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Abstract 
 

The potential risk of genetically modified plants to environment and human health has 

great concern due to their worldwide release and replacement of traditional crops by genetically 

modified crops. One of the most widely transformed gene is the cry1AB from Bacillus 

thuringiensis (Bt). The expression of this gene in plants produces an insecticidal toxin to kill 
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Lepidopteran pests. Transgenic Bt plants release Bt toxins from plant biomass and root exudates 

in the soil. Therefore, soil may retain larvicidal activity for a long time even after crop harvest. It 

has been claimed after different studies that Bt toxins have no adverse effects on human, non-

targeted microorganisms or to the environment. But it is important to keep in mind that whether 

one uses Bt, or any other method to control pests and if the pest population is reduced, there must 

be some impact on biological community. Therefore, it is important to address these changes in 

biological community. In the present study, total bacterial population, N2 fixers, Azospirillum 

spp. phytohormone producing bacteria and phosphate solubilizers were higher in the rhizosphere 

(soil & root) of non-Bt cotton as compared to Bt cotton.  Bacterial population plays an important 

role in maintaining soil health status of an ecosystem. There was a partial shift in microbial 

communities in rhizosphere of Bt cotton as compared to non-Bt cotton. Microbial activities in the 

rhizosphere of non-Bt were either higher or equal to the microbial activities of Bt cotton 

rhizosphere and were highest at crop peak growth stage. A rich population of Azospirillum spp. 

was found in the wheat rhizosphere. Sixteen Azospirillum spp. were isolated and identified from 

wheat rhizosphere by BOX-PCR and 16S rRNA genes sequence analysis. They have shown 

potential to improve the growth of cotton plants. 
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Chapter 1 

  INTRODUCTION  
Genetically modified organisms are widely used in scientific research and to produce 

goods including fiber and food crops. Biotechnology developments have made it possible to 

transform different crops and to develop plants for longer shelf life, disease resistance, pest 

resistance, herbicide tolerance, nutritional improvement and resistance to biological stresses 

such as drought and nitrogen starvation. The global value of biotech seed alone was US $ 15 

billion in 2012. The products of commercial grain from biotech maize, soybean grain and 

cotton are valued at more than ~US $160 billion per year (James, 2011). Brookes and 

Barfoot (2012) estimated a US $ 334.2 million GM crops income benefits from 2010-2011. 

Agriculture and horticulture sectors use insecticides to control the harmful insects. 

Synthetic insecticides have various harmful side effects and many synthetic insecticides are 

non-biodegradable or degrade very slowly and persist in the environment for long time. They 

have been widely replaced by biological insecticides and about 90% of bio-insecticides 

market accounts for Bacillus thuringiensis (Bt) and insecticidal toxins are referred as delta 

endotoxins. Bacillus thuringiensis, commonly known as Bt, is a gram-positive bacterium that 

lives in soil. It is known for decades that some Bt strains kill certain insects and the toxic 

substance responsible for the death is a protein (Krattiger, 1997; Gunning et al., 2005). When 

certain insects ingest either the bacterium or the protein produced by the bacterium, their 

digestive system is disrupted and this results in death of the organisms. High dose causes 

sudden death. Bt is not effective against all insects; however, different Bt strains are effective 

against specific species. Initially, Bt toxins were classified into 14 distinct groups and 4 

classes based on their host range (Hofte and Whiteley, 1989). These were CryI (active 

against Lepidoptera), CryII (Lepidoptera and Diptera), CryIII (Coleoptera) and CryIV 

(Diptera). Many more classes have been added later on and to date, more than 100 Bt toxins 

gene have been cloned and sequenced (Shelton et al., 2002). Thirty additional proteins have 

been described without insecticidal activities. 

Transgenic plants expressing insecticidal protein from bacterium Bacillus 

thuringiensis revolutionized agriculture (Jamil et al., 2005; James, 2008). Based on the data, 
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Bt crops showed positive economic benefits to the growers and decreased the use of 

insecticides (Shelton et al., 2002). Krishna and Qaim (2012) concluded that Bt cotton 

significantly decreased the chemical pesticide use and increased the yields, which is 

consistent with the results from other countries. It was observed that the lower use of 

pesticides brings about significant health advantage in terms of pesticide poisoning and 

environmental concerns. First field trials of transgenic Bt crops were carried out in 1986, but 

large scale efforts were started in 1990s (Krattiger, 1997). Biotech crops were first 

commercialized in 1996. Area under biotech crops increased 100 folds from 1.7 million 

hectare in 1996 to 170 million hectare in 2012 (James, 2012). These biotech crops were 

planted in 28 countries, and out of these 20 were developing and 8 were industrial countries. 

Sudan and Cuba planted Bt cotton and Bt maize first time during 2012. USA planted Bt crops 

on 69.5 million hectare, Brazil 36.6 million hectare, Argentina 23.9 million hectare, Canada 

11.86 million hectare and India 10.8 million hectare. In 2012, Bt cotton was grown on a large 

area all over the world including USA, Brazil, Canada, India, China, Paraguay, South Africa, 

Pakistan, Australia, Myanmar, Mexico, Columbia, Sudan and Costa Rica. India cultivated Bt 

cotton on 10.8 million hectare. Total area under cotton cultivation in Pakistan was 3.2 million 

hectare during 2012 and Bt cotton was grown on 2.8 million hectare (81 % of total area).     

The potential risk of genetically modified plants to environment and human health 

has great concern due to worldwide release and replacement of traditional crops by 

transgenic plants/crops (Nap et al., 2003). Many risk assessment studies have focused on the 

effects of transgenes on plant rhizosphere soil ecosystem. One of the most widely 

transformed genes is the cry1AB from Bacillus thuringiensis. The expression of this gene in 

plants produces an insecticidal toxin to kill lepidopteran pests. These toxins can be released 

in soil by root exudates and plant biomass. Therefore, soil may retain larvicidal activity for a 

long time (Stotzky, 2004) which may affect rhizosphere microbial population including plant 

beneficial bacteria in the soil.  

Soil is a complex and dynamic biological system. The soil microorganisms belong to 

different taxonomic and physiologic groups within the soil biota (Lopes et al., 2011). Plant 

beneficial Azospirillum species and other plant growth promoting rhizobacteria (PGPR) 

strains (Okon, 1994; Bashan, 1999; Zahir et al., 2003; Lucy et al., 2004) colonize the root 
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and rhizosphere soil and promote plant growth by a wide variety of mechanisms including 

biological nitrogen fixation (Santi et al., 2013), phytohormone production (Martínez-Viveros 

et al., 2010),  phosphate solubilization (Ranjan et al., 2013), antibiotics and siderophore 

production (Selva Kumar et al., 2013), vitamins and aminoacid production,  production of 1-

aminocyclopropane-1-carboxylate deaminase (ACC) (Chen et al., 2013), exhibiting 

antifungal activity (Fatima et al., 2009), production of volatile organic compounds (VOCs), 

induction of systemic resistance (Bhattacharyya and Jha, 2012). Actively growing roots 

release organic compounds, such as sloughed off cells, secretions, lysates and exudates, into 

the rhizosphere (Bowen and Rovira, 1991; Lynch and Whipps, 1991). The amount and 

composition of organic materials released by the plants in rhizosphere are important factors 

that determine the nature of plant-microbe interaction (Griffiths et al., 1998; Jaeger et al., 

1999). Soil microbial populations are part of a framework known to affect the plant fitness 

and soil quality. They ensure the stability and productivity of both agricultural systems and 

natural ecosystems.  

The difference in physical, chemical, and biological properties of the root-associated 

soil is responsible for changes in microbial diversity and for increased numbers and activity 

of the microorganisms in the rhizosphere micro-environment (Kennedy, 1998). The plants 

roots exudates provide large amount of high quality carbon source in the rhizospheres to the 

soil microbes. Soil quality is linked with organic matter contents and the activity of 

beneficial soil organisms. Microbial population and diversity is high in root zone due to 

increased nutrient availability (Krishna, 2013). Soil is storehouse of microbial activity. Soil 

enzymes are mediators and also catalysts of important soil functions such as organic matter 

degradation, mineralization, nutrient cycling, and have been used to measure the influence of 

natural processes on soil quality (Dick et al., 1997; Gao et al., 2013). Soil enzyme activities 

are used to evaluate plant productivity, nutrient cycling potential and improved soil chemical 

and physical status (Dick et al., 1988; Martens et al., 1992; Jordan et al., 1995; Bagwell et 

al., 1998; Pedro Cunha et al., 2005; Wang et al., 2007).  

The Bt genes have been transformed in different crops including cotton and because 

of environmental concern, various studies have been conducted to monitor the changes in 

rhizosphere soil ecosystem. It has been described after different studies that birds, fishes, 
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honey bees, lady bugs, lace wings, aquatic invertebrate and earth worms are not affected by 

Bt toxin  (US EPA, 1995; Shelton et al., 2002). In another report, it has been indicated that 

the insecticidal toxin released by transgenic plants is harmful to ladybugs, lacewings and 

some other beneficial insects and also changes the soil flora and fauna (Birch et al., 1996; 

Hilbeck et al., 1998; Schuler et al., 2004; Shen et al., 2006; Birch et al., 2007). It is also 

claimed that Bt toxin accumulated in the soil during plants growth by root exudation and 

from plant residue, does not affect the total biomass, bacteria, actinomycetes, fungi, protozoa, 

nematodes and C/N ratio in the soil (US EPA, 2000). There are reports that show controversy 

in their results. Donegan et al. (1995) describes two of three Bt cotton lines, produced 

changes in bacterial communities. Recent field studies showed that the other transgenic crops 

also demonstrated changes in the diversity of soil microbial communities (Di Giovanni et al., 

1999; Donegan et al., 1999; Lu et al., 2010). Climatic and edaphic factors have more 

influence on activity or composition of microbial communities than changes due to the 

presence of transgenic plants (Lukow et al., 2000; Blackwood and Buyer, 2004; Wu et al., 

2004). Transgenic crops may produce changes in community composition or physiological 

profiles of the soil microbial community and their effects are either transient in nature or 

insufficient to affect soil functioning (Griffiths et al., 2000; Cowgill et al., 2002; Lawhorn et 

al., 2009). In 2012, the study showed that insecticidal property containing corn was harmful 

to the health of ecosystem. Arbuscular mycorrhizal fungi (AMF) formed symbiotic relation 

with plant roots, therefore, it had great effect on soil fertility and health of ecosystem. AMF 

less binds with Bt roots as compare to the non- Bt roots (Ryan, 2012).  

Aims and Objectives 

The Bt genes have been transformed in cotton and because of environmental concern, 

it is important to keep in mind that whether one uses Bt, or any other method to control the 

pests, and if the pest population is reduced and toxins have been incorporated into soil, there 

is also some impact on overall biological community including microbial (bacterial) 

population. This question becomes more important in the scenario that controversial reports 

for the effects of Bt genes are available, the area under Bt cotton cultivation is increasing 

worldwide and Government of Pakistan is trying to increase cotton production by using Bt 

cotton. For example, The Government of Pakistan improved existing Seed Act 1976 to make 
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the seed legislation more effective under the changing scenario. Therefore, the Ministry of 

Law and Justice approved a deal with Monsanto. According to this agreement, Monsanto 

introduced certified Bt cotton seed to enhance the cotton production in the country since 

February 2010. Another agreement for increasing the cotton production by using Bt cotton 

was signed between Punjab Seed Corporation Pakistan and Beijing Silver Land 

Biotechnology company China. In February 2012, Punjab Seed Council (PSC) officially 

approved eight more cotton varieties in addition to 9 varieties approved in 2010. Now 17 

cotton varieties are being cultivated in Pakistan and 22 more Bt cotton varieties are in 

pipeline for approval. For the year 2012-2013, it was expected that cotton production would 

surpass the bench mark of 15 to 15.5 million bales with major contribution of Bt cotton. 

Pakistan Central Cotton Committee aims to produce 19.1 million cotton bales with a lion 

share of Bt cotton by the year 2015. 

It is evident that soil bacterial population diversity and their activities both play 

important role to maintain the health of a soil ecosystem. Therefore, it is essential to study 

the impact of this new input in agricultural system on microbial community structures and 

functions. Any disturbance in structural (population) and functional (enzyme activities) 

diversities may change their integral role in soil ecosystem leading to its effect on crop 

production. Therefore, analysis of potential effects of transgenic crops on the environment 

and human health is crucial before their commercial release. The key, concerns were 

potential ecological consequences on non-target organisms because insect predators are 

important in integrated pest management of the overall ecosystem. Therefore, it is important 

to monitor changes occurring in soil ecosystem resulting by Bt cotton cultivation. In the 

present study, we addressed the changes in the bacterial communities associated with 

transgenic Bt cotton. These changes were monitored by measuring the urease, phosphatase, 

dehydrogenase, phenol oxidase and protease. In addition, bacterial phytohormone producing 

ability and microbial population diversity and number with special reference to plant 

beneficial bacteria were compared in association with transgenic and non-transgenic plants to 

assess the potential risk and benefit of the transgene. Bt plants were deployed with the 

expectations that the risk would be lower and benefit would be more as compared to the other 
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technologies. This expectation was validated during these studies. Main objectives were 

quantified as under: 

a. Comparison of functional diversity i.e. Urease, phosphatase, dehydrogenase, 

phenol oxidase, protease and nitrogenase activity in the rhizosphere of transgenic and 

non-transgenic plants. 

b. Estimation and comparison of microbial population diversity and number 

associated with transgenic and non-transgenic plants with special reference of 

nitrogen fixing and phytohormone producing bacteria. 
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Chapter 2 

REVIEW OF LITERATURE 

2.1. GM crops  

Fifty years back, synthetic insecticides and pesticides use worldwide to control the 

insect and pest has led to environmental problems and insecticide resistance. The Most recent 

pest management strategy was insecticidal proteins of Bacillus thuringiensis (Bt) both in the 

form of genetically engineered crops and sprays (US EPA, 2000; Gunning et al., 2005). 

Bacillus thuringiensis produces a chemical which is deleterious certain insects larvae of 

moths, butterflies, beetles and flies. The genes coding for Bt toxins have been inserted into 

cotton and various other crops to produce natural insecticide in their tissues. The 

transformation of Bt genes in cotton increased the yields, profits and living standards of 

farmers (Kathage and Qaim, 2012). Japanese biologist Ishiwata Shigetane discovered in 1901 

(Roh et al., 2007) that they were highly selective, environmentally friendly and Bt products 

has few adverse effects on non-target species (Romeis et al., 2006).  

GMO (Genetically modified organism) is an organism whose genetic constituent have 

been manipulated by using genetic engineering tools. These organisms include plants, 

mammals, fishes, insects, yeast and bacteria. GM Bt crops were developed to reduce the 

dependence on pesticides. Pesticides are used for destroying the pest, grouped on the bases of 

chemical nature and include organochlorine hydrocarbons (e.g., DDT), organophosphates, 

carbamates etc. They disrupt the sodium/potassium balance of pest nerve fiber. Pesticide use 

causes a number of environmental problems, reduces biodiversity, pollinator 

decline, destroys habitat (especially for birds) and threatens endangered species. First field 

trial of transgenic Bt crops was carried out in 1986 followed by large scale efforts in 1990s. 

Consequently, in 1996 million of acres Bt crops were planted in United States. However, all 

commercialized Bt crops e.g. corn/maize, tomato, cotton, canola/rapeseed potato and tobacco 

etc. were introduced by 20 corporations working in the private sector (Krattiger, 1997).  

Transgenic tomato was introduced in 1994 in USA for longer shelf life. In 1996, four 

transgenic crops including one herbicide tolerant soybeans and three crops for insect 

resistance have been approved and grown in the United States. These authorizations were 
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granted after intensive work in research and production data since last 14 years. All those 

insect resistance crops were incorporated with Bt genes from Bacillus thuringiensis and 

expression of this gene produced insecticidal toxin. These crops were Bt potato, Bt cotton and 

Bt corn, effective against the hardy Colorado potato beetle-Leptinotarsadecemlineata, the 

cotton bollworm complex and European corn borer-Ostrinianubilalis respectively.  

 The genes were incorporated in these crops were modified cry1Ac in cotton (Perlak 

et al., 1990), the modified cry1Ab in corn (Carozzi and Koziel, 1997) and modified cry3Ab in 

potato (Perlak et al., 1993). The herbicide tolerant genes were derived from a bacterium and 

transformed into soybean. These transformed crops were commercially grown in United 

States, Canada and Argentina under 1.7 MHA in 1996 and then the area under biotech crops 

increased year after year in several countries. In 2008, genetically engineered plants were 

cultivated worldwide on 125 MHA (James, 2008) and transgenic cotton covered over 21 

million ha in 2010 around the world (James, 2010).  These crops were cultivated by more 

than 10.3 million farmers in 22 countries and United States of America, Brazil, Argentina, 

China, Canada and India were the six primary consumers of the genetically modified (GM) 

crops. Soybean, maize/corn, canola, alfalfa, sugar beet were major crops which were 

transformed with herbicide tolerance or Bt-genes.   

In 2012, (James, 2012) briefed that the GM cotton grew rapidly and increased from 

50,000 ha in 2002 to 10.6 MHA in 2011 in India. In 2011, the total cultivated area under 

cotton crop in India was 12.1 million hectares, therefore, GM cotton was cultivated under 

88% of the cotton area. Globally, it is the wider area of genetically modified cotton. United 

States was the second and Chinese was third biggest by area with 3.9 MHA. Pakistan was the 

fourth number with the largest genetically modified (GM) cotton grown area of 2.6 million 

hectares and Australia on the fifth number in the world in 2011. Other genetically modified 

cotton cultivating countries were Myanmar, Argentina, Mexico, Burkina Faso, Colombia, 

Costa Rica, Brazil and South Africa in 2011.  

Insect-resistance transgenic plant reduced the demand of conventional insecticides, 

providing advantages for the environment and human health. For example, in United States 

for cotton, the average number of insecticide uses against the bollworm-budworm complex 
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diminished from 4.6 in 1992-1995 to 0.8 in 1999-2001. In China, for Bt cotton plants, 60- 80 

% decrease in foliar application of insecticides was observed (Romeis et al., 2006). A 

Chinese report in 2012 demonstrated that the Bt cotton reduced the utilization of pesticides to 

half and double the level of lacewings, spiders and ladybirds (Carrington, 2012; Lu et al., 

2012). James (2012) demonstrated that in 2011, the genetically modified cotton was cropped 

on 25 million hectares which was 69% of the total area of world under cotton cultivation. 

Proximate study revealed that there was no distinction among non-Bt and its Bt cotton 

counterpart with respect to moisture, carbohydrates, protein and ashes proportions. Forage 

composition of non-Bt cotton is considerably equal to Bt cotton in term of gossypol (phenolic 

aldehyde) and other acid substances (Manjunath, 2005). Bt crop technology sometimes savor 

short-term success in pest control but is soon undermined by the emergence of pests resistant 

to the toxin (UNDP, 1999; Then and Tippe, 2010; Wynne, 2012). 

 Gassmann (2012) described that Western corn root-worm had acquired resistance 

against Bt corn specifically engineered to target the pests and in 2009, four strains of western 

corn rootworm in Iowa were detected to have field evolved resistance to Bt corn. The 

emergence of new organisms enable to produced disease and infertility in animal and plants 

and have a great evidence to damage the human health (Sewell, 2012). Therefore, 

agricultural pest resistance development is a problem with Bt and other GM crops. 

2.2. Bacterial Diversity  

2.2.1. Soil as microhabitat 

The term rhizosphere introduced by Hiltner in 1904, is mass of soil direct to and 

adjacently affect by plant roots. It is “hot-spot” to microbial activity and colonization (Bolton 

et al., 1992). Biodiversity is the degree of variation in forms of life within a given species, 

ecosystem or in an entire planet. It is measure of health of the ecosystems and partly a 

function of climate. Soil is a complex habitat for different organisms including bacteria (100 

billion, 10,000 species), fungi (50 kilometer of mycelium, 500’s species), algae (100’s 

species), protozoa (100 thousand, 100’s species), nematode (10 thousand, 50’s species), 

insect arachnids, worms (5 thousand, 100’s species), plants (500 meters roots, 10’s species) 

and mammals (few species like mole). The bacteria are essential part of this soil micro-flora 
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because of their species diversity, abundance and multiplicity of metabolic pathways. They 

have potential to show the history of an environment. It was observed that diverse population 

of protozoa, bacteria, algae and fungi coexist in the rhizosphere soil and among them bacteria 

was most abundant. Torsvik et al. (1996) measured that approximately 6000 diverse bacterial 

genomes present in per gram of soil, as a unit of Escherichia coli genome size and only 1% 

soil bacterial population can be cultured (Van Elsas et al., 2000).  

Soil is a heterogeneous, structured and discontinuous system. Generally it is less in 

energy sources and nutrients with micro-organisms exist in distinct micro-habitats (Stotzky, 

1997). The physical, chemical and biological properties of soil micro-habitats vary according 

to space and time. Several factors including carbon and energy sources, mineral nutrients, 

ionic composition, growth factors, water availability, pressure, temperature, air composition, 

pH, electromagnetic radiation, surfaces, potential of oxidation–reduction, microorganism’s 

genetics and interaction among microorganisms, can affect the activity, population and 

ecological dynamics of microbes in soil microhabitats. Therefore, it is essential to infer the 

relationship between bacteria and their environment by analyzing the functional and 

structural diversities of soil bacterial communities and their responses against the changes in 

the rhizosphere. 

2.2.2. Community structure 

Microbial diversity is a broad term that includes genetic diversity and ecological 

diversity. The genetic diversity is defined as the distribution and amount of genetic 

information among microbial species i.e fungal and bacterial species diversity in microbial 

communities. The ecological diversity is the complexity of interactions and community 

structure variations. In simple, it is defined as the number and abundance of different fungal 

and bacterial species in soil micro-flora. Agricultural soils environments are heterogeneous 

where microbial diversity and growth fluctuate with space and time. 

Soil biodiversity have bigger threats under soil erosion, contamination, salinization 

and sealing by destroying or disturbing the habitat of the soil biota. In soil, biodiversity 

protection is a fundamental to sustain the appropriate soil functioning.    

In agriculture ecosystems, the ecological functioning of the soil can be considered as 

a production support function of biodiversity. It is evident that structure of is specific and its 
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mechanism of organization is not known. A simple computational model describes that both 

microbes and physical particles interactions make a self-organization that impart the unique 

material properties of soil (Crawford et al., 2012). 

Microorganisms are very diverse and abundant group on the earth and soil sustains an 

immense diversity of microbes. Soil microbial community is a sensitive indicator to evaluate 

soil quality and sustained the ecosystem. Better community performance leads to 

preservation of ecosystem functioning. For centuries, biologists studied the spatial scaling 

and wide-scale distribution diversity among animal and plant at continental scales but a little 

information about microbial diversity has been reported to date. Recently, it is impossible to 

study the soil microbial communities and the environmental factors affecting their 

biodiversity at continental-scale. Bacterial diversity is not related to temperature, latitude, 

and other variables, and composition of the community was largely independent of 

geographic distance. Wertz et al. (2006) illustrated that functioning of an ecosystem was 

uninfluenced by erosion, biodiversity whereas Maherali and Klironomos (2007) established a 

positive relationship between functioning of an ecosystem and fungal diversity. Griffiths et 

al, (2000) and Wertz et al,  (2006) developed the relationships among ecosystem functioning 

and microbial biodiversity and by analyzing microbial processes rates. Wittebolle et al. 

(2009) suggested that evenness rather than richness as a measure of bacterial biodiversity 

promotes quick response to selective stress and plays a role and functionality. Zhang et al. 

(2013) indicated that the vegetation restoration enhanced the genetic diversity of bacterial 

community in the soil and the structure of the soil bacterial community was changed. The 

richness and diversity of bacterial communities in the soil depended on soil pH and type of 

ecosystem. Diversity among bacteria was high in neutral soils and low in acidic soils, by 

studying the Peruvian Amazon soil that is the most acidic with least diversity. These studies 

showed that the biogeography of microbes were controlled mainly by edaphic variables and 

basically differ from the “macro” organisms biogeography (Fierer and Jackson, 2006). 

Ranjard et al. (2013) described that the soil bacterial diversity turnover rate on a wide 

scale was extremely significant and strongly correlated with the soil habitat turnover rate. 

