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Transformation of tobacco (Nicotiana tabaccum) with
cry2AX1 gene and analysis of transgenic plants

R. MANIKANDAN, P. KANIMOZHI, N. BALAKRISHNAN, V. BALASUBRAMANI, D. SUDHAKARAND
V. UDAYASURIYAN

ABSTRACT : A novel synthetic cry2AX 1 gene was codon optimized and a sequence encoding cotton rbcS1b transit peptide was
fused upstream of coding sequence. The fusion cry2A X1 gene, driven by maize ubiquitinl promoter was cloned in apUH plant
transformation vector. Agrobacterium mediated transformation was carried out with pUH-ctp-2A X 1 construct using leaf discs of
tobacco as model plant. Screening by PCR reveal ed presence of cry2AX1 genein al nine putative transformants and expression
of cry2AX1 proteinin PCR positive T tobacco plants ranged from 1.5 to 10.0 ng/g. The detached leaf bit bioassay of tobacco
transformants with Helicoverpa armigera showed 30 per cent mortality even at lower level of cry2AX1 expression. The results
indicated a newly developed construct was functionally expressed in tobacco plant.
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transgenic crop plants (Perlak et al., 1990). The maize
derived ubiqutine (Ubi) promoter is now being used
extensively for the production of Bt gene transformed
monocot plants such as maize and rice. Before
transformationinto rice, newly developed gene construct
driven by maize Ubi promoter was validated for the
expression of an insecticidal Bt gene in a model dicot
plant (tobacco). Tobacco (Nicotiana tabacum L. cv

INTRODUCTION

The choice of an appropriate promoter is a very
important factor in crop transformation experiments. The
congtitute cauliflower mosaic viruspromoter (CaMV 359)
has been most widely used for dicot transformation,
especially for the development of cry gene containing
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PETITE HAVANA) was chosen for genetic transformation
as a model plant, because as it is amenable for tissue
culture. Besides this, previous research reports have
shown that it isasimpleand robust method, successfully
utilized in confirming gene function and validation of
expression in various studies (Oven and Luthar, 2013;
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Singh et al., 2014; Jayaprakash et al., 2014 and Karimi
et al., 2013).

The expression of cry proteins in transgenic crops
has provided avery effectiveway to control economically
important insect pests. A major concern in Bt-mediated
insect resistance is the continued use of similar Bt
proteins against target insect pests leading to the
development of resistance to Bt protein in insects.
Insects that develop resistance against one protein
(crylA) are not cross-resistant to another (cry2A)
protein (Tabashnik et al., 2000). Stacking multiple
toxinsto target the same target insect species allows
the use of proteinswith different modes of action and
significantly delays the development of resistance. In
this direction, the chimeric cry2AX1 (Accession
N0.GQ332539.1) isanovel synthetic codon optimized
gene constructed in Department of Plant
Biotechnology, Tamil Nadu Agricultural University,
Coimbatore, India for expression in plants. It is a
potential insecticidal gene for devel oping transgenic
crops resistant to lepidopteran insect pests
(Jayaprakash et al., 2014).

Another strategy to avoid development of insect
resistanceisthe generation of transgenic plant with high
level of toxin expression. Hence, itisnecessary toincrease
expression of Bt genes to a desirable level without
affecting normal physiological processesof plants. It has
been found that targeting Bt proteinsto sub cellular organs
such as chloroplast with the help of signal peptide could
increasethe stability and protein accumulation (Wong et
al., 1992; Kim et al., 2009, Wu et al., 2011 and
Manikandan et al., 2015). The aim of the present study
was to develop new construct(s) with cry2AX1 gene
driven by Ubiquitin promoter with chloroplast transit
peptide and validation of itsexpressionin amodel plant

system, N. tabacum.

