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SUMMARY 

 

Cotton is a very important cash crop and a backbone of the textile industry, but it is 

threatened by insect pests and weeds. Insects cause damage to productivity and also affect 

quality. A total 15 economically important insects have been identified for their major roles in 

cotton crop damage; among these, members of the Lepidoptera order, especially Heliothis 

armigera and Spodoptera lithura, are particularly injurious. Weeds also constrain cotton crop 

productivity by competing for available nutrients, and they cause harm to the crop plant. 

At present, crop protection in agricultural system relies almost exclusively on the use of 

broad spectrum, highly toxic agrochemicals that cause serious environmental problems and 

human health concerns. Thus, alternative biological control measures have been explored. In this 

study, a local cotton variety, VH-289, was transformed with a codon-optimized double Bt gene 

of CEMB, namely Cry1Ac+Cry2A and cp4 EPSPS (GTGene). The constructs used were cloned 

into both the pKHG4 and pCAMBIA vectors under the control of the 35S Promoter.   

A total of 6205 mature cotton embryos were isolated and subjected to a shoot apex 

method of gene transformation optimized in CEMB by using Agrobacterium strain LBA4404. 

Seventy-four putative transgenic plants were obtained, of which 6205 embryos were confirmed 

through kanamycin screening, resulting in a transformation efficiency of 1.19%. 

Of these 74 plants, 13 putative transgenic cotton plants were confirmed by PCR 

amplification by using gene-specific primers. Enzyme-linked immunosorbent assay (ELISA) was 

used to determine the expression of the Cry2A and GTG transgenes. In the T0 generation, the 

maximum expression of Cry2A in VH 289 (18) was 2.79ng/g, whereas the expression of the 

GTG gene in VH 289 (55) was 2.36ng/g. However, variations in expression in advanced 
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generations are natural phenomena that were observed in this study. In the T1 generation, the 

transgenic cotton lines VH 289 (18-5) and VH 289 (55-4) showed a maximum expression of 

3.02ng/g and 2.98ng/g for the Cry2A and GTG genes, respectively, compared with the other 

transgenic cotton lines (Table 4.8). In the T2 generation, the transgenic cotton line VH 289 (55-

4)5 showed a maximum expression of 3.39ng/g and 3.18ng/g for the Cry2A and GTG genes, 

respectively (Table 4.18).  

Bio-toxicity assays were used to confirm the expression of Cry protein, and the degree of 

mortality of Heliothis 2nd instar larvae was determined at different developmental stages of 

cotton plants. For the Bt bio-toxicity assay, young leaves from transgenic cotton plants were 

collected at 20, 40, 60 and 80 days of crop age and fed to 2nd instar Heliothis larvae. Even after 

80 days of crop age, 60% to 100% mortality was obtained.  

An herbicide spray assay was  used to determine the complete removal of weeds and 

survival of transgenic cotton plants. Selected events (lines) exhibited almost 76.67% survival in 

an advanced generation (T2) after spraying 1600 ml/acre spray of glyphosate for 45 days; the 

complete removal of weeds and non-transgenic plants was observed (Table 4.18).       

Yield improvement was the final goal of this study. For this purpose, height, number of 

bolls and boll weight was measured in all generations and analyzed statistically. There was 

noticeable improvement in transgenic cotton plant yield compared with the control, which may 

have resulted from a reduction of insect damage and weed competition (Table 4.24 and 4.26). 

The law of Mendelian segregation was evaluated in the T2 generation with data from the 

glyphosate spray assay and insect assay. A chi-square (X2) test of data from the herbicide spray 

assay of cotton line VH 289 (18-6) revealed an F value 0.2 and an F table of 3.84. Hence, H0 

was rejected, and the Mendelian ratio determined as 3:1. Line VH 289 (55-4) showed an F value 
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of 0.555 and an F table value 3.84, such that H0 was rejected and the resulting Mendelian ratio 

was 3:1. Similarly, other cotton lines followed the same pattern of segregation in the T2 

generation (Table 4.19).  

In conclusion, the advanced generations of the double Bt gene/CEMB transgenic cotton 

lines also expressing GTGene performed well in the field. These lines can be raised in the form 

of cotton variety after its trials in advance generations because it holds good potential for 

Pakistani farmers. The knowledge gained from this study will help to solve agricultural 

dilemmas in Pakistan. 
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I. INTRODUCTION 

Cotton is grown in many regions of the world, mostly in tropical and subtropical areas. 

Cotton is essential in many ways including food and feed for animals as well as fiber for cloth. 

Cotton seeds are also used to produce cooking oil and to feed livestock because it is a rich source 

of protein. Its lint is a source of high-quality fiber. Cotton fibers are important in the manufacture 

of different textile and paper products (Akhtar et al., 2004).  

Cultivation of cotton occurs in more than 50 countries including China, United States, 

India, Brazil, and Pakistan. The approximate area used for cotton cultivation worldwide is 

10,000 hectares per year (Hari, 2007). However, 87% of this area is located in developing 

countries (Anonymous, 2006), which means that only 13% of the total area is located in 

developed countries. Cotton is considered “white gold” because of its importance in the economy 

of Pakistan (Pakistan Bureau of Statistics, Economic Survey of Pakistan 2013-14). 

Of the cotton-growing countries, Pakistan is ranked fifth on the basis of production and 

third in exports of raw and yarn cotton. Pakistan is also ranked fourth on the basis of local 

consumption. In the economy of Pakistan, 1.4% of GDP, 6.7% of agriculture and 53-55% of 

foreign exchange value added is due to raw cotton exports (Pakistan Bureau of Statistics, 

Economic Survey of Pakistan 2013-14). Due to the importance of cotton, 26% of Pakistani 

farmers are engaged in cotton cultivation. The total area used for the cultivation of different 

crops in Pakistan is approximately 20 million hectares (15%) and 1.3 million farmers are linked 

to this cultivation (Pakistan Bureau of Statistics, Economic Survey of Pakistan 2013-14). 
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Indonesia ranks 12th and 8th in global textile and clothing exports, respectively. Indonesia 

has earned foreign exchange (approx. 3.7 billion USD) from the export of textiles and 6.3 billion 

USD from the export of clothing during the calendar year of 2008. The textile industry positively 

affects the employment sector of the country. A total of 1.3 million Indonesian people are linked 

to the textile industry, representing 10.6% of the total Indonesian work force. Furthermore, the 

Indonesian industry of textiles and textile products has a strategic and significant role in the 

national macro-economy (Tewari, 2006).  

Textile exports from Indonesia in CY 2012 have been estimated at $12.5 billion and $6.4 

billion from January to June 2013. The volatile cotton prices of 2011 have begun to stabilize, and 

consequently, many big factories have expanded their operations. As a whole, Indonesian textile 

exports to Europe have declined, but they have increased by at least 35% to Japan. The export of 

Indonesian cotton yarn has risen from 77,000 MT in CY 2012 to 138.000 MT (January-

November 2013). Brazil has been largest consumer of Indonesian cotton, replacing the United 

States since 2011/2012 (USDA foreign Agriculture Service. 2014).  

Though cotton is important, it has many problems including insects, pests, weeds and 

viruses. In the past, insects were controlled by spraying insecticides, but they cause economic 

losses. Although conventional breeding methodology has significantly improved cotton, it has 

limitations in introducing new alleles (Keshamma et al., 2008). This method cannot solve the 

problem of insecticides, which is a problem common to most cotton-producing countries. To 

combat losses from insect pests, insecticides are used excessively every year in developing 

countries such as Pakistan. In 2006-07, 16,495.00 tons of pesticides were consumed, which cost 

$66 million USD (Economic Survey of Pakistan. 2011-12).  This problem affects the national 
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development of cotton production and even government policy. Pakistan and Indonesia need 

more attention in this area, for both have huge obstacles related to the costs of production and 

pest and weed maintenance.  

Biotechnology has the potential to create new plants, new genes and new products that 

are environmentally safe and economically viable (John, 2011). Cotton biotechnology has 

tremendous commercial applications. It can change the way cotton has been cultivated thus far.  

In the near future, cotton cultivation will be easier, less input-dependent and more ecologically 

compatible. Over the past decade, cotton has been the cynosure of most commercial biotech 

companies for the huge financial benefits it seemingly offers. Not surprisingly, transgenic cotton 

was one of the first genetically modified crops to be commercially released (Wilkins et al., 2005; 

John and Keller, 1996). Several methods have been used by farmers to minimize threats to cotton 

and obtain high yield. For example, weeds have been controlled traditionally by mechanically 

uprooting methods. Weeds compete with crop plants and reduce the yield both in quantity and 

quality (ICAR, 2009). The implements used for mechanical weed control shear and tear the 

surface of the soil, resulting in the uprooting of plants. However, many weeds have deep and 

extensive roots that cannot be uprooted, and the majority of them regenerate. The most common 

examples are grasses such as kans grass, thatch grass and quack grass. To kill these weeds, 

chemical herbicides are necessary. The implements used in mechanical weed control also scrape 

the soil and cause long-term damage. In shallow rooted crops, especially cereal crops, these 

methods sometimes injure crop roots. In these situations, chemical weed control is convenient. 

Herbicides not only kill the weeds but also damage the crops.  The introduction of herbicide-

resistant crops has dramatically changed weed management in crop production systems (Owen, 

2000). Following the introduction of glyphosate-resistant soybeans (1996) and cotton (1997), 
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this technology has been readily adopted by producers. Greater than 87% of soybeans, 61% of 

cotton, and 17% of corn planted in 2004 were herbicide-resistant cultivars (USDA-ERS, 2008). 

The synthesis of aromatic amino acids such as phenylalanine, tyrosine and tryptophan is 

prohibited by this ternary complex. EPSPS-encoding bacterial genes introduced to crop plants by 

stable genetic transformation confer glyphosate resistance. EPSPS-encoding bacterial genes are 

isolated from mutant or non-mutant bacteria. The production of EPSPS in glyphosate-resistant 

plants controls the action of glyphosate herbicide (Fitzgibbon and Braymer, 1990; Padgette et al., 

1991). To date, glyphosate-resistant rice, maize, wheat and cotton have been cultivated (Zhou  et 

al., 2006). Agrobacterium tumefaciens CP4 is the most common source of EPSPS transgenes, 

and these transgenic plants are produced resistance to glyphosate herbicides. 

Bacillus thuringiensis (Bt) is a Gram-positive, spore-forming, soil-dwelling bacterium 

that produces crystalline protein inclusions known as δ-endotoxins. More than 100 Bt crystal 

proteins have been sequenced, encoding Cry and Cyt proteins (Schnepf et al., 1998). These 

crystal proteins are toxic to the larvae of different insect orders, e.g., Lepidoptera, Coleoptera 

and Diptera. These proteins are being widely used to develop insect resistance in various crops 

(Gasser and Fraley, 1992). The traditional breeding program successfully combines the foreign 

Bt genes with native insect resistance traits in a single genetic background (Altman et al., 1996; 

Sachs et al., 1998). Transgenic cotton expressing insecticidal proteins from Bt has been one of 

the most rapidly adopted GM crops in the world (James, 2010; Barwale et al., 2004; Dong et al., 

2005). Bt cotton contains Cry gene(s) such as Cry1Ac, Cry1Ac + Cry2Ab or Cry1Ac + Cry1F 

and is considerably effective in controlling Lepidopteran pests; it is also highly beneficial to the 

grower and the environment by reducing chemical insecticide sprays and preserving the 
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population of beneficial arthropods (Carpenter and Gianessi, 1999; Tabashnik et al., 2009). The 

total area used to grow genetically modified crops was approximately 800 million hectares in all 

cotton-growing countries in 2008, which increased to 23.9 million hectares in 2013 (James, 

2013). Transgenic cotton containing Bt insecticidal genes are quickly adopted because of its 

resistance to Lepidopteran pests (James, 2002; Barwale et al., 2004, Dong et al., 2005). Bt cotton 

contains Cry genes such as  Cry1Ac, Cry1Ac + Cry2Ab, or Cry1Ac + Cry1F, which are effective 

in controlling Lepidopteran pests (Gianessi  et al., 1999; Tabashnik et al.,  2002).   

 In this study, two Bt genes (Cry1Ac and Cry2A) and an herbicide resistance gene (cp4 

EPSPS) were transformed into a local cotton variety, VH 289, using the Agrobacterium-

mediated transformation method. The CaMV 35S Promoter was used to drive the constitutive 

expression of Bt and the herbicide resistance genes in cotton plants. These constructs were 

developed prior to transformation in CEMB (Centre of Excellence in Molecular Biology). This 

construct was used to develop the glyphosate tolerance gene for herbicide tolerance and 

insecticidal genes (Cry1Ac and Cry2A) in cotton variety VH 289. This promoter is an excellent 

candidate to drive strong and consistent expression of transgenes while restricting expression to 

the green tissues of plants. Thus, there is no transgene expression in the plant roots. From a 

biosafety perspective, this system causes no threats to soil microorganisms or the environment.  
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II. REVIEW OF LITERATURE 

2.1  COTTON  

Cotton is considered as an essential non-food cash and leading fibre crop which is also 

major source of foreign exchange earner in Pakistan (Awan et al., 2015). Cotton is cultivated 

over 34 million ha, in more than 50 countries (Smith et al., 1999).  The climatic conditions of the 

Middle East, USA, Australia, China, India and Pakistan are best for cotton cultivation. The 

productivity level is highest in China, which is 1,265 kg/ha, followed by 985 kg/ha in USA, 831 

kg/ha in Uzbekistan, 599 kg/ha in Pakistan and 560 kg/ha in India. In terms of cultivated area, 

India is ranked first which is more than a quarter of the total cotton cultivated area of the world 

followed by China, USA, and Pakistan (Usha, 2010). 

Globally, the production of cotton is around 26.247 million metric tons (Amalraj et al., 

2014). The main countries contributing the most are India, USA, China and Pakistan followed by 

Uzbekistan, Australia, Turkey, Egypt, Greece and Brazil.  The genus Gossypium contain 50 

species out of which 4 are in agricultural use Azmat and Asif (2010). The G. herbaceum and G. 

arboreum are diploids, while G. barbadense and G. hirsutum are tetraploids. Tetraploids cover 

more than 80 percent cotton  area of the world. Diploid cottons are cultivated in the Middle East 

and Asia. India is the only country which commercially cultivates all kinds of cotton species, 

including some combination of crop plants and their hybrids (Usha, 2010). 

2.1.1 Plant Morphology  

Gossypium hirsutum and G. barbadense probably originated from a common ancestor 

and annually cultivated acquiring height of around 1-1.5 m (Zhu et al., 2011) while Gossypium 
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arboreum is native to sub-continent and is diploid cotton which offers better opportunities to 

analyze gene structure and functions but is not preferred for cultivation because of its fibre 

characteristics, boll size and fruit shedding (Hafeez et al., 2015). The height of G. hirsutum can 

reach up to 2 meters. Subsequent to the fruit cropping for seed and fibre, cotton seeds, is also a 

source of edible oil used as substitute of olive oil. However, the Cotton plants develop stems, 

leaves, fruit (bolls), flowers, all at the equal time. The branches of the cotton plant are able to be 

rated not only as vegetative branches, but also fruiting branches. The vegetative branches have 

one meristem only. They grow straight and long. Meanwhile, fruiting branches contain multiple 

meristems. Each branch starts to grow after fruit bud formation in zig-zag fashion. Keeping the 

balance between vegetative and reproductive branches offers good cotton crop management 

practices to increase cotton yield (Munir et al., 2015). The branches indicate an alternative 

phyllotaxy pattern (Oosterhuis et al., 1999; Ritchie et al., 2007). G. hirsutum is a plant with 

heliotropic nature. The leaves are of flat morphology, which serve as the antenna, thus the 

absorption of sunlight during the day can take place optimally. In general, leaves on the main 

stem axis have five lobes for G. hirsutum, while there are three lobes on the fruiting branches 

(Gore, 1935).  

2.1.2 Cotton Reproductive Parts 

The flowers of cotton are 5-9 cm in length which contain both male and female 

structures. They have both extra-floral and floral nectarines (Moffett, 1983). The length of the 

style is 2-5 cm and it terminates in stigma with the length of 0.5-1 cm. The ovary contains about 

5 to 10 ovules in each of 3 to 5 locules The sheath of the stamina encloses the style which bears 

0.5-1 cm long stamens. Each stamen  terminates in anther that produces viable self-fertile pollen 
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in normal condition (McGregor, 1976). There are around 20,000 grains of the pollen per flower 

(Ter Avanesian, 1978). The colour of G. hirsutum flower is creamy. It has creamy pollen and 

secretes little nectar. The ripened ovary is called fruit and cotton fruit is named as “boll” which 

has seed and cotton lint (fibre). Fiber development initiates from the outer seed coat and 

undergoes the process of elongation and secondary wall deposition followed by maturation and 

drying (Lokhande and Reddy. 2015). 

2.1.3 Reproduction 

2.1.3.1 Asexual Reproduction  

Cotton species do not reproduce vegetatively with the exception of G. barbadense 

(referred to as G. vitifolium) that can be multiplied by its cuttings (Khafaga, 1983a; Khafaga, 

1983b). Notable rooting comes up only in condition where the cuttings have some long 

internodes and the parent plants are 6-10 weeks older (Khafaga, 1983a, 1983b, Fadl et al., 1975).  

2.1.3.2 Sexual Reproduction in Cotton  

Cotton plant produces flowers after 4-5 weeks of its germination. Firstly, the floral buds 

come up as slight pyramidal constructions which consist of three large green bracts that enclose 

the developing flower. There is a 25 days interval between the beginning of a square and floral 

anthesis (Oosterhuis et al., 1999; Ritchie et al., 2007). In general, 75 days after its planting G. 

hirsutum commences to flower (Bange et al., 2002). First sympodial branch node number and 

days taken to first flower, date of first square, first flower and first boll open, number of nodes to 

first fruiting branch have direct or indirect relation to opening of boll (Ahmad et al., 2008). 
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The flowers of cotton stay unfold for one day only. G. hirsutum petals are white at 

anthesis. They change to pink within the process of pollination that spends a single day, after 

which they abscise. (Oosterhuis et al., 1999). The cotton flowering pattern is indeterminate 

(Cherry et al., 1984).  

2.2 PROBLEMS OF COTTON 

2.2.1 Insects Damage 

More than 1326 insect species have been reported in commercial cotton fields globally 

(Matthews et al., 1994) common among them are Helicoverpa punctigera, two-spotted spider 

mites, Tetranychus urticae, and Helicoverpa armigera (Shaw et al., 2000; Pyke et al., 2000). 

The other pests include cotton aphid (Aphis gossypii), thrips (Thrips tabaci), silver leaf whitefly 

(Bemisia tabaci b-biotype), green mirid (Creontiades dilutus) and the green vegetable bug 

(Nezara viridula) (Farrell et al., 2005). Lepidopteron insects damaged cotton crop drastically 

(Azam et al., 2014). Beneficial insect predators includes lady beetles (Coccinella spp.), damsel 

bugs (Nabis spp.), big eyed bugs (Geocoris spp.), pirate bugs (Coranus spp.), blue beetles 

(Dicranolauis spp.), lacewings (Chrysopa spp., Micromus spp.), shield bugs (Cermatulus spp, 

Ochelia spp.), and spiders (Lycosa spp.) (Mensah, 1999). Herbivore insects like cotton bollworm 

(H. armigera), native budworm (H. punctigera), cluster caterpillar (Spodoptera litura), and pink 

bollworm (Pectinophora gossypiella) are also found at different stages in the plant life cycle 

(Strickland et al., 2003; Cotton Catchment communities CRC. 2006).  

Helicoverpa armigera is one of the most serious insect pests of cotton (Marzban et al., 

2013). It comes up along the Australasia-Pacific region in Western Europe and in Africa, also 
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known as the cotton bollworm. The host range and the caterpillars of Helicoverpa armigera, 

attack many horticultural and field crops (Fitt et al., 1989). The caterpillars attack flower buds 

and young leaves. They can dibble into the capsule, consuming the developing seeds and fibres. 

(Scott et al., 2003). Similarly pink bollworm is also real threat to emerging cotton varieties. It 

attacks to fruiting bodies of cotton ranges from 20-30 percent. Development of resistance against 

bollworm complex can save cotton from severe challenges (Mapuranga et al., 2015). 

Green mirid (Creontiades dilutes) is one of minor pests. It is also other summer crop pest. 

This pest feeds and destroys small flower buds and seedling terminals. Cotton aphid (Aphis 

gossypii) is a key sucking pest of cotton crop (Sarwar et al., 2014). The aphid produce honeydew 

that can contaminate cotton lint by reducing its values (Slosser et al., 2002). The silver leaf is a 

serious pest for fiber, ornamental and horticultural crops globally. The silver leaf can cause broad 

damage by production of honeydew, as a viral vector, and by direct feeding. The first time silver 

leaf was reported in year 1994 in Australia (Gunning et al., 1995). It was also reported by 

(Eastick et al., 2002) that G. hirsutum growing season is shorter than the time of planting of G. 

barbadense which might expose the plants to different stages of insect life cycles or to insect 

pest predators of wider range. (Eastick et al., 2002).  

Sucking insects and some other non-lepidopteron pests attack cultivated cotton and crop 

needs insecticides for pest management (Farrell and Johnson. 2005). 

2.2.2 Weed Losses 

Cotton yield has been severely affected by insects and weed competition. It is reported 

that almost 37% yield losses occur due to weeds (Latif et al., 2015). Cotton is vulnerable to  
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weeds competition. The impact of the weeds on the cotton crop is possibly through indirect 

influence (Hearn & Fitt. 1992). Weeds can serve as hosts for diseases and pests and adversely 

affect the cotton harvesting or its lint quality (Charles G, 2002).  

Initially after germination, cotton plant poorly counters the weeds in the competition. 

Even, the cotton yields can be decreased to moderate yield. Under the condition of cool spring, 

the cotton seedling growth and emergence from the soil is slow. This makes the weed 

competition wider. The growth of the cotton crop which emerge with the weeds is slower than 

the weed growth (Charles G, 2002). 

This condition, which favor the cotton seedlings are shaded by the weeds which are taller 

than cotton. Besides that, the soil, water and nutrients, which are available for the cotton crop is 

best exploited by the weeds (Eastick, 2002). 

The exploitation of nutrients and water from the soil take place after the seedling 

emergence from the soil. Within four weeks of the emergence time, there may not be any 

countable reduction in cotton yield if weeds were removed at this stage (Farrell and Johnson, 

2005). However, after four weeks of emergence, great losses have been established. The precise 

length of critical competition period is about four weeks. After that period, weeds will establish 

themselves and start to controvert the cotton crop strongly (Charles G, 2002). 

The weed management is required for at least 10-14 weeks after the emergence of the 

cotton. This weeds control is intended to convert cotton from its minimal to maximal quantity 

and quality from coarser to finer. After 10-14 weeks, the adaptability of cotton with soil without 

competition can increase its growth efficiency (Howe et al., 2002) Root system which is wide 
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and deep, and leaf canopy which is extensive is the characteristic of well-grown cotton can make 

the cotton very competitive. The large leaf canopy can shade the soil surface and wide and deep 

root system of cotton can help cotton to exploit the soil resources very well. The weeds which 

emerge out in late season or after 10 to 14 weeks of crop season cannot influence the cotton yield 

directly (Carpenter and Gianessi, 1999). 

However, indirect impacts of the weeds can cause problem with defoliation. Because 

weeds are able to disrupt picking, contaminating and staining the lint and producing huge some 

of seeds disperse in soil which may impact crop plant growth years after. In the condition where 

the moisture of the soil is limited, cotton plants which even after 14 weeks remains undersize. It 

indicates that cotton plants growth is still dependent upon soil and environment to compete with 

weeds even after 14 weeks. (Mark, 2013; Charles et al., 2002). Consequently, weeds which arise 

from summer rains can also affect the cotton growth through soil moisture competition. In skip-

row cotton, weeds which arise in the non-planted skips can be controlled after long time. 

Because these weeds do not compete directly with the cotton crop earlier in the season, as cotton 

is not planted in these rows, and may be tolerated for longer time than weeds which arise from 

rows of the cotton. Because these weeds grow and start to use the resources that are also needed 

by cotton and so affect the crop directly. Therefore, mid-season as well as late-season weeds 

control is the prerequisite for higher yield (Dun et al., 2014; Charles et al., 2002). 

There are different types of weeds in fields the more common among them are Datura 

spp. (thornapples), Xanthium occidentale, and Xanthium spinosum. These weeds are broad leaf 

plants which compete with cotton, contaminate lint and obstruct harvest (Charles et al., 1991). 

Other significant weeds may include Tribulus micrococcus and  Ipomoea lonchophylla.  (Charles 
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et al., 2002). Besides these Cyprus spp produce rhizomes which can be a problem with the 

productivity of G. barbandese (Taylor et al., 2006).  

2.3 COTTON BIOTECHNOLOGY 

In past, weeds were controlled through manual hoeing which was labor intensive work  

resulted in  yield  losses  up  to  25% due to delayed weeds removal. Also total weed seed 

numbers in the soil have been reported to exceed significantly through conventional weeds 

control method. Thus mechanical weed control techniques fail to provide complete weed control 

(Awan et al., 2015). Genetic engineering techniques hold great potential to combat such 

problems (Latif et al., 2015). Significant development has been made in the technology of plant 

transformation. Now a day, there are several transgenic crops which have been released for 

commercial production (Busrah, 2006). 

Recent advancements in the techniques and application of plant tissue culture and 

molecular biology have created unprecedented opportunities for the genetic manipulation of the 

economically important crops. Considerable interest, enthusiasm and optimism in the scientific 

community have been generated by the potential impact of this novel and powerful 

biotechnologies on the genetic improvement of crop plants as it is in part responsible for the 

rapid expansion of the biotechnology industry. The anticipated role of biotechnology in 

agriculture is based on the actual production of genetically superior plants as well as elegant 

demonstrations in model experimental systems. In this role, new hybrids, mutants and 

genetically engineered plants can be adopted successfully for other important crop plants. Since 

the broad scale mechanization of revolution and agriculture in plant breeding that has brought 

crop varieties with high yield. However the developing countries, including the countries of 
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Asia, Africa and Latin America are still undergoing the deficiency of food both in short term 

events like famines and perhaps most seriously in long term chronic deficiencies of both 

essential nutrients and calories (Gould, 1998; McGaughey et al., 1998; Ortiz et al., 2000). 

The effectiveness of insecticides in controlling insect is very high however pesticide use 

is solution of agriculture problem for short-term and is not good for agriculture in long term 

because use of non-specific pesticides may also cause damage to the land and biotic balance. The 

global pest losses are estimated  upto 15% of the total agriculture production i.e., 52% in wheat, 

59% in maize, 74% in potato,  83% in rice,  58% in soybean and  84% in cotton (Oerke et al., 

1994). Continuous and excessive use of these chemical insecticides is not beneficial because on 

an average, resistance to insecticides occurs after ten years (Georghiou, 1990). New technology 

adaptation for controlling insect pests is need of time (Kiani et al., 2013). 

In this decade, the most important advancement in plant molecular biology is use of  

technology that allow transfer of genetic material from non-related sources to economically 

significant crops for their resistance against insects and to maximize their growth (Lycett et al., 

1990; Dhaliwal et al., 1998). In past, plant breeder could only divert the main and secondary 

gene pools of the cultivated species for advancement of the crop. However, recent advances in 

tissue culture, molecular biology and genetic transformation have made it possible to introduce 

genes from diverse sources such as bacteria, animals, viruses and plants into the crop plants 

(Dhaliwal et al., 1998) for the improvement of various traits including insect, pests, herbicide 

tolerance and fibre characteristics (Brar et al., 1990). Availability of efficient vector system 

based on Agrobacterium Ti plasmids, methods of direct DNA transfer, strong promoters, 



15 
 

transposable elements and marker gene have made genetic manipulation more easy and precise 

(Dai et al., 2001; Larkin et al., 1981). 

2.3.1. Agrobacterium Mediated Transformation 

A soil born pathogenic bacteria Agrobacterium tumefaciens is used for the transformation 

of foreign genes in plants to produce transgenic plants. Agrobacterium tumefaciens results crown 

gall formation on various plant species by introducing its T-DNA into the genome. (Gohlke and 

Deeken, 2014). A. bacterium was extensively studied to comprehend the general oncogenesis 

mechanisms. It was found that formation of tumor was the result of gene transfer from A. 

tumefaciens in plant cells (Godelieve et al., 1998). 

On the basis of disease symptoms, different species of genus Agrobacterium has been 

discovered. Examples of these species includes A. tumefaciens which cause crown gall disease A. 

rhizogenes is the main cause of hairy root disease whereas  A. rubi species  is main source of 

cane gall disease and A. radiobacter is an avirulent species (Pacurar et al., 2011). It also been 

reported that gall disease in grapes are produced due to the attack of new species called A. vitis. 

(Otten et al., 1984).  The Agrobacterium is found to have an extra ability of gene transfer from 

any source to crop plants such as monocot, dicots, gymnosperms (Loopstra et al., 1990; Levee et 

al., 1999; Wenck et al., 1999; Bundock et al., 1995; Piers et al., 1996), angiosperm species 

(DeCleene et al., 1976; Anderson et al., 1979; Porter et al., 1991), Ascomycetes (Abuodeh et al., 

2000) and Basidiomycetes (DeGroot et al., 1998). It has been reported that Agrobacterium has 

the capability to transfer gene into the cells of human being as well (Kunik et al., 2001).   
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A. tumefaciens has an exceptional ability to transfer the tumor-inducing plasmid. Shifting 

the normal host cells to tumor cells happened when TIP was transported from the Agrobacterium 

to the host cells (Pacurar et al., 2011). Two types of cancerous genes are present in T-DNA of 

Agrobacterium such as oncogenes and opines. The oncogenetic genes encodes enzymes 

responsible for the synthesis of cytokinins and auxins which is necessary for tumor induction 

(Hooykaas and Shilperoort, 1992; Zupan and Zambryski, 1995). 

