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Abstract 

 
During their life cycle, plants are challenged by various unfavorable biotic and abiotic 

factors. All these constraints tend to prevent the plants from expressing their full 

genetic potential and yield capabilities. It has been estimated that almost 70 % of 

yield related losses are due to different abiotic stresses especially drought and surface 

salinity. Rapid land degradation and uncontrolled world population are serious threats 

to our food security which has almost reached its tipping point. To ensure the 

sustainable food supply, development of drought and salt stress tolerant crops has 

become imperative. Wheat crop is the staple food for 35 % of world’s population 

including Pakistan and highly vulnerable to environmental changes like global 

warming, erratic rainfall and poor surface and subsurface irrigation water that cause 

land salinization. Genetic engineering approaches are offering a tangible alternative to 

conventional breeding techniques with its target specificity and swift outputs. Late 

Embryogenesis Abundance (LEA) protein gene HVA1 plays a major role in 

membrane protection, osmotic regulation, desiccation tolerance and cell membrane 

integrity during different abiotic stresses thus, a strong candidate for wheat genetic 

improvement. 

In current PhD research work, the main focus was to screen out wheat germplasm and 

wheat cultivars for high embryogenic and regeneration potential and to develop an 

optimized wheat tissue culture system for our locally adaptive but abiotic stress 

sensitive wheat varieties that will reduce our dependency on exotic but non-adaptive 

regenerable wheat lines like Bobwhite. Barley HVA1 gene, a member of Late 

Embryogenesis Abundance (LEA) group-3 protein was cloned under Arabidopsis 

thaliana rd29A stress inducible promoter and transformed in a commercial wheat 

cultivar Seher-2006 through Agrobacterium-mediated transformation with 1.84 % 

transformation efficiency. Transgenic plants were confirmed for successful gene 

integration through GUS histochemical assay, PCR, DNA hybridization, RT-PCR and 

basta leaf paint bioassay. T1 progeny of six selected transgenic plants showed better 

germination, root and shoot length at three NaCl treatments (0, 100 and 200 mM), 

three PEG-6000 treatments (0, 10 and 20 %) and four doses of basta herbicide (0, 2, 3 

and 4 mg ml
-1

). At 200 mM NaCl, transgenic event ST6 showed 41 %, 42.6 % and 

45.5 % higher germination rate, root and shoot length than the non-transgenic plant. 

Similarly at 20 % PEG-6000, same ST6 event showed 41.2 %, 67.7 % and 38.3 % 
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higher germination rate, root and shoot length than non-transgenic plant. Whereas at 4 

mg ml
-1

 basta, again ST6 was better performer with 96 %, 97.6 % and 95.3 % higher 

germination, root and shoot length than the non-transgenic plant. RT-PCR 

demonstrated higher transcript level of transgenes at both NaCl and PEG-6000 in 

comparison non-transgenic plants. Similarly, HVA1 transgenes exhibited improved 

membrane stability index (MSI), minimum electrolyte leakage (EL), better 

photosynthetic rate (Pn), transpiration rate (E), stomatal conductance (C), water use 

efficiency (WUE), osmotic potential, water potential and turgor potential under both 

drought and salinity treatments. Much higher K
+
, K

+
/Na

+
 ratio and proline contents 

and relatively lower Na
+
 contents were observed in case of transgenic events ST1, 

ST5 and ST6 when compared to non-transgenic plant. Transgenes showed less yield 

penalty under reduced irrigation treatments and gave 13.14 % and 78 % higher grain 

yield than non-transgenic plant under severe drought and salinity treatments. 

Similarly, transgenes ST3, ST4, ST5 and ST6 performed much better than non-

transgenic plant with respect to plant height, flag leaf area, number of tillers, root 

shoot weight, root shoot length and grain weight under both drought (4, 2 and 0 

irrigations in field) and salinity stress (0.4, 10 and 20 dS m
-1

 in pots). 

Current study offers highly efficient transformation system for local high yielding but 

abiotic stress sensitive wheat varieties that got the potential to perform much better in 

open field. Transgenic events ST6, ST5 and ST4 proved to be highly salt and drought 

tolerant under different water deficit and salinity treatments both in lab and field 

based experiments and thus can be further utilized for varietal development for 

drought and salinity prone areas of sub-continent.  
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CHAPTER 1 

Introduction and Review of Literature 

1.1 Wheat Classification 

Wheat is classified into Kingdom, Plantae; Phylum, Magnoliophyta; Class, Liliopsida; 

Order, Poales; Family, Poaceae; Subfamily, Pooideae; Tribe, Triticeae and Genus, 

Triticum. Wheat is classified into 10 species of Triticum. Out of these, six are 

cultivated and four are rarely or non-cultivated. The most widely cultivated species is 

Triticum aestivum L. (spring wheat) having 6x ploidy level and 42 chromosome 

number.   

1.2 Economic importance of wheat 

After rice wheat is the second most important cereal in the world. It is major staple 

food for almost 35 % of people in the world and provides almost 20 % of calories in 

the food. In our daily diet, wheat contributes many essential minerals, proteins, 

carbohydrates and vital vitamins. Worldwide, over 690 million tonnes wheat has been 

harvested in the year 2012 which is 10 million tons (1.4 %) less than the record last 

year production of 700 million tonnes (FAO, 2013). 

In world crop trade, wheat got the largest share among all food crops (Curtis et al., 

2002). In the year 2007, extreme cold and flooding in northern half of the world and a 

severe drought in Australia caused dramatic rise in the wheat grain prices. Later in the 

same year, these environmental hazards eventually resulted in the escalating global 

wheat prices (upto $9.00 a bushel) (Long, 2007).  Similarly as a direct result of 

bulging global populations, some wheat producing countries placed limitations on 

exports of grain crops in order to satisfy their own consumers (Colleen, 2007). 

In year 2012-13, wheat contributed 2.2 percent to GDP. Cultivated area under wheat 

crop was 8.69 million hectares, which was 0.47 percent higher than the last year’s 

cropped area of 8.65 million hectares. Wheat production was 24.303 million tons in 

the year 2012-13 with yield of 2.8 tonnes/hectare. To encourage the farmers for 

planting more wheat, Pakistan government has raised the support price of wheat to 

Rs. 1200 per 40 kg (Pakistan Economic Survey, 2012-2013). Currently, Pakistan is 

http://en.wikipedia.org/wiki/The_Kansas_City_Star
http://en.wikipedia.org/wiki/Associated_Press
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producing just enough wheat to hardly fulfill its own domestic needs but bulging 

population and climate change is emerging as a major threat to food security.  

1.3 Abiotic stresses: a foremost threat to our food security 

Abiotic stresses are the environmental anomalies like drought, flooding, salinity, 

chilling and high temperature etc. that compromise the plant survival and 

productivity. According to FAO (2007), nearly 96.5 % of global rural area has been 

affected by various abiotic factors and only 3.5 % area remained free of any adverse 

effects of these environmental stresses. Similarly another FAO report published in 

2000 stated that about 64 % of global land mass is one way or another, affected by 

drought or water deficit stress, whereas about 6 % of worlds land area is under the 

grip of excessive surface salts. Similarly, about 57 % of global land area suffers from 

cold, 13 % from flooding and 9 % from mineral deficiencies in soils and so on. 

According to Ashraf and Harris (2005), the potential losses in terms of yield due to 

distinct abiotic stresses are projected at 17 % by drought, 20 percent by salinity, 40 

percent by extreme temperature, 15 % by cold and about 8 % by miscellaneous 

abiotic factors. 

Of all the abiotic stresses, drought and land salinization are becoming more and more 

prominent especially in the arid to semiarid regions like Pakistan. Therefore keeping 

in view the ever bulging world population which is said to reach 9.6 billion in 2050 

(UNO, 2013), it is imperative for third world countries like Pakistan to find ways to 

secure their food security in the face of ever increasing threats from droughts and 

arable land degradation due to salinity. 

1.4 Drought 

During its life span, plant faces the wrath of many biotic and abiotic stresses. One of 

the foremost of abiotic stresses that challenges the productivity and survival of plant 

is drought. In drought stress plant losses moderate quantity of water, which result into 

prolonged stomatal closure and restricted gas exchange. Whereas much more 

extensive loss of water cause plant tissue desiccation, which results into widespread 

destruction of metabolism and cell structure and ultimately to the termination of 

enzyme catalyzed reactions (Smirnoff, 1993; Jaleel et al., 2007a). Decline of water 

content, reduced leaf water potential and turgor loss and retarded cell expansion are 
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all the characteristics of water limiting stress which ultimately leads to plant death 

(Jaleel et al., 2008a).  

1.4.1 Classification of drought 

Drought is usually classified into four types. In meteorological term it is commonly 

defined as a prolonged period without any significant rainfall. Normally drought 

stress occurs when harsh atmospheric conditions cause continuous loss of water by 

evaporation and transpiration which eventually reduces soil water availability 

(Nakayama et al., 2007; Jaleel et al., 2007b). Whereas hydrological drought is 

associated with a period with deficient ground and underground water resources for 

conventional water uses in a particular water managing scheme (Clausen and Pearson, 

1995). 

Agricultural drought is decline in average crop growth and productivity due to the 

shortage or absence of precipitation, unavailability of underground water due to 

declining water levels or may be caused by unusually extreme environmental 

conditions like high temperature for a prolonged period. All these factors can usually 

be related with meteorological drought but its negative impact is more pronounced on 

the agricultural sector. Drought susceptibility of any agricultural crop may also 

depend on the crop type, crop development stage, prevailing weather conditions and 

structural properties of soil.  For example, at germination stage, water deficit can 

reduce the seed emergence thus reducing the general plant population per hectare and 

crop yield. Similarly it is a proven fact that crops growing in sandy soils lose water 

much quickly than crops growing on heavy soils (Mishra and Singh, 2010). 

1.4.2 Effect of drought on plants 

Comprehensive understanding of plant responses and mechanisms to abiotic stress 

especially drought is of utmost importance and necessary for developing crops that 

can withstand stress (Reddy et al., 2004; Zhao et al., 2008). Water deficit is reported 

to reduce the leaf expansion and growth and eventually the photosynthetic rate and 

over all plant growth. Noteworthy variations between two Populus species were 

established in leaf area, number of leaves and leaf biomass under water limiting stress 

(Wullschleger et al., 2005).  In crops like wheat, the leaf growth was reported to be 
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much sensitive to water stress than in crops like sunflower (Manivannan et al., 2007b 

and 2008), maize (Sacks et al., 1997);  Vigna unguiculata (Manivannan et al., 2007a).  

Similarly, a robust and extensive plant root system can sustain accelerated plant 

growth in drought stress by extracting water from deep soil layers. Better root growth 

in response to drought stress was recorded in Madagascar periwinkle (Catharanthus 

roseus) and sunflower (Tahir et al., 2002; Jaleel et al., 2008b). Decreased root dry 

weight was observed under mild and severe drought in Populus species (Wullschleger 

et al., 2005). Whereas, an increased root/shoot ratio in water deficit conditions was 

established to be related to ABA content of both shoot and root (Sharp and LeNoble, 

2002; Manivannan et al., 2007b). Root growth was not found to be significantly 

decreased under water shortage in wheat and maize (Sacks et al., 1997). 

Plentiful yield is the ultimate goal at harvest stage of plant growth. Different crop 

species were found to behave differently in response to water shortages at various 

growth stages. Seed setting and overall yield of sunflower plants was found to be 

more susceptible to drought conditions than seed filling stage (Prabhudeva et al., 

1998). The yield constituents like number of grains and grain size were reduced due 

to drought stress in wheat prior to anthesis (Edward and Wright, 2008). In other 

studies, water stress induced defoliation was said to be the main cause of reduced 

grain yield in maize crop (Kamara et al., 2003; Monneveux et al., 2006). Similarly 

under drought stress, lesser pods and seeds per unit area were observed and declared 

as the major reason of seed yield reduction in soybean (Specht et al., 2001).  

1.4.3 Mechanisms of drought tolerance in plants 

Nature has provided plants with diverse physiological, biochemical and molecular 

mechanisms to launch diverse defense and escape strategies when faced with water 

deficit conditions.  

1.4.3.1  Physical adaptations 

One of the foremost adaptation mechanisms of drought tolerant plants is the ability to 

accumulate water in different plant parts to delay the effects of abiotic stress. In 

addition, some drought tolerant plants slow down their metabolic functions and get 

the ability to later resume them when the drought stress subsides (Bartels, 2005). 

Other adaptations include abscisic acid (ABA) induced stomatal opening and closing 
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to avoid the water loss during water deficiency period. These stomatal cells are 

especially designed for gas exchange but on the other hand can result in excessive 

water loss via transpiration process (Bohnert and Sheveleva, 1998). Similarly in case 

of plant roots, hygrotropism is another extraordinary adaptation to water stress, where 

plant roots redirect their growth and elongation towards water gradient. (Lambers et 

al., 2000). 

Similarly C4 and CAM (Crassulacean Acid Metabolism) plants have adopted 

themselves perfectly to the hot and drought prone environments by developing some 

very ingenious modification to efficiently deliver carbon dioxide (CO2) to RuBisCO 

enzyme for fixation in the C4 carbon fixation cycle. These plants are able to open 

their stomata during night when it is cool and loose relatively less water through 

transpiration as compared to C3 plants (Zhu et al., 2008). Plants are also known to 

limit their water loss by reducing the leaf foliar area, rolling the leaves, floral 

abscission etc. (Taiz and Zeiger, 2006). Whereas, early floral induction to hastily 

complete the life cycle and ensuring progeny production is also observed in many 

plant species (Lin et al., 2007). 

1.4.3.2  Biochemical adaptations 

Maintaining water potential and osmotic adjustment is a common biochemical 

adaptation in drought tolerant plants. (Gigon et al., 2004). These plants synthesize 

highly hydrophilic, non-toxic soluble osmolytes like sugars, glycine-betaine, amino 

acids and sugar alcohols (Bartels and Sunkar, 2005). It is also suggested that in 

addition to maintaining water potential, these highly soluble molecules may have 

some other functions like surviving oxidative stress by scavenging reactive oxygen 

species (ROS) or by stabilizing the membranes and avoiding their fusion in case of 

sugars (Chen and Murata, 2002). Similarly under drought, Late Embryogenesis 

Abundance (LEA) proteins and trehalose are accumulated in plant tissues and 

function during embryo production and floral development stage (Iturriaga et al., 

2009).  

1.4.3.3  Molecular adaptations 

When drought tolerant plant perceives water shortage, at gene level its responses 

include signal transduction, transcription and translation (Ramanjulu and Bartels, 
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2002). It is generally agreed upon that in water deficit stress, ABA is one of the major 

drought sensing and signal transduction regulator that act as an endogenous molecule 

especially in roots (Raghavendra et al., 2010). In addition, different protein kinases 

receptors like ATHK, RPK1, SPK1, MAPKs and CDPKs are found in abundance in 

response to drought stress (Ramanjulu and Bartels, 2002; Osakabe et al., 2005; 

Montalvo-Hernandez et al., 2008). 

Different transcriptional factors are also reported to be involved in controlling the 

expression of multiple genes in response to drought stress. There are both ABA-

independent and ABA-dependent regulatory pathways involved in controlling genes 

at expression level in plants (Yamaguchi-Shinozaki and Shinozaki, 2005). Several 

drought induced transcriptional factors has been identified and characterized (Bartels 

and Sunkar, 2005 and Ashraf, 2010). These TFs include DREB (Liu et al., 1998), 

Basic leucin-zipper protein (bZIP), Zinc-finger protein, MYB/MYC (Rodriguez-Uribe 

and O’Connell, 2006) and NAC families (Umezawa et al., 2006). Similarly LEA 

proteins are usually accumulated in developing embryos to protect them from 

desiccation. But during osmotic stress the production of LEA proteins is said to 

increase many folds (Barrera-Figueroa et al., 2007). Aquaporin proteins (AQP) are 

said to be present on plasma membrane and known to facilitate in water uptake and 

storage (Johansson et al., 2000). The AQP are also reported to aid in resuming the cell 

growth and recovery of photosynthetic activity after drought stress (OoNo et al., 

2003). 

1.4.4 Impact of drought in Pakistan 

Pakistan is basically an agricultural country. Almost 70 % of its population is directly 

or indirectly related to agriculture sector. Pakistan is located in arid to semi-arid 

climatic zone and rain fall is variable every year. Farmers mostly relay on irrigation 

water of canals and tube wells which is increasingly scares, very expensive. Less rain 

and snowfall means less canal water available. On the other hand electricity and fuel 

shortage and surging energy prices are making it very difficult for farmers to employ 

their dwindling resources for irrigating their lands. Other critical factors such as rapid 

population growth, climate change, reduction in the ice and snow areas of the 

Himalayas, urbanization, industrial growth, poverty, distribution inequalities, 

unsustainable water consumption practices, loss of ecosystems, more rapid runoff and 
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mismanagement of water resources by the government have caused degradation of the 

resource and placed enormous strain on the quantity and quality of water resources 

(Funk et al., 2008 and Kamal, 2009). According to standard water scarceness 

benchmark (the Faulenmark Indicator), Pakistan is placed amongst the “highest water 

stressed” countries with respect to only 1066 M
3 

water availability per capita 

(Economic Survey of Pakistan, 2009-10). During year 2011-12, the availability of 

water as a basic input for Kharif 2011 (for the crops such as rice, sugarcane and 

cotton) has been 10 percent less than the normal supplies. Similarly during rabi 

season, estimated water availability was 29.4 million acre feet (MAF), which was 

again 19.2 percent short of what was normally required for the production of major 

crop like wheat (Economic Survey of Pakistan, 2011-12). 

The drought of 1998-2002 is considered worst in history of Pakistan. The drought 

began in 1997 but got worsen in 1998 and touched its peak in 2000 till 2001 and 

gradually declined in 2002. From 2004 till 2005 country remained in the grip of 

moderate drought as average recorded rainfall was 40 % less with a 25 % decline in 

snowfall. Similarly in year 2009-mid 2010 upper parts of Pakistan including Punjab, 

KPK, Gilgit, Kashmir and Northern Balochistan faced weak drought that caused 30 % 

less rain in monsoon season of 2009 (Anjum et al., 2012). This wide spread and 

persistent drought inflicted billions of rupees of economic losses as well as 

deteriorated the socio-economic infrastructure of our country with long lasting effects. 

1.4.5 Approaches to tackle drought stress 

World and especially third world countries are facing the menace of uncontrolled 

population increase and as a consequence the need to feed the ever bulging masses is 

putting immense strain on the agricultural sector to produce more and more food from 

ever deteriorating and under fertilized lands. In the wake of all these constraints the 

changing global climate is causing sudden and prolonged abiotic stresses like 

droughts, land salinization, erosion and flooding. To efficiently meet the challenges of 

this new global scenario, plant breeders and scientists have to adopt and revolutionize 

new techniques in short span of time. 

Plants on the other hand also got some tricks up their sleeves to avoid or adapt to the 

abiotic stresses. Drought avoidance relates to the ability of plant to maintain relatively 

higher turgor pressure in plant tissues despite limited water availability in soil. Plant 
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escape the drought through high tissue water potential, root elongation, reduced 

transpiration rate by reduction in stomatal conductance, leaf rolling and reduced leaf 

area (Begg, 1980; Turner, 1986). Therefore a tolerant plant under drought is involved 

in a delegate balancing act to maintain turgor and accumulate osmolytes while 

limiting water loss at minimum yield loss.  

Eventually there are adverse consequences for all the plant adaptive mechanisms. To 

limit evapotranspiration, prolonged stomatal closure, leaf rolling and leaf are 

reduction also hamper the CO2 assimilation and photosynthesis. Similarly increased 

accumulation of osmolytes and other solutes in the cell and long term osmotic 

adjustment require extra energy which can further decrease plant productivity under 

drought (Mitra, 2001). Therefore exploring and understanding the mechanism of 

drought perception, signal transduction and plant adaptive response is very vital for 

the plant scientists in developing new and improved breeding and transgenic 

strategies for evolving better abiotic stress tolerant plants. 

1.4.5.1  Conventional breeding approaches for crop improvement 

Selecting and breeding plants having improved characteristics started thousands of 

years ago and present day conventional breeding techniques are a much more refined 

and advanced form of these primitive breeding approaches. Conventional breeding 

completely relies on genetic variation already available in the population of sexually 

compatible plant species. It involves identification and selection of desirable plant 

types from these genetically varying populations and crossing them in some favorable 

mating design to combine the desired parental traits into the progeny. During last 

century many renowned agricultural research institutes like CIMMYT, ICARDA, 

ICRISAT and IRRI have established themselves as power houses of crop 

improvement and cultivar development worldwide.  

There is no denying of the contribution made by traditional breeder in developing 

crop varieties for different desirable traits worldwide but there is also increasing 

realization among plant breeders that traditional breeding techniques are very time 

consuming and labour intensive and less cost effective. Similarly when breeding for a 

targeted traits there is no way of stopping the transfer of undesirable genes to the 

progeny and six to seven back cross generations and many years of selection is 

required for getting the desired genotype. Similarly conventional breeding approaches 
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are increasingly found redundant in improving the multigenic traits like drought and 

salt tolerance where many genes are acting in additive fashion and where complicated 

reciprocal interaction exist between yield potential and abiotic stress tolerance genes 

(Ashraf, 2010). Thus, plant scientist need to resort to more target specific and much 

efficient approaches of improving plant genetic structure for abiotic stress tolerance. 

1.4.5.2 Genetic engineering approach for crop improvement 

Genetically engineered plants extensively employ recombinant DNA technology in 

transferring genes between genetically unrelated and distinct species and it is a much 

targeted and precise approach as compared to conventional breeding. Although 

genetic modification is a more recent addition to crop improvement sector but is 

paving its way towards gene revolution. Around the world genetic engineers are 

making serious efforts to improve the crop plants for traits like abiotic and biotic 

stress tolerance (Ashraf et al., 2008). 

It is well proven that compatible organic osmolites play a vital role in plant drought 

tolerance (Ashraf and Foolad, 2007) and these compatible solutes can be 

overproduced at the time of osmotic stress by engineering the genes controlling their 

expression.  For example, BvCMO a glycinebetaine (GB) gene from Beta vulgaris L. 

was transformed and over-expressed in tobacco leaves, roots and seeds which confer 

tolerance against drought and toxic levels of chlorine (Zhang et al., 2008). Another 

GB gene Choline dehydrogenase (bet A) from E.coli was transferred to Zea mays L. 

This gene enhanced tolerance to water deficit stress at germination stage, improved 

membrane stability and relative grain yield (Quan et al., 2004). 

Wheat was transformed with a proline producing gene P5CS isolated from Vigna 

thaliana L. which confers tolerance against drought and oxidative stress (Vendruscolo 

et al., 2007). P5CR a homologue of P5CS gene was isolated from Arabidopsis 

thaliana L. and overexpressed in Soyabean caused increase in NADP
+
 level in 

transgenic plants due to higher accumulation of proline under water deficit conditions 

(Ronde et al., 2004). Similarly another proline synthesis gene TaSTRG from wheat 

was transferred to rice that resulted in improvement in fresh weight, better survival 

rate and higher chlorophyll contents under simulated drought (Zhou et al., 2009). 
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Triticum aestivum ubiquitin (Ta-Ub2) gene from wheat when transformed in tobacco 

induced faster germination and better carbon dioxide assimilation in transgenic plants 

under drought and normal irrigation (Guo et al., 2008). Zhao et al. (2007) reported 

that Arabidopsis thaliana dehydration responsive binding protein DREB1A/CBF3 

gene when transformed to Tall fescue showed higher accumulation of proline and 

increased drought tolerance in transgenic lines. Improved drought tolerance was 

observed in photosynthetically active tissues of Arabidopsis thaliana L. transgenes 

when transformed with ABA responsive element binding protein (AREB1) gene 

(Fujita et al., 2005). Likewise Zea mays L. when transformed with Sorghum bicolor 

zm-Asr1 gene the resulting transgenic plants showed more water use efficiency and 

increased biomass accumulation than control plants in water deficit conditions 

(Jeanneau et al., 2002). 

LEA protein (BhLEA1) gene from Boea hygrometrica when expressed in tobacco 

enhanced photosynthetic activity and improved relative leaf water contents (Liu et al., 

2009). 

1.4.5.2.1 Wheat tissue culturing 

Unlike animals, plants have a unique tendency to regenerate a part or whole plant 

from any portion of its tissue when grown on specially prepared nutrition media 

supplemented with a particular mix of the hormones. To further comprehend plant 

cell tissue culture, generally two terms plasticity and totipotency are frequently used. 

Plasticity is the ability of the plant to synthesize one type of tissue or organ from 

another totally different type of tissue in response to specific stimuli. On the other 

hand the potential of a single plant cell to proliferate, divide and differentiate into a 

complete plant is known as totipotency. Totipotent means total potential, so in other 

words in plant cell culture having exact mix of auxins and cytokinens, a single plant 

cell can produce callus and in turn a true to type plant. 

The basic aim of a successful plant regeneration system is to develop a large number 

of cells that can further regenerate into plantlets after employing different 

transformation procedures. Therefore developing a reliable and reproducible 

regeneration system is the most critical portion of tissue culturing experiment (Slater 

et al., 2008). 
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Similarly different factors like the selection of explant (Keresa et al., 2001), the 

genetic background of the genotype selected for tissue culture (Raziuddin et al., 2010) 

and the constitution of nutrient media used for tissue culturing (Miroshnichenko et al., 

2009; Ren et al., 2010) plays a vital part in the success of any in vitro plant 

regeneration system. 

For wheat transformation different explant sources and techniques have been 

extensively explored like immature embryos (Haliloglu, 2002; Hu et al., 2003; Assem 

et al., 2009; He et al., 2010; Benderradji et al., 2012; Bińka et al., 2012; Rashid et al., 

2012), mature embryos (Patnaik and Khurana, 2003; Rashid et al., 2009; Moghaieb et 

al., 2010; Aydin et al., 2011; Chugh et al., 2012; Fazeli-nasab et al., 2013), Leaf 

tissues (Yu et al., 2012), apical meristem (Razzaq et al., 2011) and in-planta 

(Supartana et al., 2006; Risacher et al., 2009) immature inflorescence (Agarwal et al., 

2009). 

In all explant sources except in-planta and immature inflorescence, the main aim is to 

obtain and proliferate embryogenic callus as only this type of callus got the potential 

of developing normal shoot and root that can further develop into a true to type plant 

through a process known as organogenesis. Callus is a disorganized, loosely arranged, 

actively dividing and proliferating mass of cells. Callus characteristics can be affected 

by the type of explant, the composition of culture medium and the general growing 

environment provided during the incubation period (Bommineni and Jauhar, 1996; 

Ozgen et al., 1998). 

From early to late 80’s, Gramineae family was thought to be less responsive and very 

tedious to generate any reproducible reaction to plant tissue culture regime. Therefore 

till that time much of the emphasis was focused on model plants like Nicotiana 

tabacum that was highly responsive to various types of nutrient media having 

different hormones combinations. For the first time the callus induction in Gramineae 

species and its sustained maintenance on culture media was possible by the utilization 

of an auxin 2,4-D. Since that time 2,4-D has become the most extensively employed 

growth regulator for wheat callus induction and proliferation (Delporte et al., 2001; 

Abdallah et al., 2012; Fazeli-nasab et al., 2013, Aydin et al., 2011; Rashid et al., 

2009).   

 

http://www.sciencedirect.com/science/article/pii/S1389172306706466
http://link.springer.com/search?facet-author=%22Thierry+Risacher%22
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 1.4.5.2.2  Agrobacterium mediated wheat transformation 

Agrobacterium is a soil dwelling bacteria also known as “natural genetic engineer” as 

it got built in ability to transfer a part of its DNA into host plant. Although this 

tendency of Agrobacterium was known to scientific community since the beginning 

of 20
th

 century but its real use in biotechnology and genetic manipulation was realized 

in 1980’s with the introduction of binary vactores harboring different genes for crop 

improvement.  

In nature Agrobacterium causes crown gall disease in mostly dicot plant species by 

transferring and successfully integrating T-DNA region of a tumor causing Ti plasmid 

into host plant cell genome and further utilize the diseased plant genetic machinery to 

biosynthesize auxins and cytokinens that produce crown gall at the stem base of 

infected plant. The entry of Agrobacterium plus activation and processing of virulence 

(vir) gene is usually facilitated by plant wound induced signals in the form of phenolic 

compounds especially Acetosyringone. However these signaling molecules may not 

be in the desired quantitates for some plant species. Therefore scientists has 

discovered and utilized two mutant virulence genes virA and virG with the ability of 

constitutively expression without any stimulus from plant phenolic inducers. 

The T-DNA region is flanked by a 24 bp direct repeated sequence which is thought to 

contain vital information for the transfer of T-DNA region to the host plant cell. A 

disarmed Agrobacterium can be achieved by deleting the T-DNA region between 

these direct repeats and replacing it with the sequence of our interest that can be used 

to transform plant species for GM crop production of economic importance. 

Two decades ago direct transformation or biolistics mediated transformation method 

was the more preferred method for the transformation of cereals like wheat, rice and 

sugarcane. Before that monocots like cereals were thought to be non-host for 

Agrobacterium and its sub species. Cheng et al. (1997) was the first researcher who 

reported the stable transformation and expression of wheat plants transformed via 

Agrobacterium mediated method. 

In comparison to direct transformation Agrobacterium mediated method got many 

unparalleled advantages like insertion of very low copy number and rearrangements 

which thus leads to fewer incidents of gene suppression, silencing and instable 
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genome integration leading to reversions and off type plants. In wheat Agrobacterium 

mediated gene transfer system has shown much higher transformation efficiency and 

reproducibility than particle bombardment technique (Hu et al., 2003). Another 

advantage of this transformation system is its simplicity and relatively low cost as 

compared to biolistic system which requires specific skills and expensive accessories. 

1.4.5.2.3  Wheat genome and abiotic stress tolerance 

The highly complicated genome of wheat has been recently sequenced and the 

multinational team of scientists from International Wheat Genome Sequence 

Consortium has published a draft sequence of wheat genome. Bread wheat genome 

contains an astonishing 96,000 genes whereas in comparison to that human genome 

only consist of approximately 20,000 genes (Frazer, 2014). 

This draft sequence provides new insight into the structure, organization, function and 

genetic complexity of wheat genome. Chromosome 3B is the largest of the 21 wheat 

chromosomes and has 800 million base pairs in its genetic code, which is nearly three 

times more information than the entire rice genome and almost seven times larger 

than the entire genome of Arabidopsis. Despite the enormity of wheat genome, almost 

80% of wheat genome consist of highly reparative transposable elements (TE) (Eilam 

et al., 2007; Wicker et al., 2011; Brenchley et al., 2012), whereas, out of 17 gegabase 

of total genome, only 2 % is reported to be consisting of coding region. The 

allohexaploid genome structure, is one reason that makes wheat a global food crop 

due to its wider adaptability and tolerance of broad range of climatic conditions 

(Mayer, 2014). 

To date, many osmotic and salinity stress tolerance proteins, genes and transcriptional 

factors have been identified in wheat. Two LEA wheat genes PMA1959 (group I) and 

PMA80 (group II) managed to improve osmotic stress tolerance in transgenic rice 

(Cheng et al., 2002). Ali-Benali et al. (2005) detected LEA group II and IV proteins 

in durum wheat (Triticum durum) and elaborated that gene transcript of Td27e, Td29b 

and Td16 genes were detected throughout the seed development stage especially later 

stages of embryogenesis. Wang et al. (2009) investigated wheat vacuolar H
+
-

translocating pyrophosphatase (V-PPase) genes, TaVP1, TaVP2 and TaVP3 and found 

these to be linked with superior plant development and abiotic stress tolerance. 