Micro and macro organisms’ diversity emerged by dispersal, maintaining diverse, selection, 

and spatially structured habitats was vital for the resulting ecosystem services and biological 

patrimony in soil. Chu et al. (2010) reported an extensive study on soil bacterial communities 
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of the biogeography in the Arctic with great resolution barcoded pyro-sequencing tools. It 

was observed that bacterial community diversity and composition of arctic soil structure were 

related with the variation of soil pH instead of geographical proximity to neighboring sites, 

which suggest that local environmental heterogeneity was more essential than dispersal 

limitation in the determination of the level differences in the community. 

 Faoro et al. (2010) analyzed the 754 independent 16S rRNA genes sequences, 10 

different soil samples had been collected along the transect of altitude gradient and the results 

showed that prevalence of Acidobacteria (63%),  Actinobacteria (1.2%), 

Firmicutes (0.26%), Bacteroidetes (1%), Chloroflexi (0.66%), Gemmatimonadetes (1.6%), 

Nitrospira (0.4%), Proteobacteria (25.2%),  Planctomycetes (0.4%) and  forty-eight 

sequences (6.5%) constituted the unidentified bacteria. Statistical analysis revealed that the 

bacterial diversity was affected by altitude, Al3+ and Ca2+/Mg2+ ratio, and phosphorus 

contents also influenced the diversity in the same lineage. It was demonstrated that diversity 

has not significant impact by pH. Site and Soil properties were bad predictors for bacterial 

community structure. Lauber et al. (2009) estimated that types of vegetation, variations in 

organic matter chemistry of soil and environmental factors other than pH of soil have 

comparatively small effects on the phylogenetic compositions of soil bacterial communities. 

Agricultural practices have shown the impact on denitrifiers communities and nitrogen 

cycling, through change soil properties (Philippot et al., 2007; Mao et al., 2011).  . 

 Talia et al. (2012) used 16S rRNA genes sequence analysis for study the bacterial 

diversity of a Pristine forest soil and of two cultures of the same soil amended with 

cellulolytic bacteria. This analysis exposed that the native soil sample have highest bacterial 

diversity, manifesting about 10 phyla including Actinobacteria, Acidobacteria, and 

Proteobacteria reported to > 76% of all sequences. In both enriched samples, Proteobacteria 

were the most frequently present. Most of bacterial genera in both enriched samples were 

identified as Caulobacter and Brevundimonas but members of Achromobacter, Acidovorax, 

Delftia, Devosia, Pseudomonas, Sphingomonas, Stenotrophomonas, Variovorax and 

Xanthomonas, were also present. In addition, cellulolytic taxa i.e. Acidothermus, 

Micromonospora, Paenibacillus, Pseudomonas and Streptomyces were also found that 
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indicated the ecosystem is an enthralling   source for analyze the novel enzymes for 

degradation of cellulose. 

 Sylvain and Wall (2011) described that biotic communities of soil linked to mainly 

productivity and required to ensure long-term sustainability of soil. The plants have unique 

soil biotic communities. Land use, soil pollution and desertification were global changes that 

altered the soil animal diversity and abundance. Hallin et al. (2012) reported that salt 

gradients, short-term temperature and functional operating range were wider and process 

rates increased when the soil community was phylo-genetically different. The results 

indicated that under certain conditions, bacterial genotypes play a vital role for denitrification 

maintenance in an ecosystem functioning. 

Soil bacterial diversities have been extensively studied for many years by using 

techniques established for bacterial culturing and isolations. For the characterization of 

microbial community, techniques including fingerprinting are being developed and adapted 

for genetic characterization of plant growth promoting rhizobacteria. In prokaryotes, the 16S 

rRNA genes are essential and at least one copy is present in a genome.  It is highly conserved 

between different species of archaea and bacteria. Therefore, it has been successfully used 

for identification and phylogenetic studies of different bacterial strains. The amplified 

fragments can be assembled for the entire sequence of the complete 16S rRNA. Polyphasic 

taxonomic approaches including, morphological characterized biology analysis, DNA-DNA 

hybridization 16S rRNA and nifH gene sequence analysis was used to analyze the two 

Azospirillum strain (Mehnaz et al., 2007). PGPR were identified and characterized, to study 

the colonization pattern, by using novel techniques (Lugtenberg et al., 2001; Rothballer et 

al., 2003; Espinosa-Urgel, 2004; Gamalero et al., 2004).  

More recently, different molecular methods have been used to the investigation of 

species diversity. Three broad sets of repetitive elements were used for typing; BOX 

elements, repetitive extragenic palindromic (REP) sequence, and enterobacterial repetitive 

intergenic consensus sequence (ERIC). REP-PCR and ERIC-PCR have been indicated useful 

for typing Pseudomonas aeruginosa. PCR- based methods i.e.  BOX AIR-PCR  and  16S-

RFLP (restricted fragment length polymorphisms analysis  of 16S rRNA genes, also referred 
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to as ARDRA (amplified  ribosomal  DNA  restriction  analyses)  have  demonstrated the 

useful tools  to  study  the microbial diversity  in  a  broader  range  of rhizosphere (Moyer et 

al., 1996; Marchesi et al., 1998; Fakruddin and Mannan, 2013). The genetic fingerprinting, 

BOX-PCR was able to identify bacterial strains at species level (Marques et al., 2008). Chau 

et al. (2011) characterized the bacterial community by T-RFLP. Denaturing gradient gel 

electrophoresis (DGGE) perhaps proved useful tool in analyzing the microbial diversity in 

soil rather than traditional plating method. Fei et al. (2011) and Wang et al. (2012) studied 

the population of culturable microorganisms (bacterial, fungal, actinomycetes, 

denitrobacteria, azotobacter and nitrosobacteria), the functional diversity of microbial 

metabolism, and the diversity of bacterial community, fungi community and microbial 

community structure.  

Microscopy revealed the phenotypic differences between cells. Electron microscopy 

supported the remarkable differences in the cell shapes. Scanning electron microscopy 

(SEM) can attain resolution better than 1 nanometer (nm). Specimens observed in high/low 

vacuum and environmental Scanning electron microscopy specimens observed in wet 

conditions. SEM clearly demonstrated the shape of the cells, cell division, motility and 

flagellum. The cell surfaces of both strains were analysed by scanning electron Microscopy. 

Colonies of A. brasilense and its Tn5 mutant had different composition of surface poly 

saccharides (Blaha and Schrank, 2003). 

2.2.3. Microorganism interactions and development of sustainable agro-ecosystem 

 Soil is a critical component for maintaining the sustainable global environmental 

conditions.  Soil microbes are extremely diverse and abundant organisms on the Earth and 

one gram soil contains billions of microbes with thousands of different type of species. Biotic 

or abiotic factors altered the structure and composition of microbial community. Balancing 

between physical, chemical and biological components impart to maintain the quality of soil. 

Soil sustains diversity, biological activity and productivity. It also regulates the flow of 

water, cycling of nutrients and other elements, dissolved nutrients, storing, filtering, 

degrading, buffering, immobilizing and detoxifying the inorganic and organic components 

that are potential pollutants. Mostly, functioning of an agriculture ecosystem is governed by 

soil microbial dynamics.  
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The significant losses or changes in solid microbial diversity are indicative of 

undesirable conditions. Generative agriculture sustainability depends on a healthy 

community of soil microbes that break down organic matter and bestow to biological 

recycling process of chemical nutrients, affect soil fertility. Therefore, the interactions among 

the diversity of decomposers (microbes) and chief producers (plants) are the two main 

efficient groups that make the fundamental of all ecosystems and have high consequences on 

agricultural ecosystems functioning. A healthy soil effectively confirms the air protection, 

plant growth and water quality.  Interactions may be positive and negative, take place not 

only among microbes but also in microbes and plants. Mutualistic and commensal 

interactions are found in microbes and plants. Microorganisms provide mineral, nutrients and 

water to plants and receive photosynthates in return. Dinitrogen fixers association with plants 

provides essential combined nitrogen to ecosystems and crops. The aerial plant surfaces 

provide habitats for commensal microbes. Some viruses, bacteria, and fungi induced plant 

diseases (Parasitism interaction) and effect stored food that cause great loss of economy. 

Transgenic plants and plant growth-promoting bacteria both are used in agricultural 

practices. The positive interactions among microbes and plants are synergistic interactions in 

which rhizoplane, rhizosphere, spermosphere and phyllosphere included. Mutualistic 

interactions include mycorrhizal interactions and root nodule interactions. Bacteria enhanced 

P, N and Fe availability in soil and produce volatiles molecules, as novel process bacteria 

modulate plant growth.  Microbial applications in agriculture are as bio-pesticides, 

biofertilizers, bio-herbicides, bioinsecticides, viral based bioinsecticides and fungal based 

bioinsecticides (Mosttafiz et al., 2012). During the last couple of decades the negative 

environmental impact of artificial fertilizers and their increasing costs, have increased the use 

of PGPR for globally sustainable environment and safe agriculture. Thus, the plant growth 

promoting rhozobacteria (PGPR) offer an environment friendly and sustainable approach to 

enhance crop production for future generation. The PGPR protect plants from several biotic 

and abiotic stresses. Co-inoculation of different PGPR strains can ease the adverse effects on 

crop plants due to various environmental stresses such as soil salinity, droughts, temperature 

and nutrient deficiency. 
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Figure 2.1: Soil microbe interaction and ecosystem sustainability. 
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2.3. Plant growth promoting rhizobacteria (PGPR) 

Rhizobacteria living in association to plant roots and in soil and exert a positive effect 

on plant growth. Therefore, these bacteria are termed as plant beneficial bacteria or PGPR 

(Kloepper et al., 1980a). These bacteria hold great potential for sustainable agriculture by 

increasing productivity and the growth of many commercial crops such as wheat (Khalid et 

al., 2004), barley, canola, oat,  peas, lentils, , potatoes, radicchio cucumber, soy and tomatoes  

(Gray and Smith, 2005), cotton (Anjum et al., 2007),  rice (Ashrafuzzaman et al., 2009), 

cucumber (Maleki et al., 2010), black pepper (Dastager et al., 2010), banana (Mia et al., 

2010), Cicerarietinum L. (Mishra et al., 2010), maize (Sandhya et al., 2010), chilli (Datta et 

al., 2011). Diazotrophic rhizobacteria has been discovered in various genera of alpha and 

beta proteobacteria such as Acetobacter, Enterobacter, Azospirillum, Herbasprillum, 

Azotobacter, Azoarcus, Burkholderia and Pseudomonas (Baldani et al., 1986; Dobereiner et 

al., 1993; Vessey, 2003; Shigueru et al., 2013). The bacteria Azoarcus spp Glucenobacter 

and Herbaspirillum seropedicae are known as endophytes. These bacteria differ from other 

rhizo-bacteria including Azotobacter and Azospirillum as they are tightly associated with 

plants and do not survive well in soil (Reinhold-Hurek and Hurek, 1998). Various species of 

rhizosphere bacteria like Alcaligenes, Azospirillum, Burkholderia, Klebsiella, Azotobacter, 

Enterobacter, Arthrobacter, Bacillus, Pseudomonas, and Serratia have been identified and 

involved in increasing the plant growth (Kloepper et al., 1989; Ortíz-Castro et al., 2008; 

Joseph et al., 2012). Beijerinck (1925) reported first Azospirillum and now a day azospirilla 

contain 15 strains, found in rhizosphere (A. brasilense, A. lipoferum,  A. amazonense, A. 

halopraeferans, A. irakense, A. oryzae, A. largimobile, A. dobereinerae, , A. melinis, A. 

canadense, A. zeae, A. rugosum, A. palatum, A. picis and A. thiophilum) (Massena Reis et al., 

2011; Mishra, 2012; Shigueru et al., 2013).  Silva et al. (2004) described that bacteria 

belonging to the genus Azospirillum are typically aerobic and Gram-negative, have spiral 

movements, measuring 0.8 to 1.0 μm in diameter and 2 to 4 μm in length and present in 

intracellular granules of polyhydroxybutyrate. Azospirillum sp. colonizes the plant roots and 

stimulates plant growth. It is free-living bacteria and widely distributed in soils of tropical 

and subtropical climate in the roots of grasses of great economic importance. About 30 to 

90% of soil samples collected from different part of the globe had A. brasilense and/ or A. 

lipoferum (Bashan et al., 2004). 
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Several PGPR  strains are used as commercial inoculants to suppress plant diseases 

via siderophores or antibiotics production (Bio-protectants), elicitation of systemic 

resistance, improved nutrient acquirement (Bio-fertilizers), or phytohormones production 

(Bio-stimulants) (Ortíz-Castro et al., 2008; Saharan and Nehra, 2011; Ahemad and Kibret 

2014; Singh et al., 2014) siderophores producing PGPR scavenge iron from rhizosphere and 

starve pathogenic organisms of proper growth.  

 

 

Figure 2.2: Applications of plant growth promoting bacteria 

(Pakagrifarming.blogspot.com) 

2.3.1. Biological nitrogen fixation  

Nitrogen is an important nutrient for plant growth and development. It is abundantly 

found as atmospheric nitrogen. Plants use the nitrogen in the form of ammonia and nitrate. It 

is provided to cropping systems as nitrogen fertilizers produced by industries. Excessive use 

of chemical fertilizers has environmental problems. Biological nitrogen fixation naturally 

provides nitrogen for plants. It was discovered by German scientists Hellriegel and Wilfarth 

1886 that legumes forming root nodules could use gaseous form of nitrogen. Biological 

nitrogen fixation (BNF) is biological process that changes the atmospheric nitrogen (N2) in to 
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usable form ammonium (NH3) for plant. This process is mediated in nature only by bacteria 

that produce nitrogenase enzyme. According to Raymond et al. (2004) approximately 5% of 

prokaryotic bacteria have genes for biological nitrogen fixation. The nitrogen fixing bacteria 

can be classified into free-living bacteria, associative bacteria (contribute to plant growth 

without the formation nodules) and symbiotic bacteria (form nodules). Globally, BNF is 

estimated to contribute 180 × 106 metric tons year-1, of which 80% comes from symbiotic 

associations and the remaining from free-living and associative systems (Tilak et al., 2005). 

Nitrogen fixation is contributed by diverse bacteria belonging to different taxa (Young, 1992; 

Zehr et al., 2003). 

Nitrogen fixation in legumes occurs in symbiosis with the prokaryotic genera 

Rhizobium, Mesorhizobium, Bradyrhizobium, Sinorhizobium (recent named as Ensifer), 

Allorhizobium, Azorhizobium (collectively called as rhizobia), Frankia and cyanobacteria 

also make symbiotic association with actinorhizal plants and blue green algae (Kantar et al., 

2010). Cyanobacteria, Azospirillum, Pseudomonas and Azotobacter can fix significant 

nitrogen 0 - 60 kg N ha-1 year-1 (Kahindi et al., 1997; Bürgmann et al., 2004). Legumes bear 

root nodules that hold symbiotic bacteria (Rhizobium species). Other crops can use nitrogen 

that is formed useable from non-symbiotic soil bacteria.  

2.3.2. Phytohormone production  
 

Properties of phytohormone production are widely spread among different groups of 

bacteria. Azospirillum spp., Azotobacter vinelandii, Azotbacter paspal, Azotobacter 

chroococcum, Acetobacter, Bacillus megaterium, Bacillus subtilis, Herbaspirillum and 

Rhizobium spp., produce indoleacetic acid, gibberellins and cytokinins like substances in 

growth media (Ortíz-Castro et al., 2008; Ahemad and Kibret, 2014). Azospirillum brasilense 

produced auxins, gibberellins and cytokinins in the liquid medium containing tryptophan. 

These hormones were extracted by ethyl acetate extraction method and identified by HPLC 

(Tien et al., 1979). IAA production in bacteria has been reported by different biosynthetic 

pathways (Spaepen et al., 2007). Azospirillum spp. and their mutants excreted higher amount 

IAA in the liquid medium which affected plant root morphology (Tahir et al., 2013). 

Azospirillum brasilense is reported to produce gibberellins in chemically defined medium 

(Janzen et al., 1992).  Zea mays root exudates improved the auxins, gibberellins and 
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cytokinins production by Azotobacter chroococcum (Martinez-Toledo et al., 1988). 

Acetobacter diazotrophicus from sugarcane produced higher amount of IAA in the culture 

medium. 

The growth of A. thaliana and P. vulgaris seedlings was promoted by Bacillus 

megaterium strain (Ortíz-Castro et al., 2008). Various auxins like indole-3-pyruvic acid, 

indole-3- acetic acid (IAA), indole lactic acid and indole-3-butyric acid (Bruijn, 2013; 

Costacurta et al., 1994) gibberellins (Bottini et al., 1989) and cytokinins (Bruijn, 2013) were 

found in liquid medium (Kang et al., 2012). When tomato, cucumber, and pepper inoculated 

with various PGPR strains producing IAA, significantly increased the growth of these 

vegetables (Saharan and Nehra, 2011). 

 The diazotrophs influenced the glutamine synthetase activity in roots of grass plants. 

The inoculation with Azospirillum spp. altered the morphology of the root, by increasing the 

lateral roots and root hairs and these changes attributed to production of auxins by bacteria. 

Azospirillum is known for the production of indole-3- acetic acid, gibberellic acid and kinetin 

whereas Azotobacter chroococcum is identified to produce, gibberellic acid, indole-3- acetic 

acid and cytokinnin (Crozier et al., 1988; Bottini et al., 1989; Cacciari et al., 1989). PGPR 

alter root growth in grasses by producing phytohormone. Cassán et al. (2009) described the 

same effect via legume seedlings inoculation with Azospirillum brasilense and 

Bradyrhizobium japonicum.  

The nodulation is a complex process, involves a variety of hormones and enzymes 

that produced through a various kinds of soil microbes. The formation of nitrogen fixing 

nodules results of symbiotic interactions between soil bacteria, usually known as rhizobia 

and legume plants. Various plant hormones have been identified to modulate the nodulation 

in legumes (Ding and Oldroyd, 2009). The plant growth hormones produced by bacteria 

including auxins, gibberellins, cytokinins, ethylene and abscisic acid. They act as the 

bacterial signals that transmit to the plants and as a result plants show longer roots, higher 

root weights, and lateral roots as well as more and longer root hairs. Auxins are the most 

abundant phytohormone secreted by most plant-associated bacteria (Spaepen et al., 2007). 

The most active IAA producers are Rhizobium, Pseudomonas, Microbacterium, 

Sphingomonas, and Mycobacterium (Tsavkelova et al., 2007).  
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2.3.3. Nutrient solubilization  

PGPR can inrease the nutrients availability in the soil and permit the nutrients to be 

taken up and used more efficiently by the plants. Soil microbes have been reported in the 

natural K (Potassium) cycle and therefore available for uptake by plants. The 

microorganisms have ability to solubilizing potassium and phosphorus minerals quickly and 

avoid environmental pollution hazards (Parmar and Sindhu, 2013). Phosphorus is a crucial 

mineral used as fertilizer for crop production, constituting ~0.2% of plant dry weight. Hu et 

al. (2006)  was identified potassium and phosphate solubilizers, Paenibacillus mucilaginosus 

strains KNP414 and KNP413 from the soil of Tianmu Mountain, Zhejiang Province, China 

Sugumaran and Janarthanam (2007) were isolated potassium (K) solubilizing bacteria from 

rocks, soil and minerals samples, among these isolates, Bacillus mucilaginosus MCRCp1 

solubilized more potassium by producing slime in muscovite mica. 

2.3.4. Biocontrol 

The indirect improvement of plant growth happens when PGPR prevents the harmful 

effects of phyto-pathogenic organisms. This can happen by producing antagonistic 

substances or by inducing resistance against pathogens (Glick, 1995; Bhattacharyya and Jha, 

2012). Bacteria produce siderophores, bacteriocins and antibiotics which offer well-known 

mechanisms that an antagonist can employ to minimize or prevent phytopathogenic 

proliferation (Beneduzi et al., 2012). Siderophores are reported by several fungi and bacteria, 

binds to iron in the soil and scavenge it to the disease causing microbes. These are classified 

as catecholates (phenolates), hydroxamates and carboxylates. PGPR produces extracellular 

siderophores which efficiently form complex to environmental iron that making it less access 

to certain native micro-flora. Soil bacteria Bacillus cereus UW 85 and Azotobacter vinelandii 

MAC 259 produced siderophores and they can be employed as PGPR to enhance the crop 

yield (Saharan and Nehra, 2011). A pseudobactin siderophore produced by P. putida B10 

strain was able to suppress Fusarium oxysporum growth in iron deficient soil and this 

suppression was lost when the soil was replenished with iron, a condition that represses the 

production of iron chelators by microorganisms (Kloepper et al., 1980b). Plant beneficial 

bacteria produced antibiotics that act as antagonistic agents against phytopathogens (Glick et 

al., 2007). Maksimov et al. (2011) studies that majority of Bacillus sp. which were active 
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against many pathogenic fungi, produced antibiotics, polymyxin, circulin and colistin. 

Bacteriocins are also used in microbial defense systems. It is different from antibiotic, have 

narrow range of spectrum and effective among closely related bacterial strains. Bacillus spp. 

bacteriocins are more important due to their inhibition of Gram-negative bacteria, yeasts or 

fungi and Gram-positive species. Some of them are pathogenic to humans and/or animals 

(Abriouel et al., 2011). Great applications of PGPR are possible in agriculture as biocontrol 

for plant pathogens and bio-fertilizer. 

2.4. Microbial activities in soil 

Soil biota is “biological engine” of the earth and is involved in important functions of 

soil ecosystem by driving many cycling processes of crucial nutrient, structural dynamics of 

soil, pollutants degradation and plant communities’ regulation. Hueso et al. (2011) 

demonstrated that the biological and biochemical properties are good, indicators for soil 

distribution and give immediate and precise information about small change in the soil. It is 

difficult to draw an appropriate conclusion about soil quality, a good quality soil indication to 

the soil complexity structurally and functionally (García-Ruiz et al., 2009). Changes in the 

active microbial communities may change the functions performed by the community. The 

dynamics of microbial enzyme activities with nitrogen addition allow for a functional link 

between soil organ matter chemistry and modifies in microbial community structure. Rui et 

al. (2005) described that the number of functional bacteria in the rhizosphere may not 

directly affect by Bt toxin. 

Many biotic and abiotic factors influence the plant growth in agriculture soil.  The 

rhizosphere is specialized zone of soil around the plant roots where microbial populations are 

induced by roots metabolism and activities. Microbial and biochemical characteristics are 

useful tools, to find out the quality of soil. Microbial activity term is used for a range of 

activities that conducted by soil microbes.  Soil enzymes dehydrogenase, phosphatase and 

urease are important for different biochemical process such as energy transfer, decomposition 

of complex compound and recycling the nutrients. 

2.4.1. Dehydrogenases 

Dehydrogenases are usually exhibit in upper layer of soils and are important 

components of the enzyme systems of micro-organisms.  It plays the major role in the energy 
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production during respiration by oxidizing organic compounds present in soil. Therefore, 

dehydrogenase activity can be used as an indicator of biological redox systems and 

considered a good measure of microbial oxidative activity in soils. Concentration of 

dehydrogenases in soil depends on conditions and intensity of biological conversion of 

organic compounds. It is usually determined by measuring the amount of an artificial 

electron acceptor reduced by microbial activity. Sarkar et al. (2008) analysed the soil 

samples for dehydrogenase activity, soil respiration, mineral-N (nitrogen) and Olsen-P 

(phosphorous), that showed a significant decrease in dehydrogenase activity (17 %) and soil 

respiration (3.5 %) in the rhizosphere of Bt-cotton over non-Bt cotton isoline.  Lawhorn et al. 

(2009) in the first field study reported the purpose of extracellular enzyme assays to study the 

effect of transgenic crops on the functional activity of soil microbes and decaying roots. 

Nannipieri et al. (2002) demonstrates the parameters used to determine the soil functions are 

basal respiration, nitrogen mineralization, nitrogen fixation, and nitrification and 

denitrification potential, dimethyl sulphoxide reduction, heat production and some 

intracellular enzyme activities. The intracellular enzyme activity that turely reflect the 

microbial activity. Microbial biomass and enzyme activity provide significant information on 

the location of enzyme activities measurement. 