A. rhizogenes and A. tumefaciens are virulent strains which induce diseases known as 

hairy roots and crown gall respectively. These species have a mega plasmid. The mega plasmids 

have a main role in induction of tumor named as Ti plasmid, which is known as Ri in A. 

rhizogenes. The classification of plasmids is based on opines they secrete which results in the 

production of tumor induced by them. T-DNA, one of Ri plasmid or Ti Plasmid a mobile 

segment, integrate with plant chromosome during infection (Cangelosi et al., 1989). During the 

transformation, T-DNA act as a cis element signal and fragment of T-DNA is flanked by 25-bp 

direct repeats. The vir protein acts as a mediator for the control of T-DNA process because it 

play important role in encoding the genes which determine the virulence. The Ti plasmid also 

contains regions for conjugative transfers who are responsible for its own stability and integrity 

as well as the genes for opine catabolism produced by the crown gall cells. The transformation 

efficacy of virulence region (virA, virB, virC, virD, virE and virG) of T-DNA of Agrobacterium 

is based on regulation of 30 kb virulence (vir) region in the form of six operons (Hooykaas and 

Shilperoort, 1992;  Jeon et al., 1998). Different chromosomal-determined genetic elements have 

shown their functional role in the attachment of A. tumefaciens to the plant cell and bacterial 

colonization: chvB or chvA loci involved in excretion and synthesis of the b-1,2 glucan 

(Cangelosi et al., 1989); the chvE needed for bacterial chemotaxis and the sugar improvement 

http://www.ejbiotechnology.info/content/vol1/issue3/full/1/#22
http://www.ejbiotechnology.info/content/vol1/issue3/full/1/#22
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of vir genes (Ankenbauer et al., 1990), the pscA (exoC) locus regulates the synthesis of cyclic 

glucan and acid succinoglycan (Cangelosi et al., 1991), and the att locus is involved in the 

proteins of cell surface (Matthysse, 1987).  

The transfer of T-DNA to plant cell determines three important facts. The first one is that 

the formation of tumor is the process of transformation of plant cells resulted from T DNA 

transfer and integration and expression of T DNA genes. The second fact is that the T-DNA is 

transcribed only in plant cells and has no role during transfer process (Maqbool, 2009).  The 

third fact is that any foreign DNA despite its origin cloned between the T-DNA borders can be 

transferred to plant cells. These facts are the basis for construction of first vector and use of 

bacterial system for plant transformation (Torisky et al., 1997).  

For the complete transformation of ssT-DNA-protein complex in plant nucleus, it is 

required to get across three membranes of plants such as cell wall, cell membrane and cellular 

spaces. The ssT-DNA-VirD2 complex is composed of two main parts such as 69 kDa VirE2 

protein and single stranded DNA binding protein. This cooperative unity circumvents the attack 

of nucleases and extends the ssT-DNA strand while decreasing the complex diameter upto 2 

nanometer and causing the easy translocation from the channels of the membrane (Zupan et al., 

1996). VirE2 comprises of one VirD2 and two plant Nuclear Location Signals (Bravo et al., 

1998). These both proteins play an important role after entry of complex in plant cell mediated 

the complex to nucleus (Tinland et al., 1995; Zupan et al., 1996). The deletion of Nuclear 

Location Signals in any of these proteins diminishes, but does not  totally stop the ssT-DNA 

transfer and its integration into plant genome, proving other partner is at least partially able to 

presume the absent protein function (Godelieve et al., 1998). 

http://www.ejbiotechnology.info/content/vol1/issue3/full/1/#4
http://www.ejbiotechnology.info/content/vol1/issue3/full/1/#20
http://www.ejbiotechnology.info/content/vol1/issue3/full/1/#74
http://www.ejbiotechnology.info/content/vol1/issue3/full/1/#114
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It is also a known fact that VirE1 is required for the export of VirE2 to the plant cell even 

though there are some other functions which are un-described (Binns et al., 1995). The mutated 

virE1 bacterial strain cannot be able to export VirE2 which is stored inside bacterium. Such 

strains can only be accomplished if co-infected with other strain which has the ability to export 

virE2.  This is indication of the fact that protein export can take place independently. Also the 

transfer of virE2 as part of ssT-DNA complex is not necessary for transmission event and 

transfer of naked T DNA to plant cell is possible. (Binns et al., 1995; Sundberg et al., 1996). 

In the light of experimental results a new model was proposed for ssT-DNA complex 

transfer. This model was based upon the fact that ssT-DNA complex covalently bound at 5'-end 

with VirD2, but uncoated by virE2. The independent export of VirE2 into plant cells is 

recognizes as a natural process and coating of ssT-DNA-virD2 complex takes place by virE2 one 

this complex is inside the plant cell (Lessl et al., 1994). The probability, that the process of 

transfer can take place by one of the proposed ways depending upon the infection conditions. 

(Godelieve et al., 1998). 

The function of 9.5 kb virB operon in the production of appropriate cell surface structure 

for ssT-DNA complex transfer from bacterium to plant is already published fact. (Finberg et al., 

1995; Rashkova et al., 1997; Beaupré et al., 1997). The ss-T-DNA transport also requires the 

VirD4 protein. VirD4 which is ATP-dependent linkage of protein complex is obligatory for the 

translocated of T-DNA (Firth et al., 1996). 

VirB proteins like other membrane-associated proteins shows characteristics of 

hydrophathy (Shirasu et al., 1990). VirD4 which is located at cytoplasmic side of membrane is a 

transmembrane protein (Waksman and Orlova 2014; Okamoto et al., 1991). Non-self-
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transmissible DNA protein complex was delivered to recipient host cell by both systems. Beside 

this the systems have the capacity to DNA inter kingdom (Heinemann et al., 1989) which 

determined that T-DNA transfer apparatus and conjugation systems are originated from common 

ancestors (Christie et al., 1997). 

Most of VirB proteins are assembled as a channel made up of membrane spanning 

proteins (Shirasu et al., 1993a; Das et al., 1998). All VirB have multiple periplasmic domains, 

except for VirB11 (Christie et al., 1997). In all kinds of VirB proteins, only VirB1 is found in the 

extracellular location (Baron et al., 1997) even though there is a possibility of virB protein 

redistribution during the process of biogenesis and functioning of transcellular conjugal channel 

(Christie et al., 1997). This can be the reason for deduced extracellular functioning of virB2 

protein. Mature VirB2 is 7kDa protein in functional form and  is the processed form of virB2 

pro-protein which 12kDa at the time of translation (Jones et al., 1996). 

The active DNA transfer requires hydrophilic ATPases like VirB11 and VirB4. VirB11 

lacks continuous sequence of hydrophobic residues, forming periplasmic domains. Despite these 

structural characteristics, virB11 exist in two forms, soluble fraction which is less than one third 

of virB11 and membrane attached fraction which constitutes the remaining proportion. 

(Rashkova et al., 1997). These features are unique for this type of proteins category. It proves the 

probable dynamic co-existence of dissimilar adaptation forms in vivo. VirB4 has been reported 

to bind tightly with the membrane of cytoplasm (Dang et al., 1997).  

The two presumed extracellular domains of VirB4 give it the transmembrane structure 

due to which the ATP-dependent structural variation is likely to occur in the conjugation 

channel. Perhaps the functional states of VirB4 are homodimer and that of VirB11 is a 
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heterodimer (Dang and Christie, 1997). The accumulation and spreading of VirB3 is associated 

with the synthesis of VirB4.  

The structure of heterodimer is responsible for the production and stability of VirB9 

which shows that it needs to be associated with VirB7 as VirB9 is unstable when present alone 

(Roy, 2015; Anderson et al., 1996). Disulfide bridges join the monomeric subunits in this 

intermolecular structure. The stability of other Vir proteins during formation of transmembrane 

channels is supposed to depend upon the heterodimer of VirB7-VirB9 (Fernandez et al., 

1996; Spudich et al., 1996). 

The preliminary steps in the formation of ssT-DNA complex includes following steps: 

Initially VirB7 and virB9 are transported to the membrane where they interact and produce 

homo- and  heterodimers having covalent cross-linkages. The role of heterodimers is necessary 

for the process of formation of the complex (Fernández et al., 1996; Spudich et al., 1996). 

Afterwards the VirB7-VirB9 heterodimer is exported to the outer membrane. This heterodimer 

than interacts with other Vir proteins and assembly of the transfer channel takes place with the 

help of VirB1 (Troker et al., 2014).  It is said that VirB1 has a minor role whereas VirB2 to 

VirB11 are the essential components of the transfer apparatus and are critical for DNA transfer 

(Berger and Christie, 1994). 

Two additional Vir operons are present in the Ti plasmid, namely VirF and VirH. Once 

the T-DNA complex reaches inside the plant cell through the conjugal channel, the VirF operon 

produces a 23kDa protein that is assumed to play a role in the VirE2 export (Hooykass and 

Schilperoort, 1992). The genes in the VirH operon code for two proteins i.e. VirH1 and VirH2. 

The role of these proteins is not crucial but they can contribute by getting rid of various plant 

http://www.ejbiotechnology.info/index.php/ejbiotechnology/article/view/v1n3-1/789#3
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compounds that hinder the bacterial growth process (Kanemoto et al., 1989). Due to this reason 

the VirH proteins specify the host range of different bacterial strains for various plant species.  

First successful transformation in tobacco was done about 20 years ago. (Herrera et al., 

1983; Fraley et al., 1983). A big advancement in comprehending the Agrobacterium-mediated 

DNA transfer to plant cells has been reached since that crucial moment in the plant science 

development. It is still considered to be best for genetic manipulation. The different 

transformation methods have been improved (Neto et al., 2015; Potrykus, 1991), such as PEG-

mediated gene transfer (Uchimiya et al., 1986), gene gun method (Sanford, 1988), 

electroporation of intact cell and protoplast transformation (Arencibia et al., 1992). Nevertheless, 

compared with direct transformation, Agrobacterium mediated transformation has more 

incredible benefits. It also produces low transgene copy number. This potentially leads to lower 

the problem of transgene instability and co-suppression (Hansen et al., 1997). Agrobacterium-

mediated transformation does not lead to mosaic plants that are more frequent when direct 

transformation is applied (Enríquez et al., 1998). 

Transfer of T-DNA  and  integration are affected by some Agrobacterium tumefaciens 

and plant factors  i.e., plasmid vector,  genotype of plant, bacterial strain, explant used, culture 

media composition, combinations of synthetic phenolics which induce vir-genes,  injury to plant 

material, elimination and suppression of A. tumefaciens infection (Klee et al., 2000).  These 

well-established facts, lead to the initial vector construction and bacterial plasmid preparation for 

the transformation of the plant (Deblaere et al., 1985; Torisky et al., 1997).  

The transgenic cotton was first reported in 1987 (Firoozabady  et al., 1987).  Umbeck et 

al.  (1987),  reported the transformation of G. hirsutum cv. Coker 312 by using hypocotyl as 
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explant, chloramphenicol acetyltransferease (CAT)  and neomycin phosphotransferase II (NPT 

II) gene as selectable marker and  nopaline synthase promoter (NOS)  as terminator through 

Agrobacterium tumefaciens. The transgenic plants were confirmed by the use of different 

molecular techniques and Umbeck et al, (1987). 

The transformation of gene Cry1Ac in cotton cultivar Coker 312 was done for the first 

time by using A208 strain of Agrobacterium.  Crystal protein gene Cry1Ac was isolated from 

Bacillus thuringiensis cloned under CaMV 35S promoter was used in this study. The transgenic 

cotton plants were evaluated by using western blot analysis and insect feeding bioassays. These 

transgenic plants resulted in excellent protection against pink bollworm during their field 

evaluation (Perlak  et al., 1990). 

According to the research reported by Bayley et al. (1992), transgenic cotton produced to 

resist herbicide 2, 4-D have resulted successful defense against herbicide after 3 weeks of spray 

except some damage which determined the segregation pattern of transgene in 3:1.   Gould et al. 

(1998) reported rapid genotype independent transformation method for cotton through shoots 

regeneration from germinating seedlings of cotton (Gossypium  spp).  In this shoot regeneration 

method a super virulent strain of Agrobacterium tumefaciens is used to inoculate the isolated 

embryo shoots. The treated embryos were cultured on MS medium supplemented with selected 

drug along with some antibiotic to eliminate contamination. Rao et al. (2009).  Zapata et al. 

(1999) used shoot apex as explants to transform cotton with trait cloned under CaMV 35S 

promoter, GUS reported gene and  nptII as selection marker through  Agrobacterium tumefaciens 

LBA4404 to solve the genotype dependent regeneration problem of cotton.  According to Zhao 

et al. (2001), the efficiency of this transformation procedure for synthetic Bt  (Cry1Ac) gene is 
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only 0.8% in cotton plants.  Transformation of Cry1Ac and GNA in tobacco plant by Using 

Agrobacterium method has resulted successful integration of these genes confirmed by PCR and 

southern blot analysis. Western blot showed the successful expression of Cry1Ac gene Ren et al. 

(2015). 

 Leelavathi et al. (2004) had reported the fast and efficient protocol of cotton 

transformation based on regeneration of cotton plants. To generate several transgenic embryos, 

embryogenic calli were co-cultivated with Agrobacterium carrying CryIIa5 gene and screened 

through antibiotics for 3-6 weeks. The Southern blot analysis confirmed that about 83% of these 

plants were transgenic.  Ikram  ul Haq in (2004), reported Agrobacterium-mediated gene transfer 

system as a distinct method of transformation  in cotton cv. Cocker-312.  Agroinfiltration  

process was used for the transformation of T-DNA with NPTII and GUS gene in 2 months old 

hypocotyl-derived embryogenic calli at the rate of 27 Psi for ten minutes.  The histochemical 

assay showed the GUS gene expression. The selected putative transgene were established 

through somatic embryogenesis.  Southern blot analysis and PCR amplification were performed 

to confirm the transgenes integration which showed the transformation efficiency upto 28.23%. 

Wu et al. (2005) made some modification for the improvement in transformation efficiency of 

cotton through Agrobacterium mediated transformation method by using embryogenic calli as 

explants. Two Chinese cotton varieties Cv. Jihe 321 and Ekang 9 were subjected to be inoculated 

with Agrobacterium tumefaciens harboring API-B and Cry1Ac genes. From 45 regenerated 

putative transgenic cotton plants, 12 plants which were transferred in soil successfully were 

found positive for the integration of active API-B and Cry1Ac gene. The plants were found 

resistant to Heliothis armigera larvae with the mortality rate of 95.8 to 100%. This 

Agrobacterium tumefaciens mediated transformation method is used for the production of the 



24 
 

important Chinese transgenic cotton cultivars (Gossypium hirsutum L. cv. Zhongmian 35) (Zhao 

et al., 2006).  

2.3.2 Bacillus thuringiensis 

Bacillus thuringiensis is a spore-forming, gram-positive, facultative anaerobic and  motile 

bacterium (Baumann et al., 1984; Hansen et al., 1998). A scheme of classification based on 

biochemical and morphological characteristics to identify these crystalliferous bacteria was 

acquainted by Heimpel and Angus in (1958). On the basis of specific biochemical characteristics 

of stereotype, it is concluded that these characteristics do not remain constant because various 

analyses shows that some variation can be found within stereotypes (Helgason et al., 1998). 

Parasporal inclusions existence in Bacillus thuringiensis was initially reported in 1915 (Berliner, 

1915), yet their composition of protein was not described until the 1950s. Hannay (1953) found 

the structure of crystalline body that belongs to parasporal inclusions. A partial relationship 

between crystal morphology, bioactivity, ICP and the composition of the target insect were also 

studied (Bulla  et  al.,  1977;  Lynch et al., 1985; Höfte  et al., 1989).  

In the early 1980s, it is concluded that the majority of the genes coding for ICPs are on large 

plasmids  that can be exchanged  easily between strains by conjugation (González et al., 1980). 

Höfte et al. (1989)  also reported new insecticidal spectra to transfer Bt strains. The currently 

known crystal (Cry) gene types encode ICPs that are specific to either  Coleoptera (CryIII), Diptera 

and Lepidoptera (CryII), Coleoptera (CryV), Diptera  (CryIV) and  Lepidoptera (CryI)  (Höfte et al., 

1989). 
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Yet, a new nomenclature of ICP gene was required on the basis of increase in ICP genes 

pool categories. Irregularities in the present cry gene nomenclature were observed. (Crickmore et 

al., 1998; Hansen et al., 1998). 

Screening of Bt strains was done through molecular biology techniques by using gene 

specific probes (Prefontaine et al., 1987; Shevelev et al., 1998). All ICPs were found to show 

their mode of action through intestinal digestion of insects. Each molecule is activated by 

proteolytic activity of ICP having the C-terminal variable domain responsible for receptor 

recognition and the N - terminal domain involved in pore formation (Li et al., 1991). 

 The different complex activity scales of Bt (Cry) gene detection were explained on the 

basis of exchange of plasmid and mobility of different cry genes (Reddy et al., 1987; Jarrett et 

al., 1990). 

The Bt ICP-spore complexes are engulfed by sensitive larvae. The parasporal crystalline 

ICP is found to form the protoxin in the midgut. Afterwards, the gut proteases activate the 

protoxin in to holotoxin (Warren et al., 1984; Jaquet et al., 1987). The holotoxin results in 

paralyses of gut in short time and larva stop feeding. The structure and function of ICP was 

further explained by Schnepf et al. (1998). Binding of receptors by the ICP is the major 

determinant of host specificity. The toxic/lethal effect of Bt is based upon the formation of pores 

in the midgut epithelium. (Van Frankenhuyze et al., 1998).  

The active toxin consists of 3 different domains organized in complex manner to interact 

with each other (Li et al., 1991).  However, experimental evidences determined that middle and 

C-terminal domains are involved in the structural functions and epithelial cell receptor binding, 



26 
 

while pore formation and regulation of ion channel is done by N-terminal (Dean et al., 1996; 

Schnepf et al., 1998).  

It is evident from previous studies that binding to certain receptors relates to the ICPs 

insecticidal spectrum (Denolf et al., 1997). Van Rie et al. (1989) determined the similarity in 

toxins affinity with the hornworm of tomato (Manduca sexta) and the budworm of tobacco brush 

border membrane vesicles (Heliothis virescens) yet they have some differences in binding sites.   

The formation of pore in ion channels of the membrane can be interfered by change in electric 

potential of binding receptor and N-terminal domain of trans-membrane. The primary catalytic 

activities of whole ICPs results in cell colloid-osmotic lysis (Schwartz et al., 1991; Schnepf et 

al., 1998). When the larva midgut epithelium is ruptured, the gut and haemolymph contents are 

mixed which shows the mechanism of action of Bt spores.   

The insect killing mechanism has been supposed to be toxin-mediated lysis of the gut 

epithelial cells, which leads to starvation, or B. thuringiensis septicemia (Broderik et al., 2006; 

Shadduck et al., 1980; Siegel et al., 1990). The Bt protein is target specific and in a risk 

assessment evaluation study rats fed with even higher doses up to 4.7 × 1011 cfu/kg of Bt  for 21 

days have shown no effect on growth of rats (McClintock et al., 1995). 

Barjac et al. (1980), evaluated sheep for 60 days against formulations of two commercial 

Btk. The sheep remains healthy and show no symptoms of abnormality except the presence of Bt 

in stool of the sheep (Hadley et al., 1987).  In 2 of 6 sheep treated with a formulation of Btk 1 

and in 1 of 6 sheep treated with the other formulation of Btk 2, lymphoid hyperplasia of Peyer's 

patches was reported in the colon and caecum. However further evaluation have proved that 

these findings are clinically not significant. McClintock et al. (1995) further use multiple doses 
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of Bt in rats for clinical evaluation of these reports.  The rats were fed for 3 months, on dietary 

feed containing Bt at the rate of 4 g/kg per day. The studies were further expanded upto 2 years. 

In spite of this surplus dose, no significant effect was observed except a little difference in body 

weight (McClintock et al., 1995). 

2.3.3 Transformation of the Cry1Ac and Cry2A Genes 

The toxic effects of Cry1Ac against Helicoverpa armigera larvae have already been 

reported  by many scientists (Padidam et al., 1992; Akhurst et al., 1996).  It is also determined 

that Cry1Ac protein  was found to be 30 times more toxic to Heliothis virescens than 

Helicoverpa armigera (Luttrell et al., 1999; Liao et al., 2002). The expression of Bt genes 

decreases with increase in age of the plants (Fitt et al., 1994). 

Cry1Ac proteins produced by Bacillus thuringiensis are specifically and highly toxic to 

lepidoptera larvae. Midgut of the insects is very vulnerable to these toxins as the toxins bind to 

receptors in the midgut epithelium when ingested by the insect. These toxins enter into the 

membrane and form pores. Midgut epithelial cells get damaged and result in insect’s death 

(Schnepf et al., 1998). In detail, the mechanism of toxicity is still poorly understood, especially 

the downstream  mechanisms involved in the binding process of protein to the receptor (Schnepf 

et al., 1998). 

The homology between Cry1A with Cry2A is less than 45%. The Bt gene Cry2A 

produces δ-endotoxin protein, which is active against both dipteran and lepidopteran insects 

(Karim et al., 2000) . Alcantara et al. (2004) has confirmed the effectiveness of a diet containing 

Cry2A when given to lepidopteran pests such as yellow stem borer, rice leaf folder and striped 
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stem borer. Moreover, it was shown by biochemical studies that Cry2A and Cry1Ac do not share 

binding sites in brush border membrane vesicles in case of striped stem borer, rice leaf folder or 

yellow stem borer, which shows the increased efficacy of both toxins in combination (Latif et al., 

2015; Karim et al., 2000; Alcantara et al., 2004).  It is predetermined fact that plant cultivars 

expressing both Cry2A and Cry1Ac endotoxins were more toxic to Spodoptra frugiperda, 

Helicoverpa zea and Spodoptra exigua as compared to those expressing single toxin (Puspito et 

al., 2015; Stewart et al., 2001). Bakhsh et al. (2009) reported the temporal expression of 

insecticidal genes in transgenic cotton plants. The results of his research showed the variation in 

expression of Bt in different lines of same cultivar with the different time intervals which 

indicates the decrease of toxin level with age of transgenic plants. 

2.3.4 Transformation of Glyphosate Resistance Genes 

Glyphosate (N-phosphonomethylglycine) is one of the best broadly utilized herbicides 

with post-emergent, non -selective and broad-spectrum characteristics (Schmid et al., 1995). The 

herbicide glyphosate is a very strong systemic metal chelator (Latif et al., 2015; Bromilow et al., 

1993). aroAgene  that codes for the synthesis of enolpyruvylshikimate-3-phosphate synthase 

(EPSPS) can be blocked by the glyphosate on shikimate metabolic route. EPSPS converts 

phosphoenolpyruvate (PEP) and shikimate-3-phosphate (S3P) to inorganic phosphate and 5-

enolpyruvylshikimate-3-phosphate (Awan et al., 2015; Herman et al., 1999). Glyphosate avoids 

the synthesis of aromatic amino acids such as tyrosine, phenylalanine and tryptophan, which 

leads to the death of the plant (Puspito et al., 2015; Gruys et al., 1993; Herman et al., 1999). 

EPSPS have been categorized into two classes. Class I contains those EPSPS which are 

derived from Salmonella typhimurium and Escherichia coli. Whereas class II comprised of 
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EPSPS of Achromobacter sp. LBAA, Pseudomonas sp. PG2982 and  Agrobacterium tumefaciens 

sp. CP4. Class I EPSPS are not involved in the process of cross-reaction with polyclonal 

antibodies and have homology of 50% with class II enzymes (Fitzgibbon et al., 1990). Different 

methods have been applied to generate class I EPSPS mutants with higher resistance to 

glyphosate, i.e., the transformation of aroA gene of S. typhimurium in tobacco has increased the 

plant tolerance to glyphosate (Comai et al., 1985)  and substitution of G96A in E. coli EPSPS 

resulted in glyphosate tolerance in transgenic petunia (Awan et al., 2015; Padgette et al., 1991).  

The resistance against glyphosate in plants can be produced by stable transformation of 

either non-mutant or mutant EPSPS-encoding bacterial genes. Glyphosate tolerant plants are able 

to create EPSPS in adequate quantities to bypass the glyphosate action (Fitzgibbon et al., 1990; 

Padgette et al., 1991). The glyphosate-resistant wheat, cotton, rice and maize, which are being 

cultivated nowadays, (Howe et al., 2002; Zhou et al., 2006) mostly contain EPSPS from 

Agrobacterium tumefaciens CP4 (Hu et al., 2003). 

In 1997, Cotton (Gossypium hirsutum L) varieties resistant to glyphosate were introduced 

to the growers in the United States (Nida et al., 1996). A glyphosate unresponsive EPSP synthase 

enzyme was incorporated to induce Glyphosate resistance in cotton (Awan et al., 2015; Nida et 

al., 1996).  

Expression of the enzyme permits the plant to bypass glyphosate-inhibition of EPSP 

synthase in the shikimic acid pathway, thus preventing lack of aromatic amino acids and 

deregulation of the shikimic acid pathway. Glyphosate resistant cotton offers the flexibility to 

apply glyphosate as a post emergence spray following the four-leaf growth stage which is a good 
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option for weed control for the growers (Anonymous, Roundup Ultra Monsanto Company. 

2000).  

Nevertheless, cotton is highly sensitive to early season weed competition. The delay of 

herbicide applications to the 7 or 8 leaf growth stage of cotton can decrease yields by 56%.  In 

late application, Glyphosate reduced reproductive tolerance as compared to vegetative tolerance, 

which results in early season fruit loss (Pline et al., 2002). The higher quantity of fruit loss has 

been observed when glyphosate is applied to mature plants, therefore, growers are advised to 

apply glyphosate as early as the one leaf stage of the plant to avoid the early season weed 

competition and glyphosate induced fruit loss (Puspito et al., 2015; York et al., 2006). 
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III. MATERIALS AND METHODS 

3.1 SOLUTIONS AND MEDIA PREPARATION 

3.1.1 Kanamycin 

Two gram of kanamycin was dissolved in 40ml of distilled water and mixed to make the 

final concentration upto 50mg/ml. This solution was sterilized by using filter sterilization 

assembly. This solution was used for selection of transgenic cotton plants on MS media.  

3.1.2 LB Broth 

To culture the E. coli containing plasmid of Bt and glyphosate genes, LB broth 

(Appendix-I) was used. The broth was sterilized at 121ºC and 15 lbs psi for 20 minutes in an 

autoclave chamber. After autoclaving, broth was allowed to cool down to 50°C and antibiotic 

was added. Broth was stored at room temperature.  

3.1.3 LB Medium 

The efficiency of Bt and glyphosate plasmids transformation in E. coli was determined by 

spreading E. coli cells after transformation on LB medium (Appendix-I). The medium was 

sterilized at 121ºC and 15 lbs psi for 20 minutes in an autoclave chamber. The medium was 

allowed to cool down to 50°C and antibiotic was added according to need of selection. Then 

medium was poured in Petri plates and allowed to solidify at room temperature.  

3.1.4 YEP Medium 

To culture the Agrobacterium colonies with Bt and glyphosate genes, YEP medium 

(Appendix-I) was used. The medium was sterilized at 121ºC and 15 lbs psi for 20 minutes in an 
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autoclave chamber. The medium was allowed to cool down to 50°C and antibiotics kanamycin 

along with cefotaxime was added at the rate of 50mg/mL. Then medium was poured in glass 

culture jars and Petri plates and allowed to solidify at room temperature.  All activities were done 

in laminar air flow cabinet. 

3.1.5 YEP Broth 

To culture the Agrobacterium cells with Bt and glyphosate genes, YEP broth (Appendix-

I) was used. The broth was sterilized at 121ºC and 15 lbs psi for 20 minutes in an autoclave 

chamber. The broth was allowed to cool down to 50°C and stored at room temperature. 

3.2 TRANSFORMATION OF PLASMIDS IN Escherichia coli  

Transformation of Cry1Ac+Cry2A plasmid along with GTGene plasmid was done by 

using E. coli strains DH5α. Before this procedure, competent cells of E. coli strain were prepared 

for heat shock method of plasmid transformation (Sambrook and Russell, 2006). Transformation 

of these plasmid in E. coli DH5α was done by placing the competent cells and plasmid on ice for 

one hour and then heating at 42 ºC for 1 minute with incubation of 10 min on ice at the end. 

After transformation, 1ml of SOC solution or LB broth (Appendix I) was added and culture was 

placed on shaker for 1 hour at 37 ºC. Transformed DH5α was spread on plates of LB medium 

with kanamycin at the concentration of 50mg/ml. These plates were placed in incubator at 37ºC 

for overnight. 

3.3 PLASMID ISOLATION FROM Escherichia coli  

One colony of E. coli was added in 3ml LB broth (Appendix-I) for overnight growth. 

Next day overnight grown starter culture was centrifuged at 13K for 30 second. After 
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centrifugation, the supernatant was removed and pellet was taken in 1.5ml tube. Pellet was re-

suspended in 200µl of solution 1 by continuous vortexing (Appendices-III). The re-suspended 

pellet was kept on ice for 5 minutes. The lysis was done by addition of 200µl of solution II 

(Appendices-III) and kept at room temperature until re-suspension became transparent. Total 

200µl of solution III was added (Appendices-III) and incubation was done on ice for 10 minutes 

for removal of all debris. Samples were centrifuged for 15 minutes at 13K and supernatant was 

transferred to new 1.5ml tube. The supernatant was incubated at 37°C for 30 minute after 

addition of 5-8µl of RNase A. Equal volume of phenol: chloroform: isoamylalcohol (25:24:1) 

was added and mixed by vortex. Mixture was centrifuged for 5 minutes at 13K.  Supernatant was 

taken and transferred into the new 1.5ml tube. 2.5 volume of 100% ethanol (ice chilled) was 

added, vortexed and solution was kept at -20°C for 1-2 hours. The pellet was taken by 

centrifugation at 13K for 15-20 minutes. Washing of pellet was done by adding 500µl of 70% 

ethanol. The pellet was dissolved in 30µl  of low EC water or injection water.   

3.4 ELECTROPORATION OF Cry1Ac+Cry2A AND GTGENE PLASMID INTO 

Agrobacterium tumefaciens  

Plasmid was transformed in to Agrobacterium tumefaciens competent cells by using Bio-

Rad Gene Pulser Electroporator (Model 1652078). Total 2µl of plasmid DNA was added into the 

10µl of Agrobacterium tumefaciens strain LB4404. The incubation of plasmid and vector in 

1.5ml tube was done on room temperature for 1 hour. Agrobacterium strain LB4404 competent 

cells were transferred to Bio-Rad cuvette along with plamid. Electroporator was Turn-on and 

voltage was adjusted at 220 Volts, 200 ohms resistance and 25 µF capacitance with constant 

time. Cuvette was placed in electroporator cuvette holder and button was pressed for some 

seconds until beep was heard. After electroporation, 1ml YEP broth (Appendix-I) was added into 
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the cuvett and transferred to 1.5ml tube followed by incubation at 30°C shaker for 1-2 hours. 

Transformed Agrobacterium cells were spread on YEP medium plates with selection of 

kanamycin at the ratio of 50µl, 100µl and 150µl. Laminar air flow cabinet was used for this 

procedure. After spreading, YEP medium plates were incubated at 30⁰C for overnight.  

3.4.1 Confirmation of Electroporation through Colony PCR: 

Next day, colonies appeared on selection medium were subjected to colony PCR. 

Colonies were picked with the help of sterilized tooth picks. Five colonies were randomly 

selected and were dissolved in 1.5ml tube containing 50µl lysis buffer followed by heating at 

95⁰C for 10 minutes. Centrifugation at 13000 rpm for 10 minutes was done. Total 6µl of 

supernatant was used as template for colony PCR. The colony PCR was performed according to 

conditions mentioned in Fig 3.1. PCR fragments were resolved on 1% agarose gel and observed 

under UV light. For amplification of genes (Cry2A and GTG), following primer sequences were 

used. 