Various zinc figure genes from wheat have been found to be involved in heighten 
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response to drought stress. Under stress TaZF38 and TaZF70 genes were highly 

expressed in root tissues whereas, TaRZF74 and TARZF59 were found to highly 

accumulate in embryo and endosperm of wheat seed (Kam et al., 2007). A homologue 

of DRE binding DREB3A (a transcriptional factor) was detected in wild wheat 

relative “Triticum turgidum spp. dicoccoides” and believed to have important function 

in water deficit conditions (Lucas et al., 2011). In wheat so far 265 RD (responsive to 

desiccation) genes have been identified that are expressed at the intersection (between 

vegetative and reproductive) stage and about 146 genes are reported to highly 

expressed at seedling stage when subjected to severe drought (Zhu et al., 2007; Shi et 

al., 2010). 

Various transcriptional factors like TaPIMP1, TaSRG, TaMYB3R1, TaNaC, 

TaMYB33, TaWRKY2 and TaWRKY19 have been identified in wheat that are detected 

under drought and salinity stress (Cai et al., 2011; He et al., 2011; Lin et al., 2011; 

Niu et al.,2012; Qin et al.,2012; Tang et al., 2012). Drought and salinity stress in 

wheat also induce various kinase like TaABC, Ta SnRK2.4, TaSnRK2.7, TdTMKP and 

Phosphatase (Mao et al., 2010; Zaidi et al., 2010; Wang et al.,2011; Zhang et al., 

2011; Niu et al.,2012). ABA dependent and independent pathway, CHP rich zinc 

figure proteins TaCHP and cell wall expansion TaEXPR23 expansins have also been 

actively detected in wheat under osmotic stress (Li et al., 2010; Han et al., 2012). 

1.4.5.2.4 Role of LEA proteins in drought tolerance 

In response to drought stress plants have evolved numerous inbuilt mechanisms to 

perceive the threat and communicate with the defensive machinery for stress 

alleviation (Xiong et al., 2002). Late Embryogenesis Abundant (LEA) proteins are 

water solubilizing and a part of highly conserved group of proteins known as 

“hydrophilins”. These proteins are said to involve in hyperosmotic response to various 

abiotic stress and can be found in diverse plant species, cyanobacteria, bacteria, yeast 

and numerous invertebrates (Garay-Arroyo et al., 2000; Tunnacliffe and Wise, 2007). 

LEA proteins were originally documented in mature embryos preceding the drying of 

seeds, but later detected and extensively studied in vegetative tissues under water 

deficit stress due to drought, salinity and cold (Puhakainen et al., 2004; Grelet et al., 

2005; Nakayama et al., 2007). LEA proteins are highly thermo stable, composed 

largely of the amino acids glycine, alanine and glutamine and are deficient in cysteine 
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and tryptophan. The localization of LEA proteins is presumed to be in the nucleus, 

cytoplasm, mitochondria, chloroplast and plasma membrane of the cell. On the basis 

of amino acid sequence, mRNA similarity and expression pattern, six major types of 

LEA proteins has been identified (Wise, 2003; Battaglia et al., 2008; Khurana et al., 

2008). Various functions has been assigned to these proteins where they perform the 

function of ionic sequestration, membrane and macromolecule stabilizer, acting as 

antioxidant (Kovacs et al., 2008), chemical chaperons (Close, 1996), hydrating buffer 

and much more. The most common LEA proteins are referred to as groups 1, 2 and 3, 

which are found unfolded in their native states. LEA1 and LEA2 are present only in 

plants, whereas group 3 LEA proteins are found in a wide variety of organisms 

(Iturriaga, 2008). Although LEA protein comprises 4 % of total cellular proteins 

(Wise and Tunnacliffe, 2004) but by far very diminutive progress has been made to 

fully appreciate their meticulous role as a cellular desiccation shield. 

1.4.5.2.4.1 Role of LEA group 3 proteins in drought 

Group LEA3 protein found abundantly in aleurone layer and embryo of the grain 

during the late developmental stage. LEA3 is reported to have an 11-mer amino acid 

motif with TAQAAKEKAGE unanimity sequence encoding a protein having 213 

amino acid length (Dure, 2001). On the other hand a 27 kDa polypeptide and a shorter 

20 kDA that relates to anti-HVA1 antibody was detected by Hong et al. (1992) when 

he exposed the barley seedlings to drought, salinity and chilling stress. Similarly when 

creeping bentgrass seedlings were grown under water deficit stress, Fu et al. (2007) 

also detected a 26 kDA main band and a minor 20 kDA band size when viewed on 

SDS-PAGE gel. It is presumed that this 11-mer amino acid motif further generates an 

alpha helix dimer structure due to its 9 repeats and positively and negatively charged 

ions can be easily housed in it thus rendering LEA3 the ion sequestering function (Lal 

et al., 2008). 

HVA1 (LEA protein group 3) gene was first isolated from aleurone layer of Hordeum 

vulgare and is reported to be strongly induced under the influence of ABA when 

exposed to water limiting environment, cold and salt stress (Battaglia et al., 2008; Lal 

et al., 2008). HVA1 gene plays an important part in maintaining the stability of cell 

membrane thus protecting cell against dehydration and desiccation (Zhang et al., 

2000). 
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1.4.5.2.4.2 Role of HVA1 gene in drought 

To date HVA1 gene has been expressed in many plant species including Rice (Xu et 

al., 1996; Rohila et al., 2002; Babu et al., 2004; Xiao et al., 2007), wheat (Sivamani 

et al., 2000; Patnaik and khurana, 2003; Bahieldin et al., 2005; Chauhan and Khurana, 

2011) barley (Sutton et al., 1992; Qian et al., 2007; Romanek et al., 2011; Wojcik-

Jagla et al., 2012), mulberry (Lal et al., 2008; Checker et al., 2012) , Oat (Maqbool et 

al., 2002; Oraby et al., 2005), potato (Behnam et al., 2007), tobacco (Bhatnagar-

Mathur et al., 2007), peanut (Kasuga et al., 2004), Common bean (Kwapata et al., 

2012) and bent grass (Fu et al., 2007).  

According to Babu et al. (2004), transgenic rice plants overexpressing HVA1 genes 

showed higher relative water contents (RWC) and relative growth as compared to 

wild type and observed delayed wilting and improved cell membrane stability in 

contrast to non-transgene when exposed to 2-4 week of prolonged drought stress. 

Basmati rice seedlings exhibited 21-76 % higher shoot height, 11-65 % greater fresh 

and dry shoot weight as compared to NT under drought and salt stress. Also 

transgenic HVA1 plants driven by stress inducible promoter showed higher levels of 

LEA3 accumulation, less ion leakage and cell integrity in salt and water limitation 

stress was observed (Rohila et al., 2002). Similarly IRAT109 upland rice 

overexpressing a LEA3 family gene (OsLEA3-1) was able to give significantly higher 

grain yield, less yield penalty, delayed leaf wilting at flowering stage and much 

greater inflorescence fertility than wild type rice (Xiao et al., 2007).  

In spring wheat, transgenic lines overexpressing HVA1 gene showed significant 

increase i.e. upto 55 % in fresh root weight, 57-60 % increase in root dry weight 

whereas 13-17 % and 16-19 % greater shoot dry weight and total dry weight 

respectively. Similarly water use efficiency (WUE) value of 0.679 g kg
-1

 was noted as 

compared to non-transgenic control which showed much lesser WUE of 0.568 g kg
-1

. 

Bahieldin et al. (2005) reported that a transgenic wheat line 111/1 gave better RWC, 

plant height, grain yield and total biomass than non-transformed wild type under 

water limiting conditions.  

In barley plants, just after 55 min of water stress treatment, high level of HVA1 

transcript was observed which stabilizes the decreasing leaf water potential thereafter. 

It was also observed that in drought tolerant genotypes, under drought stress, 
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increased rate of transpiration triggered an increased transcription of HVA1 gene in 

the plant leaves. The study suggested that lower water potential is the main cause for 

the accumulation of HVA1 transcript in leaves rather than ABA (Wojcik-Jagla et al., 

2012). Romanek et al. (2011) employed 27 Polish barley lines to evaluate the 

expression of HVA1 gene. After 7 day of stress, they observed significant but varying 

increase in HVA1 expression in all the genotypes studied. Similarly when barley 

tissues were cold acclimatized at 2 °C, a sudden increase in HVA1 mRNA was 

recorded especially in less freeze-resistant cultivar (Sutton et al., 1992). 

On the other hand when transgenic mulberry was exposed to imitational drought and 

salinity stress, much better photosynthetic rate (Pn), cellular membrane stability 

(CMS), water use efficiency (WUE) was observed than wild type. However, a greater 

proline accumulation was noted in HVA1 transgenes grown under salt stress (Lal et 

al., 2008). Checker et al. (2012) transformed mulberry with HVA1 under the control 

of two promoters namely rd29A (a stress inducible) and Actin1 (a constitutive) 

promoters. He observed that the leaves of transformed plants harboring HVA1 gene 

remain green while non-transgenic plant showed burnt lesions and leaf yellowing 

after just 10 days of salt stress. Similarly when these plants were exposed to cold 

stress, the transgenic HVA1 plants showed minor browning of leaves after 15 days of 

stress, whereas non-transformed plants showed leaf necrosis just after 10 days of 

freeze stress. 

Oraby et al. (2005) summarized study encompassing three transgenic oat generations 

and after subjecting the transgenic oat to 200 mM salt stress, they concluded that 

under stress R3 transgenes showed greater salinity tolerance and surpassed wild type 

in many agronomic traits like plant height, days to heading, panicle length, flag leaf 

area, root length, spikelets/spike, number of tillers/plant, number of grains/spike, 1000 

grain weight and yield per plant. 

Overexpression of barley HVA1 gene was also attempted in a drought intolerant 

perennial creeping bentgrass (Agrostis stolonifera). Here under simulated drought 

stress conditions, transformed lines were able to sustain limited leaf wilting and 

higher level of leaf relative water contents (RWC) as compared to non-transformed 

wild type plants (Fu et al., 2007). 
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Efforts were also made to transform five common bean (Phaseolus vulgaris L.) 

genotypes by biolistic bombardment of apical shoot meristem with HVA1 gene. 

Resulted transgenic lines were kept without water for 21 days and it was observed that 

HVA1 transgenics showed 33.3 to 53.3 % survival rate as compared to 13.3-20 % 

survival rate of wild type plants. Similarly there was 78 % leaf wilting in transgenic 

lines whereas wild type leaf wilting was about 91 %. On the other hand, average root 

length of HVA1 transformants was 15-17 cm in comparison to wild type which was 

11-13 cm under 21 days of water withholding (Kwapata et al., 2012). 

1.4.5.2.5 Role of Stress inducible promoters in abiotic stress tolerance 

The expression level of a transgene entirely depend on its preceding DNA region 

known as “promoter”. To date most of the promoters used for the transformation of 

monocotyledonous crops are of ubiquitin or constitutive nature. The stress trigged or 

tissue specific expression of gene is desirable to prevent unnecessary energy loss due 

to the constitutive accumulation of transgenic product in the plant tissues that are 

known to cause abnormalities in the phenotype and resulted in unpredictable 

performance (Smirnova and Kochetov, 2012). For example, expression of DREB gene 

under CaMV35S constructive promoter in Arabidopsis (Kasuga et al., 2004), tobacco 

(Hsieh et al., 2002), tomato (Pino et al., 2007) and potato resulted in improved abiotic 

stress tolerance but under non-stressed conditions various growth abnormalities were 

observed in transgenic plants due to the continuous expression of transgene. 

Therefore, to avoid the mis-expression of target transgene and associated agronomic 

penalties, the promoter choice must be of paramount importance before designing any 

transformation construct (Bihmidine et al., 2013). Stress inducible promoter like 

rd29A is a more preferred choice as it harbors both ABA-responsive (ABRE) and 

dehydration responsive (DRE) elements (Nakashima et al., 2006). Arabidopsis and 

tobacco events carrying GUS cassettes with rd29A promoter revealed induction of 

marker gene upon exposure to dehydration, ABA, cold and salinity stresses (Msanne 

et al., 2011). Similarly, expression of rd29A promoter was evaluated in Soyabean 

(Glycine max L.) through the marker gene β-glucuronidase (GUS). It was noted that 

rd29A was significantly activated under water deficit stress and the GUS activity was 

much higher in roots than the leaves (Bihmidine et al., 2013). This indicates the 

usability of rd29A promoter in the development of abiotic stress tolerant transgenes, 
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having superior performance under multiple stress while showing limited to no 

agronomic penalties.  

1.5 Soil salinity 

Soil salinity is the undue accumulation of soluble salts in the soil. As most of soil 

present on the earth is formed due to the pulverization and erosion of the ancient 

parent rock for millions of years. Also archeological data has proven that most of the 

earth surface was under sea water for millions of years therefore presence of salts in 

soil is not odd occurrence. Most of this land salinization process is natural and 

typically took place in arid and semi-arid regions of the world where there is very 

little to no rain. Whenever irrigation is provided to these lands in the form of rain or 

irrigation, it is quickly utilized by natural or man grown vegetation or evaporated 

through soil or plant surface due to elevated temperatures in these regions.  

Sometimes, secondary salinization may occurs due to utilization of poor quality sub 

surface irrigation water, lack of land management, intensive cropping regime and 

cutting of natural land covering vegetation for agricultural purposes. This secondary 

land salinization is mostly man made and can be cured by proper employment of farm 

management techniques like crop rotation, use of good quality canal irrigation water, 

crop rotation and use of organic farming. 

Estimating the extent of salt affected land mass is quite difficult as its intensity and 

prevalence can change with prevailing environmental conditions but according to 

Food and Agriculture Organization (FAO), worldwide about 6 % or 800 million 

hectares of land is affected by salinization of varying intensity. It is estimated that out 

of total affected land 434 million hectares is saline and remaining 397 million 

hectares is comprising of sodic soils (FAO, 2005). 

Roughly 20 % (45 million hectares) of world’s most productive irrigated lands are 

known to be suffering from salinity problem. In economics terms about 11 billion 

US$ worth of crop productivity is reduced as 1.5 million hectares of highly fertile 

irrigated land is lost to salinization on annual basis (FAO, 2010). 
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1.5.1 Soil salinity in Pakistan 

Pakistan is located in arid and semi-arid ecological zone which is characterized by 

low rainfall, high temperature and evapo-transpiration from soil surface. Thus the 

locality of Pakistan makes its soils highly prone to salinization process. Pakistan got 

79.6 million hectares of land mass of which 19.3 million hectares is irrigated by the 

largest canal system of the world which covers an area of 62400 kilometers of fertile 

Indus plains (Alam et al., 2000). 

Although with an annual variability, around 6.3 million hectares of prime irrigated 

land of Pakistan is affected by salinity of varying degree. Out of this about 1.89 Mha 

is designated as saline (having soluble salts), 2.78 Mha is saline-sodic and 0.028 Mha 

comprise of sodic soils (Alam et al., 2000). The salinization problem has grown to an 

extent that around 40000 hectares of highly productive farm land is converted to 

barren wasteland on annual basis (Javed et al., 2007). Total soluble salts (TSS) and 

Sodium absorption ratio (SAR) are two important parameters to accurately determine 

the salinity of a particular salt affected field. However, both these parameter greatly 

vary from field to field, therefore providing an exact salinity profile of any area is 

quite difficult.  Never the less the electrical conductivity (EC) of highly salt affected 

areas of Pakistan is reported to be around 6.8 dS m
-1

 having pH of 8.7 and SAR 45 

(Arshad-ullah et al., 2007). 

In economics terms, due to salinity and water logging, country suffers annual losses 

of about 32 million US dollars in terms of yield decline for crops like wheat, cotton 

and rice (Alam and Ansari, 2001). Sindh province is reported to be most severely 

affected with estimated 0.94 million hectares of cultivable area under salinity (Alam 

et al., 2000).  

  1.5.2 Effect of salinity on wheat production 

Pakistan is one of the major wheat producing and consuming country. Wheat plays a 

vital role in country’s socio-economic infrastructure. Wheat is mainly grown in Indus 

plain area. This vast area receives 100-500 milimeter of rain with a mean summer 

temperature of 40 °C (Ojeh, 2006). Thus land and vegetation based evapo-

transpiration rate frequently surpass the annual precipitation rate. Adding to problem, 

use of brackish tube well water and lack of recommended land and crop management 
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practices makes this area highly prone to surface salinization. It is estimated that due 

to use of low quality irrigation water about 120 million tons of salts are added to our 

soils and as a result of uneven land topography only 25 million tons of these salts 

washed away into Arabian ocean while remaining salts are continuously deceasing the 

crop productivity and soil structure of irrigated land. According to experts, these high 

levels of salt deposits are causing wheat yield losses of approximately 1.2 million tons 

that comes to around US$ 150 million in economic losses annually (Alam et al., 

2000). 

1.5.3 Effect of salinity on plant 

Salinity stress impacts the plant at physiological, morphological and cellular levels. 

Some pronounced adverse effects of high soil salinity on plant are described below: 

1.5.3.1 Soil salinity a cause of physical drought 

Plant uptake water from soil through its roots by employing a process called 

“osmosis” (Haynie and Donald, 2001). This process uses the gradient between low 

salt concentration in soil in the root zone and relatively higher salt concentration in 

the plant roots. But in case of saline soils, the salt concentrations of soil become so 

high as compared to plant roots that the water is drawn from roots back into the soil, 

leaving the plant to wilt and die. Due to this premature leaf senescence, the plant’s 

ability to synthesize its own food is reduced as lower foliage density and pigmentation 

decrease the photosynthetic rate (Ghoulam et al., 2002). Hence, salinity stress in its 

severest form can cause drought like effects on plants, therefore salt stress is also 

sometimes called as “physiological drought”.  

1.5.3.2 Toxic effects of excessive ions in the soil 

In addition to negative osmotic effect the excessive amount of ions like sodium and 

chlorides cause ionic toxicity to plant at cellular levels. These salts can adversely 

affect the growth and productivity of many salt sensitive crops, fruit and ornamental 

plants and trees. On the other hand, many essential soil micronutrients can also be 

destroyed by the imbalance of acid and alkali that is caused by excessive presence of 

sodium salts in affected soil (Tavakkoli et al., 2011). On the basis of EC of salt 

affected soil and its negative impact on the crop plants, the salinity is divided into 

various classes. The classification of salinity levels in given in the Table 1.1: 
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Table 1.1: Classification of soil salinity based on various levels of salt in affected 

soil and their impact on growing crops. 

Salinity Levels 
EC of Soil  

(dS m
-1

*) 
Effects on Plant 

No salinity 0 - 2 Insignificant adverse effects on plant growth 

Slight salinity 2 - 4 Production of susceptible crops may decline 

Moderate salinity 4 - 8 Growth and yield of several crops are reduced  

High salinity 8 - 16 Salt tolerant crops manage to survive 

Very high salinity > 16 
Very few salt tolerant crops grow and give 

reasonable yield 

*dS m
-1

: Decisiemens per meter, where 1 dS m
-1

 = 10 mM of NaCl salt 

Source: Abrol et al., 1998 

1.5.3.3 Morphological effects of salinity on plants 

During salt stress as an early indicative, plant leaves turned to dark green to bluish 

green in color. The inter-nodal distance between leaves decrease and leaf area is also 

reduced. In the long run leaf tip burning like symptoms may appear and plant leaves 

may turn yellowish. These symptoms are more pronounced on lower much older plant 

leaves. 

In plants, salinity stress mimics the drought stress like effects as high salt 

concentrations decrease the water potential of soil which makes it difficult for the 

plant roots to uptake water from the root zone to maintain turgidity of plant. 

1.5.3.4 Salinity effects on the photosynthesis of plant 

Plant chloroplast and photosynthetic machinery are directly and indirectly affected by 

the environmental stresses, especially salinity and drought (Doganlar et al., 2010). 

During salt stress, plant’s photosynthesis process is greatly reduced, that cause the 

stunting of plant growth (Kawasaki et al., 2001). One reason for the decline of the 

photosynthesis activity may be the closure of stomata as a result of abscisic acid 

(ABA) synthesis. ABA is released as a preprogrammed defense mechanism in 

response to osmotic stress that is induced by loss in water potential and ionic 

imbalance especially in case of salt stress. ABA shuts down the stomata to reduce the 

transpiration rate and to maintain turgor pressure but inadvertently this closure also 

results into photo-inhibition. Due to salt stress, increased activity of chlorophyllase, a 

chloroplast deterioration enzyme, is also reported to cause chlorophyll a and b 

damage in maize (Rahdari et al., 2012). Surprisingly in some crops like rice (Oryza 
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sativa), as a result of salinity, increased pigmentation has been observed, thus giving 

much dark green color to the salt stressed crop (Doganlar et al., 2010).  

According to studies, plant leaf area and concentration of salts are inversely 

proportional to each other. Salt is mostly accumulated in the older leaves of plants 

thus decreases leaf number and area that result in decline of photosynthetic rate. If the 

rate of leaves damaged due to salinity equals the rate of newly developed leaves, then 

at that point the chlorophyll contents will not be able to support sustainable plant 

growth (Munns and Termaat, 1986). 

Similarly prolong stomatal closure due to excessive cytosolic salts and related 

osmotic stress can cause the lowering of carbon dioxide (CO2) fixation rate during 

light period and increase of respiration rate during dark period, leading to drastic 

decline in CO2 assimilation (Munns, 2002). 

1.5.3.5 Salinity effects on cell’s ionic balance 

High levels of soil salinity especially NaCl based salinization can disrupt the ion 

homeostasis in the plant, resulting in ionic imbalance and ion toxicity. At these toxic 

levels of Na
+
 and Cl

-
, not only compete with K

+
 for binding sites but also affect the 

uptake of essential nutrients like Ca
2+

, Mg
2+

 and nitrogen, thus causing nutrient 

deficiency and stunted plant growth (Grattan and Grieve, 1999). Although in some 

plant species like C4, Na
+
 is a more preferred source of micronutrient over K

+
. These 

plants exclusively rely on Na
+
 for the maintenance of osmoticum during limited K

+
 

availability (Subbarao et al., 2003). On the other hand, in Glycophytes (salt sensitive 

plant species), maintenance of high K
+
 and low Na

+
 concentration is essential to 

maintain osmotic potential and nutritional balance (Cuin et al., 2003). It is reported 

that decreased salt tolerance is directly related to low K
+
 uptake and increased Na

+
 

entrance from high affinity K
+
 channels (Peng et al., 2004).  

In Mangrove (a salt loving plant), under high root zone salinity, a significantly high 

level of Na
+
 and Cl

-
 accumulation was observed in follicles, stock and roots whereas 

there was no significant alternation in K
+
 and Fe

+
 levels in leaves (Parida and Das, 

2005). But in salt sensitive plants, decrease in essential ions like Mg
2+

 and Ca
2+

 levels 

has been observed to cause ion-deficiency and imbalance in K
+
/Na

+
 and Ca

2+
/Na

+
 

ratios (Zhu, 2001).  
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1.5.3.6 Salinity effects on biochemical properties of plant 

As described earlier, excessive salts are responsible for reduction in carbon dioxide 

assimilation and photosynthetic activity which ultimately reduce the carbon substrate 

contents of plant due to the inactivation of carboxylase enzyme known as RuBisCO 

(Meyer and Genty, 1998). Further nitrate reductase based enzymatic deactivation has 

been observed as a result of increased stomatal closure and eventual decreased 

intracellular CO2 constituents (Sharkey et al., 1990). An early indicative of salt stress 

effects on biochemical pathways may also include the reduction in ATP biosynthesis 

as a consequence of disruption in photophosphorylation reaction (Tezara et al., 1999). 

Plant cell membrane mainly consists of lipid bilayer and these lipids play an 

important role in making the cell membrane permeable for the exchange of ions and 

nutrients (Baybordi et al., 2010). Under abiotic stress, major changes are observed in 

lipid biosynthesis (Benhassaine-Kesri et al., 2002). Lipid peroxidation as a direct 

result of salt stress induced reactive oxygen species (ROS) has been observed in 

cereals like wheat (Hala et al., 2005) and purslane (Rahdari et al., 2012). Algerian 

durum wheat when grown on 150 mM NaCl salt, a significant (14 percent) decrease 

in total plant carotenoid contents occurred. Similarly 4-fold increase in ROS 

especially H2O2 was observed which resulted in the lipid peroxidation (Fercha, 2011). 

An inversely proportional relationship was observed between NaCl levels and lipid 

contents of Brassica napus (Baybordi et al., 2010). 

1.5.3.7 Effect of reactive oxygen species (ROS) on salt stressed plants 

During biotic and abiotic stresses, production of reactive oxygen species (ROS) is a 

natural defense mechanism in plants and animals (Rao, 2006). ROS can be defined as 

partially reduced and highly reactive form of oxygen. These ROS may include free 

radicles like hydrogen peroxide (H2O2), superoxide (O
2-

), hydroxyl radicles (OH
-
) and 

nitric oxide (NO) (Jabs, 1999). ROS can be produced in different cell compartments 

like mitochondria, endoplasmic reticulum, chloroplast, cell membrane and cell wall. 

Severe or prolonged stress like drought and salinity, can cause imbalance between 

ROS production and anti-oxidative ROS scavenging machinery and this oxidative 

stress may lead to permanent damage to DNA, RNA, protein, carbohydrates and can 

result in enzymatic inhibition and ultimately to cell death (Desikan et al., 2005; Gill 

and Tuteja, 2010). Uncontrolled ROS production can damage many important 
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macromolecules of cell that also include lipids (Desikan et al., 2005). Lipid 

peroxidation of poly unsaturated fatty acids (PUAFs) may result in the production of 

malondialdehyde (MDA). Many abiotic stresses are reported to be involved in the 

production of MDA (El-Beltagi et al., 2011; Ghanaya et al., 2011). Similarly when 

rice seedlings were grown on nutrient media and subjected to PEG induced drought, 

heightened levels of MDA was observed (Basu et al., 2010).  

Protein oxidation due to reactive oxygen radicles may be irreversible and involves 

disintegration of polypeptide chain, amino acid modification and protein aggregation 

etc. (Ahmad et al., 2008). ROS induced nucleic acid damage is also quite extensive 

and can cause mutations, chromosomal rearrangements, DNA strand breakage, base 

deletions and modifications and DNA lesions (Gill and Tuteja, 2010). 

To counteract these free radicles and to protect cellular machinery from their adverse 

effects, different plant organelles like chloroplast and mitochondria mount an 

antioxidant defense mechanism that may include chemicals like superoxide 

dismutase, ascorbate peroxidase, GSH reductase etc. 

1.5.4 Mechanisms of salt tolerance in plants 

1.5.4.1 Induction of compatible solutes 

In salt induced osmotic stress, plant tend to accumulate compatible solutes to maintain 

its osmotic potential which may be disrupted due to ionic imbalance caused by 

elevated levels of Na
+
 in the cell. The name “compatible solutes” is given to these 

osmolytes because they apparently do not interfere with the normal metabolic 

activities of the cell (Hasegawa et al., 2000; Zhifang and Loescher, 2003). These 

osmo-protectants include carbohydrate like mannitol, sorbitol, pinnitol, proline, 

glycerol and nitrogenous compounds like glycine, betaine, glutamate, aspartate and 

choline (Ghoulam et al., 2002; Di-Martino et al., 2003) whereas some metabolites 

may be organic in nature and act as essential micro elements like K
+
 (Yokoi et al., 

2002). 

During abiotic stress like salinity, these non-toxic osmo-protectants greatly 

accumulate in cytosol and thus contribute to cytosolic osmotic potential adjustment. 

These compatible solutes are also reported to play an important role in protection of 
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cellular membranes, enzymatic activity and in addition also act as ROS scavengers 

under salinity stress (Bohnert and Shen, 1999).  

Glycine-betaine (GB) is known to be greatly synthesized during salinity and water 

limitation stresses (Sakamoto and Murata, 2002). GB is also one of the main 

metabolite present in Poaceae family including Triticum durum (Ashraf and Fooland, 

2007). Although in salt sensitive glycophytes, GB is found in much lower 

concentration than halophytes but when it is compartmented in cytosol, it can 

contribute up to 16 percent in osmotic potential in the leaves of durum wheat, 

whereas, the osmoticum contribution of proline may reach up to 36 percent especially 

in the older leaves (Carillo et al., 2008). 

Proline is an amino acid and one of the essential metabolite. It is found in great 

quantities in the cytoplasm in response to water and salt stress (Szabados and 

Savoure, 2010). Under stress, proline accumulation is very rapid and is reported to be 

independent of tolerance based plant stress responses (Carillo et al., 2008). 

Additionally proline is also known to be involved in the membrane and protein 

stabilization, ROS scavenging and as a buffer to maintain cell’s osmotic potential 

during stress (de Lacerda et al., 2003). Proline responsive elements (PRE) are a well-

known transcriptional factors and these are induced under heightened salt and 

consequent proline concentrations of the cell (Chinnusamy et al., 2005). 

1.5.4.2 Na
+
 exclusion from cell 

Sodium tolerance can be achieved by keeping the cytoplasmic sodium ions 

concentration to minimum (Zhu, 2001). In NaCl based salt stress, Na
+
 reaches toxicity 

levels much earlier than Cl
-
, therefore sodium transport and its exclusion has been 

very vital mechanism of salt stress tolerance in plants (Munns and Tester, 2008). 

Therefore, Na
+
 exclusion involves the plants effort to mitigate the deleterious effects 

of sodium in cytosol of the cells of photosynthetically important organs like plant 

leaves by the process of exclusion. Reportedly this mechanism involves the 

expression of different ionic and transport channels as their up or down regulation 

result into the transport of sodium ions throughout the plant cell (Munns and Tester, 

2008; Rajendran et al., 2009). Mostly cereal crops like barley, wheat and rice are 

known to be associated with this Na
+
 exclusion from leaf and consequent enhanced 

salt tolerance (Richard et al., 2011). Further investigation into this mechanism in 
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barley has suggested that this sodium ion exclusion mechanism is much more efficient 

in wild barley species as compared to the present day cultivated barley (Garthwaitc et 

al., 2005). 

To prevent toxic concentration of Na
+
 in the leaves, plant also employ the Na

+
 

exclusion from roots, otherwise failure in leaf Na
+
 exclusion may lead to leaf 

senescence within a few days or a week (Munns and Tester, 2008). According to 

Yamaguchi and Blumwald (2005), the ion exclusion has its limits and it can provide 

protection against Na
+
 and Cl

-
 up to relatively low NaCl levels. For example bread 

wheat showed up to 98 % sodium ion exclusion followed by 94 % exclusion in rice 

when grown on 50 mM NaCl salt (Munns, 2005). This suggests the existence of a 

solid correspondence between salinity tolerance and sodium exclusion especially in 

cereals like wheat, barley and rice (Munns and James, 2003). 

One very efficient and effective mechanism of cytosolic Na
+
 removal is the 

compartmentation of excessive Na
+
 into the vacuole of the cell through sequestration 

process. Transport of sodium and chlorine ions across the tonoplast and into vacuole 

is a highly energy dependent process and relies on electrochemical gradient generated 

by the exchange of H
+
 into and Na

+
 out of the cytosol (Hasegawa et al., 2000). A 

Na
+
/H

+
 tonoplast antipoter gene (NHX1) was isolated from Arabidopsis thaliana that 

is actively involved in the Na
+
 exclusion and sequestration (Apse et al., 1999). 

Moreover the efficiency of Na
+
/H

+
 antipoter is highly dependent on the H

+
 generation 

and gradient which is the specialty of a tonoplast proton generating pump also known 

as H
+
-pyrophosphatase and H

+
-ATPase. Both the energy generating pumps are 

instrumental in generation of proton motive force across the tonoplast membrane 

which consequently powers the Na
+
 and H

+
 gradient for Na

+
 sequestration into 

vacuole (Parks et al., 2002; Mansour et al., 2003). 

