Summary of risk assessment or environmental review
The environmental safety assessment of Bollgard II containing event MON15985 cotton hybrids included extensive studies on pollen escape out- crossing, aggressiveness and weediness, effect on non-target organisms, presence of Cry 2Ab2 proteins in soil their  effect on soil micro-flora, confirmation of the absence of Terminator Gene, and baseline susceptibility studies.


Studies conducted on pollen escape/out crossing


Multi-location experiments conducted in 2002-on at two locations have revealed that out-crossing occurred only up to 15 meters, and only 0.16%. As the pollen is heavy and sticky, the range of pollen transfer is limited. Also there is essentially no chance that the Bollgard II gene will transfer from cultivated tetraploid species such as the present Bollgard II hybrids to traditionally cultivated diploid species.

Aggressiveness & Weediness


To assess the weediness of Bollgard II cotton the rate of germination and vigor was compared by laboratory test and in soil to the non-transformed parental line. The results demonstrated that there are no substantial differences between Bollgard II and conventional cotton for germination and vigor. This also indicates that there is no substantial difference between transgenic Bollgard II and control conventional cotton with regard to their weediness potential.

Studies conducted on the effect of Bt on non-target organisms


Studies conducted during the multi-location field trials revealed that the Bollgard II cotton hybrids do not have any toxic effects on the non-target species, namely sucking pests (aphidss, jassids, white fly and mites). The beneficial insects (lady beetle, spiders) remained active in both Bollgard II and conventional cotton varieties.

Studies conducted regarding presence of Bollgard II gene in soil


Studies were conducted to assess the possible risk of accumulation of Bollgard II gene in the soil, by insect bioassays. Bollgard II protein was not detected in soil samples indicating that Bollgard II protein is rapidly degraded in the soil on which it was growan.  This study showed that the Bollgard II protein was rapidly degraded in the soil in both the purified form of the protein and as part of the cotton plant tissue. The half life for the purified Cry2Ab protein was less than 6 days. The half-life of the Cry2Ab protein in plant tissue ranged from 1.1 to 3.5days. The results support the conclusion that the Cry2Ab2 protein derived from Bollgard II cotton degrades rapidly in soil. 

Studies to evaluate the effect of Bollgard II gene on soil micro-flora


Study was conducted in 2002-03 to evaluate any impact of Bollgard II protein leached by roots of Bollgard II cotton on the soil micro-flora. There was no significant difference in population of microbes and soil invertebrates like nematodes, earthworm and Collumbola between soil samples of Bollgard II and conventional cotton.

Studies to evaluate the Food/Feed Safety 


For evaluating food/feed safety, the studies conducted include: compositional analysis, allergenicity studies, toxicological study, presence of Bollgard II gene and protein in Bollgard II cottonseed oil and feeding studies on fish, chicken, and cows.

Feeding experiments conducted with Bollgard II cotton seed meal on fish chicken and cows indicated that Bollgard II cotton seed meal is nutritionally equivalent, wholesome and safe as the non-Bt cottonseed meal.

The feeding experiments on poultry, fish and cows  were conducted at National Dairy Research Institute (NDRI), Karnal on lactating cows;  Central Avian Research Institute (CARI), Izzatnagar on poultry; and Central Institute of Fisheries Education (CIFE), Mumbai on fish. 

The composition of cottonseed and oil from Bollgard II cotton hybrids were compared to that of counterpart conventional cotton hybrids and other conventional cotton varieties.  The nutrients measured in the cotton seed included protein, fat, fiber, moisture, ash, amino acids, fatty acids, and the anti-nutrients gossypol, Cyclopropenoid fatty acids and aflatoxins. These analyses demonstrated that Bollgard cotton hybrids are substantially equivalent and as safe and nutritious as counterpart conventional hybrids and other conventional cotton varieties. Furthermore, nutritional studies in cows showed no difference on feed intake, milk yield and composition between Bollgard II and counterpart conventional hybrids and safety studies confirmed the food and feed safety of Bollgard II cotton. 

The results of the mammalian acute oral toxicity studies support the specificity and the safety of the Cry2Ab2 protein. No significant acute effects were observed even at extremely high dose levels (1450mg/Kg body weight), when the Cry2Ab2 protein was administered orally to mice.  Also the Cry2Ab2 protein expressed in the cotton plant is not expected to present a risk of dermal or inhalation toxicity.  The proteins that are non-toxic by the oral route are not expected to be toxic by the dermal or pulmonary route. 