5’-AGATTACCCCAGTTCCAGAT-3’ (Cry2A Forward Primer) 

5’-GTTCCCGAAGGACTTTCTAT-3’ (Cry2A Reverse Primer) 

5’-CGTGGGTGTGTATGACTTG-3’ (GTG Forward Primer) 

5’-GTGTTGAGACCAGCGAGGAG -3’ (GTG Reverse Primer) 

 

 

 

 

Figure 3.1: Temperature conditions for colony PCR. 
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3.5 TRANSFORMATION OF Cry1Ac+Cry2A AND GTGENE IN COTTON (Gossypium 

hirsutum) VAR. VH-289 

3.5.1 Screening of Different Cotton Varieties 

Twelve cotton varieties (Gossypium hirsutum) were used for screening on the basis of 

their germination. These cotton varieties included VH-281, VH-289, BH-79, BH-75, BH-118, 

BH-95, MNH-786, CIM-446, CIM- 482, CIM-473, CIM-497, and NIAB-846. Local Cotton 

Variety VH-289 was selected for transformation because of its higher percentage of germination 

and resistance against CLCuV as compared to other cotton varieties. 

3.5.2 Delinting of Cotton Seeds 

Concentrated sulphuric acid was used for delinting of VH-289 cotton seeds at the rate of 

100ml/kg of cotton seeds. Cotton seeds of VH-289 were added in glass beaker and concentrated 

sulphuric acid was mixed with the help of spatula. After addition of H2SO4, the seeds were 

continuously stirred with the help of spatula for 10-15 minutes until the surface of seeds became 

shinny. Seeds were washed thoroughly for 5-6 times with tap water to remove the acid 

completely, also floater seeds were separated from sinker seeds on the basis of quality. 

3.5.3 Germination Index of VH 289 

 In order to determine the germination index of VH-289 local cotton variety seeds, 

sterilized petriplates and autoclaves filter papers were used. Autoclave filter paper was spread on 

sterilized petriplates and 1ml of autoclaved water was added on filter paper for soaking of cotton 

seeds. Thirty cotton seeds of VH-289 variety were spread on each petriplate and petriplates were 
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covered with lid. Petriplates were incubated in dark at 30 °C for 48 hours. Germination index of 

VH-289 local cotton variety was calculated by using following formula. 

    Germination Index =   Germinated Seeds  x 100 

                                             Total Seeds                     

3.5.4 Sterilization and Soaking of Seeds 

Delinted Seeds of the variety VH-289 were sterlized by using autoclaved 1L Erlenmeyer 

flasks and autoclaved sterilized water. After adding seeds, 100ml of autoclave distilled water was 

added into the flask. Cotton seeds of variety VH-289 were sterilized by adding 1ml of 10% SDS 

and 2ml of 5% HgCl2. During sterilization, continuous shaking of cotton seeds was done for 5 

minutes. In order to remove all detergent, cotton seeds of VH-289 were rinsed in autoclaved 

distilled water for 5 times.  Soaking of cotton seeds was done by keeping 500 seeds in autoclaved 

flask with 100ml of distilled autoclaved water. Flask with cotton seeds was covered with black 

paper and incubated in dark at 30 °C for overnight germination. Laminar air flow cabinet was 

used to perform this procedure. 

3.5.5 Embryo Isolation 

Next day, testa of the germinated cotton seeds was removed carefully with the help of 

forcep and surgical blade for isolation of embryos from cotyledonary leaves. The isolated 

embryos were kept on moist filter paper so that they might not dry out. 

3.5.6 Medium Preparation   

MS (Murashige and Skoog, 1962) broth (Appendix-II) was used for culturing the 

processed embryos. MS medium was sterilized at 121ºC and 15 lbs psi for 1 hour in an autoclave 



37 
 

chamber. Selection medium was prepared by addition of 50mg/mL of antibiotics kanamycin and 

250µg/ml of cefotaxime drugs. Then medium was poured in glass culture jars, Petri plates and 

test tubes and allowed to solidify at room temperature.   

3.5.7 Bacterial Inoculum Preparation   

Agrobacterium strain LBA4404 containing Cry1Ac+Cry2A and GTG plasmids 

separately was streaked on solidified agar medium containing kanamycin at the rate of 50µg/ml 

and incubation was done for 24-48 hours at 28°C. Next day single colony was picked and 

inoculated in 10mL of YEP (Appendix-I) broth containing 50mg/mL of kanamycin in 50 ml 

culture tube. The samples were incubated on rotary shaker at 28ºC on 200rpm for 24 hours. After 

completion of incubation period bacterial culture was centrifuged at 3000xg for 15 minutes. 

Supernatant was discarded and pellet was re-suspended in 10ml of MS broth. 

3.5.8 Shoot Apex Method 

Shoot tips of the isolated embryos were injured by using sharp blade held on Petri plate, 

shoots were highlighted by using light microscope (Gould et al., 1990). After producing cut on 

shoot region of the embryos, shifting was done in MS broth suspension containing 

Agrobacterium tumefacians electroporated with GTG, Cry1Ac and Cry2A genes. Agrobacterium 

inoculum suspension was incubated for 2 hour on a rotary shaker at 200rpm. For Cry1Ac+Cry2A 

and GTGenes total 6205 embryos each were used in the transformation experiments. After 

bacterial inoculum treatment, the culture was removed and embryos were shifted to MS medium 

plates without selection drug and co-cultivated for next 3 days. MS medium plates were kept in 

growth room at 25°C± 2°C with 16 hours light and 8 hours dark.   
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 3.5.9 Selection of plantlets on Antibiotic Medium   

After three days (72hrs) of co-cultivation, plantlets from petriplates were shifted to test 

tubes containing selection drug i.e. kanamycin (50mg/ml) and ceftriaxone (250μg/ml). Different 

growth hormones such as indole acetic acid (1mg/ml) and gibrallic acid (1mg/ml) were also 

added to medium for better growth of transformed plantlets. Control plants were maintained on 

simple MS media. After every 15 days subculturing of plantlets was done till 2 months. The 

transformation efficiency was calculated after eight weeks of selection on 50mg/ml Kanamycin 

medium.   

3.6 ESTABLISHMENT OF TRANSFORMED PLANTS IN SOIL  

After 8-10 weeks, plantlets were transferred to sigma pots containing sterilized soil. Soil 

consists of a thoroughly mixed, equal proportion of clay, sand and peat moss (1:1:1). These 

plants were covered with plastic bags to maintain proper humidity and were kept in growth room 

at a temperature of 25°C± 2°C and a photoperiod at 16 hours light and 8 hours dark. After 4 

weeks of growth of transformed plants under control condition, these plants were subjected to 

acclimatization under sunlight. After acclimatization putative transgenic cotton plants were 

shifted to field in containment for better growth and then these plants were subjected to 

molecular analysis. 

3.6.1 Molecular Analysis of Putative Transgenic Cotton Plants in T0 Generation 

The putative transgenic cotton plants with two Bt genes (Cry1Ac and Cry2A) and one 

GTG genes were analyzed by using high throughput molecular techniques. Extraction of high-

quality genomic DNA from Gossypium (cotton) species was difficult due to high levels of 

polysaccharide, oxidizable quinones, and other interfering substances (Patterson et al., 1993). In 
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this section procedures was describe that consistently permits isolation of high quality cotton 

genomic DNA for PCR analysis, protein extraction for quantification through ELISA and 

efficacy against bollworms and weeds. 

3.6.2 Genomic DNA extraction of Putative Transgenic Cotton Plants at T0 Generation 

Newly germinated leaves of transgenic cotton plants were used for the isolation of 

genomic DNA according to the protocol described by Dellaporta et al., (1983) with some 

modification. For extraction of genomic DNA from transgenic cotton plants, newly germinated 

leaf of putative transgenic cotton plants were taken in liquid nitrogen and ground them to fine 

powder by using washed pestle and mortar. Powder was transferred to eppendorf tube and 700µl 

extraction buffer (Appendix-III) was added. Eppendrof tube was incubated in water bath at 65 ⁰C 

for 1 hour. After incubation, equal volume of Chloroform: isoamylalcohol (24:1) was added. The 

solution was mixed completely with the help of continues vortexing. After mixing, solution was 

centrifuged at 13000 rpm for 10 minutes. Supernatant was transferred to new 1.5ml tube and 

pellet was discarded. Total 60% volume of ice chilled isopropanol was added and 1.5ml tube was 

incubated at -20°C for overnight until the entire DNA aggregated. Next day, centrifugation was 

performed for cultivation of DNA pellet. Supernatant was removed by centrifugation at 

13000rpm for 15min and DNA pellet was washed with 1ml of washing solution (80% 

ethanol+15mM ammonim acetate). After centrifugation, genomic DNA pellet was dried and re-

suspended in low EC or PCR water. Agarose gel electrophoresis was used for estimation of 

genomic DNA quantity of putative transgenic cotton plants.  
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3.6.3 Polymerase Chain Reaction (PCR) of Putative Transgenic Cotton Plants in T0 

Generation 

PCR was performed for the detection of Cry1Ac and Cry2A gene and GTG gene in 

transgenic cotton plants. The extracted DNA from untransformed plants was used as a negative 

control and that of plasmid pk2Ac as positive control. PCR of Bt genes were performed 

according to the condition such as 94ºC for 5 minutes, 94ºC for 0:45 second, 51ºC for 0:45 

seconds (Cry1Ac+Cry2A), 60ºC for 0:45 seconds (GTG) and 72ºC for 0:45 seconds followed by 

35 times. The amplified PCR fragments was evaluated on 1% agarose gel and observed under 

UV light for desired product, following primer sequences were used. 

5’-AGATTACCCCAGTTCCAGAT-3’ (Cry2A Forward Primer) 

5’-GTTCCCGAAGGACTTTCTAT-3’ (Cry2A Reverse Primer) 

 

 

 

 

 

Figure 3.2: Conditions for PCR of Cry2A gene from genomic DNA of cotton plants. 

 

 

HOLD 1 2 HOLD  3 Temp  35 Cycles 

5:00 0:45 

0:45 
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Following are the primer sequences used for the amplification of glyphosate resistance gene. 

5’-CGTGGGTGTGTATGACTTG-3’ (GTG Forward Primer) 

5’-GTGTTGAGACCAGCGAGGAG -3’ (GTG Reverse Primer) 

 

 

 

 

Figure 3.3: Conditions for PCR of GTG gene from genomic DNA of cotton plants. 

3.6.4 Bradford Assay of Putative Transgenic Cotton Plants in T0 Generation 

Bradford assay was done for the quantification of total crude protein. Fresh leaves of 

transgenic cotton plants were taken in liquid nitrogen and leaves of transgenic cotton plants were 

ground with the help of pestle and mortar to make fine powder. Then 600µl of protein extraction 

buffer was added to 1.5ml tube containing fine powder and incubated at 4ºC over night. Next 

day, Centrifugation was performed for the isolation of crude protein and after centrifugation, 

supernatant was taken in new 1.5ml tube. Total 780 µl 1X PBS solution was added in 1.5ml tube 

containing supernatant. Then 1.5ml tubes were incubated at room temperature for 10 minutes. 

With the help of spectrophotometer, the quantity of crude protein was calculated in transgenic 

cotton plants. 

 

HOLD 1 2 HOLD  3 Temp  35 Cycles 

5:00 0:45 

0:45 
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3.6.5 Quantification of Cry1Ac, Cry2A Endotoxins and GTG Proteins of Putative 

Transgenic Cotton Plants in T0 Generation  

Enzyme Linked Immunosorbent Assay was performed for the quantification of Cry1Ac, 

Cry2A and GTG genes proteins by using Envirologix Kit (Cat # 051) according to the 

instructions provided by manufacturer. Leaves samples of transgenic cotton plants were taken 

and grounded to fine powder with the help of liquid nitrogen. Total 600 µl protein extraction 

buffer (Appendix-II) was added. Incubation of 1.5ml tube was done on ice for 1hour proceeded 

by centrifugation for 25 min at 13000 rpm.  For further analysis, supernatant was used for the 

quantification of endotoxins by plotting absorbance values of Cry2A and analyzed GTG test 

samples against standard curve. The values of endotoxin protein were represented as µg/g. The 

Procedure used for ELISA was described (ELISA plate 100µl of negative Control, 100µl of each 

Calibrator and 100µl of each diluted samples of transgenic cotton plants was added to their 

respective wells). Contents of all wells were thoroughly mixed with the help of strip holder in a 

rapid circular motion for 20-30 seconds. ELISA plate was covered with parafilm and samples 

were incubated for 15 minutes at ambient temperature. After incubation, 100µl of DNA-enzyme 

conjugate was added to each well. Contents of all wells were thoroughly mixed with the help of 

strip holder in a rapid circular motion for 20-30 seconds. ELISA plate was covered again with 

parafilm and incubated for 1 hour at ambient temperature. After incubation, wells of ELISA plate 

were washed completely with washing buffer. After washing, ELISA plate was dried under air or 

paper towel. To the dried wells, 100µl of substrate solution was added to each well and the well 

contents were mixed thoroughly by circular motion and 100µl of stop solution was added in each 

well with incubation at room temperature for colour change. The quantity of protein was 

determined by taking the absorbance through ELISA reader at 450nm 
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3.6.6 Biotoxicity Assay of Putative Transgenic Cotton Plants in T0 Generation 

Biotoxicity assay was used to check the efficacy of endotoxins against targeted insect 

pests of cotton such as 2nd instar larvae of Helicoverpa amigera. For the biotoxicity assay,  five 

leaves from upper, middle and lower portion each of transgenic and control cotton plants were 

taken after 30, 60 and 90 days of crop age. Sterile moist filter paper was placed in petri plates 

with sterile leaf on its upper side separately. To each petri plate containing fresh leaf 2nd instar 

larvae of Helicoverpa armigera was released. The petri plates were kept under 12:12 dark and 

light cycle at 27ºC and 70% relative humidity.  

%Mortality = No. Of dead larvae  x100 

           Total no. of larvae 

3.6.7 Spray Assay of Transgenic Cotton Plants in T0 Generation 

 Glyphosate spray assay was used for confirmation, integration and expression of GTG 

gene (glyphosate resistance) in transgenic cotton plants of VH-289.  During field condition, 

glyphosate herbicide was sprayed on transgenic and control cotton plants full of weeds with the 

concentration of 1600ml/acre in order to evaluate the efficacy of transgenic cotton plants against 

broad spectrum herbicide.  

3.7 FIELD PERFORMANCE AND MOLECULAR ANALYSIS OF TRANSGENIC 

COTTON PLANTS IN T1 GENERATION  

The transgenic cotton plants with two Bt genes (Cry1Ac + Cry2A) and GTG genes were 

analyzed by using high throughput molecular techniques. Extraction of high-quality genomic 

DNA from transgenic as well as control cotton plants in T1 generation was done by using same 

protocol as done in T0 generation mentioned in section 3.6.2.  



44 
 

3.7.1 Bradford Assay of Transgenic Cotton Plants in T1 Generation 

Bradford assay was performed for the quantification of total crude protein in T1 

generation transgenic cotton plants. Young leaves of transgenic cotton plants of T1 generation 

were snaped frozen in liquid nitrogen and crushed to fine powder with the help of pestle and 

mortar. The leaf powder was transferred to 1.5ml tube and 600µl of chilled protein extraction 

buffer was added and incubated at 4ºC for over night. The 1.5ml tube was centrifuged and crude 

protein was isolated in the form of supernatant. To the supernatant, 780 µl of 1XPBS was added 

and incubated at room temperature for 10min. The quantity of crude protein was calculated by 

spectrophotometric analysis.  

3.7.2 Quantification of Cry1Ac, Cry2A Endotoxins and GTG Proteins of Transgenic Cotton 

Plants in T1 Generation 

Enzyme Linked Immunosorbent Assay was used to quantify Cry1Ac, Cry2A and GTG 

genes proteins in T1 Generation Transgenic Cotton Plants according to the protocol provided by 

manufacturer Envirologix Kit (Cat # 051). Detail of procedure was already describe under the 

heading of Quantification of Cry1Ac, Cry2A Endotoxins and GTG proteins in T0 generation 

transgenic cotton plants in section 3.6.5. 

3.7.3 Biotoxicity Assay of Transgenic Cotton Plants in T1 Generation 

Biotoxicity assays of T1 generation transgenic cotton plants was done to determine the 

efficacy of Bt toxins against target insects by following the same procedure as mentioned in 

section 3.6.6 for T0 generation transgenic cotton plants. 
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3.7.4 Spray Assay of Transgenic Cotton Plants at T1 Generation 

 Glyphosate spray assay was used to determine the efficacy of GTG gene (glyphosate 

resistance) in transgenic cotton plants of VH-289 in T1 generation. Those transgenic cotton plants 

which have shown good resistant against glyphosate herbicide in T0 generation were further 

grown evaluation of their resistance against herbicide in T1 and T2 generation.  During field 

condition, glyphosate herbicide was applied on transgenic as well as control cotton plants full of 

weeds at the rate of 1600ml/acre.       

3.8 FIELD PERFORMANCE AND MOLECULAR ANALYSIS OF TRANSGENIC 

COTTON PLANTS IN T2 GENERATION 

The transgenic cotton plants with two Bt genes (Cry1Ac and Cry2A) and one GTG genes 

were analyzed by using high throughput molecular techniques. Extraction of high-quality 

genomic DNA from T2 generation transgenic as well as control cotton plants was done as 

described in section 3.6.2 while protein extraction was done as described in section 3.6.4.  

3.8.1 Bradford Assay of Transgenic Cotton Plants in T2 Generation 

Bradford assay was also used for the quantification of total crude protein at T2 generation 

transgenic cotton plants. Young leaves of transgenic cotton plants of T2 generation were taken 

for protein extraction. During laboratory condition, 600µl of protein extraction buffer was added 

to 1.5ml tube and incubation was done at 4ºC for over night. After incubation, centrifugation was 

done for the isolation of crude protein. Supernatant taken was analyzed as mentioned in section 

3.6.4. 
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3.8.2 Quantification of Cry1Ac, Cry2A Endotoxins and GTG Proteins of Transgenic Cotton 

Plants in T2 Generation 

Enzyme Linked Immunosorbent Assay was used for the quantitative analysis of Bt genes 

(Cry1Ac, Cry2A) and GTG genes proteins in T2 generation transgenic cotton plants by following 

the manufacturer instructions Envirologix Kit (Cat # 051). Detail of procedure was already 

describe under the heading of quantification of Cry1Ac, Cry2A endotoxins and GTG proteins T0 

generation transgenic cotton plants in section 3.6.5. 

3.8.3 Biotoxicity Assay of Transgenic Cotton Plants in T2 Generation 

T2 generation transgenic cotton plants were also evaluated for their efficacy against 

insects by leaf bioassay as done in T0 and T1 generation mentioned in section 3.6.6.  

3.8.4 Spray Assay of Transgenic Cotton Plants at T2 Generation 

 Glyphosate spray assay was used for confirmation, integration and expression of GTG 

gene (glyphosate resistance) in transgenic cotton plants of VH-289 in T2 generation. Those 

transgenic cotton plants which were found to have maximum resistance against glyphosate 

herbicide in T0 and T1 generations were used for the analysis of resistance during the T2 

generation. During field condition in T2 generation, glyphosate herbicide was sprayed on 

transgenic and control cotton plants full of weeds at the rate of 1600ml/acre.    
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3.9 STATISTICAL ANALYSIS 

3.9.1 Analysis of Variance (ANOVA) 

The analysis of variance was done with the help of the techniques mentioned by Steel and 

Torrie (1980). To establish the level of significance among various genotypes, New Duncan’s 

Multiple Range Test (5% level) was applied to compare the mean for all parameters. 

3.9.2 Chi Square Test 

The Chi square test (X2) was applied to the data recorded from all generation using the 

following formula. 

 

Where  o = observed value and e = expected value 

3.9.3 Least Significant Difference Test 

Least significant difference test was used for the analyses and comparison of significantly 

different mean values of different characters of transgenic line. This test was applied at the 5% 

level of significance. Mean values of resistance, height, number of bolls, yield and weight were 

compared within each of the transgenic cotton lines. Transgenic lines with minimum significant 

difference were selected as highly resistant transgenic lines with other favorable characteristics 

like height, number of bolls, weight, and yield. 
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3.9.4 Dunnett’s Test 

Dunnett’s test was exploited to analyse the comparisons among each of a number of 

treatments with a single control. Multiple comparisons were made to one control. 

3.10 FLUORESCENCE IN SITU HYBRIDIZATION (FISH) 

3.10.1 Preparation of Chromosome 

 Roots tips measuring 1-2cm long were collected from two days germinating seeds of 

cotton and fixed in fixative (3 volumes Ethanol and 1 volume Glacial Acetic Acid) overnight. 

Roots were washed thrice with distilled water after removal of fixative.  Meristematic portion of 

roots was cut and incubated in enzyme solution containing 2% Pectolyase (Sigma cat# P 3026) 

and 3% Cellulase (Sigma cat# C 1184) at 37 °C for 4 hours. After incubation, washing was done 

with distilled water. Spreading of chromosomes was done on microscope glass slide with a drop 

of fixative and air-dried. Observation of slides was taken under phase contrast microscope 

(Olympus Model BX51) and good ones were selected for FISH. Dehydration of slides in 70%, 

95% and 100% ethanol solution series was done for 5 minutes in each solution respectively. 

Slides were labeled properly and stored in slide box at room temperature. 

3.10.2 RNase Treatment 

Dilution of the stock solution of 1% RNase was done 100 times by adding 8µl of 1% 

RNase A, 10µl 1M Tris HCl pH 7.5, 3µl 15mM NaCl and 987 µl double distilled water. 100µl of 

diluted RNase was added to each slide, covered with coverslip and incubated in wet chamber for 

45 minutes at 37°C. Washing of slides was done thrice by gently shaking in 2X SSC for 5 
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minutes at room temperature. Then the slides were dehydrated in 70%, 95% and 100% ethanol 

solution series for 5 minutes in each solution respectively. 

3.10.3 Hybridization 

Hybridization solution was prepared by adding the following components in appropriate 

quantities as described below: (This solution is sufficient for 4 slides) 

dFA (50-70%)    : 60.0µl 

20X SSC     : 12.0µl 

50% Dextran Sulphate   : 24.0µl 

Carrier DNA (10µg/µl)   : 04.0µl 

Probe DNA (20µg/g µl)   : 16.0µl   

H2O      : 24.0µl 

TOTAL     : 140.0µl      

Denaturation of hybridization solution was done at 80 °C for 10 minutes followed by 

quick chilling on ice for 5 minutes. Hybridization solution (35µl) was added to each slide, 

covered with cover slip and air dried. Then chromosomes were denatured at 80 °C for 10 min in 

water bath in 2X SSC. The slides were incubated at 37 °C for 18 hours in wet chamber. 
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3.10.4 Post Hybridization Washes 

Cover slips were removed in 2X SSC (20X= 3M NaCl; 0.3M Sodium citrate; pH 7.0) 

followed by washing twice with 2X SSC at 42°C for 10 minutes. Then hybridized slides were 

washed once with 4X SSC at 42°C for 10 min. 

3.10.5 Color Detection Reaction 

Slides were transferred to TBS after washing with (100mM TrisCI, 150mM NaCl, pH 

7.5) buffer and washed thrice for 5 minutes each in TBS buffer. Then the slides were incubated 

for 30 minutes in Blocking Solution (TBS; 0.1 % Triton X-100; 1.0% Blocking Reagent). After 

30 minutes of incubation blocking Solution was poured off and slides were incubated for 

minimum 4 hours at room temperature with anti-DIG antibody diluted 1: 400 in TBS, 0.1 % 

Triton X-100, 1.0% Blocking Reagent. The slides were washed three times in TBS for 5 minutes 

each. Then slides were incubated in color substrate NBT/BCIP solution for overnight. The 

reaction was stopped by rinsing the slides in tap water. 

3.10.6 Counterstaining with DAPI 

Aliquot of DAPI stock was taken from -20 °C freezer and thawed on ice. DAPI stain was 

diluted 250 times on ice by adding 8µl DAPI (100 µg/µl) and 1992µl Mellavaine buffer (l00 mM 

Citric acid and 500 mM Na2HPO4; pH 7.0). Total 500µl of diluted DAPI solution was added on 

each slide and incubated for 5 minutes at room temperature. Slides were washed with 3ml 

Mellavaine buffer from a pipette, covered with cover slip and stored slides were stored in dark at 

4°C. 
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3.10.7 Counterstaining with Propidium Iodide (PI) 

PI stock solution was taken from -20°C refrigerator and thawed on ice. PI was diluted 

2500 times on ice by adding 0.8µl PI and 2000µl IX PBS (10X= l.3M NaCI; 70mM Na2H PO4; 

30mM NaH2PO4; pH 7.4). Total 500µl of diluted PI solution was added on each slide and 

incubated for 5 minutes at room temperature. Then slides were washed with 3ml of 1 X PBS 

from a pipette, covered with cover slip and stored in dark at 4 °C. 

3.10.8 Fluorescent Signal Detection 

The fluorescent signals were detected by Fluorescent microscope (Olympus Model BX6l) 

on Blue Filter for DAPI and Red Filter for PI. The picture of fluorescence signal was taken by 

CCD camera attached with microscope and analyzed/enlarged by using software Adobe 

Photoshop 7.0. 
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IV. RESULTS 

 

4.1 PLASMID CONSTRUCTS OF Cry1Ac+ Cry2A and GTG 

Plasmid constructs Cry1Ac + Cry2A cloned with the help of HindIII in pKHG4 plant 

expression vector under 35S promoter and GT Gene (codon optimized cp4EPSPS) cloned with 

the help of Nco1 and BglII under 35S promoter in pCAMBIA 1301 vector were taken from 

CEMB repository for transformation in cotton. The cassette maps of both constructs are shown 

in (Figure 4.1A&B).  

 

Figure 4.1: Physical maps of Cry1Ac+Cry2A and GTG constructs. 

   A) Plasmid construct drawing of Cry1Ac +Cry2A. 

            B) Plasmid construct drawing of GTGene.  

Note: Maps showed only those restriction sites which were used for cloning. 
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4.2 SELECTION OF COTTON VARIETY FOR TRANSFORMATION 

Fifteen local varieties of cotton were screened for their ability of germination and 

formation of mature embryos. Different regeneration response was obtained from these varieties. 

(Table 4.1). The response was limited to shoot formation only in some varieties. The death of 

some plants was observed due to arrested growth at this stage, that’s why root formation was 

also not observed on MS medium. Some shoot apices grew well with great development on MS 

medium followed by root formation after 3-4 weeks. The plants regenerated from these varieties 

were shifted to soil after 5 weeks and their response of growth in soil was evaluated. The cotton 

variety in which plants had shown maximum shoot regeneration and best adaptation of soil after 

tissue culture condition was selected for transformation experiments. Among these varieties, the 

response of VH 289 was found excellent, that’s why the cotton variety VH 289 was selected for 

transformation of Cry1Ac+Cry2A (pK2Ac) along with GTGene (Table 4.1). 
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Table 4.1: Germination, tissue culture and plant formation response of local cotton 

varieties 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: These are germination %ages after 48 hours of incubation at 37oC in a dark room. 

4.3 TRANSFORMATION OF pK2Ac AND GTGene IN COTTON VARIETY VH-289 

Agrobacterium tumefaciens strain LBA 4404 containing pK2Ac (Cry1Ac+Cry2A) and 

GTG gene (cp4EPSPS) plasmid was used for transformation. The vector constructs pK2Ac 

(Cry1Ac +Cry2A) genes driven by a CaMV35S promoter with nptII as selection marker, which 

confers resistance to kanamycin, was transformed in Cotton variety VH-289 by using CEMB 

optimized embryo cut method (Rao et al., 2011). Similarly the vector construct GTG plasmid 

containing Glyphosate Tolerant Gene (cp4EPSPS) driven by CaMV35S promoter was also 

Sr. No. Varieties Germination 

%age 

Plant formation 

%age 

1 CIM-446 86 88 

2 CIM-473 90 96 

3 CIM-482 86 87 

4 CIM-497 78 80 

5 CIM-499 80 80 

6 NIAB-78 90 89 

7 NIAB-846 80 79 

8 VH-289 95 98 

9 MNH-147 77 75 

10 MNH-786 89 97 

11 BH-79 70 78 

12 BH-95 81 81 

13 BH-75 77 80 

14 BH-118 60 90 

15 VH-290 71 89 
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transformed in selected variety as separate cassette. The harvested Agrobacterium culture 

containing gene of interest was dissolved in MS broth. A total of 6, 205 embryos were used in 

the transformation of pK2Ac and GTG genes individually. The putative transgenic cotton plants 

with both genes were screened through selection medium containing 50mg/mL of kanamycin 

(Figure 4.2). Total of 74 plantlets were obtained after the eight weeks of selection (Table 4.2). 

Transformation efficiency was found to be 1.19% (Table 4.3). The plantlets were shifted to 

selection free medium in the test tube for normal growth after one and half month. The putative 

transgenic cotton plants which regain their roots and shoots were shifted to loamy soil pots. 

Stable putative transgenic cotton plants containing pK2Ac and GTG gene were subjected to 

further molecular analysis. A schematic diagram of transformation events is shown here (Figure 

4.2). 
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Figure 4.2: Complete protocol of Agrobacterium mediated transformation in cotton; 

A: Germinated Seeds of VH-289, B: embryo isolation, C: injury to cotton embryos with sharp 

blade, D: Co-culturing of injured embryos in MS broth with gene of interest (Cry2A and GTG), 

E: Shifting of cotton embryo to selection free MS medium plate, F: cotton embryos shifted to test 

tubes with selection drug (kanamycin) for screening.   
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Table 4.2: Germination and tissue culture of cotton embryos for transformation 

 

Table 4.3: Efficiency of transformation 

No. of Embryos 

isolated  

Control  Putative Transgenic 

cotton plants 

Transformation 

Efficiency 

6205 100 74 1.19% 

 

 

 

 

No. of 

Embryos 

Isolated 

 

MS plates 

 

Selection tubes 

 

 

Pots 

 

 

Died 

 

Shifted 

to Green 

House 
Survived Died Survived Died 

679 198 481 5 193 5 4 1 

591 133 458 9 124 9 8 1 

588 171 417 12 159 12 10 2 

650 151 499 8 143 8 7 1 

589 77 512 6 71 6 5 1 

675 132 543 10 122 10 8 2 

590 79 511 4 75 4 4 0 

669 190 479 11 179 11 8 3 

596 61 535 3 58 3 3 0 

578 32 546 6 26 6 4 2 

6205 1224 4981 74 1150 74 61 13 
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4.4 ESTABLISHMENT OF PUTATIVE TRANSGENIC PLANT IN SOIL 

The plants which survived on one and half month selection pressure of kanamycin and 

glyphosate were shifted to soil pots for acclimatization. Only 13 putative transgenic cotton plants 

could established in soil pots out of the 74 shifted plants (Table 4.2). 

