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Abstract: Glyphosate is a broad spectrum systemic herbicide with 
low animal toxicity and no residue in soil. Glyphosate targets EPSPS 
in aromatic amino acid biosynthesis pathway. A modified CP4-
EPSPS from Agrobacterium tumifaciens is not affected by glyphosate 
and transgenic tobacco and rice expressing CP4-EPSPS are tolerant 
to glyphosate. igrA and Glycine oxidase detoxifies the glyphosate by 
cleaving C-P and C-N bond respectively. Transgenics expressing 
both CP4-EPSPS and detoxifying enzymes improves tolerance and 
reduces the level of glyphosate. With this hypothesis, glyphosate 
tolerant lines was developed in tobacco. In present study, the T2 
generation tobacco lines developed for glyphosate tolerance by 
expressing CP4-EPSPS, Glycine oxidase, igrA alone and in 
combination (Double and multiple) were assessed for their relative 
tolerance based on physiological and molecular analysis. 

1. INTRODUCTION 

The herbicide glyphosate (N-(phosphonomethyl) glycine) is a 
5-enolpyruvylshikimate-3-phosphate (EPSP) synthase 
inhibitor in plants. The enzyme participates in biosynthesis of 
aromatic amino acids phenylalanine, tyrosine and tryptophan 
[1]. Glyphosate acts as a competitive inhibitor for 
phosphoenolpyruvate and is used as a broad-spectrum 
systemic herbicide. Development of glyphosate-tolerant crops 
allows preferential and more effective use of glyphosate 
resulting in fewer or more environmentally benign chemical 
inputs. Glyphosate-resistant crop varieties were developed by 
inserting glyphosate resistant clone CP4-EPSPS into plants [2, 
3]. This transgene allows the shikimate pathway to function in 
presence of glyphosate, thus allowing plants to survive after 
glyphosate application. In addition to introducing CP4-EPSPS 
gene, introducing specific genes to cleave the glyphosate 
molecule in plants gives additional advantages to by having 
additional potential to reduce the glyphosate injury as well as 
removing the toxic molecule of glyphosate from the tolerant 
crop varieties.  

Two broad strategies were adopted to develop glyphosate 
tolerant crop varieties, In the first strategy which is mostly 

adopted in all “Round up” ready crops the target enzyme of 
glyphosate EPSPS was made to over produce in an insensitive 
form, so that there will be enomorously more amount of 
glyphosate insensitive EPSPS, resulting in continuous 
synthesis of aromatic amino acid in plants even after 
application of herbicide glyphosate.  

In the second strategy the herbicide glyphosate entered into 
the plant system is metabolized immediately by glyphosate 
detoxifying enzymes which catabalizes herbicide glyphosate 
into non toxic metabolites. To achieve the second strategy two 
genes from soil bacteria which are capable of producing 
enzymes which cleave the glyphosate to non toxic forms have 
been identified and introduced into plants. 

The two genes irgA cloned from Pseudomonas strain PG 2982 
and GOX from Bacillus subtilis were shown to detoxify 
glyphosate by breaking glyphosate molecule at C-P bond and 
C-N bond respectively [4, 5]. It is hypothized that developing 
transgenic lines over producing EPSPS and also capable of 
detoxifying glyphosate in the plant will be more useful in 
developing varieties for glyphosate tolerance. In order to study 
the detoxifying ability these genes, tobacco plants expressing 
igrA, glycine oxidase (GOX) from and CP-4 EPSPS genes in 
different combinations (single, double and multiple) were 
developed. The detoxification ability of the transgenic tobacco 
plants were studied by response of the cucumber seedlings 
grown on reaction product of glyphosate treated with crude 
enzyme extracts of the transgenic tobacco leaves for varied 
reaction time.  

2. MATERIALS AND METHOD 

2.1 Plant material 

In the present study the putative T2 transgenic tobacco seed 
material was forwarded to next generation during which 
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glyphosate oxidoreductase (GOX), and the enzyme can 
degrade glyphosate to glyoxlate and AMPA [8-11]. As a result, 
GOX-catalyzed metabolism of glyphosate reduces the amount 
of glyphosate that can reach the target enzyme EPSP synthase, 
and thus reduces the possibility of glyphosate injury to the 
plant. 