1.5.4.3 ABA-mediated cellular signaling during stress 

In response to salt and drought stress, ABA has been proven to be a major player in 

cellular signaling that initiates from root towards shoot and basically controls the 

stomatal opening/closure and plant growth. The full extent of ABA role in stress is 

still obscure and it may contribute to stress tolerance by manipulating the 

concentration of other macro and micro molecules in the cell. In barley, ABA is 

reported to be involved in inhibition of leaf growth by causing the reduction in 
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Gibberellins (GAs) contents in the leaf meristem tissues (Munns and Tester, 2008). In 

barley, after 10 minutes of 100 mM NaCl salt stress, detectable contents of ABA were 

found in all green tissues of the plant, indicating the on spot ABA synthesis instead of 

its transportation from the roots towards the stem (Fricke et al., 2006). 

1.5.4.4 Calcium signaling in response to excessive Na
+
 

Plants response to Na
+
 stress is very specific and spontaneous (Tracy et al., 2008). 

Na
+
 sensing mechanism on cell level is still quite elusive and very little is known 

about the exact location of Na
+
 sensing and the intra and extracellular receptors 

involved. But recent studies has suggested that intra and extracellular sodium is 

initially sensed at plasma membrane, indicating that cell signaling may also be 

initiated from or across plasma membrane and a plasma membrane bound protein may 

also be acting as Na
+
 sensor or a regulator upstream of that sensor (Munns and 

Tester., 2008).  

The excessive presence of free cytosolic Ca
2+

 is recorded as an initial response to 

increased root Na
+
 levels, thus suggesting the presence of extracellular sodium in 

inducing the influx of free Ca
2+

 into the cytosol and across the plasma and vacuolar 

membranes (Knight, 2000; Moore et al., 2002; Fricke et al., 2006). The increased 

levels of Ca
2+

 and its role in salt stress is also a well-characterized and reported 

signaling pathway (Zhu, 2001). This pathway implicates that the sodium stimulated 

Ca
2+

 increment may be detected by a CBL4 protein which was previously identified as 

SOS3. It is hypothesized that increased concentrations of Ca
2+

 in the cytosole helps in 

the conjugation of CBL4 protein and ultimately interaction with CIPK24 (a protein 

kinase), also previously known as SOS2 (Halfter et al., 2000). This CPL4/CIPK24 

conjugate is then relocated to plasma membrane through CBL4 (Ishitani et al., 2000). 

This conjugate causes the phosphorylation and activation of plasma membrane 

sodium/proton antiporter also known as SOS1 (Qiu et al., 2002; Quintero et al., 2002; 

Shi et al., 2002). 

In Arabidopsis thaliana, maintenance of ionic balance is direct result of this salt 

overlay sensitive signaling pathway (Yang et al., 2009). Zhu (2007) explained that in 

response to stress a calcium signal is responsible for the synthesis of SOS protein and 

it is further involved in turning on the genes associated with sodium ion exclusion and 

creating K
+
/Na

+
 homeostasis in the cell. SOS1 gene is an important member of SOS 
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family and known to be involved in encoding cell membrane Na
+
/H

+
 antipoter 

machinery that in turn control Na
+
 transportation from root to shoot and sodium ion 

extrusion (Quintero et al., 2002). 

The cytosolic calcium signaling machinery is very complex and two other genes SOS2 

and SOS3 from same family are involved with SOS1 gene in this Ca
2+

/protein 

interaction (Oh et al., 2010). At transcriptional level both SOS2 and its Ca
2+

 sensing 

counterpart SOS3 are required in the activation of SOS1 based Na
+
/H

+
 process in 

Arabidopsis thaliana and Oryza sativa (Quintero et al., 2011). These three SOS 

family genes are reported to be involved in enhancing the salt tolerance in transgenic 

Yeast, thus proving the dependence of calcium sensory activity of SOS1 gene on 

SOS2 and SOS3 genes (Mahajan et al., 2008).  

1.5.4.5 High affinity K
+
 transportation 

Entry of Na
+
 into cell is thought to be mostly passive i.e. through non-selective cation 

channel (Amtmann and Sanders, 1999; Tester and Davenport, 2003) especially 

through some high affinity potassium ion transportation mediating channels like HKT 

family (Laurie et al., 2002; Haro et al., 2005). Under low root zone salinity, a high 

affinity Na
+
 influx mechanism is also reported to be mediated by some members of 

HKT family (Horie et al., 2007). 

Recent findings have increased the likelihood that one or more HKT are involved in 

the retrieval of sodium from the plant xylem. For example, in the roots of A. thaliana, 

AtHKT1 gene is reported to be associated with the retrieval of Sodium ions with the 

xylem stream well before its protrusion into plant shoot (Sunarpi et al., 2005; 

Davenport et al., 2007). There is also increasing evidence for same function being 

performed by closely associated HKT1 family members in Triticum aestivum 

(Davenport et al., 2005; James et al., 2006; Byrt et al., 2007) and Oryza sativa (Ren et 

al., 2005). Similarly Kna1 gene, which is well characterized for its role in Na
+
/K

+
 

discrimination and higher Na
+
/K

+
 ratio in leaves of wheat is found to be highly 

associated with increased levels of salt tolerance (Gorhan et al., 1987) is most likely 

to be a version of HKT1 family (Byrt et al., 2007). 

On the basis of structure and function, there are two distinct subfamilies of HKT and 

these may act as K
+
/Na

+
 sympoter to low and high affinity sodium ion transporters. 
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HKT subfamily-1 is much better characterized and understood than subfamily-2 

(Schachtman and Schroeder, 1994). HKT subfamily-1 is thought to be mostly 

involved in low affinity Na
+
 transportation (Munns and Tester, 2008). 

A wheat gene TaHKT2, when expressed in African Clawed Frog, it acts as 

sodium/potassium ion sympoter and its down regulation caused reduction in Na
+
 

buildup in plant roots and improved growth under salt stress (Rubio et al., 1995; 

Laurie et al., 2002). On the other hand, rice OsKHT1 gene functions as high affinity 

Na
+
 transporter in low root zone sodium concentration and influx of Na

+
 in these 

circumstances was found beneficial for plant growth but this gene was found to be 

down regulated under higher root Na
+
 concentration and influx of Na

+
 into plant root 

was found to be much lower thus avoiding toxic concentrations of sodium (Horie et 

al., 2007). Loss of function mutants in A. thaliana became more salt susceptible due 

to high levels of Na
+
 accumulation in shoot and reduced root Na

+
 concentrations 

(Maser et al., 2002; Berthmieu et al., 2003; Rus et al., 2004). 

1.5.4.6 Role of HVA1 (LEA proteins) in salt tolerance 

During seed maturation, water contents of seed reduce dramatically (Jiang and 

Kermode, 1994). Amazingly, despite this severe desiccation during drying process, 

the seed manages to protect its most vital macro and micro molecules from 

desiccation. A wide variety of cellular compounds are known to be involved in this 

protective mechanism, like proline, oligosaccharids and LEA proteins and many 

others (Shih et al., 2008). It is hypothesized that during water desiccation stress, LEA 

proteins may form a protective shell enveloping and stabilizing important cell 

components by decreasing the ion strength and acting as water substituent under 

diminishing seed water status (Buitink and Leprince, 2004; Shih et al., 2008).  

The name “late embryogenesis abundance” is given to these proteins as these are 

found abundantly in the seed during later stages of embryo development and seed 

ripening. Since early days of their identification, it is hypothesized that LEA proteins 

are associated with protective role in membrane desiccation tolerance (Hoekstra et al., 

2001; Chakrabortee et al., 2007). The study of primary protein structure of various 

LEA proteins has indicated the presence of high frequency of non-hydrophobically 

charged and uncharged amino acid side chains, thus confirming the highly hydrophilic 
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and water and salt binding capabilities of these proteins (Garay-Arroyo et al., 2000; 

Hand et al., 2011). 

As thought earlier, LEA proteins are not only confined to seed but in response to 

external ABA treatment or various environmental stresses like drought, salinity, heat 

and freezing, these proteins can be detected in many vegetative plant tissues 

(Hoekstra et al., 2001; Hincha and Thalhammer, 2012). For example, in barley, after 

exogenous ABA treatment of three days old seedlings, accumulation of HVA1 protein 

was detected in green tissues, whereas in seven days old seedlings, it was found to be 

confined only to roots in very low quantities (Hong et al., 1992). The same HVA1 

gene from barley when overexpressed in rice (Oryza sativa), successfully confers 

tolerance to salinity and water deficit conditions (Xu et al., 1996). Similarly 

transformed wheat and oat plants harboring barley HVA1 gene demonstrated 

enhanced water use efficiency (WUE), cell membrane stability (CMS), membrane 

desiccation tolerance under elevated salinity, osmotic and limited water stress 

conditions (Maqbool et al., 2002; Babu et al., 2004). When two wheat genes, PMA-

1595 and PMA-80 belonging to LEA-I and LEA-II groups respectively, were 

transformed into rice, the resulting transgenes showed novel attributes of salinity and 

drought tolerance (Cheng et al., 2002). In Arabidopsis thaliana, a LEA-V protein 

gene, AtRAB-28 was reported to be associated with enhanced germination under 

saline and water limiting environment (Borrell et al., 2002). Transgenic yeast cells 

expressing two wheat genes, TaLEA-2 and TaLEA-3 belonging to LEA-III group were 

able to perform much better than wild type yeast, when cultured on media containing 

sorbitol and salt (Yu et al., 2005). Upon salinity treatment, Zhang et al. (2012) 

recorded rise in transcription level of LEA group-IV gene, TsLEA1 in Thellungiella 

salsupirea, yeast and transgenic Arabidopsis plants. Likewise overexpression of rice 

OsLEA3-2 gene in Arabidopsis and rice enabled transgenic plants to grow and 

perform better than wild type on nutrient media containing 100 mM of NaCl salt 

(Duan and Cai, 2012). Transgenic mulberry (Morus indica L.) when transformed with 

HVA1 gene and expressed under a constitutive promoter (Actin1), showed improved 

salt, drought and cold tolerance with respect to attributes like proline contents, cell 

membrane stability and photosynthetic activity (Checker et al., 2012). Earlier, Lal et 

al. (2008) also reported that transgenic mulberry plant harboring barley HVA1 gene 

indicated improved CMS, photosynthetic rate, reduced oxidative damage and superior 

http://www.ncbi.nlm.nih.gov/pubmed?term=Hincha%20DK%5BAuthor%5D&cauthor=true&cauthor_uid=22988854
http://www.ncbi.nlm.nih.gov/pubmed?term=Thalhammer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22988854


Introduction and Review of Literature                                       Chapter 1 

 

32 
 

WUE under simulated drought and salt stress thus strongly suggesting a vital role of 

LEA proteins in abiotic stress alleviation. 

1.5.5 Approaches to introduce salt tolerance in wheat 

1.5.5.1 Conventional plant breeding for salt tolerance 

Since long, traditional plant breeding approaches has been utilized for the production 

of highly productive, disease resistant and abiotic stress tolerant crops. Genetic 

variation has served as most abundantly utilized tool by the plant breeders to find and 

cross the parent genotypes having genetically desirable traits. The same variation has 

been extensively employed at interspecific level for the development of salinity 

tolerant crop varieties. To date the main focus of plant breeders has been to exploit the 

already available variation in the wheat land races that are growing and surviving for 

hundreds of years at drought prone and salt affected lands. To find out the candidate 

genetic material for further transfer of salt tolerant trait into elite lines, many plant 

breeders like Munns et al. (2006) has advocated the screening of wild relatives of 

wheat under salinity stress at different growth stages especially at germination stage,  

But this process of screening a vast gene pool and exploiting it for crossing purposes 

is a daunting and lengthy task and it takes decades for the development of any 

worthwhile salt tolerant material. Due to this fact, despite all the efforts of plant 

breeders, limited progress has been made in the development of salt tolerant wheat 

genotypes through conventional means. There are several bottle necks like narrow 

genetic base and variability for salt tolerance trait (Wei et al., 2000), multigenic 

nature of this trait and lack of research work and related knowledge about the 

underlying mechanisms that governs this trait (Munns et al., 2006). Therefore 

alternative plant improvement approaches that are less time consuming, relatively 

cheap and more target specific are needed. 

1.5.5.2 Genetic engineering for salt tolerance 

The conventional plant breeding strategies to some extent has been able to serve the 

purpose of bringing the crop yields to current satisfactory levels. But in the face of 

increasing world populations, stagnant crop yield and increasing environmental and 

climatic uncertainties are ever increasing challenges for the food security. In contrast 

to breeding approaches, genetic engineering of crop plants is much more gene specific 
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and dose not suffer from the undesirable genetic drag and dwindling variability as in 

case of plant breeding. Although abiotic stress like salinity tolerance trait is mostly a 

multi-genic attribute but genetic engineers are basically focusing on the major plant 

protection mechanisms like osmo-protectants, transcriptional factors, signaling 

pathways, ionic transporters, protective proteins and detoxifying enzymes and many 

more. Plant scientists have not only identified the major salt tolerance related genes 

but have employed many of these novel genes to confer tolerance to salinity stress in 

otherwise salt-sensitive plants. 

There are increasing reports of several model and crop plants being transformed and 

successfully expressing foreign genes that are also conferring tolerance to abiotic 

stresses like salinity to varying magnitude. For example, a DREB like transcriptional 

factor, AhDREB1 when transformed in Poplus tomentosa, enabled transgenic plants to 

grow on 103 and 137 mM NaCl solution with a survival rate of 84.4 and 44.4 percent, 

respectively (Du et al., 2012). Whereas, Zhang et al. (2012) when expressed wheat 

Na
+
/H

+
 vacuolar antiporter gene TaNHX2 in Medicago sativa, they reported lower 

electrical conductivity and higher osmotic potential, enhanced PPase activity and 

better performance of ATP- dependent H
+
 pump function as compared to wild type, 

when both exposed to 200 mM NaCl salt stress.  

Improved root/shoot ratio, biomass, leaf area, RWC, sodium/potassium ratio, CMS, 

proline contents and reduced damage from ROS and electrolyte leakage was observed 

when a halophyte Salicornia brachiate, SbSOS1 gene was expressed in tobacco under 

salt stress (Yadav et al., 2012). Likewise, another NHX family gene DmNHX1 was 

isolated from Chrysanthemum and expressed into Nicotiana benthamiana, enhanced 

the salt tolerance of leaves by improving the chlorophyll contents under salt treatment 

(Zhang et al., 2012). Similarly, transgenic tobacco plants overexpressing Arabidopsis 

AtNHX1 gene exhibited much improved seed germination and seedling establishment 

than control plants, when grown on a toxic salt concentration of 200 mM (Zhou et al., 

2011). AmNHX2 a homologue of Arabidopsis thaliana, AtNHX2 gene isolated from 

Ammopiptanthus mongolicus (a leguminous plant), when transformed in Arabidopsis, 

the transgenes showed enhanced Na
+
 accumulation in leaves and much stronger root 

system under saline environment (Wei et al., 2011). In the same way, wheat TaNHX2 

gene when overexpressed in soybean, the transgenes thus produced were able to 

produce higher biomass and greater number of flowers per plant under reduced 
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growth inhibition under salinity stress as compared to non-transformed soybean plants 

(Cao et al., 2011). However, relatively lower MDA and significantly higher levels of 

ABA, proline and SOD were observed when transgenic sweet potato plants harboring 

LOS5 gene were grown on 86 mM NaCl salt under growth room conditions (Gao et 

al., 2011). Recently, Jha et al. (2011) isolated a Na
+
/H

+
 antiporter gene SbNHX1 from 

a highly salt tolerant halophyte (Salicornia brachiate) and transformed tobacco plants 

demonstrated maximum transcript levels of this gene at 0.5 M NaCl salt at 48
th

 hour 

of the salinity treatment.   

Triticum aestivum gene TaNHX1, when expressed under PmPgPR10 promoter and 

subsequently transformed in rice, enhanced activity of V-ATPase and V-PPase 

enzymes and promoted healthy growth of rice seedlings under simulated salt stress 

(Li-min et al., 2012). Alternatively, a novel Scdv1 gene from sugarcane was isolated 

and transformed into tobacco, demonstrated relatively higher biomass, germination, 

leaf water and chlorophyll contents. Whereas, transpiration rate, stomatal conductance 

and photosynthetic rate was also less affected than wild type under salinity and 

drought stresses (Begcy et al., 2012). Transfer of a novel CDPK pathway gene, TaSC 

from wheat into Arabidopsis rendered salinity tolerance to resulting transgenic plants. 

This gene was also able to up-regulate other CDPK pathway genes like AtFRRY1, 

AtSAD1 and AtCDPK2 that are known to be involved in salinity tolerance 

mechanisms (Huang et al., 2012). Similarly, a S-adenosylmethionine synthatase, 

GsSAMS2 gene from Glycine soja expressing under a stress inducible promoter 

rd29A, when transferred in Medicago sativa (Alfalfa), the transgenes thus produced 

were able to produce better root/shoot growth, higher chlorophyll contents and less 

membrane damage as a result of 100 and 200 mM NaCl salt stress (Hua et al., 2012). 

Oh et al. (2005) evaluated the salt tolerance ability of Arabidopsis CBF3/DREB1A 

gene by transforming it into rice and growing the resulting 14 days old transformants 

on severe salinity of 400 mM for two hours. It was observed that under salinity stress 

the transcript levels of CBF3 harboring constitutive promoter ubi1 were 30 percent 

higher than the non-transgenic control plants. 

When a MYB family gene, OsMYB3R-2 from rice was ectopically expressed in 

Arabidopsis, it confers tolerance against drought, cold and salinity stress by 

improving seed germination on ABA and NaCl than wild type. Additionally 
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OsMYB3R-2 gene is reported to enhance the expression of other cold and drought 

related genes like DREB2A, COR15A and RC12A, thus acting as “major switch” 

under stress (Dai et al., 2007). 

In Arabidopsis thaliana, the increased osmotic adjustment, germination, seedling 

growth and MDA contents were the direct consequence of vacuolar Na
+
/H

+
 antiporter 

MsNHX1 gene from Medicago sativa L. being transformed and evaluated under 

laboratory conditions (Bao-yan et al., 2008). Similarly another Na
+
/H

+
 antiporter gene 

AtNHX1 from Arabidopsis thaliana was transferred into tall fescue, resulting into 18 

% improved shoot dry weight and 43 % improved root dry weight was noted under 

hydroponics salinity regime (Zhao et al., 2007). In a similar way, A. thaliana vacuolar 

H
+
-pyrophosphatase (AVP1) gene, transformed into Alfalfa, demonstrated a dramatic 

215 % improvement in shoot dry weight including higher sodium, potassium and 

calcium ions in leaves and roots of transgenic plants  (Bao et al., 2009). 

On the other hand, a calcium binding protein gene EhGBP isolated from Entamoeba 

histolytica and utilized for the transformation of tobacco and subsequent transgenic 

lines were evaluated on simulated salinity indicated improved germination and growth 

rate gave about 20-37% higher dry weight than wild type (Pandey et al., 2002).  

Transgenic plants of tobacco were able to accumulate 3.2-4.4 folds higher proline 

under non-stress and 2.5-2.9 folds higher at 150 mM NaCl stress and exhibited 171.4 

percent higher chlorophyll at 600 mM NaCl than wild type, when transformed with a 

novel dehydration responsive element binding protein gene BjDREB1B from Brassica 

juncea L. (Cong et al., 2008). Alternatively, Tap5CR, a Triticum aestivum ∆'- 

Pyrroline-5-carboxylate reductase gene, when expressed in Arabidopsis, the 

transgenic plants under 150 mM NaCl produced 2.5-4.0 folds greater proline than 

wild type, whereas at 100 mM, 31.1 % relative increase in transgenic root length was 

observed (Ma et al., 2008). 

1.6 Research Hypothesis 

To address the above stated problems following research hypothesis were established: 

1. There is need of optimized tissue culturing and transformation systems for our 

local high yielding but abiotic stress susceptible wheat cultivars 
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2. Stress inducible expression of HVA1 gene under rd29A promoter can confer 

drought and salt tolerance in local wheat cultivars 

3. Transgenic rd29A:HVA1 wheat plants will show better drought and salt 

tolerance than the non-transgenic control with respect to molecular, 

morphological, physiological, biochemical and agronomical performance. 

1.7 Objective of the study 

The review of previous studies on HVA1 and LEA group 3 proteins strongly suggest 

that HVA1 gene has an imperative role in cell membrane protection and stabilization 

under multiple stresses that cause loss of precious solutes and water from cell by 

membrane desiccation. Water deficit and excessive salts in the root zone can place a 

severe dent in the wheat yield and productivity. Therefore, keeping in view the extent 

of problem and underlying hypothesis, the purpose of the present study was to explore 

the possibility of engineering and enhancing the drought and salinity tolerance of high 

yielding local wheat cultivars with the following objectives. 

1. Comparative screening of wheat genotypes for callus induction, embryogenic 

callus production, regeneration and optimization of relevant nutrient media. 

2. Cloning of HVA1 gene under rd29A promoter and transformation of high 

yielding local wheat cultivar with rd29A-HVA1 gene for introducing drought 

and salt tolerance. 

3. Molecular, physiological, biochemical and agronomic analysis of transgenic 

wheat for drought and salinity stress tolerance evaluation.   
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CHAPTER 2 

Materials and Methods 

2.1 Optimization of callus induction and regeneration response of indigenous 

wheat genotypes 

2.1.1 Plant material 

Twenty six wheat genotypes including 12 commercial cultivars (TD-1, Uqab-2000, 

SH-2002, AS-2002, GA-2002, GD-2002, Bhakhar, Seher-2006, Shafaq-2006, 

Inquailb-91, Lasani-2009, Punjab-2011), seven old varieties (Punjab-76, Chakwal-86, 

Pak-81, Watan, Blue Silver, TW-4711 and Ufaq-2000), six advanced lines (V-03079, 

V-04188, V-05082, V-07076, V-07096 and G-98-4) and one exotic line (Bobwhite) 

were tested for regeneration potential. All the genotypes were acquired from Wheat 

Research Institute, AARI, Faisalabad except G-98-4 which was attained from Nuclear 

Institute for Agriculture (NIA), Tandojam, Sindh. These varieties and advanced lines 

were selected on the basis of better agronomic characteristics. These wheat genotypes 

were grown at NIBGE field during normal growing season. 

2.1.2 Explant preparation 

Wheat plants grown in the field were tagged at anthesis initiation and after 14-16 

days, spikes were detached from the tillers and immature seeds were separated from 

spikelets. These freshly removed seeds were surface sterilized with 70 % ethanol for 

one minute. After rinsing with sterilized distilled water, these seeds were washed with 

20 % chlorox bleach (5.25 % sodium hypochlorite) and 0.1 % Tween-20 for 10 

minutes. Seeds were thoroughly rinsed three times with sterilized distilled water and 

excess water was removed by placing the seed on sterile filter paper under aseptic 

conditions. 

2.1.3 Optimization of callus induction media 

For the optimization of callus initiation media for immature embryos, stock solutions 

of various essential nutrients were prepared (Table 2.1). From these stock solutions, 

100 ml L
-1

  MS Macro salts, 1 ml L
-1

 L7 Micro salts, 1 ml L
-1

 MS Vitamins were 

supplemented with 10 ml L
-1

 FeNaEDTA, 40 g L
-1

 Maltose, 10 g L
-1

 glucose, 100 mg 
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L
-1

 myo-inositol, 0.5 g L
-1

 glutamine, 100 mg L
-1

 casein hydrolysate and 2 g L
-1

 MES 

were mixed together. For callus induction, three concentrations (2 mg L
-1

, 3 mg L
-1

 

and 4 mg L
-1

) of auxin 2, 4-dichlorophenoxy acetic acid (2, 4-D) were added to 

nutrient media and pH was maintained at 5.8. To solidify the media, 5 g L
-1

 gellan 

gum powder (Phytotechnology, USA, Cat # G434) was added and autoclaved at 121 

°C for 20 min.  

2.1.4 Culturing of explants 

Under aseptic conditions immature embryos having length of 1-1.5 mm were excised 

from freshly sterilized immature seeds with the aid of stereo microscope. Prior to 

embryo excision axis were removed or damaged with a sharp and sterile surgical 

blade (No. 11). On culture media plates, embryos were placed scutellum side up 

whereas axis side was kept towards the media surface. Hundred embryos per 

genotype in three replicates were excised and cultured and later placed at a controlled 

temperature of 25 ± 2 °C in the dark. The immature embryos were closely observed 

for signs of callus induction and sub-cultured after every two weeks. Callus initiation 

was observed after one week of culturing and subsequently data for callus initiation 

and embryogenic callus induction was collected for all the cultured genotypes. The 

differentiation between embryogenic and non-embryogenic callus was done on 

morphological basis. Data was collected for number of calli produced per genotype in 

each replicate at three doses of 2, 4-D. 

2.1.5 Optimization of regeneration media 

Average number of proliferating calli per genotype were recorded for given 2, 4-D 

concentration and on this basis best auxin concentration and best callus producing 

genotypes were selected. For the purpose of finding optimum cytokinen concentration 

and best responsive genotype with respect to regeneration, top 10 proliferating and 

embryogenic callus producing genotypes were taken for further experimentation. The 

callus was separated from embryos and shifted to regeneration media containing 

different combination of plant growth regulators. For preparing regeneration media, 

stocks for MS macro nutrient, L7 micro nutrients, N6 vitamins and FeNaEDTA were 

prepared (Table 2.1). For checking the best regeneration response this media was 

supplemented with four combinations of kinetin and indole-3-acetic acid (IAA) 

(Table 2.2).  
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Table 2.1: Stock solution preparation of different macro, micro nutrients and 

growth regulators used in regeneration media 

Solution Stock Conc. Preparation Sterilization Storage  

Macro 1000 ml 250 mg L
-1

 NH4NO3, 1.5 g L
-1

 

KNO3, 200 mg L
-1

 KH2PO4, 

350 mg L
-1

 MgSO4.7H2O, 450 

mg L
-1

 CaCl2.2H2O. 

Autoclave 4 °C 

L7 Micro 1000 ml 13.4 mg L
-1

 MnSO4.7H2O, 

5mg L
-1

 H3BO3, 7.5 mg L
-1 

ZnSO4. 7H2O, 0.75 mg L
-1

 

KI, 0.25 mg L
-1

 

Na2MoO4.2H2O, 0.025 mg L
-1

 

CuSO4.5H2O, 0.025 mg L
-1

 

CoCl2.6H2O. 

Autoclave 4 °C 

N6 

Vitamins 

1000 ml 10 mg L
-1

 Thiamine HCl, 1 

mg L
-1

 Pyriodoxine HCl, 1 

mg L
-1

 Nicotinic Acid, 1mg L
-

1
 Ca-Pantothenate, 1 mg L

-1
 

Ascorbic Acid, 10 ml L
-1

 

FeNaEDTA. 

Filter 

sterilize 

4 °C 

FeNaEDTA 1000 ml 2.785 g L
-1

 FeSO4.7H2O, 

3.725 g L
-1 

EDTA2Na.2H2O. 

 4 °C 

Kinetin 

(1mg ml
-1

) 

50 ml Dissolve 50 mg in 1M NaOH 

and make the volume upto 50 

ml with d2H2O 

Filter 

sterilize 

4 °C 

IAA 

(1mg ml
-1

) 

50 ml Dissolve 50 mg IAA in 1N 

KOH and make the volume 

upto 50 ml with d2H2O 

Filter 

sterilize 

4 °C 

2, 4-D 

(1mg ml
-1

) 

50 ml Dissolve 50 mg in 70 % 

ethanol and make the volume 

upto 50 ml with d2H2O. 

Filter 

sterilize 

4 °C 
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Table 2.2: Composition of regeneration media consisting of four Plant Growth 

Regulators (PGRs) combinations. 

 IK1 IK2 IK3 IK4 

Macro nutrient 50 ml L
-1

 

(stock) 

50 ml L
-1

 

(stock) 

50 ml L
-1

 

(stock) 

50 ml L
-1

 

(stock) 

Micro nutrient 1 ml L
-1

 

(stock) 

1 ml L
-1

 

(stock) 

1 ml L
-1

 

(stock) 

1 ml L
-1

 

(stock) 

N6 Vitamin 1 ml L
-1

 

(stock) 

1 ml L
-1

 

(stock) 

1 ml L
-1

 

(stock) 

1 ml L
-1

 

(stock) 

FeNaEDTA 1 ml L
-1

 

(stock) 

1 ml L
-1

 

(stock) 

1 ml L
-1

 

(stock) 

1 ml L
-1

 

(stock) 

Myo inositol 2 ml L
-1

 

(stock) 

2 ml L
-1

 

(stock) 

2 ml L
-1

 

(stock) 

2 ml L
-1

 

(stock) 

Maltose 30 g L
-1

 30 g L
-1

 30 g L
-1

 30 g L
-1

 

IAA 0.5 mg L
-1

 0.5 mg L
-1

 1 mg L
-1

 1 mg L
-1

 

Kinetin 0.5 mg L
-1

 1 mg L
-1

 0.5 mg L
-1

 1 mg L
-1

 

2,4-D 0.25 mg L
-1

 0.25 mg L
-1 0.25 mg L

-1 0.25 mg L
-1 

pH 5.7 5.7 5.7 5.7 

Phytagel 4.5 g L
-1

 4.5 g L
-1

 4.5 g L
-1

 4.5 g L
-1

 

 

The embryogenic calli of 6-7 mm size form each selected genotype was broken down 

into three equal pieces and plated in three replicates having 15 calli per plate (45 calli 

per genotype) for four PGR combinations i.e. IK1, IK2, IK3 and IK4 (Table 2.2). The 

cultured plates were kept at 23 ± 2°C in diffused light under 14 hour day and 10 hour 

dark regime. Calli were sub cultured on fresh media after every two weeks. After 4-6 

weeks of sub-culturing, green spots started to appear on the callus and plates were 

shifted to normal florescent light with a 16 hour light and 8 hour dark period.  

Regeneration data from calli of each genotype was taken on the basis of observation 

under stereo microscope and statistical analysis was performed. 
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2.2 Development of drought and salt tolerant wheat 

2.2.1 Cloning of Hordeum vulgare Late Embryogenesis Abundance gene HVA1 

under rd29A promoter 

For constructing plant expression vector for wheat transformation, a binary vector 

CGT-6400 harboring bar (confers glufosinate ammonium resistance) and GUS 

reporter genes driven by nos promoter, was selected. This vector was kindly provided 

by Daniel Schachtman, Donald Danforth Plant Science Center, St. Louis, USA under 

Pak-US collaborative project on wheat. 

2.2.1.1 Cloning of rd29A promoter into plant expression vector CGT-6400 

2.2.1.1.1 Collection of leaf samples 

For isolation of rd29A promoter, Arabidopsis plants were grown in the growth room 

facility at NIBGE. Before reproductive stage, leaf samples were cut and rinsed with 

d2H2O and immediately stored in liquid nitrogen to avoid any degradation. 