4.5 MOLECULAR ANALYSIS OF PUTATIVE TRANSGENIC COTTON PLANTS IN T0 

GENERATION 

The putative transgenic cotton plants of transgenes CryIAc+Cry2A and GTGene were 

subjected to molecular analysis like PCR and ELISA.  

4.5.1 Confirmation of Cry1Ac+Cry2A and GTGene through Polymerase Chain Reaction  

The putative transgenic plants of cotton variety VH 289 were confirmed through 

amplification by using gene specific primers of Cry2A and GTGene. An amplification of 585 bp 

for Cry2A and 358 bp for GTGene was obtained as shown in (Figure 4.3). It is clear from figure 

4.3A that Cry2A was integrated in the genome of all the thirteen (13) putative transgenic cotton 

plants while amplification of 358 bp for GTG gene in 1-13 cotton plants was obtained (Figure 

4.3B). No amplification was obtained for plants # 4, 8 and 9 (Figure 4.3B). Table 4.4 shows 

summary of confirmation of transgenes in cotton plants. 
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Figure 4.3: PCR amplification of transgenic cotton plants of VH 289 for Cry2A and 

GTGene 
 

Figure 4.3A 

Lane 1: 1kb DNA Ladder  

Lane 2-14: Putative Transgenic cotton plants with Cry2Ac gene 

Lane 15: Negative control  

Lane 16: Positive control cotton plants 

 

Figure 4.3B 

Lane 1: 1kb DNA Ladder 

Lane 2-14: Putative Transgenic cotton plants with GTG gene 

Lane 15: Negative control 

Lane 16: Positive control 
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Table 4.4: Summary of PCR amplification of putative transgenic cotton plants  

Plants Name 
Amplification of 

GTGene 

Amplification of 

Cry2A gene 

VH 289 (2) +ve +ve 

VH 289 (18) +ve +ve 

VH 289 (25) +ve +ve 

VH 289 (34) -ve +ve 

VH 289 (52) +ve +ve 

VH 289 (53) +ve +ve 

VH 289 (55) +ve +ve 

VH 289 (57) -ve +ve 

VH 289 (64) -ve +ve 

VH 289 (66) +ve +ve 

VH 289 (69) +ve +ve 

VH 289 (72) +ve +ve 

VH 289 (73) +ve +ve 

Negative control -ve -ve 

Positive control +ve +ve 
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4.5.2 Enzyme linked Immuno-Sorbent Assay (ELISA) 

The ultimate objective of current transformation experiments was to get the expression of 

transgene Cry2A and GTGene in the form of Cry proteins and GTG protein. Enzyme linked 

Immuno-sorbant Assay was used to screen the plants for Cry2A (Figure 4.5) and GTG proteins 

(Figure 4.4). Total protein was isolated from 10 plants namely VH 289 (2), VH 289 (18), VH 

289 (25), VH 289 (52), VH 289 (53), VH 289 (55), VH 289 (66), VH 289 (69), VH 289 (72) and 

VH 289 (73). The protein samples of positively amplified putative transgenic cotton plants were 

bound to microtitre plate wells with specific antibodies of Bt protein and GTG protein and 

detection was performed by using color reaction. Quantification of BT and GTG protein of ten 

putative transgenic plants was performed by using ELISA reader Model ELx800/Micro Plate 

ELISA Reader. Maximum 2.79ng/g of fresh leaves of Cry2A protein was obtained (Figure 4.5; 

Table 4.5), while in case of GTGene maximum 2.36ng/g of fresh leaves of GTG protein was 

obtained as shown in (Figure 4.4; Table 4.5). 

 

 

 

 

 

 

 



62 
 

Table 4.5: Quantification of Cry2A and GTG protein of putative transgenic cotton plants 

in T0 Generation 

 

  

Plants 

Protein Conc.  ng/g 

(GTG) 

Protein Conc.  ng/g 

(Cry2A) 

Negative control 0.00 0.00 

Positive control 0.58 0.302 

VH289 (2) 1.29 1.002 

VH289 (18) 1.79 2.79 

VH289 (25) 1.52 1.33 

VH289 (52) 0.75 1.41 

VH289 (53) 0.82 0.74 

VH289 (55) 2.36 1.45 

VH289 (66) 0.59 0.82 

VH289 (69) 0.44 1.98 

VH289 (72) 1.27 1.10 

VH289 (73) 0.59 1.09 
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Figure 4.4: Quantification of GTG protein of transgenic cotton plants in T0 generation 

Lane 3-12: Cotton plants, Lane 1: Control cotton plants, Lane 2: Positive control.  

 

 

Figure 4.5: Quantification of Cry2A protein of transgenic cotton plants in T0 generation 

Lane 3-12: Cotton plants, Lane 1: Control cotton plants, Lane 2: Positive control.  
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Figure 4.6: Comparison of GTG and Cry2A gene protein concentration of transgenic 

cotton plants in T0 generation. 

 

Lane 3-12: Cotton plants, Lane 1: Control cotton plants, Lane 2: Positive control.  
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4.5.3 Bio Toxicity Leaf Assay 

To determine the efficacy of Cry1Ac and Cry2A protein in transgenic cotton plant leaves. 

Young cotton leaves were subjected to insect larvae of Heliothis at different time interval i.e 20, 

40, 60 and 80 days in petri plates. The results showed mortality of insects larvae ranging from 60 

to 100 percent on transgenic cotton plant leaves, While in control plants, all larvae remained 

alive and showed progress in their weight. From the results it is clear that the transgenic cotton 

plants have Bt endotoxin at a level which can kill the insect at initial level (Table 4.6). (Figure 

4.7 & 4.8). 

 

Figure 4.7: Insect bioassay of leaves of transgenic and control cotton plants.   

Plate A: Transgenic cotton plant leaf showing killed larvae  

Plate B: Control non-transgenic plant. Larva remained active and alive  
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Table 4.6: Table of bio toxic leaf assay of transgenic cotton plant in T0 Generation 

 

Plants 

Mortality %age of Heliothis Larvae 

20 days 40 days 60 days 80 days 

Control 0 0 0 0 

VH 289 (2) 90 85 85 76 

VH 289 (18) 100 90 85 80 

VH 289 (25) 95 90 87 85 

VH 289 (52) 80 80 77 75 

VH 289 (53) 80 80 78 75 

VH 289 (55) 90 85 85 70 

VH 289 (66) 75 70 65 60 

VH 289 (69) 100 90 67 80 

VH 289 (72) 85 80 75 75 

VH 289 (73) 85 80 75 70 

 

Note: Mortality percentage of American bollworm on transgenic cotton plant at different time 

interval of 20, 40, 60 and 80 days in T0 generation. The numbers in brackets showed plant event 

no. 
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Figure 4.8: Mortality percentages of American bollworm of putative transgenic cotton 

plants at the time interval of 20, 40, 60 and 80 days in T0 generation. 

4.5.4 Herbicides Spray Assay in T0 Generation 

Glyphosate herbicide spray assay was used to determine the resistance of transgenic 

cotton plant against Glyphosate in the field condition in T0 generation. The plants were sprayed 

with roundup ready weedicide at the ratio of 1600ml/acre and after 5 days it was observed that 

10 out of 13 plants remained alive and showed resistance against herbicide stress as compared to 

remaining three plants which have shown necrotic spots and dead tissues while weeds were 

almost died as shown in Figure 4.9. Figure 4.9 represents the transgenic and control plant spray 

assay. The results of spray assay were explained in Table 4.7. 
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Figure 4.9: Glyphosate spray assay of transgenic and control cotton plants.  

A: Transgenic cotton plant after 4-7 days of glyphosate spray 

B: Control cotton plant after 5-7 days of glyphosate spray 

Note: Results showed death of the control plant while the transgenic cotton plants remained 

alive. 
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Table 4.7: Glyphosate spray assay of transgenic cotton plants @ 1600ml/acre 

Plant Name 

 

Glyphosate spray 

concentration (ml/acre) 

Results 

VH 289 (2) 1600 ml/acre Plant survived  

VH 289 (18) 1600 ml/acre Plant survived  

VH 289 (25) 1600 ml/acre Plant survived 

VH 289 (34) 1600 ml/acre Plant Died 

VH 289 (52) 1600 ml/acre Plant survived  

VH 289 (53) 1600 ml/acre Plant survived  

VH 289 (55) 1600 ml/acre Plant survived  

VH 289 (66) 1600 ml/acre Plant survived 

VH 289 (57) 1600 ml/acre Plant Died 

VH 289 (64) 1600 ml/acre Plant Died 

VH 289 (69) 1600 ml/acre Plant survived  

VH 289 (72) 1600 ml/acre Plant survived  

VH 289 (73) 1600 ml/acre Plant survived  

Control 1600 ml/acre Plant Died 

 

Note: The spray of glyphosate at the rate of 1600 ml/acre was more than the previously 

reported rate of 1100 ml/acre as recommended by Monsanto, (2011). Glyphosate Roundup ready 

was prepared in water at a final concentration of 1600 ml/80 L by mixing 300ml in remaining 19 

litre and 770 ml water. 
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4.6 MORPHOLOGICAL & MOLECULAR ANALYSIS OF TRANSGENIC COTTON 

PLANTS IN T1 GENERATION 

The transgenic cotton plants of VH 289 that have showed resistance against insect pests 

and glyphosate spray assay were selected for generation advancement and evaluation through 

molecular analyses like PCR and ELISA in T1 generation. Moreover, morphological analyses 

like height, number of bolls per plant, boll weight and yield per plant was also compared with 

non-transgenic control. 

Statistical analyses (Analysis of Variance, Least significant difference test and Dunnett’s 

test) (Charles and Ajit, 1992) was also used for the evaluation of field data such as insect 

bioassay, herbicide spray assay, plant height, number of bolls per plant, boll weight and yield per 

plant of transgenic cotton plants in T1 generation. Entire T1 progeny selected transgenic cotton 

plants comprised total hundred fifty plants because some seeds of T0 generation plants were not 

able to germinate in T1 generation which may be due to seed coat impermeability to water or due 

to excessive activity of microorganisms that cause decomposition of cotton seed. 

4.6.1 Confirmation of Transgenic cotton plants through PCR in T1 generation 

The T0 transgenic cotton plants with good morphological characteristics were selected for 

generation advancement and their evaluation through molecular analyses like PCR and ELISA 

along with insect and spray assay in T1 progeny. Plants were randomly selected from field for 

genomic DNA isolation according to the mentioned protocol. Amplification of 585 bp for Cry2A 

and 358 bp for GTG genes were obtained in the following transgenic cotton plants in T1 

generation namely VH 289 (2-4), VH 289 (18-5), VH 289 (18-6), VH 289 (25-3), VH 289 (52-
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7), VH 289 (53-6), VH 289 (55-4), VH 289 (55-7), VH 289 (66-1), VH 289 (69-7), VH 289 (72-

2), VH 289 (73-9) and VH 289 (73-10). (Figure 4.10).  

 

Fig 4.10: PCR amplification of Cry2A&GTG gene in transgenic cotton plants of VH-289;  

 

Cry2A (Figure 4.10A):  

Lane 1 kb DNA Ladder;  

Lane 2 to 14 Transgenic cotton plants (2-4, 18-5, 18-6, 25-3, 52-7, 53-6, 55-4, 55-7, 66-1, 69-7, 

72-2, 73-9, 73-10). 

Lane 15 Negative control  

Lane 16 Positive control, 

Lane 4 and 9 Plants with no amplification in T1 generation 

 

GTG gene (Figure 4.10B):  

Lane 1: 1kb DNA Ladder, 

Lane 2-14 Transgenic cotton plants (2-4, 18-5, 18-6, 25-3, 52-7, 53-6, 55-4, 55-7, 66-1, 69-7, 72-

2, 73-9, 73-10). 

Lane 15: Negative control,  

Lane 16: Positive control,  

Lane 4 and 9 Plants with no amplification in T1 generation.    

 

 

 



72 
 

4.6.2 Enzyme Linked Immuno Sorbent Assay (ELISA) 

ELISA test was used to determine the level of protein expression of Cry2A and GTG 

genes in the leaves of T1 generation transgenic cotton plants. Transgenic cotton plants confirmed 

through PCR were subjected to be evaluated through ELISA for Expression and quantification of 

transgene protein inT1 progeny. The transgenic cotton plants (2-4, 18-5, 18-6, 25-3, 52-7, 53-6, 

55-4, 55-7, 66-1, 69-7, 72-2, 73-9, and 73-10) were used for analysis of expression level of 

Cry2A and GTG genes.  Results of ELISA taken through plate reader Model-ELx800 showed 

expression of Cry2A and GTG protein as compared to negative control non transgenic cotton 

plant. Thus progeny plants taken randomly showed different quantity of Cry2A and GTG protein 

in T1 generation plants (Table 4.8) (Figure 4.11; 4.12). 
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    Table 4.8: Quantifications of Cry2A and GTG proteins in T1 generation cotton Plants  

Sr 

No 

Plants 

Protein Conc. ng/g 

(GTG) 

Protein Conc. ng/g 

(Cry2A) 

1 VH 289 (2-4) 1.60 1.29 

2 VH 289 (18-5) 2.53 3.02 

3 VH 289 (18-6) 2.41 2.99 

4 VH 289 (25-3) 2.87 2.38 

5 VH 289 (52-7) 2.11 2.46 

6 VH 289 (53-6) 2.79 2.65 

7 VH 289 (55-4) 2.98 2.86 

8 VH 289 (55-7) 2.71 2.93 

9 VH 289 (66-1) 2.47 2.66 

10 VH 289 (69-7) 2.22 2.79 

11 VH 289 (72-2) 2.81 2.93 

12 VH 289 (73-9) 2.05 2.78 

13 VH 289 (73-10) 2.10 2.58 

14 Negative controls 0 0 

15 Positive controls 0.91 0.64 

 

Note: Randomly selected transgenic cotton plants for quantification of GTG and Cry1Ac+Cry2A 

protein in T1 generation. 
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Figure 4.11: Quantification of GTG protein of transgenic cotton plants in T1 generation,  

Lane 1-13: Randomly selected transgenic cotton plants, 

Lane 14: Negative control cotton plant, 

Lane 15: positive control.  
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Figure 4.12: Quantification of Cry2A protein of transgenic cotton plants in T1 generation 

 

Lane 1-13: Randomly selected transgenic cotton plants, 

Lane 14: Negative control cotton plant 

Lane 15: positive control 
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Figure 4.13: Comparisons of Cry2A and GTG protein expression in transgenic cotton 

plants in T1 generation. 
 

Lane 1-13: Randomly selected transgenic cotton plants, 

Lane 14: Negative control cotton plant, 

Lane 15: positive control. 
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4.6.3 Bio toxicity Leaf Assay of transgenic cotton plants inT1 generation 

Transgenic cotton plants were further evaluated for their toxicity against Heliothis larvae 

through leaf bioassay. Heliothis larvae of three different instars were subjected to feed on 

transgenic and control plant leaves under control condition in three replicates at the time interval 

of 20, 40 and 60 days of plantation in soil in T1 progeny. After three days of insect feeding, data 

was collected by counting the no. of alive and dead insects along with leaf damage made by 

these insects during this course of time. About 70-100% mortality of insects was obtained in case 

of different transgenic cotton plants depending upon the quantity of toxin which they have at 

different course of time (Table 4.9). Further, more all insects remained alive in control and 

damaged all leaves. Three different types of statistical tests (Analysis of Variance, Least 

significant difference test and Dunnett’s test) were also used for significance analysis of toxicity 

of transgenic cotton plants along with control cotton plant leaves. Least significant difference test 

(LSD) of results determined that there are only four lines of transgenic cotton plants which 

significantly differ from control and other transgenic crops i.e. line VH 289 (18), VH 289 (55), 

VH 289 (72), and VH 289 (73) for their toxicity against insects (Table 4.11). 
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Table 4.9: Bio toxic leaf assay of transgenic cotton plants 

Cotton Plants Leaf Bioassay 

of 20 days plant 

(Mortality 

%age) 

Leaf Bioassay 

of 40 days plant 

(Mortality 

%age) 

Leaf Bioassay 

of 60 days plant 

(Mortality 

%age) 

Controls 

(Non Transgenic) 

1 

2 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Transgenic cotton 

lines of VH 289 (02) 

(2-1) 

(2-2) 

(2-3) 

(2-4) 

(2-5) 

(2-6) 

(2-7) 

(2-8) 

2-9) 

(2-10) 

80 

80 

70 

80 

80 

80 

90 

80 

70 

70 

80 

80 

80 

80 

80 

80 

90 

80 

70 

70 

80 

80 

80 

80 

80 

80 

90 

90 

80 

70 

Transgenic cotton 

lines of VH 289 (18) 

(18-1) 

(18-2) 

(18-3) 

(18-4) 

(18-5) 

(18-6) 

(18-7) 

(18-8) 

(18-9) 

(18-10) 

90 

90 

90 

80 

80 

100 

80 

90 

90 

80 

90 

90 

90 

80 

80 

100 

90 

90 

90 

80 

90 

90 

90 

80 

90 

100 

90 

90 

90 

80 

Transgenic cotton 

lines of VH 289 (25) 

(25-1) 

(25-2) 

60 

60 

70 

60 

70 

70 
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(25-3) 

(25-4) 

(25-5) 

(25-6) 

(25-7) 

(25-8) 

(25-9) 

(25-10) 

70 

60 

70 

70 

70 

60 

60 

70 

70 

70 

70 

70 

70 

60 

60 

70 

70 

70 

80 

80 

70 

70 

60 

70 

Transgenic cotton 

lines of VH 289 (52) 

(52-1) 

(52-2) 

(52-3) 

(52-4) 

(52-5) 

(52-6) 

(52-7) 

(52-8) 

(52-9) 

(52-10) 

70 

70 

80 

70 

70 

70 

60 

80 

70 

60 

70 

70 

80 

70 

70 

80 

60 

80 

80 

60 

70 

70 

80 

80 

70 

80 

70 

80 

80 

70 

Transgenic cotton 

lines of VH 289 (53) 

(53-1) 

(53-2) 

(53-3) 

(53-4) 

(53-5) 

(53-6) 

(53-7) 

(53-8) 

(53-9) 

(53-10) 

70 

60 

80 

60 

60 

60 

70 

60 

70 

70 

70 

70 

80 

70 

70 

60 

70 

70 

70 

70 

70 

70 

90 

70 

70 

80 

70 

80 

70 

70 

Transgenic cotton 

lines of VH 289 (55) 

(55-1) 

(55-2) 

(55-3) 

80 

80 

80 

80 

90 

80 

90 

90 

90 
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(55-4) 

(55-5) 

(55-6) 

(55-7) 

(55-8) 

(55-9) 

(55-10) 

100 

80 

70 

80 

80 

90 

80 

100 

90 

70 

80 

90 

90 

80 

100 

80 

80 

90 

90 

100 

80 

Transgenic cotton 

lines of VH 289 (66) 

(66-1) 

(66-2) 

(66-3) 

(66-4) 

(66-5) 

(66-6) 

(66-7) 

(66-8) 

(66-9) 

(66-10) 

70 

70 

70 

70 

60 

80 

60 

70 

70 

70 

70 

80 

70 

70 

70 

80 

70 

70 

70 

80 

70 

80 

90 

80 

70 

90 

80 

80 

70 

90 

Transgenic cotton 

lines of VH 289 (69) 

(69-1) 

(69-2) 

(69-3) 

(69-4) 

(69-5) 

(69-6) 

(69-7) 

(69-8) 

(69-9) 

(69-10) 

60 

60 

50 

60 

70 

70 

70 

80 

60 

60 

60 

70 

60 

60 

70 

70 

70 

80 

60 

70 

70 

60 

60 

70 

80 

70 

80 

90 

70 

70 

Transgenic cotton 

lines of VH 289 (72) 

(72-1) 

(72-2) 

(72-3) 

(72-4) 

80 

100 

80 

80 

80 

100 

80 

90 

90 

100 

100 

90 
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(72-5) 

(72-6) 

(72-7) 

(72-8) 

(72-9) 

(72-10) 

80 

80 

90 

80 

90 

90 

80 

80 

90 

90 

90 

90 

80 

100 

90 

100 

90 

90 

Transgenic cotton 

lines of VH 289 (73) 

(73-1) 

(73-2) 

(73-3) 

(73-4) 

(73-5) 

(73-6) 

(73-7) 

(73-8) 

(73-9) 

(73-10) 

90 

80 

80 

80 

90 

70 

80 

90 

90 

100 

90 

80 

80 

80 

90 

80 

80 

90 

90 

100 

100 

90 

80 

90 

100 

90 

90 

90 

100 

100 

Note: Only those cotton plant lines were considered which have showed good germination and 

resistance to glyphosate spray assay. 
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Table 4.10: Analysis of variance (ANOVA) for bio toxic leaf assay. 

Leaf Bioassay of 20 days cotton plants (Mortality %age) 

Source of variation DF Sum of squares Mean Squares F-Value 

Line 10 58921.81818 5892.18182 131.08** 

Error 99 4450 44.94949 
 

Total 109 63371.81818 
  

The data is significant at level of p=0.05 

        Leaf Bioassay of 40 days cotton plant (Mortality %age) 

Source of variation DF Sum of squares Mean Squares F-Value 

Line 10 61045.45455 6104.54545 161.59** 

Error 99 3740 37.77778 
 

 

Total 
109 64785.45455 

  

The data is significant at level of p=0.05 

      Leaf Bioassay of 60 days cotton plant (Mortality %age) 

Source of variation DF Sum of squares Mean Squares F-Value 

Line 10 67461.81818 6746.18182 157.89** 

Error 99 4230 42.72727 
 

 

Total 
109 71691.81818 

  

The data is significant at level of p=0.05 
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Table 4.11: Least significant difference test for bio toxic leaf assay of transgenic cotton 

plants 

 

Cotton Lines 

Leaf Bioassay  (Mortality %age) 

20 days 40 days 60 days 

Control 0e 0e 0e 

2 78b 79b 81b 

18 87a 88a 89a 

25 65cd 67d 71d 

52 70c 72cd 75cd 

53 66cd 70cd 74d 

55 82ab 85a 89a 

66 69cd 73c 80bc 

69 64d 67d 72d 

72 85a 87a 93a 

73 85a 86a 93a 
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Table 4.12: Dunnett’s test for bio toxic insect assay of transgenic cotton plants in T1 

generation 

 

Cotton Lines 

Leaf Bioassay (Mortality %age) 

20 days 40 days 60 days 

2 78** 79** 81** 

18 87** 88** 89** 

25 65** 67** 71** 

52 70** 72** 75** 

53 66** 70** 74** 

55 82** 85** 89** 

66 69** 73** 80** 

69 64** 67** 72** 

72 85** 87** 93** 

73 85** 86** 93** 
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4.6.4 Herbicides Spray Assay 

The confirmed transgenic cotton plants of T0 generation were subjected to evaluation by 

glyphosate spray assay. The results clearly demonstrate that 75% plants remained alive after one 

month of spray assay while 15% mortality was found out of total germinated seeds which may be 

because of gene segregation. Also, 10% seeds were unable to germinate in T1 generation. 

Maximum survival %age of transgenic cotton plants compared to control that showed necrosis 

and ultimate death, along with the weeds determined the efficacy of cp4EPSPS glyphosate gene 

expression in transgenic cotton plants (Table 4.13).  
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Table 4.13: Glyphosate spray assay of transgenic cotton plants in T1 generation 

Sr 

No. 
Plant Name 

Glyphosate spray 

concentration (ml/acre) 
Survival %age 

1 Control 1600 ml/acre 0% 

2 VH 289(2) 1600 ml/acre 

75% survived, 10% died, 15% 

seeds not germinated 

3 VH 289(18) 1600 ml/acre 

75% survived, 20% died, 5% 

seeds not germinated 

4 VH 289(25) 1600 ml/acre 

75% survived, 20% died, 5% 

seeds not germinated 

5 VH 289(52) 1600 ml/acre 

75% survived, 20% died, 5% 

seeds not germinated 

6 VH 289(53) 1600 ml/acre 

75% survived, 10% died, 15% 

seeds not germinated 

7 VH 289(55) 1600 ml/acre 

75% survived, 25% seeds not 

germinated 

8 VH 289(66) 1600 ml/acre 75% survived, 25% died 

9 VH 289(69) 1600 ml/acre 

75% survived, 20% died, 5% 

seeds not germinated 

10 VH 289(72) 1600 ml/acre 

75% survived, 10% died, 15% 

seeds not germinated 

11 VH 289(73) 1600 ml/acre 

75% survived, 15% died, 10% 

seeds not germinated 
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4.6.5 Determination of Morphological Characteristics of T1 Generations   

4.6.5.1 Total Number of Bolls, Weight, Yield and Height 

Data of morphological characteristics of T1 progeny transgenic cotton plants was 

collected in comparison to control. Variation in all of these characteristics i.e no. of bolls, yield 

and height was obtained in all transgenic cotton line in comparison to control. Transgenic plant 

lines VH 289 (18), (55), (72), (73) were found to have more yield than control (non transgenic) 

cotton plants which were selected for T2 generation on the basis of their field performance (Table 

4.14). Statistical analysis revealed significant difference between transgenic and control cotton 

plants (Table 4.16, 4.17). 

Plant Height 

Data of height was taken from all transgenic plants in comparison to control. It was 

obvious from the results that all transgenic cotton plants were shorter than control plants in T1 

generation (Table 4.14). Analysis of variance showed that the highest value of height for 

transgenic cotton plants was found to be 68.266 cm while the lowest value of height was 40.360 

cm in comparison to control plant height i.e 147.858 cm (Table 4.14, 4.16 and 4.17). 

Number of Bolls 

Morphological characteristics like no. of boll were taken into account in comparison to 

control cotton plants. Statistical analysis showed that the number of bolls in most of the 

transgenic cotton plants were less than the control plants (Table 4.14) except VH 289 (18-6), VH 

289 (55-4), VH 289 (55-8), VH 289 (72-2), VH 289 (72-5), VH 289 (73-4), VH 289 (73-10) 

(Table 4.15, 4.16 and 4.17). These lines were selected for multiplication in T2 generation. 
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Weight of bolls 

Weight of bolls is another important character taken into account for selection of 

transgenic cotton lines for advanced generation. Boll weight of transgenic lines VH 289 (55) 

4.25 a, VH 289 (72) 4.20 a, VH 289 (73) 4.18a and VH 289 (18) 4.16a was found to be greater 

than control plant which was found to have an average weight of 3.60b  (Table 4.15, 4.16 and 

4.17). 