4. CONCLUSION 

The gene product GOX and igrA are known to degrade the 
glyphosate into AMPA and sarcosine respectively, the 
degraded products were known to have less herbicidal effect. 
The results confirms that the root growth of cucumber 
seedlings was relatively more in enzyme extract taken from 
transgenic lines, indicating that enzymes produced in the 
transgenic lines were capable of inactivating glyphosate after 
3 hr of treatment.The mode of action of igrA and GOX are by 
detoxifying glyphosate whereas EPSPS alters the binding 
capacity to glyphosate, stacking these three genes into a single 
genetic background might enhance the glyphosate resistance.  

 

 

Fig. 2: Relative efficacy of crude enzyme extract of tobacco 
transgenic line in degrading glyphosate 

5. ACKNOWLEDGEMENT  

We are grateful to the DBT- HUB fellowship by Department 
of Biotechnology, Government of India, New Delhi, for 
generous financial assistance.  

REFERENCES 

[1] Steinrucken, H. C. And amrhein, n. 1980, The herbicide 
glyphosate is a potent inhibitor of 5-enolpyruvyl shikimic acid- 
3- phosphate synthase. Biochem. Biophys. Res. Commun., 94: 
1207-1212.  

[2] Dill, G.M., 2005, Glyphosate-resistant crops: history, status and 
future. Pest Manage Sci., 61: 219–224. 

[3] Pline-Srnic, W., 2005, Technical performance of some 
commercial glyphosate resistant crops. Pest Manage Sci., 61: 
225–234 

[4] Fitzgibbon, J. and Braymer, H. D., 1990, Cloning of a gene from 
Pseudomonas sp. strain PG 2982 conferring increased 
glyphosate resistance. Appl. Environ. Microbiol., 56: 3382-3388.  

[5] Mattia, P., Elena, R., Gianluca, M., Tommaso, M., Carmelinda, 
S., Beatrice, V. and Loredano, P., 2009, Glyphosate Resistance 
by Engineering the Flavo enzyme Glycine Oxidase. J. Biol. 
Chem., 284: 36415- 36423 

[6] Franz, J.E., M.K. Mao. and J.A. Sikorski., 1997, Gllyphosatte, a 
uniique glloball herbiiciide. Amer.Chem. Soc., Washiingtton, 
DC., USA. 

[7] Vivancos, P.D., Driscoll, S.P., Bulman, C.A., Ying, L., Emami, 
K., Treumann, A., Mauve, C., Noctor, G. and Foyer, C.H., 2011, 
Perturbations of amino acid metabolism associated with 
Glyphosate-dependent inhibition of Shikimic acid metabolism 
affect cellular redox homeostasis and alter the abundance of 
proteins involved in photosynthesis and photorespiration. Plant 
Physiology., 157(1):256-268. 

[8] Barry, G., Kishore, G., Padgette, S., Taylor, M., Kolacz, K., 
Weldon, M., Re. D., Eichholtz, D., Fincher, K. and Allas, L., 
1992, Inhibitors of amino acid biosynthesis: strategies for 
imparting glyphosate tolerance to crop plants. In: Biosynthesis 
and molecular regulation of amino acids in plants. Eds. Singh, 
B.K., Flores, H.E. and Shannon, J.C., American Society of Plant 
Physiologists, Rockville, pp. 139–145.  

[9] Komoba, D., Gennity, I., Sandermann, H. J.R., 1992, Plant 
metabolism of herbicides with C–P bonds: glyphosate. Pesticide 
Biochem. Physiol., 43: 85–94. 

[10] Padgette, S.R., Re, D.B., Barry, G.F., Eichholtz, D. E., 
Delannay, X., Fuchs, R. L., Kishore, G. M. and Fraley, R. T., 
1996, New weed control opportunities: development of 
soybeans with a Roundup ReadyTM gene. In: Herbicide 
resistant crops. Ed. Duke, S.O., CRC Press, Boca Raton, Fla, pp. 
53– 84514 

[11] OECD, 1999, Consensus document on general information 
concerning the genes and their enzymes that confer tolerance to 
glyphosate herbicide. Series on harmonization of regulatory 
oversight in biotechnology No. 10. 

 
 

0

5

10

15

20

25

R
oo

t 
en

gt
h

 (
m

m
)

Lines

0 Min 

10 Min 

30 Min 

1 hr 

2 hr

3 hr