EXPERIMENTAL METHODS

Plasmid construct :

Thesynthetic cry2AX 1 geneistrandationally fused
atits 5” end to the cotton chloroplast transit peptide (CTP)
sequence of rbcslb gene (Source: Dr. PK. Burma,
University of Delhi South Campus, New Delhi, India).
The fusion gene driven by maize ubiquitin constitute
promoter was cloned in pUH binary vector (Agarwal et
al., 2002) which harbours hph (coding for hygromycin
phosphotransferase) as a plant selectable marker gene.
Transformation vector (Fig.A) was mobilized into
disarmed Agrobacterium strain, LBA4404 for tobacco
transformation experiments.

The synthetic cry2AX1 gene is driven by a maize
ubiquitinl promoter and terminated by the nopaline
synthase (nos) terminator. The plant selectable marker
gene, hptll is under the control of the CaMV 35S
promoter and tailed by the CaMV 35S polyA. LB and
RB: indicate |eft border and right border of the T-DNA
region.

Tobacco transformation :

Leaf explants were collected from tobacco plants
whichwere grown on half strength MSmediumwith 1.5
per cent sucrose (w/v) and 0.8 per cent agar at pH 5.8.
The leaf bits were precultured on plant regeneration
medium (MS + 1.0 mg BAP/I + 0.1 mg NAA/l + 3%
sucrose (w/v) and 0.8 % agar, pH 5.8) for two days and
the pre-cultured explants were infected with
Agrobacterium. Theinfected leaf bitswere co-cultivated
for two daysat 25°C on plant regeneration mediumwith
100 uM acetosyringoneto alow efficient T-DNA transfer.

Xhol Xhol E.coRI

Kpnl BomHI Hindlll

CaMV35S ki Tnos

I Ccry2AXI

I ctp

LBH— Poly A Jd hptil

4 Ubi promoter _ﬂRB

Probe (800bp)

Fig. A :

T-DNA region of plant transformation construct pUH-TP2AXI
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The leaf bits were washed with cefotaxime (250 mg/l)
and placed on plant regeneration medium containing 20
mg hygromycin/l. Subsequent sub-culturing was done at
every two weeksintervals and individual shoots which
were actively growing on selection plates were
transferred to Y2 strength M S medium which contain 1.0
mg IBA/l and 20 mg hygromycin/l. The plants which
produced profuse roots were transferred to small paper
cups with pot mixture containing soil + sand +
vermicompost at theratio of 1:1:1. Gradually plantswere
acclimatized to greenhouse condition and then
transferred to 7" diameter pots containing above
mentioned pot mixturein transgenic greenhouse (Fig. B).

Sensitivity test of tobacco to hygromycin :
Toidentify the lethal concentration of hygromycin
for effective selection of transgenic tobacco plants,
sensitivity test was carried out using 20, 30 and 40 mg/|
concentrations of hygromycin. The leaf discs on shoot
regeneration mediawithout hygromycin serve as control.

Detection of transgene by PCR :
PCR analyses were performed to demonstrate the

presence of cry2AX1 and hptll genes in putative
transgenic lines of tobacco using gene specific primer
(2AX1FP, 5’-CCTAACATTGGTGGACTTCCAG-3’and
2AX1RP, 5’-GAGAAACGAGCTCCGTTATCGT-3’); (HPTFP,
5’-GCTGTTATGCGGCCATTGGTC-3’; HPTRP, 5’-GAC
GTCTGTCGAGAAGTTTG-3’). Theseprimersamplify 800
and 640 bp internal fragments from cry2AX1 and hptl|
genes, respectively. The amplified PCR products were
resolved on 1.2 per cent agarose gel, visualized on UV
transi[luminator upon ethidium bromide staining.