Yield 

Yield was the ultimate goal of plant transformation. One of the key successes of current 

research is yield improvement by cutting insect and weed losses through genetically produced 

toxin and glyphosate protein by transgenic cotton plants. It was clear from the data that yield of 

three lines i.e VH (73) 112.663 a, VH (72) 117.472a, and VH (55) 110.989a which have greater 

no. of bolls was found to be greater than control i.e 100.201g  (Table 4.16).  
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Table 4.14: Morphological data of transgenic cotton plants in T1 generation 

Serial Number Average  plant 

height (cm) 

Average 

number of bolls 

per plant 

Average boll 

weight per plant 

(g) 

Average yield 

per plant  (g) 

Control 147.858 31.15 3.6 102.908 

Transgenic 

Cotton line of 

VH 289 (2) 

    

(2-1) 

(2-2) 

(2-3) 

(2-4) 

(2-5) 

(2-6) 

(2-7) 

(2-8) 

(2-9) 

(2-10) 

 

47.69 

50.2 

45.6 

47.1 

45.2 

53.8 

47.1 

39.9 

50.8 

51.3 

15 

19 

13 

15 

14 

19 

14 

13 

18 

20 

2.9 

2.95 

2.5 

2.6 

2.52 

2.9 

2.67 

2.59 

2.8 

2.85 

40,94 

54.05 

31.5 

37 

33.28 

51.1 

34.38 

32.67 

46.4 

54 

Transgenic 

Cotton line of 

VH 289 (18) 

    

(18-1) 

(18-2) 

(18-3) 

(18-4) 

(18-5) 

(18-6) 

(18-7) 

(18-8) 

(18-9) 

(18-10) 

 

65.1 

64.7 

65.99 

67.3 

66.2 

68.78 

67.78 

66.9 

65.71 

63.6 

24 

23 

24 

24 

25 

30 

28 

25 

24 

24 

4.18 

4.09 

4.2 

4.13 

4.27 

4.3 

4.21 

4.19 

4.05 

3.98 

98.32 

92.07 

98.8 

97.12 

101.75 

102 

100.88 

99.75 

96.2 

94.52 

Transgenic 

Cotton line of 

VH 289 (25) 

    

(25-1) 

(25-2) 

(25-3) 

39.5 

42.2 

42.1 

17 

17 

17 

3.1 

3.29 

3.24 

47.6 

53.93 

53.08 
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(25-4) 

(25-5) 

(25-6) 

(25-7) 

(25-8) 

(25-9) 

(25-10) 

 

38.9 

39.8 

40.6 

41.4 

40.7 

40.1 

38.3 

18 

16 

19 

18 

18 

17 

17 

3 

2.55 

3.11 

3.24 

3.01 

3.05 

2.92 

52 

39.8 

56.09 

56.32 

53.18 

50.85 

48.6 

Transgenic 

Cotton line of 

VH 289 (52) 

    

(52-1) 

(52-2) 

(52-3) 

(52-4) 

(52-5) 

(52-6) 

(52-17) 

(52-8) 

(52-9) 

(52-10) 

43.76 

44.25 

42.79 

42.5 

43.2 

40.5 

41.59 

45.15 

42.39 

40.9 

20 

23 

20 

19 

21 

20 

20 

25 

22 

21 

3.5 

3.54 

3.31 

3.28 

3.3 

3.07 

3.12 

3.48 

3.14 

3.05 

67.12 

80.45 

65.12 

60.3 

67.13 

60.05 

60.1 

85 

67.09 

63.01 

Transgenic 

Cotton line of 

VH 289 (53) 

    

(53-1) 

(53-2) 

(53-3) 

(53-4) 

(53-5) 

(53-6) 

(53-7) 

(53-8) 

(53-9) 

(53-10) 

42.8 

44.01 

42.25 

42.05 

42.1 

42.15 

43.03 

44.6 

40.2 

40.5 

19 

23 

21 

23 

21 

20 

23 

23 

19 

21 

3.1 

3.42 

3.25 

3.2 

3.22 

3.37 

3.59 

3.34 

3.02 

3 

52.15 

75.16 

65.15 

70.13 

65.12 

65.4 

80.57 

74.82 

55.38 

60.1 

Transgenic 

Cotton line of 

VH 289 (55) 

    

(55-1) 

(55-2) 

(55-3) 

67.07 

67 

67.9 

26 

25 

23 

4.17 

4.1 

4.04 

106.41 

100.15 

90.92 
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(55-4) 

(55-5) 

(55-6) 

(55-7) 

(55-8) 

(55-9) 

(55-10) 

69.41 

67.54 

68.4 

68.9 

69.03 

68.63 

68.78 

31 

24 

26 

29 

30 

28 

28 

4.4 

4.22 

4.3 

4.31 

4.38 

4.31 

4.29 

116.2 

98.28 

108.8 

122.19 

129.14 

118.68 

119.12 

Transgenic 

Cotton line of 

VH 289 (66) 

    

(66-1) 

(66-2) 

(66-3) 

(66-4) 

(66-5) 

(66-6) 

(66-7) 

(66-8) 

(66-9) 

(66-10) 

47.3 

45.6 

45.91 

45.05 

47.8 

49.6 

49.75 

48.35 

43.45 

40.9 

18 

22 

20 

21 

20 

21 

23 

21 

18 

18 

3.3 

3.26 

3.22 

3.21 

3.19 

3.65 

3.41 

3.38 

3.25 

3.16 

55.4 

69.12 

61.4 

64.41 

60.08 

73.05 

75.23 

69.18 

56.53 

54.66 

Transgenic 

Cotton line of 

VH 289 (69) 

    

(69-1) 

(69-2) 

(69-3) 

(69-4) 

(69-5) 

(69-6) 

(69-7) 

(69-8) 

(69-9) 

(69-10) 

56.45 

49.65 

51.5 

54.25 

56.9 

54.1 

55.05 

55.7 

56.05 

57.95 

21 

18 

21 

22 

20 

19 

19 

19 

20 

22 

3.5 

3.03 

3.47 

3.12 

3.56 

3.18 

3.24 

3.21 

3.26 

3.34 

49.5 

52.51 

70.67 

65.61 

70.02 

58.45 

58.5 

59.02 

62.29 

71.45 

Transgenic 

Cotton line of 

VH 289 (72) 

    

(72-1) 

(72-2) 

(72-3) 

(72-4) 

66.32 

69.79 

67.02 

65.73 

26 

30 

29 

28 

4.07 

4.33 

4.19 

4.26 

101.79 

119.2 

118.11 

117.23 
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(72-5) 

(72-6) 

(72-7) 

(72-8) 

(72-9) 

(72-10) 

69.1 

68.9 

68.24 

68.51 

69.58 

68.35 

30 

27 

29 

29 

28 

27 

4.29 

4.23 

4.05 

4.17 

4.26 

4.15 

116.7 

114.21 

101.15 

115.95 

112.24 

110.05 

Transgenic 

Cotton line of 

VH 289 (73) 

    

(73-1) 

(73-2) 

(73-3) 

(73-4) 

(73-5) 

(73-6) 

(73-7) 

(73-8) 

(73-9) 

(73-10) 

65.31 

68.75 

64.85 

69.01 

68.55 

67.87 

68.41 

68.05 

66.98 

69.41 

28 

29 

27 

30 

29 

28 

29 

29 

27 

31 

4.2 

4.31 

4.05 

4.12 

4.2 

4.19 

4.25 

4.15 

3.97 

4.35 

115.09 

122.1 

107.05 

120.9 

119.5 

115.35 

120.7 

118.35 

105.18 

130.5 

 

 

 

 

 

 

 

 

 



93 
 

Table 4.15: Analysis of variance (ANOVA) of Agronomic Characteristic of Transgenic 

Cotton Plants in T1 generation  

Plant height (cm) 

Source of variation DF sum of squares Mean Squares F-Value 

Line 10 92112.54294 9211.25429 2383.8** 

Error 99 382.54595 3.8641 
 

Total 109 92495.08889 
  

 The data is significant at level of p=0.05 

Number of bolls per plant 

Source of variation DF sum of squares Mean Squares F-Value 

Line 10 2495.022727 249.502273 80.19** 

Error 99 308.025 3.111364 

 Total 109 2803.047727 

   The data is significant at level of p=0.05 

Boll weight per plant 

Source of variation DF sum of squares Mean Squares F-Value 

Line 10 28.95749636 2.89574964 133.55** 

Error 99 2.14653 0.02168212 

 Total 109 31.10402636 

   The data is significant at level of p=0.05 
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Yield per plant 

Source of variation DF 

sum of 

squares 

Mean 

Squares F-Value 

Line 10 73987.92325 7398.79233 129.54** 

Error 99 5654.25525 57.11369 

 Total 109 79642.17851 

   The data is significant at level of p=0.05 
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Table 4.16: Least significant difference test for agronomic characteristics of transgenic 

cotton plants in T1 generation 

 
Line Plant Height Number of Boll Boll weight Yield 

Control 147.858a 31.15a 3.60b 100.201b 

2 47.869e 16.00f 2.73e 41.532e 

18 66.206c 25.10d 4.16a 98.141b 

25 40.360g 17.40f 3.051d 51.145d 

52 42.703f 21.10e 3.28c 67.537c 

53 42.369f 21.30e 3.25c 66.398c 

55 68.266b 27.00c 4.25a 110.989a 

66 46.371e 20.20e 3.30c 63.906c 

69 54.760d 20.10e 3.29c 61.802c 

72 68.154b 28.30bc 4.20a 117.472a 

73 67.719b 28.70b 4.18a 112.663a 
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Table 4.17: Dunnett’s test for agronomic characteristics of transgenic cotton plants in T1 

generation 

 Line Plant Height Number of Boll Boll weight Yield 

2 47.869** 16.00** 2.73** 41.532** 

18 66.206** 25.10** 4.16** 98.141 

25 40.360** 17.40** 3.051** 51.145** 

52 42.703** 21.10** 3.28** 67.537** 

53 42.369** 21.30** 3.25** 66.398** 

55 68.266** 27.00** 4.25** 110.989** 

66 46.371** 20.20** 3.30** 63.906** 

69 54.760** 20.10** 3.29** 61.802** 

72 68.154** 28.30** 4.20** 117.472** 

73 67.719** 28.70** 4.18** 112.663** 
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4.7 INHERITANCE OF Bt AND GTG GENES IN T2 GENERATION PLANTS 

The plants selected in T1 generation namely VH 289 (18-6), VH 289 (55-4), VH 289 (72-

2), VH 289 (73-10) on the basis of transgene expression, insect bioassay, spray assay and yield 

were sown to raise T2 generation. Molecular analysis like PCR, ELISA, insect assay and 

herbicides spray assay was done to evaluate the field performance of transgenic cotton plants in 

T2 generation. Entire T2 progeny plants comprised sixty plants (Table 4.18). 

4.7.1 Polymerase chain reaction and ELISA of transgenic cotton plants in T2 Generation 

The transgenic cotton plants in T2 generation were subjected to polymerase chain reaction 

by using gene specific primers and ELISA test was done to determine the level of protein 

expression of Cry2A and GTG genes in the leaves of T2 generation transgenic cotton plants. 

Results of PCR determined that forty six out of sixty plants have shown amplification of 585 bp 

for Cry2A and 358 bp for GTG genes respectively. In transgenic cotton line VH 289 (18-6), 

there were twelve plants namely (18-6) 1, (18-6) 2,  (18-6) 4,  (18-6) 5, (18-6) 6, (18-6) 7, (18-6) 

8, (18-6) 9, (18-6) 10, (18-6) 13, (18-6) 14 and (18-6) 15 which have shown amplification of 

both Cry12A and GTGene. Similarly, in transgenic cotton line VH 289 (55-4), there were ten 

plants namely (55-4) 2, (55-4) 3, (55-4) 4, (55-4) 5, (55-4) 6, (55-4) 9, (55-4) 10, (55-4) 12, (55-

4) 13 and (55-4) 15 that were found positive for Cry2A and GTGene. While transgenic cotton 

line VH 289 (72-2) has shown amplification of Cr2A and GTGene in (72-2) 1, (72-2) 2, (72-2) 3, 

(72-2) 4, (72-2) 6, (72-2) 7, (72-2) 11, (72-2) 12, (72-2) 13, (72-2) 14 and (72-2) 15 as compared 

to transgenic cotton line VH 289 which, has shown the amplification of Cry2A and GTGene in 

(73-10) 1, (73-10) 2, (73-10) 4, (73-10) 5, (73-10) 6, (73-10) 7, (73-10) 8, (73-10) 9, (73-10) 10, 

(73-10) 12, (73-10) 13 (73-10) 14 and (73-10) 15. (Figure 4.14 and 4.15). Positive Transgenic 
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cotton plants confirmed through PCR were subjected to be evaluated through ELISA for protein 

expression and quantification of transgene protein in T2 generation. (Table 4.18). 

 

Figure 4.14: Polymerase Chain Reaction of transgenic cotton plants with Cry2A gene,  

 

Lane M: 1kb DNA Ladder, 

Lane 2-16: Transgenic cotton plants,  

Lane 17: Control cotton plant,  

Lane 18: Positive control,  

Lane 4, 12 and 13: Transgenic cotton plants with no amplification 
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Figure 4.15: Polymerase Chain Reaction of transgenic cotton plants with GTG gene,  

Lane 1: 1kb DNA Ladder,  

Lane 2-16: Transgenic cotton plants,  

Lane 17: Control cotton plant,  

Lane 18: Positive control,  

Lane 4, 12 and 13: Transgenic cotton plants with no amplification 
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Table 4.18:  Results of molecular analyses of transgenic cotton plants of VH 289 in T2 

generation 

 

Serial Number 

 

PCR 

 

ELISA 

(ng/g) 

Herbicide Spray Assay  

(1600 ml/acre) 

Transgenic 

Cotton lines of 

VH 289 (18-6) 

GTG Cry2A GTG Cry2A  

(18-6) 1 

(18-6) 2 

(18-6) 3 

(18-6) 4 

(18-6) 5 

(18-6) 6 

(18-6) 7 

(18-6) 8 

(18-6) 9 

(18-6) 10 

(18-6) 11 

(18-6) 12 

(18-6) 13 

(18-6) 14 

(18-6) 15 

+ve 

+ve 

-ve 

+ve 

+ve 

+ve 

+ve 

+ve 

+ve 

+ve 

-ve 

-ve 

+ve 

+ve 

+ve 

+ve 

+ve 

-ve 

+ve 

+ve 

+ve 

+ve 

+ve 

+ve 

+ve 

-ve 

-ve 

+ve 

+ve 

+ve 

 

2.43 

2.30 

- 

2.21 

2.13 

2.11 

2.20 

2.32 

2.15 

2.37 

- 

- 

2.23 

2.47 

2.29 

2.57 

2.61 

- 

2.40 

2.99 

2.42 

2.52 

2.47 

2.65 

2.86 

- 

- 

2.57 

2.83 

2.73 

Resistant 

Resistant 

Died 

Resistant 

Resistant 

Resistant 

Resistant 

Resistant 

Resistant 

Resistant 

Died 

Died 

Resistant 

Resistant 

Resistant 

 

Transgenic 

Cotton line of 

VH 289 (55-4) 

     

(55-4) 1 

(55-4) 2 

(55-4) 3 

(55-4) 4 

(55-4) 5 

(55-4) 6 

(55-4) 7 

(55-4) 8 

(55-4) 9 

(55-4) 10 

(55-4) 11 

(55-4) 12 

(55-4) 13 

-ve 

+ve 

+ve 

+ve 

+ve 

+ve 

-ve 

-ve 

+ve 

+ve 

-ve 

+ve 

+ve 

-ve 

+ve 

+ve 

+ve 

+ve 

+ve 

-ve 

-ve 

+ve 

+ve 

-ve 

+ve 

+ve 

- 

2.63 

2.91 

3.01 

3.18 

2.82 

- 

- 

2.32 

2.45 

- 

2.14 

2.86 

- 

2.86 

3.09 

3.34 

3.39 

3.23 

- 

- 

2.75 

2.89 

- 

2.39 

3.17 

Died 

Resistant 

Resistant 

Resistant 

Resistant 

Resistant 

Died 

Died 

Resistant 

Resistant 

Died 

Resistant 

Resistant 
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(55-4) 14 

(55-4) 15 

 

-ve 

+ve 

-ve 

+ve 

- 

2.69 

- 

3.12 

Died 

Resistant 

Transgenic 

Cotton lines of 

VH 289 (72-2) 

     

(72-2) 1 

(72-2) 2 

(72-2) 3 

(72-2) 4 

(72-2) 5 

(72-2) 6 

(72-2) 7 

(72-2) 8 

(72-2) 9 

(72-2) 10 

(72-2) 11 

(72-2) 12 

(72-2) 13 

(72-2) 14 

(72-2) 15 

+ve 

+ve 

+ve 

+ve 

-ve 

+ve 

+ve 

-ve 

-ve 

-ve 

+ve 

+ve 

+ve 

+ve 

+ve 

+ve 

+ve 

+ve 

+ve 

-ve 

+ve 

+ve 

-ve 

-ve 

-ve 

+ve 

+ve 

+ve 

+ve 

+ve 

2.37 

2.29 

2.25 

2.39 

- 

2.26 

2.30 

- 

- 

- 

2.48 

2.32 

2.27 

2.47 

2.41 

2.70 

2.64 

2.52 

2.71 

- 

2.87 

2.91 

- 

- 

- 

2.87 

2.56 

2.41 

2.89 

3.1 

Resistant 

Resistant 

Resistant 

Resistant 

Died 

Resistant 

Resistant 

Died 

Died 

Died 

Resistant 

Resistant 

Resistant 

Resistant 

Resistant 

Transgenic 

Cotton lines of 

VH 289 (73-10) 

     

(73-10) 1 

(73-10) 2 

(73-10) 3 

(73-10) 4 

(73-10) 5 

(73-10) 6 

(73-10) 7 

(73-10) 8 

(73-10) 9 

(73-10) 10 

(73-10) 11 

(73-10) 12 

(73-10) 13 

(73-10) 14 

(73-10) 15 

+ve 

+ve 

-ve 

+ve 

+ve 

+ve 

+ve 

+ve 

+ve 

+ve 

-ve 

+ve 

+ve 

+ve 

+ve 

+ve 

+ve 

-ve 

+ve 

+ve 

+ve 

+ve 

+ve 

+ve 

+ve 

-ve 

+ve 

+ve 

+ve 

+ve 

2.54 

2.38 

- 

2.41 

2.38 

2.46 

2.51 

2.46 

2.50 

2.47 

- 

2.37 

2.46 

2.41 

2.39 

2.79 

2.63 

- 

2.48 

2.46 

2.98 

2.88 

2.91 

2.90 

2.76 

- 

2.63 

2.97 

2.55 

2.84 

 

Resistant 

Resistant 

Died 

Resistant 

Resistant 

Resistant 

Resistant 

Resistant 

Resistant 

Resistant 

Died 

Resistant 

Resistant 

Resistant 

Resistant 
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4.7.2 Glyphosate Spray Assay 

To assess the transgenic cotton plants resistance against the Glyphosate herbicide spray 

@ 1600ml/acre spray was done in T2 generation of transgenic cotton plants. The T2 transgenic 

events namely VH 289 (18-6), VH 289 (55-4), VH 289 (72-2) and VH 289 (73-10), planted in 

replicate of 15 plants were evaluated after 7 days of spray assay. Data of glyphosate spray assay 

determined that event VH  289 (18-6) showed survival of twelve plants after seven days of 

glyphosate spray while remaining  three plants (18-6) 3, (18-6) 11 and (18-6) showed necrosis of 

growing tip. The event VH-289 (55-4) showed survival of ten plants after seven days of 

glyphosate spray assay while remaining five plants (55-4) 1, (55-4) 7, (55-4) 8, (55-4) 11 and 

(55-4) 14 showed necrosis and ultimate death. The results of event VH-289 (72-2) showed 

survival of eleven plants after seven days of spray assay while remaining  four plants (72-2) 5, 

(72-2) 8, (72-2) 9 and (72-2) 10 showed necrosis and ultimate death.  Similarly transgenic cotton 

event VH 289 (73-10) showed survival of thirteen cotton  plants out of total fifteen plants while 

remaining two plants (73-10) 3 and (73-10) 11 died after seventh day of spray assay. (Table 

4.18). 

4.7.3 Mendelian Segregation Analysis of Inherited Transgenes (spray assay) in T2 

Generation 

The law of Mendelian segregation based on observations of glyphosate spray assay of 

cotton plants in T2 generation was applied. Calculations and conclusions were made by counting 

the number of cotton plants that were resistant to herbicides as the test material and the cotton 

plants that have no ability to resist glyphosate spray.  
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Data of herbicide spray assay was analysed statistically by using Chi Square (X2) test. 

The analysis results determined that transgenic cotton line VH 289 (18-6) has F value 0.2 while 

F table calculated to be 3.84, so H0 is rejected and Mendelian ratio in the form of 3:1 was 

obtained as shown in Table 4.19. While the results of transgenic cotton line VH 289 (55-4) 

determined F value of 0.555 with F table calculated to be 3.84, H0 is rejected so that Mendelian 

ratio in the form of 3:1was obtained. Similarly results of transgenic cotton line VH 289 (72-2) 

determined an F value of 0.0222 with F table calculated to be 3.84 so H0 is rejected, resulting in 

a 3:1 of Mendelian ratio. The Chi Square test of transgenic cotton line VH 289 (73-10) 

determined an F value of 1.0888 with F table  calculated to be 3.84 so H0 is rejected resulting in 

Mendelian ratio of 3:1 (Table 4.19). 
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Table 4.19: Mendelian inheritance of glyphosate spray assay of transgenic cotton plants 

through statistical analysis in T2 generation. 

 

Cotton Lines 
No. of 

Plants 

Observation Prob. Expected 

Value 

Prob 

E 

No. of 

Resistant 

Plants 

No. of 

Dead 

Plants 

Survival 

rate (3/4) 

Death 

rate 

(1/4) 

Resistant Dead 

Transgenic 

Cotton line of 

VH 289 (18-6) 

15 12 3 0.75 0.25 1 11.25 3.75 

Transgenic 

Cotton line of 

VH 289 (55-4) 

15 10 5 0.75 0.25 1 11.25 3.75 

Transgenic 

Cotton line of  

VH 289 (72-2) 

15 11 4 0.75 0.25 1 11.25 3.75 

Transgenic 

Cotton line of 

VH 289 (73-10) 

15 13 2 0.75 0.25 1 11.25 3.75 

          

 

Note: Homozygotic plants were selected on the bases of glyphosate spray assay. This Mendelian 

segregation analysis (Homozygotic ratio) was performed on the basis of data collected from 

survived and died transgenic cotton plants. 3:1 ratio  

 

 

 

Cotton 

Lines 

(O-E) (O-E)^2/E F. 

Value 

F. 

Table 

Conclusion Mendelian 

Ratio Resistant Dead Resistant Dead 

Transgenic 

Cotton line 

of VH 289 

(18-6) 

0.75 -0.75 0.05 0.15 0.2 3.84 H0 reject 3:1 

Transgenic 

Cotton line 

of VH 289 

(55-4) 

-1.25 1.25 0.138889 0.416667 0.555556 3.84 H0 reject 3:1 

Transgenic 

Cotton line 

of VH 289 

(72-2) 

-0.25 0.25 0.005556 0.016667 0.022222 3.84 H0 reject 3:1 

Transgenic 

Cotton line 

of VH 289 

(73-10) 

1.75 1.75 0.272222 0.816667 1.088889 3.84 H0 reject 3:1 
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4.7.4 Leaf Bioassay 

The Cry1Ac and Cry2A expression in field was evaluated through leaf bioassay. 

Heliothis armigera 2nd instar larvae were fed directly on transgenic cotton plant leaves in petri 

plate in triplicate along with control plant for three days at three stages of plant growth i.e 20, 40 

and 60 days sown cotton plants. The mortality %age was calculated by counting the dead larvae 

divided by alive and multiplied with hundred. (Table 4.20). 

The ANOVA and Dunnett’s test results showed a very significant effect of Bt toxin as 

compared to control at 5 % of variance. Least significant digit (LSD) was also performed to 

determined the level of toxins in each line of transgenic cotton plants. Results of the analyses 

(LSD) showed leaf samples of transgenic cotton line VH 289 (55-4) taken after 20 days of 

germination have shown significant mortality of Heliothis larvae with a value of 86.455a as 

compared to transgenic cotton line (18-6) with a value of 84.167a along with cotton line (72-2) 

with a value of 80.636a and cotton line (73-10) with a value of 80.231a. While the analysis of 

variance (LSD) results of leaf bioassay taken after 40 days of germination have shown  that 

cotton line (55-4) has increased toxicity level than the other transgenic cotton line with mortality 

rate of 95.455a as compared to 94.615a, 94.545a and 85.833a in cotton lines (73-10), (72-2) and 

(18-4), respectively. Similarly analysis of variance (LSD) results of leaf bioassay taken after 60 

days of germination have shown that transgenic cotton line (55-4) has maximum mortality rate 

that is up to 98.182a as compared to 97.273a, 96.154a and 88.333a of transgenic cotton lines (72-

2),  (73-10) and (18-6) respectively (Table 4.20, 4.21, 4.22 and 4.23). 
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Table 4.20: Comparative studies of leaf Bioassay of transgenic cotton plants in T2 

generation 

Cotton 

Lines 

 

Serial 

Number 

Leaf Bioassay of 

20 Days  

(Mortality %age) 

Leaf Bioassay of 

40 Days  

(Mortality %age) 

Leaf Bioassay of 

60 Days  

(Mortality %age) 

Control Non 

Transgenic 

0 0 0 

Transgenic 

cotton line 

of VH 289 

(18-6) 

(18-6) 1 

(18-6) 2 

(18-6) 4 

(18-6) 5 

(18-6) 6 

(18-6) 7 

(18-6) 8 

(18-6) 9 

(18-6) 10 

(18-6) 13 

(18-6) 14 

(18-6) 15 

90 

90 

90 

100 

90 

90 

90 

90 

100 

80 

100 

90 

100 

90 

90 

100 

90 

90 

90 

100 

100 

90 

100 

90 

100 

100 

100 

100 

90 

90 

90 

100 

100 

90 

100 

100 

Transgenic 

cotton line 

of VH 289 

(55-4) 

(55-4) 2 

(55-4) 3 

(55-4) 4 

(55-4) 5 

(55-4) 6 

(55-4) 9 

(55-4) 10 

 (55-4) 12 

(55-4) 13 

100 

100 

100 

100 

90 

80 

100 

90 

100 

100 

100 

100 

100 

90 

90 

100 

90 

100 

100 

100 

100 

100 

100 

90 

100 

90 

100 
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(55-4) 15 100 100 100 

Transgenic 

cotton line 

of VH 289 

(72-2) 

(72-2) 1 

(72-2) 2 

(72-2) 3 

(72-2) 4 

(72-2) 6 

(72-2) 7 

(72-2) 11 

(72-2) 12 

(72-2) 13 

(72-2) 14 

(72-2) 15 

80 

90 

90 

100 

100 

100 

100 

90 

80 

100 

100 

90 

90 

90 

100 

100 

100 

100 

90 

80 

100 

100 

100 

100 

90 

100 

100 

100 

100 

90 

90 

100 

100 

Transgenic 

cotton line 

of VH 289 

(73-10) 

(73-10) 1 

(73-10) 2 

(73-10) 4 

(73-10) 5 

(73-10) 6 

(73-10) 7 

(73-10) 8 

(73-10) 9 

(73-10) 10 

(73-10) 12 

(73-10) 13 

(73-10) 14 

(73-10) 15 

100 

90 

90 

80 

100 

100 

100 

100 

90 

90 

100 

90 

90 

100 

90 

90 

80 

100 

100 

100 

100 

90 

90 

100 

90 

100 

100 

90 

90 

90 

100 

100 

100 

100 

90 

100 

100 

90 

100 
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Table 4.21: Analysis of variance (ANOVA) of insect bio-assay of transgenic cotton plant in 

T2 generation 

Leaf Bioassay after 20 Days (Mortality %age) 

source of variation DF sum of squares Mean Squares F-Value 

Line 4 70100.40291 17525.10073 25.46** 

Error 5 37863.2471 688.4227 

 Total 9 107963.65 

   The data is significant at level of p=0.05 

Leaf Bioassay after 40 days (Mortality %age) 

source of variation DF sum of squares Mean Squares F-Value 

Line 4 87964.80186 21991.20047 123.92** 

Error 5 9760.19814 177.45815 

 Total 9 97725 

   The data is significant at level of p=0.05 

Leaf Bioassay after 60 days (Mortality %age) 

source of variation DF sum of squares Mean Squares F-Value 

Line 4 92417.15618 23104.28904 134.38** 

Error 5 9456.1772 171.9305 

 Total 9 101873.3333 

   The data is significant at level of p=0.05 
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Table 4.22: Least significant difference test of transgenic plants in T2 generation 

Line 

Leaf Bioassay (Mortality %age) 

20 days 40 days 60 days 

Controls 0.000b 0.000b 0.000b 

18-6 84.167a 85.833a 88.333a 

55-4 86.455a 95.455a 98.182a 

72-2 80.636a 94.545a 97.273a 

73-10 80.231a 94.615a 96.154a 
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Table 4.23: Dunnett’s test of transgenic plant in T2 generation 

Line 

Leaf Bioassay  (Mortality %age) 

20 days 40 days 60 days 

18-6 84.167** 85.833** 88.333** 

55-4 86.455** 95.455** 98.182** 

72-2 80.636** 94.545** 97.273** 

73-10 80.231** 94.615** 96.154** 

  The data is significant at level of p=0.05 
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4.7.5 Measurements of agronomic characteristics in T2 generation 

Plant Height 

 The data of T2 generation revealed that plant height in T2 generation was greater than 

control (Table 4.24). ANOVA and Dunnett’s test showed significant difference in plant height of 

transgenic cotton plant than control at 5% levels, respectively. The LSD analysis of transgenic 

cotton line VH 289 (55-4) showed value of 179.664a higher than line (72-2) 173.882 ab, (73-10) 

168.715 bc, line (18-6) 166.383c values as compared to non-transgenic cotton plants with a value 

of 148.054 d (Table 4.25, 4.26 and 4.27). 

Total Number of Bolls 

The total number of bolls were counted in transgenic cotton plants in T2 generation as 

compared to non-transgenic control plants. The data of T2 generation of transgenic cotton plants 

namely VH 289 (18-6), VH 289 (55-4), VH 289 (72-2) and VH 289 (73-10) have showed that 

transgenic cotton plants have significantly higher no. of bolls than control (Table 4.24). In the 

analysis of variance (LSD) of T2 generation, it is observed that transgenic cotton plant line VH 

289 (72-2) has shown 65.764a, value higher than VH 289 (55-4) 60.40ab, VH 289 (73-10) 

59.231b and (18-6) 53.60c as compared to control, it showed value 33.115d (Table 4.24, 4.25 

and 4.26). 
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Boll Weight 

Boll weight per plant in T2 generation transgenic cotton was calculated and then 

compared with controls (Table 4.24). ANOVA, LSD and Dunnett’s test showed  significant 

difference of boll weight at the level of 5% than control plant (Table 4.25, 4.26 and 4.27). 
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Table 4.24: Determination of morphological characteristics in T2 generations  

Serial Number Average  plant 

height (cm) 

Average 

number of bolls 

per plant 

Average boll 

weight per 

plant (g) 

Average yield 

per plant (g) 

Controls 148.2  33 3.6  102.2  

Transgenic 

cotton line of 

VH 289 (18-6) 

    

(18-6) 1 

(18-6) 2 

(18-6) 3 

(18-6) 4 

(18-6) 5 

(18-6) 6 

(18-6) 7 

(18-6) 8 

(18-6) 9 

(18-6) 10 

(18-6) 11 

(18-6) 12 

(18-6) 13 

(18-6) 14 

(18-6) 15 

179.4 

157 

- 

168.1 

168.5 

172 

149.7 

165.3 

166.1 

171.1 

- 

- 

155.8 

169.2 

174.4 

59 

67 

- 

57 

56 

64 

40 

42 

45 

54 

- 

- 

40 

56 

69 

3.99  

4.16  

- 

4.2  

4.15  

4.1  

4.0  

4.13  

4.21  

4.3  

- 

- 

4.25  

4.32  

4.45  

214.12 

248.22 

- 

201.08 

202.4 

233.12 

128.41 

154.09 

159.29 

202.63 

- 

- 

100.85 

201.88 

249.06 

Transgenic 

cotton line of 

VH 289 (55-4) 
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(55-4) 1 

(55-4) 2 

(55-4) 3 

(55-4) 4 

(55-4) 5 

(55-4) 6 

(55-4) 7 

(55-4) 8 

(55-4) 9 

(55-4) 10 

(55-4) 11 

(55-4) 12 

(55-4) 13 

(55-4) 14 

(55-4) 15 

 

- 

192.9 

186.1 

185.5 

190.5 

188.1 

- 

- 

157.2 

181.7 

179.8 

166 

179.1 

- 

169.4 

- 

70 

61 

59 

66 

64 

- 

- 

47 

64 

61 

49 

70 

- 

53 

 

- 

4.35  

4.15  

4.2  

4.05  

4.3  

- 

- 

3.94  

4.1  

4.15  

4.1  

4.2  

- 

4.25  

- 

278.05 

221.05 

219.41 

238.01 

236.1 

- 

- 

144.6 

222.71 

213.5 

197.02 

244.64 

- 

198.75 

 

Transgenic 

cotton line of 

VH 289 (72-2) 

    

(72-2) 1 

(72-2) 2 

(72-2) 3 

(72-2) 4 

(72-2) 5 

(72-2) 6 

179.4 

167.8 

180.1 

178.6 

- 

172.7 

69 

64 

70 

69 

- 

67 

4.05  

3.85  

4.16  

4.1  

- 

4.03  

248.54 

216.01 

253.22 

244.04 

- 

228.01 



115 
 

(72-2) 7 

(72-2) 8 

(72-2) 9 

(72-2) 10 

(72-2) 11 

(72-2) 12 

(72-2) 13 

(72-2) 14 

(72-2) 15 

159.3 

- 

- 

- 

178.5 

178.1 

165.2 

168.9 

184.1 

49 

- 

- 

- 

68 

69 

61 

65 

72 

3.68  

- 

- 

- 

4.19  

4.1  

3.72  

3.86  

4.3  

161.56 

- 

- 

- 

244.02 

243.31 

194.84 

211.26 

289.6 

 

Transgenic 

cotton line of 

VH 289 (73-10) 

    

(73-10) 1 

(73-10) 2 

(73-10) 3 

(73-10) 4 

(73-10) 5 

(73-10) 6 

(73-10) 7 

(73-10) 8 

(73-10) 9 

(73-10) 10 

(73-10) 11 

(73-10) 12 

176.3 

167 

- 

169.3 

167.5 

173 

169.4 

175.8 

169.3 

172.1 

- 

168.7 

56 

54 

- 

60 

51 

67 

50 

61 

56 

65 

- 

62 

4.05  

3.88  

- 

4.09  

3.95  

4.06  

3.98  

4.17  

3.94  

4.11  

- 

4.15  

195.18 

190.12 

- 

205.09 

178.76 

224.05 

168.04 

215.61 

192.26 

215.97 

- 

211.01 
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(73-10) 13 

(73-10) 14 

(73-10) 15 

159.9 

162.2 

162.8 

61 

65 

62 

3.88  

4.06  

4.05  

206.21 

232.62 

211.90 
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Table 4.25: Analysis of variance (ANOVA) of agronomic characteristic of transgenic cotton 

plant in T2 generation 

Plant Height (cm) 

Source of Variation DF 

Sum of 

Squares 

Mean 

Squares F-Value 

Line 4 6989.769618 1747.442404 32.95** 

Error 55 2916.632716 53.029686 

 Total 59 9906.402333 

  The data is significant at level of p=0.05 

Number of Bolls per Plant 

Source of variation DF 

Sum of 

Squares Mean Squares F-Value 

Line 4 7999.355763 1999.838941 45.62** 

Error 55 2410.97007 43.83582 

 Total 59 10410.32583 

   The data is significant at level of p=0.05 

Boll Weight per plant 

Source of Variation DF 

Sum of 

Squares Mean Squares F-Value 

Line 4 2.47983186 0.61995796 34.18** 

Error 55 0.99748939 0.01813617 

 Total 59 3.47732125 

   The data is significant at level of p=0.05 
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Yield per Plant 

Source of Variation DF 

Sum of 

Squares Mean Squares F-Value 

Line 4 127884.8204 31971.2051 34.61** 

Error 55 50813.8005 923.8873 

 Total 59 178698.6208 

   The data is significant at level of p=0.05 

 

Table 4.26: Least significant difference test for agronomic characteristic of transgenic 

cotton plants in T2 generation 

 Line Plant Height Number of Boll Boll Weight Yield 

Controls 148.054d 33.115d 3.633d 102.908d 

18-6 166.383c 53.600c 4.188a 191.263c 

55-4 179.664a 60.400ab 4.163a 219.317ab 

72-2 173.882ab 65.764a 4.004c 230.349a 

73-10 168.715bc 59.231b 4.028bc 203.592bc 
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Table 4.27: Dunnett’s test for agronomic characteristics of transgenic plants in T2 

generation 

 Line Plant Height Number of Boll Boll weight Yield 

18-6 166.383** 53.600** 4.188** 191.262** 

55-4 179.664** 60.400** 4.163** 219.317** 

72-2 173.882** 65.764** 4.004** 230.349** 

73-10 168.715** 59.231** 4.028** 203.592** 

 

4.7.6 Determination of copy. no and location of Cry2A and GTGene in cotton 

 The transgenic plant line VH 289 (55-4) which was showing good expression of Cry2A 

and GTGene and resulting in higher yield was subjected for determination of its transgene copy 

no. and location by using gene specific probe. All transgenic cotton plants of line VH 289 (55-4) 

have shown signal in nucleus at chromosome no: 6 for Cry2A and chromosome no: 3 for 

GTGene but no signal was observed in control plant. (Figure 4.16, 4.17). 
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Figure 4.16: Determination of Cry2A transgene location on cotton chromosomes through 

karyotyping 

Karotyping of Transgenic cotton Plant No 55-4 

Arrow indicated the Signal 
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Figure 4.17: Determination of GTGene transgene location on cotton chromosomes through 

karyotyping 

Karotyping of Transgenic cotton Plant No 55-4 

Arrow indicated the Signal 
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DISCUSSION 

High yield is the ultimate goal of crop plants including cotton. The major constraints to 

cotton yield are insect pests, weeds and viruses. The current study was proposed to control insect 

pests and weeds through the genetic modification of cotton with a codon-optimized 

Cry1Ac+Cry2A gene (Bakhsh et al., 2014) for insect control and the cp4EPSPS gene (Deng et 

al., 2014) for weed control. 