2.2.1.1.2 Genomic DNA isolation from Arabidopsis leaves 

Genomic DNA from Arabidopsis thaliana leaves was isolated through CTAB DNA 

extraction method as described by Reichardt and Rogers (1994). Accordingly, 2X 

stock solution of CTAB (Table 2.3) was prepared and about 10 ml of CTAB and 0.5 

% of mercaptoethanol were mixed in a 50 ml falcon tube and placed in a water bath 

preheated at 65°C. Approximately 1 gram of leaf sample was taken and grounded to 

fine powder in liquid nitrogen. This leaf material was shifted to falcon tube containing 

pre heated 2x CTAB + 0.5 % mercaptoethanol and again placed at 65 °C for half an 

hour. After removing the falcon tube from water bath it was incubated at room 

temperature for 15 minutes. Equal volume of chloroform iso-amyalchol (24:1 ratio) 

was added to the falcon tube and mixed. Falcon tube was centrifuged at 4000 rpms at 

25 °C for 10 minutes. Upper aqueous phase was carefully pipetted out and taken in a 

new 50 ml tube. About 0.6 portions chilled isopropanol was added to the extract, 

mixed thoroughly and placed at -20 °C for 1 hour to ensure DNA precipitation. After 

incubation, the mix was again centrifuged at 4000 rpms for 10 minutes and pellet was 

retained by carefully discarding the upper aqueous phase. Pellet was washed three 

times with 70 % ethanol to remove precipitates and debris materials. The resulting 



Materials and Methods            Chapter 2 

 

42 
 

DNA pellet is again resuspended in TE buffer (Table 2.3) with addition of 10 mg ml
-1

 

RNase and placed at 37 °C for 2 hours. After incubation, 0.1 volumes 3M sodium 

acetate (Table 2.3) and 0.6 volumes chilled Isopropanol was added and again placed 

at -20 °C for 1 hour. The precipitate was centrifuged at 4,000 rpms for 10 minutes at 

room temperature. To remove RNase and other salt residues, the pellet was washed 

with 80 % chilled ethanol and later air dried to evaporate any leftover ethanol. The 

pellet was re-suspended and dissolved in TE buffer and stored at 4 °C. Purity of DNA 

was checked on photo-spectrometer at optical density of 260:280 nm (Smart Spec 

Plus, BIORAD, USA). The integrity, purity and concentration of isolated DNA was 

also checked by loading 1 µl of dsDNA in 1 % agarose gel and analyzing it on gel 

documentation system (Cleaver Scientific Ltd, Model # DI-HD-220). 

 

Table 2.3: Preparation of solutions for genomic DNA isolation  

Solution Chemicals Quantity pH preparation Sterilization 

2X CTAB  2 % CTAB 20 g  All the chemicals were 

mixed together on 

stirrer and volume was 

made upto 1 liter by 

adding d2H2O. finally 

this solution was 

autoclaved and store at 

room temperature 

Autoclaved 

5 M NaCl 280 ml  

1 M Tris-HCl 100 ml 8.0 

0.5 M EDTA 40 ml 8.0 

1 % PVP 10 g  

3 M Na 

acetate 

NaOAc.3H2O 40.8 g 5.2 Mixed in 80 ml d2H2O 

and final volume was 

made upto 100 ml. 

Glacial acetic acid was 

used to adjust the pH 

to 5.2 

Autoclaved 

d2H2O 100 ml  

1X TE 

buffer 

1M Tris-HCl 10 ml 7.5 Mix both the solutions 

and volume was made 

upto 1000 ml with 

d2H2O. 

Autoclaved 

0.5 mM 

EDTA 

2 ml 8.0 
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50 X TAE 

buffer 

Tris-base 242 g  Tris-base was 

dissolved in the rest of 

the solutions and later 

volume was made up 

to 1000 ml mark using 

double distilled water. 

Sterilization 

not required Glacial acetic 

acid 

57.1 ml  

0.5 M EDTA 100 ml 8.0 

6X DNA 

loading 

dye 

0.25 % 

Bromophenol 

blue 

25 mg  All the chemicals were 

mixed in mentioned 

quantity and volume 

was made upto 10 ml 

with d2H2O. Stored at 

4 °C. 

Sterilization 

not required 

0.25 % 

Xylene 

cyanole 

25 mg  

50 % Glycerol 5 ml  

0.5 % 

Ethidium 

Bromide 

Ethidium 

Bromide 

500 mg  Mix 500 mg Ethidium 

Bromide in 50 ml 

water and make the 

volume upto 100 ml. 

store at cool dark 

place. 

 

 d2H2O 100 ml  

 

2.2.1.1.3 Primer designing 

A pair of sense and antisense promoter specific primers was designed having 

appropriate restriction sites (SacI and BamHI) from reported genomic sequence of 

Arabidopsis plant (NCBI Accession No. AY973635.1; Table 2.4). These primers were 

used to amplify the rd29A promoter from the genomic DNA of Arabidopsis. 
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Table 2.4: Names, sequences and descriptions of primers used in plasmid 

construction. 

Primer 

name 
Sequence form 5' to 3' Description 

rd29A-F 

rd29A-R 

GAGCTCTTGTTTTCTAGTTTGCATATTTGTGA 

GGATCCCGACTCAAAACAAACTTACGAAATTT 

Amplification/

cloning of 

rd29A 

promoter. 

HVA1-F 

HVA1-R 

TCTAGAATGGCCTCCAACCAGAACCAGGGGAG 

CATATGCTAGTGATTCCTGGTGGTGGTGGTGG 

Amplification/

cloning of 

HVA1 gene. 

2.2.1.1.4  Amplification of rd29A promoter from Arabidopsis genomic DNA by 

PCR. 

Arabidopsis rd29A promoter was amplified from Arabidopsis genomic DNA by using 

forward and reverse promoter specific primers (Table 2.3). The standard PCR master 

mix was prepared as follows: overall PCR master mix of 50 μl contained 5 μl of 10 X 

buffer, 3 μl of 25 mM MgCl2, 1 μl of 10 mM dNTPs, 1 μl of forward primer (25 ng), 

1 μl reverse primer (25 ng), 3 μl of Taq polymerase (5U μl
-1

; Fermentas), 36.5 μl of 

d2H2O and 2 μl of template DNA (100 ng). PCR reaction was carried out in MT mini 

personal thermal cycler, Bio RAD. Following PCR profile for the amplification of 

Arabidopsis rd29A promoter was followed: initial denaturation at 94 °C for 5 minutes 

(1 cycle) followed by 35 cycles of denaturing at 94 °C for 1 minute, annealing of 

primers at 58 °C for 1 minute and extension at 72 °C for 1 minute followed by final 

extension time of 10 minutes at 72 °C. PCR amplified product was size fractioned on 

1 % agarose gel. 

2.2.1.1.5  Agarose gel electrophoresis 

Twenty microliter of PCR product was mixed with 3 μl of 6X DNA loading dye 

(Fermentas, cat # R0611) and loaded on 1 % agarose gel along with 1 kb DNA ladder 

(GeneRuler
TM

, Fermentas, cat# SM0311). PCR product was electrophoresed in 0.5X 

TAE buffer (0.04 M Tris acetate and 0.001 M EDTA [pH 8.0]; Appendix # 2) for 
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approximately 1 hour at 50 volts. Resulting fragment size was resolved by 

comparison with 1 kb DNA ladder (Appendix # 3) alongside the PCR product. 

2.2.1.1.6   Cloning of rd29A promoter in T/A cloning vector 

PCR amplified DNA Fragment of Arabidopsis thaliana rd29A promoter was eluded 

from 1 % agarose gel with the help of gel elution kit (JETQuick
TM

 gel extraction spin 

kit, GENOMED, cat # 420050, Appendix # 4). Successful elution was confirmed by 

loading about 2 µl of purified DNA on 1 % agarose gel. After confirmation, purified 

fragment of rd29A promoter was cloned in T/A cloning vector pTZ57R/T (Appendix # 

5) with the help of Ins TAclone PCR cloning kit (Fermentas, cat # 1213) through 

ligation reaction. 

2.2.1.1.7   Ligation of rd29A fragment in pTZ57R/T vector 

A ligation reaction of 20 µl was carried out consisting of 2 µl of 10X ligation buffer 

(40 mM Tris-HCl, pH 7.8, 10 mM MgCl2, 10 mM DTT, 5 mM ATP), 2 µl pTZ57R/T 

plasmid, 5 µl of purified PCR product of rd29A promoter, 1 µl of T4 DNA ligase and 

10 µl of d2H2O. This ligation reaction was incubated overnight at 16 °C. 

2.2.1.1.8   Transformation of ligation product in Escherichia coli (E. coli) cells 

2.2.1.1.8.1   Preparation of heat shock competent cells of DH10α strain of E. coli. 

E. coli strain DH10α was used for the preparation of fresh heat shock competent cells. 

E. coli glycerol stock stored at -80 °C was utilized for streaking the LB agar 

(Appendix # 6) plates. LB plates were incubated at 37 °C for overnight in dark 

conditions. A single colony of E. coli was picked and transferred to fresh 20 ml LB 

medium (Appendix # 7) in a glass test tube and incubated at 37 °C overnight in a 

controlled temperature incubator shaker. Two milliliter of E. coli culture was added to 

250 ml fresh LB liquid media in a 500 ml capacity Pyrex flask and placed at 37 °C in 

an incubator/shaker. When OD600 of 1.0 was achieved, the E. coli culture was 

removed from the incubator and incubated on ice for half an hour and later transferred 

to 500 ml sterile felcon tubes and centrifuged in a controlled temperature centrifuge 

(Hettich
®

 Universal 320 centrifuge) at 5000 RPMs for 5 minutes at 4 °C. Supernatant 

was discarded carefully and pellet was re-suspended in 25 ml of 0.1 m CaCl2 and 
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again incubated on ice for 30 minutes with gentle swirling for homogeneous mixing. 

Re-suspended cells were again centrifuged for 5 minutes at 4 °C and resulting pellet 

was re-suspended in 5 ml 0.1 % CaCl2. About 1 ml of filter sterilize and pre chilled 

glycerol was added to 5 ml of 0.1 % CaCl2 cell mix. Aliquots containing 200 µl 

glycerol stock of E. coli competent cells were prepared and stored at -80 °C. 

2.2.1.1.8.2  Transformation of ligation product into E. coli cells through heat 

shock 

Freshly prepared E. coli heat shock competent cells were thaw on ice and 5 µl of 

ligation product (section 2.2.1.1.7) was added to the E. coli cells while placing them 

on a dry heat block set at 42 °C for 30 seconds. E. coli cells were immediately placed 

on ice for 10 minutes. 1 ml of LB liquid was added to the vial containing transformed 

E. coli cells and incubated at 37 °C on a shaker for 2-3 hours. Heat shock transformed 

E. coli cells were spread on LB agar plates containing 100 µg ml
-1

 Ampicillin 

antibiotic (Appendix # 8), X-Gal (Appendix # 9), IPTG (Appendix # 10) and plate 

was incubated overnight at 37 °C. After 24 hours, the appearance of blue and white 

colonies indicated the successful transformation of E.coli with T/A cloning vector. 

White colonies, indicating the presence of T/A clone, were picked and cultured in 10 

ml of LB liquid media containing 100 µg ml
-1

 Ampicillin and placed at 37 °C shaker 

for overnight. Miniprep for plasmid isolation was performed to isolate the desired 

vector from bacterial cells (Appendix # 11). 

2.2.1.1.9  Conformation of ligation in T/A cloning vector through restriction 

digestion 

Arabidopsis rd29A-T/A clone was confirmed through restriction analysis by 

employing restriction enzymes SacI and BamHI (Appendix #12). Restriction mixture 

was incubated at 37 °C for 2 hours and ran at 1% agarose gel. After conformation of 

cloning through restriction digestion, miniprep of confirmed clone was again carried 

out by using Gene Jet plasmid miniprep kit (Fermentas, cat# K0503) in light of the 

instructions provided by the manufacturer. 
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2.2.1.1.10  Cloning of rd29A promoter in pCGT-6400 plant expression vector 

To clone rd29A promoter region in pCGT-6400 vector, the digestion reaction was 

performed by employing SacI and BamHI restriction enzymes. T/A plasmid pTZ57R 

housing rd29A promoter, was also digested with the same restriction enzymes (SacI 

and BamHI, Appendix # 12) and incubated overnight at 37 °C. The restricted products 

were loaded on 1 % agarose gel and DNA fragments consisting of pCGT-6400 

plasmid and rd29A promoter in linearized form were eluded by employing 

JETQuick
TM

 gel extraction spin kit (GENOMED, cat # 420050, Appendix # 4) and 

finally purified by using phenol-chloroform purification method as elucidated in the 

Appendix # 13. After conformation by digestion, both restricted and linearized 

fragments belonging to pCGT-6400 and rd29A, were ligated. Overall 20 µl reaction 

mixture was prepared, consisting of 6 µl of restricted rd29A fragment, 2 µl of digested 

pCGT-6400 plasmid, 2 µl of 10X ligation buffer, 1 µl of T4 DNA ligase enzyme and 

9 µl of d2H2O. The ligation reaction was incubated on 16 °C, overnight. The ligation 

product was transformed into competent cells of DH10α strain of E. coli through heat 

shock treatment as described in the section 2.2.1.1.7.2. The transformed E. coli cells 

were then spread on LB agar plates supplemented with Kanamycin (50 µg ml
-1

) and 

Tetracycline (10 µg ml
-1

) antibiotics (Appendix # 8). After 24 hours, E. coli colonies 

were separately picked with sterile tooth pick and each colony was cultured in 10 ml 

fresh LB liquid medium containing both the antibiotic (Kanamycin and Tetracycline) 

having concentration of 50 µg ml
-1 

and 10
 
µg ml

-1 
respectively. After 24 hours, E. coli 

colonies were picked and each colony was separately cultured in 10 ml LB liquid 

media in sterile glass test tubes containing Kanamycin (50 µg ml
-1

) and Tetracycline 

(10 µg ml
-1

). The recombinant clone was extracted from E. coli bacterial cells through 

miniprep plasmid isolation method (Appendix # 11). Restriction analysis was 

conducted for the conformation of recombinant clone. After successful conformation, 

miniprep of confirmed recombinant plasmid was done by Plasmid isolation kit (Gene 

JET
TM

 plasmid miniprep kit, Fermentas, cat # K0503). After plasmid isolation, cloned 

plasmid was reconfirmed by restriction digestion by using SacI and BamHI restriction 

enzymes. The resulting recombinant plasmid was named pCGT1. 
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2.2.1.2   Cloning of HVA1 gene in plant expression vector pCGT1 

2.2.1.2.1  Collection of leaf samples 

For the isolation of HVA1 gene, barley (Hordeum vulgare) cv. Golden promise plants 

were grown in the field at NIBGE during normal growing season. At 4 leaf stage, leaf 

samples were taken and rinsed with d2H2O and quickly stored in liquid nitrogen. 

2.2.1.2.2   Total RNA isolation from barley leaves 

For RNA isolation 500 mg of barley leaf sample was frozen in liquid nitrogen and 

ground in 3 ml pre-chilled TRIzol Reagent (Life Technologies-Invitrogen, USA). The 

homogenized mixture was then taken in 1.5 ml RNAse free ependorf tube and 

incubated at room temperature for 2-3 minutes. Then 200 µl chilled chloroform was 

added to the homogenate and mixed with the sample by gently inverting the tube 

several times. The mixture was again incubated at room temperature for 5 minutes. 

Tubes were then centrifuged at 10,000 rpms for 10 minutes at 4 °C. The supernatant 

was taken in fresh RNAse free tubes and equal volume of chilled isopropanol was 

added and gently mixed. After incubating the tubes on ice for 10 minutes these tubes 

were centrifuged at 10,000 rpms for 10 minutes at 4 °C. Supernatant was carefully 

discarded by pipetting it out of tubes and the pellet was retained. Pellet was washed 

by adding 70 % ethanol and tube was vortexed for 1 minute. The same tube was 

centrifuged at 10,000 rpms for 2 minutes at 4 °C. Ethanol was pipetted out and pellet 

was air dried at room temperature. RNA pellet was finally dissolved in 50 µl 0.1 % 

(v/v) DEPC treated d2H2O and stored at -20 °C. The integrity of isolated RNA was 

verified through gel electrophoresis  on 1 % agarose gel containing 0.5 % ethidium 

bromide (Table 2.6) and observed under UV illuminator (Cleaver Scientific, Ltd, 

Model # MUV2020). Total RNA was also quantified by Spectrophotometer (Smart 

Spec Plus, BIORAD, USA). 

2.2.1.2.3   Separation of mRNA from total RNA 

The extraction of mRNA from total RNA was performed by using oligo-dT cellulose 

columns (MRC, cat # OT125) in accordance with the manufacturer’s instructions. In 

the oligo-dT column, the oligo-dT cellulose matrix binds with the mRNA, whereas 

the left over RNA drained-off in the bottom of the column. 
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Before starting the mRNA extraction, the oligo-dT column was washed with 1 ml 

binding buffer. Similarly, 1 ml of binding buffer was added to the total RNA and 

incubated at 70 °C for 5 minutes. The mixture was immediately poured in the column 

and let it passed through and drained-off to the bottom. The eluted mixture was 

collected and again passed through the column. The column was twice washed with 1 

ml binding buffer and mRNA was eluted into new 1.5 ml tube by washing it with 900 

µl elution buffer. The eluted sample was divided into two parts so that each new tube 

got 450 µl of sample. In each tube 450 µl 1M LiCl2 and 4 µl of glycogen was added 

and briefly mixed. Equal volume i.e. 455 µl pre-chilled isopropanol was added and 

tubes were incubated on ice for 5 minutes. Tubes were centrifuged at 12,000 rpm for 

5 minutes at 4 °C and resulting pellet was dissolved in 50 µl DEPC treated d2H2O. 

2.2.1.2.4   First strand cDNA synthesis 

The mRNA in its purist form was employed as a template for synthesizing the first 

strand cDNA. Poly-A tail, a specialty of eukaryotic mRNA, which allows oligo-dT 

primers to bind with it and act as a primer to synthesize the first strand cDNA. This 

first strand cDNA was synthesized using revert Aid H- cDNA synthesis kit (Thermo 

Scientific, Cat # K1631; Appendix # 1) in accordance with the directions provided by 

the kit manufacturer. 

2.2.1.2.5   Primer designing 

A pair of gene specific primers was designed having appropriate restriction sites 

(XbaI and NdeI) from reported cDNA sequence of Hordeum vulgare (NCBI 

Accession No. FJ026804.1; Table 2.4). These primers were used to amplify the open 

reading frame (ORF) of barley HVA1 gene from cDNA of barley. 
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2.2.1.2.6   Amplification of HVA1 gene from barley cDNA by PCR. 

Barley HVA1 gene was amplified from barley cDNA by using forward and reverse 

gene specific primers (Table 2.4). The standard PCR master mix was prepared as 

follows: overall PCR master mix of 50 μl contained 5 μl of 10X buffer, 3 μl of 25 mM 

MgCl2, 1 μl of 10 mM dNTPs, 1 μl of forward primer (25 ng), 1 μl reverse primer (25 

ng), 3 μl of Taq polymerase (5Uμl
-1

; Fermentas), 36.5 μl of d2H2O and 2 μl of 

template DNA (100 ng). PCR reaction was carried out in MJ mini personal thermal 

cycler, Bio RAD. Following PCR profile for the amplification of barley HVA1 gene 

was followed: initial denaturation at 94 °C for 5 minutes (1 cycle) followed by 35 

cycles each having denaturation temperature of 94 °C for 1 minute, primer annealing 

at 58 °C for 1 minute and extension at 72 °C for 1 minute followed by final extension 

time of 10 minutes at 72 °C. Twenty microliter of PCR product was mixed with 3 μl 

of 6X DNA loading dye (Fermentas, cat# R0611) and loaded on 1 % agarose gel 

along with 1 kb DNA ladder (GeneRuler
TM

, Fermentas, cat# SM0311). PCR product 

was electrophoresed in 0.5X TAE buffer (0.04 M Tris acetate and 0.001 M EDTA 

[pH 8.0]; Appendix # 2) for approximately 1 hour at 50 volts. Resulting fragment size 

was resolved by comparison with 1 kb DNA ladder (Appendix # 3) alongside the PCR 

product. 

2.2.1.2.7   Cloning of HVA1 gene in T/A cloning vector 

PCR amplified DNA fragment of Hordeum vulgare HVA1 gene was eluded from 1 % 

agarose gel with the help of gel elution kit (JET quick gel extraction kit, GENOMED, 

Cat # 420050, Appendix # 4). Successful elution was confirmed by loading about 2 µl 

of purified DNA on 1 % agarose gel. After confirmation, purified fragment of HVA1 

gene was cloned in T/A cloning vector pTZ57R/T (Appendix # 5) by using Ins 

TAclone PCR cloning kit (Fermentas, cat # 1213) through ligation reaction. 

2.2.1.2.8   Ligation of HVA1 fragment in pTZ57R/T vector 

A ligation reaction of 20 µl was prepared which consist of 2 µl of 10X ligation buffer 

(40 mM Tris-HCl, pH 7.8, 10 mM MgCl2, 10 mM DTT, 5 mM ATP), 2 µl of 

pTZ57R/T plasmid, 5 µl of purified PCR product of HVA1 gene, 1 µl of T4 DNA 

ligase and 10 µl of d2H2O. This ligation reaction was incubated at 16 °C overnight.  
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2.2.1.2.9   Transformation of ligation product in Escherichia coli (E. coli) cells 

2.2.1.2.9.1   Transformation of ligation product into E. coli cells through heat 

shock 

Freshly prepared E. coli heat shock competent cells (Section 2.2.1.1.7.1) were thawed 

on ice and 5 µl of ligation product (section 2.2.1.2.8) was added to the E. coli cells 

while placing them on a dry heat block set at 42 °C for 30 seconds. E. coli cells were 

immediately placed on ice for 10 minutes. One ml of LB liquid was added to the vial 

containing transformed E. coli cells and incubated at 37 °C on a shaker for 2-3 hours. 

Blue/white colony selection for T/A clone was performed as described in the section 

2.2.1.1.7.2. Miniprep for plasmid isolation was performed to isolate the desired vector 

from bacterial cells (Appendix # 11). 

2.2.1.2.10   Confirmation of ligation in T/A cloning vector through restriction 

digestion 

T/A clone of barley HVA1 gene was confirmed through restriction analysis by 

employing two restriction enzymes i.e. XbaI and NdeI (Appendix # 14). The 

restriction reaction was incubated at 37 °C for 2-3 hours and size fractionated at 1 % 

agarose gel. After confirmation of cloning through restriction digestion, miniprep of 

confirmed clone was carried out by using Gene Jet plasmid miniprep kit (Fermentas, 

Cat # K0503). 

2.2.1.2.11  Cloning of HVA1 gene in pCGT1 vector under rd29A promoter 

For cloning of HVA1 gene fragment in pCGT1 vector, first the restriction of pTZ57R 

T/A plasmid containing HVA1 fragment was performed by using restriction enzymes 

XbaI and NdeI. Plasmid pCGT1 housing rd29A promoter was also digested with the 

same restriction enzymes (Appendix # 14) and both restriction reactions were 

incubated overnight at 37°C. The restricted products were loaded on 1 % agarose gel 

and DNA fragments consisting of HVA1 gene and pCGT1 plasmid in linearized form 

were eluded by employing JET quick gel extraction spin kit (GENOMED, cat # 

420050, Appendix # 3) and finally purified by using phenol-chloroform purification 

method as described in the Appendix # 13. After confirmation by digestion, both 

restricted and linearized fragments belonging to HVA1 gene and pCGT1 plasmid were 
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ligated. Total 20 µl reaction mixture was prepared, consisting of 6 µl of restricted 

HVA1 fragment, 2 µl of digested pCGT1 plasmid, 2 µl of 10X ligation buffer, 1 µl of 

T4 DNA ligase enzyme and 9 µl of d2H2O. The ligation reaction was incubated at 16 

°C overnight. The ligation product was transformed into competent cells of DH10α 

strain of E. coli through heat shock treatment as described in the section 2.2.1.1.7.2. 

The selection of transformed E. coli cells was done in accordance with the method 

also described in the same section. The recombinant clone (HVA1+ pCGT1) was 

isolated from E. coli bacterial cells through plasmid isolation method (Appendix # 

11). Restriction analysis was conducted for the conformation of recombinant clone. 

After successful confirmation, miniprep of confirmed recombinant plasmid was done 

by Plasmid isolation kit (Gene JET
TM

 plasmid miniprep kit, Fermentas, cat # K0503). 

After plasmid isolation, cloned plasmid was reconfirmed by restriction digestion by 

using SacI and NdeI restriction enzymes. The resulting recombinant plasmid was 

named pCGT2. 

2.2.2   Selection of plant material for wheat transformation 

On the basis of better performance on optimized callus induction and regeneration 

media, a spring wheat cultivar, Seher-2006 was selected for transformation.  This 

wheat variety got wide adaptability and high yield and is being grown at an extensive 

area of Pakistan. Although in callus and regeneration potential experiment, Seher-

2006 was just behind the two highly regenerable checks (Bobwhite and Ufaq-2000) 

but due to its high yield potential and scope of direct transformation into elite cultivar, 

this variety was chosen for tissue culturing and subsequent Agrobacterium-mediated 

transformation.  

2.2.3   Agrobacterium-mediated transformation 

2.2.3.1  Agrobacterium strain 

For transformation experiment AGL1 strain was chosen. This hyper virulent strain of 

Agrobacterium has been reported to double the transformation efficiency as compared 

to other strains like C58pMP90, C58pGV2260 and LBA4404 (Chabaud et al., 2003). 

AGL1 strain is a derivative of C58 strain containing a deletion in the recA gene that 

lessens genetic rearrangements of the Ti plasmid in Agrobacterium (Lazo et al., 1991) 
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and is useful in monocot (wheat) transformation (Pacurar et al., 2007; Wu et al., 

2007).  

2.2.3.1.1   Preparation of electro competent cells of Agrobacterium AGL1 strain 

Glycerol stock of AGL1 electro competent cells stored at -80 °C was used to spread 

TY solid media plates having Rifampicin antibiotic (Appendix # 8) as Agrobacterium 

selection. The plates were placed at 28 °C for 48 hours in the dark. A single bacterial 

colony was chosen to start 250 ml of primary agrobacterium culture in TY liquid 

media. Agrobacterium growth was observed after shaking at 28 °C for 48 hours. 

Primary agrobacterium culture was taken in 50 ml falcon tubes and spun at 3,500 

rpms for 10 minutes at 4 °C in a controlled temperature centrifuge machine. 

Supernatant was discarded and pallet was dissolved in 20 ml autoclaved ultrapure 

water and again spun at 3,500 rpms at 4 °C for 10 minutes. Supernatant was again 

discarded and pallet was re-suspended in 20 ml ultrapure water. Mixture was spun at 

3,500 rpms at 4 °C for 10 minutes. Supernatant was again discarded and this time 

pallet was re-suspended in 5 ml 10 % glycerol and spun at 3,500 rpms at 4 °C for 10 

minutes. After discarding supernatant the pallet was re-suspended in 1.5 ml 10 % 

glycerol and dissolved completely. Fifty microliter of glycerol was taken in each 1.5 

ml ependorf tube and immediately frozen in liquid nitrogen. The competent cells were 

finally stored at -80 °C freezer for long term storage. 

2.2.3.1.2   Transformation of Agrobacterium (AGL1 strain) with pCGT2 plasmid 

TY solid media consisting of plasmid and bacterial selection antibiotics i.e. 

Kanamycin, Tetracycline and Rifampicin (Appendix # 8), respectively was poured in 

disposable plastic plates under aseptic conditions. Five microliter of plasmid was 

mixed with 100 µl of competent cells while keeping on ice all the time. This mixture 

was poured in an electroporation cuvette and placed in an electroporator. An electric 

current of 1.44 Amp was passed through the electrodes for 1 second. One ml TY 

liquid media was added immediately to the cuvette and mixture was transferred to 1.5 

ml ependorf tube and placed in an incubator shaker at 28 °C. After 2 hours of 

incubation, about 25 µl of the transformed Agrobacterium cells were spread on TY 

solid plates having all the selection antibiotics (i.e. Rifampicin, Kanamycin and 

Tetracycline). Plates were placed in an incubator set at 28 °C under dark conditions.  
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2.2.3.2   Culturing of Agrobacterium: 

About 100 µl of transformed culture was spread on petri plate containing solid TY 

medium (Table 2.3) supplemented with 50 µg ml
-1

 Rifampicin, 50 µg ml
-1

 Kanamycin 

and 10 µg ml
-1

 Tetracycline (Appendix # 8) as selection markers. After spreading the 

plates were kept at 28 °C for 48 hours. Single colonies were picked with sterile tooth 

picks and cultured in 10 ml liquid TY medium in a 50 ml falcon tube with 50µg ml
-1

 

of Rifampicin, 50 µg ml
-1

 of Kanamycin and 10 µg ml
-1

 Tetracycline. These falcon 

tubes were then incubated at 28 °C on controlled temperature incubator/shaker for 48 

hours at 120 rpm. Successful transformation was confirmed through marker specific 

PCR. 

2.2.3.3   Explant preparation 

After 14-16 days of anthesis, spikes were harvested and immature seeds were 

removed from spikelets. Seeds were surface sterilized for one minute in 70 % ethanol 

followed by three washings with autoclaved d2H2O twice. Seed was then sterilized 

with 20 % (v/v) chlorox bleach (5.25 % sodium chlorite) for 10-15 minutes and then 

rinsed with sterile d2H2O three times and excess water was removed by placing the 

seed on sterile filter paper in laminar flow hood.  

2.2.3.4   Culturing of explant on media 

Under aseptic conditions the immature embryos of 1.0-1.5 mm length were placed 

scutellum side up on MS basal nutrient media (Murashige and Skoog, 1962) with 

vitamins (Phytotechnology, USA, cat # M519) and was complemented with 20 g L
-1

 

sucrose, 100 mg L
-1

 myo-inositol, 1 g L
-1

 glutamine, 100 mg L
-1

 casein hydrolysate, 2 

g L
-1

 MES and 2 mg L
-1

 2, 4-D. pH was kept at 5.8 and media was gelled by adding 5 

g L
-1

 gellan gum powder and autoclaved. 
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2.2.3.5   Agrobacterium culture preparation 

A transformed colony of Agrobacterium was picked from TY solid media plate (Table 

2.4). Agrobacterium culture was initiated by placing this colony in TY liquid media 

having 50 µg ml
-1

 Rifampicin, 50 µg ml
-1

 Kanamycin and 10 µg ml
-1

 Tetracycline 

antibiotics (Appendix # 8). The culture was placed in an incubator/shaker at 26-28°C 

overnight. Next day two hour prior to inoculation, 400 mM Acetosyringone (Table 

2.4) was added and culture was again placed in an incubator. A final optical density 

(OD600) of 0.5-0.8 was preferred for transformation. 

Table 2.5: Solutions and stocks used for Agrobacterium mediated transformation 

Chemical  Qty Procedure Sterilization Storage 

Trypton yeast (TY) Media 

Trypton 5 g Trypton, yeast extract and 

agar were mixed in distilled 

water and volume was made 

upto 995 ml. After 

autoclaving CaCl2 was added 

to media to make the final 

volume of 1000 ml. pH was 

kept at 7.5. 

Autoclave 

except CaCl2 

Room Temp 

Yeast Extrect 3 g 

6 mM CaCl2 5 ml 

Agar 15 g 

6 mM CaCl2 

CaCl2 8.82 g Mix CaCl2 in autoclaved 

ultra-pure water. 

Filters 

sterilize. 

4 °C 

d2H2O 50 ml 

Acetosyringone (400 mM) 

Acetosyringone 7.85 

mg 

Dissolve Acetosyringone in 

100 ml 70 % ethanol and 

make aliquots of 500 µl. 

Not required -20 °C 

70 % Ethanol 100 ml 

Basta (Glufosenate ammonium) (3 mg L
-1

) 

Basta 30 mg Mix 30 mg of Glufosenate 

ammonium in 20 ml d2H2O 

and after complete mixing 

make volume upto 30 ml. 

Filter 

sterilize 

-20 °C 

d2H2O 30 ml 
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Mix 1 ml in 1 L from this 

stock to get 3 mg L
-1

 

working concentration. 