Feeding studies on ruminants conducted at Rallis Research Centre, Banglore, showed that Bollgard II cotton seed when fed for 90 days to goats, was as nutritious as counterpart conventional hybrid cotton seeds and did not cause any deleterious effect on the ruminants compared to counterpart conventional hybrids cotton seeds.  Nutritional studies on cows conducted in India reconfirm these conclusions.

The toxicological studies on chicken and fish under Indian conditions confirmed the safety and wholesomeness of cottonseed meal derived from Bollgard II cotton. 

Studies conducted by Central Institute of Cotton Research, Nagpur (CICR) to determine the presence of Cry2Ab2 protein in refined oil and lint obtained from Bollgard II cotton showed absence of Cry2Ab2 protein at the detection standard of the experiment.  Cry2Ab protein was detected in crude seed oil samples of Bollgard II cotton. The presence of Cry2Ab2 protein only in crude oil samples was due to Cry2Ab2 protein in the seed debris that is usually present in crude extractions. 

Similarly studies conducted to determine the presence of Cry2Ab2 gene fragments, in cottonseed oil obtained from Bollgard II cotton by using forward and reverse primers specific for internal sequence of the gene and their amplification by use of PCR, were also undertaken at CICR, Nagpur.  No amplification for the primers was observed in the oil samples.

Allergenicity studies

Allergenicity studies were conducted in Brown Norway rates. No significant differences in feed consumption, animal weight gain and general animal health were found between animals fed with Bollgard II cotton seed and counterpart conventional hybrids cottonseed. At the end of the feeding period, the relative allergenicity of traditional cotton hybrids and Bollgard II cotton were compared to Bollgard II and counterpart conventional hybrids protein extract in active cutaneous anaphylaxis assays. Results of the study concluded that there was no significant change in endogenous allergens of Bollgard II cottonseed compared to counterpart conventional hybrid cottonseed.

Confirmation of the absence of “Terminator Gene”
The transgenic Bollgard II Cotton plant was developed by incorporating cry2Ab2 gene into it. Therefore it was desirable to assess that no other gene including cre recombinase gene which is an integral component of the so called “terminator technology” is present in Bollgard II cotton. A study was carried out by The Department of Genetics, University of Delhi (South Campus) Delhi to check the presence/absence of such gene in the Bollgard II cotton.  The PCR analysis of DNA samples isolated from individual seedlings derived from Bollgard II cotton hybrids showed that Bollgard II cotton hybrid lines positive for cry1Ac and cry2Ab2 amplification did not show any amplification product using cre primers. This conclusively demonstrated the absence of “terminator gene” in Bollgard II cotton hybrids. 

Baseline susceptibility study 


The baseline susceptibility study was conducted by Central Institttute for Cotton Research, Nagpur. From the earliest development of Bollgard cotton, it was anticipated that the stacking of a second Bt gene would increase activity, expand spectrum of insect control and delay resistance development. The Cry2Ab proteins were leading candidates because they lack immunological cross reactivity with cry1Ac proteins, allowing the Cry2A proteins to be followed independently when stacked or bio-engineered into Bollgard cotton. The increased spectrum and lepidopteran pests controlled by Bollgard II cotton is attributed to wider spectrum of Cry 2Ab2 protein, as well as to higher expression of this gene in Bollgard II line. 

The susceptibility of Indian populations of H. armigera (Hubner) to the insecticidal protein Cry2Ab, from Bacillus thuringiensis Berliner was determined with populations of H. armigera collected from cotton fields during the cropping season of 2003 & 2004 from major cotton farming areas of  Central India (Jalna, Khandwa and Vadodora) and South India (Haveri, Coimbattore and Rangareddy). The lethal concentrations, LC50 ranged from 1.399 to 2.152 in Central India and 2.201 to 2.501 µg Cry2Ab per ml of diet in South India. The moult inhibitory concentrations, MIC50 sensitivity ranges for Central and South Indian cotton area were 0.345 to 0.854  and 0.518 to 0.933 µg of  Cry2Ab per ml of assay diet, respectively. The Inhibitory concentration (not allowing the larvae to reach 3rd instar), IC50 , ranged form  0.068 to 0.322 in Central India and 0.077 to 0.181 µg of Cry2Ab per ml of assay diet in South India. The effective concentrations (weight related) EC50 sensitivity ranges for  Central and South Indian cotton area were  0.018 to 0.055 and 0.032 to 0.038 µg of  Cry2Ab per ml of assay diet, respectively. The variability in toxicity during the initial comparison (baseline) was to an extent of 2 and 3- fold at the  LC50  and EC50 to Cry2Ab protein.