2.4.2. Protease 

Protease conducts proteolysis by hydrolysis of peptide bond which linked amino acid 

together in a protein. Daudu et al. (2012) determined the effects of Bt corn residues compost 

on nitrogen and carbon contents and activity of the Cry1Ab protein in the compost. These 

showed that Bt corn composts in the similar mode as conventional corn. The composting 

reduced quickly the increase the C: N ratio of Bt corn and in the process eliminated the active 

Bt proteins in the residues, thus providing them safer for soil application. 

Trichoderma viride, Fusarium oxysporum and Alternaria alternata shown maximum 

production of protease enzyme as compared to that of fungi isolated from the rhizosphere of 

non-Bt cotton plants (Pangrikar et al., 2011).  
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2.4.3. Phosphatases 

Phosphatases catalyse the hydrolysis of anhydrides of phosphoric acid into inorganic 

P and esters of organic phosphate (P). Phosphatase activity may arise from the plant roots, 

bacteria and roots associated mycorrhiza and other fungi. Alkaline phosphatases are 

responsible for removing phosphate groups from different types of molecules like 

nucleotides, proteins and alkaloids. Mina and Chaudhary (2012) studies reflected that 

phosphatase activity vary due to effect of variety and growth stage. Soil properties and 

quality changes were analysed by total nitrogen and phosphorus, organic matter and N, P and 

K contents availability as well as by studying the α-amylase, polyphenol oxidase, saccharase, 

cellulase, catalase, urease and alkaline phosphatase activities (Wang et al., 2012).  

2.4.4. Urease 

Soil urease is mainly from microbial origin and its activity in soil is due to 

accumulated urease. Urease is common in soil enzymes. It gently hydrolysis urea fertilizer 

for easy access of nitrogen to plants. It acts on C-N bonds of urea and amides (Qin et al., 

2010). It released from disintegrated living microbes in the soil and exists as an extracellular 

enzyme. It absorbed on clay materials and encapsulated in humic complexes (Mohammadi, 

2011). Bieliñska and Wêgorek (2005) demonstrated that the activities of urease and protease 

may be limited, in high dose addition of ammonium compounds as fertilizer. Emami et al. 

(2013) described that bacteria, fungi, yeast which contain urease. Moreover, Lactobacillus 

ruminis, Lactobacillus fermentum, Lactobacillus reuteri and Rhizopus oryzae produced 

urease. The ability to hydolyse urea was found to vary from 17 to 77% for bacteria, and from 

78 to 98% for soil fungi.  

2.4.5. Polyphenol oxidases 

Polyphenol oxidase is copper containing enzymes and has binding sites for oxygen 

and two aromatic compounds. It catalyzed the o- hydroxylation of monophenols to o- 

diphenols and then o quinones.  Generally, a mixture of catechol oxidase and monophenol 

oxidase are present in all over plant tissues, and can also be detected in animals, fungi and 

bacteria. Extracellular phenol oxidases have vital role in the carbon cycle of soils. 

Peroxidases and phenol oxidases are less stable than extracellular hydrolases, in association 

with organic particles in the environment. Throughtout ecosystems, generally peroxidase and 

phenol oxidase activities raised with soil pH.  
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Effect of dissolved organic matter on polyphenol oxidase, catalase and urease activity 

measured in phenanthrene (Phe) contaminated soil, was carried out under laboratory 

incubation conditions (Zhan et al., 2010). Poly phenol oxidase and peroxidase activity were 

determined spectrophotometry by pyrogallol as substrate (Allison et al., 2006; Zhou et al., 

2012). 

2.5. Persistence of Bt toxin/protein in soil  

The gene expression of Bt in plants forms an insecticidal toxin and plants release this 

toxin in plant biomass and root exudates in the soil. Therefore, soil retains larvicidal 

activities for a long time. In agriculture system, it is roughly estimated that naturally the 

amount of Cry endotoxin 0.25 g ha-1 produced by about 1000 Bacillus thuringiensis spores g-

1 soil while in Bt-corn crop, excluding grain is 650 g ha-1 (Blackwood and Buyer, 2004). 

Cry1Ab protein from rice (Oryza sativa nd L.) and maize (Zea mays L.), Cry3A protein from 

potato (Solanum tuberosum L.) and Cry3Bb1 protein from corn were released in root 

exudates, whereas the Cry1Ac protein was not released in the form of root exudates from 

cotton (Gossypium hirsutum L.), canola (Brassica napus L.) and tobacco (Nicotiana tabacum 

L.) (Saxena et al., 2010). 

The structure of the toxins did not change significantly via interaction with clay as 

determined by SDS-PAGE (Sodium Dodecyle Sulphate Poly Acrylamide Gel 

Electrophoresis), ELISA (Enzyme Linked Immunosorbant Assay) and desorption washes. 

The half-life of the Bt toxin was about 2 to 41 days in the tissues of the transgenic, maize, 

potato and cotton (Sims and Reams, 1997). Bt toxin can rapidly attached to clay particles and 

humic acid in soil (Tapp et al., 1994; Crecchio and Stotzky, 1998). The Bt toxin protein 

binding to soil components reduced its bio availability to microorganisms and consequently 

reduced microorganisms degradation, but did not excrete its insecticidal activity. Therefore, 

Bt toxin accumulated and showed toxicity in soil for over 234 days (Tapp et al., 1994).The 

soil concentration of Cry1Ab, Cry2Ab2, CryA.105, Cry3Bb Bt proteins was below the limit 

of quantification at 40 days and 6 months after crop harvest (Badea et al., 2011; Măruţescu, 

2012).  

 It was described that the Bt toxin degradation rate and its impact on soil ecosystem 

were link to the type and concentration of the Bt toxins. Varieties of Bt crop, soil microbes, 

soil type and physical and chemical characteristics of soil (Tapp et al., 1994;  Tapp and 
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Stotzky, 1995; Stotzky, 2000). Therefore, the study of the fate of Bt toxin in the rhizosphere 

and its impact on soil bacteria functioning is an essential aspect of the risk assessment in a 

soil ecosystem. Several studies showed that Cry1Ab MON810 maize Fate/ degradation rate 

depended on the type of soil (Badea et al., 2010a; Badea et al., 2010b). All Cry proteins 

degraded rapidly after GM stacked maize plant tissues were incorporated into soil. Rui et al. 

(2005) illustrated the persistence and effect of Bt toxin released from Bt cotton varieties on 

the bacterial population in the rhizosphere and it was reported that varying level of Bt toxin 

were found in the rhizosphere soil of two cotton varieties throughout growth period. The 

leave and stem tissue from two Bt-cotton varieties were incubated with silty loam soil to 

examine the persistency of Bt in soil and effect on the soil enzymes activities. The results 

demonstrated that 50% of introduce Bt toxin persisted in the soil for 56 days. Soil acid 

phosphomonoesterase, urease, cellulose, and invertase were induced by tissues of Bt cotton 

whereas arylphosphatase activity was suppressed. The effect masked any negative effect of 

the Bt toxin on microbial activity (Sun et al., 2007).  

Field studies showed that the amount of Bt protein in Bt transgenic rice (Huachi B6,& 

TT51) were significantly different. The Cry1Ab/ Cry1Ac protein in soil remained at 0.35-

0.60 ng/g fresh soil. About 195 d after straw returned into field, the Bt protein in soil was 

only 0.35 ng g-1 fresh soil. It was close to around the detection limit (0.25 ng g-1 fresh soil), 

which indicated that after certain time period the protein did not cause a serious residual 

effect in the soil. After measuring soil microorganisms, it was observed that straw 

incorporation in soil promoted soil bacterium, fungi and actinomycetes growth, but did not 

significantly affect soil denitrifying bacteria, hydrolytic-fermentative bacteria and 

methanogenic bacteria.  

It is concern that soil microorganisms may be affected by cry proteins. Exposure can 

appear by dead Bt roots, feeding on living and theoretically via absorption or ingestion after 

incorporation of cry protein into soil.  Experiments have been carried out to study the 

persistence and amount of cry toxin protein in to the soil. The fundamental biological 

chacteristics of proteins also form Bt cry proteins rapidly susceptible to microorganisms, 

metabolic, and abiotic degradation, formerly they are ingested and then eliminated into the 

environment. Although there were different reports for binding of soil particles under certain 

conditions, the bound cry proteins were also described to be quickly degraded by 
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microorganisms upon elution from soil (Manjunath, 2005). In the three years field study with 

Bt maize and three conventionally bred cultivars, it was observed that Bt maize accumulated 

1.0 ng toxin protein /g soil and this toxin was degraded in seven months (Miethling-Graff et 

al., 2010).  

2.6. Impact of Bt toxin on non-target organisms and soil ecosystem 
The soil microbial community is a key component of soil quality. Therefore, it is 

essential to study the impact of this new input in agricultural system on the microbial 

communities’ structures and functions. Detailed studies of the potential effects of transgenic 

crops on the human health and environment (ecosystem) are important before their 

commercial release. The basic fears are ecological consequences potential on non-target 

organisms because insect predators are crucial in integrated pest management of the overall 

ecosystem. 

Bt crops resistant to insects have the potential to alter the biodiversity, microbial 

dynamics and key functions of an ecosystem, because they make the insecticidal protein 

through all over of plants. Tapp and Stotzky (1995) described the effect of Bt toxin on 

microbial growth and claimed that the number of microbes cultured for 4 to 6 hours in the 

presence of Bt toxin were less than the control free from Bt toxin. It is also described that Bt 

toxin developed by Bt corn had no longer consequences on total numbers of culture-able, 

protozoa, bacteria, fungus and nematodes (Saxena and Stotzky, 2001). The bound or free Bt 

toxin protein have no consequence on soil fungi, bacteria, algae, protozoa and nematodes 

(Donegan et al., 1996; Saxena and Stotzky, 2001). Several experiments were performed to 

evaluate the risk of Bt cotton on fauna and flora in agriculture ecosystem (Mina et al., 2011; 

Mina and Chaudhary, 2012; Wei et al., 2012). The studies on diversity of soil microbial 

community showed that they were slightly affected or not affected by the long-term 

transgenic plants cultivation (Kapur et al., 2010; Li and Romeis, 2010).  

Several laboratory studies conducted during recent past has described that pollen 

from Bt corn could be hazardous to the larvae of the monarch butterfly (Losey et al., 1999). 

However, EPA believed that the risk to monarchs and other non-target butterflies was low. 

Blackwood and Buyer (2004) described the effects of two transgenic corn lines showing 

different Cry endotoxins on the soil community structure of microorganisms in a growth 
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chamber experiment by three soil types. It was observed the community structure of bacteria 

was show lower affected by transgenic Bt corn as compared to the soil type. 

Bt significantly decreased the use of chemical insecticides which control the 

agriculture pests, so the sustainability of Bt crops is necessary. Despite the high rate of 

adsorption of the novel insecticide, little is known about the aquatic fate of transgenic Bt 

proteins and their effects on non-target aquatic invertebrates, although various possible 

pathways exist for their transport to aquatic systems (Prihoda and Coats, 2008).  

Hilbeck et al. 2012 reported that the lethal effects of Bt Cry1Ab toxin increased 

mortality in Adalia Bipunctata larvae. Mon810 cultivation was banned in Germany in 2009.  

By Ryan (2012) reported that Arbuscular mycorrhizal fungi (AMF) form less symbiotic 

bonds with insect resistant Bt corn as compared to the non-Bt corn. Tan et al. (2011) showed 

that efficiently growing Bt corn and their straw had no apparent effect on the constant soil 

fungus and bacterial community structure. The increasing age of the plants or plant straw 

decomposition time may have a greater influence on the microbial community that other 

factors namely, the presence of Cry proteins, hybrid plant and variety.  The fungal and 

bacterial community diversity did not decrease in the transgenic cotton SGK321 compared to 

the control parent line. Fungal community was more susceptive to Cry1Ac protein than 

bacterial community. However, the different growth stages contributed more to variations in 

microbial communities (Pan et al., 2012). Wang et al. (2012) demonstrated that the number 

of culturable microorganisms were slightly lower in the soil of transgenic Bt cotton and the 

number of Azotobacter, Denitrobacteria and Nitrosobacteria were not significantly variation 

in Bt and non-Bt lines. 

Soil microbes were the main source of soil enzymes which exhibit energy transfer, 

nutrients cycling, decomposition of organic matter and environment quality and yield of the 

crops. Soil arylsulfate, invertase, urease, acid phosphatase and cellulose activities played an 

key part in soil microbial activity and were associated to essential element S, N, P, and C 

reactions respectively (Nannipieri et al., 1990; Deng and Tabatabai, 1997; Kandeler et al., 

1999; Nannipieri et al., 2002). Jepson et al. (1994) described that soil dehydrogenase, acid 

phosphatase and urease activities could be employed as indicator to study the effect of toxin 

on to soil micro biological activity. Phosphatases play an important role in phosphorus cycle. 

Wei-xiang et al. (2004) found that the paddy soil phosphatase activity was not changed by 
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addition of rice straw of Bt transgenic plant into the soil and whereas dehydrogenase activity 

was high in it. However, shortly recognized that the effect of Bt toxin released from Bt cotton 

on soil acid phosphomonoesterase, invertases, arylsulfatase, urease and cellulose activities.  

Sudha et al. (2012) described that single and two genes hybrid did not show negative effect 

on nitrogen fixers and P-solubilizers population in the rhizosphere soil but the variation 

among microbial population might be due to the effect of genotype rather than cry toxin.  

 GM Bt crops adversely affected beneficial insects that controlled maize pests like 

green lacewings (Andow et al., 2004; Obrist et al., 2006). It was first reported the negative 

impact on carabid activity and indirect negative affect on a coccinellid of Cry3Bb Bt-maize 

field (Stephens et al., 2012). The toxin Cry1Ab affected the performance of honeybees 

(Ramirez-Romero et al., 2008). Experimental animals including rats, mice, sheep and rabbits 

fed with remarkably heavy doses (500, 1000 and 4300 mg kg-1 body weight) of cry protein 

indicated no intensive effect of toxic on their health. These animals were observed equivalent 

to those which are not fed with the Cry protein regarding the body weight, food consumption 

etc. (Manjunath, 2005). There was no finding of direct impacts of transgenic Bt plants on the 

natural enemies. The harmful effect on the natural enemies has been described only with 

susceptible of herbivores as prey/ hosts. Those effects were probably due to decrease the 

quality of prey/ hosts. An exception was the impact of Bt transgenic potatoes on an aphid 

parasitoid which probably affected due to aphid hosts (Romeis et al., 2006). 

 Another concern was that non-targets organisms exposed to Bt Cry proteins 

expressed in transgenic plants agencies could suffer adverse deleterious effects. Several 

studies have been conducted to examine this question. A field study comparison showed the 

Bt corn MON863 with its non- transgenic isoline have no harmful effects on, potential of 

nitrogen (N) mineralization, soil respiration, short- term nitrification activity, microbial 

biomass, soil microbial community composition, or the abundance of culture-able bacteria 

and fungi and protozoa (Devare et al., 2004; Devare et al., 2007). In a three years field study 

with Bt maize and three conventionally bred cultivars, it was observed that Bt maize 

accumulated upto 1.0 ng toxin protein g-1 soil and there was no significant difference 

between community structure of bacterial of Bt transgenic maize and other cultivars, as 

detected by PCR amplified 16S rRNA gene sequence analysis (Miethling-Graff et al., 2010).  
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Genetically engineered corn varieties expressing Cry proteins produce by bacterium 

Bacillus thuringiensis (Bt) were the most frequently developed insect resistant transgenic 

plants up to now. In 1996, first commercialized start and Bt maize was produced in 13 

countries over 35 million hectares in 2007 (James, 2007; Hellmich et al., 2008). Various Bt 

maize varieties are protected for Lepidopteran pests and other stem borers, due to the 

expression of Cry proteins Lepidoptera-specific i.e. Cry1Ab. Some maize varieties were 

available commercially in USA for to control corn rootworms, expressed active toxins 

against Coleoptera i.e. Cry3Bb1 These were major pests of corn worldwide that cause the 

losses of substantial economic to corn farmers every year (Li et al., 2008). 

Coker 312 (cotton variety), was readily transformed but all other varieties have 

established hard and showed less efficiency (Shen et al., 2006). Monsanto have been 

transformed Coker 312 (cotton variety) by the cryIA(c) gene. Globally, transgenic cotton was 

cultivated to control insect/ pests. However, some insects originated resistance against 

Bacillus thuringiensis Cry toxins (Zhuang and Gill, 2003). In Australia, Africa, the People’s 

Republic of China and Indian subcontinent, Helicoverpa armigera (cotton bollworm) was the 

most crucial agricultural pest with long history of insecticide resistance (Gunning et al., 

1999). Cotton transgene varieties produced Bacillus thuringiensis delta-endotoxin Cry1Ac, 

were cultivated in Australia to control Helicoverpa armigera, since 1996, and a two genes 

variety Cry1Ac and Cry2Ab toxins, was  released commercially in late 2003 (Mahon et al., 

2002; Gunning et al., 2005).  

GE maize, cotton and other crops offered an effective new alternative with economic 

and environmental advantages over the use of conventional insecticides to manage pests 

associated with these crops. In peculiar Coleoptera active Bt corn showed a greater potential 

to reduce the use of insecticide. However, uninterrupted expression of Bacillus thuringiensis 

toxins in transgenic cotton presented a fear of resistance selection because of Cry1Ac 

expression (Mahon et al., 2002). 
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Chapter 3 

MATERIALS AND METHODS  
 

This research work was carried out in Industrial Biotechnology Lab and Molecular 

Biochemistry Lab at Department of Chemistry and Biochemistry, University of Agriculture, 

Faisalabad. Non-Bt (NN3) and Bt (IR3) Cotton seeds were taken from National Institute for 

Biotechnology and Genetic Engineering (NIBGE), Faisalabad and experimental plants were 

grown in pots at botanical garden in University of Agriculture, Faisalabad in 2012 and 2013. 

The study based on structural and functional diversities of bacterial communities associated 

with Bt and non-Bt cotton plants. The studies were conducted in following areas: 

1. Structural and functional diversities in association with Bt and non-Bt cotton. 

2. Isolation, characterization and beneficial contribution of Azospirillum spp. 

 

3.1. Structural diversity in association with Bt and non-Bt cotton 

For detection of structural and functional diversities activities, cotton plants (Bt and 

non-Bt) were grown in big earthen pots containing more than 25 kg garden soil. Samples 

were collected at different growth stages (5, 6 and 7 month) of Bt and non-Bt cotton plants. 

For sampling, surface was gently brushed away and cores of soil (2.5 cm diameter) were 

collected to a depth of 10 cm near the roots. Soil samples were stored on ice in the field and 

then at -20oC.  

3.1.1. Enumeration of total bacterial population associated with roots and soil  

For estimation of total bacterial population, LB plates (Appendix 2) and dilution plate 

method was used. Root adhering soil, 1g was added into 9 ml sterilized saline (0.89% NaCl) 

in test tubes and serial dilutions were prepared to 10-6. 100 µl suspensions from 10-3, 10-4 and 

10-5 dilutions from soil were spread on LB plates. Three plates were used for every dilution. 

The plates were incubated at 30 °C. After 48 h growth, bacterial colonies on the plates were 

counted and total bacterial population was estimated by following formula. 
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Total bacterial population (CFU /g soil) =  

No. of bacterial colonies on LB plates (average from 3 plates) X dilution factor X 10 

Divided by dry weight (1g soil/roots dried for dry weight) for bacterial population /g dry soil. 

For enumeration of bacteria from roots, the roots were first washed to remove soil 

particles and then macerated with pebbles in saline to detach bacteria from the roots. This 

saline suspension was used to prepare serial dilutions and other process was same as 

described for enumeration from soil suspension.  

3.1.2. Enumeration of N2 fixing bacterial population 

 For estimation of N2 fixing bacteria in soil, MPN (most probable number) method 

based on 5 replicates was used (Appendix 9). Serial dilutions were prepared up to 10-7 by 

using one gram soil. 100 µl soil suspensions from every dilution (10-2 - 10-7) was inoculated 

into pre-sterilized, 17 ml NFM (Appendix 1) vials containing 5 ml semisolid medium and 

vials were incubated at 30 °C.  After 48 h, the vials were observed for diffused growth or 

pellicle formation. The vials showing growth or pellicle formation were subjected to ARA 

and number of ARA+ vials in different dilutions was noted. Nitrogen fixing bacterial 

population was calculated by using MPN table and described as N2 fixing bacteria/ g dry 

weight soil. 

MPN (CFU/g soil) = MPN table value × P2 dilution factor x 10 

Divided by dry weight (1g soil/roots dried for dry weight) for bacterial population /g dry soil. 

For estimation of nitrogen fixing bacteria on the roots, root suspension and serial 

dilutions were prepared as described in method for estimation of total bacterial population. 

Then same method was used as described for MPN counts from soil.   

3.1.3. Enumeration of Azospirillum spp. 

Azospirillum population was estimated by using semisolid NFM (Appendix 1) vials 

and MPN method. The serial dilutions from the roots and soil and inoculation into semisolid 

NFM vials was carried out as described in previous section for  estimation of nitrogen fixing 

bacteria. However, after 48 h incubation at 30 °C, all the vials (10-2 - 10-7 dilutions) were 
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observed for the presence or absence of Azospirillum spp. by light microscope. Azospirillum 

sp. in the vials was identified on the basis of shape, size and motility as they are plump and 

helically motile rods.  

Number of vials containing Azosprillum spp. was noted in every dilution by light 

microscope and Azospirillum population was calculated using MPN table. 

 

3.1.4. Estimation of phytohormone producing bacteria 

Phytohormone producing bacteria in the soil or on roots were estimated by using LB 

liquid medium (Appendix 2) containing 100 µg/ml tryptophan and MPN method. LB liquid 

medium with tryptophan, 5ml, was autoclaved in test tubes. The serial dilutions from the 

roots and soil were prepared as described in previous section for estimation of total bacterial 

population. 100 µl bacterial suspensions from root/soil were inoculated into LB liquid 

medium tubes from every dilution in 5 replicates. The tubes were incubated at 30 °C and 

were observed for growth after 5 days incubation. The tubes containing growth were tested 

with Salkowski Reagent (Appendix 6). For this test, 100 µl culture broth from every tube (5 

tubes for every dilution, 10-2 - 10-7) was mixed with 100 µl Salkowski Reagent and observed 

after 30 minutes for pink color.   

Number of culture tubes showing pink color from every dilution (10-2 - 10-7) was 

noted and population of phytohormone producing bacteria was calculated using MPN table 

(Appendix 9).          

3.1.5. Enumeration of phosphate solubilizing bacteria 
 
Population of phosphate solubilizing bacteria associated with roots and in soil was 

estimated by direct counts on Pikovskaya plates and by MPN method using Pikovskaya 

plates (Appendix 3). In first method, the serial dilutions from the roots and soil were 

prepared and 100 µl suspensions from dilutions 10-3 - 10-5 were spread on Pikovskaya plates 

in 3 replicate plates for every dilution as described in method for estimation of total bacterial 

population. The plates were incubated at 30 °C and were observed for transparent 

zones/circles around the bacterial colonies for two weeks. Average number of colonies from 

3 replicates of dilution 10-4, showing transparent zones was used to calculate the population 

of phosphate solubilizing bacteria, as described in estimation of total bacterial population. 
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In other method, the serial dilutions (10-2 - 10-7) from roots and soil were prepared 

and 100 µl suspensions from every dilution was spread on 5 replicate plates of Pikovskaya 

medium. The plates were incubated at 30 °C and were observed for presence or absence of 

transparent circle around bacterial colonies for 2 weeks. Plates with one or more bacterial 

colonies with transparent circle were considered as positive. Number of positive plates in 

every dilution was noted and population of phosphate solubilizing bacteria was calculated by 

using MPN table. 

3.1.6. Isolation of bacteria from rhizosphere of Bt and non-Bt cotton 
 

Bacterial diversity in Bt and non-Bt cotton rhizospher was compared by isolation of 

bacteria from the roots and rhizosphere soil by using LB medium plates. The isolation of 

bacteria was carried at after 5, 6 and 7 month of plant growth. For isolation of bacteria, serial 

dilutions (10-2 - 10-5) were prepared from roots and rhizosphere soil of Bt and non-Bt cotton 

and 100 µl suspensions (10-3 - 10-5) from every dilution from root/soil were spread on LB 

plates in 3 replicates. The plates were incubated at 30 °C. After 72 h growth, different type of 

bacterial colonies were selected on the basis of colony morphology (size, shape and color) 

from plates of dilution 10-4 and 10-5 and re-streaked on LB plates. The number of every 

colony type was also noted. The cultures were purified by streaking on PDA and LB plates 

(Eneje Roseta and Innocent, 2012).  