 

2.2.3.6   Transformation of wheat 

Five to six days post culturing explants with signs of embryogenic callus initiation 

were selected for Agrobacterium inoculation. Immature embryos were shifted to 

plates containing MS basal media (as described in Section 2.1.4) supplemented with 

400 mM Acetosyringon (Table 2.4) and about 1-2 ml of Agrobacterium culture was 

poured on the embryos. The inoculated plates were placed at 26-28 °C in the dark for 

2 hours. After two hours of co-inoculation, the embryos were placed at sterile filter 

paper to remove the excess Agrobacterium culture. Approximately 20 partially dried 

inoculated embryos were then placed on fresh media plates having 400 mM 

Acetosyringone and again placed in dark condition at 26-28 °C for three days. After 

three days of co-inoculation embryos were again placed at sterile filter paper to 

remove any over grown Agrobacterium and then placed at nutrient media (as 

described in Section 2.1.4) supplemented with 160 mg L
-1

 Timentin antibiotic 

(Appendix # 8) but devoid of Acetosyringone. Timentin is a broad spectrum antibiotic 

and is very effective in controlling Agrobacterium growth. Developing callus was 

sub-cultured at fresh callus induction media after every 2 weeks. 

2.2.3.6.1   Histochemical assay for GUS gene activity 

For the confirmation and efficiency evaluation of Agrobacterium mediated 

transformation, histochemical assay was conducted for GUS reporter gene activity. 

GUS solution was prepared (Table 2.5) according to the method devised by Jefferson 

et al. (1987). Freshly prepared GUS solution was filter sterilized and stored in a dark 

colored bottle at -20 °C. Referring back to Section 2.2.3.6, prior to shifting the 

proliferating calli to regeneration media, randomly selected calli were placed in 400 

µl X-Gluc (5-bromo-4-chlloro-3-indoyl-β-D-glucuronide) solution and incubated at 

37 °C overnight. Non transformed calli was kept as check to monitor false positive 

expression. After the completion of incubation, GUS staining solution was discarded 

and replaced with 80 % (v/v) ethanol to stop the reaction. The GUS activity in the 

form of blue spots was observed under stereo microscope. The percentage GUS 
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expression was calculated as the number of calli showing the blue spots over the 

number of calli dipped in GUS solution multiplied by 100. 

Table 2.6: Preparation of GUS staining solution 

Component Dissolved in Quantity Remarks 

X-Gluc (5-bromo-4-

chloro-3-indolyl-β-

D-glucuronicacid) 

DMSO 88.9 mg All the components were 

dissolved and volume was 

made up to 100 ml. 

Solution was filter 

sterilized and stored at -20 

°C in an amber bottle. 

Chloramphenicol 1N Sodium 

Hydroxide 

10 mg 

1M Na2H2PO4 d2H2O 5 ml 

10 % Triton-X - 1 ml 

20 % Methanol d2H2O 20  ml 

pH  7.0 

2.2.3.7  Regeneration of transgenic plants 

After 6-8 weeks, the proliferating embryogenic calli were transferred to IK4 media 

(Table 2.2) supplemented with 160 mg ml
-1

 Timentin (Appendix # 8) and placed at 

26-28 °C temperature under diffused light. After two weeks of incubation at IK4 

media, green spots started to emerge from the embryogenic globular structure on the 

callus and these green spots were then carefully separated and again sub-cultured on 

fresh IK4 media plates and placed in diffused florescent light to induce photosynthetic 

activity. 

2.2.3.8 Selection of transgenes on media containing glufosinate ammonium 

(herbicide) 

Regenerated plantlets from inoculated and non-inoculated control calli were first 

transferred to sterile petri plates having IK4 media supplemented with 3 mg L
-1 

basta 

herbicide (glufosenate ammonium) (Table 2.4) as plant selection. The plants were 

kept on selection for two weeks. Actively growing and root producing plantlets were 

further transferred in jars containing 4 mg L
-1 

basta herbicide. In jars, plantlets got 

more root and shoot development and enhanced basta dose further eliminated any 

chance of false positive. As putative transgenes developed sufficient root system on 

selection media, these were shifted in fresh jars containing MS0 media supplemented 
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with 160 mg L
-1

 Timentin for fast root shoot development. Putative transgenic plants 

having fully developed primary and secondary root system were then transferred to 

small pots containing coco peat mixed with compost in 2:1 ratio. Pots were initially 

covered with air tight polyethene bags to avoid moisture loss which were gradually 

removed to harden the plants. 

2.2.4 Molecular confirmation of transformation 

2.2.4.1 Genomic DNA isolation from putative wheat transgenes 

Regenerated T0 putative wheat transgenic plants were shifted to bigger pots to 

accommodate growing roots and shoots. For various molecular conformations, 

genomic DNA of putative transgenes was isolated through CTAB DNA extraction 

method as described in Section 2.2.1.1.2. The integrity, purity and concentration of 

isolated DNA was also checked by loading 1 µl of dsDNA in 1 % agarose gel and 

analyzing it on gel documentation system (Cleaver Scientific Ltd, Model # DI-HD-

220). 

2.2.4.2   PCR analysis of putative T0 transgenic wheat plants 

A 442 base pairs long internal DNA fragment of HVA1 gene was amplified by using 

gene specific primers (Table 2.7). Similarly bar marker gene was also amplified by 

employing bar gene specific forward and reverse primers, generating a product size of 

615 base pairs. Fifty microliter final PCR reaction mix was prepared by adding 1 µl 

(200 ng) genomic DNA, 1.5 µl (25 mM) MgCl2, 2.5 µl (10X) PCR buffer, 0.5 µl 

dNTPs, 0.5 µl (10 µM) forward and 0.5 µl (10 µM) reverse primers, 0.15 µl (2.5 U) 

Taq Polymerase (Fermentas), and 43.35 µl d2H2O in a 0.2 ml PCR tube. For 

polymerase chain reaction, a 48 well Biorad, USA thermal cycler was used. The 

following PCR profile was used; initial DNA denaturing by running 1 cycle at 94 °C 

for 5 minute followed by 35 cycles of denaturing at 94 °C for 1 minute, primer 

extension at 55 °C and 58 °C (for HVA1 and bar, respectively) for 1 minute and 1 

minute at 72 °C for primer extension. These steps are followed by a final extension at 

72 °C for 10 minutes.  For negative and positive controls, non-transformed wheat 

genomic DNA and plasmid DNA was used, respectively. After PCR amplification, 

PCR product was analyzed at 1 % agarose (Table 2.6) on a gel electrophoresis 

apparatus at 70 V for 1 hour. 
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Table 2.7: Primers for amplification of bar and HVA1 gene. 

Gene Name Primer Sequence 

bar (Forward) 5′- CAATCCTCGAGTCTACCATGAGCCCAGAAC-3′ 

bar (Reverse) 5′-GAATCCTCGAGTCAAATCTCGGTGACGGGCA -3′ 

HVA1 (Forward) 5′-AACCAGAACCAGGGGAGCTA-3′ 

HVA1 (Reverse) 5′-CGGACTCCTTGGTGTACTGC-3′ 

 

2.2.4.3 DNA blot analysis 

Southern hybridization analysis was performed by following the protocol as described 

by Sambrook and Russell (2001) which include following steps. 

2.2.4.3.1 Digestion of genomic DNA 

Thirty µg genomic DNA of transgenic and wild type plants was digested with two 

frequent cutters i.e. EcoRI and BamHI enzymes. A digestion reaction of 50 µl was 

prepared by adding 1.5 µl (10U µl
-1

) of the both restriction enzymes, 10 µl of 10X 

Tango digestions buffer and made up the volume by adding d2H2O. The reaction was 

kept in a 37 °C incubator overnight. 

2.2.4.3.2  Size fractionation of DNA on agarose gel 

After overnight digestion, DNA was loaded on 2 % (w/v) TBE gel prepared with TBE 

buffer (Appendix # 15) and gel electrophoresis was performed by filling the gel tank 

with 0.5X TBE buffer at low voltage of 20 V for overnight. 
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2.2.4.3.3  Capillary transfer of DNA to membrane 

Before hybridization to membrane the gel was first treated with depurination solution 

(300 ml of 0.25 N HCl) at room temperature with gentle shaking for 15 minutes. The 

gel was rinsed three times with autoclave d2H2O and then denatured by submerging 

and gently shaking in 300 ml denaturation solution (0.5 N sodium hydroxide and 1.5 

M sodium chloride) for 15 minutes at room temperature. The gel was again rinsed 

with sterile deionized double distilled water. Finally the gel was neutralized by 

immersing in neutralization solution (prepared by mixing 0.5 M Tris-HCl, 1.5 M 

NaCl with pH of 7.5) for 15 minutes while moderate shaking. Before DNA transfer 

the gel was incubated in 10X SSC buffer (having 300 mM sodium citrate, 3M sodium 

chloride with pH of 7.5) for 20 minutes. Southern blot assembly was prepared and 

DNA was transferred to Hybond
TM

 N
+
 membrane (Amersham Biosciences) through 

capillary transfer method mediated by 10X SSC buffer, overnight. Membrane was 

briefly washed in 2X SSC and wrapped in saran wrap to avoid drying. DNA was 

cross-linked to the membrane by UV linking it in a UV cross linker (CL-1000 

Ultraviolet Cross linker-UVP) at 150 mJ/cm
2
 for 2 minutes. 

2.2.4.3.4  Synthesis of DIG labeled probe 

For probe synthesis, PCR DIG Probe Synthesis Kit (cat # 11636090910, Roche 

Applied Science, Germany) was used. This method involves the incorporation of 

DIG-11-dUTP into DNA by the polymerase chain reaction. To synthesize the probe, 

bar plasmid DNA was used as a PCR template for probe generation. Two PCR 

reactions were prepared in parallel, having same primers and profiles. One reaction 

mixture was prepared by using DIG labeled dUTPs in PCR master mix while other 

reaction consists of regular non DIG labeled dNTPs. At the completion of PCR 

reaction both products were run in parallel on agarose gel and a size difference of 

approximately 200 bps indicated the successful integration of DIG labeled dNTPs in 

the amplified bar gene sequence which was then used as a probe.  

2.2.4.3.5  Pre-hybridization of the blot 

Further hybridization, detection and copy number analysis was performed by 

chemiluminescent detection method with DIG-High Prime DNA Labeling and 

Detection Starter Kit II (cat # 11585614910, Roche Applied Science, Penzberg, 

http://www.roche-applied-science.com/PROD_INF/index.jsp?id=iforu&iforu_page=search&catalogNumber=11636090910
http://www.roche-applied-science.com/PROD_INF/index.jsp?id=iforu&iforu_page=search&catalogNumber=11585614910
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Germany). The blot was placed inside a hybridization bottle with DNA attached side 

inwards. Eight ml of prehybe
TM

 solution (provided with the kit) was added to the 

hybridization bottle and it was placed at 42 °C in a hybridization oven.  

2.2.4.3.6  Hybridization of the blot 

One ml of preheated prehybe
TM

 solution (Table 2.8) was mixed with 20 µl of DIG 

labeled probe in a 1.5 ml ependorf tube and denatured by placing at 95 °C dry heat 

block for 5 minutes. The reaction was stopped immediately by placing the tube on ice 

for 5 minutes. The denatured probe was poured in the hybridization bottle which was 

again placed in the oven at 42 °C overnight.  

2.2.4.3.7  Washing of probe after hybridization 

The prehybe
TM 

buffer was removed from the hybridization bottle and 15 ml 2X SSC 

solution was added for 15 minutes at 52 °C. 2X SSC was replaced by 15 ml 1X SSC 

for the same time period and temperature as mentioned above. The blot was 

hybridized overnight with denatured DIG labeled probe at 42 ºC by using DIG 

prehybe
TM

 buffer and stringency washes were given at different temperatures and 

time periods. 

2.2.4.3.8  Chemiluminescent detection of DIG labeled probe 

1X SSC solution was removed and to avoid nonspecific binding 25 ml of blocking 

solution (Table 2.8) was added to the hybridization bottle for 30 minutes at 30 °C. 

After removing the blocking solution 25 ml of antibody solution (Table 2.8) was 

added to the bottle for 30 minutes at 30 °C. The blot was washed with 25 ml washing 

solution (Table 2.8) twice for 15 minutes. After washing, 3 ml of detection buffer was 

poured in the bottle for 3 minutes at 30 °C. The blot was then removed from the bottle 

and placed on saran wrap, with DNA side upwards. One ml of CDP-star solution was 

mixed with 2 ml detection buffer (provided with the kit) in a tube and this mixture 

was poured on the blot evenly, carefully avoiding any dry spot on the membrane. Blot 

was kept covered with CDP-star for 5 minutes and then rinsed with d2H2O and air 

dried at room temperature. X-ray film (Fuji Photo Film Co., Ltd, Japan) was exposed 

to the blot for 3-4 minutes. After developing and fixing the exposure, the x-ray film 

was examined for gene integration and copy number.  
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Table 2.8: Preparation of different DIG DNA labeling kit solution 

Solution 

name 

Stock Preparation Storage 

Prehybe 

buffer 

- Add 64 ml d2H2O in easy-hybe 

granules in a 250 ml reagent bottle 

and stir slowly to avoid foam 

formation. 

Room 

temperature 

Blocking 

solution 

50 ml of 1X 

solution 

Mix 5 ml of 10X blocking solution 

from (vial-6) in 45 ml of 1X Malic 

acid buffer. 

Prepare 

fresh 

Antibody 

Solution 

50 ml of 1X 

antibody 

solution 

In 50 ml 1X blocking solution mix 

5 µl of Anti-digoxigenin-AP. 

Prepare 

fresh 

Washing 

buffer 

50 ml of 1X 

washing buffer 

Take 50 ml of 1X Malic acid 

buffer and add 150 µl of tween-20 

by mixing it gently to avoid foam 

formation. 

Prepare 

fresh 

2.2.4.4  Basta leaf paint bioassay 

The plant expression cassette of pCGT2 vector contains bar gene that confers 

glufosinate ammonium (basta) tolerance in transformed transgenic plants. Two basta 

leaf application methods were employed for checking the herbicide tolerance of 

transgenic plants. 

2.2.4.4.1 Application of basta on attached leaf 

To determine the level of herbicide tolerance and to determine the segregation pattern 

of T1 transgenic wheat plants, glufosinate ammonium also known as basta herbicide 

(Aventis GmbH, Frankfurt, Germany) was applied on 1 inch middle section of a 

healthy green leaf prior to flag leaf. Cotton bud was soaked in 0.05 % (w/v) basta + 

0.1 % Tween 20 solution and swabbed gently on a predetermined and marked portion 

of the leaf. Ten plants per event and three leaves per each plant were chosen at 

random for basta application. After 7 days, basta resistance of plants was scored as 

susceptible, moderately resistant or resistant according to the degree of leaf damage 

observed. 
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2.2.4.4.2 Application of basta on detached leaf.  

Basta leaf bioassay performed in the open field may be influenced by number of 

environmental factors like UV radiation of sun, rain and disease. To minimize the 

experimental error, 1 inch long leaf tips of the same leaves that used in attached leaf 

basta bio assay experiment were taken in sterile eppendorf tubes. The detached leaves 

were divided into two groups. One group was dipped in tubes filled with 800 µl of 

0.05 % (w/v) sterile basta + MS solution while other group was immersed in simple 

MS media and placed at 25 ºC under constant florescent light. Non-transgenic leaf 

samples were also placed alongwith transgenic lines. After 7 days (when all control 

samples showed loss of chlorophyll in group 1), basta resistance of transgenic and 

control leaf samples were scored as susceptible, moderately resistant or resistant 

according to the degree of leaf desiccation (chlorophyll loss). 

2.3 Stress treatment and performance evaluation of transgenic wheat plants 

After molecular confirmation, transgenic events along with non-transformed control 

were tested for germination rate, growth and productivity potential under drought and 

salinity stress of varying degrees.  

2.3.1 Germination assay for drought, salinity and herbicide tolerance 

Transgenic seeds of six HVA1 events alongwith non-transgenes control were tested in 

petri plates by geminating T0 seeds on sterile filter papers moistened with 0 mM, 100 

mM, 200 mM NaCl for checking salt tolerance and 0 %, 10 % and 20 % PEG-6000 

for water limitation stress tolerance. These seeds were also tested on three doses (2 

mg ml
-1

, 3 mg ml
-1

 and 4 mg ml
-1

) of glufosinate ammonium (basta) to check the 

herbicide tolerance of the transgenic seedlings at germination stage. A total of 20 

seeds per event were grown and 3 ml of above mentioned concentrations was 

provided per plate. Experiment was replicated three times to minimize the 

experimental error. After providing the stress treatments the petri plates were placed 

in the growth room at 25 ºC. Daily observations were recorded for germination rate 

(% age) at various NaCl, PEG-6000 and basta levels. After three days, root length and 

shoot length measurements were recorded to determine the stress tolerance levels of 

plants. Leaf samples from ten days post germinated and actively growing seedlings of 
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transgenic events were taken and immediately stored at -80 °C for RNA isolation and 

cDNA preparation necessary for conducting semi-quantitative RT-PCR. 

2.3.2 Water limitation stress 

During wheat growing season (November, 2012), selected transgenic events and 

control was grown in micro plots (1.6 × 5 meter) under severe water limiting 

conditions. One set was grown having no supplementary water irrigation after sowing 

(rain-fed conditions) and the other set was grown under normal irrigation (4 

recommended irrigations). During growing period and at maturity of the crop, data 

regarding different agronomical, physiological and biochemical parameters (described 

in the later sections) were recorded and statistically analyzed. 

2.3.3  Salinity stress 

Plastic pots were filled with saline soil having two salinity levels of 10 dS m
-1

 and 20 

dS m
-1

 whereas non-saline soil was used as control. Prior to sowing, transgenic and 

control wheat seeds were placed on wet filter paper overnight. Healthy germinated 

seeds were planted in each pot with each genotype having 4 pots per event (total 8 

seeds per event) under each treatment. Pots were irrigated with equal amount of tap 

water twice a week till the maturity of the plants. Due to non-pours plastic pots the 

salt concentration in the root zone remained unchanged.  During growing period and 

at maturity of the crop, data regarding different agronomical, physiological and 

biochemical parameters (as described in the later sections) were recorded and 

analyzed statistically. 

2.3.4  Root and Shoot biomass measurement under drought and salt stress 

Six transgenic HVA1 events along with non-transgenic were grown in pots (PVC 

pipes) having a size of 8'' × 3' (W × H). Five plants per event (one plant per pot) were 

grown in normal wheat growing season (November to April). The plants were kept 

under consistent water limitation stress by rehydrating the plants in PVC pipes after 

observing signs of leaf rolling/wilting. Prior to the initiation of reproductive phase the 

plants were extracted from PVC pipes by pulling the root ball out and rinsing it with 

running water. Roots were dried by placing between layers of absorbent cloth and 

plant biomass related measurements were taken. 
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2.4 Molecular, physiological, biochemical and agronomical evaluation of 

transgenes under drought and salt stress 

2.4.1 Molecular evaluation of wheat transgenes under drought and salt stress 

2.4.1.1 Reverse Transcription Polymerase Chain Reaction (RT-PCR) for gene 

expression studies 

Following steps were followed before conducting the semi quantitative RT-PCR: 

2.4.1.1.1 cDNA synthesis from stressed wheat plants 

2.4.1.1.1.1 Isolation of total RNA 

For total RNA isolation, 500 mg of wheat leaf samples from each event and non-

transformed plant on three PEG-6000 and NaCl levels (Section 2.3.1) were frozen in 

liquid nitrogen and grinded in 3 ml pre-chilled TRIzol Reagent per each vial (Life 

Technologies-Invitrogen, USA) until a homogenize is achieved. The rest of the 

procedure was the same as described in section 2.2.1.1.2. The integrity of total plant 

RNA was checked on 1 % agarose gel. 

2.4.1.1.1.2 Separation of mRNA from total RNA 

The extraction of mRNA from total RNA was performed by using oligo-dT cellulose 

columns (MRC, cat # OT125), in line with the instruction given in the kit manual. A 

specially designed cellulose matrix in the oligo-dT column attaches with the polyA 

tail of mRNA, whereas the remaining RNA is collected at the bottom of the provided 

column. The mRNA isolation from total RNA was performed by the method 

described in the Section 2.2.1.2.3. 

2.4.1.1.1.3 First strand cDNA synthesis 

Freshly isolated and purified mRNA was used as template for the synthesis of first 

strand cDNA. The mRNA of multicellular organisms has a poly-A tail that allows the 

binding of thiamine to oligodT primers for the initiation of first strand cDNA 

synthesis. Revert Aid H
-
 cDNA synthesis kit (Thermo Scientific, cat # K1631; 

Appendix # 1) was used for this purpose, in accordance with the directions provided 

by the kit manufacturer. 
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2.4.1.1.2 Semi-quantitative RT-PCR analysis for gene expression 

Expression of rd29A-HVA1 gene under both drought and salinity stress was analyzed 

by semi-quantitative RT-PCR for transgenic wheat plants. HVA1 gene specific 

primers were used as forward sqHVA1_F: 5'-AGAAGACCGGGCAGATGAT-3' and 

reverse sqHVA1_R: 5'-CTCGTACGTCTTGTCCTTGG-3' for the of HVA1 transcript 

under water limited and excessive salt conditions. Wheat Actin gene, having forward 

primer sequence sqActin_F: 5'-ATGGAAGCTGCTGGAATCCAT-3' and reverse 

primer sequence sqActin_R: 5'-CCTTGCTCATACGGTCAGCAATAC-3' was used 

as endogenious check for the experiment. For amplification of genes, PCR was 

conducted for 20 cycles with an annealing temperature of 58°C. The PCR product was 

run at 1.5 % agarose gel and visualized at gel documentation system. 

2.4.1.1.2.1 Quantification of gene expression 

RT-PCR gel pictures saved in 8-bit gray scale digital (TIFF) format were processed 

through ImageJ v1.48v software provided free by National Institute of Health (NIH), 

USA (http://rsbweb.nih.gov/ij/download.html). The software uses the density 

(intensity) of DNA band and convert it into numerical data for ease of understanding 

and comparison. The relative gel densities were calculated by dividing the densities of 

transgene bands with the densities of housekeeping gene (actin) for the corresponding 

treatment. The normalized gene expression results were presented in the form of a bar 

chart. 

2.4.2 Physiological evaluation of wheat transgenes under drought and salt stress 

2.4.2.1 Relative Water Contents (RWC) of leaves 

Transgenic HVA1 plants were grown in the field in the normal growing season 

(November to April). Transgenic and non-transgenic plants were grown in the same 

field and provided similar growing conditions. One set of plants was provided with 

normal irrigation while other set was grown without any supplementary watering 

except rainfall (barani conditions). Watering was only provided during the preparation 

of field before sowing and later on, no irrigation was provided to the plants in the 

second set. Only precipitation available was the rainfall, which was about 4 mm 

(during November-February). The absence of irrigation and lack of precipitation 

caused severe drought conditions in the field (for the second set).  

http://rsbweb.nih.gov/ij/download.html
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To measure the relative water contents of transgenic and non-transgenic plants, three 

leaves/event were taken at noon and quickly stored in air tight falcon tubes. Fresh 

weight of each sample was taken and placed in 50 ml air tight tubes containing 

distilled water. Tubes were placed in light at 25 ºC for 24 hours. Samples were taken 

out of the tubes and turgid weight was immediately taken to avoid drying of leaf 

samples. Same samples were then dried by exposing to heat at 65 ºC in an oven for 24 

hours and then their weight was taken again. Following formula was used to calculate 

the relative water contents of wheat samples:  

  Wf -   Wd 

Relative water contents (
o
/o) =  ------------- ×  100 

      Wt -  Wd 

 

Wf = Fresh weight of leaf  

Wd = Dry weight of leaf  

Wt  = Turgid weight of leaf 

(Noggle and Fritz, 1992) 

 

2.4.2.2 Leaf water potential (Ψw) measurement  

Transgenic and control plants grown under water limitation stress in field conditions 

(Section 2.3.2) were tested for leaf water potential. To determine the leaf water 

potential, the second fully expanded newly growing leaf from top of plant was excised 

along with the leaf sheath. The measurements were made from 8:30 to 10:30 a.m. 

with a Scholander type pressure chamber.  

2.4.2.3 Osmotic potential (Ψo) measurement  

 The same leaves used for water potential measurement (Section 2.4.2.2) were frozen 

at -80 ºC for two days in 1.5 ml eppendorf tubes. Then frozen leaf was thawed and the 

cell sap was extracted with a sterile glass rod. The extracted sap was collected with 

the help of a pipette and used to measure the osmotic potential with osmometer 

(WESCOR-VAPRO Vapor Pressure Osmometer-5500) which was calibrated using 

standard solutions of NaCl corresponding to four different osmolarities ranging from 

0 to 1 osmol. 
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2.4.2.4 Turgor potential (Ψt) measurement  

The turgor potential was calculated as the difference between osmotic potential (Ψo) 

and water potential (Ψw). 

(Ψt) = (Ψw) - (Ψo)  

2.4.2.5 Gas exchange measurements  

Gas exchange measurements were taken from field based water limitation experiment 

(Section 2.3.2). Gas exchange parameters including photosynthetic rate, stomatal 

conductance, transpiration and intercellular CO2 were measured within one hour of 

solar noon with infrared gas exchange analyzer portable photosynthetic system (LI-

COR 6400, LiCOR, Inc., Lincoln, NE). Gas exchange measurements were determined 

on undamaged, uppermost fully expanded leaves of main wheat tillers, directly 

exposed to solar radiation. Gas exchange measurements were performed on a day 

with minimal to no cloud cover and at times of maximal solar radiation 

(approximately between 11:00 A. M to 1:00 P.M.).   

2.4.2.6 Water Use Efficiency (WUE) 

The WUE of transgenic and non-transformed plants grown under drought stress 

(Section 2.3.2) was computed as photosynthetic rate/evapotranspiration rate (Pn/E) 

already measured with the aid of infrared gas exchange analyzer portable 

photosynthetic system (LI-COR 6400, LiCOR, Inc., Lincoln, NE) mentioned in the 

Section 2.4.2.5. 

2.4.2.7 Electrolyte leakage (EL) 

EL was measured as described by Valentovic et al. (2006) using young leaf discs of 6 

transgenic and one control plants for each treatment. Leaf samples drought stressed 

transgenic and control plants (Section 2.3.2) were washed with deionized water to 

remove surface adhered electrolytes. Leaf discs (1 × 1'') were placed in sterile falcon 

tubes containing 10 ml of deionized water and incubated at 25 ºC on a rotary shaker 

for 24 hours and subsequently electrical conductivity of the solution (EC1) was 

determined.  
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Samples were then autoclaved at 120 ºC for 20 min and the final electrical 

conductivity (EC2) was obtained after equilibration at 25 ºC.  

The EL was defined as follows:  

EL (%) = (EC1/EC2) ×100. 

2.4.2.8 Membrane stability index (MSI) 

Membrane stability index (MSI) was estimated in accordance to the method described 

by Sairam et al. (1997). Fresh wheat leaves (0.5 g) were taken in 10 ml of double 

distilled water in two sets. One set was exposed to 40 °C for 30 minutes and electrical 

conductivity (EC) was measured using a conductivity meter (C1). While the second 

set was incubated at 100 °C in a water bath boiling water for 10 min and its EC was 

recorded (C2).  

Membrane stability index (MSI) = [1 - (C1/C2)] ×100. 

2.4.3 Biochemical evaluation of wheat transgenes under salt stress conditions 

2.4.3.1 Determination of Na
+
 and K

+
 accumulation and Na

+
/K

+
 ratio 

Leaf sample from transgenic and non-transgenic plants growing under salinity stress 

(Section 2.3.3) were taken before the initiation of reproductive phase and air dried at 

70 °C in an oven for 24 hours. Leaves were ground to fine powder. About 0.5 g 

grounded leaf sample was taken into a 100 ml Pyrex flask. To digest the leaf samples, 

5 ml concentrated H2SO4 was added to the flask for overnight. 1 ml hydrogen 

peroxide (H2O2) was added to the flask and mixture was placed on 250 °C hotplate for 

30 min and continued to add 1 ml H2O2 after every 30 minutes until the digestion 

mixture turned transparent. After discoloration of the mixture it was incubated at 

room temperature for 1 hour and volume was made upto 50 ml by adding d2H2O. 

Sodium and potassium estimation was done at flame photometer by plotting sample 

readings with already known standard curve of known concentrations of sodium and 

potassium ions. 
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2.4.3.2 Estimation of Proline contents 

The proline was estimated according to the method described by Bates et al. (1973). 

About 0.5 g fresh leaf tissues from salinity treated plants (Section 2.3.3) were 

homogenized in 10 ml of 3 % sulfo-salicylic acid and incubated in test tubes at room 

temperature overnight. The homogenate was filtered through Whatman No. 2 filter 

paper. Out of this filtrated 2 ml was taken into new test tube and 2 ml acid ninhydrin 

solution (1.25 g ninhydrin in 30 ml glacial acetic acid and 20 ml 6M orthophosphoric 

acid) and 2 ml of glacial acetic acid was added and heated at 100 °C for 1 hour on a 

250 °C heating block . Reaction was terminated by placing the test tube on ice for 20 

minutes. For extraction of proline, 10 ml toluene was added to each test tube and this 

mixture was vigorously mixed on vortex for 2-3 minutes or until the color from lower 

layer protrudes to the upper transparent layer consisting of toluene. The toluene was 

aspirated from the chromophore layer. The extracted aqueous phase was then 

incubated at room temperature for 30 minutes. A photo-spectrophotometer was set at 

520 nm wave length and readings were taken for the proline estimation by keeping the 

toluene as blank. Proline concentration was determined from a standard proline curve 

and calculated on fresh weight basis by plotting into following formula: 

Mole proline g
-1

 of fresh weight= (g proline ml
-1

 of toluene/115.5)/ (g of sample/5) 

Where formula weight of toluene: 115.5  

2.4.4 Agronomical evaluation of wheat transgenes under salt stress conditions 

Agronomical parameters from both drought (Section 2.3.2) and salinity (Section 

2.3.3) treated transgenic and control wheat plants was taken for following yield and 

yield related traits: 

2.4.4.1 Plant height (cm) 

At maturity, the height of main tiller of randomly selected wheat plant was taken in 

centimeters (cm) from the base of the stem to the apex of the spike excluding awns. 

Average plant height from selected plants was taken for further statistical analysis. 
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2.4.4.2 Flag leaf area (cm
2
) 

At fully grown stage, the maximum length and width of the top most leaf (flag leaf) of 

main tiller was taken in centimeters. Flag leaf area was computed by using following 

formula by Miller (1991) i.e. 

Area = Maximum length × Maximum width × 0.74 

2.4.4.3 Number of tillers per plant 

Numbers of fertile tillers from selected plants were counted at maturity stage and their 

mean per plant was used for further calculations. 

2.4.4.4 Number of grains per plant 

At the time of harvest, grains from the spikes of all the tillers from each plant were 

thrashed and counted. 

2.4.4.5 Grain weight per plant (g) 

At harvesting stage, the grains of each selected were manually thrashed and grains 

were weighted on electronic balance. The average grain yield was computed by taking 

the mean of grain weight from all the selected plants in grams. 

2.4.4.6 Shoot length (cm) 

As described in the Section 2.4.4.1, shoot length of PVC pipe (Section 2.3.4) and pot 

(section 2.3.3) grown plants was taken after completion of relevant stress period. 

2.4.4.7 Root length (cm) 

After extraction of roots from root boll, the root length of primary root was taken 

from the base of the stem to the tip of root at the bottom. 