ELISA analysis:

A double-antibody sandwich enzyme linked
immunosorbant assay (ELISA) was used to detect the
presence of the cry2A X 1 protein expressed in the leaves
of transgenic tobacco plants. Experiments were
performed with double sandwich quantitative cry2A
ELISA kit (Envirologix Inc., Portland, USA). Proteins
from leaf samples of transformed and untransformed
tobacco plantswere extracted using the protein extraction
buffer provided in the kit. Each sample was replicated
twice. Leaf extract was diluted to fit in the linear range
of the provided cry2A standards and steps were

Elongation of Hardening of putative transgenic plants Established putative transgenic tobacco plants
tobacco shoot
Fig. B : Agrobacterium mediated transformation of tobacco
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performed according to manufacturer’s instructions.
Optical density (O.D.) wasread at 450 nanometer in an
ELISA plate reader (Biotek, USA). The quantity of
cry2AX1 protein present in the sample was calculated
by referring to standard graph generated with cry2A
calibration standards provided along with the kit and
represented in ng/g fresh weight of leaves.

Insect bicassay of transgenic plants:

Detached | eaf disc bioassay was carried out on the
ELISA positive tobacco plantswith neonatelarvae of H.
armigera. The neonate larvae were released on to fresh
leaf discs(inH. armigera 1 larvae per disc) placedin 90
mm petripl ates lined with wet Whatmann number 1 filter
paper. Ten replications were maintained. A control was
also maintained by using leaf discsfrom non-transformed
tobacco plants of same age compared to transgenic
plants. Final mortality data were recorded on five days
of the experiment.

EXPERIMENTAL RESULTSAND ANALYSIS

Tobacco iswidely used as amodel plant systemin
transgenic research for several reasons: its molecular
geneticsiswell understood, its genomic mapping isalmost
compl ete, genetic transformation can bereadily achieved,
tobacco plantssurvivewell invitro and under greenhouse
conditions.

Agrobacterium-mediated transformation is an
effective and widely used approach tointroduce foreign
DNA into dicotyledonous plants.Agrobacterium-mediated
transformation of tobacco using different useful genes
were reported by several workers (Haughn et al., 1988;

Svab and Maliga, 1993 and Pugalendhi et al., 2008).
Severa cry genes have been introduced into tobacco
plantsthrough genetic transformation, they includecryl 1A
(Sutton et al., 1992); crylA (b) (Salmet al., 1994); crylC
(Strizhov et al., 1996); cryllab (Selvapandiyan et al.,
1998) and cry9Aa2 (Chakrabarti et al., 2006). Success
in genetic transformation and regeneration depends on
the combination of plant growth regulators used and
sdlection strategy adopted. Thetobacco plantsestablished
under invitro conditionswere used as sourcefor explants
asinvitro grown plants obviatesthe need for sterilization
of explants.

In this study, tobacco was used as a model plants
system to validate the transformation construct for the
potential use of Ubi promoter for the expression of Bt
geneindicot model tobacco plants. Thiseval uation helps
to understand the ability of the promoter to express Bt
gene at the levels, that is high enough to render the
transformed plant, resistant to the target insects, as it
doesin monocots. The binary construct pUH-ctp-2AX 1
harbouring synthetic cry2AX1 gene is driven by ubi
promoter and it was used for tobacco transformation.

Generation and molecular analysis of tobacco
transformants:

Totest thelethal concentration of hygromycinwas
tested for the sel ection of transgeni ¢ tobacco plants. The
sensitivity test was carried out using 20, 30 and 40 mg/lit
concentrations of hygromycin with tobacco. Based on
observation, hygromycin concentration of 20mg/lit was
used for selecting transformed cellg/tissues. Shoots of
putative transformants were normal and green when
cultured in sel ection medium contai ning hygromycin (20

Table 1: Expression of cry2AX1 protein and mortality of H. armigera neonatesin transgenic tobacco lines

Cry2A X1 conc. in fresh leaf tissue (ng/g

Detached leaf bit bioassay with H.