3.1.7. BOX PCR 
It was difficult to differentiate the bacterial isolates on the basis of cell and colony 

morphology. Therefore, DNA based technique Box-PCR was used for differentiation of these 

isolates. The 22-mer, BOXA1R (5- CTACGGCAAGGCGACGCTGACG- 3) 

oligonucleotide (Fermentas) was used to generate Box-PCR profiles (Versalovic et al., 1991; 

Martin et al., 1992; Marques et al., 2008). Primers were dissolved in TE buffer (Appendix 5). 

Amplification reaction was contained 5 X Gitschier buffer (Appendix 7) 5 µl, 2.5 µl of 

DMSO, Box primer 1 µl (0.3 µg, volume depends upon primer conc.), dNTPs mix 

(Fermentas, 10 mM) 1.25 µl, 0.2 µl of BSA (20 mg/ml nuclease free water), 0.4 µl of Taq 

polymerase total volume 25 µl by the addition of 12.35 µl of diH2O.  

 The master mixture was divided into 23µl aliquots. About 3 µl of bacterial 

suspensions were added in to the aliquots. For bacterial suspension, pick single bacterial 

colony, dissolved the cells from single colony in 50 µl sterilized distilled water. The 
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suspension were heated at 95 oC for 2-3 min then quickly placed on ice for 1 min, vortex it 

few second and repeated this step again. Sodium hydroxide 5mM 0f 10µl were added if the 

bacterial colony is hard / bead like/ dry surface. Negative control was run with distilled water 

with each set of reactions. Amplification was performed in Bio Red Thermal Cycler, 

programmed for an initial denaturation step of 7 min at 95 °C, followed by 30 cycles of 1 

min at 94 °C, 1 min at 53 °C and 8 min at 65 °C with a final elongation step of 15 min at 65 

°C. 

3.1.8. Agarose gel electrophoresis 
 

PCR reaction products were checked by agarose gel electrophoresis. Agarose 1g was 

added in 100 ml of 1X TAE (Tris-acetate EDTA) buffer (Appendix 4) and then heated 

/boiled in microwave oven to dissolved agarose. When temperature reached about 60 °C, 

ethidium bromide (10 mg/ml), 2 µl was added in it and mixed well. The gel was poured into 

the gel casting tray on which comb was already set. The gel was allowed to cool and solidify. 

After solidification the comb was removed and 5-10 µl PCR products, mixed with 6X 

loading dye (Fermentas), were transferred into the wells in the gel. DNA fragments were 

separated by electrophoresis by using 1X TAE buffer (Appendix 4). The gel was run at 80 V 

for 1 hour and then visualized under UV light and printed image through BioPrint (Syngene 

doc). For estmation of band size DNA standards (1-kb DNA ladder Fermentas) were also run 

in each electrophoresis gel. 

3.1.9. 16S rDNA gene amplification 

16S ribosomal DNA (rDNA) based identification of bacteria offers an alternative 

when phenotypic characterization methods fail. One potential uses of 16S rRNA gene 

sequence analysis is to provide genus and species identification for isolates. Therefore, the 

bacteria isolated from soil and roots of Bt and non-Bt cotton plants were identified by 16S 

rRNA gene sequence analysis. Three sets of primers (Table 3.1) were used to amplify regions 

specific for almost all eubacterial 16S rRNA sequences. 2X PCR master mix (Fermentas) 

12.5 µl was added into eppendorf which contained forward primer 1µl (12-14 ng/µl), 

Reverse Primer 1µl (12-14 ng/µl), Bovine Serum Albumin (BSA) 0.2 µl (20 mg/ml), 

Bacterial colony suspension 3 µl, nuclease free water up to 25 µl. 
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 Amplification was performed in Bio-Red Thermal Cycler, programmed for an initial 

denaturation step of 5 min at 94 °C, followed by 30 cycles of 94 oC for 1 min, 54 oC for 1 

min, 72 oC for 3 min and a final elongation step at 72 oC for 10 min. 

Table 3.1: List of Primers used for bacterial 16S rRNA gene isolation (Weisburg et al., 

1991)  

F1-AGAGTTTGATCCTGGCTCAG   F2-AGAGTTTGATCATGGCTCAG 

R1-AAGGAGGTGATCCAGCC    R2-GGTTACCTTGTTACGACTT 

R3-ACGGCTACCTTGTTACGACTT 

3.1.10. Extraction of DNA from gel 
 

DNA was extracted from gel using FavorPrepTM Gel Purification Mini Kit. 

Approximately 15-20 µl PCR amplified product and 3-4 µl 6X loading dye (Fermantas), was 

loaded on 1 % agarose gel. Gel was prepared in 1X TAE buffer (Appendix 4). The gel was 

run at 80 V for 1hr or until the loading dye traveled two third on agarose gel. The DNA 

bands were excised under UV and excised gel piece was weighed and then three volume of 

FAGP buffer was added to it. The sample was mixed by vortex and incubated at 55 °C for 

10-15 min. During incubation sample mixing by vortex continued after every 3 min. until the 

gel slice was dissolved completely. The mixture was cool down and then FAGP column was 

placed in collection tube and then transferred the mixture in the FAGP column. The tube was 

centrifuged for 1 minute and discarded the flow through. The FAGP column was washed 

with 750 µl wash buffer by centrifuge for 1 min and discarded the flow through. Additional 3 

min centrifuged the column for drying it. The FAGP column was placed onto the elution tube 

and 40 µl elution buffer was added in it. The column was stand for 2 minutes for complete 

absorption and then centrifuged for 1 min. to elute the sample.   

3.2. Functional diversities in rhizosphere of Bt and non-Bt cotton 
 

Functional diversity was studies by studying the enzyme activities (dehydrogenase, 

protease, alkaline phosphatase, phenol oxidase and urease) in Bt and non-Bt cotton 

rhizosphere. 
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3.2.1. Dehydrogenase assay 
 

Dehydrogenase is the measure of biological redox potential of soil microbes. For 

dehydrogenase assay, soil samples were homogenized and 2 g of naturally moist soil and 2 

ml of substrate solution (1% TTC in Tris buffer) was taken into the 50 ml flask, shaken well 

and incubated at 25 oC in dark for 24 h. Two types of blank were prepared, one with soil and 

Tris buffer and other with substrate solution and Tris buffer. Each samples and blank were 

prepared in triplicate. Methanol, 10 ml, was added to every sample, shaken the flask well and 

then centrifuged at 4500 rpm and 4 °C for 10 min.  Methanol was separated and absorbance 

was taken at 485 nm. Triphenyl formazon (TPF) standard curve (Fig.4.15) was used to 

express dehydrogenase activity as µg TPF. g-1 soil. 24h-1 (Shen et al., 2006).   

3.2.1.1.Reagents 

Tris buffer pH 7.4, 0.1 mol/L 

121.1 g Tris (hydroxymethyl) amino methane was dissolved in 800 ml distilled water 

and pH was adjusted to 7.4 with 1N HCl and made the volume one liter by using distilled 

water. 

Substrate solution (1%)  

2, 3, 5 Triphenyl Tetrazolium Chloride (TTC), 1 g, was added in 100 ml Tris buffer 

solution and stored at 4 °C.    

TPF standard solution 

Triphenyl formazon (TPF) standard solution (1mg/ml) in methanol was prepared and 

then used to prepare following concentrations in methanol i.e. 0, 5, 10, 15, 20, 25, 50, 75, 

100, 150 and 200 µg /12ml.  

3.2.2. Protease assay 

Proteases break peptide bonds.  In 2 g fresh soil, 5 ml 2% sodium casinate (in Tris 

buffer pH 8.1) as substrate and 5 ml Tris buffer pH 8.1, was added and mixture was 

incubated at 50 oC on a shaker at 200 rpm for 2 h. Blank was prepared without soil. Residual 

casein was precipitated with 1 ml 10 % trichloroacetic acid and filtered. The filtrate was 

analyzed with Folin- Ciocalteu reagent. The tyrosine concentration was measured by 

spectrophotometer at 750 nm after 30 min incubation at room temperature. Bovine serum 

albumin (BSA), 0-100 µg/ml, was used as standard (Fig. 4.17) (Ladd and Butler, 1972). 
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3.2.2.1.Reagents 

Tris Buffer (0.05 M, pH 8.1) 

1.2114 g of Tris base in 100 ml distilled water and pH was adjusted with 0.1 N HCl at 

8.1. 

Lowery reagent 

CuSO4 1 % and Na-K-tartrate 2 % 

Solution A: 50 ml of CuSO4 + 50 ml of Na-K tartrate 

Solution B: 2 % Na2CO3 in 0.1 N NaOH 

Solution C: 50 % of Na2CO3 + 1 ml of mixed CuSO4 and Na-K tartrate 

Solution D: Folin phenol reagent 1: 1 with distilled water 

3.2.3. Phosphatase assay 

One gram soil, 5 ml 0.5% buffered disodium phenyl phosphate and 0.2 ml of toluene 

were added in conical flasks and incubated at 37oC for 2 h. Blank was prepared with soil 

containing buffer and without soil containing substrate. The samples were centrifuged at 

10000 rpm for 10 min. In 1 ml supernatant (soil extract), 4 ml distilled water, 4 ml borate 

buffer (0.05 mol/l, pH 10), 0.5 ml of 2% 4 -aminoantipyrine and 0.5 ml 8% Pot. ferri cyanide 

were added. After filtration, samples were analyzed by spectrophotometer at 510 nm and 

quantified by p-nitrophenol standard curve (Fig. 4.19). The activities were expressed as µg P. 

g-1 soil.2 h-1 (Tabatabai and Bremner, 1969; Kandeler et al., 2006) . 

3.2.3.1.Reagents 

3.2.3.1.1. Borate buffer 

Boric acid (100mM) 3.09 g, NaCl (75mM) 2.19 g and sodium tetraborate (borex 

25mM) 4.77 g dissolved in H2O, stirred and heated until the boric acid dissolves completely. 

The pH was adjusted to 10 and volume upto 500mL. 

3.2.4. Phenol oxidase assay 
 
Pyrogallol is the substrate of polyphenol oxidase (PPO) and it is converted into 

insoluble purpurigallin by PPO. Polyphenol oxidase activity was determined by UV visible 

spectroscope. One gram fresh soil was taken in a 250 ml conical flask, 5 ml 2% pyrogallol 

and 4 ml citrate phosphate buffer (0.05 mol/l, pH 4.5) were added into flask and mixture was 

incubated at 30 oC for 2h and shaked at 200 rpm. The products purpurigallin was extracted 
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by ether. It was then measured by a spectrophotometer at 430 nm. Polyphenol oxidase 

activity was expressed as mg purpurigauin/ g dry soil/ 2 h (Fig. 4.21) (Zhan et al., 2010).   

3.2.4.1. Reagent  

3.2.4.1.1. Citrate phosphate buffer (0.05 mol/l, pH 4.5) 

0.2 M dibasic sodium phosphate (Na2HPO4) 22.2 ml and 0.1 M citric acid (27.8 ml) 

was added. The pH was adjusted to 4.5 by added acid and base and makeup volume upto 100 

ml.  

3.2.4.2. Standard curve for PPO 

Purpurogalline was dissolved in diethyl ether, prepared different concentration of 

purpurogallin 2- 10mg / ml in a screw capped test tube. The absorbance was taken at 430 nm 

against ether (blank). 

3.2.5. Urease assay 

(Tabatabai and Bremner, 1972; Kandeler and Gerber, 1988; Tabatabai et al., 1992) 

buffered method was partially modified for the estimation of urease activity. Soil, 5g, was 

taken in conical flask and 2 ml of 0.1M sodium phosphate buffer (pH 8) and 10 ml of 10mM 

urea solution was added into it and flasks were incubated at 37 °C. After 2 hours, 0.01 N 

HCl and 0.1M KCl was added into the mixture in the flask and thoroughly mixed and 

distilled in the presence of Na2CO3.  NH4 evolved was collected in boric acid solution and 

then titration against N/500 H2SO4.   

3.3.1. Isolation and characterization of Azospirillum spp. 

For isolation of bacteria, samples of wheat were collected from different parts of 

University Campus. Isolation of Azospirillum species was carried out from the rhizosphere 

soil and roots of different crop plants. For isolation, 1-2 cm long root pieces (washed and 

unwashed) or few milligram root adhering soil was inoculated into autoclaved 17 ml capacity 

screw capped McCartney vials containing 5 ml semisolid nitrogen free malate (NFM) 

medium (Appendix 1). The vials were incubated at 30 ºC in an incubator (Dobereiner et al., 

1995; Okon et al., 1977). After 2-3 days incubation, vials were observed for bacterial growth 

or white pellicle formation below surface of medium. 

A loopful from vials showing pellicles were streaked on NFM plates. Isolated and 

different types of single colonies were re-streaked on NFM plates and then were purified on 

(LB) plates (Appendix 2). The cultures were stored at 4 ºC in refrigerator. The isolates were 
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characterized by morphological and microscopic studies. The purified bacterial strains were 

observed for their shape, size, and motility by light microscope and colony morphology on 

LB agar plates.  

Purified isolates were analyzed for BOX PCR and identified by rDNA sequence of 

16S as the method described above.   

3.3.2. Detection for IAA by spot test 

Isolates were grown for 3 days in LB liquid medium containing 100 mg L-1 

tryptophan on a shaker running at 30 oC and 200 rpm. The cultures were grown for three 

days. 20 µl samples of culture broth were applied on a white Perspex sheet in the form drop 

and then mixed with equal volume of Salkowski reagent (Appendix 6). The IAA 100 ppm 

standard was used as positive control.  The drops were observed after 20 min for developing 

pink color. The samples turned to pink were subjected to ethyl acetate extraction and 

analyzed by HPLC.  

3.3.3. Identification of IAA and GA by HPLC 

Bacterial cultures were grown in LB liquid medium containing tryptophan for 3 days. 

The cells were removed by centrifugation for 10 min at 8000 rpm. The supernatant was 

separated and its pH was adjusted to 2.8 by HCl. 50 ml cell free liquid medium was mixed 

with equal of ethyl acetate in a separating funnel. The two phases were allowed to separate 

and mixing and separation process was repeated 3 times. The two phases were allowed to 

separate. The lower water fraction was discarded and upper ethyl acetate fraction was 

collected. The ethyl acetate was evaporated to dryness and residue was dissolved in 1-2 ml 

methanol. 

 The 20 µl samples were analyzed on HPLC by using methanol: acetic: water 

(30:1:70) as mobile phase, C18 column and UV detector at wave length 260 nm. The IAA 

and GA were identified and quantified on the bases of retention time and peak area of 

standard IAA and GA. 

3.3.4. Phosphate solubilization activity of Azo isolates 

Standard solution  

For Standard, 1000 ppm (1000 µg/ml) of KH2PO4 stock solution was prepared in 

distilled water and then prepared following concentrations i.e. 0, 0.25, 0.5, 0.75, 1, 2, 4, 5 

ppm in distilled water. 3 ml of standard solution, 3 ml of reagent B (Appendix 8) and 
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distilled water 9 ml were added into test tube. Mixed well and optical density was measured 

after 10 min. at 882 nm.  

Azospirillum cultures were grown in 100 ml of Pikovaskaya liquid medium 

(containing insoluble Ca3 (PO4) (Appendix 3)) for 5-7 days. The cells were removed by 

centrifugation for 10 min at 8000 rpm. The supernatant were used for determination of 

available phosphorous. Supernatant 3 ml, 9 ml of distilled water, 3 ml of reagent B 

(Appendix 8) were added into test tube. After 10 min. optical density was measured at 882 

nm. Phosphate released from Ca2 (PO4)3 was calculated with standard curve of phosphorous.   

3.3.5. Beneficial effect of Azo isolates on cotton plants 

 Azospirillum isolates (3, 4, 7, 8, 11, 12, 14, 15 and 16) were separately grown in LB 

medium containing 100 mg tryptophan/ L for 48 hours at 30 oC at 120 rpm. , having 2.7- 3.0 

× 107 cells /ml. Individual and co-Azospirillum isolates were used as inoculum for Bt and 

non-Bt cotton plants roots. Plants were compared with control plant (non-inoculated plant) 

for height and biomass of plants.  
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Chapter 4 

RESULTS    
This research work was conducted to study the structural and functional diversities of 

bacterial communities associated with transgenic Bt and non-Bt cotton, isolation of 

Azospirillum spp. from plant rhizosphere and their effect on growth of cotton plants.  Non-Bt 

(NN3) and Bt (IR3) cotton plants were planted in earthen pots, placed at Botanical Garden, 

University of Agriculture Faisalabad from April 2012 to December 2013 (2 years). Cotton 

seeds (Bt and non-Bt) obtained from NIBGE Faisalabad. Seeds were treated with 

concentrated sulphuric acid and thoroughly washed with water. Healthy seeds were sown and 

urea and DAP (2 and 1 bag/ acre respectively) provided. The urea was applied in three doses 

(before sowing, after 1 and 2 months) and DAP in two doses (before sowing and after 1 

month). Soil and root samples of Bt and non-Bt cotton plants were collected at different plant 

growth stages and stored at 4 oC.  

 

 

 

 

 

 

 

 

 

Figure 4.1: Cotton plants grown in pots at Botanical Garden, University of Agriculture 

Faisalabad.  
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4.1. Structural diversity associated with Bt and non-Bt cotton 

4.1.1. Enumeration of total bacterial population in Bt and non-Bt cotton rhizosphere 
 

Enumeration of total bacterial population in the rhizosphere of Bt and non-Bt cotton 

started after 5 months of plants growth, and 4 observations were taken with one month 

intervals. Root adhering soil and macerated roots (1g) were suspended in saline solution 

(0.89% NaCl) and serial dilutions up to 10-7 were prepared. 100 µl from 10-3 to 10-5 

suspensions were spread on LB agar plate and plates were incubated at 30 °C. Colony counts 

were taken after 48 hours. The maximum total bacterial population (27 x 106 and 21.2× 107) 

was observed in non-Bt soil and roots in November at peak cotton growth. Bacterial 

population increased from September to November with a decline in December in soil and 

roots of both Bt and non-Bt cotton. Bacterial population was higher in the soil and roots of 

non–Bt cotton as compared to Bt-cotton.  The lowest total bacterial population was observed 

in soil (1.7 x 106) from Bt cotton and roots (3 x 107) from non-Bt cotton in September,  the 

5th month of cotton growth (Table 4.1). 

4.1.2. Estimation of N2 Fixer and Azos pirillum population  
N2 fixers and azospirilla population was estimated by MPN method (Table 4.1). The 

population of nitrogen fixing bacteria gradually increased from September to peak growth 

period of November and then decreased in December in soil and roots of the both Bt and 

non-Bt cotton. The maximum N2 fixers in soil (18.4 × 106) and in roots (17 x 107) were found 

in association with non-Bt cotton in November. The population of N2 fixing bacteria was 

lower in soil and roots of Bt cotton as compared to non-Bt cotton in all the four stages of 

cotton growth.  The lowest population of N2 fixing bacteria was observed in soil (0.14 x 106) 

and roots (2.42 x 106)   Bt cotton September, 5th month .of cotton growth.  

Azospirilla population was also estimated by MPN method. The vials were observed 

by light microscope for identification Azospirilla as plump motile rods and helical motility. 

The maximum Azospirillum population was estimated in soil (17.29× 106) and roots (16 x 

106) of non-Bt cotton in November at peak growth. The lowest Azospirilla number was 

recorded in soil (5.1 × 104) from Bt cotton and roots (0.65× 106) of non-Bt cotton. Cell counts 

in soil and roots of both Bt and non-Bt cotton increased gradually from September to 
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November and then decreased in December like population of nitrogen fixing bacteria. 

Azospirilla counts from soil and roots from non-Bt cotton were higher as compared to Bt 

cotton (Table 4.1).  

Table 4.1: Total Bacterial population, N2 fixers and Azospirillum spp. at different 
growth stages of Bt and non-Bt cotton. 

Obse 
rvat 
ion 
peri 
od 

Total bacterial 
population*  
(CFU**/g dry wt. soil or 
root) 

Total N2 fixers***  
(CFU/g dry wt. soil or root) 

Azospirillum spp.*** 
(CFU/g dry wt. soil or root) 

Non-Bt 
(NN3) 

Bt (IR3) Non-Bt 
(NN3) 

Bt (IR3) Non-Bt 
(NN3) 

Bt (IR3) 

Soil 
x 
106 

Roots 
x  
107 

Soil 
x 106 

Root
s 
x  
107 

Soil 
x 106 

Root
s 
x  
107 

Soil 
x  
106 

Roots 
x  
107 

Soil 
x  
106 

Root
s x  
106 

Soil 
x 105 

Root
s 
x 
106 

Sep 
2012 

 
5.37 

 
3 

 
1.7 

 
9 

 
3.6 

 
0.65 

 
0.14 

 
0.242 

 
0.55 

 
0.65 

 
0.51 

 
2.9 

 
Oct 
2012 

 
14 

 
20.8 

 
7 

 
14 

 
12 

 
15 

 
2.42 
 

 
12.3 

 
12 

 
12.8 

 
23.1 

 
7.24 

 
Nov 
2012 

 
27 

 
21.2 

 
9.45 

 
15 

 
18.4 

 
17 

 
8.7 

 
14.3 

 
17.3 
 

 
160 

 
64.1  

 
143 

 
Dec 
2012 

 
4.32 

 
7.7 

 
4.24 

 
1.63 

 
3.56 

 
2.7 

 
1.48 

 
1.5 

 
0.23 

 
11 

 
3.5 

 
8.45 

 

*By Plate count on LB plates, ** CFU = Colony forming Units, ***Most Probable Number 
(MPN) method. 
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4.1.3. Estimation of phytohormone producing and phosphate solubilizing bacteria 

Phytohormone producing bacteria were enumerated from the soil by MPN method 

using LB liquid containing 100 µg/ml tryptophan and Salkovisky reagent was used for 

detection of IAA (Table 4.2). There was gradual increase in phytohormone producing 

bacteria following a decrease in December in Bt and non-Bt soil. Bacterial population was 

higher in soil from non-Bt cotton as compared to soil from Bt cotton. Highest population of 

phytohormone producing bacteria (21× 106) was recorded in November in non-Bt soil and 

the lowest population (1.34× 106) in September from Bt soil.  

For enumeration of phosphate solubilizing bacteria, Pikovskaya agar plates and MPN 

method was used.  The maximum phosphate solublizing bacterial population (43 x 104) was 

observed in soil from non-Bt cotton and the lowest number (4.23 x 104) was detected in sol 

from Bt cotton in December. The phosphate solubilizing bacteria gradually increased from 

September to November and declined in December. Number of phosphate solubilizing 

bacteria in non-Bt soil was higher as compared to Bt soil (Table 4.2).  

Table 4.2: Population of phytohormone producing and phosphate solubilizing bacteria 

at different growth stages of Bt and non-Bt cotton plant 

Observation 
time 

 Phytohormone producing bacteria 
(CFU /g dry wt. soil) 

Phosphate solubilizing bacteria  
(CFU/g dry wt. soil) 

Non-Bt soil  
x106 

Bt soil 
x106 

Non-Bt soil  
x104 

Bt soil 
x104 

 
Sept. 2012 
 

 
4.3 

 
1.34 

- - 

 
Oct. 2012 

 
9.8 
 

 
5.6 
 

 
8.99 

 
6.7 

 
Nov. 2012 

 
21.6 
 

 
7.56 
 

 
43 

 
7.56 

 
Dec. 2012 

 
3.4 
 

 
3.2 
 

 
12.9 

 
4.23 

CFU estimates by MPN methods (Attitalla et al., 2012; Johnsen et al., 2001), Non-Bt= 

Cotton variety NN3, Bt= Cotton variety IR3 
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Isolation of bacteria from rhizosphere of Bt and non-Bt cotton  
Bacterial isolations were carried out from soil and roots of six month old (October) Bt 

and non-Bt cotton plants. Serial dilutions were prepared from soil and roots and 100 µl from 

10-3 to 10-5 dilutions was spread on LB agar plates. The individual colonies appeared on agar 

plates were purified and characterized on the basis of colony and cell morphology (shape, 

size, form, elevation, surface, margin, color, and odor/ pigmentation etc.). The number of 

every colony was noted and calculated per g dry weight soil/roots. In this study, 26 isolates 

from Bt soil, 22 from non-Bt soil, 18 from Bt roots and 19 from non-Bt roots were purified on 

LB agar plates (Table 4.3- 4.6). 