2.4.4.8 Fresh Shoot weight (g) 

Plants were gently removed from soil filled pipes/pots (Sections 2.3.4 and 2.3.3) and 

above ground stock was removed and to avoid further water loss and quickly 

weighted on a digital balance. 
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2.4.4.9 Fresh Root weight (g) 

Plants were gently removed from soil filled pipes/pots (Sections 2.3.4 and 2.3.3) by 

washing the soil around the roots with fast running water. Excess soil was gently 

washed off and roots were momentarily blotted and cutoff from the base of stock and 

weighted on a digital balance. 



Results                                                                                          Chapter 3 
 

73 
 

CHAPETR 3 

RESULTS 

3.1 Optimization of callus induction and regeneration response of indigenous 

wheat genotypes 

3.1.1 Response of wheat genotypes to optimized callus induction media  

Variable callus induction and embryogenesis was observed in all 26 wheat genotypes 

i.e. TD-1, Uqab-2000, SH-2002, AS-2002, GA-2002, GD-2002, Bhakhar, Seher-

2006, Shafaq-2006, Inquailb-91, Lasani-2009, Punjab-2011, Punjab-76, Chakwal-86, 

Pak-81, Watan, Blue Silver, TW-471, Ufaq-2000, V-03079, V-04188, V-05082, V-

07076, V-07096, G-98-4 and Bobwhite on three concentrations of auxin 2, 4-D (i.e. 2, 

3 and 4 mg L
-1

). For successful wheat transformation, embryogenic callus production 

is the prerequisite. Hence, it was imperative to investigate and separate out the wheat 

genotypes that produce callus with embryogenic abilities.  Overall callus induction in 

case of Punjab-76, Watan, GA-2002, GD-2002, V-3079, V-04188, Uqab-2000, Seher-

2006, Punjab-2011 and Bobwhite was more crystalline, compact and embryogenic in 

nature (Fig 3.1A), whereas it was mostly brownish, loose, semi-translucent and non-

embryogenic in TD-1, SH-2002, AS-2002, Bhakar, Shafaq-2006, Inquailb-91, Lasani-

2009, Chakwal-86, PAK-81, Blue Silver, TW-471, V-05082, V-07076, V-07096 and 

G-98-4 (Fig 3.1B). Similarly analysis of variance of callus induction of all wheat 

genotypes (Table 3.1) showed highly significant differences among the tested 

genotypes and given treatments. MS media when supplemented with 2 mg L
-1

 2, 4-D, 

callus induction of wheat genotypes ranged from 33 to 92 % (Fig 3.2). Bobwhite (Fig 

3.1C) showed maximum callus induction of 92 % closely followed by Ufaq-2000 (Fig 

3.1D) and Seher-2006 (Fig 3.1E) with 88 and 85 % callus induction respectively. On 

the other hand, TD-1 showed minimum callus induction of 33 % (Fig 3.2). On MS 

media having 3 mg L
-1

 2, 4-D, a marked decrease in callus production was observed 

and the tested genotypes showed callus induction in the range of 11 to 71 %. Highest 

callus induction of 71 % appeared in Bobwhite which was followed by 64 % in both 

Seher-2006 and Punjab-2011 (Fig 3.1F) whereas advanced line V-07076 appeared to 

be the lowest callus producing genotype with only 11 % callus induction (Fig 3.3). 

When MS media was supplemented with 4 mg L
-1

 2, 4-D, further decrease in callus 
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induction rate (8 to 42.33 %) was observed (Fig 3.4). At this 2, 4-D level, maximum 

callus induction was again noted in Bobwhite which was 42.33 %, closely trailed by 

Seher-2006 (41 %) and Ufaq-2000 (40.33 %) while the minimum callus induction of 

8 % was observed in variety SH-2002 (Fig 3.4). 

 

Fig 3.1: Callus induction in different wheat genotypes; A) Embryogenic callus. B) 

Non-embryogenic callus. C) Callus induction from immature embryo of Bobwhite, D) 

Ufaq-2000, E) Seher-2006 and F) Punjab-2011. 

 

Interactions of different genotypes with different levels of 2, 4-D were also found to 

be highly significant (Table 3.1) and require further investigation. Among all the 

genotypes and treatments, the combination of 2 mg L
-1

 2, 4-D and Bobwhite was 

found to bring out the maximum callus induction potential (Table 3.2). In case of 2
nd
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and 3
rd

 best callus inducer, 2mg L
-1

 2, 4-D concentration was again deemed best for 

varieties Ufaq-2000 and Seher-2006 respectively.  

 

Fig 3.2: Callus induction response of 26 wheat genotypes to MS + 2 mg L
-1

2, 4-D.  

 

Fig 3.3: Callus induction response of 26 wheat genotypes to MS + 3 mg L
-1

2, 4-D. 
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Fig 3.4: Callus induction response of 26 wheat genotypes on MS + 4 mg L
-1

2, 4-D. 

 

Table 3.1: Analysis of variance for callus induction at three levels of auxin 2, 4-D. 

Source of 

variation 

DF SS MS F-value Probability 

Genotype 25 44189 1767.6 118.14** 0.0 

Treatment 2 62768 31384.1 2097.65** 0.0 

Genotype x 

Treatment 

50 6521 130.4 8.72** 0.0 

Error 156 2334 15.0   

Total 233 115813    

CV: 9.89 

Table 3.2: LSD analysis of genotype × treatment interaction for mean callus 

induction at three 2, 4-D levels. 

Sr.No. Genotypes 
Mean Callus Induction 

Mean 
2 mg L

-1
 2,4-D 3 mg L

-1
 2,4-D 4 mg L

-1
 2,4-D 

1 Punjab-76 82 BC 43 N-Q 19 a-i 48 

2 Chkawal-86 64 FGH 27 U-Y 22 XYZa-e 38 

3 Pak-81 45 NOP 18 b-j 15 g-m 26 

4 Watan 70 DE 25 W-Za 11 k-n 35 

5 Blue Silver 43 N-Q 19 Za-h 11 k-n 25 

6 TD-1 33 STU 14 h-n 10 lmn 19 

7 TW-4711 42 N-R 23 W-Zabc 12 j-n 26 

8 Uqab-02 55 IJK 41 N-R 20 Za-g 39 
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9 SH-2002 38 QRS 8 i-n 8 n 18 

10 AS-2002 51 KLM 16 f-l 14 h-n 27 

11 GA-2002 72 DE 45 MNO 19 a-i 45 

12 GD-2002 67 EFG 38 QRS 16 e-l 40 

13 V-3079 80 C 59 HIJ 31 TUV 57 

14 Bhakhar 47 LMN 22  XYZa-d 14 h-n 28 

15 V-04188 69 DEF 39 P-S 25 V-Z 44 

16 Shafaq-06 60 HI 39 O-R 21 YZa-f 40 

17 Seher-06 85 BC 61 FGH 41 N-R 62 

18 Inqulab-91 62 GH 41 N-R 25 W-Z 43 

19 Lsani 58 HIJ 29 UVW 16 d-k 35 

20 G-98-4 52 KL 37 Q-T 28 U-X 39 

21 V-05082 59 HIJ 37 RST 24 W-Zab 40 

22 Punjab-2011 73 D 64 FGH 40 O-R 59 

23 V-07096 41 N-R 22 XYZa-f 17 c-k 27 

24 V-07076 54 JK 11 k-n 9 mn 25 

25 Bobwhite 92 A 71 DE 42 N-R 68 

26 Ufaq-02 88 AB 61 GHI 40 O-R 63 

 Mean 61 35 21  

 

3.1.2 Embryogenic callus production of wheat genotypes on optimized callus 

induction media having 2 mg L
-1

 2, 4-D 

On the basis of best callus induction and proliferating media, calli plated on MS 

media supplemented with 2 mg L
-1

 2, 4-D were chosen for further experimentation 

and data collection for embryogenic callus production. Highly significant differences 

were observed among all the genotypes tested for embryogenic callus induction 

(Table 3.3; Table 3.4). At 2 mg L
-1

 2, 4-D, the embryogenic callus production ranged 

from 15 to 74 %. Minimum callus induction rate was observed in Uqab-2000 (15 %). 

However Bobwhite showed maximum embryogenic callus (74 %) followed by Ufaq-

2000 (71 %), Punjab-2011 (69.7 %) and Seher-2006 (67.7 %) respectively (Fig 3.5). 

Table 3.3: Analysis of variance of embryogenic calli production at 2 mg L
-1

 2, 4-

D level. 

Source of 

variation 

DF SS MS F-value Probability 

Genotype 25 27780.1 1111.20 116* 0.0 

Error 52 499.3 9.60   

Total 77 28279.4    

CV: 7.18 
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Table 3.4: LSD analysis of mean embryogenic calli production at 2 mg L
-1

 2, 4-D. 

Sr. No. Genotypes 

Mean embryogenic calli 

production at 2 mg L
-1

 

2, 4-D 

1 Punjab-76 62.7 D-G 

2 Chkawal-86 44.0 H 

3 Pak-81 31.7 JK 

4 Watan 64.3 DEF 

5 Blue Silver 27.0 KLM 

6 TD-1 17.7 OP 

7 TW-4711 25.0 MN 

8 Uqab-02 15.0 P 

9 SH-2002 20.7 NO 

10 AS-2002 37.0 I 

11 GA-2002 60.0 FG 

12 GD-2002 61.7 EFG 

13 V-3079 65.3 CDE 

14 Bhakhar 25.7 LMN 

15 V-04188 59.0 G 

16 Shafaq-06 34.3 IJ 

17 Seher-06 67.7 BCD 

18 Inqulab-91 37.0 I 

19 Lsani-09 33.3 IJ 

20 G-98-4 32.0 IJK 

21 V-05082 30.7 JKL 

22 Punjab-2011 69.7 ABC 

23 V-07096 23.0 MN 

24 V-07076 32.3 IJ 

25 Bobwhite 74.0 A 

26 Ufaq-02 71.0 AB 
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Fig 3.5: Embryogenic callus production of 26 wheat genotypes on optimized 

media. 

3.1.3 Response of wheat genotypes to optimized plant regeneration media 

To find the best combination of two cytokinens (i.e. IAA and Kinetin) for improved 

plant regeneration, ten best callus inducing and embryogenic calli producing wheat 

genotypes (i.e. Punjab-76, Watan, GA-2002, GD-2002, V-03079, V-04188, Seher-

2006, Punjab-2011, Bobwhite and Ufaq-2000) were further tested for the optimization 

of regeneration media. Analysis of variance for all 10 selected genotypes showed 

highly significant variation among the genotypes, treatments and genotype × 

treatment interaction for regeneration potential (Table 3.5; Table 3.6). Overall 

regeneration of varying levels was observed among the wheat genotypes tested (Fig 

3.6). On IK1 media the regeneration potential of tested genotypes fell in the range of 

26.7 to 62.2 %. Bobwhite was the on top with a maximum regeneration potential of 

62.2 % which was followed by 55.6 % in Ufaq-2000 and 53.3 % in cv. Punjab-2011.  

Whereas lower regeneration was recorded in variety Watan that was 26.7 % (Fig 3.7). 

Similarly on IK2 media, Bobwhite again gave the maximum regeneration potential of 

71.1 % as compared to 62.2 and 60 % of V-03079 and Seher-2006, respectively. 

Varieties Punjab-76 and Watan showed 46.7 % regeneration on IK2 media (Fig 3.8). 

On IK3 media all the genotypes showed regeneration in the range of 42.2-73.3 %. On 

this media, Bobwhite showed 73.3 % regeneration potential followed by 66.7 and 
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64.4 % regeneration in Seher-2006 and Ufaq-2000 genotypes respectively. GD-2002 

came out to be the lowest regenerator on this media with 42.2 % regeneration (Fig 

3.9). On IK4 media (Fig 3.10) well known highly regenerable wheat variety Bobwhite 

showed maximum regeneration (Fig 3.6 A) from calli (88.9 %) followed by cv. Seher-

2006 (Fig 3.6 B) and variety Ufaq-2000 (Fig 3.6 C) with 80 % regeneration capacity. 

Watan (Fig 3.6 E) was found to be the poorest regenerator with only 51.1 % 

regeneration potential while GD-2002 (Fig 3.6 F) and V-04188 (Fig 3.6 G) were 

slightly better with 53.3 % regeneration on IK4 media. Cytokinen combination in IK4 

media came out to be the most suitable for enhancing regeneration potential of elite 

local cultivars of wheat. 

In this study Seher-2006 was chosen for further tissue culturing and transformation. 

Bobwhite and Ufaq-2000 were the maximum callus inducers and regenerators but less 

productive and inferior in quality than Seher-2006. 

Table 3.5: Analysis of variance of regeneration potential at four combinations of 

kinetin and IAA 

Source of 

variation 

DF SS MS F-value Probability 

Genotype 9 259.533 28.8370 10.75** 0.0000 

Treatment 3 211.333 70.4444 26.25** 0.0000 

Genotype × 

Treatment 

27 32.333 1.1975 0.45 
N.S

 0.9898 

Error 80 214.667 2.6833   

Total 119 717.867    

*  Significant at P≤0.05  NS  Non-significant 
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Fig 3.6: Regeneration in different wheat genotypes: Regeneration in A) Bobwhite, 

B) Ufaq-2000, C) Seher-2006, D) Punjab-2011, E) Watan, F) GD-2002, G) V-04188, 

H) Formation of regenerable globular structures on callus, I) appearance of green 

spots on callus. 
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Table 3.6: LSD analysis of genotype × treatment interaction for regeneration 

potential of 10 wheat genotypes at four PGR combinations 

Sr. 

No. 
Genotypes 

Mean regeneration at 4 combinations of kinetin 

and IAA Mean 

IK1 IK2 IK3 IK4 

1 Punjab-76 6.0 L-P 7.0 I-N 8.3 E-L 9.3 C-I 7.7 

2 Watan 4.0 P 7.0 I-N 6.7 J-O 7.7 G-N 6.3 

3 GA-2002 5.3 NOP 8.0 F-M 8.7 D-K 9.3 C-I 7.8 

4 GD-2002 4.3 OP 7.7 G-N 6.3 K-P 8.0 F-M 6.6 

5 V-3079 6.0 L-P 9.3 C-I 9.3 C-I 10.3 B-F 8.8 

6 V-04188 5.7 M-P 7.3 H-N 6.7 J-O 8.0 F-M 6.9 

7 Seher-06 7.0 I-N 9.0 C-J 10.0 B-G 12.0 AB 9.5 

8 Punjab-2011 8.0 F-M 8.7 D-K 9.3 C-I 11.3 ABC 9.3 

9 Bobwhite 9.3 C-I 10.7 B-E 11.0 A-D 13.3 A 11.1 

10 Ufaq-02 8.3 E-L 8.7 D-K 9.7 B-H 12.0 AB 9.7 

 

 

Fig 3.7: Percentage regeneration potential of various wheat genotypes at IK1 

media 
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Fig 3.8: Percentage regeneration potential of various wheat genotypes at IK2 

media 

 

 

Fig 3.9: Percentage regeneration potential of various wheat genotypes at IK3 

media 
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Fig 3.10: Percentage regeneration potential of various wheat genotypes at IK4 

media 

 

3.2 Cloning of Hordeum vulgare HVA1 gene under stress inductive rd29A 

promoter 

3.2.1 Cloning of stress inducible rd29A promoter in pCGT-6400 plant 

expression vector 

3.2.1.1 Amplification of rd29A promoter from Arabidopsis genomic DNA by PCR 

Stress inducible rd29A promoter was amplified from Arabidopsis genomic DNA 

through Polymerase chain reaction (PCR). Promoter specific forward and reverse 

primers having suitable restriction sites (SacI and BamHI) were employed for PCR 

amplification. The resulting PCR product was loaded on 1 % agarose gel and 824 bps 

fragment was amplified and observed under UV illuminator (Fig 3.11). 
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Fig 3.11: PCR amplified product of Arabidopsis thaliana rd29A promoter: Lane 1 

represented 1 kb DNA ladder; Lane 2 represented rd29A promoter amplified by PCR 

using a pair of promoter specific primers. A PCR product representing a promoter 

fragment of 824 bps was compared with 1 kb DNA ladder. 

3.2.1.2 Cloning of rd29A promoter in T/A cloning pTZ57R/T vector 

A PCR amplified 824 base pair DNA fragment indicating Arabidopsis thaliana rd29A 

promoter was extracted from 1 % agarose gel and cloned in pTZ57R/T vector. The 

confirmation of the recombinant T/A clone was done by plasmid isolation from E. 

coli bacterial cells and its restriction analysis was performed by restricting the isolated 

plasmid with specific enzymes (SacI and BamHI). The restricted plasmid was 

resolved on agarose gel and a 2,886 base pairs DNA fragment depicting pTZ57R/T 

vector backbone and 824 bp fragment representing rd29A promoter was separated on 

gel as shown in Fig 3.12. These results designated the successful cloning of rd29A 

promoter region in pTZ57R/T vector. 
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Fig 3.12: Confirmation of cloning of rd29A promoter in T/A cloning pTZ57R/T 

vector through restriction analysis: Lane 1 represented 1 kb DNA ladder; Lanes 2, 

3 and 4 represents pTZ57R/T recombinant clone confirmed through restriction 

analysis by using SacI and BamHI enzymes. The digested clone produced two 

fragments: a 2,886 bps fragment representing pTZ57R/T vector backbone and a 824 

bps long fragment indicating rd29A promoter. 

 

3.2.1.3 Cloning of rd29A promoter in plant expression vector pCGT-6400   

To clone rd29A stress inducible promoter in plant expression vector pCGT-6400, T/A 

cloning vector (pTZ57R/T) harboring rd29A promoter was restricted with SacI and 

BamHI restriction enzymes and at the same time plant expression vector pCGT-6400 

was also digested with the help of same enzymes (i.e. SacI and BamHI). The digested 

products were loaded on agarose gel and resulting fragment of 824 bp of rd29A 

promoter from T/A recombinant clone and another fragment of 16.4 kb from pCGT-

6400 vector were eluted from gel and later ligated together. The recombinant clone 

was confirmed through digestion reaction by using restriction enzymes SacI and 

BamHI. As a result of this digestion, two DNA fragments were clearly visible as 

shown in Fig 3.13. The larger fragment of 16.4 kb indicated the back bone of plant 

expression vector (pCGT-6400); whereas the second smaller fragment of 824 bp 

represented the rd29A promoter. The resultant recombinant clone was named as 

pCGT1 vector.  
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Fig 3.13: Confirmation of cloning of rd29A promoter in pCGT-6400 plant 

expression vector through restriction analysis: Lane 1 represented 1 kb DNA 

ladder; Lanes 2 and 3 represented pCGT1 recombinant clone confirmed through 

restriction analysis by using SacI and BamHI enzymes. The restricted clone yielded 

two DNA fragments: a 16.4 kb fragment representing pCGT-6400 vector backbone 

and another 824 bps fragment representing rd29A promoter. 

 

3.2.2 Cloning of barley HVA1 (LEA group 3) gene under Arabidopsis stress 

inducible rd29A promoter 

3.2.2.1 Total RNA isolation from leaves of barley plants 

Leaf tissues were taken from field grown plants and frozen leaves of barley plants 

were utilized for the total RNA isolation through Trizole reagent method. RNA 

isolation protocol was followed under sterile conditions and preventive measures were 

taken to avoid RNA degradation. Isolated total RNA was resolved on agarose gel for 

checking its size and integrity. The appropriate 28S and 18S rRNA bands were 

observed and documented as shown in Fig 3.14.  
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Fig 3.14: Total RNA isolation from leaves of barley plant: Lane 1 represented 1 kb 

DNA ladder; Lanes 2 and 3 represented the presence of 28S and 18S rRNA bands. 

 

3.2.2.2 Isolation of mRNA from total RNA 

Messenger RNA was isolated and purified from total RNA with the aid of oligo-dT 

cellulose column. To check the integrity and size of extracted mRNA, it was resolved 

on agarose gel. A smear ranging from 0.4 to 2.5 kb indicated the presence of high 

molecular weight mRNA species for downstream processing (Fig 3.15). 
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Fig: 3.15: Messenger RNA isolation from total RNA of barley plant: Lane 1 

represented 1 kb DNA ladder; Lane 2 represented the presence of mRNA smear 

ranging from 0.4 to 2.5 kb. 

 

3.2.2.3 First strand cDNA synthesis 

To synthesize first strand cDNA from purified mRNA, revert Aid H
-
 cDNA synthesis 

kit was used in accordance with the protocol given in chapter 2 (Section 2.2.1.2.4). 

Two μl of newly synthesized and precipitated cDNA was run on agarose gel. A DNA 

smear ranging from > 250 bps to ~ 5 kb was observed on UV illuminator and 

documented.  

3.2.2.4 Amplification of barley HVA1 (LEA group 3) gene 

Hordeum vulgare HVA1 gene was amplified from barley cDNA through polymerase 

chain reaction by using HVA1 gene specific primers having XbaI and NdeI sites. The 

PCR amplified product was resolved on agarose gel and a 652 bps long DNA 

fragment representing HVA1 gene was confirmed as demonstrated in Fig 3.16. 
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Fig 3.16: PCR amplified product of barley HVA1 gene: Lane 1 represented 1 kb 

DNA ladder; Lane 2 represented HVA1 gene amplified from barley cDNA through 

PCR by using a pair of gene specific primers. A PCR product demonstrating a DNA 

fragment of 652 bps was compared with 1 kb DNA ladder for the confirmation of 

HVA1 amplification.  

 

3.2.2.5 Cloning of barley HVA1 gene in T/A cloning vector  

PCR amplified HVA1 fragment of 652 bps was eluted from 1 % agarose gel. The 

purified DNA fragment containing HVA1 gene was cloned in vector pTZ57R/T. The 

recombinant clone was confirmed through restriction reaction by using XbaI and NdeI 

restriction enzymes. The restricted product was resolved on agarose gel. Under UV 

light, two fragments were observed: a DNA band of 2,886 bps indicating pTZ57R/T 

vector backbone 652 bp fragment representing HVA1 gene as shown in Fig 3.17. 

 

 



Results                                                                                          Chapter 3 
 

91 
 

 

 

Fig 3.17: Confirmation of cloning of HVA1 gene in T/A cloning pTZ57R/T vector 

through restriction reaction: Lane 1 represented 1 kb DNA ladder; Lanes 2 and 3 

represented pTZ57R/T recombinant clone confirmed through restriction reaction by 

using XbaI and NedI enzymes. The digested product showed two fragments: a 2,886 

bps fragment representing pTZ57R/T vector backbone and a 652 bps fragment 

indicating HVA1 gene. 

3.2.2.6 Cloning of HVA1 gene under rd29A promoter in plant expression vector 

pCGT1 

To clone barley HVA1 gene under rd29A promoter, recombinant vector pCGT1 

(harboring rd29A promoter) was digested with SacI and BamHI enzymes while T/A 

clone vector having HVA1 gene was restricted with XbaI and NdeI restriction 

enzymes. Two fragments, one of 17.2 kb from pCGT1 vector (pCGT-6400 + rd29A 

promoter) and second 652 bps indicating HVA1 gene were isolated, purified and 

ligated. Recombinant clone was isolated from the E.coli through miniprep plasmid 

isolation technique. The success of cloning was established through restriction 

analysis. SacI and NdeI enzymes were used for digestion analysis and restricted 

product was observed on agarose gel. The exact size of DNA fragments were 

established by comparing the DNA bands with 1 kb DNA ladder. A 1.48 kb fragment 

indicating rd29A promoter and HVA1 gene and 16.4 kb fragment representing pCGT1 

vector backbone were shown in Fig 3.18. The new recombinant vector containing 

HVA1 gene under rd29A promoter in pCGT1 vector was named as pCGT2 (Fig 3.19).  
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Fig 3.18: Confirmation of cloning of HVA1 gene in pCGT1 vector through 

restriction analysis: Lane 1 represented 1 kb DNA ladder; Lanes 2 and 3 represented 

pCGT1 recombinant clone confirmed through restriction analysis by using SacI and 

NdeI enzymes. The restricted clone yielded two DNA fragments: a 16.4 kb fragment 

representing pCGT1 vector backbone and another 1480 bps fragment representing 

rd29A+HVA1. 

 

 

 

Fig 3.19: Vector map of plant expression vector pCGT2 harboring Barley HVA1 

gene cloned under stress inducible rd29A promoter and bar gene as plant 

selection marker under NOS promoter. 
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3.3 Development of drought and salt tolerant wheat 

3.3.1 Culturing of explants and Agrobacterium-mediated transformation 

Wheat cultivar Seher-2006 was chosen for gene transformation studies due to its high 

yield potential and better performance in embryogenic callus induction and 

regeneration enhancement experiment (Section 3.1). Fourteen days post anthesis 

immature wheat embryos were chosen as explant, callus initiation and embryogenesis 

(Fig 3.20 A, B & C) was achieved at callus induction media (Section 2.1.3) 

supplemented with 2 mg L
-1 

2, 4-D as auxin source. The embryogenic calli were 

inoculated with a hyper virulent Agrobacterium strain AGL-1 harboring plant 

expression vector pCGT2 (rd29A+HVA1) as described in section 2.2.3.6. The 

Agrobacterium-mediated transformation was replicated into ten inoculation batches 

for more reliable results (Table 3.7).  

3.3.2 Selection of transformed calli and regeneration of putative transgenic 

wheat plantlets 

Agrobacterium co-inoculated calli were cultured for two days on callus induction 

media supplemented with 400 µM acetosyringone to facilitate and enhance the 

virulence and infection of Agrobacterium strain. Approximately 1250 calli were 

inoculated and co-cultivated on callus induction media supplemented with 160 mg L
-1

 

Timentin antibiotic (Ticarcillin disodium salt) for Agrobacterium suppression and out 

of these 1250 calli about 873 produced varying degree of embryogenic callus as 

shown in Table 3.7. Initially for two sub-culturing cycles these calli were cultured on 

callus induction media in the absence of plant selection herbicide (basta) but after the 

appearance of globular embryogenic structures these calli were shifted to IK4 

regeneration media (1 mg L
-1

 IAA + 1 mg L
-1

 kinetin) supplemented with 2 mg L
-1

 

glufosinate ammonium (basta) as plant selection. Within 15 days of herbicide 

selection, some calli showed sensitivity to basta and within 30 days of selection, 

growth retardation and browning of non-transformed calli was quite visible (Fig 3.20 

D). In comparison the transformed calli showed less growth inhibition and displayed 

visible signs of regeneration initiation as compared to non-transgenic calli (Fig 3.20 E 

& F). Hence out of 873 embryogenic calli about 11.9 % survived on regeneration 

media supplemented with plant selection (Table 3.7). These survived plantlets were 

then shifted to glass jars (Fig 3.20 G) having ½ strength MS media supplemented with 
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160 mg L
-1

 Timentin and 3 mg L
-1

 basta for further stringent selection. Within two 

weeks of shifting, the putative plantlets developed minor roots whereas the leaves of 

herbicide escaped plantlets bleached out without producing any root (Fig 3.20 H). 

After final selection cycle, a total of 38 putative transgenic plants maintained healthy 

root and shoot (Table 3.7) and transferred to small plastic pots filled with compost 

and coco peat in 1:3 ratio. To minimize initial transfer shock, the pots were covered 

with transparent polyethene bags and placed at 25 ± 2 °C under inflorescent light in 

growth room. After acclimatization for two weeks the polyethene bags were removed 

(Fig 3.20 I) and plants were transferred to larger earthen pots (Fig 3.20 J) filled with 

sandy loam soil and placed in glass house for further hardening and seed formation. 

Transformation efficiency (Table 3.7) of cv. Seher-2006 was computed through 

following formula: 

 

 

Transformation Efficiency (% age) = No. of plants +ve for bar/HVA1 genes     × 100 

              Total explants initially cultured 
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Fig 3.20: Tissue culture stages in wheat; A) 14 days post anthesis immature 

embryos (explants) on callus induction medium, B) Embryogenic callus induction on 

scutellum side of immature embryo, C) callus proliferation and regeneration initiation 

on IK4 regeneration media, D) selection of transformed calli on IK4 media 

supplemented with glufosinate ammonium, E & F) prolific regeneration from 

transformed calli of cv.Seher-2006, G) Seedling development on rooting media 

supplemented with glufosinate ammonium, H) Bleaching of escaped non-transformed 

plants on 3 mg L
-1

 basta in glass jar, I & J) hardening of putative transgenic plants in 

pots under greenhouse conditions. 
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3.3.3 Molecular analysis of putative T0 transgenic wheat plants 

3.3.3.1 Polymerase Chain Reaction (PCR) analysis 

Genomic DNA of 38 putative transgenic (T0) wheat plants was extracted by the 

method descried in the section 2.2.4.1. PCR analysis was performed for the detection 

of 490 bp DNA fragment corresponding HVA1 gene by employing gene specific 

forward and reverse primers (Table 2.7). Similarly these putative T0 plants were also 

verified for the presence of bar gene through bar gene specific primer pair (Table 

2.7). On the basis of PCR analysis, 23 transgenic plants were found positive for the 

presence of both HVA1 and bar gene (Table 3.7). Figure 3.21 A & B indicated the 

presence right size DNA fragments of 490 and 651 bp representing HVA1 and bar 

genes in the representative T0 transgenes and positive control (pCGT2 plasmid) 

whereas no amplification was observed in the corresponding water negative and wild-

type control. 

 

 

Fig 3.21: A) PCR amplification of HVA1 gene fragment from representative T0 

putative transgenic wheat plants:  

Lane 1&16   1 kb DNA ladder  

Lane 2-12   transgenic lines  

Lane 13  -ve water control  

Lane 14  non-transgenic plant 

Lane 15  Positive control (pCGT2 plasmid) 
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B) PCR amplification of bar gene fragment from representative T0 putative 

transgenic wheat plants: 

Lane 1   1 kb DNA ladder  

Lane 2-13   transgenic lines  

Lane 13  -ve water control  

Lane 14  non-transgenic plant 

Lane 15  Positive control (pCGT2 plasmid) 

 

3.3.3.2 DNA blot hybridization 

Gene specific probing of the genome of selected wheat transgenic plants in DNA 

hybridization analysis showed varying (1-4) gene copy number insertions. Hybridized 

blot demonstrated the presence of hybridization signals in each lane indicating the 

successful integration of bar gene into the wheat genome (Fig 3.22). The blot showed 

the integration of bar gene at two loci in transgenic plant ST2 whereas single copy 

gene insertion was evident in transgenes ST1, ST3, ST4, ST5 and ST6. No 

hybridization was observed in the lane 7 representing the non-transgenic control plant 

genome.  

 

 

Fig 3.22: DNA blot hybridization of selected transgenic wheat plants: 

Lane 1 to 6  ST1, ST2, ST3, ST4, ST5 and ST6  

Lane 7    non-transgenic control plant 

Lane 8   positive control (pCGT2 plasmid)  
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3.3.4 Basta leaf paint bioassay 

3.3.4.1 Basta leaf paint bioassay of attached leaves 

Thirty leaves from each T1 Transgenic line along with non-trangenic control were 

checked for degree of basta herbicide tolerance/sensitivity. After 7 days of basta 

application on attached leaves, transgenic leaves showed varying degree of basta 

tolerance (Table 3.8). On 0.05 % basta herbicide, leaves of non-transformed control 

showed necrosis on the pre-marked herbicide application area whereas the signs of 

leaf damage were less prominent in case of transgenic plants. Figure 3.23 A indicated 

7-9 % basta sensitivity in ST1, ST2 and ST3 leaves while complete basta tolerance 

was shown by ST4, ST5 and ST6 leaves. In contrast, leaves from wild type plant 

exhibited more than 50 % necrosis due to higher basta sensitivity.  