The introduction of Bt and GTG genes via genetic modification is more beneficial for 

crop resistance to insects and weeds than conventional breeding methods (Chen et al., 1987, 

Zhang et al., 1998a; Zhang, et al., 1998b; Zhang et al., 1991). 

In the current study, local cotton variety VH 289 was screened for genetic transformation 

by the regeneration response, as performed by Bakhsh et al., (2012). 

Gene pyramiding approaches establish multiple traits in a single variety, for example, the 

introduction of the two Bt genes Cry1Ac and Cry2A (Rashid et al., 2008). Currently, glyphosate 

(N-phosphonomethylglycine), commercially known as ‘‘Roundup’’, is the most widely used 

herbicide. It is a non-selective herbicide that stops the growth of a broad range of crops and 

weeds (Schmid and Amrhein, 1995). Glyphosate interferes with the shikimate metabolic 

pathway by inhibiting the synthesis of 5-enolpyruvyl-3-phosphoshikimate (EPSPS). 

Subsequently, the synthesis of the three aromatic amino acids tryptophan, phenylalanine and 

tyrosine is prevented (Herman and Weaver, 1999). Glyphosate-resistant cotton is one of the most 

widely planted transgenic crops, and its resistance is obtained by overproducing cp4-EPSPS 

derived from the Agrobacterium spp. strain cp4 (Barry et al., 1992; Nida et al., 1996).  
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Of 6205 transformed embryos, 74 putative transgenic cotton plants were obtained, 

resulting in a transformation efficiency of 1.19% (Table 4.2 and 4.3). Similar cotton 

transformation efficiencies (1.1% and 1.24%) have resulted from the shoot apex method (Lei et 

al., 2012; Rao et al., 2011; Bajwa et al., 2013).  

Ten of the 74 putative transgenic cotton plants were positive for amplification of both the 

Bt genes (Cry1Ac and Cry2A) and the glyphosate-tolerant (GTG) gene in the T0 generation. 

These plants were VH 289 (2), VH 289 (18), VH 289 (25), VH 289 (52), VH 289 (53), VH 289 

(55), VH 289 (66), VH 289 (69), VH 289 (72) and VH 289 (73) (Figure 4.3A & 4.3B). The T1 

progeny of these plants contained 16 confirmed transgenic cotton plants, namely VH 289 (2-4), 

VH 289 (18-5), VH 289 (18-6), VH 289 (25-3), VH 289 (52-7), VH 289 (53-6), VH 289 (55-4), 

VH 289 (55-7), VH 289 (66-1), VH 289 (69-7), VH 289 (72-2), VH 289 (73-9), and VH 289 

(73-10) (Figure 4.10A & 4.10B). Four transgenic cotton plants were selected for amplification of 

the transgenes in the T2 generation. PCR analysis of the T2 generation showed that line VH 289 

(18-6) had amplification in 12 plants out of 15, while VH 289 (55-4) showed amplification in 10 

out of 15 plants. Similarly, the transgenic cotton lines VH 289 (72-2) and VH 289 (73-10) 

showed amplification of 11 and 13, respectively, out of 15 plants, thus following a Mendelian 

ratio of 3:1 (Figure 4.14 and 4.15; Table 4.18). These results are similar to those found in 

glyphosate-resistant transgenic tobacco (Ali et al., 2010; Dun et al., 2014). 

Enzyme-linked immunosorbent assay (ELISA) was used to quantify the Cry1Ac +Cry2A 

and glyphosate (GTG) proteins in plants (Table 4.5; Figure 4.4 and 4.5). Total protein from 10 

transgenic cotton lines in the T0 generation, namely, VH 289 (2), VH 289 (18), VH 289 (25), VH 

289 (52), VH 289 (53), VH 289 (55), VH 289 (66), VH 289 (69), VH 289  (72) and VH 289 

(73), was isolated as described in Boopal et al., (2014). ELISA for quantification of Cry2A and 
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GTG protein was performed with the Envirologix kit AP 005 and AP 051 (Figure 4.6). The 

highest expression of Cry2A and GTG proteins was observed in lines VH 289 (18) (2.79ng/g) 

and VH 289 (55) (2.36ng/g), and the lowest expression was measured in lines VH 289 (53) and 

VH 289 (69) as 0.74ng/g and 0.44ng/g, respectively (Table 4.5) (Figure 4.4 & 4.5). These results 

were consistent with the study by Bakhsh et al., (2012). Ten plants were cultivated from each T0 

transgenic line, and Cry2A and GTG proteins were quantified in the following randomly selected 

T1 plants: VH 289 (2-4), VH 289 (18-5), VH 289 (18-6), VH 289 (25-3), VH 289 (52-7), VH 

289 (53-6), VH 289 (55-4), VH 289 (55-7), VH 289 (66-1), VH 289 (69-7), VH 289 (72-2), VH 

289 (73-9), and VH 289 (73-10). The highest transgene expression was observed in line VH 289 

(55-4), with 2.98ng/g for GTG, and line VH 289 (18-5) at 3.20ng/g for Cry2A, while the lowest 

expression of GTG and Cry2A—1.60ng/g and 1.29ng/g, respectively—were obtained in line VH 

289 (2-4). Advanced generations may exhibit segregation, and expression is always correlated 

with the best combination of genome and gene location (Figure 4.11, 4.12 and 4.13; Table 4.8). 

These results are in accordance with those obtained by Bakhsh et al. (2012). Four transgenic 

lines, namely, VH 289 (18-6), VH 289 (55-4), VH 289 (72-2) and VH 289 (73-3), were selected 

for the T2 generation, and sixty plants, i.e., fifteen from each line, were cultivated. The transgenic 

plant VH 289 (55-4) 5 showed the highest transgene expression with 3.18ng/g for GTG and 

3.39ng/g for Cry2A. The lowest quantities were recorded in VH 289 (18-6) 6 (2.11ng/g for 

GTG) and VH 289 (18-6) 4 (2.40ng/g for Cry2A) (Table 4.18). These results were similar to 

those obtained by Bashir et al., (2004) while studying the expression of Cry protein through 

ELISA in transgenic lines of Basmati rice. Kiani et al. (2013) made similar observations in the 

expression of Cry1Ac protein in transgenic cotton plants. Deng et al. (2014) reported similar 

values in transgenic rice.  
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Bio-toxicity Leaf Assay  

Bio-toxicity leaf assay were used to check the efficacy of transgene proteins, i.e., Cry1Ac 

and Cry2A, against Heliothis (2nd instar larvae) at different time intervals. Young leaves from 

transgenic cotton plants were collected at 20, 40, 60 and 80 days of crop age. Three larvae were 

placed in a Petri dish with one transgenic leaf; three replicates of each condition and the non-

transgenic control were performed, as described by Kranthi et al. (2005). Study of transgene 

protein toxin level titer is very crucial as it must be in sufficient quantity at time of insect 

infestation to protect the crop against Lepidopterons, especially bollworms. This assay measured 

the toxicity in transgenic cotton plants from three generations (T0, T1 and T2) (Figure 4.7). 

The level of Cry1Ac and Cry2A were reduced and percentage of insect damage increased 

with the passage of time, as the toxin level decreased 0.5-3.0ng/g in the T0 generation (Figure 4.7 

and 4.8), T1 (Table 4.9 & 4.11) and T2 (Table 4.20 & 4.22) generations. Similar results were 

previously reported (Ferre and Van Rie, 2002; James, 2004; Bakhsh et al., 2009; Manjunatha et 

al., 2009; Adamczyk et al., 2009). Analysis of variance (ANOVA), the least significant 

difference test (LSD) and Dunnett’s test demonstrated significant differences in insect mortality 

between the control and transgenic plants.  

ANOVA and Dunnett’s test showed a very significant difference at the level of 5% in the 

level of toxins in each T2 transgenic line and in Heliothis armigera mortality. LSD analysis 

showed that leaf samples from line VH 289 (55-4) at 20 days produced significantly increased 

larvae mortality (86.455%) compared with line (73-10), which showed the lowest value 

(80.231%). Leaf samples taken after 40 days from line (55-4) resulted in increased insect 

mortality (95.455%) compared to the lowest value in line (18-6) (85.833%). Similarly, leaf 
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samples from line (55-4) at 60 days of age showed the highest mortality rate (98.182%) 

compared with the lowest value in line (18-6) (88.333%) (Tables 4.20, 4.22 and 4.23). Generally, 

these data showed the leaf damage differences in transgenic and control plants and supported the 

conclusions of Kranthi et al. (2005); Hofte and Whiteley (1989); English et al. (1994); Sims, 

(1997) and Gould et al. (1995).  

Herbicide Spray Assay 

Weeds cause major damage by limiting nutrients available to crops. Manual hoeing 

results in loss of crop plants and requires extra labor. Also, it is time consuming. Herbicide 

tolerance has consistently been considered the most desirable trait in transgenic plants (1996 to 

2007). In 2007, 114.3 million hectares were used for biotechnological product cultivation. A 

total of 63% of this area (72 million hectares) was dedicated to herbicide-tolerant plants 

(International Service for the Acquisition of Agri-biotech Application, 2007). Glyphosate kills 

plants by inhibiting 5-enolpyruvylshikimic acid-3-phosphate synthase (EPSPS) activity, which is 

necessary for the synthesis of the aromatic amino acids tyrosine, tryptophan, and phenylalanine. 

These amino acids are important for the synthesis of proteins that link primary and secondary 

metabolism (Carlisle and Trevors, 1988). 

A herbicide spray assay was used to determine the glyphosate resistance in T0 transgenic 

cotton plants in field conditions. Plants were sprayed with Roundup ready herbicide (1600 

ml/acre), and after 45 days, 10 out of 13 plants were alive and resistant to herbicide stress. The 

remaining three plants showed necrotic spots and dead tissues while weeds were almost dead 

(Figure 4.9). These results are displayed in Table 4.7. In the T1 generation, 75% of plants were 
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alive after 45 days, while 15% mortality of total germinated seeds was observed. This result may 

be due to gene segregation; 10% of the T1 seeds did not germinate (Table 4.13). 

In the T2 generation, fifteen plants from each of four transgenic lines VH 289 (18-6), VH 

289 (55-4), VH 289 (72-2) and VH 289 (73-10) were tested. Similar results were previously 

reported (Carpenter and Gianessi, 1999; Debora, 1994; Gianessi et al., 2002; Mark, 2013; Ali et 

al., 2010; Herrmann and Weaver, 1999; Sikorski and Gruys, 1997).  

In line VH 289 (18-6), twelve plants were resistant to glyphosate, and three plants died, 

which were (18-6) 3, (18-6) 11 and (18-6) 12. VH-289 (55-4) showed ten plants resistant to 

glyphosate and five dying plants, which were (55-4) 1, (55-4) 7, (55-4) 8, (55-4) 11, and (55-4) 

14. VH-289 (72-2) had eleven resistant plants and four plants that were not resistant to 

glyphosate, namely, (72-2) 5, (72-2) 8, (72-2) 9, and (72-2) 10. Finally, VH 289 (73-10) 

produced thirteen resistant plants and only dead plants, (73-10) 3 and (73-10) 11. These results 

are shown in Table 4.18. These results are similar to previous studies (Zhou et al., 1994; 

D’Halluin et al., 1992; Fromm et al., 1990; Gordon-Kamm et al., 1990; Kramer et al., 1993 and 

Park et al., 1998).   

Based on glyphosate spray assays of T2 generation transgenic cotton plants, the law of 

Mendelian segregation applied. Data from the herbicide spray assay was analyzed with a chi-

square (X2) test, with the following results. Line VH 289 (18-6) had an F value 0.2 and an F table 

3.84, so H0 was rejected. The obtained Mendelian ratio was 3:1. In line VH 289 (55-4), the F 

value of 0.555 and F table value of 3.84 led to rejection of H0, and the obtained Mendelian ratio 

was 3:1. Line VH 289 (72-2) had an F value of 0.0222 and an F table 3.84, so H0 was rejected. 

The Mendelian ratio was 3:1. Line VH 289 (73-10) had an F value of 1.0888 and an F table of 
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3.84, so H0 was rejected. The Mendelian ratio was thus 3:1 (Table 4.19). These data corroborate 

an earlier report by Wu et al. (2002). Both Mendelian and distorted segregation ratios were 

observed in some selfed and crossed T2 populations. Canming et al. (2000) also reported the 

segregation of resistant and susceptible plants in a Mendelian 3:1 ratio in six T2 populations. 

Morphological characteristics of transgenic cotton plants 

Plant morphology depends on the availability of nutrients and protection from insects and 

weeds. Genetic transformation of cotton with Bt and GTG genes allowed the over-expression of 

Cry and weed resistant proteins in cotton plants. These plants have more agricultural value. In 

this study, transgenic cotton plants over-expressing Bt and GTG genes exhibited a small 

phenotype with increased plant height, increased number of bolls, increased boll weight, and 

higher rates of boll formation, which had positive impacts on yield. These results are consistent 

with studies in done insect-resistant transgenic cotton, herbicide-resistant transgenic soybeans, 

and transgenic rice (Bakhsh et al., 2009; Wright et al., 2010; Jiang et al., 2000). 

Plant Height 

Statistical analyses revealed that four transgenic plant lines, namely, VH 289 (18), VH 

289 (55), VH 289 (72) and VH 289 (73), had higher average heights than controls in the T1 

generation. The average height of the T1 generation of transgenic plants was much shorter than 

the control plants. The of height of transgenic plants ranged from 39.50 cm to 69.58 cm, while 

control plants were 147.858 cm (Tables 4.13-4.15). Similar results were obtained by Bushra 

(2008).  Plant height is secondary data to be observed and required information for this research. 

Height was also evaluated in T2 transgenic plants (Tables 4.24 and 4.26). Statistical analysis 

showed characteristics significantly different in T2 generation plants at the level of 5%. Each line 
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of transgenic cotton plants had different heights. Line VH 289 (55-4) had a height of 179.664a; 

similarly, line VH 289 (72-2) showed a height value of 173.882ab. The height of line VH 289 

(73-10) was determined as 168.715bc, and line 289 (18-6) have showed a value of 166.383c 

compared with 148.054d in control plants (Table 4.26). Similar results were obtained by Bakhsh 

et al. while studying different generations of transgenic cotton plants (2012). 

Number of Bolls 

Number of bolls is an important agronomic characteristic. It was calculated from 

transgenic cotton plants and compared with control cotton plants. Only four transgenic cotton 

plant lines had a higher average number of bolls compared with the T1 generation of other 

transgenic lines, namely VH 289 (18), VH 289 (55), VH 289 (72), VH 289 (73) and the control 

(Tables 4.14-4.17). These transgenic cotton lines had the maximum transgene expression, as 

discussed earlier, so their T2 generation also showed a significant increase in the number of bolls 

(Table 4.24). ANOVA and Dunnett’s test showed significant differences among transgenic 

cotton plants at the level of 5% with an F value of 45.62** (Table 4.25 and 4.27). Least 

significant difference test also proved that there was significant difference in the number of bolls 

in transgenic and control plants (Table 4.26). These results were similar to those of Cattaneo et 

al., (2006). 

Boll Weight per Plant 

Transgenic cotton plants expressing Bt and GTG transgenes showed higher boll weights 

than control plants (Table 4.14 and 4.16). This effect was directly proportional to increased 

cotton yield. In the T1 generation, a transgenic cotton plant had a boll weight of 4.40g compared 

with 3.60g in the control. LSD analysis of transgenic plants showed significant increases in the 
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boll weights of the following transgenic lines: VH 289 (55) 4.25a, VH 289 (72) 4.20 a, VH 289 

(73) 4.18a and VH 289 (18) 4.16 a (Tables 4.16-4.17). Bolls per plant in the T2 generation were 

also compared with the average control values. ANOVA and Dunnett’s test showed high 

significance at the 5% levels (Table 4.25 and 4.27), while LSD showed high boll weights in the 

following lines: VH 289 (18-6), with a value of 4.188a; VH 289 (55-4), with a value almost 

equal to VH 289 (18-6) at 4.163 a; VH 289 (73-10), with 4.028bc; and VH 289 (72-2), with 

value of 4.004c. LSD of the controls was equal to 3.633d (Table 4.26). Similar findings were 

reported by Hussain et al. (2005) and Seagull et al. (2000), which strengthens this study.  

Yield 

Yield enhancement is the ultimate goal of transgenic cotton plants. The yield of 

transgenic cotton plants harboring Bt (Cry1Ac and Cry2A) and glyphosate resistant gene (GTG) 

was greater than in the control plants during the T1 and T2 generations (Table 4.14 and 4.24). 

Four transgenic plant lines, namely, VH (73-10) 203.59bc, VH (72-2) 230.349a, VH (55-4) 

219.317ab, and VH 289 (18-6) 191.263c, showed significantly higher yields than the control, 

which produced 102.901d grams of cotton in the T2 generation (Tables 4.15-17 and 4.25-4.27). 

Similar results were obtained by Siebert et al. (2006) and Russel et al. (1993) when transgenic 

plant yields were investigated in different environmental conditions.  Huang et al. (2002) found a 

6% increase in transgenic cotton yield as well as reduced production costs. Cattaneo et al. (2006) 

reached the same conclusion in Bt cotton plants. Ridge et al. (2000) and Perlak et al. (2001) 

reported similar results while studying the impact of transgenic cotton plants on insect control. 

Bakhsh et al. (2009) reached to same conclusion and determined the advantages of consistent 

yield of transgenic variants containing Bt alone and stacked. 
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Location of Cry2A and GTGenes in cotton 

FISH is preferred to Southern hybridization analysis for measuring copy number 

(Tsuchiya and Taga, 2001). Therefore, transgenic plants that showed good expression of the 

transgenes Cry2A and GTG by ELISA and that displayed higher yields were analyzed for gene 

copy number and chromosome location by FISH. Transgene copy number and location affects 

transgene expression, as shown for the PhyB gene in transgenic cotton plants (Rao et al., 2013). 

A single gene copy number was observed in transgenic cotton plants on the chromosome number 

6 for Cry2A and chromosome no. 3 for GTG gene but no signal was observed in the control 

cotton plant (Figure 4.16 and 4.17).  These results were similar to those of Rao et al. (2013). 
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VI. CONCLUSION 

CEMB transgenic cotton lines harboring Cry1Ac+Cry2A along with codon optimized 

cp4EPSPS gene (GTGene) have shown good potential against lepidopteran insects by showing 

100% mortality and broad spectrum herbicide with tolerance limit of 1600ml/acre which 

ultimately leads towards increase of cotton yield. These selected transgenic cotton lines after 

trials in advance generations can be raised as variety for poor farmers of Pakistan because it 

holds good potential. This study will help me to get the idea to implement in my country for 

solution of such problems. Moreover it will be new addition in future studies of transgenic 

cotton. 
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APPENDICES 

APPENDIX-I  

Luria bertani (LB) Medium  

Tryptone       10 g  

Yeast Extract       10 g  

NaCl          5 g  

Dissolved in 1 liter of distilled water, adjusted pH:  7.5 and autoclaved.  

LB AGAR containing    15 g / liter of Bacto Agar  

MS Medium (Murashige and Skoog, 1962) Composition  

MS Salts       4.33g/l  

MS Vitamins       1ml/l  

Sucrose       30g/l  

Gelrite        3g/l  

pH         5.6-5.8   

MS Vitamins                1000X  

Nicotinic acid                        50mg/100ml  

Thiamine hydrochloride        50mg/100ml  

Pyridoxine hydrochloride      50mg/100ml  

Myo-inositole                        100mg/l (of medium)  

YEP Medium 

Yeast extracts      10g/l  

Bactopeptone      5g/l  

NaCl         10g/l  

pH       7.5  
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YEP Agar 

YEP containing 15 g / liter of Bacto Agar     

S.O.B. Medium  

Tryptone       20 g  

Yeast Extract       5 g  

NaCl         0.584 g  

KCl         0.186 g  

Dissolved in 1 liter of distilled water, adjusted pH: 7.0 and autoclaved.   

S.O.C. Medium  

2M Mg++      2ml 

2M Glucose      2ml 

SOB Medium      96ml 

APPENDIX-II 

Protein Extraction Buffer (5ml) 

Glycerol     0.5ml 

0.5M EDTA     0.4ml (pH 7.5) 

5M NaCl     0.1ml 

1M TrisCl     0.05ml (pH 7.5) 

NH4Cl      26.7mg 

DTT      15mg 

PMSF      2mM 

Carbonate Buffer  

Na2CO3      0.04M 

NaHCO3      0.06M 
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Adjust pH of Na2CO3 to 9.6 with NaHCO3 and store at 40C 

Phosphate Buffered Saline (PBS) 

NaCl      8g 

KCL      0.2g 

KH2PO4      0.24g 

Na2HPO4      1.44g 

Dissolve in 1 liter of distilled water, adjust pH to 7.4  

Coomassie Stain 

Coomassie blue     2.5g 

Methanol      455ml 

Glacial acetic acid     91ml 

Adjust volume to 1 liter with distilled water 

Coomassie Distain 

Methanol      250ml 

Glacial acetic acid     70ml 

Adjust volume to 1 liter with distilled water 

Alkaline Phosphatase Buffer (20ml) 

DEA       20µl 

0.5 M MgCl2      20µl 

PNPP       1mg/ml 

Tranfer Buffer 

Trizma      2.42g 

Glycine      11.2g 

Methanol      200ml 



170 

 

Distilled water     1000ml 

 

Sample Buffer 

0.5M TrisCl      1.25ml 

Glycerol      87% 

10% SDS      2ml 

β-mercaptoethanol     0.1ml 

Bromophenol blue     0.001mg 

Running Buffer 

Trizma base      3.02g 

Glycine      14.4g 

SDS      1g 

APPENDIX-III  

Solution I  

Tris-cl                        25mM  

  EDTA        10mM  

  Glucose        50mM   

Solution II  

  SDS         1%  

  NAOH       0.2M   

Solution III   

Na or K Acetate     1.32M (PH: 4.8)    

APPENDIX-IV  

DNA Extraction Buffer  
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TrisCl        100mM (pH 8.0)  

EDTA        20mM (pH 8.0)  

NaCl         1M   

CTAB        2%  

PVP-40       2% (w/v)  

Mercaptoethanol     0.2%   

Lysis Buffer 

TrisCl       0.25M (pH 8.0) 

EDTA       0.025M (pH 8.0) 

NaCl       1.4M 

CTAB       2% 

PVP       2% 

Mercaptoethanol     0.2% (v/v) 

T.E. Buffer 

Tris HCL      10mM 

EDTA       1.0mM 

5x TBE Buffer      

Trizma base       54g  

Boric acid       27.5g  

0.5M EDTA       20ml  

Adjust volume to 1 liter with distilled water.  

6x DNA Loading Dye     

Ficoll        20 %  

EDTA        0.1M  
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SDS         1 %  

Bromophenol blue     0.25 %  

Xylene Cyanol     0.25 %   

 

20x SSC  

NaCl         350.6g  

Na-Citrate       176.4g  

Adjust pH to 7.0 with NaOH and make up volume to 2 liter with distilled water    

Genius Buffer 1  

TrisCl        100mM (pH 7.5)  

NaCl         150mM   

Genius Buffer 2 (Blocking solution)  

TrisCl        100mM (pH 7.5)  

NaCl         150mM  

Blocking reagent     2%   

Genius Buffer 3  

TrisCl        100mM (pH 9.5)  

NaCl         100mM  

MgCl2        50Mm 
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More than 50 countries around the globe cultivate cotton on a large scale. It is a major

cash crop of Pakistan and is considered “white gold” because it is highly important

to the economy of Pakistan. In addition to its importance, cotton cultivation faces

several problems, such as insect pests, weeds, and viruses. In the past, insects have

been controlled by insecticides, but this method caused a severe loss to the economy.

However, conventional breeding methods have provided considerable breakthroughs

in the improvement of cotton, but it also has several limitations. In comparison with

conventional methods, biotechnology has the potential to create genetically modified

plants that are environmentally safe and economically viable. In this study, a local cotton

variety VH 289 was transformed with two Bt genes (Cry1Ac and Cry2A) and a herbicide

resistant gene (cp4 EPSPS) using the Agrobacterium mediated transformation method.

The constitutive CaMV 35S promoter was attached to the genes taken from Bacillus

thuringiensis (Bt) and to an herbicide resistant gene during cloning, and this promoter was

used for the expression of the genes in cotton plants. This construct was used to develop

the Glyphosate Tolerance Gene (GTGene) for herbicide tolerance and insecticidal gene

(Cry1Ac and Cry2A) for insect tolerance in the cotton variety VH 289. The transgenic

cotton variety performed 85% better compared with the non-transgenic variety. The

study results suggest that farmers should use the transgenic cotton variety for general

cultivation to improve the production of cotton.

Keywords: Agrobacterium, Cry1Ac, Cry2A, Cp4 epsps, cotton, GTGene, Bacillus thuringiensis

INTRODUCTION

Cotton is grown around the world, mostly in tropical and subtropical areas. Cotton is used in
numerous ways, such as for food and animal feed and in the textile industry. Its seeds are also
used in many countries for the production of cooking oil and as a livestock feed because they are
a rich source of protein (Hari, 2007; Keshamma et al., 2008; John, 2011). Lint is the source of high
quality fibers. Cotton fiber plays a very important role in the manufacture of different products,
such as textile products and paper (Akhtar et al., 2004). The cultivation of cotton is reported in
more than 50 countries around the world, including China, America, India, Brazil, and Pakistan.
The approximate area for the cultivation of cotton is 10,000 hectares per year worldwide (Hari,
2007; Azam et al., 2013). However, 87% of this cotton cultivation area is located in developing
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countries (Keshamma et al., 2008), which means that only 13%
of the total area is located in developed countries. Cotton
is considered “white gold” because of its importance to the
economy of Pakistan. (Pakistan Bureau of Statistics, 2013–14).

In addition to the importance of cotton, cotton cultivation
faces many problems, such as insect pests, weeds and viruses.
In the past, insects were controlled by insecticides, but this
caused economic loss in the country. Although conventional
breeding methodology has made significant progress in the
field of cotton improvement, it has limitations to its ability to
introduce new alleles (Keshamma et al., 2008). This method still
cannot solve the problem of insecticides. To combat losses from
insects and pests, insecticides are used excessively every year in
developing countries, such as Pakistan. Biotechnology has the
potential to create new plants, new genes and new products that
are environmentally safe and economically viable (John, 2011).
Cotton biotechnology has tremendous commercial implications.
It can change the way cotton is cultivated. Cotton was one of
the first genetically modified crops to be commercially released
(Jones et al., 1996; Wilkins et al., 2005). To obtain high yields,
several methods have been used by farmers to minimize the
major threats of cotton. For example, weeds have been controlled
traditionally bymechanically uprootingmethodsWeeds compete
with crop plants and reduce the yield in both quantity and
quality (ICAR, 2009). The implements used for mechanical weed
control shear and tear the surface of the soil, resulting in the
uprooting of plants. The introduction of herbicide-resistant crops
has dramatically changed weed management in crop production
systems (Owen, 2001). 5-enolpyruvylshikimic acid-3-phosphate
synthase (EPSPS)-encoding bacterial genes transformed into
crop plants by the use of stable genetic transformation can confer
glyphosate resistance (Fitzgibbon and Braymer, 1990; Padgette
et al., 1991).