S No. Tobacco events at 40 DAT)* (Mean + SD) armigera (%)** (Mean + SD)
1 TP2A-1 3.0+0.00 16.66667+ 4.71
2. TP2A-2 2.0+ 0.00 NT

3, TP2A-3 15+ 0.00 NT

4 TP2A-4 27+ 0.01 10.00+ 0,00
5, TP2A-5 454000 NT

6 TP2A-6 7.0+ 0.00 20,00+ 0.00
7. TP2A-7 10.0+ 0.00 30,00+ 0.00
8. TP2A-8 8.5+ 0,01 2333+ 471
9 TP2A-9 2.0+ 0.00 NT

10. Control 0.0 0.0

(**Mean of three replications, *Mean of two replications, NT- Not tested)
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mg/lit), while the untransformed shoots died, indicating
the effective selection of transformed tissues on
hygromycin. Transformed cells expressing hptll are
insensitiveto kanamycin and using appropriate cell culture
media can regenerate complete plants.

A total of nineindividua putative transgenic tobacco
shoots were resulted from six experiments. All twenty
shoots were regenerated and transferred to rooting
medium containing 20mg/lit of hygromycin. Therooted
plants were transferred to green house for hardening.
The established tobacco plants were used for further
analysis by PCR. PCR provides aquick and convenient
mechanismfor confirming the presence of cry geneusing
specific primers (Dung et al., 2006). About 200ng of
genomic DNA fromthe putative transformantswere used
for DNA template for of cry2AX1 and hptll gene.

A 800 bp internal sequence of cry2AX1 gene was
amplified by PCR from the DNA isolated from putative
transgenic plants. Lane 1: 100 bp marker, Lane 2-11.

a 5 6

1 2 3 4

Fig. 1: PCR analysis of cry2AXI tobacco transformants

Control

Fig. 2:
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Putative transgenic plants of tobacco. Lane 12: pUH-
TP2AX1 plasmid as a positive control, Lane 13: Non-
transformed plant as a negative control.

A 642 bp internal sequence of hptll gene was
amplified by PCR from the DNA isolated from putative
transgenic plants. Lane 1: 100 bp marker, Lane 2-11:
Putative transgenic plants of tobacco. Lane 12: pUH-
TP2AX1 plasmid as a positive control, Lane 13: Non-
transformed plant as a negative control.

Total nine tobacco plants were screened by PCR
for cry2A and hpt gene, al the nine plantswere foundto
be positive for the amplification of 800 bp (Fig. 1a) and
640 bp (Fig. 1b) internal sequencesof cry2AX1 and hptl|
genes, respectively.

Expression and insect bioassay of putative tobacco
transformants:
Quantitative ELISA was performed to determine
theexpressionlevel of cry2AX1 protein in transgenic
8 9 10

11 12 13

800 bp

Transgeni c (TP2A-7)

Detached leaf bit bioassay against H. armigera in T, transgenic tobacco plants
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plants. The cry2AX1 protein detected by ELISA
confirmed the expression of the cry2AX1 gene in the
transgenic tobacco plants. Thelevel of cry2AX 1 protein
in the range of 1.5 to 10 ng/g of fresh weight of leaf
tissue (Table 1).

The detached leaf bioassay against neonate larvae
of H. armigera on ELISA positive plants showed larval
mortality ranging between 10.00 to 30 per cent (Table
1). Thesurviving larvae showed severe growth inhibition
and significant reduction in leaf feeding. There was no
larval mortality on control plantsand major portion of the
leaf material was consumed by the surviving larva over
aperiod of fivedays (Fig. 1).

Conclusion :

In the present study, the level of cry2AX1 protein
expression in tobacco transformants generated with
Ubiquitin promoter was very low when compared to
transgenic Bt plants reported by earlier workers. Though
afew linesgeneratedinthe study expressed adetectable
level of cry proteins, these lines may not be the best
possiblelines. All nineeventsgenerated by Agrobacterium
medi ated transformation wasfound to be EL I SA positive
and showed the larval mortality of maximum of 30 per
cent. The study indicated the newly developed
transformation vector functionally expressed and
produced the protein in transgenic pants. Further studies
were not carried out on these plants due to the very low
level of expression of cry2AX 1 protein.
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