 

 

Fig 3.23: Basta leaf paint bioassay of T1 transgenic plants with wild-type on 

0.05% v/v glufosinate ammonium: A) Attached basta leaf paint assay, B) Detached 

leaves of transgenic and wild-type plants in 1.6 ml tubes filled with simple MS0 liquid 

media, C) Detached leaves of 2
nd

 set of transgenic and wild-type plants in 1.6 ml 

tubes filled with MS liquid media supplemented with 0.05 % v/v glufosinate 

ammonium. 
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3.3.4.2 Basta leaf paint bioassay of detached leaves 

Leaves dipped for 7 days in MS media supplemented with 0.05 % basta herbicide 

showed varying degree of discoloration whereas same leaves immersed in simple MS 

media were completely green (Fig 3.23 B & C). Leaves belonging to transgenes ST1, 

ST2 and ST3 showed chlorophyll loss in the range of 5-10 % while leaves of ST4, 

ST5 and ST6 transgenic events remained 100 % unaffected. On the other hand 

detached leaf section of wild type plants were almost 90 % bleached out (Fig 3.23 C). 

The results of detached basta leaf paint bioassay fully corresponded with the results 

achieved in the attached basta leaf bioassay (Fig 3.23 A). The degree of basta 

tolerance/sensitivity of tested genotypes is presented in Table 3.8. 

Table 3.8: Basta susceptibility/tolerance of transgenic and wild-type plants.  

Event 0.05 % basta leaf paint Observed ratio % age performance 

Attached 

leaf 

Detached 

leaf 

Basta 

tolerant 

Basta 

susceptible 

Basta 

tolerant 

Basta 

susceptible 

ST1 
Slightly 

susceptible 

Slightly 

susceptible 
24/30 6/30 80 20 

ST2 
Slightly 

susceptible 

Slightly 

susceptible 
28/30 2/30 93.3 6.7 

ST3 
Slightly 

susceptible 
Slightly 

susceptible 
22/30 8/30 73.3 26.7 

ST4 Tolerant Tolerant 25/30 5/30 83.3 16.7 

ST5 Tolerant Tolerant 23/30 7/30 76.7 23.3 

ST6 Tolerant Tolerant 29/30 1/30 96.7 3.3 

WT Susceptible Susceptible 0/30 30/30 0 100 

 

3.3.5 Germination assay for salinity, osmotic and herbicide induced stress 

tolerance 

To check the stress inducible expression of HVA1 gene in T1 transgenic wheat, the 

effect of abiotic stresses on seed germination and seedling development was evaluated 

at various concentrations of sodium chloride (NaCl)  (Fig 3.24 A, B & C), 

Polyethylene glycol-6000 (PEG-6000) (Fig 3.25 A, B & C) and glufosinate 

ammonium (basta) herbicide (Fig 3.26 A, B & C). For this purpose 20 seeds in five 

replicates were germinated on sterile filter paper in disposable petri plates and 

parameters like germination rate, root length and shoot length were measured at early 

seedling stage. 



Results                                                                                          Chapter 3 
 

101 
 

Two days after seed culturing on NaCl, almost 100 percent germination rate was 

observed at non-salt control plates for all the transgenic HVA1 events including non-

transgenic control plants. However the germination rate of wild-type declined with 

elevating NaCl concentrations (Fig 3.27A). It was observed that 100 mM NaCl was 

sufficient to reduce the wild-type seed germination upto 35.6 % of the non-salt level 

while in comparison transgenic events ST2, ST3, ST5 and ST6 showed only 8.3, 10.0, 

15.0 and 6.7 % reduction in germination rate. Furthermore at higher NaCl 

concentration of 200 mM, transgenic lines ST1 and ST5 (71.7 %), ST2 and ST4 (68.8 

%) and ST6 (75.0 %) managed to retain highest mean germination rate whereas wild-

type exhibited much reduced (43.3 %) germination at same salt level of 200 mM (Fig 

3.27  A). Mean squares of treatments, genotypes and their interaction were all 

significant as shown in Table 3.9. 

Root and shoot development of transgenic seedlings was also examined. Similar to 

NaCl response in case of seed germination, the HVA1 transgenic events demonstrated 

lower NaCl sensitivity for primary root development than wild-type at both NaCl 

concentrations (Fig 3.24). In the presence of 100 mM NaCl the decline in the root 

length of wild-type was about 33 % compared to control (non-salt) conditions 

whereas the root lengths of three HVA1 events ST3, ST4 and ST6 showed decrease of 

only 5.8, 8.8 and 11.5 % respectively from the un-treated plants. At higher 

concentrations of 200 mM NaCl, the relative root length was further reduced to 66.2, 

51.4, 45.1 and 42.6 % for wild-type and three transgenic events ST3, ST4 and ST6, 

respectively (Fig 3.27 B). 

In case of shoot development under exogenous NaCl application, quite notable 

decrease in shoot length was observed when compared to non-NaCl treatment (Fig 

3.24). At 100 mM NaCl relative shoot length decreased 3.64, 8.8, 14.0 and 20.1 % in 

case of transgenic events ST2, ST3, ST1 and ST6 respectively while at the same NaCl 

concentration wild-type demonstrated a 60.4 percent decline in its shoot length (Fig 

3.27 C). Similarly when NaCl concentration was further increased to 200 mM, a 

visible drop was observed in the shoot lengths of transgenic events including wild-

type. However this decline was much more pronounced in wild-type with average 

shoot length reduction of 81 % when compared to non-NaCl treatment. At the same 

NaCl level, the transgenic events were relatively less affected where plants ST4, ST1, 

ST2 and ST6 managed to retain 46.3, 43.0, 40.7 and 40.0 % of shoot lengths in 
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comparison to non-NaCl conditions (Fig 3.27 C). These results indicated that stress 

inducible expression of HVA1 gene in wheat enable the transgenic plants to batter 

withstand the exogenously introduced NaCl stress. 

Table 3.9: Mean square values of two ways ANOVA for three parameters in six 

wheat transgenic events subjected to NaCl based salinity stress 

 

Source DF Germination 

rate 

Root length Shoot length 

Treatment 2 11105.6* 82.409* 52.2358* 

Genotype 6 2554.0* 12.646* 1.3262* 

Treatment×Genotype 12 1338.9* 6.909* 1.2448* 

Error 42 583.3 3.220 0.0492 

Total 62    

* Significant at p≤0.05 % probability level 

 

 

Fig 3.24: Germination and root shoot development assay of six transgenic lines 

with corresponding wild-type at three NaCl treatments of 0, 100 and 200 mM. 

In a parallel experiment Polyethylene glycol-6000 (PEG-6000) was used to mimic the 

osmotic stress conditions under drought stress to evaluate the germination and root 

shoot development of transgenic plants in comparison with the wild-type. All six 

transgenic plants responded to PEG-6000 in a similar manner as to NaCl stress (Fig 
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3.25). Significant (P≤0.05) differences in the germination rate of transgenic and wild-

type were observed at non-PEG-6000 treatment (Table 3.10). At 10 % PEG-6000 

treatment, the germination rate of wild-type decreased to 40 percent as compared to 

95 % at non-stressed treatment. In contrast the germination of four transgenic events 

ST2, ST6, ST1 and ST5 were 68.3, 66.7, 63.3 and 61.7 % respectively (Fig 3.27 D). 

When PEG-6000 level was elevated to 20 %, a decreasing trend in root length was 

observed in case of all the plants. Under these conditions, wild-type germination 

reduced to only 35 % of its non-PEG-6000 control whereas those of four best 

performing transgenic lines ST6, ST3, ST1 and ST5 were 58.6, 56.9, 54.2 and 53.5 

percent respectively (Fig 3.27 D). 

Same transgenic and wild-type seeds were further examined for response of root 

growth at various PEG-6000 concentrations. It was observed that increased PEG-6000 

concentration was directly involved in the decrease of root length in all plants. 

However this decline was more pronounced in case of wild-type at both PEG-6000 

concentrations (Fig 3.25). At 10 % PEG-6000, ST2 showed longer root (3.1 cm) 

while ST1 and ST6 followed closely with 2.7 and 2.67 cm respectively. Wild-type 

was the most affected with only 1.8 cm root length at this concentration. Raising the 

PEG-6000 concentration further decreased the root length i.e. 86.7 % in case of wild-

type whereas, ST4, ST5 and ST6 were least affected at 20 % PEG-6000 with 56.7, 

58.7, 61.2 % decrease in their root lengths when compared to non-PEG-6000 

treatment (Fig 3.27 E).  

The shoot was also heavily influenced by PEG-6000 induced osmotic stress which 

resulted in drastic reduction in shoot development of tested plants. There were no 

statistically significant differences (P≤0.05) in the shoot lengths of transgenic and 

wild-type at non-PEG-6000 treatment (Table 3.10), however the longest shoot length 

was observed in case of ST4 (3.63 cm) followed by transgene ST3 (3.47 cm), ST1 and 

ST2 (3.2 cm). However, severe growth inhibition was visible in wild-type plants that 

only showed 0.7 cm shoot length at 10 % PEG-6000 application. (Fig 3.27 F). Similar 

but more pronounced osmotic stress was observed when PEG-6000 level was elevated 

to 20 percent. At this stress level, ST4 was the longest shoot producer with 0.73 cm 

while ST1 and ST5 managed to produce 0.63 cm long shoot. Minimum shoot 

development was noted in wild-type with only 0.37 cm long shoot (Fig 3.27 F). 
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The PEG-6000 induced osmotic stress proved to be quite severe for all tested plants. 

Despite that all the transgenic plants were able to outperform the wild-type and 

proved to be better seed germinator and root and shoot developers than the wild-type 

thus proved their worth in water limitation stress. 

Table 3.10: Mean square values of two ways ANOVA for three parameters in six 

wheat transgenic events subjected to PEG-6000 based osmotic stress 

 

Source DF Germination 

rate 

Root length Shoot length 

Treatment 2 13242.9* 81.0462* 102.646* 

Genotype 6 314.8* 1.3248* 1.212* 

Treatment*Genotype 12 88.2* 0.2945* 1.041* 

Error 42 18.3 0.0403 0.026 

Total 62    

* Significant at 0.05 % probability level 

 

 

Fig 3.25: Germination and root shoot development assay of six transgenic plants 

with corresponding wild-type at three PEG-6000 treatments of 0, 10 and 20 %. 

These T1 seeds belonging to six different transgenes alongside wild-type were also 

grown on various concentrations of glufosinate ammonium (basta) herbicide (Fig 

3.26). This study was laid, not only to investigate the influence of basta on the seed 

germination, root and shoot development but also to calculate the segregation pattern 

of different transgenic events in correspondence with the ratio of survived plantlets to 

the non-germinated ones also known as nulls (Table 3.8). 
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Statistically (P≤0.05) the percentage germination of all the transgenic plants was 

indistinguishable from that of wild-type at non-basta treatment (Table 3.11). However 

wild-type exhibited much higher sensitivity to basta as compared to transgenes when 

simultaneously imbibed on 2 mgml
-1

 glufosinate ammonium. At this concentration the 

wild-type only managed to sustain 58.3 % germination rate whereas transgenic ST3, 

ST6 and ST1 were best performers with 86.7 and 83.3 % germination respectively. In 

contrast, at 3 mgml
-1

 concentration wild-type showed hypersensitive response to 

exogenous herbicide application with only 18.3 % seed germination. The germinated 

seedlings later showed growth inhabitation and yellowing. However at the same basta 

concentration, all the transgenic events showed reasonable tolerance with a seed 

germination rate of 71.7 to 81.7 % (Fig 3.27 G). Similarly at 4 mgml
-1

 basta, almost 

complete germination inhibition was observed in case of wild-type where only 1.53 % 

seeds managed to germinate. On the other hand at this lethal basta dose, transgenes 

ST6 (48.3 %), ST3 (46.7 %) and ST2 (41.67 %) managed to demonstrate relatively 

better germination rate and growth (Fig 3.27 G). 

The germination assay results clearly indicated 3 mg ml
-1

 to be the most suitable 

minimum inhibitory concentration of basta herbicide at which the more reliable 

germination rates can be achieved.  

When root and shoot lengths were checked on same basta concentration (4 mg ml
-1

), 

similar to exogenous basta application response in case of seed germination, the 

transgenic HVA1 plants showed lower basta sensitivity for primary root and shoot 

development. At 2 and 3 mg ml
-1

 basta levels the average root and shoot and root 

length of wild-type was 2 and 0.3 cm which was 63.4 % and 94 % less than the root 

and shoot lengths at non-basta control. In contrast in the presence of 3 mg ml
-1

 basta 

transgenic root and shoot length ranged from 4.33 to 3.87 cm and 3.0 to 2.4 cm, 

respectively. At this concentration the minimum decrease (23.6 %) in root length was 

observed in ST3 closely followed by ST5 (24.5 %) (Fig 3.27 H). Whereas in case of 

shoot length transgene ST6 was the best performer with only 38 % decrease in shoot 

length (Fig 3.27 I). 
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Table 3.11:  Mean square values of two ways ANOVA for three parameters in six 

wheat transgenic events subjected to glufosinate ammonium based herbicide 

tolerance assay 

 

Source DF Germination 

rate 

Root length Shoot length 

Treatment 3 13829.5* 31.2927* 60.6204* 

Genotype 6 1747.9* 9.6889* 2.1685* 

Treatment×Genotype 18 278.7* 1.3188* 0.7197* 

Error 56 9.4 0.0175 0.0168 

Total 83    

* Significant at 0.05 % probability level 

 

Fig 3.26: Germination and root shoot development assay of six transgenic plants 

with corresponding wild-type four basta (glufosinate ammonium) concentrations 

of 0, 2, 3 and 4 mg ml
-1
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Fig 3.27: Performance of six transgenic plants with corresponding wild-type under 

NaCl, PEG-6000 and basta based salt, drought and herbicide stress: A) Germination 

% age  at 0, 100 and 200 mM NaCl, B) Root length (cm) at 0, 100 and 200 mM NaCl, C) 

Shoot length (cm) at 0, 100 and 200 mM NaCl, D)  Germination % age  at 0, 10 and 20 % 

PEG-6000, E) Root length (cm) at 0, 10 and 20 % PEG-6000, F) Shoot length (cm) at 0, 

10 and 20 % PEG-6000, G) Germination % age  at 0, 2, 3 and 4 mg ml-1 basta herbicide, 

H) Root length (cm) at 0, 2, 3 and 4 mg ml-1 basta herbicide, I) Shoot length (cm) at 0, 2, 

3 and 4 mg ml-1 basta herbicide. 
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Basta concentration of 4 mg ml
-1

 proved deleterious for non-transgenic plants 

however the growth retardation effects were relatively less pronounced in case of 

transgenic events. Complete inhibition of root and shoot growth was observed in case 

of wild-type while transgenic plants retained reasonable root growth ranging from 2.4 

to 3.53 cm where minimum root length reduction of 37.74 % was observed in ST3 

(Fig 3.27 H). On the other hand, for shoot length at 4 mg ml
-1

 basta, transgenic plants 

performed in the range of 0.7 to 1.2 cm with lowest shoot length decrease (75 %) was 

observed in transgene ST6 (Fig 3.27 I). This basta dose seemingly exceeds the 

minimum inhibitory concentration of transgenes as germination rate and development 

of root shoot reduced to half of what was at 3 mg ml
-1

 herbicide level. 

3.3.6 Segregation pattern of T1 transgene generation 

The T1 seeds obtained from T0 generation of six HVA1 events alongside wild-type 

were allowed to segregate on three concentrations of glufosinate ammonium herbicide 

on petri plates under controlled conditions (Section 3.3.5). The dose of 3 mg ml
-1

 

glufosinate ammonium being the minimum inhibitory concentration was chosen for 

the segregation pattern studies. From the DNA blot analysis of the transgenic plants 

(Section 3.3.3.2), it was observed that all the transgenic lines possessed single gene 

copy number insertion except ST2 which showed two copies of HVA1 gene. It is 

already known that single copy inserts segregate in 3:1 Mendelian fashion, whereas 

di-hybrid transgenes exhibit phenotype of 15:1. For this purpose data of transgenic 

plants survived on selection agent against the total number of nulls was plotted in the 

following formula to calculate the chi-square values: 

Chi-square 



exp

exp)( 2
2 obs

 

The results presented in the Table 3.12 revealed that in all the transgenic lines except 

ST2, the bar marker gene segregated into 3:1 ratio. Transgene ST2, showed 

significant deviation from mono-hybrid Mendelian segregation ratio of 3:1 and chi-

square test confirmed the presence of two gene copies by proving the segregation 

ratio of 15:1 to be true (Table 3.12).  
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Table 3.12: Chi-square test for investigating the Mendelian segregation pattern 

of transgenic plants 

Events 
Total 

seeds 
Survived null 

Mendelian 

ratio 

(phenotypic) 

X
2
-value Tab-value 

ST1 100 78 22 3:1 0.48 3.84 

ST2 100 93 7 15:1 0.18 3.84 

ST3 100 72 28 3:1 0.48 3.84 

ST4 100 73 27 3:1 0.21 3.84 

ST5 100 72 28 3:1 0.48 3.84 

ST6 100 79 21 3:1 0.85 3.84 

T-value: p=0.05, n=1 

3.3.7 GUS histochemical assay of germinated seeds 

Transgenic seedlings germinated on basta herbicide were further checked for the 

expression pattern of gusA gene in the roots at early stage of seeding development. 

Fig 3.28 demonstrated the varying degree and localization of GUS expression (blue 

color) in the roots of two days old seedlings belonging to six transgenic events. 

Whereas, lack of blue color in the roots of non-transgenic seedling indicated the 

absence of gusA gene (Fig 3.28). 

 

 

Fig 3.28: GUS gene expression of rd29A-HVA1 transgenic wheat seedlings at 

germination stage. 
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3.4 Performance evaluation of transgenic wheat under drought and salinity 

stresses 

3.4.1 Molecular evaluation of wheat transgenes under drought and salt stress 

3.4.1.1 Semi-quantitative RT-PCR of drought and salt stressed genotype 

Semi-quantitative RT-PCR analysis was conducted to check the transcript level of 

rd29A-HVA1 gene after exposing the seedlings of transgenic and wild-type seedlings 

to salinity and dehydration stress of 100 and 200 mM NaCl and 10 and 20 % PEG-

6000, respectively for 5 days after germination on the same stress inductive media 

(Fig 3.29). Both these stresses had variable effects on the transcript levels of the 

HVA1 gene in all the genotypes. The expression of HVA1 gene was clearly up-

regulated in transgenes ST4, ST5 and ST6 at 100 mM NaCl treatment whereas much 

decreased gene expression was observed in case of ST1, ST2 and ST3 while no 

transcript was visible in wild-type at the same stress level. At 200 mM NaCl stress, 

enhancement induction of HVA1 gene was showed by all the tested transgene. Highest 

HVA1 transcript was observed in transgene ST5 followed by ST6 and ST3 however 

no amplification was detected in wild-type (Fig 3.29). When the same genotypes were 

challenged by 10 % PEG-6000 induced dehydration stress, all the transgenes showed 

the HVA1 transcript of equal magnitude except the wild-type whereas, much higher (~ 

2 folds) gene expression was observed at 20 % PEG-6000 treatment for all the HVA1 

transgenic events (Fig 3.29).  
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Fig 3.29: Semi-quantitative RT-PCR for expression of rd29A-HVA1 gene in 14 

days old transgenic and wild-type wheat seedlings challenged by NaCl (100 and 

200 mM) and PEG-6000 (10 and 20 %). Wheat actin gene was used as internal 

control. 

 

3.4.1.1.1 Quantification of gene expression 

The DNA band densitometry readings obtained from the ImageJ program were 

consistent with the results observed from the visual analysis of semi quantitative RT-

PCR gel (Section 3.4.11, Fig 3.29). At 100 mM NaCl concentration, highly 

unregulated gene expression of HVA1 transcript was observed in case of transgenic 

lines ST4, ST5 and ST6 (Fig 3.30). As compared to 100 mM NaCl treatment, the 

expression of transgene was relatively lower at 200 mM NaCl but never the less lines 

ST3, ST5 and ST6 demonstrated higher gene expression than the other lines. Under 

osmotic stress, HVA1 transgenic expression was much lower than what was under 

salinity stress. Relatively similar gene expression was observed at 10 % PEG induced 

osmotic stress but at higher (20 %) PEG level, the HVA1 transcript levels were 

relatively higher in lines ST5 and ST6. No signal was observed from the NT control 

(Fig 3.30). 
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Fig 3.30: Relative expression estimation of HVA1 transcript in transgenic wheat 

lines by analyzing the densitometry of Semi-quantitative RT-PCR gel through 

ImageJ v1.48v program. 

 

3.4.2 Physiological responses of transgenic wheat to water deficit and salt stress  

3.4.2.1 Membrane Stability Index (MSI) of wheat transgenes under salt and 

drought stress 

To check the osmo-protective and membrane stabilizer role of rd29A-HVA1 gene, 

membrane stability of transgenic plants including wild-type was evaluated after 

exposing these plants to both NaCl and water deficit stress. It was observed that the 

membrane of all transgenic plants was more thermodynamically stable than the wild-

type. At 100 mM NaCl treatment, the highest membrane stability index (MSI) was 

demonstrated by ST6 (59.9 %) followed by ST5 (55.7 %), ST4 (50.6 %) and ST1 

(52.2 %). Whereas, relatively lower MSI of 46.5 and 43.6 % were demonstrated by 

transgenic events ST3 and ST2 respectively. On the other hand, MSI of 40.4 % 

indicated the least stable membrane of wild-type (Fig 3.30A). Similarly at 200 mM 

NaCl concentration almost similar pattern of MSI was observed with ST6 having the 

most stable membrane with a MSI value of 43.3 % followed by 40.1, 35.8, 33.3, 30.7 

and 26.7 % in transgenes ST5, ST4, ST3, ST1 and ST2 respectively. The lowest MSI 

of 21.8 % was demonstrated by wild-type (Fig 3.31 A). 
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MSI of evaluated wheat genotypes was strongly influenced by PEG-6000 induced 

water deficit stress. Under control treatment there were non-significant differences 

among the MSI of transgenes including wild-type. However at 10 % PEG treatment, 

highest MSI was noted in transgene ST6 (58.7 %) followed by ST5, ST4, ST1, ST3 

and ST2 with Membrane stability index of 55.3, 54, 50.2, 48.6 and 46.9 percent (Fig 

3.30 B). Much decreased MSI was demonstrated by all the tested plants when 

challenged by 20 % PEG-6000. Maximum membrane stability under drought was 

showed by ST6 (43.5 %) followed by 40.7, 36.9, 35.4, 31.5 and 26.6 percent in ST5, 

ST4, ST3, ST2 and ST1, respectively. Wild-type showed the minimum MSI value of 

26.4 percent (Fig 3.31 B). 

 

 

A 

B 

BC 

B 

CD 

C 

BC 

C 

BC 

A 

BC 

B 

B 

AB 

AB 

A 

A 

A 

A 

D 

D 

0

10

20

30

40

50

60

70

80

90

0 mM 100 mM 200 mM

M
em

eb
ra

n
e 

S
ta

b
il

it
y
 I

n
d

ex
 (

%
) 

NaCl Treatments 

ST1 ST2 ST3 ST4 ST5 ST6 WT

A 



Results                                                                                          Chapter 3 
 

114 
 

 

Fig 3.31: Membrane Stability Index (MSI) of six transgenic events and wild-type 

wheat after exposure to: A) NaCl treatments (0, 100 and 200 mM); B) PEG-6000 

treatments (0, 10 and 20 %). 

 

3.4.2.2 Electrolyte leakage (EL) of wheat transgenes under salt and drought 

stress 

Wheat genotypes when challenged with 100 and 200 mM of NaCl induced salinity 

stress showed varying degree of electrolyte leakage (EL) from cell membrane. 

Whereas, in the absence of any salt, the EL of tested genotypes was non-significantly 

different from each other and ranged from 21.5 to 30.5 %. Statistically significant 

differences in EL were observed in wheat plants grown on 100 mM NaCl and the 

maximum EL was demonstrated by the wild-type (64.7 %). Transgenic plants 

performed much better and the lowest EL was observed in event ST6 (43.1 %) 

followed by 45.6 % in ST4, 47.2 % in ST5 whereas, medium EL of 50.3, 51.4 and 

56.6 % was shown by ST1, ST3 and ST2, respectively. With further elevated NaCl 

concentration of 200 mM, enhanced electrolyte leakage was noted in all the evaluated 

wheat genotypes however this increase in EL was again much prominent in wild-type 

(83.8 %) than in transgenic plants. The minimum EL of 61.6 % was again exhibited 

by transgene ST6 whereas ST5, ST1, ST4 and ST3 were the closest performers with 

64.7, 66.9, 67.2 and 69.0 percent EL, respectively (Fig 3.32 A).  

Significant electrolyte leakage from the membrane of all the genotypes was recorded 

after PEG-6000 simulated osmotic stress. At 10 % PEG-6000, an EL range of 35.6 to 
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59.5 % was observed where ST6 showed the lowest EL of 35.6 % followed by ST6 

(43.4 %), ST4 (44.8 %) and ST3 (49.1 %). The highest EL was noted in the case of 

wild-type (59.5 %). Treatment with 20 % PEG-6000 further aggravated the EL in all 

the genotypes and the wild-type was again the most susceptible with 78.4 % EL. The 

lowest EL was demonstrated by transgene ST5 (56.8 %) however, ST6 was not far 

behind with 57.8 % electrolyte leakage. Other transgenic events like ST4, ST1, ST3 

and ST2 showed medium performance with 64.9, 65.2, 68.4 and 72.5 % EL at 20 % 

PEG-6000 (Fig 3.32 B). 
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Fig 3.32: Electrolyte Leakage (EL) of six transgenic events and wild-type wheat 

after exposure to: A) NaCl treatments (0, 100 and 200 mM); B) PEG-6000 

treatments (0, 10 and 20 %). 

 

3.4.2.3 Relative Water Contents (RWC) under drought stress 

Relative Water Content in all wheat plants was significantly reduced when subjected 

to drought stress as compared to well watered control. Under well watered conditions, 

the highest RWC of 95.64 % and the lowest RWC of 91.65 % was shown by 

transgenic line ST3 and wild-type respectively while the RWC of remaining 

genotypes were found insignificantly different from each other and fell in the range of 

92.31 to 95.26 % (Table 3.13). Under water stressed condition, quite variable results 

were observed for RWC of transgenic wheat line. However it was maximum in ST6 

(81.53 %) followed by 80.65 and 79.78 % in ST5 and ST3 respectively. In non-

transgenic line, RWC was significantly lower (63.68 %) than all the tested genotypes. 

Overall under water limiting conditions, wild-type showed maximum RWC decrease 

of 27.97 % whereas transgenic lines exhibited relatively less pronounced decrease of 

only 13.72, 14.61, 15.24, 15.87, 16.33 and 19.06 % in case of ST6, ST5, ST1, ST3, 

ST4 and ST2 respectively. Mean square values of RWC indicated significant variation 

among the genotypes and treatments for this parameter (Table 3.14). 
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3.4.2.4 Leaf water potential (Ψw) under drought stress 

According to statistical analysis, drought stress reduced the leaf water potential (Ψw) 

of all the evaluated genotypes including wild-type. A much higher Ψw of -0.843 MPa 

was noted in plants grown under well watered conditions than the Ψw of same plants 

(-1.259 MPa) growing under water limiting conditions. Under drought stress, 

significant variation in the performance was observed among all the wheat lines. 

Transgenic events ST6, ST5, ST2, ST3, ST4 and ST1 managed to maintain 

significantly lower Ψw of -1.127, -1.133, -1.173, -1.280, -1.293 and -1.327 MPa 

respectively in comparison to the water potential of -1.213 MPa demonstrated by the 

corresponding wild-type plant (Table 3.13).  

On the other hand under normal watering condition, relatively non-significant 

differences in the Ψw were noted among all the genotypes except ST6 and ST4. 

Maximum water potential (-0.667 MPa) was observed in case of ST4 whereas ST6 

maintained a minimum Ψw of -0.930 MPa (Table 3.13). Mean square values of Ψw 

showed significant differences among the genotypes and treatments (Table 3.14). 

3.4.2.5 Osmotic potential (Ψo) under drought stress 

Under well watered conditions, non-significant differences for Ψo were observed 

among the transgenic lines including wild-type (Table 3.13). However, water stressed 

conditions decreased the Ψo of all the evaluated plants including wild-type and it was 

much higher (-1.187 MPa) in genotypes tested in well watered conditions than those 

grown under water limiting conditions (-1.830 MPa). The Ψo of all the genotypes 

ranged from -1.517 to -2.103 MPa under drought stress while a range of -1.070 to -

1.250 MPa was observed in the same plants under normal watering condition. Under 

drought stress, maximum osmotic potential (-1.517 MPa) was shown by ST4 closely 

followed by ST6 (-1.527 MPa). While minimum Ψo (-2.103 MPa) was observed in 

transgenic event ST5 followed by (-2.040 MPa) ST3. The wild-type with a value -

1.923 MPa demonstrated much lower Ψo than ST4, ST6 and ST2 (Table 3.13). 

Significant differences were observed among the mean squares of all the genotypes, 

treatments and their interactions (Table 3.14). 
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3.4.2.6 Turgor potential (Ψt) under drought stress 

Significant reduction in Ψt of all water stressed plants was observed as compared to 

the same plants growing under un-stressed conditions. The turgor potential of plants 

under water limiting environment fell in the range of 0.323 to 0.760 MPa whereas a 

Ψt ranging from 0.263 to 0.373 was noted in the same genotypes when grown under 

normal watering conditions. Under limiting water stress, minimum Ψt (0.323 MPa) 

was observed in transgene ST4 followed by 0.400 and 0.493 MPa in ST6 and ST5 

respectively. However the wild-type plants showed 0.440 MPa turgor potential. The 

maximum Ψt of 0.760 MPa was observed in transgenic plant ST3 followed by 0.630 

and 0.570 MPa in ST1 and ST2 respectively (Table 3.13). 

Under well watered conditions, maximum water potential of 0.403 MPa was exhibited 

by genotype ST4 followed by ST3 (0.373 MPa) and ST5 (0.357 MPa). The non-

transgenic plants demonstrated a lower Ψt value of 0.337 MPa (Table 3.13). 

3.4.2.7 Photosynthetic rate (Pn) under drought stress 

Water limiting conditions significantly affected the photosynthetic rate (Pn) of all the 

evaluated wheat lines. Significantly higher Pn (14.17 µmol/m
2
s

-1
) was observed in 

plants growing under well watered conditions than 6.46 µmol/m
2
s

-1 
Pn in plants 

growing under water stress. Under water deprived condition, significantly diverse Pn 

was observed in all genotypes. Maximum  Pn (8.58 µmol/m
2
s

-1
) was observed in ST4 

followed by 7.38 and 7.07 µmol/m
2
s

-1 
in ST6 and ST5 respectively whereas minimum  

Pn  of 2.19 µmol/m
2
s

-1 
was observed in wild type followed by 6.47 and 6.72 

µmol/m
2
s

-1
 in ST2 and ST1 respectively (Table 3.15).  