Similarly, a gene of Bacillus thuringiensis (Bt), which is a
Gram-positive bacterium, can be transformed into cotton for the
production of crystalline protein (Schnepf et al., 1998), which is
toxic to the larvae of different orders of insects e.g., Lepidoptera,
Coleoptera, and Diptera. Genes of this sort are widely used to
develop insect resistance in various crops (Gasser and Fraley,
1992; Ali et al., 2014). Among these genes, transgenic cotton
that expresses insecticidal proteins from B. thuringiensis has
been one of the most rapidly adopted GM crops in the world
(Barwale et al., 2004; Dong et al., 2005; James, 2013; Qamar
et al., 2015a,b). Transgenic cotton contains one or more Cry
genes, such as Cry1Ac, Cry1Ac, and Cry2Ab, or Cry1Ac and
Cry1F. These genes used in this transgenic cotton, also called
Bt cotton, are considerably effective in controlling Lepidopteran
pests, and the use of this cotton is highly beneficial to the
grower and the environment by reducing the use of chemical
insecticide sprays and preserving the population of beneficial
arthropods (Carpenter and Gianessi, 1999; Tabashnik et al.,
2009). In this study, the transformation of two Bt genes (Cry1Ac
and Cry2A) and an herbicide resistant gene (cp4 EPSPS) into
the local cotton variety VH 289 was attempted with the help
of the Agrobacterium mediated transformation method. The
constitutively expressed CaMV 35S promoter was attached to the
Bt genes and the herbicide resistant gene during cloning, and this

promoter was used for expression of these genes in cotton plants.
These constructs were developed prior to the transformation
at the Centre of Excellence in Molecular Biology (CEMB).
This construct was created to develop the glyphosate tolerance
gene (GTGene) for herbicide tolerance and an insecticidal gene
(Cry1Ac and Cry2A) in the cotton variety VH 289. This promoter
is an excellent candidate to drive strong and consistent expression
of the transgene. This expression is restricted to the green tissues
of plants. Thus, in the roots of the plant, there is no expression of
these genes. Ultimately, based on the biosafety point of view, this
transformation would not cause harm to soil microorganisms or
the environment.

MATERIALS AND METHODS

Bacterial Strains and Plasmids
E. coli strains were grown at 37◦C in LB medium using
kanamycin selection. These bacterial cells were made competent
using CaCl2. The plasmid harboring the Cry1Ac and Cry2A
genes were transformed into the strains according to the heat
shock method (Sambrook et al., 2006). Resistant colonies were
selected on LB media with kanamycin selection. The plasmid
was extracted from these cells following the standard protocol
of The FavorPrep™ Plasmid Extraction Kit. We transformed
the plasmid into Agrobacterium tumefaciens (strain LB4404)
competent cells using a Bio-Rad Gene Pulser Electroporator
Model 1652078, and 2µl of the plasmid DNA vector was added
to 10µl of the bacterial cells. Cells were allowed to grow in YEP
media for 1–2 h, and 50ml of culture was spread onto YEP plates
with antibiotic resistance.

Transformation of Plasmid into Escherichia

coli and Plasmid Isolation
The Cry1Ac and Cry2A (Rao et al., 2011) plasmid along with
the GTGene (Bajwa et al., 2013; Qamar et al., 2015a,b) plasmid
were transformed into competent DH5α cells using heat shock.
After transformation, 1ml of SOC solution or LB broth was
added, and the culture was placed in a shaker for 1–2 h at 37◦C.
Resistant colonies were selected again on kanamycin selection
LB medium. The plasmid was isolated from a single isolated
colony and was performed by following a standard protocol of
phenol-chloroform-isoamyl alcohol (PCI) (Zasloff et al., 1978)
with several modifications

Electroporation of the Cry1Ac+Cry2A and
GTGene Plasmid into Agrobacterium

tumefaciens
The plasmid was transformed into A. tumefaciens competent
cells by using a Bio-Rad Gene Pulser Electroporator Model
1652078. The standard protocol (Mersereau et al., 1990) was used
with minor modifications, and 2µl of plasmid DNA was used
to transform 10µl of A. tumefaciens strain LB4404 cells. The
transformed Agrobacterium cells were spread on YEP medium
plates with kanamycin selection using 50, 100, and 150µl of
the cells. The YEP medium plates were incubated at 30◦C for
overnight.

Frontiers in Plant Science | www.frontiersin.org 2 November 2015 | Volume 6 | Article 943

http://www.frontiersin.org/Plant_Science
http://www.frontiersin.org
http://www.frontiersin.org/Plant_Science/archive


Puspito et al. Transformation and evaluation of Cry1Ac+Cry2A and GTGene in Gossypium hirsutum L.

Confirmation of Electroporation Through
Colony PCR
The next day, resistant colonies were picked using toothpicks.
Five colonies were randomly selected and dissolved in 1.5ml
tubes containing 50µl of lysis buffer. The solution was heated at
95◦C for 10min. After centrifugation at 13,000 rpm for 10min,
colony PCR was performed.

Primer Designing
Reverse and forward primers were designed for the Cry2A gene
and the GTGene gene using Primer3, a freely available primer
design program. The detailed primer information is in Table 1

(Supplementary Figure 1).

Transformation of Cry1ac, Cry2a and,
GTGene in Cotton (Gossypium hirsutum)

var. VH-289
Screening of Different Varieties
On the basis of seed germination, twelve varieties of cotton
(Gossypium hirsutum) were used for screening. These varieties
were VH-281, VH-289, BH-79, BH-75, BH-118, BH-95, MNH-
786, CIM-446, CIM- 482, CIM-473, CIM-497, and NIAB-846.
The local cotton variety VH-289 was selected for transformation
because of its higher percentage of germination and greater
resistance against CLCuV than other cotton varieties.

Delinting of Seeds
Concentrated sulphuric acid was used to delint VH-289
cottonseeds at the rate of 100ml/kg of cottonseeds. Cottonseeds
of VH-289 were added to a glass beaker, and concentrated
sulphuric acid was mixed in with the seeds. After adding H2SO4,
the seeds were continuously stirred using a spatula for 10–15min
until the surface of seeds became shiny. To remove the acid
completely, the seeds were thoroughly washed 5–6 times with

TABLE 1 | Germination, tissue culture, and plant formation response of

local cotton varieties.

Sr. No. Varieties Germination (%) Plant formation (%)

1 CIM-446 86 88

2 CIM-473 90 96

3 CIM-482 86 87

4 CIM-497 78 80

5 CIM-499 80 80

6 NIAB-78 90 89

7 NIAB-846 80 79

8 VH-289 95 98

9 MNH-147 77 75

10 MNH-786 89 97

11 BH-79 70 78

12 BH-95 81 81

13 BH-75 77 80

14 BH-118 60 90

15 VH-290 71 89

tap water. At that time, floater seeds were separated from sinker
seeds.

Germination Index of VH 289
To determine the germination index of the VH 289 local
cotton variety seeds, sterilized petriplates, and autoclaves filter
papers were used. Autoclave filter paper was spread on sterilized
petriplates, and 1ml of autoclaved water was spread on the filter
paper to soak the cotton seeds. Thirty cotton seeds of the VH 289
variety were spread on each petriplate, and the petriplates were
covered with lids. The petriplates were incubated in the dark at
30◦C for 48 h. The germination index of the VH 289 local cotton
variety was calculated by using the following formula:

GerminationIndex =
GerminatedSeed

TotalSeeds
× 100

Sterilization and Soaking of Seeds
The delinted seeds of the VH-289 variety were sterilized using
autoclaved 1 L Erlenmeyer flasks and autoclaved sterilized water.
The cottonseeds of the VH-289 variety were sterilized by adding
1ml of 10% SDS and 2ml of 5% HgCl2 to the seeds. The
cottonseeds were soaked by putting 500 seeds in an autoclaved
flask with 100ml distilled autoclaved water. This flask was
covered with black paper and incubated in the dark at 30◦C for
overnight germination.

Embryo Isolation
The next day, the testa of the cottonseeds was removed with
forceps, and a surgical blade was used for the excision of the
cotyledonary leaves. The mature embryos of the germinating
seeds of the cotton variety were isolated using forceps and
surgical blades. The isolated embryos were kept on moist filter
paper prior to the transformation experiment.

Medium Preparation
MS (Murashige and Skoog, 1962) broth was used to culture
the transformed embryos with 50mg/mL of kanamycin and
250µg/ml of cefotaxime for selection.

Bacterial Inoculum Preparation
The Agrobacterium strain LBA4404 containing the Cry2A and
GTGene individual plasmids was streaked on solidified agar
medium containing kanamycin at 50µg/ml and incubated for
24–48 h at 28◦C. Single colonies were picked and inoculated
in 10mL of YEP broth containing 50 mg/mL of kanamycin
in a 50ml culture tube. The samples were incubated on a
rotary shaker at 28◦C for 24 h while shaking at 200 rpm. After
centrifugation, the supernatant was discarded, and the pellet was
resuspended in 10ml of MS broth.

Shoot Apex Method
The Agrobacterium mediated genetic transformation of the
mentioned local cotton cultivars was achieved using the shoot
apical meristems isolated from the seedlings as explants. A.
tumefaciens has synthetic genes for encoding the GTGene,
CrylAc, and Cry2A genes, which were transformed into the
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cotton cultivars. The procedure was followed as suggested by
Gould and Magallanes-Cedeno (1998).

A total of 6205 embryos from the Cry1Ac and Cry2A
group and 6205 GTG embryos were used in the transformation
experiments. After bacterial inoculum treatment, the culture was
removed, and the embryos were shifted to MS medium plates
without a selection drug. They were cocultivated for 3 days. The
MS medium plates were kept in a growth room at a temperature
of 25± 2◦C with a photoperiod of 16 h of light and 8 h dark.

Selection on Antibiotic Medium
After 3 days (72 h) of cocultivation, the plantlets from the
petriplates were shifted to test tubes containing the selection
drugs kanamycin (50mg/ml) and ceftriaxone (250µg/ml).
Different growth hormones, such as indole acetic acid (1mg/ml)
and gibberellic acid (1mg/ml), were also added to medium for
better growth of the transformed plantlets. The control plants
were maintained on simple MS media. Every 15 days for a total
of 2 months, the plantlets were subcultured. The transformation
efficiency was calculated after 8 weeks of transformant growth on
the selection medium (50mg/ml kanamycin).

Establishment of Transformed Plants in Soil
After 8–10 weeks, the plantlets were transferred to sigma pots
containing sterilized compost soil that consisted of a mixture of
equal proportions of clay, sand and peat moss (1:1:1). The plants
were covered with plastic bags to maintain proper humidity and
were kept in a growth room at a temperature of 25 ± 2◦C and a
photoperiod at 16 h light and 8 h dark. After 4 weeks, these plants
were acclimated under sunlight and then shifted to a green house
or field conditions for better growth.

Molecular Analysis of Putative Transgenic Cotton

Plants at T0 Generation
The putative transgenic cotton plants with two Bt genes (Cry1Ac
and Cry2A) and one GTG gene were analyzed by using high
throughput molecular techniques. Extraction of high-quality
genomic DNA from Gossypium (cotton) species was extracted by
following the method suggested by Dellaporta et al. (1983) with
minor adjustments.

Statistical Analysis of Transgenic Cotton Plants
Analysis of variance (ANOVA), least significant difference test
(LSD), and Dunnett’s test were performed to calculate the
difference in insect mortality between control and transgenic
plants.

RESULTS

Genomic DNA Extraction of Putative
Transgenic Cotton Plants at T0 Generation
For the extraction of the genomic DNA from the transgenic
cotton plants, newly germinated leaves of the putative transgenic
cotton plants were placed in liquid nitrogen and grounded into a
fine powder. The powder was transferred into Eppendorf tubes,
and 700µl extraction buffer was added. The Eppendorf tube was
incubated in a water bath at 65◦C for 1 h. After incubation, an
equal volume of chloroform:isoamylalcohol (24:1) was added.
The solution was mixed completely with continual vortexing.
After mixing, the solution was centrifuged at 13,000 rpm for
10min. The supernatant was transferred to a new Eppendorf
tube, and the pellet was discarded. Ice cold 60% isopropanol
(v/v) was added, and the Eppendorf tube was incubated at
−20◦C for overnight until the DNA aggregated. The next
day, the DNA pellet was harvested using centrifugation. The
supernatant was removed, and the DNA pellet was washed
with 1ml of washing solution (80% ethanol+15mM ammonium
acetate) and centrifuged again for 15min at 13,000 rpm
(Supplementary Figure 1). After centrifugation, the genomic
DNA pellet was dried, and it was suspended in low EC or
PCR water. Agarose gel electrophoresis was used to estimate the
concentration of the genomic DNA of the putative transgenic
cotton plants.

Polymerase Chain Reaction (PCR) of
Putative Transgenic Cotton Plants at T0

Generation
Newly germinated leaves of the transgenic cotton plants were
used for the isolation of their genomic DNA, according to
the protocol described by Dellaporta et al. (1983) with some
modification. PCR was performed to detect the Cry1Ac and

FIGURE 1 | Physical maps of CrylAc+Cry2A construct.
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Cry2A genes and the GTG gene in the transgenic cotton plants.
The extracted DNA from untransformed plants was used as a
negative control and that of plasmid pk2Ac as positive control.
PCR of Bt genes was performed using the following condition:
94◦C for 5min, 94◦C for 45 s, 51◦C for 45 s for Cry1Ac+Cry2A
or 60◦C for 45 s for GTG and 72◦C for 45 s repeated 35 times
(Supplementary Figures 2, 3). The amplified PCR fragments were
evaluated on a 1% agarose gel and observed under UV light for
the amplification of the genes with the specific primers found in
Table 2 (Supplementary Figure 1).

The primer sequences used for the amplification of
the glyphosate resistance gene can be found in Table 3

(Supplementary Figure 1).

Bradford Assay of Putative Transgenic
Cotton Plants at T0 Generation
A Bradford assay was conducted to quantify the total crude
protein of the plants. Fresh leaves of the transgenic cotton plants
were ground in liquid nitrogen with a mortar and a pestle to
make a fine powder. Then, 600µl of protein extraction buffer was
added to an Eppendorf tube containing the fine powder, and the
tube was incubated at 4◦C overnight. The next day, the crude
protein was isolated using centrifugation. After centrifugation,
the supernatant was removed, and 780µl of 1X PBS solution was
added to the Eppendorf tubes containing the supernatant. Then,

FIGURE 2 | Physical maps of GTG-gene construct.

the Eppendorf tubes were incubated at room temperature for
10min. Using a spectrophotometer, the amount of crude protein
was calculated in transgenic cotton plants.

Quantification of Cry1Ac And Cry2A

Endotoxins and GTG Proteins of Putative
Transgenic Cotton Plants at T0 Generation
Enzyme linked immunosorbent assay (ELISA) was used to
quantify the expression of all Cry1Ac, Cry2A, and GTG genes,
according to the protocol provided by the Envirologix Kit (Cat #
051) temporally as well as spatially. Leaf samples of the transgenic
plants were ground into a fine powder in liquid nitrogen, and
600µl of the protein extraction buffer was added to the powder.

TABLE 2 | Germination and tissue culture of cotton embryos for

transformation.

Sr.

No.

No. of

embryos

isolated

Agro-

bacterium

treated

MS plates Selection

tubes

Pots Died Shifted

to green

house

Survive Dead Survive Died

1 679 679 198 481 5 193 5 4 1

2 591 591 133 458 9 124 9 8 1

3 588 588 171 417 12 159 12 10 2

4 650 650 151 499 8 143 8 7 1

5 589 589 77 512 6 71 6 5 1

6 675 675 132 543 10 122 10 8 2

7 590 590 79 511 4 75 4 4 0

8 669 669 190 479 11 179 11 8 3

9 596 596 61 535 3 58 3 3 0

10 578 578 32 546 6 26 6 4 2

Total 6205 6205 1224 4981 74 1150 74 61 13

FIGURE 3 | Complete protocol of Agrobacterium mediated transformation in cotton. (A) Germinated Seeds of VH-289, (B) embryo isolation, (C) injuring of

cotton embryos with sharp blade, (D) co-culturing of injured embryos in MS broth with gene of interest (Cry2A and GTG), (E) cotton embryos are shifted to selection

free MS medium plate, (F) cotton embryos shifted to test tubes with selection drug (kanamycin) for screening.
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TABLE 3 | Efficiency of transformation.

Sr. No. Number of experiments Plants obtained

after 3–4 weeks

(selection

medium)

Transformation

efficiency

1 No. of embryos

isolated for

transformation

Control Putative

transgenic cotton

plants

Survival

percentage of

experiments

Total 6205 100 74 1.19%

Then, the mixture was incubated in an Eppendorf tube on ice for
1 h and then centrifuged for 25min at 13,000 rpm. For further
analysis, the supernatant was used for the quantification of the
endotoxins by plotting the absorbance values of Cry2A and
GTG test samples on the standard curve. The values for the
expression of the endotoxin proteins were measured in ng per
gram. The procedure used for the ELISA is as follows: 100µl
of the negative control was added to the ELISA plate. 100µl
of the calibrating sample and 100µl of each diluted sample
of the transgenic cotton plants were added to their respective
wells. The contents of all wells were thoroughly mixed using a
strip holder in a rapid circular motion for 20–30 s. The wells of
the ELISA plate were covered with parafilm, and the samples
were incubated for 15min at ambient temperature. After the
incubation, 100µl of DNA-enzyme conjugate solution was added
to each well. With the help of the strip holder, the contents of
all the wells were thoroughly mixed. The wells were covered
with parafilm and incubated for 1 h at room temperature. The
ELISA plate was washed thoroughly with washing buffer. After
washing, the ELISA plate was dried under air. Then, 100µl of
the substrate solution was added to each well, and the contents
of the wells were mixed thoroughly. After mixing, 100µl of the
stop solution was added to each well and mixed thoroughly.
Again, the ELISA plate was subjected to incubation. Finally,
the ELISA plate was read at 450 nm to calculate the protein
expression.

Biotoxicity Assay of Putative Transgenic
Cotton Plants at T0 Generation
A biotoxicity assay was used to check the efficacy of the
endotoxins against the targeted insect pests of cotton, such as
Heliothis larvae (2nd instar). In the procedure of the biotoxicity
assay, five leaves from the upper, middle, and lower portion of
the transgenic and control cotton plants were taken after 30,
60, and 90 days of crop age. Moist filter paper was placed in
petriplates, and all the leaves were kept on separate petriplates.
These transgenic and control cotton leaves were used to feed 2nd
instar larvae of Heliothis. After 2–3 days, the mortality rate was
noted, which was variable. The mortality range was 60–100%,
while it was 0% in the control VH-289. The mortality rates were
calculated as follows:

%Mortality =
No. of dead larvae

Total no. of larvae
× 100

Spray Assay of Putative Transgenic Cotton
Plants at T0 Generation
A glyphosate spray assay was used for the confirmation,
integration, and expression of the GTG gene (glyphosate
resistance) in transgenic cotton plants of the VH-289 variety.
During field growth, a glyphosate herbicide was sprayed on the
transgenic and control cotton plants at the concentration of
1600ml/acre in order to check the resistance. The glyphosate
herbicide spray was also sprayed on weeds that were present in
the transgenic cotton field.

Plasmid Constructs of Cry1Ac+Cry2A and
GTG
The plasmid construct for the Cry1Ac and Cry2A genes was
cloned using HindIII into the pKHG4 plant expression vector
with the 35S promoter, and the GTGene (codon optimized
cp4EPSPS) was cloned using Nco1 and BglII into the pCAMBIA
1301 vector with the 35S promoter. These vectors were taken
from the CEMB repository for transformation into cotton. The
cassette maps of both constructs are shown in Figures 1, 2.

Selection of Cotton Variety for
Transformation
Fifteen local varieties of cotton were screened for their ability
to germinate and form mature embryos. Different regeneration
responses were obtained from these varieties as shown in Table 1.
The response was limited to only shoot formation in some
varieties. Because of arrested growth, in these varieties, the plants
starts dying at this stage. Thus, they could not produce roots
on MS medium. Some shoot apices grew well with profound
development on the MS medium and had root formation after
3–4 weeks. The plants regenerated from these varieties were
shifted to the soil after 5 weeks, and their growth response
in the soil was evaluated. The cotton varieties in which plants
showed maximum shoot regeneration and the best adaptation
to soil after their culturing were selected for the transformation
experiments. Among these varieties, the response of VH 289 was
found to be best. Thus, the VH 289 variety was selected for the
transformation of Cry1Ac+Cry2A (pK2Ac) along with GTGene
(Table 1).

The Transformation of pK2Ac and GTGene
Gene in Cotton Variety VH-289
The A. tumefaciens strain LBA 4404 containing the pK2Ac
(Cry1Ac+Cry2A) and GTG gene (cp4EPSPS) plasmids was used
for the transformations. The vector construct containing the
pK2Ac (Cry1Ac+Cry2A) genes driven by a CaMV35S promoter
with the nptII gene as the selection marker, which confers
resistance to kanamycin, was transformed into the cotton variety
VH-289 by using the CEMB optimized embryo cut method
(Rao et al., 2011). Similarly, the vector construct containing the
Glyphosate Tolerant Gene (cp4EPSPS) driven by the CaMV35S
promoter was also transformed into the above mentioned variety
as a separate cassette. The harvested Agrobacterium culture
containing the gene of interest was dissolved in MS broth. A total
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of 6205 embryos were used in the individual transformations
of the pK2Ac and GTG genes. The putative transgenic cotton
plants with both genes were screened using the selection medium
containing 50 mg/mL of kanamycin (Figure 3, Supplementary
Figure 1). Seventy-four plantlets were obtained after 8 weeks of
selection (Table 2). The transformation efficiency was found to
be 1.19% (Table 3). The plantlets were shifted to the selection
free medium in test tubes for normal growth after one and half
months. The putative transgenic cotton plants, which regained
their roots and shoots, were shifted to loamy soil pots. The
stable putative transgenic cotton plants that contained the pK2Ac
and GTG genes were subjected to further molecular analysis. A
schematic diagram of the transformation events are shown here
in Figure 3, Supplementary Figure 1.

Establishment of Putative Transgenic
Plants in the Soil
The plants that survived the one and half month selection
pressure of kanamycin and glyphosate were shifted to soil pots
to acclimate. Thirteen putative transgenic cotton plants out of 74
shifted plants established growth in the soil pots (Table 2).

Molecular Analysis of Putative Transgenic
Cotton Plants in T0 Generation
Confirmation of CryIAc+Cry2A and GTGene with

Polymerase Chain Reaction
The putative transgenic cotton plants of the VH 289 cotton
variety were confirmed to contain the transformed genes through

PCR amplification using the gene specific primers for Cry2A and
GTGene (Figures 4, 5). An amplification product of 585 bp was
found for the Cry2A gene, and a product of 358 bp was found
for the GTGene gene. It is clear from Figure 4 that the Cry2A
gene was integrated into the genome of all thirteen (13) putative
transgenic cotton plants. Figure 5 depicts the amplification of
the 358 bp product for the GTG gene in cotton plants #1–
13. No amplification was seen for plants #4, #8, and #9, as
shown in Figure 5 and Table 4, which shows a summary of the
confirmation of the transgenes in cotton plants.

Enzyme Linked Immuno-Sorbent Assay (ELISA)
The ultimate objective of the current transformation experiments
was to express the Cry2A and GTGene genes in the form
of the Cry proteins and the GTG protein. An enzyme linked
immunosorbant assay was used to screen the plants for the Cry2A
protein (Figure 7) and the GTG protein (Figure 6). The total
protein was isolated from 10 plants, and the amounts are as
follows (mg/ml): VH 289 (2), VH 289 (18), VH 289 (25), VH
289 (52), VH 289 (53), VH 289 (55), VH 289 (66), VH 289
(69), VH 289 (72), and VH 289 (73). The protein samples of
the positively amplified putative transgenic cotton plants were
bound to the microtiter plate wells with specific antibodies for
the Bt protein and the GTG protein, and the presence of the
proteins was detected using a color reaction. The quantification
of the BT and GTG proteins of 10 putative transgenic plants was
performed using the Micro Plate ELISA Reader Model ELx800/.
A total of 10mg of the Cry2A protein per g of fresh leaves was
obtained (Figure 7), while in the case of GTGene (Figure 6), 8mg

FIGURE 4 | PCR amplification of transgenic cotton plants of VH 289 for Cry2A. Lane 1 represents 1 kb ladder; Lane 2 to 14 represent the transgenic cotton

plants with Cry2Ac gene; Lane 15 shows negative control; Lane 16 is the positive control cotton plants.

FIGURE 5 | PCR amplification of transgenic cotton plants of VH 289 for GTG-gene. Lane 1 represents 1 kb ladder; Lane 2–14 represent transgenic cotton

plants with GTG gene; Lane 15 represents negative control; Lane 16 represents positive control.
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TABLE 4 | Summary of PCR amplification of putative transgenic cotton

plants.

Sr. No Plants name GTG Cry2A Description results of PCR

1 VH 289 (2) +ve +ve Positive for Bt and herbicide

resistance gene

2 VH 289 (18) +ve +ve Positive for Bt and herbicide

resistance gene

3 VH 289 (25) +ve +ve Positive for Bt and herbicide

resistance gene

4 VH 289 (34) −ve +ve Positive for Bt, negative herbicide

resistance gene

5 VH 289 (52) +ve +ve Positive for Bt and herbicide

resistance gene

6 VH 289 (53) +ve +ve Positive for Bt and herbicide

resistance gene

7 VH 289 (55) +ve +ve Positive for Bt and herbicide

resistance gene

8 VH 289 (57) −ve +ve Positive for Bt, negative herbicide

resistance gene

9 VH 289 (64) −ve +ve Positive for Bt, negative herbicide

resistance gene

10 VH 289 (66) +ve +ve Positive for Bt and herbicide

resistance gene

11 VH 289 (69) +ve +ve Positive for Bt and herbicide

resistance gene

12 VH 289 (72) +ve +ve Positive for Bt and herbicide

resistance gene

13 VH 289 (73) +ve +ve Positive for Bt and herbicide

resistance gene

15 Negative

control

−ve −ve Non transgenic control

16 Positive control +ve +ve Positive transgenic control

FIGURE 6 | Concentration of GTG protein of transgenic cotton plants

at T0 generation. Lane 1 represents control cotton plant; Lane 2 shows

positive control; Lane 3–12 represent cotton plants.

of the GTGene per g of fresh leaves was obtained as shown in
Table 5.

Biotoxicity Leaf Assay
To determine the efficacy of the Cry1Ac and Cry2A proteins
in the transgenic plant leaves, the leaves were subjected to the
insect larvae of Heliothis at different time intervals, e.g., 20, 40,
60, and 80 days. The results showed a mortality rate ranging
from 60 to 100% for the transgenic plants, while in control
plants, all larvae remained alive and showed progress in their

FIGURE 7 | Concentration of Cry2A protein of transgenic cotton plants

at T0 generation. Lane 1 represents control cotton plant; Lane 2 shows

positive control; Lane 3–12 represent cotton plants.

TABLE 5 | Concentration Cry2A and GTG protein of putative transgenic

cotton plants (T0 Generation).

Sr

No

Plants GTG Protein

Conc. ng/g

Cry2A

Protein

Conc. ng/g

Result of expression protein

1 Negative

control

0 0 Negative control

2 Positive

control

0.58 0.302 Positive control

3 VH289 (2) 1.29 1.002 Plant have both GTG and Bt

protein

4 VH289 (18) 1.79 2.79 Plant have both GTG and Bt

protein

5 VH289 (25) 1.52 1.33 Plant have both GTG and Bt

protein

6 VH289 (52) 0.75 1.41 Plant have both GTG and Bt

protein

7 VH289 (53) 0.82 0.74 Plant have both GTG and Bt

protein

8 VH289 (55) 2.36 1.45 Plant have both GTG and Bt

protein

9 VH289 (66) 0.59 0.82 Plant have both GTG and Bt

protein

10 VH289 (69) 0.44 1.98 Plant have both GTG and Bt

protein

11 VH289 (72) 1.27 1.10 Plant have both GTG and Bt

protein

12 VH289 (73) 0.59 1.09 Plant have both GTG and Bt

protein

weight. From these results, it is clear that the transgenic plants
have the capability to kill the larvae of Heliothis. Thus, the
toxin can kill the insect at an initial level (Table 6, Figures 9,
10).

Herbicides Spray Assay (T0 Generation)
A glyphosate herbicide spray assay was used to determine the
resistance of the transgenic cotton plants against glyphosate
in field conditions at T0 generation. Plants were sprayed with
Roundup Ready weedicide at a ratio of 1600ml/acre, and after 5
days, 10 out of 13 plants remained alive and resisted the herbicide
stress. The remaining three plants showed necrotic legions and
dead tissues comparable to the dead weed plants (Figure 11).
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TABLE 6 | Tabulation of bio toxic leaf assay of transgenic cotton plant (T0
Generation).

Plants Mortality % age of Heliothis larvae

20 days 40 days 60 days 80 days

Control 0 0 0 0

VH 289 (2) 90 85 85 76

VH 289 (18) 100 90 85 80

VH 289 (25) 95 90 87 85

VH 289 (52) 80 80 77 75

VH 289 (53) 80 80 78 75

VH 289 (55) 90 85 85 70

VH 289 (66) 75 70 65 60

VH 289 (69) 100 90 67 80

VH 289 (72) 85 80 75 75

VH 289 (73) 85 80 75 70

FIGURE 8 | Comparison concentration of GTG gene Cry2A gene

protein of transgenic cotton plants at T0 generation. Lane 1 represents

control cotton plant, Lane 2 shows positive control, Lane 3–12 represent

cotton plants.

FIGURE 9 | Insect bioassay of leaves of transgenic and control cotton

plant. (A) Transgenic plant leaf showing killed larvae after eating a small

portion of leaf and plate. (B) Control non-transgenic plant. Larva remained

active and alive after damage.

Figure 5 represents the glyphosate positive and control plant
spray assay. The results of spray assay are tabulated in Table 7.

Determination of the Copy No. and Location of Cry2A

and GTGene in Cotton
The transgene copy no. and location of the Cry2A and GTGene
genes was determined for the transgenic plant line VH 289 (55-
4), which showed good expression of the Cry2A and GTGene
proteins and resulted in a higher yield, by using gene specific
probes. All transgenic plants for the VH 289 (55-4) line have

shown signal in the nucleus at chromosome no. 6 for Cry2A and
chromosome no. 3 for GTGene, but no signal was observed in the
control plant (Figures 12, 13).

