to control insect pests (Tabashnik 1997). In recent
years, transgenic cultivars expressing the cry gene have
been shown to defend insect attack in a wide variety of
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Table 3 Insect bioassay performed with larvae of control and transgenic
(Ty, T, Ts) plants (n = 30) of carnation using second instar larvae of
Helicoverpa armigera.

Genotype Number of dead larvae died
24 hrs 48 hrs 72 hrs 96 hrs
Control 1 0 0 0
T, 0 2 7 21
T, 1 3 8 18
T; 0 2 8 20

* One replication means
control plants

one larvae feeding on leaf disc of the selected and

Fig. 4 Insect toxicity bioassay of transformed and non-transformed
plants of carnation with second instar larvae of Helicoverpa armigera.
(A) Insect larvae died after feeding the leaves of transformed plants; (B)
insect larvae survived in non-transformed plants, after four days.

crops (Sharma and Ortiz 2000; Chakrabarty et al. 2002;
Cao et al. 2005; Li et al. 2006). However, no work has been
done on genetic transformation of carnation using insect
resistance gene (crylAb), except for the present investi-
gation. Agrobacterium-mediated genetic transformation of
elite Indian genotypes of cotton was achieved using apical
meristems/shoot apices for insect resistance (Satyavathi et
al. 2002; Katageri et al. 2007).

The results demonstrated that it is possible to transform
carnation by adopting Agrobacterium-callus mediated tech-
nique whereas direct shoot regeneration system was used
earlier in carnation (Van Altvorst ef al. 1995, 1996; Estopa
et al. 2001; Zhang et al. 2005). The degree of insect pro-
tection conferred by the expression of the crylA4b protein in
transformed carnation was significant as shown by insect
bioassay. The callus-mediated regeneration system seems to
be promising and may help in carnation improvement
programs.
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