Twenty one isolates were purified from non-Bt soil. All the bacterial isolates ranged 

between 1 - 9 x 105 CFU /g dry wt. soil (Table 4.3). The highest number (9.8 x 105 CFU/g 

soil) was observed for bacteria which produced circular, medium, flat colonies and colonies 

showed different type of surface, margin and color. Lowest and equal number (1.1 x 105 

CFU/g soil) was shown by 13 different colonies which were circular, small to medium size, 

with flat, raised, pulvinate or crateriform elevation, entire or erose margin and different type 

of surface and color. None of the isolates produced diffusible or non-diffusible pigments or 

odor except isolate NBts 13b which produced some odor from its colonies. Isolates from 

non-Bt soil were identified by 16S rRNA gene sequence analysis. 12 different types of 

bacteria/ actinomycetes were identified from the rhizosphere soil of non-Bt cotton which 

include Bacillus, Staphylococcus and Streptomyces / actinomycetes in higher and diverse spp. 

number. Rhizobium, microbacterium, cellulomonas sp. etc species were diversity 

comparatively lower in the non-Bt cotton soil. Two isolates from this group could not 

identified (Table 4.7). 

Twenty six isolates were purified from the rhizosphere soil of Bt cotton (Table 4.4). 

The number of all these isolates ranged between 1 - 7.7 x 105 CFU/g soil. The highest 

number was observed for the isolate Bts 15 which made circular, small, domed, solid bead 

shape, entire, off-white and odorless colonies. The smallest number (1.1x x 105 CFU/g soil) 

was observed for the 10 different isolates. The isolates have circular and irregular colony 

shapes, small to large in size and different types of elevation, surface, margins and colors. 

The plates of two isolates (Bts 3a, 3b) produced typical E.coli like odor and two isolates (Bts 
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4, 14) released dark brown pigments in agar. Bts out of 26 isolates 15 were identified by 16S 

rRNA gene sequence analysis. Among these fifteen isolates 5 were different Bacillus spp  

and two belonged to stryptomycetes. Species number of Microbacterium, Agrobacterium and 

Methylobacterium was relatively lower 11 isolates from this group could not identified 

(Table 4.7). 

Nineteen bacterial isolates purified on LB plates from the roots of Bt cotton. All these 

isolates ranged between 7.24 - 28.98 x 106 CFU /g dry wt. soil (Table 4.6). The highest 

number (28.98 x 106 CFU /g dry wt. soil) observed for the isolate BtR 8, which produced 

circular, small, convex, bead like, entire and white colonies. The minimum number (7.24 

x106 CFU /g dry wt. soil) was observed for 15 different isolates. It made circular, small to 

large, flat to raised convex or domed colonies which had different type of surface, margin 

and color. Out of 19 colonies, 9 were cream or off white, 2  pink, 5 yellow, one orange, one 

muddy and one colorless transparent. From Bt cotton roots, 9 bacterial strains were identified 

by 16S rRNA gene sequence analysis. The results revealed that the presence of higher sp. no 

of Rhizobium spp. association with Bt roots. The other bacterial strains observed with Bt 

roots were Agrobacterium, Bacillus, Microbacterium and Staphylococcus spp. (Table 4.7).  

For non-Bt cotton roots, 26 bacterial isolates were purified (Table 4.5). This isolates 

produced different types of colonies on LB plates. The maximum and equal numbers (27.8 

x106 CFU /g dry wt. soil) of colonies were observed for three different isolates (NBtR 1A, 

NBtR 1B, NBtR 10). These bacterial isolates formed circular, small and large, pulvinate and 

flat, watery shiny dry, entire and wrinkled, white transparent and odorless colonies on LB 

plates. All the bacterial isolates found in the range of 6.94 -27.8 x106 CFU /g dry wt. soil. Out 

of 26 colonies, 8 were gummy, shiny, 2 watery, 6 shiny, 4 bead like and other were curled, 

web-like and dot like. They formed wrinkled, erose curled, entire or lobate margin and of 

white, pink, lemon, orange, cream, brown etc. color. 16 bacterial strains were identified from 

the roots of non-Bt cotton by 16S rRNA gene sequence analysis. The results revealed that 

abundance of Bacillus, Rhizobium and Pseudomonas Species no. Microbacterium, 

Acenitobacter sp. number was lower as compared to other bacterial strains (Table 4.7).  
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Table 4.3. Morphological characteristics of 3-days old bacterial colonies on LB medium from rhizosphere soil of non-Bt 
cotton. 

Isolates 
codes 

CFU/ g dry 
wt. soil ×105 

Shape  
 

Size   
 

Elevation  
 

Surface  
 

Margin  
 

Colors Odour / Pigment/ 
Misllininess 

NBts 1 2.2  Circular small raised 
smooth, 
shinning entire White odourless/ No 

NBts 1A 2.2  irregular  large raised 
gummy, 
shinning entire agar like odourless/ No 

NBts 2 1.1  circular medium flat gummy erose pink  odourless/ No 
NBts 3 2.2  circular medium flat gummy entire bright yellow odourless/ No 

NBts 4 1.1  circular medium crateriform 
prominent 
centre entire pink  odourless/ No 

NBts 5 1.1  circular small raised pin point entire off white creamy odourless/ No 
NBts 6 2.2  circular small flat shiny  entire White odourless/ No 

NBts 7 3.3  
circular 
nearly  medium convex smooth undulate 

off white /pink 
centre odourless/ No 

NBts 8 2.2  circular medium convex dark centre  entire Yellow odourless/ No 
NBts 9 1.1  circular medium flat smooth entire Peach odourless/ No 

NBts 10 1.1  circular small raised dot points entire Transparent odourless/ No 
NBts 10a 1.1  circular small palvinate sharp shiny entire Peach odourless/ No 

NBts 10b 1.1  circular small raised 
gummy, 
shiny entire 

lemon/ bright 
yellow odourless/ No 

NBts 11 5.4   circular medium raised 
smooth, 
gummy entire bright yellow odourless/ No 

NBts 11A 1.1 circular small raised shiny  entire bright yellow odourless/ No 
NBts 12 1.1 circular small raised solid bead entire brown  odourless/ No 
NBts 13 9.8 circular medium flat web-like filiform White odourless/ No 

NBts 13a 1.1 circular small raised 
shiny, 
gummy  entire yellow sharp odourless/ No 

NBts 13b 1.1 circular small raised shiny  entire yellow sharp having odour 
NBts 14 1.1 circular small flat web-like entire White odourless/ No 

NBts 15 1.1 circular medium flat gummy entire 
brown like agar/ 
transparent  odourless/ No 



 
 

50

 
Table 4.4. Morphological characteristics of 3-days old bacterial colonies on LB medium from rhizosphere soil of Bt cotton 

Isolates 
codes 

CFU/ g dry 
wt. soil × 105 Shape  Size   Elevation  Surface  Margin  Colour 

Odour / igment/ 
Misllininess 

Bts 1 1.1  Circular Large Flat smooth wavy Off-white odourless/ No 
Bts 2 2.2 circular medium umbonate  bead entire off-white odourless/ No 

Bts 2 n 2.2 circular Large umbonate  bead entire 
Brown/ white 
powder on  it odourless/ No 

Bts 2a 2.2 circular small raised shiny dot points entire White odourless/ No 
Bts 3 2.2 circular small domed smooth entire White odourless/ No 
Bts3a 1.1 circular medium Flat smooth/ gummy entire Yellow E.coli like 
Bts 3b 1.1 circular medium raised shiny, gummy entire Yellow E.coli like 
Bts 4 4.4 circular medium raised bead entire Purple agar dark brown 
Bts 5 2.2 circular medium crateriform  dark centre entire Brown odourless/ No 
Bts 6 4.4 circular medium raised shiny  entire orange sharp odourless/ No 
Bts 7 1.1 circular medium raised smooth entire orange dull odourless/ No 
Bts 8 1.1 circular dot points raised smooth entire transparent odourless/ No 
Bts 9 2.2 circular small raised smooth, dot points  entire Yellowish brown odourless/ No 
Bts 10 2.2 circular medium raised shinny entire Orange yellow odourless/ No 
Bts 11 2.2 circular small  raised smooth entire yellow sharp odourless/ No 
Bts 12 6.6 circular medium convex dark centre entire Yellow odourless/ No 
Bts 13 3.3 circular small raised smooth entire off white odourless/ No 
Bts 14 2.2 circular medium raised bead  filiform Purple agar dark brown 
Bts 15 7.7 circular medium domed soild bead entire off white odourless/ No 
Bts 16 2.2 circular small domed shinny entire peach orange odourless/ No 
Bts 17 2.2 circular small raised smooth entire tea pink odourless/ No 
Bts 18 1.1 irregular medium  convex net like lobate White odourless/ No 
Bts 19 1.1 circular medium flat web-like lobate off white odourless/ No 
Bts 20 1.1 circular large raised gummy entire Pink odourless/ No 
Bts 21 1.1 circular small raised smooth entire White odourless/ No 
Bts 21a 1.1 circular large flat smooth crenated muddy  odourless/ No 
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Table 4.5. Morphological characteristics of 3-days old bacterial colonies on LB medium from roots of non-Bt cotton 
Isolates 
codes 

CFU/ g dry wt 
soil × 106 Shape  Size   Elevation  Surface  Margin  Colour 

Odour / Pigment/ 
Misllininess 

NBtR 1A 27.8 circular large Palvinate 
water inside 
surface Wrinkled White odourless/ No 

NBtR 1B 27.8  circular large Palvinate 
water inside 
surface Wrinkled White odourless/ No 

NBtR 2a 13.9 circular medium raised gummy Erose 
Transparent but 
centre pink odourless/ No 

NBtR 2b 6.9  circular large raised gummy Curled muddy pink centre odourless/ No 
NBtR 3 6.9  circular small flat gummy Entire transpartent odourless/ No 
NBtR 4 13.9 circular small raised gummy, shiny Entire Lemon odourless/ No 

NBtR 5 13.9 circular small crateriform 
Soild bead 
wheel-like Entire off white/ creamy odourless/ No 

NBtR 6 6.9  circular small raised shinny Entire Orange odourless/ No 
NBtR 7 13.9 circular small raised gummy Entire Creamy odourless/ No 
NBtR 8 6.9  circular small raised gummy, shiny Entire Creamy odourless/ No 

NBtR 9 13.9 circular small convex dry, beads Entire 
orange change to 
brown odourless/ No 

NBtR 10 27.8 circular small flat shiny, dry Entire transparent odourless/ No 
NBtR 11 6.9  circular medium domed gummy Entire creamy, off white odourless/ No 
NBtR 12 6.9  circular medium raised smooth Entire pink shade odourless/ No 
NBtR 13 6.9  circular medium flat web-like Entire White odourless/ No 
NBtR 14 6.9  circular small raised dry points Entire transparent odourless/ No 

NBtR 15 6.9  circular medium flat curled Lobate White 
wrinkled dry 
surface, web like 

NBtR 15A 6.9  circular large Creteriform dry beads  Entire 
Brown white 
powder on it Agar dark brown 

NBtR 15B 6.9  circular medium creteriform dry beads Entire 
Brown white 
powder on it Agar dark brown 
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Table 4.5. Morphological characteristics of 3-days old bacterial colonies on LB medium from roots of non-Bt cotton (continued) 
 

Isolates 
codes 

CFU/ g dry wt 
soil × 106 Shape  Size   Elevation  Surface  Margin  Colour 

Odour / Pigment/ 
Misllininess 

NBtR 16 6.9  
nearly 
circular medium flat shiny, gummy Entire 

bright yellow/ 
plaques odourless/ No 

NBtR 17 6.9  circular small raised dot points Entire 
transparent to 
brown agar dark brown 

NBtR 18 6.9  circular large flat Shiny Entire off white/ creamy odourless/ No 
NBtR 18a 6.9  circular small raised dot points Entire pink shade odourless/ No 
NBtR18b 6.9  circular small flat shiny, dots Entire light brown odourless/ No 

NBtR 18c 6.9  circular medium flat shiny Entire Brown 
inner dark and outter 
lighter 

NBtR18d 6.9  circular medium flat shiny Entire Brown odourless/ No 
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Table 4.6. Morphological characteristics of 3-days old bacterial colonies on LB medium from roots of Bt cotton.  
 

Isolates 
CFU/ g dry wt 
soil ×106 Shape  Size   Elevation  Surface  Margin  Colour 

BtR 1 21.7  circular medium raised Beadlike wrinkled White 
BtR 2 7.2  circular large flat Gummy Entire Pink but centre orange 
BtR 3 7.2  circular medium flat Gummy Erose Yellow 
BtR 4 21.7 circular small raised Smooth Entire off white 
BtR 5 14.5 circular small raised pin point Entire off white creamy 
BtR 6 7.2  circular small raised light shades side Entire off white to white 
BtR 7 7.2  circular large raised Smooth Entire Muddy 
BtR 8 29 circular medium raised brown centre  Erose Dirty yellow 
BtR 9 7.2  circular small convex Beadlike Entire White 

BtR 10 7.2  circular small raised Smooth Erose Yellow 
BtR 11 7.2  circular small raised Smooth Entire tea pink 
BtR 12 7.2  circular large flat Smooth Filiform off white 
BtR 13 7.2  circular medium raised Smooth Entire Orange 
BtR 14 7.2  circular large raised Sharp Lobate White 
BtR 14a 7.2  circular small domed solid bead Entire Yellow 
BtR 14b 7.2  circular large flat web like Lobate off white 
BtR 15 7.2  circular small raised sharp shinny Entire Yellow 
BtR 16 7.2  circular small raised dot points Entire Orange 
BtR 17 7.2  circular small raised dot points Entire transparent 
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4.1.4. Structural diversity by Box-PCR 

Box-PCR is commonly used for fingerprinting of bacterial genome due to its simplicity, 

efficiency and low cost. In the present study, Box-PCR resulted in identification/differentiation 

of bacterial strains to species level. The purified bacterial colonies were streak on LB agar plate. 

Bacterial suspension were prepared by dissolving the cells from single colony in 50 µl sterilized 

distilled water and 10-20 µl sodium hydroxide (5mM). The suspensions were heated at 95 oC for 

2-3 min then quickly placed on ice for 1 min and vortexed for few seconds. This step was 

repeated again. For Box-PCR 23 µl reaction mixtures were run with 3 µl bacterial suspension. 

Negative control was run with water.  

Non-Bt soil isolates showed minimum one of NBts 3and maximum five bands of NBts 11 

on 1 % agarose gel. NBts 5 and 5a showed same band pattern whereas NBts 12, 12a and 12a1 

represent similar fingerprint. In Figure 4.2 the fragment size range varies from 250 - 2000bp 

while in figure 4.3 and 4.4 showed 250- 4000 bp with reference to 1 Kb ladder.  

Group Bt soil (Bts), at least one band of Bts 2 and maximum five bands of Bts 12 were 

observed on 1% agarose gel. Bts 5, 5a and 5a1 showed same band fingerprint pattern. The 

fragment size varies from 250- 3500 bp against 1 Kb ladder as standard. Figure 4.5 were showed 

that 5, 5a, 5a1 are same band pattern and remaining all isolates were produced totally different 

band pattern. Therefore, they were all different bacterial strains.    

The bacterial isolates were isolated from non- Bt roots (NBtR), showed minimum single 

and maximum six fragments by BOX AIR single primer. On 1% agarose gel Figure 4.10 was 

showed that bacterial isolates 9 and 9 new were produced one band and 15A, 15B represent three 

bands in same fashion. It was also observed that 2A, 2B, produced similar pattern on 1% gel 

(Figure 4.9). However, it were predicted that these are the same bacterial organisms. The other 

group isolates were produced different fingerprint, so they were diverse from each other.  

Bt roots isolates were produced at least one and highest six fragments on 1 % agarose gel. 

Figure 4.12 were represented that fragment ranged from 250-1000 bp. It was observed that BtR 4 

and BtR 5 showed same band pattern while the other isolates different band pattern. Figure 4.13 

showed that fragments size was varied from 250-2000 bp. In this figure, it was also observed that 

14, 14a, and 14b were different by a single band.    
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Figure 4.2: Box PCR patterns of bacterial isolates from non-Bt-soil rhizosphere. Lane 1 

have –ve. control. Lane 2, 3, 4 contain NBts 1, 2, 3 respectively. The molecular size marker 

was 1-kb ladder (Fermentas) in lane 5. Lane 6,7 and 8 with NBts 4, 5 and 5a respectively . 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3: Box PCR patterns of bacterial isolates from non-Bt-soil rhizosphere. 1- kb 

ladder (Fermentas) in lane 5.  Lane 1 – 4 have NBts 10, 10a, 10b and 11. NBts 12, 12a, 12a1 

in lane 6, 7 and 8 respectively.  
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Figure 4.4: Box PCR patterns of bacterial isolates from non-Bt-soil rhizosphere. The 

molecular size marker, 1-kb ladder (Fermentas) in lane 1 and lane 2-10 have 2, control, 6, 

7, 13, 13a, 13b, 14, 15 respectively.   

  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5: BOX-PCR Fingerprinting patterns of Bt cotton isolates from rhizosphere soil. 

Lane 1-8 had Bts 1, 2, 2a, 4, 5, 5a, -ve control and 5a1 respectively.  
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Figure 4.6: BOX-PCR Fingerprinting patterns of Bt cotton isolates from rhizospheric soil. 

Lane 1-8 had Bts 6, 7, 9, 10, 11, 12, 13 and 14 respectively. 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 4.7: BOX-PCR Fingerprinting patterns of Bt cotton isolates from rhizospheric soil. 

Lane 1 have control, lane 2, 1-kb ladder (Fermentas), lane 3-7 have 14, 16, 19, and 20 

isolates respectively.  
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Figure 4.8: BOX-PCR Fingerprinting patterns of Bt cotton isolates from rhizospheric soil. 

Lane 1 have –ve control, lane 2-10 have Bts 3, 3a, 3b, 8, 15, 21 and 21b respectively.  1- kb 

ladder (Fermentas) in lane 11.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.9: BOX-PCR fingerprinting patterns of isolates from roots of non-Bt cotton on 1% 
agarose gel. Lane 1 has –ve control, lane 2- 4 have 2, 2A, 2B, lane 6-11 have NBtR 3, 4, 5, 6, 
7 and 8 respectively.  
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Figure 4.10: BOX-PCR fingerprinting patterns of isolates from roots of non-Bt cotton.  
Lane 2-13 have NBtR 9, 9 new, 10, 11, 13, 14, 15, 15A, 15B, 16, 17 and 17a respectively.  
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Figure 4.11: 1% Agarose gel of BOX-PCR fingerprinting patterns of isolates from roots of 
Bt cotton.  Molecular size marker 1-kb ladder (Fermentas) in lane 1 and Lane 2 contained 
–ve control. Lane 3, 4, 5 have 2, 3, 4.  BtR 8 in lane 12 and   Lane 7, 9 and 10 had 6, 7 and 8 
respectively.     
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Figure 4.12: Agarose gel electrophoresis of BOX-PCR fingerprinting patterns of isolates 
from roots of Bt cotton.  Lane 13 had molecular size marker 1-kb ladder (Fermentas). Lane 
1 had control. Lane 2-12 had 9, 10, 10a, 11, 12, 14, 14a, 14b, 15, 16 and 17 isolates 
respectively. 

4.1.5. 16S rDNA amplification 

In prokaryotes, 16S rRNA genes are essential and at least one copy is present in a 

genome. Bacteria cultures were streaked on LB agar plates. Bacterial suspensions were prepared 

from 48 h old single colonies in 50-100 µl sterilized distilled water and 10-20 µl sodium 

hydroxide (5mM) was added in to it. Suspensions heated at 95 oC for 4-5 min, vortexed for few 

second and placed in ice for few seconds. PCR reaction mixture was prepared with 2X PCR 

master mix (Fermentas) 12.5 µl, Forward primer 1µl (12-14 ng/µl), Reverse primer 1µl (12-14 

ng/µl), bovine serum albumin (BSA) 0.2µl (20 mg/ml), bacterial colony suspension 3 µl, 

nuclease free water up to 25 µl.  

Three pair of primers was used for 16S rDNA amplification. Primer F1 with R1 and R3 

annealing temperarure was 51 oC and F2 and R2 at 54 oC. Amplication were checked on 1 % 

agarose gel against 1 Kb ladder (Figure 4.14).  
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Figure 4.13: Agarose gel electrophoresis of 16S rDNA amplifications products of isolates  

from rhizosphere soil/roots of Bt and non-Bt cotton.  The molecular size marker, 1-kb 

ladder (Fermentas) 

 

 

 

 

 

 

 

 

 

Figure 4.14: Agarose gel electrophoresis of 16S rDNA after purification of amplified 
products of isolates from rhizosphere soil/roots of Bt and non-Bt cotton.  The molecular size 
marker, 1-kb ladder (Fermentas). 

Each sequenced was analyzed using National Center for Biotechnology Information 

Basic Local Alignment Search Tools (NCBI BLAST). The isolates were categorized into species 

(with ≥99% match), genus (with ≥95% match) and taxon (with <95% match). Minimum 500 bp 

sequences were used for blast identification.  
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Table 4.7: Partial 16S rDNA sequences similarity among closest bacterial relatives available in Genebank Nucleotide Sequence Database. 
 
5. NBts 

isola
tes  

Identified 
Organisms 

Accession 
no.  

Bts 
isolates 

Identified 
Organisms 

Accession 
no.  

NBtR 
isolates  

Identified 
Organisms 

Accession 
no.  

BtR 
isolates   

Identified 
Organisms 

Accession 
no. 

NBts 2z Bacillus firmus LM643724 Bts 1 Bacillus 
megaterium  

/ NBt R 1 Bacillus 
amyloliquefacien  

LM643740 Bt R 4z Rhizobium sp.   LK054493 

NBts 3y Staphylococcus 
xylosus 

LM643725 Bts 2 Streptomyces sp. 
GS10 

HG975586 NBt R 1A Bacillus sp. LM643741 Bt R 5 Agrobacterium 
tumefaciens  

 LK054494 

NBts 4z Shinella sp LM643726 Bts 3a Bacillus sp. W-130-
21 

HG975587 NBt R 2A Pseudomonas 
indica  

LM643742 Bt R 6 Microbacterium 
barkeri  

 LK054495 

NBts 5z Stemphlium 
lycopersici 

/ Bts 5 Streptomyces sp. 
4_107 

HG975588 NBt R 2B Pseudomonas 
indica 

LM643743 Bt R 8 Bacillus 
gibsonii  

 LK054496 

NBts 6 Bacillus 
cecembensis 

/ Bts 6 Exiguobacterium 
mexicanum 

HG975589 NBt R 4 Brachybacterium 
sp.  

LM643748 BtR 10a Staphylococcus 
epidermidis  

 LK054497 

NBts 7 Streptomyces 
rochei  

LM643733 Bts 7 Bacillus pumilus HG975590 NBt R 6 Microbacterium 
oleivorans 

LM643744 BtR 10z  Rhizobium sp. 
Khangiran2  

 LK054498 

NBts 8z Agrococcus LM643727 Bts 8 Paenibacillus sp. 
H10-05 

HG975591 NBtR 7 Mesorhizobium sp. LM643749 Bt R 12z Bacillus sp.   LK054499 

NBts 9z Rhizobium 
huautlense  

LM643728 Bts 9 Bacillus sp. BAB-
3108  

HG975592 NBt R 8 Acinetobacter pittii  LM643750 Bt R 15 Micrococcus 
luteus 

 LK054500 

NBts 10 Cellulomonas  LM643735 Bts 12 Microbacterium  HG975593 NBtR 10 Sinorhizobium sp.  / Bt R 16y Kocuria rosea   LK054501 
NBts10a 
yellow 

Staphylococcus  LM643736 Bts 13 Agrobacterium  HG975594 NBt R 13 Bacillus pumilus / Bt R 17y Rhizobium  LK054502 

NBts 10 b Georgenia sp.  LM643734 Bts 16 Gordonia sp.  HG975595 NBt R 14 Stenotrophomonas 
sp.  

/      

NBts 11y Microbacterium 
sp.  

