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Abstract 

 

Tau class glutathione transferases (GSTU) genes are plant specific, induced by 

different abiotic stresses and protect plants against oxidative stress. GST gene of 

Salicornia brachiata was made full length from the EST sequence using 5’ 

RACE. SbGST gene was cloned in pGEMT vector.  SbGST gene was excised 

from pGEMT vector using restriction enzymes Kpn I and Xho I, further the gene 

was introduced into pRT101 expression vector. Full cassette containing 

CaMV35S constitutive promoter with SbGST gene was excised with restriction 

enzymes Pst I from pRT101 vector and cloned in pCAMBIA1301 vector. The 

pCAMBIA1301 vector containing SbGST gene was mobilized in Agrobacterium 

tumefaciens (LBA 4404) and transformed to tobacco (Nicotiana tabacum cv. 

xanthi) by leaf disk transformation method. 
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Introduction  

Glutathione transferases (GSTs) are ubiquitous, multifunctional proteins encoded 

by large gene families. In different plant species this gene family is consisted of 

25-60 members that are grouped into six classes (phi, tau, zeta, theta, lambda and 

dehydroascorbate reductase enzymes) on the basis of sequence identity, gene 

organization and active site residues in the protein (Edwards et al., 2000; Dixon 

et al., 2002; Jha et al., 2010 ). The majority of the plant GSTs belongs to the tau 

(GSTU) and phi (GSTF) classes which are plant specific. The products of these 

genes have been associated with stress tolerance, especially biotic and abiotic 

stresses (Frova, 2003). 

 Plant GST genes are expressed during normal development as well as in 

response to a wide variety of stress conditions exhibiting major transcriptional 

regulation. GST gene expression is also activated by chilling (Lo Piero et al., 

2005; Zhao et al., 2006, Jha et al., 2010), hypoxic stress (Moons, 2003), 

dehydration (Bianchi et al., 2002, Jha et al., 2010), salt (Roxas et al., 1997, Jha et 

al., 2010), wounding (Vollenweider et al., 2000) and pathogen attack (Mauch and 

Dudler, 1993). 

 Traditional breeding and genetic engineering go hand in hand to generate 

novel germplasm with improved stress tolerance (Bhatnagar-Mathur et al., 2008). 

Hitherto, a large number of stress-responsive genes have been cloned and 

identified from a wide range of plant species which could hold potential for 

genetic engineering with the intention of enhancing stress resistance. Glutathione 

S-transferase is an important gene involved in protection of plants against 

oxidative stress. Salicornia brachiata Roxb. (Amaranthaceae) is a halophyte 

which grows luxuriantly in saline ecosystem in the coastal belt of Gujarat. It can  
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accumulate 30-40% NaCl as dry weight (Jha et al., 2009). Salicornia is a model 

system to identify and characterize stress responsive genes for higher plants. In 

the light of above facts and importance of engineering plants for enhancing stress 

tolerance, we have cloned SbGST gene in plant expression vector and further 

functionality of this gene has been checked by transgenic approach.  

 

Materials and Methods 

 

Bacterial Strains, Plasmids and growth media 

Bacterial strains Escherichia coli DH5α, Agrobacterium tumefaciens 4404 strain 

and plasmids vectors pGEMT, pRT101 and pCAMBIA 1301 were used in the 

study. The medium used for E. coli was Luria-Bertani (LB). It was supplemented 

with ampicillin (100 mg.ml
-1

), kanamycin (10 mg.ml
-1

) when used for growth of 

transformed E. coli cells. LB medium supplemented with streptomycin (10 

mg.ml
-1

) and rifampicin (25 mg.ml
-1

) was used for the growth of non-transformed 

A. tumefaciens strains while for transformed A. tumefaciens strains kanamycin 

(10 mg.ml
-1

) was also used. 

Recombinant DNA Techniques 

Rapid Amplification of cDNA Ends 

 The cDNA ends were amplified using Invitrogen RACE kit following the 

manufacturer’s instruction. Sequencing of the 5’ RACE product was done by 

Macrogen Services, Korea. 

Amplification of SbGST Gene and Cloning in pGEMT Vector 

Error free SbGST gene was amplified by using Pfu polymerase enzyme (MBI 

Fermentas, USA) (proof reading activity) and Taq DNA polymerase in 2:1 ratio. 

5’ RACE product was used as a template in the PCR reaction. Primers used for 

amplification SbGST gene were GST-F gene specific primer 5’-

CTCGAGATGGGGAAAGAGGTGAAAGTTCTAGGA-3' and GST-R gene 

specific primer 5'-GGTACCTTAGGAAGCAGCTGCTTGGTACTTAGCCA-3' 

having Xho I and Kpn I restriction sites in forward and reverse primers (marked  
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in bold), respectively. PCR reaction mixture for 50 µl consisted of template DNA 

(1 µg) 1 µl, mixture of dNTPs (Sigma) (each at a concentration of 200 µM) 5 µl, 

10 X PCR buffer specific for Pfu 5 µl, forward primer (10 pM) 1 µl, reverse 

primer (10 pM) 1 µl, Pfu (MBI, Fermentas, USA) and Taq 3 µl. PCR conditions 

were as follows, 94 °C for 2 min (1 cycle); amplification cycle 94 °C for 1 min, 

annealing at 55 °C for 1 min, extension at 72 °C for 2 min (35 cycles) and final 

extension at 72 °C for 7 min (1 cycle). The PCR amplification product was 

ligated to pGEMT vector (Promega). The ligation product was transformed to E. 

coli DH5α. Colonies growing on ampicillin containing media were checked for 

insertion of SbGST gene by PCR amplification using gene specific primer. The 

orientation of the insert was also checked using vector specific primers (T7 and 

SP6 primers). 

