Executive summary of four transgenic Bt hybrid cotton containing truncated Cry 1Ac gene (Event-1) developed by JK Agri Genetics Ltd.
The environmental safety assessment of JK- Bt cotton (Event-1) hybrids included extensive studies on pollen escape out- crossing, aggressiveness and weediness, effect on non-target organisms and Beneficial insects, presence of Cry 1AC protein in soil, effect of Cry1 AC protein on soil micro-flora, and baseline susceptibility studies.

Studies conducted on pollen escape/out crossing
The pollen flow / out crossing study conducted in 2003 using Bt Event-1 revealed that out-crossing occurred only upto 2 meters, and only 1% of the pollen reached a distance of 2 meters and beyond 2mt distance no plants were out crossed with transgenic pollen. As the cotton pollen is heavy and sticky, the range of pollen transfer is limited because it was observed that the pollen out crossing taken place upto the distance of 1 mt in East and North direction and 2mt in west direction of experimental site. Since the Bt gene is incorporated into tetraploid species and the native Indian cottons are of diploids and are not crossable to tetroploids, there is no chance that the Bt gene will transfer from cultivated tetraploid species  to near relatives such as traditionally cultivated diploid species.
 

Aggressiveness & Weediness                
The Aggressiveness and Weediness of JK Bt Cotton Event-1 was assessed in comparison with non transgenic line of same by testing its vigor and the rate of germination in laboratory test as well in soil .The results demonstrated that there are no significant differences observed between Bt and non-Bt cotton for germination and vigor. This indicates that the Bt and non-Bt cotton are not different in regard to their weediness potential. In general the cotton plants are not having  the potential weediness characteristics such as seed dormancy, soil persistence, germination under diverse environmental conditions, rapid vegetative growth, short life cycle or high seed out put and dispersal.  

 
Studies conducted on the effect of Bt on non-target organisms and Beneficial insects
The studies conducted on non-target organisms and Beneficial insects during the multi-location and large scale field trials of JK- Bt Cotton Event –1 revealed that the Bt cotton hybrids do not have any toxic effects on the non-target species, namely sucking pests (aphids, jassids, white fly and mites). The population of secondary lepidopteran pests (Spodoptera litura) remained negligible during the study period in both Bt and non-Bt hybrids. The movement of beneficial insects populations (Chrysopa, Coccinellids, Syrphids and Spider) are equal and remained active  over both Bt and non Bt cotton  plots. 

Studies conducted regarding presence of Bt gene in soil
 
Studies were conducted to assess the possible risk of accumulation of Bt protein  in the soil as exudates from the roots of Bt Cotton. The soil samples from the Bt plots of different locations were subjected to quantify the Bt protein and the results showed that it was not detected in soil samples. This indicates that Bt protein is rapidly degraded in the soil on which Bt cotton is grown.  This study showed that the Cry 1AC 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 protein was less than 20 days. The half-life of the Cry 1AC protein in plant tissue was calculated to 41 days which is comparable to the degradation rates reported for microbial formulations of Bt. 

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

This Study was conducted in 2004 and 2005 to evaluate any impact of Bt protein exudated by roots of Bt cotton on the soil micro-flora. There was no significant difference in population of microbes and soil invertebrates like earthworm and Gllembola between Bt and non-Bt plant rhizosphere soil samples. 

Studies to evaluate the Food/Feed Safety 
The studies conducted for evaluating food/feed safety of Bt Cotton Event-1 includes compositional analysis, allergenicity studies, toxicological study, presence of Bt gene and protein in Bt cottonseed oil and feeding studies on fish, chicken, cows and buffaloes.

The composition of cottonseed and oil from Bt cotton hybrids (Event-1) was compared to that of non-Bt cotton hybrids and other conventional cotton varieties.  The nutrients measured in the cottonseed included protein, fat, fiber, moisture, ash, carbohydrate, and the anti-nutrients gossypol, fatty acids and aflatoxins. All these analysis revealed that Bt cotton hybrids are equivalent and as safe and nutritious as non-Bt hybrids and other conventional cotton varieties.  Also the nutritional studies in cows   revealed that no difference on feed intake, milk yield and composition between Bt and non-Bt cotton seed feed groups of cow  as well the  safety studies confirmed the food and feed safety of Bt cotton to cows

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

The feeding experiments were conducted from different institutes in India in which Central Avian Research Institute (CARI), Izatnagar (UP) ICAR  conducted studies on Bird; IVRI, Izatnagar on goat and cow; Central Institute of Fisheries Education (Deemed University, ICAR), Mumbai on fish. 

The mammalian acute oral toxicity of Bt protein was studied in Rat and the specificity and safety of the Cry1Ac protein was recorded. No toxic effects were observed even at extremely high dose levels (5000mg/kg of body weight), when the Cry1Ac protein was administered orally to Rats.  Also the sub-chronic oral toxicity study on rat  revealed the Cry1Ac protein found safe to animal health.  The Cry1Ac 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. This was confirmed by the study conducted on Irritation Test to skin and mucous membrane in  Rabbits and Dermal Sensitization study in Guinea pigs. All these oral toxicity and irritation tests were conducted at Shriram Institute for Industrial Research, New Delhi

Feeding studies on ruminants (goat) showed that Bt cottonseed when fed, it was as nutritious as non Bt cotton seeds and did not cause any deleterious effect on the ruminants in comparision to non-Bt cotton seeds.  Nutritional studies on lactating cows conducted in IVRI, Izatnagar reconfirm these conclusions.

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

Studies conducted to determine the presence of Cry1Ac protein in refined oil and lint obtained from Bt cotton showed absence of Cry1Ac protein at the detection standard of the experiment.  Similarly studies conducted to determine the presence of Cry1Ac gene in cottonseed oil obtained from Bt cotton by using forward and reverse primers specific for internal sequence of the Cry1Ac gene, reveal no DNA amplification in the oil samples.

Allergenicity studies

 

Allergenicity studies were conducted in rat. No significant differences in feed consumption, animal weight gain and general animal health were found between animals fed with Bt cottonseed and non Bt  cottonseed. 

Baseline susceptibility study
The baseline susceptibility study for Helicoverpa armigera was carried out at IARI, New Delhi, in the  years 2005 at 20  locations, throughout India.  In the study different geographical populations of American bollworm (Helicoverpa armigera) were collected and fed to insecticidal protein Cry1Ac (JK Bt Cotton Event 1). The Lc50 value ranged from 0.2ug/gm (for most susceptible population from Rahuri) to 5.76ug/gm (for most tolerant population from Nanded) and was about 29 fold up on the basis of 96h LC50 bioassays. It was further ranged from 0.02 to 1.12 ug/gm and about 56 fold up on the basis of 7day old LC50 bioassays. These values are from the baseline susceptibility data on American bollworm to Cry1Ac protein and can be used as benchmark for monitoring resistance in the bollworm pest to Cry1Ac protein, in future. 

Therefore, Bt cotton does not require any additional safety concerns compared to conventional cotton even as a result of processing or handling of the transformed plants or fruits. 