LM643729 Bts 17 Methylobacterium 
zatmanii  

HG975596 NBt R 15z Bacillus pumilus LM643745      

NBts 12 Streptomyces sp.  LM643737 Bts 18 Bacillus subtilis  HG975597 NBt R 15 A Bacillus sp.        
NBts 13y Bacillus sp.  LM643732 Bts 21 Bacillus 

megaterium 
HG975598 NBt R 16 Variovorax 

paradoxus 
LM643746      

NBts13 ay Lysobacter 
defluvii  

LM643730 Bts 21b Staphylococcus sp.  HG975599 NBt R 17 Luteimonas marin LM643747      

NBts 13b Micrococcus sp.  LM643731      NBtR18A1 Rhizobium sp.        
NBts 14 Bacillus safensis 

strain FFL31  
LM643738                

NBts 15 Janibacter sp.  LM643739                
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4.2.Functional diversity in rhizosphere of Bt and non-Bt cotton 

Functional diversity was detected by studying the soil microbial activities. The microbial 

communities show diverse activities, i e. dehydrogenase, protease, urease, phenol oxidase, and 

phosphatase etc. 

4.2.1. Dehydrogenase activity  

Dehydrogenase is present in viable cells and accounts catabolic activities in the soil. It 

was measured by formazan formation from 2, 3, 5, Triphenyl Tetrazolium Chloride (TTC).  

Dehydrogenase activity in the rhizosphere soil of Bt and non-Bt cotton was compared from 

September to December and demonstrated by TPF standard curve (Fig. 4.15). The maximum 

activities were observed in October in the rhizosphere soil of both Bt (137.9 µg TPF/ g dry soil 

/24 h) and non-Bt (139.9 µg TPF/ g dry soil /24 h) cotton (Fig. 4.16). Activities increased in 

October followed by a decreased in November and December. The dehydrogenase activities in 

Bt and non-Bt soil was statistically similar in September and similar trend was observed in 

October and November. However, dehydrogenase activity in Bt soil decreased significantly as 

compared to non-Bt soil in December. The activities in December were minimum both in Bt 

(30.8 µg TPF/ g dry soil /24 h) and non-Bt soil (62.6 9 µg TPF/ g dry soil /24 h) as compared to 

other three stages.  

 

 

Figure 4.15: Tri phenyl formazan (TPF) standard curve for estimation of dehydrogenase 
activity. 
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Figure 4.16: Dehydrogenase activity in rhizosphere of non-Bt and Bt cotton at different 

growth stages.  

4.2.2. Protease activity 
Proteases conduct proteolysis by hydrolysis of peptide bond which link amino acids 

together in proteins. The protease activity in the rhizosphere soil of Bt and non-Bt cotton was 

compared from September to December and demonstrated by BSA standard curve (Fig. 4.17). 

The activities were statistically similar in the rhizosphere soil of Bt and non-Bt cotton in 

September and similar trend observed in October to December. The maximum protease activities 

was observed in November in both Bt and non-Bt soil (126.6 and 117.5 µg protein /g dry soil / h, 

respectively) and activities were significantly higher than protease activities in September, 

October and December. The protease activity at this stage in Bt-soil was higher as compared to 

non-Bt soil but difference was not statistically significant. The lowest protease activities (17.2 µg 

protein /g dry soil / h) were observed in December in both Bt and non-Bt soil (Fig. 4.18).   
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Figure 4. 17: Bovine Serum Albumin (BSA) Standard curve for Protease activity. 

 

Figure 4.18: Protease activity in rhizosphere of non-Bt and Bt cotton at different growth 

stages. 
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4.2.3. Alkaline phosphatease 

Alkaline phosphatases are responsible for removing phosphate groups from different 

types of organic molecules like nucleotides, proteins and alkaloids. Alkaline phosphatase activity 

in Bt and non-Bt cotton rhizosphere soil was compared from September to December and 

demonstrated by phenol standard curve (Fig. 4.19). The activities in Bt (4.36 µg phenol/ g dry 

soil/ h) and non-Bt (4.7 µg phenol/ g dry soil/ h) cotton soil were maximum in September and 

then gradually decreased. The activities in Bt and non Bt soil were significantly different and 

higher in September as compared to the other stages. In September and October, the activities in 

non-Bt soil (4.7 and 3.55 µg phenol/ g dry soil/ h, respectively) were significantly different and 

higher as compared to Bt soil (4.36 and 3.38 µg phenol/ g dry soil/ h, respectively). The lowest 

activities (3.2 µg phenol/ g dry soil/ h) were observed in November (Fig. 4.20). 

 

 

 

 

 

 

 

 

 

Figure. 4.19. Phenol standard curve for estimation of alkaline phosphatases activities. 
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Figure 4.20: Alkaline phosphatase activity in rhizosphere of non-Bt and Bt cotton at 
different growth stages. 

4.2.4. Poly Phenol oxidase  

Polyphenol oxidases are copper containing enzymes having binding sites for two 

aromatic compounds and oxygen. They catalyze the o-hydroxylation of mono-phenols to o-di-

phenols and then to o-quinones. A mixture of mono phenol oxidase and catechol oxidase 

enzymes is present in nearly all plant tissues and in bacteria, animals, and fungi. Poly phenol 

oxidase activities in Bt and non-Bt cotton soil were compared from September to December at 4 

stages and activities described with purpurogalline standard curve (Fig. 4.21). The maximum 

activities, both in non-Bt and Bt cotton soil (74 and 73.2 µg purpurogalline /g dry wt soil /2 h, 

respectively) were observed in October and then gradually decreased. The activities in Bt and 

non-Bt soil were statistically similar in September and similar trend was observed in October, 

November and December. However, activity in non-Bt soil was higher from the activity in the Bt 

soil in December (Fig. 4.22). The lowest activity was observed in Bt soil (10 µg purpurogalline 

/g dry wt soil /2 h) in December. Moreover, decrease in activity in November was statistically  
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Figure 4.21: Standard curve for polyphenol oxidase activity. 

  

Figure 4.22: Poly phenol oxidase activity in rhizosphere soil of non-Bt and Bt cotton at 

different growth stages.  
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4.2.5. Urease Activity 

 For the detection of urease activity in the rhizosphere of Bt and non-Bt cotton. The 

activity was estimated in the rhizosphere of non- inoculated and inoculated Bt and non-Bt cotton. 

Urease activity was detected in 3 replicate samples. The highest activity observed in November 

followed by a decreases in December both non-Bt and Bt cotton soil. Urease activities decrease 

75% in October and December and 33% in November (Fig. 4.23).    

 

 

Figure 4.23: Urease activity in rhizosphere soil of non-Bt and Bt cotton at different growth 

stages.  
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4.3. Isolation and characterization of Azospirillm species 

Isolations were carried out from roots and roots adhering soil of wheat grown at from 

different location of agriculture university Faisalabad. Nitrogen free malate medium (NFM 

medium (Appendix 1) was used for isolation of Azospirillum species.  Few milligram soil and 2-

3 cms roots were inoculated in vials containing semisolid NFM medium. The vials were 

incubated at 30 °C for 3-5 days. After 3 days incubation, a loopful from vials showing pellicle or 

diffused growth was streaked on NFM plates. Sixteen isolates were purified that formed a wheel 

like white pellicle in semisolid Nitrogen free malate medium The isolates were characterized on 

the bases of colony and cell morphology (Tab. 4.8 and 4.9). The colonies were examined every 

day. They changed the color from transparent to creamy and then dark pink. It was typical 

Azospirillum character. These isolates formed circular/ wrinkled colonies when grown on agar 

plates. The cell size, shape (3-12µm) and motility were examined under light microscope (Tab. 

4.8). Azospirillum species were gram negative, plump, rod shape, 1mm in diameter, fast and 

helically motile.  

 

 

 

 

Figure 4.24: Culture medium (nitrogen free malate) for Azospirillum spp. 
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Table 4.8: Characterization of cell morphology by microscope (shape, size and movement) 
of Azo isolates. 

Isolates  
Shape  

Pellical thickness 
(mm) Motility 

Azo 1 plump rods 4 Helical 

Azo 2 rods 6 Helical 

Azo 3 medium rods  3 helical fast moving 

Azo 4 medium rods  4 Helical 

Azo 5 medium rods  6 Helical 

Azo 6 Rod 5 helical fast moving 

Azo 7 Rod 6 helical fast moving 

Azo 8 Rod 4 Helical 

Azo 9 medium rods  4 Helical 

Azo 10 plump rods 5 Helical 

Azo11 plump rods 3 helical fast moving 

Azo 12 rod not plump 4 Helical 

Azo 13 rod not plump 3 Helical 

Azo 14 plump rods 3 helical fast moving 

Azo 15 medium rods  5 Helical 

Azo 16 medium rods  5 Helical 
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Table 4.9: Characterization of colony morphology (size, shape and color).  
Source of 
isolations 

New 
nameing Shape  Size (mm)  Elevation  Surface  Margin  Colour 

Odour /pigment/ 
misllininess 

Agri. 
wheat R+S 

Azo 1 
Irregular medium / large flat 

gummy but margin 
dry wavey  transparent become pink odourless/ No 

Wheat R Azo 2 
nearly circular  small flat wrinkled  entire offwhite change to peach odourless/ No 

Agriculture 
wheat R+S 

Azo 3 
nearly circular  variation present flat wrinkled  lobate creamy turn to pink 

mature colonies 
produced red pigment 

Wheat R Azo 4 Circular medium  flat wrinkled dry   entire Pink odourless/ No 
Wheat R Azo 5 Irregular medium flat wrinkled lobate light pink odourless/ No 
Agriculture 
wheat R+S 

Azo 6 
Circular small flat dry thin layer  entire offwhite change to pink odourless/ No 

Agriculture 
wheat R+S 

Azo 7 
nearly circular  medium erose dry thin layer  wavey, dark pink odourless/ No 

Agriculture 
wheat R+S 

Azo 8 
 nearly circular small raised dry but shiny  entire light pink dot points 

Agriculture 
wheat R+S 

Azo 9 
Circular medium flat dry sclippery entire offwhite change to pink odourless/ No 

Agriculture 
wheat R+S 

Azo 10 
nearly circular  variation present domed wrinkled entire creamy turn to pink odourless/ No 

Agriculture 
wheat R+S 

Azo11 
Circular small flat dry entire Pink 

mature colonies 
produced red pigment 

Agriculture 
wheat R 

Azo 12 
Circular small flat shiny, dry  entire 

transparent become light 
pink odourless/ No 

Agriculture 
wheat R 

Azo 13 
Circular small flat crystal shine entire creamy turn to pink dot points 

Agriculture 
wheat R+S 

Azo 14 
Irregular large flat shiny, dry  lobate 

transparent become to 
pink odourless/ No 

Agriculture 
wheat R+S 

Azo 15 
Circular large flat inner side web like  weavy Red odourless/ No 

Agricultur
e wheat 
R+S 

Azo 16 
circular small flat wrinkled weavy light pink odourless/ No 
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4.3.1. Detection for IAA by spot test and quantification of Indole-3- Acetic Acid (IAA) and 

GA by HPLC 

The Azospirillum isolates cultures were grown in LB broth containing tryptophan (100 

mg/liter) for 3-5 days on shaker at 120 rpm at 30 oC. 20 µl samples of culture broth and 20 µl 

Salkowski reagent (Appendix 6) was applied on a white Perspex sheet and observed after 20 min 

for development of pink color. The 100 ppm IAA standard 20 µl, was used as positive control.  

All isolates were IAA positive.  

For quantification of IAA and GA by HPLC (Fig. 4.24- 4.29), the culture supernatants 

extracted with ethyl acetate and ethyl acetate fractions collected. The ethyl acetate was 

evaporated to dryness and residue was dissolved in methnol and analyzed by HPLC. Maximum 

IAA production (17.3 µg/ml) was observed in Azo 7 isolate and minimum (10.1 µg/ml) IAA was 

10.1 produced by isolate Azo 15. The highest GA concentration (26.2 µg/ml) was observed in 

Azo 6 and minimum (3 µg/ml) GA was produced by Azo 12 (Tab. 4.10).   

 

 

 

Figure 4.25: HPLC chromatogram of 100 ppm IAA standard 

 

IAA
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Figure 4.26: HPLC chromatogram of IAA sample 

 

 

 

Figure 4.27: HPLC chromatogram of IAA sample 
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Figure 4.28:  HPLC chromatogram of 100 ppm GA standard 

 

 

Figure 4.29: HPLC chromatogram of GA sample 
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GA 
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Figure 4.30: HPLC chromatogram of GA sample 

 

4.3.2. Phosphate solubilizing activity of Azo isolates 
 

The highest phosphate solubilizing activity (174 µg P/ ml of culture medium) was 

observed in Azo 10 and minimum (46 µg P/ ml of culture medium phosphate solubilizing 

activity was produced by Azo 8 (Tab. 4.10). 

  

GA
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Table 4.10: IAA, GA and inorganic phosphates solubilize assay of Azo Isolates.  

Isolates codes 
indole-3-acetic acid 
µg/ ml GA µg/ ml 

Phosphate solubilisation µg 
P/ ml of culture medium 

Azo 1 13.8 8.1 122 

Azo 2 13.7 7.2 49 

Azo 3 11.5 12.8 84 

Azo 4 12.3 6.8 81 

Azo 5 13 6.6 143 

Azo 6 11.7 26.2 62 

Azo 7 17.3 12 49 

Azo 8 13.5 6 46 

Azo 9 11.7 2 102 

Azo 10 11.9 10 174 

Azo11 12.9 6.1 106 

Azo 12 12.4 3 114 

Azo 13 14.5 10.5 111 

Azo 14 13.6 13 97 

Azo 15 10.1 6 109 

Azo 16 11.4 7 106 

 

 

4.3.3. Box PCR Fingerprints of Azo isolates   

The phenotypic characteristics of a bacterial isolates belonged to Azospirillum spp . The 

Box PCR finger printing has been useful for differentiation among bacterial strains. Therefore, it 

was use for characterization of wheat isolates. Box PCR amplification was carried out using 

bacterial colonies as template. Amplified products were analyzed by agarose gel electrophoresis. 

The Box PCR pattern of different isolates were shown in following fig. 4.31.  
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Figure 4.31: Agarose gel electrophoresis of BOX-PCR fingerprinting patterns of different 
isolates using bacterial colonies as template.  

 

Table 4.11: BOX PCR banding pattern based grouping of Azospirillum isolates from 

wheat. 
 

Guorps Isolates  

1 Azo 1, Azo 2 

2 Azo 3, Azo 4, Azo 5, Azo 6, Azo 7 

3 Azo 8 

4 Azo 9, Azo 10 

5 Azo 11 

6 Azo 12, Azo 13 

7 Azo 14, Azo 15 

8 Azo 16 

  1    2    3    4    5    6    7     8       9  10  11   12   13   14  15  16 
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 All the isolates could be divided into 8 groups. Group 2 contained maximum number (5 

isolates) of isolates and group 1, 4, 6, and 7 contained 2 isolates in every group. Rest of the 

group3, 5 and 6 contained one isolate in every group. Our observations by Box PCR suggested 

that at least 8 different types of Azospirillum isolation were present in the wheat rhizodphere 

(Tab. 4.11). 

4.3.4. Identification of bacterial strains by 16S rRNA gene sequence analysis  

Sequencing of the 16S rRNA gene is considered as the “gold standard” for bacterial 

identification. Therefore, 16S rDNA sequences of Azo isolates were amplified using F1, F2, R1, 

R2 and R3 primers (Fig. 4.32). The primer sequences have been given in Table 3.1. Each 

sequence was analyzed using National Center for Biotechnology Information Basic Local 

Alignment Search Tools (NCBI BLAST). The isolates were categorized into species (with ≥99% 

match), genus (with ≥95% match) and taxon (with <95% match). Minimum 500 bp sequenced 

was for identification blast.  

 

 

 

 

 

 

 

 

Figure 4.32: Agarose gel electrophoresis (1%) of 16S rDNA amplications of Azo. The 
molecular size marker is a 1-kb ladder (Fermentas) and the sizes were indicated in base 
pairs.  
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Figure 4.33: 16S rDNA amplications fragments (after purification) on 1% agarose gel. The 
molecular size marker is a 1-kb ladder (Fermentas) and the sizes are indicated in base 
pairs.  

Bacterial Domain   
Phylum "Proteobacteria"   

Class “Alphaproteobacteria” 

Order “Rhodospirillales”   

Family “Rhodospirillaceae”                           

  Genus “Azospirillum”  

A tree structure represents the evolutionary relationships among a group of organisms. The 

context in which the term is used will tell more details about the representation (e.g., whether the 

tree's branch lengths represent nothing at all, genetic differences, or time; whether the phylogeny 

represents a reconstructed hypothesis about the history or the organisms or an actual record of 

that history; etc.).  

Sixteen Azospirillum isolates were purified from the rhizosphere soil and roots of wheat 

grown in farmer field and experiment field in university of Agriculture Faisalabad Campus. The 

isolates made irregular to circular, small to large and flat colonies. The colonies made wavy to 

entire margin, gummy to wrinkled surface, cream to pink color and odorless nature. The light 

microscope observation revealed that the Azospirillum strains were medium to plump rods with 

3-12 µm in size. They were helically fast motile.  
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Table 4.12: Similarity in partial 16S rDNA sequences of their closest bacterial relatives 

available in the Genebank nucleotide sequence database.   
 

Isolates  % similariry Accession no.  Identified Organisms 

Azo1            96% HG942376 Azospirillum brasilense 

Azo 2 89% HG942377 Azospirillum 

Azo 3 99% HG931087 Azospirillum brasilense 

Azo 4 98% HG942378 Azospirillum brasilense 

Azo 5 91% HG942368 Azospirillum 

Azo 6 87% HG942379 Azospirillum brasilense 

Azo 7 94% HG942380 Azospirillum formosense 

Azo 8 95% HG942369 Azospirillum  

Azo 9 94% ---------- Azospirillum sp.CC-LY788  

Azo 10 99% HG942370 Azospirillum brasilense 

Azo 11 98% ------------- Azospirillum brasilense 

Azo 12 93% HG942371 Azospirillum 

Azo 13 99% HG942372 Azospirillum sp. TS24 

Azo 14 99% HG942373 Azospirillum brasilense 

Azo 15 99% HG942374 Azospirillum brasilense 

Azo 16 98% HG942375 Azospirillum brasilense 

 

All the strains have been identified by 16S rRNA gene sequence analysis. It was 

observed that Azo 3, Azo 4, Azo 10, Azo 11, Azo 14, Azo 15, Azo 16, have shown 99% 

similarity with Azospirillum brasilense. Therefore, they may be different strains of Azospirillm 

brasilense. Azo 10 and Azo 14, Azo 15 and Azo 16, have shown 99% similarity with the same 

Azospirillum brasilense strains therefore they may be the re-isolate of the same strains. Azo1, 

Azo 2, Azo 5, Azo 6, Azo 7, Azo 8, Azo 9 and Azo12 have shown 87-96% similarity with 
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Azospirillum genus, therefore they may be different and new Azospirillum strains (Tab 4.12) (Fig 

4.34).  

 

Figure 4.34: Phylogenetic relationships of Azo isolates with the related Azospirillum spp.  
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4.3.5. Beneficial effect of Azospirillum spp. on cotton plants 

Azospirillum isolates were cultured in LB broth containing tryptophan (100 mg /L) on 

120 rpm shaking at 30 oC. Three days culture was used as inoculums onto the plant roots, having 

2.7- 3.0 × 107 cells /ml. The culture of Azo isolates (3, 4, 7, 8, 11, 12, 14, 15 and 16) were 

combined and inoculated on Bt and non-Bt cotton plants roots. There was significant difference 

in plants height (Fig.4.35 & Fig. 4.36) between inoculated and non-inoculated plants of Bt and 

non-Bt cotton. Plant height significantly increased after inoculated in both Bt and non-Bt cotton. 

However co-inoculation with Azospirillum isolates in significantly increased the plant dry weight 

in non-Bt cotton. The plant dry weight was not affected by Azospirillum co-inoculation in Bt 

cotton  

In another experiment, Azospirillum isolates (3, 4, 7, 8, 11, 12, 14, 15 and 16) were 

separately inoculated in non-Bt cotton plants roots and these plants were observed after 4 weeks. 

Single strain inoculation increased the plant height of non-Bt cotton. Maximum height 47 cm 

was observed in Azo 16.   

 

Figure: 4.35. Effect of co-Azospirillum spp. inoculation on plants height 
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Figure 4.36: Effect of co-Azospirillum spp. inoculation on plants biomass 

 

Figure 4.37: Effect of co- Azospirillum spp. inoculation on growth of non-Bt and Bt cotton 
plants.  
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Chapter 5 
          DISCUSSIONS 

5.1. Structural Diversity of Bacteria 

Composition of microbial community controls all the processes occurring in the soil. 

Therefore, physiological properties and soil fertility depend on the biochemical processes and 

microbial diversity in the soil. The understanding about diversity of microorganisms in the soil is 

important to know the soil quality. Therefore, different methods have been developed to estimate 

and identify the organisms living in the different habitats including plant rhizosphere.  Bacteria 

are universal group of microorganisms which are present everywhere in soil, rocks, air, water, 

streams, oceans, fossils etc as dead and living organisms. It is evident that several groups of 

bacteria are present in the plant rhizosphere and most of the bacterial population is living in the 

narrow zone around the plants roots. Plate counts and MPN methods have been reported for 

quantifying the microbial diversity in different habitats (Johnsen et al., 2001). The researchers 

have identified different taxonomic and functional groups by using agar media plates and 

accurately estimated the diversity of culturable bacteria (Vandamme et al., 1996).  

In the present studies, structural diversity of bacteria in cotton rhizosphere was measured 

by enumeration of total bacterial counts, phytohormone producing bacterial population, total N2 

fixers, Azospirillum population and phosphate solubilizers by using LB, NFM and pikoviskaya 

medium and MPN method. We used LB agar plates for enumeration of total bacterial population 

and NFM for population of N2 fixing bacteria. NFM and light microscopy for detection of 

Azospirillum population and pikoviskaya medium plates for phosphate solubilizers form the 

roots and rhizosphere soil of both Bt and non-Bt cotton. The use of LB for total bacterial 

population and NFM and CCM for estimation of population of N2 fixing bacteria have been 

reported by many workers (Attitalla et al., 2010; Silva et al., 2011). However we have used first 

time MPN method in combine with light microscopy to report Azospirillum population in 

association with roots and soil. The Azospirillum spp. in the MPN vials was identified by light 

microscope on the basis of shape, size and motility of the organisms. Similarly phosphate 

solubilizers were identified by transparent hollow zones formed around the bacterial colonies and 

phytohormone (IAA) producers in the MPN tubes by Salkowski reagent. It was also first time 

report for the enumeration of phytohormone producing bacteria and phosphate solubilizers from 
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the rhizosphere of plants. The higher number of total bacterial population, N2 fixers, 

Azospirillum and phosphate solubilizer were observed in the rhizosphere of non-Bt as compared 

to the Bt- cotton. There were only few reports available for the effect of Bt toxin on microbial 

communities and specially reports on the effect of Bt- toxin on bacterial communities in 

association with roots and soil were not available. Researchers have tried to explain the effects of 

Bt-gene transcribed in plants. Studies on diazotrophic diversity by nif gene sequence analysis 

revealed that the communities of nitrogen fixing bacteria differed non-significantly in 

transformed and untransformed Supruce (Lamarche and Hamelin, 2007).  Significant differences 

have been described in aerobic CFU of bacteria, fungi and actinomycetes and anaerobic 

denitrifing, fermentative, methanogen, hydrogen producing acetogen bacteria in paddy soils and 

encoded with Bt and non-Bt rice straw during early incubation stages (Wei-xiang et al., 2004). 

Effect of Bt rice on microbial community and functional diversity was evaluated by Biolog 

system. It was observed that fungal, bacterial and actinobacterial communities were little 

affected by Bt rice (Wei et al., 2012). 

The total culturable bacterial density was 13×102 - 45×104 CFU /g soil at surface and 

depth (Bahig et al., 2008). The viable bacterial population 1.5 -4.5× 108 CFU /g soil in rice 

rhizoshere. The total bacterial CFU counts varied from 7.65-14.5×104/g soil (Hossain, 2012). 