Construction of Plant Expression Vector pRT101 

The plant expression vector pRT101 contains strong, nominally constitutive, 35S 

promoter from cauliflower mosaic virus and ampicillin resistance gene for 

bacterial selection. pRT101 vector was linearized by restriction enzymes Xho I 

and Kpn I. The SbGST gene was excised from pGEMT by restriction digestion 

using Xho I and Kpn I for 3 h at 37 °C and ligated overnight with pRT101 at 4 

°C. The recombinant pRT101 vector was transformed in E. coli DH5α cells. 

Colonies growing on ampicillin containing media were checked for insertion of 

SbGST gene by PCR amplification using gene specific primers. Plasmid was 

isolated from transformed E. coli cells and insertion of gene was confirmed 

through restriction digestion by PstI. 

Construction of Plant Transformation Vector pCAMBIA 1301: 

The plant transformation vector, pCAMBIA 1301, contains strong, nominally 

constitutive, 35S promoter from cauliflower mosaic virus, kanamycin and 

hygromycin resistance gene for bacterial and plant selection, respectively. 

pCAMBIA 1301 was linearized by restriction digestion with PstI. SbGST gene 

along with the 35S promoter site was excised from the pRT101 by restriction  
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digestion with PstI. Linearized pCAMBIA 1301 vector and excised gene 

fragments were ligated overnight at 4 °C. 

 

 

Results 

 

GST gene was made full length using RACE technique steps involved are shown 

in Fig 1. Nucleotide sequence of 693 bp showing matching with GST gene was 

obtained upon sequencing of RACE product. SbGST gene was cloned in pGEMT 

vector. Confirmation of insertion of SbGST gene was done by colony PCR of 

positive colonies with GST gene specific primers (Fig. 2). SbGST gene digested 

with Kpn I and Xho I (Fig. 3a) and the plant expression vector pRT101 linearized 

with same sets of restriction enzymes were ligated and transformed in E.coli 

DH5α. The transformed colonies were checked for the presence of SbGST gene 

by colony PCR using SbGST gene specific primers which resulted in 

amplification of 693 bp band as shown in Fig. 3b. Recombinant plasmid was 

isolated from transformed bacterial colonies. Further to confirm insertion of 

SbGST gene in the recombinant plasmid (pRT101 + SbGST) was subjected to 

restriction digestion with Pst I. This resulted in fallout of 1.4 kb as shown in Fig. 

3c.  

 

 A fragment of 1.4 kb excised from pRT101 vector using Pst I was ligated 

in pCAMBIA1301 vector digested with same restriction enzyme. Schematic map 

of plant expression pCAMBIA 1301 vector showing the position of SbGST gene 

insertion is depicted in Fig. 4. Recombinant pCAMBIA1301 vector was 

transformed in A. tumefaciens (GGV 3301). A. tumefaciens containing 

recombinant pCAMBIA1301 vector were used to transform tobacco for further 

characterizing the function of GST gene (data not shown). 
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Discussion 

 

Several candidate genes targeting various protective pathways pertaining to salt 

stress tolerance mechanism have been identified and validated using model 

systems such as Arabidopsis and tobacco. Oxidative stress is outcome of various 

stresses including salt stress. GSTs are important antioxidant enzymes which are 

involved in oxidative stress. The expression of GST gene has been studied 

extensively under various environmental stresses (Ryu et al., 2009). It has been 

shown that transferring heterologous GST gene from Suaeda maritima into rice 

seedlings conferred low temperature resistance (Zhoa et al., 2006). Transgenic 

rice overexpressing ζ- GST, showed better germination as well as better growth 

rate than the non transformed plants (Takesawa et al., 2002) under cold 

conditions. Concurrent results were obtained by Roxas et al. (1997) for 

GST/GPX overexpressing transgenic tobacco line under cold stress. Similarly, 

transferring GST gene from cotton to tobacco plants conferred methyl viologen 

resistance (Yu et al., 2003).  

 It is important to study salt responsive genes from halophytes as they have 

evolved distinctive mechanisms or regulatory pathways that are not found in 

glycophytes. SbGST gene is an important oxidative stress responsive gene which 

takes part in salt stress. In conclusion the GST gene from S. brachiata was 

successfully transformed in plant expressed vector pCAMBIA1301 which is 

further transformed into Agrobacterium to generate transgenic tobacco plants and 

functionality of this gene against various abiotic stresses is under progress.  
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Fig. 1. Rapid amplification of cDNA ends. 
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Fig. 2. PCR confirmation of insertion SbGST gene in pGEMT vector (Lane 1: 

100 bp ladder, Lane 2-5: Colony PCR amplification of SbGST gene using GST1 

and GST2 primers). 

 

Fig. 3 a. KpnI & XhoI restriction digestion of recombinant pGEMT plasmid. 

(Lane 1:1 Kb DNA ladder, Lane 2: Kpn I and Xho I digested product). 

Fig. 3 b. PCR confirmation of insertion SbGST gene in pRT101 vector (Lane 1: 

100 bp ladder, Lane 2, 3, 4, 6, 7, 11: Represents amplification product of  desired 

size for different transformed colonies through PCR amplification of SbGST gene 

using GST1 and GST2 primers).   

Fig. 3 c. PstI digestion of Recombinant plasmid (pRT101 + SbGST) (Lane 1: 1 

Kb Ladder, Lane 2: PstI digested product). 

 

Fig.4. Schematic map of pCAMBIA 1301 + SbGST gene plant expression 

construct.  
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