DISCUSSION

Cotton is a crop plant, and a high yield is the ultimate goal of crop
plants. The major constraints for production yields of cotton are
insect pests, weeds, and viruses. Our recent study proposed to
control insect pests and weeds through the genetic modification
of cotton by using the codon optimized Cry1Ac+Cry2A genes
along with the cp4EPSPS gene. Bakhsh et al. carried out a similar
study in 2014, in which the Cry1Ac gene was used through
genetic transformation in cotton to control insects (Bakhsh et al.,
2014). Deng et al. (2014) also carried out another similar study
for weed control. It has been reported by Keller et al. (1997) that
genetic modifications through the introduction of Bt and GTG
genes are more beneficial for the improvement of crop plants
against insects and weeds than conventional breeding methods,
which are carried out by using successfully tissue culturing the
anthers. Similarly, in 2009, Chawla produced this in parallel using
protoplast culture (Chawla, 2009). Hence, the idea that producing
genetically modified cotton plants with resistance to insects and
weeds by simultaneously transforming the Cry1Ac+Cry2A gene
along with the GTG-gene into Pakistan’s local variety of cotton
has been cemented.

In our current study, we used VH 289, a local variety,
for genetic transformation. Bakhsh et al. (2012) used this
local variety of cotton in his study in which the Bt gene
was transformed for the infusion of insect resistance. We
used the gene pyramiding approach to produce multiple
traits in a single variety by introducing the two Bt genes,
namely cry1Ac+cry2A (Rashid et al., 2008), and resistance to
glyphosate (N-phosphonomethylglycine), commercially known
as “Roundup.” This is the most widely used herbicide today.
Glyphosate is a nonselective herbicide, capable of inhibiting
the growth of crops and weeds with broad leaves (Schmid
and Amrhein, 1995). We obtained 74 plants while processing
6205 embryos for the genetic transformation. Thus, 74 plants
were considered putative transgenic plants, resulting in a
transformation efficiency of 1.19%. A similar transformation
efficiency (1.1%) has been reported for cotton plants by Lei
et al. (2012) by using the shoot apex method for transformation.
Rao et al. (2011) and Bajwa et al. (2013) also obtained parallel
transformation efficiencies.

Molecular Analysis
After obtaining the putative transgenic plants, we subjected these
74 putative plants for molecular analysis. The molecular analysis
data indicated that 10 out of the 74 putative transgenic cotton
plants, VH 289 (2), VH 289 (18), VH 289 (25), VH 289 (52), VH
289 (53), VH 289 (55), VH 289 (66), VH 289 (69), VH 289 (72),
and VH 289 (73), had positive amplification at T0 generation,
for both the Bt genes (Cry1Ac and Cry2A) and the glyphosate
resistant gene (GTG). Another molecular technique, ELISA, was
used to quantify the transgenic proteins Cry1Ac+Cry2A and
glyphosate (GTG) in plants. Total protein from all selected 10
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FIGURE 10 | Mortality percentage of american bollworm of putatire transgenic cotton plant at the time interval of 20, 40, 60, and 80 days at T0
generation.

FIGURE 11 | Glyphosate spray assay of transgenic and control cotton

plants.

transgenic cotton lines, namely VH 289 (2), VH 289 (18), VH
289 (25), VH 289 (52), VH 289 (53), VH 289 (55), VH 289 (66),
VH 289 (69), VH 289 (72), and VH 289 (73), was isolated by
following the protocol of Boopal et al. (2014) at the T0 generation.
The ELISA for the quantification of the Cry2A and GTG proteins
was done by using the AP 005 and AP 051. The Envirologix kits
showed variation in the expression of the transgenic proteins.
Cry2A and GTG expression was highest in the VH 289 line
(18) at 2.79 ng/g and in the VH 289 line (55) at 2.36 ng/. The
lowest expression was in the VH 289 line (53) at 0.74 ng/g and
the VH 289 line (69) at 0.44 ng/g (Figure 8). The results of our
study were in agreement with a study by Bakhsh et al. (2012). In
total, 10 transgenic cotton plant lines at the T0 generation were
found to be positive using PCR amplification, and these plants
were also shown to produce significant quantity of transgenic
proteins. It was also observed these transgenic plants were 10
times more resistance to insects and herbicide spray than control
plants. Hence, it can be concluded, in view of our current results,
transgenic cotton plants with both of the two Bt genes and one
GTG gene can successfully be produced in the shortest possible
time other than conventional breeding methods. These putative
transgenic plants have a significantly desired resistance and are
also environmentally friendly. Therefore, it can be said that the
gene transformation method will be the main method used in
the future for the production of genetically modified cotton
plants.

TABLE 7 | Glyphosate spray assay of transformed plants.

Serial No. Plant name Glyphosate spray

concentration

(ml/acre)

Results

1 VH 289 (2) 1600 Plant survived and

showed resistance

2 VH 289 (18) 1600 Plant survived and

showed resistance

3 VH 289 (25) 1600 Plant survived and

showed resistance

4 VH 289 (34) 1600 Plant died

5 VH 289 (52) 1600 Plant survived and

showed resistance

6 VH 289 (53) 1600 Plant survived and

showed resistance

7 VH 289 (55) 1600 Plant survived and

showed resistance

8 VH 289 (66) 1600 Plant Resistant

9 VH 289 (57) 1600 Plant died

10 VH 289 (64) 1600 Plant died

11 VH 289 (69) 1600 Plant survived and

showed resistance

12 VH 289 (72) 1600 Plant survived and

showed resistance

13 VH 289 (73) 1600 Plant survived and

showed resistance

14 Control 1600 Plant died

Biotoxicity Leaf Assay
The biotoxicity leaf assay was used to compare the efficiency
of the transgenic proteins Cry1Ac and Cry2A in plants at
different time interval with Heliothis (2nd instar larvae). For the
biotoxicity assay, young leaves of the transgenic cotton plants
were collected at the intervals 20, 40, 60, and 80 days of crop
age. Then, they were subjected to a leaf bioassay. Three larvae
were placed in each petriplate with a transgenic plant leaf inside
in triplicate, along with a control, non-transgenic plant in a
separate plate, as done by Kranthi et al. (2005). A study of
transgenic protein toxin level titer is very crucial, as it must be
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FIGURE 12 | Determination of Cry2A transgenic location on cotton chromosomes.

FIGURE 13 | Determination of GT-Gene transgene location on cotton chromosomes.

in a sufficient quantity at the time of insect infestation to protect
the crop against Lepidopterons, especially boll worms (Bakhsh
et al., 2009). In the present study, the insect assay was performed
to check the toxin level in the transgenic cotton plants at the
T0 generation. The results clearly demonstrated that the level
of Cry1Ac and Cry2A protein goes down, and the percentage
of insect damage decreases with the passage of time, as the
toxin level fall to the lowest levels, i.e., 0.5–3.0 ng/g in the T0

putative transgenic cotton plants. Comparable results were also
reported by Ferré and Van Rie (2002), James (2004), Bakhsh et al.
(2009), Manjunatha et al. (2009) and Adamczyk et al. (2009).
ANOVA, LSD, and Dunnett’s test also demonstrated that the
difference of insect mortality between the control and transgenic
plants was significant. In the whole plant insect bioassay, our
studies showed the leaf damage differences in transgenic and
control plant, and these results supported the point raised by
Kranthi et al. (2005) and Gould and Magallanes-Cedeno (1998).
In short, it can be concluded that the insect resistant cotton plants
can be produced by transferring the two Bt genes (Cry1Ac and
Cry2A). However, the level of the Bt transgenic proteins observed
decreased with the passage of time. The biotoxicity assay showed
that 74 putative transgenic plants have a considerable level of
transgenic Bt proteins to protect them against insect attack.
However, this decrease in the level of transgenic proteins was

also noted in all 74 confirmed transgenic plants. This decrease
might be because of either a weak promoter region or because
of the aging process. It would be of interest in future research to
determine how to maintain the level of transgenic Bt protein in
the cells of transgenic cotton plant.

Herbicides Spray Assay
Weeds are major constraints that cause damage to crop plants
by competing for nutrients, space, and water. Conventional
methods to control weeds, such as manual hoeing and the
uprooting of weed plants, result in the loss of crop plant by
unavoidable injuries. It is also a tedious process because it
demands extra labor and consumes large amounts of time.
Herbicide tolerance has consistently been considered a dominant
trait of investigation since the beginning of transgenic plant
commercialization (1996–2007). In 2007, 114.3 million hectares
were used for biotechnological products cultivation. Sixty-three
percent of which (72 million hectares) was dedicated to herbicide
tolerant plants (James, 2007). It has also been noted that
herbicides not only cause injury to weeds but are also damaging
to crop plants. Commercially available herbicides are usually
blind and unable to differentiate between weeds and crop plants.
Thus, sometimes, they are equally lethal for both. Glyphosate
kills plants by inhibiting the enzyme 5-enolpyruvylshikimic
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acid-3-phosphate synthase (EPSPS), which is necessary for the
formation of the aromatic amino acids tyrosine, tryptophan,
and phenylalanine. These amino acids are important for protein
synthesis, thus linking the primary and secondary metabolism
(Carlisle and Trevors, 1988). In view of this problem, it is
important to produce herbicide resistant crop plants. In the
present study, we transformed the GTG-gene, which is resistant
to the herbicide glyphosate, along with the two other Bt
genes mentioned. A glyphosate herbicide spray assay was used
to determine the resistance of the transgenic cotton plants
against glyphosate under field conditions at the T0 generation.
Plants were sprayed with Roundup Ready weedicide at the
concentration of 1600ml/acre, and after 45 days, it was observed
that 10 out of 13 plants remained alive and resisted the herbicide
stress. The remaining three plants showed necrotic spot and dead
tissues comparable to dead weed plants. Similar results were also
presented by different researchers such as Carpenter and Gianessi
(1999), Debora (1994), Gianessi et al. (2002), Mark (2013) and
Ali et al. (2010). In view of the above results, it can be concluded
that transgenic cotton plants that contain the GTG-gene have
considerable resistance against glyphosate. This finding may be
useful for the future engineering of cotton crops.

Location of Cry2A and GTGene in Cotton
FISH was preferred to Southern hybridization analysis in
determining the copy number of the transgenic plants (Tsuchiya
and Taga, 2001). The transgenic plants that showed good
expression of the transgenic Cry2A and GTG-gene proteins were
analyzed to determine their copy number of the genes as well as

the chromosome location of their genes via FISH. This analysis is
important because the transgene copy number and the location
of transgene does matter for transgenic expression as determined
by Rao et al. (2013), while determining the expression of the PhyB
gene in transgenic cotton plants that had different copy numbers
and locations. The results of this study coincide with the results
of Rao et al. (2013). Hence, we conclude that the number of
transgenes and their location does not affect the expression level
of the transgene.

CONCLUSION

The CEMB transgenic cotton lines harboring Cry1Ac+Cry2A
along with the codon optimized cp4EPSPS gene (GTGene)
showed significant resistance to Lepidopteran insects with 100%
mortality of the insects. The lines also showed a considerable
resistance against a broad spectrum of herbicides, with a
tolerance limit of 1600ml/acre. This ultimately leads to an
increase in cotton yields. After advanced generation trials, the
poor farmers of Pakistan can raise these selected transgenic
cotton lines because they hold great potential. This study will
help scientists with ideas for the future engineering of cotton
crops.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fpls.2015.
00943
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ABSTRACT 

Transgene integration and expression in host plant is quite unpredictable and is 

considered as the major problem in plant transformation. The variation in transgene copy 

number in transgenic plants influences the expression level and is one of such 

complication. In many plant species, the analysis of transgenic plants has shown that 

independent transgenic plants have one to many copies of transgenes. This study focused 

on molecular characterization of difference in copy number of transgenes and its impact 

on expression level on mRNA basis. Four advanced transgenic lines of phytochrome B 

were analyzed for the integration of the gene. These transgenic lines were taken out on the 

basis of difference in copy number as determined by Southern blot analysis and 

Fluorescence in situ hybridization (FISH) for transgene expression. Results taken by both 

real time PCR and Northern blot analysis determined high expression in Line QCC11 

having two copies of transgenes in homozygous condition while the least expression was 

seen in lines QCC10 showing three copy number in heterozygous condition as multiple 

copies can be incorporated from one to few insertion sites. 
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INTRODUCTION  

The primary photoreceptors involved in the 

regulation of red/far-red light induction are 

called phytochromes. Among phytochromes, 

phytochrome B has different domains which 

are involved in controlling different 

physiological responses depending upon light 

conditions (Usami et al., 2007). Phytochrome 

B controls the response regulator 4 in 

Arabidopsis thaliana, which specifically 

interacts with the extreme amino-terminus of 

the photoreceptor (Rao et al., 2011b). 

Expression of the transgene in plants is 

variable, even among the plants that are 

independent events to each other. Also, it 

cannot be assured that primary transformants, 

which are performing best of their expression, 

will give rise to progeny with similar 

characteristics. Stable and high expression of 

gene in transgenic plants is the main goal of 

crop improvement programs based on genetic 

engineering. Transgenic expression can vary 

due to many factors including the proportion 

of exogenous DNA which shows reshuffling 

prior to integration, position effects, transgenic 

copy number, and DNA methylation (Meyer, 

1998). It is, therefore, necessary to know much 

about integration, stability, structure, and 

organizational effect of the expression of 

transgene in crop plants. 

The gene transformation methods 

commonly in use are Agrobacterium- and 

repeated particle bombardment–mediated 

transformation that result in variable copies of 

the transgene at the same or different 

integration sites (Srivastava et al., 1999; Kohli 

et al., 1998). Manifold copies of the transgene 
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Figure 1. A full map of construct pBinPhyB with restriction sites. 

 

are the main cause of silencing in transgenic 

plants (Vaucheret et al., 1998; Iyer et al., 

2000; Flavell, 1994). Southern blot analysis is 

usually used to find out the transgene copy 

number. While regular and consistent, the 

method is time consuming, lengthy, and 

requires greater quantities of DNA. Since, 

Fluorescence in situ hybridization (FISH) has 

some advantages over Southern hybridization 

analysis in measuring copy number, a firm 

conclusion as to the number of repeats could 

be derived from future FISH analysis on the 

whole rDNA region. (Tsuchiya et al., 2001). 

The present study was carried out to 

investigate the variation in PhyB transgene 

expression in cotton. The primary objective 

was to (1) determine the copy number of the 

PhyB transgene, (2) study the variation in 

expression of PhyB transgene, and (3) study 

the correlation between the copy number of 

transgene and its expression. 

MATERIAL AND METHODS 

Plant Materials 

Cotton variety CIM - 482 was transformed 

through the Agrobacterium shoot apex 

method as described by Rao et al. (2011b) 

with some modifications. Phy B gene was 

transformed into mature embryos of CIM -

482 cotton variety by using LBA 4404 strain 

as Shown in Figure 1. Four advanced 

transgenic lines having Phy B gene were 

selected for this study. 

Southern Blot Analysis 

Southern blot analysis was performed as 

described by Southern (1975) by extracting 

genomic DNA from apical leaves of four 

advanced lines of transgenic cotton along 

with untransformed control plants. DNA 

was extracted by CTAB method. Genomic 

DNA (20µg) was digested with Kpn1 for 

Phy B according to the supplier’s 

instructions (Enzyme production lab CEMB) 

to separate the gene construct from the 

cotton genome (Figure 1). Phy B was cut 

from the unique site by Kpn1 enzyme. The 

color was detected by BCIP/NBT Tablets 

(Sigma B5655) dissolved in water according 

to the instructions provided by 

manufacturer. 

Fluorescence In Situ Hybridization (FISH) 

Fluorescence in situ hybridization (FISH) 

of transgenic plants was done according to 

the procedure described by Mahmood-ur-
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Total RNA Extraction 

Total RNA extraction from cotton leaves 

was performed as described by Jaakola et al. 

(2001) for four advanced transgenic lines 

along with un-transformed control plant. 

After extraction, the pellets were dried and 

re-suspended in water and the volume was 

adjusted according to the size of the pellet 

and stored at -20°C and DNAse treatment 

was done to remove the contamination. 

Northern Blotting 

Northern analysis was performed in 

preparation of poly (A+) RNA from cotton 

leaves as described by (Heyer and Gatz, 

1992a). 1.2% formaldehyde gel was 

prepared and 15 µg RNA samples of both 

control and Phy B plants were loaded on the 

gel in each well. The gel was run overnight 

at 15V. The gel was transferred to 

nitrocellulose membrane (Hybond N). 

BCIP/NBT was used as substrate for color 

detection. 

mRNA Quantification by Real Time 

PCR 

Complementary DNA Preparation 

Complementary DNA (cDNA) was 

synthesized by using Fermentas cDNA 

synthesis kit. cDNA was synthesized by 

using 1 µg of DNase treated RNA, 1 µl of 20 

µM anchored oligo dt primers and 12 µl 

DEPC-treated water was used. Later, the 

reaction mixture was incubated at 70ºC for 

five minutes, then, quickly chilled by 

placing on ice. Four µl of 5X reaction buffer, 

1 µl of ribonuclease inhibitor (20 u ul
-1

) and 

2 µl of 10mM dNTP mix was added and 

incubated at 37 ºC for 5 minutes. Finally, 1 

µl of H minus M-MuLV reverse 

transcriptase (200 u µl
-1

) was added and the 

mixture was incubated at 42ºC for 60 

minutes. Heating was done at 70ºC for 10 

minutes to stop the reaction. 

Quantitative RT–PCR 

Primers used for RT-PCR was as follows 

Forward Primer: 

5
'
CTCCTGGCTGAGTTTCTGCT3

' 
Reverse 

Primer: 5
'
GCTTGTCCACCTGCTGCTAT3

'
 

Real-time PCR reactions were carried out in 

an iQ5 cycler (Bio-Rad) with a 96-well plate 

(Bio-Rad) using the IQTM SYBR Green 

Super mix (Bio-Rad). Glyceraldehyde 3-

phosphate dehydrogenase (GAPDH) having 

oligos sequence Forward Primer 

5
'
AGGAAGAGCTGCTTCGTTCA3

'
 Reverse 

Primer 

5
'
CCGCCTTAATAGCAGCTTTG3

'
was used 

as an internal control to normalize the data. 

50 ng of cDNA was used in each reaction. 

The reaction conditions were as follows: 

initial denaturation was done as 95°C for 3 

minutes, 40 cycles of denaturation at 94°C 

for 30 seconds, annealing at 60°C for 30 

seconds and extension at 72°C for 45 

seconds and final elongation step at 72°C for 

10 minutes. A melting curve analysis was 

approved out by constantly monitoring 

fluorescence between 60 and 95°C with 

0.5°C increments every 30 seconds. 

Statistical analysis of the real-time results 

was performed using iQ5 software (Bio-

Rad) version 1.0 on the basis of CT values 

of the gene in different samples of cotton 

converted to their linear form normalized 

with GAPDH gene. Analysis of variance 

(ANOVA) was performed to analyze 

significant differences in transcript 

expression in leaves of the control and 

transgenic plants (Figure 2). 

Null hypothesis and alternative hypothesis 

were adopted as follows to check the 

significance of the results: 
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Figure 2. Expression of Phy B gene in different transgenic lines: Lane 1 shows the negative 

control. Lane 2 shows Line QCC 2, Lane 3 shows Line QCC 7, Lane 4 shows line QCC 10 and 

Lane 5 shows QCC 11 transgenic lines. 
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Null Hypothesis (H0): There is no 

significant difference in PHY–B gene 

expression in all experimental plants. 

Alternative Hypothesis (H1): There is 

significant difference in PHY–B gene 

expression in all experimental plants. 

RESULTS 

Detection and Determination of Copy 

Number of Phytochrome B Gene in Cotton 

Plants 

The insertion of Arabidopsis Phy B gene 

in cotton plants was detected by PCR. The 

380bp fragment was amplified with 

internal gene specific primers. A total of 

four advanced lines, namely, QCC2, 

QCC7, QCC10, and QCC11 were detected 

positive in Putative transgenic cotton 

plants. No amplification was detected in 

the negative control (Figure 3). The stable 

integration of Arabidopsis Phy B gene in 

cotton plant genome and transgene copy 

number was confirmed by Southern blot 

analysis. Copy number of Phy B gene was 

obtained by a specific probe which 

highlighted a different copy number based 

on restriction digestion of genomic DNA 

with unique sites using Kpn1. It is clear 

from the Figure 4 that all the plants which 

were PCR positive i.e. QCC2, QCC7, 

QCC10, and QCC11 showed a different 

copy number. Moreover, in transgenic 

lines QCC7 and QCC11, two copies of the 

Phy B transgene were detected, while 

QCC2 showed less than two and QCC10 

showed more than two copies of the 

transgene. 

Location of Phytochrome B Gene in 

Cotton 

All phytochrome B transformed plants 

which had already shown signal in 

Southern blot analysis were subjected to 

FISH to determine the transgene copy 

number. FISH was carried out at different 

stages of cell divisions (prophase, 

interphase, and telophase). All 

phytochrome B plants showed signal in the 

nucleus, but no signal was observed in the 

control plants. The copy number of the 

Phy B transgene was assorted in different 

transgenic plant lines. In transgenic line 

QCC2, the cells were analyzed at 

interphase showing one copy of the 

transgene (Figure 5-A). In transgenic lines 

QCC7 and QCC11, two copies of the Phy 

B transgene were detected at late telophase 

stage (Figures 5-B and -C). These lines 
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     1    2   3   4     5    6   7    8    9  10  11  12  

 
Figure 3. PCR detection of Phy B transgenic 

lines. Here, Lane 1 shows 1 Kb Plus marker. 

Lanes 2-3 show Line QCC2; Lanes 4-5 represent 

Line QCC7; Lanes 6-7 show Line QCC10; 

Lanes 8-9 depict Line QCC11. Whereas Lanes 

10-11 is the positive control, Lane 12 is un-

transformed plant DNA as the negative control. 

 

    1        2             3          4        5         6  

 

Figure 4. Copy number of Phy B gene in 

different lines by Southern blot. Lane 1 shows 1 

Kb DNA marker; Lane 2 depicts Non 

Transgenic Plant DNA as the Negative Control; 

Lane 3 shows QCC7; Lane 4 contains QCC11; 

Lane 5 represents QCC2 , and Lane 6 contains 

QCC10. 

 
showed the homozygosity for the transgene. 

QCC10 showed more than two copies of the 

transgene at late telophase stage when 

subjected to FISH analysis. One daughter 

cell had one copy while the second cell 

contained three copies of the transgene. It 

showed that line QCC10 was heterozygous 

for the transgene (Figure 5-D). However, the 

control plants (CIM-482 variety) did not 

show any signals when subjected to FISH 

analysis (Figure 5-E). 

Detection of Phytochrome B Gene 

Transcripts 

Northern Blotting 

Northern blot analyses of Phy B 

transformed plants and non-transformed 

cotton plants were conducted to check Phy 

B mRNA expression. The PCR amplified 

DIG labeled fragment of the Phy B gene 

was used as Probe. The Kpn1 digested gel 

eluted 3.8 kb fragment of Phy B was used 

as the positive control and non 

transformed cotton plant was used as the 

negative control. In Figure 6, lane one is 

the negative control and lane 6 determines 

the positive control, while all the other 

lanes are Phy B plants mRNA. It is clear 

from Figure 6 that the expression of Phy B 

mRNA in QCC11 is much higher as 

compared to the other Phy B plants. 

Quantification of Phytochrome B Gene 

RNA in Transgenic Cotton Plants 

Quantitative real time PCR was used to 

check the expression levels of Phy B in 

cotton leaf samples of four transgenic lines. 

GAPDH gene was used as the indication 

gene to normalize the expression levels. 

Figure 2 shows that all the lines expressed 

different levels of Phy B mRNA expression 

but the plant lines QCC7 and QCC11 

showed much higher levels of expression of 

Phy B as compared to other lines of Phy B 

plants. The figure also determines the lowest 

expression of Phy B in lines QCC10, which 

has three copies of transgene. 

Statistical Results 

On way ANOVA was performed with the 

help of SPSS version 16.0. According to the  

results, the p-value was < 0.00 1, indicating 

statistically significant differences (Table 1). 

As p-value was < 0.001, Null hypothesis (H0) 

was rejected in favor of Alternative hypothesis 

(H1). 
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Figure 5. Florescent in-situ 

Hybridization (FISH) of different 

transgenic lines. (A) FISH analysis of 

Phytochrome B in line QCC 2; (B) 

FISH analysis of Phytochrome B in 

line QCC 7; (C) FISH analysis of 

Phytochrome B in LINE QCC11, (D) 

FISH analysis of Phytochrome B gene 

in line QCC10 (E) FISH analysisof 

Control plant. 

 
E         
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1            2            3            4            5       6 

 

Figure 6. Northern Blot Analysis of Phy 

B transgenic plants. Lane 1 shows the 

positive control. Lane 2, 3, 4 and 5 show, 

QCC 2, QCC 7, QCC 10 & QCC 11, 

respectively. Lane 6 shows the negative 

control. 

 

Table 1. Analysis of variance  (ANOVA) showing  Significant difference in PHY – B  gene expression. 

Mean normalized fold expression 

 Sum of Squares df Mean square F Sig. 

Between Groups 1553749.7 4 388437.4 
1223.04 

 P< 0.001* Within Groups 3176.0 10 317.6 

Total 1556925.7 14  

* 
P-value is < 0.001 is considered statistically significant. 

 

DISCUSSION 

Over the last few years, however, there 

have been a number of detailed studies 

involving combined molecular and 

cytogenetic analysis. These studies have 

provided more insight into the role of 

transgene copy number in gene expression, 

in particular, the use of Southern blot 

hybridization in combination with 

fluorescence in situ hybridization (FISH), 

methods that discriminate higher order 

transgene organization in the context of 

nuclear architecture. 

Southern blot hybridization is a common 

technique used in many aspects of genome 

analysis (Southern, 1975; Sambrook et al., 

1989). In this study, Phy B transgenic plants 

were analyzed by Southern blot 

hybridization and the results indicated the 

integration of the vector construct pBinPhyB 

in plant genome and variation in copy 

number of the gene (Rao et al., 2011b). 

Northern analysis provides the way for the 

evaluation of message abundance between 

plant samples. The Northern blotting 

procedure is clear-cut and provides 

opportunities to assess progress at various 

points. Plants QCC2, QCC7, QCC10, and 

QCC11 were analyzed for their mRNA 

expression along with the negative control 

by Northern blot analysis (Heyer and Gatz, 

1992a). It is also clear from results of 

Northern blot analysis (Figure 6) that 

expression level of mRNA in QCC11, which 

is lane 4, is much higher as compared with 

other Phy B plants (Rao et al., 2011a). This 

may be due to the reason that lane QCC11 

has two copies of transgenes in the 

homozygous condition. These results are 

comparable with the results of Warren 

(2007) in which he determined the variation 

in expression level of cells. 

The results of qRT real time PCR have 

revealed that the QCC11 exhibit high level 

of mRNA expression as compared to other 

plants, whose mRNA expression is quite 

low. The results clearly showed that 

expression level was variable among 

different lines of Phy B, with the expression 

of QCC7 and QCC11 being much higher 

than the other lines (Figure 2).  

Dong and Li (2007) obtained the same 

results in which they determined that the 

expression level can vary based on different 
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factors such as altering nucleotide sequence 

of the gene, promoter and insertion point 

genes in host DNA, copy number of the 

transgene, and several external as well as 

internal factors (Rao et al., 2011a; Warren, 

2007; Rao, 2005). 

The transformation of the transgene into a 

recipient genome comprises a series of 

complicated events which depends on the 

transgene itself and the host genome. The 

transgene expression level may vary 

extremely, depending on a number of factors 

(Kohli et al., 1999; Yin et al, 2005) in which 

the copy number of transgene plays a major 

role.  

Transformation through particle 

bombardment results in multiple copies of 

the gene being incorporated into the plant 

genome. If the gene copy number is low, the 

transgene integration in plant will be stable 

(Jones, 2005). Shakiness of transgene 

expression in plants is connected with 

multiple copies of transgenes being 

integrated at the same locus. 

Yet, the unpredictability in gene 

expression of transgene plants carrying the 

same copy number has appeared too large to 

show any insulating effect of the matrix 

attachment regions (MAR) sequence (Allen 

et al., 1993). Therefore, countless copies of 

the same DNA sequence would be 

troublesome to determine the relative 

involvement of each gene to the total level 

of gene expression. The change in copy 

number may result from change in plant 

material, cultivation environment, the type 

of Agrobacterium, and selection protocol 

(Heberle-Bors et al., 1988). The differences 

in copy number distribution would thus 

seem to be important factors in plant 

transformation strategies in case of 

integration and subsequent expression of the 

transgene. 
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  (.Gossypium hirsutum L)در پنبه Bتغييرات بيان (تظاهر) ژن فيتوكروم 

م. عادل  ظمت اهللا خان،ع. ق. راوو، ك. شاهزاد باجوا، ا. نوگروهو پوسپيتو، م. ع

 الرحمن، ا. بخش، ا. ا. شهيد، ا. احمد نصير، ت. حسنين حمودمعباس، 

  چكيده

ادغام ژن تراريخته و بيان آن در گياه ميزبان بسيار غير قابل پيش بيني است و اين امر از مسايل عمده 

اه تراريخته بر سطح بيان يا تراريختي (تغيير شكل) گياه است. تغييرات در تعداد نسخه ژن تراريخته در گي

تظاهر ژن اثر ميگذارد و يكي از مشكالت و مسايل مزبور مي باشد. در بسياري از گونه هاي گياهي، 

تحليل گياهان تراريخته نشان داده است كه گياهان تراريخته مستقل يك تا چندين نسخه از ژن تراريخته 

فاوت در تعداد نسخه ژن هاي تراريخته و تاثير دارند. هدف مطالعه حاضر تشخيص و شناسايي ملكولي ت

بود.تعداد چهار الين (رگه)تراريخته پيشرفته   mRNAآن بر سطح بيان بر مبناي آر.ن. اي پيك 

از نظر ادغام ژني مورد تحليل قرار داده شد. اين الين هاي(رگه هاي) تراريخته بر مبناي  Bفيتوكروم 

ه روش پايه لكه گذاري ساترني و دورگه سازي درجاي ) بcopy number( تفاوت در تعداد نسخه

) براي بيان تراريختگي برداشت شده بودند. نتايج به دست آمده از اندازه گيري زمان FISHفلور سنتي(

 QCC ) در الينhigh expressionواقعي پي سي آر و روش لكه گذاري نورترن نشانگر بيان زياد (

اريخته در شرايط خالص بود در حالي كه كمترين بيان در الين بود كه داراي دو نسخه ژن تر 11

QCC10  مشاهده شد كه سه تعداد نسخه در شرايط خالص را نشان مي داد، همانا كه چندين نسخه را

  مي توان از يك يا چند جايگاه رخنه(جايگاه درج) معدود وارد كرد.
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