The great diversity of bacterial population was 2.7×107- 4.7×109 /g soil observed in the sewage 

sludge. It was found in recent work that the CFU counts were 27×106/g dry wt. soil and 21×107/g 

dry wt. roots in the non-Bt cotton.  

Diazotrophic bacteria are capable of fixing the atmospheric N2 to NH3 for plants use. In 

the present study, Azospirillum population was 17.3×106/g dry soil and 160×106/g dry wt. roots. 

Diazotrophs enumerated on NFb were 0.035×103- 9.18×103 CFU/g soil and were the 10% of the 

total bacterial population (Beijerinck, 1901). The number of azospirilla was ranged from 105 -107 

CFU /g soil or roots and their densities varied from 1.1- 132×104 CFU/g soil (Attitalla et al., 

2012).  

The present study showed that the total bacterial population, total N2 fixers, Azospirillum 

population and phosphate solubilizers population were higher in non-Bt soil and roots as 

compared to Bt soil and roots, which indicated the effect of Bt toxin on bacterial population. 

Various studies showed that the total biomass and bacteria in soil were not affected by toxin 

protein (US EPA, 2000).These results supported the studies that the transgenic plants changed 
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the soil flora (Shen et al., 2006; Lu et al., 2010) and Bt cotton had high threat  to flora and fauna 

in agro-ecosystem (Mina and Chaudhary, 2012; Wei et al., 2012).  

Colonies morphology, Box PCR and 16S rRNA gene sequence analysis revealed that the 

number and diversity among bacteria were higher in non-Bt cotton as compared to the Bt-cotton. 

It was also observed that beneficial microbes (Rhizobium, Pseudomonas) number and diversity 

were lower with Bt roots and higher with non-Bt roots. Hallin et al. (2012) illustrated that the 

decrease in biodiversity responded with declined in functioning of an ecosystem. Singh et al. 

(2013) reported 14 and 11 actinomycetes in soil with non-Bt and Bt brinjal crop respectively 

which also supported our findings. In pre-vegetation, branching, flowering, maturation and post-

harvest stage, Nocardiodaceae and Micrococaceaea were the dominant groups and 

Mycobacteriaceae, Promicromonosporaceae, Geodermatophilaceae, Frankiaceae, 

Streptosporangiaceae, Kineosporaceae, Actisymmetaceae and Streptomycetaceae were also 

detected in a few stages in non-Bt brinjal rhizosphere soil while  Corynebactericeae, 

Thermomonosporaceae, Nakamurellaceae and Pseudonocardiaceae in Bt brinjal rhizosphere.  

Velmourougane et al. (2013) reported that bacterial and fungal populations were 

significantly higher in Bt cotton grown soil as compared with non-Bt soil. Hu et al. (2013) 

studies demonstrated non-significant difference in cultureable number between non-Bt soil and 

amended Bt soil.  

The phenotypic studies on colony morphology showed the presence of different types of 

bacteria among the isolated strains. Traditionally, bacteria were identified by morphologically/ 

phenotypically description and nutrients based methods. Genetic diversity among NBts, Bts, 

NBtR and BtR isolates was assessed by Box- PCR. It was claimed that Box-PCR finger printing 

pattern could discriminate the isolates at species level (Marques et al., 2008). However, it was 

observed that if Box-PCR patterns of two bacterial strains were different in either way, the 

bacterial strains belonged to different groups. If they showed similar Box-PCR patterns, then 

they might be same or different bacterial strains. The different isolates were diverse on the basis 

of variations in size, number and intensity of bands (Kanimozhi and Panneerselvam, 2010). The 

soil microbiology is the most fascinating puzzles, how it is a difficult question that different 

bacterial species coexist in a minute amount of soil and how less competitive species declined or 
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disappeared. It was observed that the soil bacterial communities have 4×106 texa that coexist in a 

single tonne of soil (Curtis et al., 2002). 

For confirmation, the bacteria were also identified by 16S rDNA genes sequence 

analysis. More than 500 bp sequences were used for Blast research in this work. 16S rDNA 

sequence analysis indicated that the isolates from non-Bt and Bt soil were different bacterial 

strains and belonged to Bascillus, Actinomyces and Rhizobium sp. Different studies have been 

reported which demonstrated the effect of Bt- toxin on different microorganism,  earthworms, 

ants, nematodes and collembolan (Shelton et al., 2002; Mia et al., 2010) but there was no report 

on the effect of Bt- toxin on different types of bacterial species in the rhizosphere of Bt and non-

Bt soil and roots. Wang et al. (2012) indicated that the number of culture-able micro-organisms 

has slightly reduce in the transformed Bt cotton in soil, and Denitrobacteria, Nitrosobacteria and 

Azotobacter populations showed non-significant changes in the rhizosphere of Bt and non-Bt 

lines. Several reports described that the soil microbial community diversity was slightly affected 

or not affected by long period cultivation of transgenic plants (Kapur et al., 2010; Li and 

Romeis, 2010).  

5.2. Functional diversity among bacteria  

The microbial activity is termed for a vast range of activities occurring in the soil. Soil 

enzymes are responsible for all these activities and considered as biological indicators with 

reference to soil quality. Different methods have been used to detect microbial activities in the 

soil. It may be expressed on the basis of enzymes activities against C, N and P sources. 

Functional diversity for carbon may be assayed by phenol oxidase or cellulase activity, for N by 

protease, amidase or urease and for P by phosphatase activity. Moreover, the measurement of 

CO2 evolution indicated the aerobic catabolic degradation, nitrification represented ammonia 

oxidation and thiamine utilization meant synthesis of DNA in bacteria. The dehydrogenase 

activity is the activity of intra-cellulase enzymes which catalyze the hydrogen and electron 

transfer among different compounds (Nannipieri et al., 1990). Phosphatases are involved in the 

release of organic phosphorus from animal and plant tissues and proteases release protein 

fragments. It shows the total oxidation reduction potential of microorganisms and depends upon 

the soil organic contents (Zaki-ul-Zaman, 2012). Soil dehydrogenase activities may be improved 

by increasing the organic contents in the soil. In the present studies, the maximum 



 

 88

dehydrogenase activities were observed in October at peak growth periods in the rhizosphere soil 

of both Bt and non-Bt cotton. Activities decreased in the following months of November and 

December. This optima in October followed by decrease in November and December, could be 

linked to higher amount of root exudates available in peak growth season. However, difference 

in dehydrogenase activities was not observed for the Bt and non-Bt soil. Our results supported 

the observations by Velmourougane et al. (2013) which described that cry1Ac transgenic cotton 

produced Bt-toxin, which showed positive impact on soil biological activities. Moreover, it was 

explained that biological activities including soil respiration, microbial biomass, urease, diacetate 

hydrolysis and dehydrogenase were not affected by toxin protein. The Singh et al. 2013 

described that there was a significant variation in carbon contents which mediated changes and 

composition, quality of roots exudates in non-Bt and Bt brinjal and affected the population and 

density of actinomycetes. Mina and Chaudhary (2012) described a significant increase in 

dehydrogenase and urease activities in the rhizosphere of Bt cotton as compared to non-Bt 

cotton.  

Proteases are key enzyme involved in N cycling. Protease activity increased from 

September to November with optimum activity in November at peak plant growth followed by 

decreased in December. There was no significant difference in protease activities in the 

rhizosphere of Bt and non-Bt cotton. The present studies favored the claim that protease activity 

in the rhizosphere of Bt and non-Bt rice was not affected by Bt toxins (Wei et al., 2012). 

Phosphatases play an important role in P cycling by hydrolyzing phosphorous anhydride and 

esters. In the present studies, phosphatase activities were compared in the rhizosphere soil of Bt 

and non-Bt cotton. The activities were higher in September and decreased in October to 

December. However, the phosphatase activities were significantly higher in the rhizosphere soil 

of non-Bt cotton as compared to the Bt cotton in September and October. Such difference was 

not observed in November and December. Higher phosphatase activities reported in the 

rhizosphere of Bt cotton as compared to non-Bt cotton, although the difference between the two 

was non-significant (Mina and Chaudhary, 2012). The results of present study has been 

supported by a previous study with Bt rice (Wei et al., 2012). This study described that 

phosphatases activity in the rhizosphere of Bt and non-Bt rice were statistically similar excepted 

one growth stage. Similarly differences were also not observed in the phosphatase activities in 

the presence of Bt and non-Bt straw (Wu et al., 2004).  
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Polyphenol oxidases catalyzed the hydroxylation of phenol to quionones. A mixture of 

phenol oxidases is present in animals, plants, bacteria and fungi. In the present studies poly 

phenol activities were compared in the rhizosphere soil of both Bt and non-Bt cotton. The 

optimum activities were observed in October and activities decreased in November and 

December. The activities were significantly higher in non-Bt soil as compared to Bt soil during 

September, November and December. The difference between the polyphenol activities in 

October was non-significant. The trends of poly phenol activities have already reported for 

transgenic rice (Wei et al., 2012).  

Urease is N cycling enzyme which has shown important role in hydrolysis of urea in soil 

and availability of nitrogen for plants. In present studies, urease activity has been compared in 

the rhizosphere soil of Bt and non-Bt cotton. The urease activity was significantly higher in the 

rhizosphere soil of non-Bt cotton as compared to Bt cotton. Reverse trend of urease activity has 

been reported for transgenic rice at first two growth stage, however, on latter 3 stages, urease 

activities were statistically similar in Bt and non-Bt soil (Wei et al., 2012). Mina et al., (2011) 

described that urease in the rhizosphere soil of Bt cotton are not affected by Bt- toxins.  

It has been observed during present studies that urease activity was affected and 

dehydrogenase and protease activities were not affect by Bt toxins. Phosphatase and polyphenol 

activities were partially affected in some stages and remain unaffected in other stages of plant 

growth.  Observed effect of Bt-toxin might be due to the reduction of any group of 

microorganisms due to Bt-toxin. The cases where no effect has been observed, could be 

explained in two ways, i.e. 1) Bt toxin did not affect any group of microbial population or 

affected groups has been replaced by other group of microorganisms having similar property. 

The fact has been explained with the statement that the biochemical process occurring in the soil 

are not affected by the reduction of any group of microorganisms because other microorganisms 

replace them and can carry out their functions (Nannipieri et al., 2002).  

5.3. Isolation and identification of Azospirillum species 

Azospirillum spp. are member of subclass of proteobacteria. The distribution of 

azospirilla is up to 107 g-1 in rhizosphere soils. The genus Azospirillum now contains 18 species 

as follows: A. lipoferum, A. brasilense, A. amazonense, A. halopraeferans, A. irakense, A. 

largimobile, A. dobereinerae, A. oryzae, A. melinis, A. canadense, A. zeae, A. rugosum, A. 
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palatum, A. picis and A. thiophilum  (Massena Reis et al., 2011),  A. formosense (Lin et al., 

2012), A. fermentarium (Lin et al., 2013) and A. humicireducens (Zhou et al., 2013).  

Sixteen isolates were successfully isolated from the rhizosphere of wheat. Azospirillum 

species have well known association with the roots, stems and leaves of a large variety of plants 

like wheat, tropical grasses, rice, maize, barley, soya bean and other cereals (Okon and Hadar, 

1987; Oh et al., 1999; Attitalla et al., 2010). It was also isolated from non-cultivated weed 

plants; Thapsia garganica, Marrubium valgare, Paronychia orgentina (Attitalla et al., 2010).  

The physiology and genetics of Azospirillum lipoferum and Azospirillum brasilense were 

well studied (Tarrand et al., 1978). It is a gram-negative and aerobic bacterium, with spiral 

movement, measuring 0.8 to 1.0 μm in diameter and 2 to 4 μm in length. Eckert et al. (2001) 

described that Azospirillum species were curved rods or S-shaped, 1.0–1.5 µm in width and 2.0–

30 µm in length, and a wide variation was found in size and pellicle thickness (1-4 mm) by 

(Murumkar et al., 2013). Optimum growth observed at 30 oC and at 6- 7 pH. Cells were about 

1.0 um x 3.5 mm in size with single flagellum. Whaet isolates formed a wheel like white pellicle 

in bluish background of NFM medium and circular/ wrinkled colonies changed the color from 

transparent to creamy and then dark pink on agar plates, were typical characteristics of 

Azospirillum spp. Under light microscope, they were gram negative, plump rods ranged from 3- 

12 µm size and showed fast helically motility.  

  Azospirillum fix nitrogen under micro- aerophilic conditions, produces phytohormones 

and are frequently associated with root and rhizosphere soil. In Azospirillum, nitrogenase activity 

varied from 8.5- 394.7 nmol C2H4 mg protein-1.hr-1 (Murumkar et al., 2013). This organism came 

into focus with the work of Dobereiner from Brazil (Dobereiner et al., 1976).  

In present studies, IAA and GA production was 10.1- 17.3 µg/ml and 3- 26.2 µg/ml 

respectively observed in Azospirillum sp. The maximum phosphate solubilizing activity (174 µg 

P/ ml of culture medium) was observed in Azo 10 and minimum (46 µg P/ ml of culture 

medium) phosphate solubilizing activity was observed in Azo 8. Bacillus, Pseudomonas strain, 

Azotobacter vinelandii and some other PGPR were able to solubilize the inorganic phosphate and 

synthesized phytohormone. Machado et al. (2013) reported high concentration of IAA (171.1 µg 

/ml) in Rhizobium. The exact IAA role for bacterial and legume symbiosis is not clearly known 
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yet. Jeon et al. (2003) demonstrated that Pseudomonas flurorsences strain B16 produced 502.4 

mg /l of soluble phosphate from inorganic form {Ca3 (PO4)2}.  

The isolates were characterized on the basis of colony/ cell morphology and Box PCR 

and 16S rDNA genes sequence analysis. The isolates showed 87-99% similarity with 

Azospirillum genus. The taxonomic position of these Azo isolates supported that they were 

diverse and few of them were novel bacterial strains. PCR amplications of 16S rDNA and 

sequencing of the amplified products has been carried out. On the basis of 3 % difference in 16S 

rDNA sequences novel bacterial species has been proposed (Stackebrandt and Goebel, 1994; Xie 

and Yokota, 2005). The phylogenetic analysis and comparison of isolates with other members of 

genus Azospirillum showed evolutionary relationship among them. A phylogenetic tree was 

constructed as described by (Lavrinenko et al., 2010). Zhou et al. (2013) proposed a novel 

species of Azospirillium by combination of chemotaxonomic, phenotypic, phylogenetic and 

genotypic data. 

Azospirillum is a useful tool for plant growth promotion for sustainable agriculture 

system. Azospirillum species colonization stimulates the growth of a variety of plant species by 

root development and increased rates of water uptake. The present study revealed that the 

inoculation with Azospirillum isolates were improved the plant height (36.58- 47.16 cm) of non-

Bt cotton as compared to non-inoculated control. Maximum increase was observed in Azo 14 

and 16. The co-inoculation with Azospirillum isolates (3, 4, 7, 8, 11, 12, 14, 15 and 16) 

significantly increased the plant height and plant dry weight of non- Bt cotton as compared to the 

non-inoculated control. In Bt cotton, co-inoculation significantly increased the plant height and 

plant dry weight was not affected. A. brasilense strains has been reported to increase grain yields 

of corn by 662–823 kg ha-1 (24–30%), as compared non-inoculated controls (Hungria et al., 

2010). Recently, the mechanisms and importance of the production of phytohormones by 

Azospirillum was studied and emphasized that 80% strains isolated from the soil rhizosphere 

have ability to produced IAA (Cassán et al., 2008). The IAA was a major contributed to improve 

plant growth.  
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Chapter 6 

Summary 

 The present studies were carried out in Industrial Biotechnology Lab. and Molecular 

Biochemistry Lab. at Department of Chemistry and Biochemistry, University of Agriculture, 

Faisalabad. Non-Bt (NN3) and Bt (IR3) cotton seeds were taken from National Institute for 

Biotechnology and Genetic Engineering (NIBGE), Faisalabad and experimental plants were 

grown in pots at Botanical Garden, University of Agriculture, Faisalabad. In this study, structural 

and functional diversities of bacterial communities associated with Bt and non-Bt cotton were 

characterized. The structural diversities were studied by estimation of total bacterial population, 

N2 fixers, Azospirillum spp. phytohormone producing bacteria and phosphate solubilizers. These 

bacterial populations were higher in rhizosphere (soil & root) of non-Bt cotton as compare to 

rhizosphere (soil & root) of Bt-cotton.  Bacteria play an important role in maintaining the soil 

health status of an ecosystem.  16S rRNA gene analysis showed a population shift in the 

rhizosphere of Bt- cotton as compared to non-Bt cotton. This analysis revealed that Bascillius 

spp. were present in all groups of isolates from soil and roots of non-Bt (NBts and NBtR) and Bt 

(BTs and BtR) cotton. Bacterial diversity was higher with non-Bt roots (NBtR group) as 

compared to all others groups. Diversity among Rhizobium spp. was higher in Bt roots. 

Functional diversities were studied by detecting phosphatase, dehydrogenase, phenol oxidase, 

protease and urease   activities in the rhizosphere of non-Bt and Bt cotton. These microbial 

activities were highest in October and November (7th and 8th month) at peak growth stage of 

cotton plants. Microbial activities in the rhizosphere of non-Bt cotton were either higher or equal 

to the microbial activities in Bt cotton rhizosphere. The studies revealed the association of higher 

population of Azospirillum spp. in the wheat rhizosphere. 16 Azospirillum isolates were 

identified from rhizosphere of wheat grown at different sites of University of Agriculture, 

Faisalabad. The isolates were characterized on the basis of colony morphology, shape, size and 

motility. Isolates were cream/ pink in colony color and were plump rod, 3-12 µm in size, with 

typically helical motilty. The isolates showed ability to produce IAA, GA and solubilized 

inorganic phosphate. BOX PCR results indicated that they were at least eight different groups of 

bacteria. Characterization of isolates by 16S rRNA genes sequence analysis also revealed the 

divergent azospirilla. Inoculation on cotton plants (Bt and non-Bt) illustrated the potential of 

Azospirillum spp. to improve cotton growth. . 
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Appendix 1  

Nitrogen free malate (NFM) medium  g/L 

Malic acid/ sodium malate     5 g  

NaOH        3 g 

Yeast Extract       0.1 g 

MgSO4. 7H2O (10%)      0.2  

NaCl (10%)       0.1 

K2 HPO4 (8%)      6.25 ml 

NaMoO4 (0.2%)      4 ml 

CaCl2. 2H2O (2%)       0.02 

Sodium Fe-EDTA (1.6%)    4ml 

Bromthymol Blue (BTB) (0.5% in ethanol)   5ml 

Agar       0.2% for semi solid and 2% for solid 

 

Preparation of Bromthymol blue 

0.5 g in 53 ml of 95% ETOH and add 47 ml of distilled water. 

Dissolved the ingredients in 800 ml distilled water and adjusted its pH at 6.8 and then make upto 

the volume 1000ml.  

 

Appendix 2 

LB Medium  g/L 

 

Tryptone   10 g 

NaCl   10 g 

Yeast Extract   5 g 

Agar    2% 

Dissolved it in 800 ml distilled water, pH was adjusted to 7.0 and volume made up to 1000 ml 

using distilled water.  



 

 118

Appendix 3 

Pikovaskata medium  

Ingredients    g/ L 

Yeast extract     0.5 

Dextrose     10 

Calcium phosphate     5 

Ammonium sulphate    0.5 

Potassium chloride    0.2 

Magnesium sulphate    0.1 

Manganese sulphate    0.0001 

Ferrous sulphate    0.0001 

Suspend 16.3 grams in 1000 ml distilled water. Heat if necessary to dissolve the medium 

completely and sterilize by autoclaving at 15 lbs pressure (121°C) for 15 minutes. Dispense as 

desired. 

 

Appendix 4 

50x TAE Buffer 

Tris base 242.0 g, EDTA 18.6 g, Glacial acetic acid 57.1 ml 

Make up the final volume with distilled water to 1000mL. pH was adjusted to 8.0. 
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Appendix 5 

 

TE buffer (Tris-EDTA buffer) 

1M Tris (hydroxymethyl) aminomethane (121.4 g/mol), pH to 8.0 using HCl 

0.5M EDTA Diaminoethane tetraacetic acid (372.2 g/mol), dissolved 18.6 g in 100ml water and  

pH to 8.0 using NaOH pellats. EDTA will not be soluble until pH reaches 8. Vigorous stirring 

and moderate heat  it (if desired). 

10 mM Tris, bring to pH 8.0 with HCl, 1 mM EDTA 

5ml of 1M Tris pH 8 and I ml of 0.5M EDTA pH 8 and the volume upto 500ml with dH2O. 

Stored at 4ºC (39.2ºF) for short-term use, or -20ºC (-4ºF) to -80ºC (-112ºF) for long-term storage. 

 

Appendix 6 

Salkowski reagent  

 2 ml of 0.5M FeCl3, 49 ml water and 49 ml 70% perchloric acid were mixed.   

Ferric chloride (270.3mole wt)  = 1.35 g  

Water        = 10 ml 

 

 

 

 



 

 120

Appendix 7 

5x Gitschier buffer  

1M (NH4)2SO4 

1 M Tris-HCl pH 8.8 

1 M MgCl2 

0.5 M EDTA 

14.4 M commercial stock of ß-mercapto-ethanol 

Autoclaved all stock solution. for 200ml of 5X buffer, add 16.6 ml of a 1 M (NH4)2SO4, 67 ml of 

a 1 M Tris-HCl pH 8.8, 6.7 ml of a 1 M MgCl2, 1.3 ml of 1:100 dilution of a 0.5 M EDTA, 2.08 

ml of a 14.4 M commercial stock of ß-mercapto-ethanol with the final concentration 83 mM 

(NH4)2SO4, 335 mM Tris-HCl pH 8.8, 33.5 mM MgCl2, 33.5 µM EDTA, 150 mM ß-mercapto-

ethanol respectively. Buffer stored into sterile 1.5 ml microcentrifuge tubes at -20° C and may be 

stored for several months 

 

Appendix 8 

Estimation of available phosphorous in soil 

Reagent A 

Ammonium molybdate  = 12 g 

Water     = 250 ml 

Antimony potassium tartrate =  0.291 g 

Water    = 100 ml 
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Both solutions were added in 1000 ml of 5.76 N (160 ml conc. H2SO4 /lit) and then made the 

final volume upto 2000 ml with distilled water.  

Reagent B 

Ascorbic acid   = 1.32 g 

Reagent A   = 250 ml 
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Appendix 9 

Most probable number  
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Appendix 10 

Sequences 

>Azo_LR1 

AATTTGCCAATGGGCTGCCTACCATGCAAGTCGAACGAGGGCTTCGGCCCTAGTGGC
GCACGGGTGAGTAACACGTGGGAACCTGCCTTTCGGTTCGGGATAACGTCTGGAAA
CGGACGCTAACACCGGATACGTCCTTCGGGAGAAAGTTTACGCCGAGAGAGGGGCC
CGCGTCCGATTAGGTAGTTGGTGGGGTAATGGCCCACCAAGCCGACGATCGGTAGC
TGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACG
GGAGGCAGCAGTGGGGAATATTGGACAATGGGGGCAACCCTGATCCAGCAATGCCG
TCGTGAGTGATGAAGGCCTTAGGGTTGTAAAGCTCTTTCGCACGCAACGATGATGAC
GGTAGCGTGAGAAGAAGCCCCGGCTCACTTCGTGCCAGCACCCGCGGTAATACCAA
GGGGGCGAGCGTCGTTCGCACTTACTGGGCGTACAGGGCGCCTACGCTGTCTGTTTA
CTCAGAAGTGAAACCTTCGGTTTTTACCTGGCCACGGTTTCTTTTCTTCGCCTGCCAC
TTCCTCCCTCCCTTCTGGATTACTTCCCTATTCATAGTCTATCTTCTATTTCATTATGA
AACATACTCAAACAATCCATCCTGATTTTACTCTCTTTCTCATTTCATCCCTTCCATCC
TTCTATTCCTTCAGACCTTCTGTTATTTTACTTCTTCAATATTTCTCTTATTTTTCTCTT
ATTTTCCCTATGTTCTCTGTTT 

>Azo_LR2 

ATGCAGGCAGGATTTATTCCGAAGAGAAGAAAAATTACCATGTAGAGATATATTCG
TTAATGTAAGAAGAACACCGGTGATGAAGGCGATCATTGGAGGGACTATGACGAGA
CGCGCGAAAGCGTGGGGAACACACAGGATTAGATACCGGAGTAGTACACGCTATAA
GCTGAGTATTAGAGACGGTGGGGCGCACACAGTTCGGTGTCACCTATAACGCATTAC
GCATTGCCCGTGGAGAACGGCCGCGCAGGGTTAAACTCTCAAGGAATTGGACGGGG
GCCGCCCCAACCGTGGGACCAGGGGATTTATTTGAAGCCACGCGCCGAACCTTTCCC
ACCCCTGGCCAGTTCCATTCCGGTTCGAGAGATTGGGCCTTCAATTTGGCTGGGTGG
AACCCCGGTTGTGCATGGCTGTTGTCAGCTTGTGTTCTGAGAAGTTGGGTTAAGTCC
CGCAACGAGCGCAACCCCTACCGCCAGGTGCCATCATTCAGTTGGGCACTTTGGTGG
AACTGCCGGTGACAAGCCGGAGGAAGGCGGGGATGACGTCAAGTCCTCATGGCCCT
TATGGGTTGGGCTACACACGTGCTACAATGGCGGTGACAGTGGGATGCGAAGTCGC
AAGATGGAGCCAATCCCCAAAAGCCGTCTCAGTTCGGATTGCACTCTGCAACTCGG
GTGCATGAAGTTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGT
TCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTTGGCTTTACCCGAAGGT
GGTGCGCTAACCGGCAACGGAGGCAGCCAACCACGGTCAGGTCAGCGACTGGGGG
AAGTCGAACAAGTAGCATGGCTGATAT 

>Azo_LR3 
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CAAGTTTAAAAGTAAAAGTAATTGACGATTTCTCGCACAATCAGTGGAGTACGTGGC
TAATTCGAAGCAACGCGCAGAACCTTACCTACCCTTGACATGTCCACTGCCGGTTCG
AGAGATTGGGCTTTCAGTTCGGCTGGATGGAACACAGGTGCTGCATGGCTGTCGTCA
GCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTACCGCCAG
TTGCCATCATTCAGTTGGGCACTCTGGTGGAACTGCCGGTGACAAGCCGGAGGAAG
GCGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTTGGGCTACACACGTGCTACA
ATGGCGGTGACAGTGGGATGCGAAGTCGCAAGATGGAGCCAATCCCCAAAAGCCGT
CTCAGTTCGGATTGCACTCTGCAACTCGGGTGCATGAAGTTGGAATCGCTAGTAATC
GCGGATCAGCACGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAC
ACCATGGGAGTTGGCTTTACCCGAAGGTGGTGCGCTAACCGGCAACGGAGGCAGCC
AACCACGTCAGTCGGCTGCCCCC 

>Azo_LR4 

GGGCAAATGCGCTGCCTACACATGCAGTCGAACGAGGGCTTCGGCCCTAGTGGCGC
ACGGGTGAGTAACACGTGGGAACCTGCCTTTCGGTTCGGGATAACGTCTGGAAACG
GACGCTAACACCGGATACGTCCTTCGGGAGAAAGTTTACGCCGAGAGAGGGGCCCG
CGTCCGATTAGGTAGTTGGTGGGGTAATGGCCCACCAAGCCGACGATCGGTAGCTG
GTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGG
AGGCAGCAGTGGGGAATATTGGACAATGGGGGCAACCCTGATCCAGCAATGCCGCG
TGAGTGATGAAGGCCTTAGGGTTGTAAAGCTCTTTCGCACGCGACGATGATGACGGT
AGCGTGAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGG
GGCGAGCGTTGTTCGGAATTACTGGGCGTAAAGGGCGCGTAGGCGGCCTGTTTAGTC
AGAAGTGAAAGCCCCGGGCTTAACCTGGGAACGGCTTTTGATACTGGCAGGCTTGA
GTTCCGGAGAGGATGGTGGAATTCCCAGTGTAGAGGTGAAATTCGTAGATATTGGG
AAGAACACCGGTGGCGAAGGCGGCCATCTGGACGGACACTGACGCTGAGGCGCGA
AAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGA
ATGCTAGACGCTGGGGTGCATGCACTTCGGTGTCGCCGCTAACGCATTAAGCATTCC
GCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGGCCCGCAC
AAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACCTTACCAACCCTT
GACATGTCCATTGCCGGTCCGAGAGATCGGACTTTCAGTTCGGCTGGATGGAACACA
GGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAAC
GAGCGCAACCCCTACCGCCAGTTGCCATCATTCAGTTGGGCACTCTGGTGGAACTGC
CGGTGACAAGCCGGAGGAAGGCGGGGATGACGTCAAGTCCTCATGGCCCTTATGGG
TTGGGCTACACACGTGCTACAATGGCGGTGACAGTGGGATGCGAAGTCGCAAGATG
GAACCAATCCCCAAAAGCCGTCTCAGTTCGGATTGCACTCTGCAACTCGGGTGCATG
AAATTGGAATCCCTAGTAATCCCGGATCAACACGCCCCGGTGAAAACGTTCCCGGG
CTTTGAACACCGGCCGGTCAACCCTGGGGATTTGGCTTTCCCCAAAGGTGTGGCCTT
ACCCGGAAGGGAGGGGCCCACCCGTCAGGGGCCCACTGGGGGGAATCTTACATGAT
CTTAGGAAGGCCCCCGGTTGTTGCCTCCCTAAAATATAAAAAAGGGGGGGGAAAAG
AA 
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>Azo_LR5 

CGAAAAGCGGGAGTGCCTACCATGCAAGTCGCACGAGGGCTTCGGCCCTAGTGGCG
CACGGGTGAGTAACACGTGGGAACCTGCCTTTCGGTTCGGGATAACGTCTGGAAAC
GGACGCTAACACCGGATACGTCCTTCGGGAGAAAGTTTACGCCGAAAGAGGGGCCC
GCGTCCGATTAGGTAGTTGGTGGGGTAATGGGACACCTAGCCGACGATCGGCATCT
GGTATGAGAAGATGATCAGCCAGTCTGCGACTGATCACACGGTTCACACTATTTCGG
GAGTCACCCGTGGGGTATCTTTTTCCTTGGGTTTTCCACTCATCCCCAAACCCGAGAG
ACCGTTTTTAAAGTTTTGATTGTTTCATTTTTTTCTGGCCCCCATTTTGATTTCAGAAA
GGTTTTTGGGTTTGGCCCGGTGGGGGGCGAACCCCCCCCGGAAACAAAAAATGAGC
CTAAGACATGGGGGTAATAATTCAAACCAGCTGGAGCCCTCACCGAAGTAAAGGCC
CAGCCCGCTTTCATATTGTGTAATGATCCCTCCGCAGGTTCACCTACAGAGACCTTTT
ACGACTTTTTTTCATCTATTTAAATACGTTCACTGAGCTATAACTAGTTTTTTCTTTTT
TATTTCAAGAAAAGGCTTTCTCATCATAACTTTCGACAAACAATACTTCTATACTTCT
GCTTTATATATTATATTTTCCTGTTCTCCCTTCCCTCTATTCATTCATATTGTATCCTTT
ATTCTCCTCATATCTGTCTCCTTTATTTTTTTTTGTATCTTTTTACTTAATACCTATAAA
ATTATTTATAGTTATTATTGGTATGTTCTACCTTCTTAGTATTGTTTGCTCTATTATTT
AAATTTTAAAAACTATCCTGCCTTCTAATTATTTTATGTTTTTATTATTAATTTTTATT
ATTTTTACATAATTATATAGATTATTGGTACATTAAAGTATTTACCTCTAGACTTGGA
GGATATTGTGTCTTCTGTC 

>Azo_LR6 

AAACAATAAAGCATTAAGCATTGGACATGGAGAGTACGACCGCAAGGTTAAAAATC
AAAGAAATTGACGGGGGCAGTCACAATAAAAGGAACATGTGATTTAATTGGAAGCA
ACGAGCAGAACATTACCAACCCATGAAATGTCCATTACCGGTTCGAGAGATCGGGC
TTTCAGTTAGGCTAGGTGGAACACAGGAGAAGAATGGCAGTAGTAAGCTCGTGTCG
TAAGATGTTGGGTTAAGTCCCGAAGGGAGCGCAACCCCTACCGCCAGTTGCCGTCAT
TAAGTGGGGCATTAGGGGGGAACTGCCGGTGCCAGCCCGGAGGAGGGGGGGGATG
GCGGCAAATTCTTAATGCCCTTAAGGGTTGGGCTTCCCAAGTTGTACAATGGCGGTG
GCAAGGGGAAGAGAAATTGCAAGAAGGGGCCAATTCCCAAAAACCGTTTCAGTTTG
GGTTGCACTTTGCAACTTGGGTGCATGAAGTTGGGATCGGTAGTAATTGGGGATCAG
CCCGCCGCGGTGGATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGA
GTTGGCTTTACCCGAAGGTGGTGCGCTAACCGGCAACGGAGGCAGCCAACCACGGT
CAGGTCAGCGACTGGGGGAAGTCGTTAATCAAGTAGTCCTGACCTATTACTCTCCTC
TCCCCC 

>Azo_LR7 

ATAACACCGAATGACGCTGCCTACCATAGCAGTCGACGAAGGCTTCGGACCTAGTG
GCGCACGGGTGAGTAACACGTGGGAACCTGCCTTTCGGTTCGGGATAACGTCTGGA
GACAGACGCTCACACCGGATACGTCCTTCGGGAGAAAGTTTACGCCTAGAGAGGGG
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CCCGCGTCCGATTAGGTAGTTGGTGGGGTAATGGCCCACCAAGCCGACGATCGGTA
GCTGGTCTGAGAGGATGATCAACCACACTGGGACTGAGACACCGACCAGACTCCTA
CGGGAGGCAGCCGTGGGGAATATTGGACAATGGAGGCAACCCTGATCCAGCAATGC
CGCGTGAGTGATGAAGGCCTTAAGGTTGTAAAGCTCTTTCCCACCCGACGATGATGC
CTGCACCGTGAGAAGAAGCCCCCGCTAACTTCCTGCCCGCAGTCGCGGTAATACGA
AAGGGCCGAGCGTTCCCCGTACTTACTGTGCGTCTAGCCCCCGTTCGTGGCCTGTTC
CCACATTAATTGATCAGCCGGCTCCCCACATGTCAGTCCCCTTTTTCCGCTTACTTCT
CTTATTCTTCGTGCCAAAAGCACACCAAAGACAATTTTCTTTTACCTTCTCAATATCC
TCCCGTTCCTCCCATTGTATCATTTCTTCCTTCTATTTTCTTCTGCTTCTCTTGCCCATC
TTTTCCTATTCTTACAATGAGTCCCTATTTTCTTCTTTGTGTAATAGTTTTATTTTCTTT
TGGTTCCCCTTGCCTTAGTGGATCTTTAATTTAATTATGGGAAGCCCTTCCCTCTTCT
CTTCCCTTTTTCTATTCTTTGGTTTTTTCCATCTAGTTTCTCTCAGTATTAAGTTTNTTG
TTTCTTTTTCGTAGTATGTTTTTCTCGCTCTTATCTGTTTTTTCTTTTTCTTCTATCTCTT
CTTTTTTCCTTTTATCTTACTCTATGTCCTTTATTTACTATCTTATACACTTTGTCTACT
CTAGTTTTCTTAATCCTTT 

>Azo_LR8 

TAGCACTATTCTAACTACATATACAAAAGGTTCCAATATGTGACTTAAGAAACTAAT
GGCTTATGAATTAGAATATAATAGGTGTCGGTAGATGACCTGAAGAAGGATCCTTA
ATCTGATTGAAGCGGGGAAGGGATCTAATTTGGGGGAGGCTCCAGGATGTAATAAA
TAATTAATCTTTATTTTGGATGGATGGAACACAGGTGGGGCATGTCGGTCCTGCGCG
AGGGTCGTAAGATAAAAGTTTTAGTAAATGAAAGTGGGCAATCCATACCGACAGTA
GAATACATTCAGTTGGGCACTGTGGTGGAACTTGCCGGGGACAAGCCGGAGGAAGG
CGGAGATGAAGTCAAGTCGTCATGGCCCTTATGGGTTGGGTTACACACGTGGTACAA
TGGCGGTGACAGTGGGATGTGAAGTCGCAAGATGGAGCCAATCCCCAAAAGCCGTC
TCAGTTCGGATTGCACTCTGCAACTCGGGTGCATGAAGTTGGAATCGCTAGTAATCG
CGGATCAGCACGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACA
CCATGGGAGTTGGCTTTACCCGAAGGTGGTGCGCTAACCGGCAACGGAGGCAGCCA
ACCACGTCAGTACGGGGTG 

>Azo_LR10 

CAAACAGTGGGGAATATTTGCCAATGGGGGCAACCCTTGATCCAGCAATGCCCGGG
TGAGTGATGAAAGCCCTTAGGGTTGTAAAGCTCTTTCGCACGCGACGATGATGACGG
TAGCGGGAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGG
GGGCGAGCGTTGTTCGGAATTACTGGGCGTAAAGGGCGCGTAGGCGGCCTGTTTAG
TCAGAAGTGAAAGCCCCGGGCTTAACCTGGGAACGGCTTTTGATACTGGCAGGCTTG
AGTTCCGGAGAGGATGGTGGAATTCCCAGTGTAGAGGTGAAATTCGTAGATATTGG
GAAGAACACCGGTGGCGAAGGCGGCCATCTGGACGGACACTGACGCTGAGGCGCG
AAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATG
AATGCTAGACGCTGGGGTGCATGCACTTCGGTGTCGCCGCTAACGCATTAAGCATTC
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CGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGGCCCGCA
CAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACCTTACCAACCCTT
GACATGTCCATTGCCGGTTCGAGAGATTGGGCCTTCAGTTCGGCTGGATGGAACACA
GGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAAC
GAGCGCAACCCCTACCGCCAGTTGCCATCATTCAGTTGGGCACTCTGGTGGAACTGC
CGGTGACAAGCCGGAGGAAGGCGGGGATGACGTCAAGTCCTCATGGCCCTTATGGG
TTGGGCTACACACGTGCTACAATGGCGGTGACAGTGGGATGCGAAGTCGCAAGATG
GAGCCAATCCCCAAAAGCCGTCTCAGTTCGGATTGCACTCTGCAACTCGGGTGCATG
AAGTTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCCCGGG
CCTTGTACACACCGCCCGTCACACCATGGGAGTTGGCTTTACCCGAAGGTGGTGCGC
TAACCGGCAACGGAGGCAGCCAACCACGTCAGTACCGCGGGGG 

>Azo_LR12 

GCACAAGGGAGATGCCTAAACATTGCAATACGAACGAAGGCTTCGGCCTTAGTGGC
GCACGGGTGAGTAACACGTGGGAACCTGCCTTAAGGTTCGGGATAACGTCTGGAAA
CGGACGCTAACACCGGATGCGTCCTTCGGGAGAAAGTTTACGCCGAGAGAGGGGCC
CGCGTCCGATTAGGTAGTTGGTGGGGTAATGGCCCACCAAGCCGACGATCGGTAGC
TGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACG
GGAGGCAGCAGTGGGGAATATTGGACAATGGGGGCAACCCTGATCCAGCAATGCCG
CGTGAGTGATGAAGGCCTTACGGTTGTAAAGCTCTTTCGCACGCTACGATGATGACT
GTAGCCTGAGACTAACCTCCGCTAACCTCCCGACTAAACCCCCGAAATACGAATGA
GGCGAGCGTCATGCGAATATACTGTGAGTAAAGGGACCGAAAGCGGTCCTGAAGAC
TTAATAGAATTTTCCCGGACTTTCCCTGGGACCAGGCTTGAGCCGTGGACTGTTTCTT
CTGAGGTTAGAATGACGGCTTTCTCTCTTTTATAGGATAGAATTCGCCCAGTTTGGA
AAAAAAATCCATTGAATCTACGTAAACATTACCGCCCTTCGACTATTGCTGATATTT
AAAATGCTTTTAAATTTTTAAGTTTTATATACTCTATCTAATCGTCTTCTACAGTCGA
AAAATTTTAAAATTGATACAGGAGCAACTCATATTGCCTCTTACTTTCCTATCTTGAC
TTATGTTTCATATTAATTAAATTTTTAATCAACCCCACTCACGACCTTCTCTTACCATT
CTTTACCACATCCTTATATTGAATTCACTTCCATTCTATAATATCTTCCATATTCATAT
TAAACTCTTTTAAAGAAAAATCTCCACCATCTAAATAATATTTATTTAGTGACTTTTA
TGCTTTAATGTTCCTTAGTGATTTTTTTCTGAATAAGCATTTTGTCTGAAGCGGATTTT
AGAGCATCGTTTTTATGACTTAGTGATCACAATGCATTAATGATTTATTTTCTCAGCA
TCAGAATGAACTAATATATTTGTCTTTTGATAGAATATCACAATAAGATATATTATC
ATAATATATTTGATAATGTATGTTAAGTTTATTCTTTGGTGTAAATAATTATATCGAT
GACCATTATTGTATCACCTTTGCCCTCAGGCTCTCTTGTGTCTGCTTACGTCTACTATT
TGTGTTGCATTATAGTCTTGTACTGCTTCCTATTACTCACTGTGTCCCGTCCTCATAG
GTTATTTACTTTTTTACTTCTGTATGTAGTGCACTTATGCCGCACACTACATTAATAT
GATCACTCATTAACATATTGCCGAATCGAACATCACACTGATCTTGTTTGTAAACGA
ATCCTGTT 

>Azo_LR13 
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AGAGAGGGCCCCCGTTCCGATTAGGTAGTGGGTGGGGTAATGGCCCACCAAGCCGA
CGATCGGTAGCTGGTTTGAGAGGATGATCAGCCCCACTGGGACTGAGACCCGGCCC
AGATTCCTACGGGAGGCAGCAGTGGGGAATATTGGCCAATGGGGGCAACCCTGATC
CAGCAATGCCGCGTGAGTGATGAAGGCCTTAGGGTTGTAAAGCTCTTTCGCACGCGA
CGATGATGACGGTAGCGTGAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCG
GTAATACGAAGGGGGCGAGCGTTGTTCGGAATTACTGGGCGTAAAGGGCGCGTAGG
CGGCCTGTTTAGTCAGAAGTGAAAGCCCCGGGCTTAACCTGGGAACGGCTTTTGATA
CTGGCAGGCTTGAGTTCCGGAGAGGATGGTGGAATTCCCAGTGTAGAGGTGAAATT
CGTAGATATTGGGAAGAACACCGGTGGCGAAGGCGGCCATCTGGACGGACACTGAC
GCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGC
CGTAAACGATGAATGCTAGACGCTGGGGTGCATGCACTTCGGTGTCGCCGCTAACGC
ATTAAGCATTCCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGAC
GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACC
TTACCAACCCTTGACATGTCCACTACCGGCTCGAGAGATCGGGCTTTCAGTTCGGCT
GGGTGGAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTT
AAGTCCCGCAACGAGCGCAACCCCTACCGCCAGTTGCCATCATTCAGTTGGGCACTC
TGGTGGAACTGCCGGTGACAAGCCGGAGGAAGGCGGGGATGACGTCAAGTCCTCAT
GGCCCTTATGGGTTGGGCTACACACGTGCTACAATGGCGGTGACAGTGGGATGCGA
AGTCGCAAGATGGAGCCAATCCCCAAAAGCCGTCTCAGTTCGGATTGCACTCTGCA
ACTCGGGTGCATGAAGTTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGA
ATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTTGGCTTTACCC
GAAGGTGGTGCGCTAACCCGCAAGGGAGGCAGCCAACCACGTCAGTCGGTGGCG 

>Azo_LR14 

GATGATCAGCCCCACCTGGGACTGAGACACGGCCCCAGATTCCTACGGGAGGCAAC
AGTGGGGAATTTTGGCCAATGGGGGCAACCTTGATCCAGCAATGCCGCGTGAGTGA
TGAAGGCCTTAGGGTTGTAAAGCTCTTTCGCACGGGGACGATGATGACGGTAGCGT
GAGAAGAAGCCCCGGCTAACTTTCGTGCCAGCAGCCGCGGTAATACGAAGGGGGCG
AGCGTTGTTCGGAATTACTGGGCGTAAAGGGCGCGTAGGCGGCCTGTTTAGTCAGA
AGTGAAAGCCCCGGGCTTAACCTGGGAACGGCTTTTGATACTGGCAGGCTTGAGTTC
CGGAGAGGATGGTGGAATTCCCAGTGTAGAGGTGAAATTCGTAGATATTGGGAAGA
ACACCGGTGGCGAAGGCGGCCATCTGGACGGACACTGACGCTGAGGCGCGAAAGC
GTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAATGC
TAGACGCTGGGGTGCATGCACTTCGGTGTCGCCGCTAACGCATTAAGCATTCCGCCT
GGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAG
CGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACCTTACCAACCCTTGACA
TGTCCATTGCCGGTTCGAGAGATTGAGCCTTCAGTTCGGCTGGATGGAACACAGGTG
CTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCCTACCGCCAGTTGCCATCATTCAGTTGGGCACTCTGGTGGAACTGCCGGT
GACAAGCCGGAGGAAGGCGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGTTGG
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GCTACACACGTGCTACAATGGCGGTGACAGTGGGATGCGAAGTCGCAAGATGGAGC
CAATCCCCAAAAGCCGTCTCAGTTCGGATTGCACTCTGCAACTCGGGTGCATGAAGT
TGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCCCGGGCCTTG
TACACACCGCCCGTCACACCATGGGAGTTGGCTTTACCCGAAGGTGGTGCGCTAACC
GGCAACGGAGGCAGCCAACCACGTCAGTACGCTGGCC 

>Azo_LR15 

GCGGCAAGCGGCTGCCTACACATGCAGTCGAACGAGGGCTTCGGCCCTAGTGGCGC
ACGGGTGAGTAACACGTGGGAACCTGCCTTTCGGTTCGGGATAACGTCTGGAAACG
GACGCTAACACCGGATACGTCCTTCGGGAGAAAGTTTACGCCGAGAGAGGGGCCCG
CGTCCGATTAGGTAGTTGGTGGGGTAATGGCCCACCAAGCCGACGATCGGTAGCTG
GTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGG
AGGCAGCAGTGGGGAATATTGGACAATGGGGGCAACCCTGATCCAGCAATGCCGCG
TGAGTGATGAAGGCCTTAGGGTTGTAAAGCTCTTTCGCACGCGACGATGATGACGGT
AGCGTGAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGG
GGCGAGCGTTGTTCGGAATTACTGGGCGTAAACGGCGCCTAAGCGGCCTGCCTACC
CAGATTTGTATTCCGCGGTGATCCCTCCGCAAGTTCCCCTTCAGACACCTTGTTCTAC
TTTTCCGGAGAGGATGGTGGAATTCCCTGTGTAGAGGTTGAAATTCTCATATTTTGG
GTATACTTCCCCT 

>Azo_LR16 

CAGCCAATGCGCTGCCTACCATCGCAGTCGAACGAGGGCTTCGGCCCTAGTGGCGC
ACGGGTGAGTAACACGTGGGAACCTGCCTTTCGGTTCGGGATAACGTCTGGAAACG
GACGCTAACACCGGATACGTCCTTCGGGAGAAAGTTTACGCCGAGAGAGGGGCCCG
CGTCCGATTAGGTAGTTGGTGGGGTAATGGCCCACCAAGCCGACGATCGGTAGCTG
GTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGG
AGGCAGCAGTGGGGAATATTGGACAATGGGGGCAACCCTGATCCAGCAATGCCGCG
TGAGTGATGAAGGCCTTAGGGTTGTAAAGCTCTTTCACACGCGACGATGATGACGGT
AGCGTGAGAAGAAGCCCCGGCTAACTTCCTGCCAGCAGCCGCGGTAATACCAAGGG
GGCGAGCGTTGTTCGGAATTACTGGGCGGAGCCCTCGCCTAAGCGGGCCCCAGCCC
GCTTTCGTATTGCGTAATGATCCCTCCGCAGGTTCACCTACGGACACCTTGGACGAC
TTTTCCCGAGATGATGATGGAATTCCCTGTGTAGAGGTGAAATCCATATATATTGTC
CAATAAACGTCTCCCTAATTACTTCTATCTA 
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