Under well watered condition, significant variation was observed for Pn in all tested 

wheat genotypes. The maximum Pn of 15.317 µmol/m
2
s

-1 
was observed in transgenic 

event ST3 followed by ST5, ST6 and ST1 having Pn values of 14.883, 14.753 and 

14.565 µmol/m
2
s

-1
 respectively while significantly lower Pn was noted in 

corresponding wild-type with a value of 12.563 µmol/m
2
s

-1
 (Table 3.15). The 

interaction between drought stress treatments and wheat lines was also found to be 

statistically significant (Table 3.16). 
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3.4.2.8 Transpiration Rate (E) under drought stress 

Significant drop of transpiration rate (E) was observed in the wheat genotypes grown 

under water stressed conditions as compared to those growing under well watered 

conditions. Significantly higher E (1.774 mmol/m
2
s

-1
) was noted in plants growing 

under well watered condition as compared to 0.984 mmol/m
2
s

-1
 under water limited 

conditions (Table 3.15). Under water deprived environment, significant variation in 

transpiration rate was found among the different wheat lines. Maximum E value of 

1.407 mmol/m
2
s

-1
 was noted in case of transgenic event ST1, closely followed by 

lines ST4 and ST2 having 1.25 and 1.20 mmol/m
2
s

-1
 of transpiration rate. Wheat line 

ST6 was found having minimum E value of 0.53 mmol/m
2
s

-1
 followed by 0.873 and 

0.893 mmol/m
2
s

-1
 in case of ST5 and ST3 respectively. Non-transgenic line falls in 

the middle by showing an E value of 0.737 mmol/m
2
s

-1 
under stress. Under normal 

irrigation conditions line ST1 showed the maximum transpiration rate (2.453 

mmol/m
2
s

-1
) followed by transgenic lines ST4 and wild-type (1.933 and 1.867 

mmol/m
2
s

-1
). Minimum transpiration rate of 1.437 mmol/m

2
s

-1
 was observed in case 

of line ST5 closely followed by 1.457 and 1.537 mmol/m
2
s

-1
 transpiration rate of ST3 

and ST6 respectively (Table 3.15).  

While studying the differences in performance under drought and well watered 

conditions, it was observed that transgenic line ST1 showed the maximum decrease in 

evaporation rate (1.046 mmol/m
2
s

-1
) under drought closely followed by ST6 (1.007 

mmol/m
2
s

-1
). However lines ST2 (0.537 mmol/m

2
s

-1
), ST3 and ST5 (0.564 mmol/m

2
s

-

1
) showed minimum decrease in transpiration under drought stress conditions. 

Significant interaction was observed among the wheat genotypes and drought stress 

treatment given for evaluating transpiration rate (Table 3.16). 

3.4.2.9 Stomatal Conductance (C) under drought stress 

Overall negative affect of water stress was observed on stomatal conductance of all 

evaluated wheat genotypes. It was noted that plants growing in well watered condition 

exhibited significantly higher stomatal conductance as compared to the same plants 

growing under water deprived environment. Under these circumstances, a variety of 

stomatal conductance rates were demonstrated by tested wheat genotypes for both 

treatments. The maximum (5.373 mmol/m
2
s

-1
) stomatal conductance was displayed 

by transgenic line ST4 closely followed by ST6 (5.023 mmol/m
2
s

-1
) under normal 
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irrigation regime (Table 3.15). Non-significant variation for stomatal conductance 

was observed among the remaining genotypes including wild-type (4.627 mmol/m
2
s

-

1
) at the same treatment. On the other hand, the minimum stomatal conductance (4.04 

mmol/m
2
s

-1
) was observed in case of ST3 closely followed by 4.157 and 4.290 

mmol/m
2
s

-1
 in case of lines ST2 and ST1 respectively. Whereas under water stress 

condition significantly diverse stomatal conductance was demonstrated by all the 

wheat genotypes. Maximum value of 2.242 mmol/m
2
s

-1
 was revealed by line ST6 

followed by 1.927, 1.725 and 1.624 mmol/m
2
s

-1
 in ST5, ST4 and ST1 transgenic 

plants respectively. However stomatal conductance was much lower (1.087 

mmol/m
2
s

-1
) in ST2 closely followed by 1.24 and 1.473 mmol/m

2
s

-1
 in the non-

transgenic and ST3 plants, respectively. In terms of performance, line ST4 exhibited 

maximum reduction in stomatal conductance (3.646 mmol/m
2
s

-1
) under stress closely 

followed by non-transgene, ST2 and ST5 (3.387, 3.074 and 2.995 mmol/m
2
s

-1
 

respectively). The minimum differences in stomatal conductance were observed in 

lines ST3, ST1 and ST6 i.e. 2.567, 2.666 and 2.781 mmol/m
2
s

-1
 respectively (Table 

3.15). Statically significant interactions were observed among the treatments and 

wheat lines for this particular parameter (Table 3.16). 

3.4.2.10 Water Use Efficiency (WUE) under drought stress 

All the transgenic lines including wild type control showed significant differences in 

WUE values when tested under water limiting conditions in the field (Table 3.15). 

With respect to maximum WUE, ST6 stands out with a mean value of 2.717 

µmol/m
2
s

-1
 and surpasses all other genotypes tested for drought tolerance under water 

limiting conditions. Similarly ST5 was the second best water use efficient genotype 

with a mean value of 0.92 µmol/m
2
s

-1
 whereas ST3 and ST4 were found to be third 

and fourth efficient events having 0.80 and 0.69 µmol/m
2
s

-1
 WUE values. Wild-type 

having the minimum WUE value of 0.303 µmol/m
2
s

-1
 was found to be the least water 

use efficient under water stressed conditions (Table 3.15). 

On the other hand under well watered conditions non-significant differences were 

observed among all the transgenic events including wild-type (Table 3.15). 
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3.4.3 Biochemical evaluation of wheat transgenes under salt stress conditions 

3.4.3.1 Determination of Na
+
 and K

+
 accumulation and Na

+
/K

+
 ratio 

3.4.3.1.1  K
+
 contents 

The analysis of variance studies showed significant difference among the tested 

genotypes and salinity levels for potassium contents of tested genotypes (Table 3.18). 

At 0.4 dS m
-1

 salinity, relatively non-significant variation was observed among all the 

genotypes and leaf K
+
 contents ranged from 10.68 to 11.9 mg g

-1
 of dry weight (DW). 

A decreased leaf potassium ion constituent was observed in some genotypes when 

salinity level was increased to 10 dS m
-1

 in the root zone. This decrease was quite 

prominent in the transgene ST1, ST2 and wild-type with 11.4, 10.5 and 10.46 mg g
-1

 

of DW thus indicating a decrease of 4.2, 1.7 and 9.04 percent in the K
+
 contents with 

respect to non-saline treatment. All other transgenic lines showed relatively higher 

potassium ion contents in comparison to non-saline control. The maximum K
+
 

contents of 14.1, 13.6, 13 and 12.3 mg g
-1

 were exhibited by transgenes ST5, ST3, 

ST6 and ST4, respectively (Table 3.17). When soil salt contents were further elevated 

to 20 dS m
-1

, an additional decrease in plant K
+
 contents was noted for all the 

evaluated genotypes. The potassium contents ranged from 16.58 to 9.98 mg g
-1

 of DW 

with maximum decrease in K
+
 contents was observed in wild-type (13.2 %) followed 

by transgenic event ST1 (5.9 %). Whereas K
+
 contents of 16.58, 15.79, 12.9 and 12.2 

mg g
-1

 of DW indicating an increased K
+
 contents of 48.02, 39.7, 10.2 and 5.2 percent 

was noted in transgenic events ST5, ST6, ST3 and ST4 respectively (Table 3.17). 

3.4.3.1.2  Na
+
 contents 

A quite notable increase (16.16 mg g
-1 

of DW) in average leaf Na
+
 contents was 

observed for all the genotypes growing at salinity level of 20 dS m
-1

. However, 

relatively smaller mean Na
+
 accumulation (11.26 mg g

-1
 of DW) was noted at lower 

salinity stress of 10 dS m
-1

 whereas at the non-saline treatment of 0.4 dS m
-1

, the 

evaluated plants showed the minimum (3.35 mg g
-1

 of DW) Na
+
 contents in their 

leaves. At the minimum salinity level there was non-significant variation found 

among all the genotypes but at 10 dS m
-1

 salinity stress the wild-type with 12.39 mg 

g
-1

 Na
+
 content was found to be most vulnerable to increased root zone salts followed 

by ST2, ST5 and ST4 with 12.11, 11.7 and 11.1 mg g
-1

 sodium ion accumulation in 
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their leaves. On the other hand, minimum Na
+
 increase was observed in ST6 (10.29 

mg g
-1

) followed by ST1 (10.44 mg g
-1

) and ST3 (10.79 mg g
-1

 of DW). 

Increasing the salt stress to 20 dS m
-1

 profoundly enhanced the Na
+
 contents in the 

leaves of all the tested plants. This surge in leaf sodium ion constituents was relatively 

minimum in transgenic events ST6, ST5 and ST4 exhibiting 14.3, 15.34 and 15.99 mg 

g
-1

 of DW Na
+
. In contrast, the maximum leaf Na

+
 contents were observed in the 

wild-type (17.08 mg g
-1

 of DW) followed by 17.04 and 16.95 mg g
-1

 of DW in ST2 

and ST1 respectively (Table 3.17). 

3.4.3.1.3  K
+
/Na

+
 ratio 

Statistically significant differences in K
+
/Na

+
 ratio were observed among all the 

genotypes at 0.4 10 and 20 d Sm
-1

 salinity treatments. At non-stressed treatment 

higher K
+
 to Na

+
 ratio ranged from 3.13 to 3.69 was observed indicating better K

+
 

cellular contents. Under 10 dS m
-1

 stress, the maximum potassium to sodium ion ratio 

was demonstrated by ST6 (1.28) followed by 1.26, 1.23, 1.11 and 1.1 in ST5, ST3, 

ST4 and ST1, respectively (Table 3.17). 

Notable reduction in K
+
/Na

+
 ratio of all the wheat lines was observed at 20 dSm

-1
 

salinity treatment. Maximum K
+
 to Na

+
 ratio of 1.11 was demonstrated by transgenic 

line ST6 closely followed by transgenes ST5, ST3 and ST4 with 1.08, 0.78 and 0.76,  

respectively.  In contrast wild-type was found to be the least K
+
 accumulator with a 

minimum K
+
 to Na

+
 ration of 0.59 followed by ST2 (0.63) and ST1 (0.67) (Table 

3.17). 

3.4.3.2 Estimation of proline contents of transgenic plants under salt and drought 

stress 

3.4.3.2.1  Proline contents under salinity stress 

In response to increasing salinity stress, a gradual increase in plant proline contents 

was noted. At varying salinity treatments of 0.4, 10 and 20 dS m
-1

 mean proline 

contents of 0.287, 3.947 and 5.348 mg g
-1

 DW were observed (Table 3.17). At non-

salt treatment, statistically non-significant variation was observed among all the 

genotypes for proline contents. At 10 dS m
-1

, minimum proline contents (2.87 mg g
-1

 

of DW) were noted in wild-type plants followed by 3.43 mg g
-1

 in ST2. On the other 

hand, maximum proline accumulation of 4.49, 4.33, 4.28, 4.15 and 4.08 was 
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demonstrated by transgenic plants ST4, ST6, ST3, ST5 and ST1 respectively. With 

the increased salinity level (20 dS m
-1

), quite elevated leaf proline contents were 

noticeable. ST4 was found to be the highest proline accumulator (6.35 mg g
-1

 DW) 

closely followed by ST5 and ST6 with 6.14 and 6.13 mg g
-1

 proline contents. 

Contrary to that minimum proline accumulation (4.08 mg g
-1

 DW) was observed in 

wild-type followed by 4.83 and 5.15 mg g
-1

 proline in case of ST2 and ST1 

respectively (Table 3.17). Analysis of variance showed significant differences among 

the genotypes, treatments and genotype × treatment interaction (Table 3.18) 

3.4.3.2.2 Proline contents under water limitation stress 

At highest irrigation (4 irrigations) the lowest proline contents were observed in case 

of all the tested genotypes. At full irrigation treatment there was non-significant 

variation among all the wheat lines including control which ranged from 0.38 to 0.30 

mg g
-1

 of leaf dry weight. When the applied irrigations were reduced to half, a sharp 

but variable increase in proline production was observed in case of all the genotypes. 

This increase in leaf proline contents was more pronounced in transgenic line ST6 

(5.50 mg g
-1

 ) followed by ST5, ST1, ST3 and ST4 with 5.33, 5.0, 4.93 and 4.71 mg 

g
-1

 proline contents per leaf dry weight. The minimum proline production was   

recorded in wild-type which showed 4.25 mg g
-1

 proline contents at water limiting 

stress of two irrigations. Similarly, quite notable increase in leaf proline was observed 

for all the genotypes when challenged by drought stress induced by absence of 

supplementary irrigation. Proline production was much higher in transgenic line ST5 

(7.28 mg g
-1

) closely followed by ST6 (7.22 mg g
-1

), ST1 (6.7 mg g
-1

) and ST3 (6.54 

mg g
-1

). The lowest leaf proline was demonstrated by wild-type and transgene ST2 i.e. 

5.41 and 5.82 mg g
-1

 proline of leaf dry weight (Fig 3.33).  Analysis of variance for 

leaf proline contents showed quite significant interaction among the genotypes and 

treatments for this particular parameter under drought stress (Table 3.18). 
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Fig 3.33: Proline contents of six transgenic and wild-type wheat genotype under three 

water deficit treatments (i.e. 4 irrigations, 2 irrigations and zero irrigation) under field 

conditions. 
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3.4.4 Agronomic performance of transgenic HVA1 plants under salinity and 

drought stress  

3.4.4.1 Agronomic performance of transgenic plants under salinity stress 

The data of all key agronomic parameters like plant height, flag leaf area, number of 

tillers per plant, root weight, shoot weight, root length, shoot length and grain yield 

was noted. Figure 3.34 visibly depict the comparatively better growth and 

performance of transgenic wheat lines with respect to wild-type plant of the same 

wheat variety (Seher-2006) in pot experiment. Similarly, statistically significant 

(P≤0.05) interaction was observed among all salinity treatments and wheat genotypes 

for tested agronomic parameters (Table 3.19).  

 

Fig 3.34: Transgenic wheat lines including wild-type under salinity stress of 20 

dS m
-1

 at grain filling stage in pots. 

 

3.4.4.1.1  Plant height (cm) 

Under salinity stress significant reduction in plant height was observed and it was 

considerably higher (75.21 cm) in plants grown under non-saline conditions than 

under 10 dS m
-1 

(49.12 cm) and 20 dS m
-1

 (35.09 cm) salinity levels. Non-significant 

differences existed among the genotypes under normal conditions whereas quite 

varied plant height was observed at both salinity levels of 10 dS m
-1

 and 20 dS m
-1

 

(Fig 3.35). Under 10 dS m
-1 

salt stress, maximum plant height (55.4 cm) was noted in 
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transgenic wheat line ST5 followed by other transgenes ST6 and ST4 having 54.96 

cm and 50.94 cm height. At same salinity level the respective non-transgene only 

managed to show 42.62 cm plant height which was significantly lower than the 

transgenic plants (Fig 3.35). At 20 dS m
-1

 salt stress, maximum plant height (40.11 

cm) was noted in ST6 followed by ST5 (39.67 cm), ST4 (38.12 cm) and ST3 (36.29 

cm). Minimum plant height was observed in wild-type (28.94 cm) closely followed by 

a transgenic line ST2 having plant height of 29.67 cm (Fig 3.35). In case of plant 

height, the interaction among the genotypes and salinity treatments was found to 

significant (Table 3.19). 

 

 
Fig 3.35: Plant height of wheat genotypes under three salinity treatments (0.4, 10 

and 20 dS m
-1

) in pots. 

 

3.4.4.1.2 Flag leaf area (cm
2
) 

Flag leaf area is also an important parameter that greatly contributes towards wheat 

grain yield. Variation in terms of performance under salt stress was observed for this 

trait in all the evaluated wheat genotypes under both non-saline and saline conditions. 

Salinity treatments showed varying degree of adverse effect on the length and width 

of flag leaves of all the tested genotypes. The plants growing under non-saline 

conditions exhibited higher average flag leaf area (21.32 cm
2
) than 13.68 and 8.07 

cm
2
 in plants growing at 10 and 20 dSm

-1
 salinity respectively. Under salt stress of 10 

dSm
-1

, significantly greater flag leaf area of 16.50 cm
2
 was observed in transgenic line 

ST4 followed by ST6, ST5 and ST3 with 15.31, 14.66 and 14.07 cm
2
 respectively. In 

contrast, significantly reduced flag leaf area was demonstrated by wild-type (9.42 
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cm
2
) followed by 12.84 and 12.93 cm

2
 in transgenes ST2 and ST1 respectively (Fig 

3.36). The interaction between wheat lines and treatments for flag leaf area was also 

statistically significant (Table 3.19). 

 

 

Fig 3.36: Flag leaf area (cm
2
) of wheat genotypes under three salinity treatments 

(0.4, 10 and 20 dS m
-1

) in pots. 

 

3.4.4.1.3 Number of tillers per plant 

Number of tillers per plant is also one of the main parameter contributing towards 

final grain yield of wheat. Overall salinity stress significantly influenced the number 

of tillers per plant. The average tiller count of all the wheat genotypes grown in non-

stressed condition was significantly higher than the plants growing under other two 

salt stress treatments. At 10 dS m
-1

 salt level, statistically significant tillers per plant 

(2.0) were recorded in ST6 and ST4 followed by 1.87 tillers in both ST1 and ST2 and 

1.75 tillers in case of ST3. On the other hand lowest tiller count (1.25) was noted in 

wild-type followed by 1.5 tillers in ST5 (Fig 3.37). Under salinity stress of 20 dS m
-1

, 

ST6 and ST5 showed maximum number of tillers (1.37) followed by ST4 (1.25). 

However at this salinity level, minimum tiller number (1.0) was demonstrated by the 

wild-type and transgene ST2 whereas ST1 and ST3 performed a little better with 1.13 

and 1.12 tiller per plant (Fig 3.37). Mean square values for number of tillers per plant 

indicated significant differences between wheat genotypes and salinity treatments 

(Table 3.19). 
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Fig 3.37: Number of tillers per plant of wheat genotypes under three salinity 

treatments (0.4, 10 and 20 dS m
-1

) in pots. 

 

3.4.4.1.4 Root length (cm) 

Salinity stress greatly influenced the root elongation of all the wheat genotypes. 

Under normal growing conditions all wheat lines including wild-type showed normal 

root length (62.66 cm) and statistically non-significant variation was observed 

between these genotypes but quite notable mean root length reduction of 38.66 and 

19.90 cm was noted at 10 and 20 dS m
-1 

salinity respectively. 

At medium salinity level of 10 dS m
-1

, transgenic line ST6 managed to maintain 

maximum root length (42.20 cm) closely followed by ST5 (42.04 cm), ST3 (40.41 

cm) and ST1 (38.20 cm) while maximum root reduction was observed in ST2 and 

wild-type with root length of  34.41 and 35.39 cm respectively (Fig 3.38). At higher 

salinity stress of 20 dS m
-1

, visible decline in the root lengths of all tested wheat lines 

was noted. Wild-type was most affected which showed minimum root length of 10.81 

cm whereas among transgenes, ST2 and ST1 poorly performed with  18.99 and 19.61 

cm long roots. On the other hand, longest root (23.90 cm) was observed in case of 

ST6 closely followed by 23.45, 22.30 and 20.26 cm root length of ST5, ST3 and ST4, 

respectively (Fig 3.38). 
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Fig 3.38: Root length of wheat genotypes under three salinity treatments (0.4, 10 

and 20 dS m
-1

) in pots. 

 

3.4.4.1.5 Shoot length (cm) 

A steady decline in shoot length of all the evaluated wheat lines was observed at 

increasing salinity stress.  At 0.4 dS m
-1

 control treatment no significant difference in 

performance was observed among the tested genotypes. At this treatment the shoot 

length ranged from 77.437 to 72.025 cm. in contrast to that, at higher salinity level of 

10 dS m
-1

, much diverse variation between all the genotypes was noted. Maximum 

shoot length of 56.946 was recorded in transgenic plant ST6 closely followed by 55.4, 

50.938 and 50.913 cm in ST5, ST4 and ST3 respectively. Minimum shoot length was 

exhibited by the wild-type plant followed by ST1 and ST2 (Fig 3.39). A much sharp 

decrease in shoot length was observed in all the genotypes when salinity level was 

elevated to 20 dS m
-1

. At this treatment the shoot lengths fall in the range of 41.661 to 

29.065 cm. The longest root was observed in ST6 (41.661 cm) followed by ST5 

(39.688 cm), ST4 (38.113 cm) and ST3 (36.787 cm). While the shortest shoot length 

of 29.065 cm was noted in the wild-type followed by ST2 and ST1 with 29.673 and 

32.313 cm long shoot respectively (Fig 3.39). The interactions between the genotype 

and treatment were also found to be statistically significant (Table 3.19). 
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Fig 3.39: Shoot length of wheat genotypes under three salinity treatments (0.4, 10 

and 20 dS m
-1

) in pots. 

 

3.4.4.1.6 Root weight (grams) 

In response to salinity treatment, the root biomass was also reduced for all the tested 

wheat lines including wild-type. However this decrease was not visible at non-salt 

treatment and there was statistically insignificant variation among the genotypes. 

Under control conditions the shoot weight ranged from 48.875 to 42.880 cm. At 10 dS 

m
-1

 salt treatment a prominent root weight decrease was observed. Transgenic event 

ST6 with 29.863 gram root biomass was the best performer followed by ST5, ST4 and 

ST3 having 27.725, 25.988 and 25.163 gram root weight. However, minimum root 

weight (20.238 gram) was noted in wild-type followed by ST1 (23.588 gram) and 

ST2 (23.962 gram). Root weight was further reduced at 20 dS m
-1

 salinity with most 

of the genotypes showing similar performance except the wild-type. The minimum 

root biomass was observed in case of wild-type (6.9 gram) whereas, maximum root 

weight was again demonstrated by transgene ST6 (13.163 gram) followed by 11.962, 

11.875, 11.700 and 11.250 grams in ST5, ST3, ST4 and ST2, respectively (Fig 3.40). 

The mean square for root weight indicated significant interaction among the 

genotypes and treatments (Table 3.19). 
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Fig 3.40: Root weight of wheat genotypes under three salinity treatments (0.4, 10 

and 20 dS m
-1

) in pots. 

 

3.4.4.1.7 Shoot weight (grams) 

The shoot weight of all the evaluated wheat genotypes was negatively affected by the 

salinity. At control treatment, non-significant differences were observed among all the 

genotypes and the corresponding shoot weight fell in the less varied range of 61.5 to 

54 gram. At 10 dS m
-1

, highest shoot weight of 30.712 gram was exhibited by ST6 

closely followed by 29.887, 29.637 and 28.075 grams in ST3, ST4 and ST5 

respectively (Fig 3.41). The wild-type with a shoot weight of 21.313 was most 

affected followed by ST1 and ST2 with much reduced shoot biomass of 22.837 and 

26.475 gram. ST6, ST5, ST4 and ST3 with a shoot weight of 16.613, 15.0, 14.387 and 

13.875 respectively were the least affected genotypes at 20 dS m
-1

 salinity while wild-

type showed the maximum decrease with only 10.525 gram shoot weight followed by 

ST2 and ST1 with 12.588 and 13.787 grams, respectively (Fig 3.41). Statistically 

significant interactions were observed among all the genotypes and treatments for this 

particular parameter (Table 3.19).  
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Fig 3.41: Shoot weight of wheat genotypes under three salinity treatments (0.4, 

10 and 20 dS m
-1

) in pots. 

 

Table 3.19: Mean square values of two way ANOVA for root-shoot behavior of 

various wheat genotypes subjected to well watered and water limitation 

conditions 

Source of 

Var. 

DF Plant 

height 

Flag 

leaf 

area 

No. of 

tillers/ 

plant 

Root 

length 

Shoot 

length 

Root 

weight 

Shoot 

weight 

Genotype 6 318.0* 54.48* 1.0536* 145.1* 349.2* 94.3* 141.7* 

Treatment 2 23214.

8* 

2475.2* 81.929* 25726.8* 22479.2

* 

17240.3

* 

31161.8* 

Genotype 

x 

Treatment 

12 60.7* 14.13* 0.762* 46.9* 82.9* 21.9* 26.0* 

Error 147 31.7 17.11 0.553 23.8 30.1 10.2 18.9 

Total 167        

*  Significant at P≤0.05 

 

3.4.4.1.8 Number of grains per plant 

Number of grains per plant is an important parameter that has direct bearing on the 

final plant yield. When six transgenes and corresponding wild-type were tested on 

salinity levels of 10 and 20 dS m
-1

, a noticeable decline in grain number per plant was 

observed. On the other hand, at non-salt treatment this decline in grain number was 

not visible and all the genotypes showed statistically similar performance. At 10 dS 

m
-1

 salinity stress, ST6 was found to be the better performer with 66.4 average grains 
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per plant followed by 62.5, 57.4, 57.0 and 50.3 grains per plant in ST5, ST1, ST4 and 

ST3, respectively (Fig 3.41). The wild-type was most affected by the salinity having 

an average grain number of 21.3 which was far less than all the transgenes. Similarly, 

at an elevated concentration of 20 dS m
-1

 salinity, transgenic line ST5 managed to 

maintain relatively higher grain number (38.5) closely followed by ST6 (34.2), ST4 

(30.0), ST1 (27.6), ST3 (25.2) and ST2 (21.2). The minimum grain number per plant 

(10.0) was recorded in the wild-type (Fig 3.42). Significant differences among the 

genotype and treatments were observed among all the genotypes and treatments tested 

for this parameter (Table 3.20). 

 
Fig 3.42: Number of grains per plant of wheat genotypes under three salinity 

treatments (0.4, 10 and 20 dS m
-1

) in pots. 

 

3.4.4.1.9 Grain weight per plant (grams) 

Stable grain yield is the ultimate parameter that encompasses the vitality of any 

genotype under abiotic stresses. Six transgenic lines and wild-type when challenged 

with three salinity treatments including control, showed variable grain yield. As 

expected the highest grain yield was recorded at non-salt (0.4 dS m
-1

) treatment. 

However, at medium salinity level of 10 dS m
-1

, significant grain weight reduction 

occurred in all the tested genotypes ranging from 2.376 to 1.032 grams. Maximum 

grain weight under salinity was demonstrated by transgenic line ST6 followed by 

ST1, ST5 and ST3 having 1.566, 1.548 and 1.397 grams grain weight per plant.  At 

this salinity level, wild-type was found to be least productive with only 0.493 grams 
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of grain weigh (Fig 3.43). Further decline in grain weight was visible at higher 

salinity treatment of 20 dS m
-1

. Transgene ST6 again proved to be highly productive 

with 1.142 grams of grain weight per plant. The 2nd highest grain weight was 

recorded in ST5 (0.750 grams) followed by ST1 (0.718 grams) and ST3 (0.703 

grams). Wild-type again performed poorly with the lowest grain weight of 0.240 

grams per plant (Fig 3.43). Table 3.20 shows statistically significant variation among 

the grain weights of all the evaluated genotypes and treatments. 

 

Fig 3.43: Grain weight per plant of wheat genotypes under three salinity 

treatments (0.4, 10 and 20 dS m
-1

) in pots. 

 

Table 3.20: Mean square values of two way ANOVA for root-shoot behavior of 

various wheat genotypes subjected to well watered and water limitation 

conditions 

Source of variation DF No. of 

grains/plant 

Grain 

weight/plant 

Genotype 6 1689* 2.770* 

Treatments 2 104451* 127.949* 

Genotype x treatment 12 337
NS

 0.367
 NS

 

Error 78 1148 1.075 

Total 98   

*  Significant at P≤0.05  NS  Non-significant 
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3.4.4.2 Agronomic performance of transgenic HVA1 plants under drought stress 

3.4.4.2.1 Agronomic performance of transgenic HVA1 plants under decreased 

irrigation treatments in field 

The data of all key agronomic parameters like plant height, flag leaf area, number of 

tillers per plant and total grain yield was noted from field grown wheat plants during 

the course of this study.  

3.4.4.2.1.1 Plant height (cm) 

A rapid but relatively consistent decrease in plant height of all the tested wheat lines 

was recorded at declining water availability under field conditions. At recommended 

water requirement (4 irrigations), no significant differences in performance were 

observed among the field grown wheat genotypes. At this treatment the shoot length 

ranged from 106.0 to 101.3 cm. At half the recommended irrigation (two irrigations), 

much diverse variation in plant height was observed between all the genotypes. 

Maximum shoot length of 94 cm was recorded in transgenic plant ST5 closely 

followed by 92.4, 85.5 and 83.3 cm in ST6, ST4 and ST3 respectively. Minimum 

plant length (75.6 cm) was demonstrated by the wild-type plant followed by ST2 

(75.9 cm) and ST1 (80.7 cm). A much severe reduction in shoot length was observed 

in all the genotypes in the absence of any irrigation. At this treatment the plant height 

falls in the range of 75.32 to 61.4 cm. The longest shoot was observed in ST5 (75.32 

cm) followed by ST6 (72.7 cm), ST3 (68.1 cm) and ST4 (66.4 cm). While the 

minimum shoot length of 61.4 cm was noted in the ST2 closely followed by wild-type 

and ST1 with 62.8 and 65.2 cm long shoot respectively (Fig 3.44). The interactions 

between the genotype and treatment were also found to be statistically significant 

(Table 3.20). 
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Fig 3.44: Plant height of wheat genotypes under three drought stress treatments 

(4 irrigations, 2 irrigations and zero irrigation) under field conditions. 

3.4.4.2.1.2 Flag leaf area (cm
2
) 

Flag leaf area is a major yield contributing parameter but also highly susceptible to 

drought stress. The flag leaf area of evaluated wheat genotypes greatly influenced the 

water limitation stress in the field. Under normal growing conditions all wheat lines 

including wild-type showed normal average flag leaf area (28.70 cm
2
) whereas 

statistically significant differences were found among the means of genotypes i.e. 

17.80 and 9.309 cm
2
 at two and zero irrigation respectively. 

At half the recommended irrigation, transgenic line ST6 managed to maintain 

maximum flag leaf area of 24.770 cm
2
 closely followed by ST5 (22.470 cm

2
), ST4 

(18.90 cm
2
) and ST3 (16.870 cm) while maximum flag leaf area reduction was 

observed in ST2 and wild-type i.e. 12.740 and 14.230 cm
2
 respectively (Fig 3.45). In 

the absence of external irrigation, significant decline in the flag leaf area of all tested 

wheat lines was recorded. ST2 was most affected which showed minimum flag leaf 

area of 6.570 cm
2
 followed by wild-type (7.040 cm

2
). However, maximum flag leaf 

area (13.120 cm
2
) was observed in case of ST5 followed by 11.420, 9.326, 9.120 and 

8.570 cm
2
 in ST6, ST4, ST3 and ST1 respectively (Fig 3.45). 
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Fig 3.45: Flag leaf area (cm
2
) of wheat genotypes under three drought stress 

treatments (4 irrigations, 2 irrigations and zero irrigations) under field 

conditions. 

3.4.4.2.1.3 Number of tillers per plant 

Wheat tiller count is one of the most vital agronomic parameter that got direct bearing 

on final yield performance of any genotype in the field. In response to water deficit 

stress, the number of tillers per plant was reduced in all the tested wheat lines 

including the wild-type. Though, this decline in tiller number was not evident at 

normal irrigation treatment and there was statistically insignificant variation among 

the tested genotypes. Under full irrigations, the tiller number per plant ranged from 

15.5 to 14.0. When the irrigations were reduced to half, a noticeable drop in tiller 

number was observed for each plant. Transgenic event ST6 having 11.2 tillers per 

plant was found to be the best performer followed by ST5, ST1 and ST3 having 10.5, 

8.5 and 7.5 tillers per plant respectively. On the other hand, lowest tillers (6.0) were 

noted in ST2 followed by seven tillers in wild-type. Tiller number reduction was more 

pronounced at zero irrigation treatment with most of the genotypes showing sharp 

decline in the number of tillers per plant. Despite that transgenic line ST6 managed to 

give maximum tillers (7.0) whereas, minimum tillers were observed in case of ST2 

(3.0) followed by only four tillers in wild-type (Fig 3.46). The mean square for 

number of tillers per plant indicated significant interaction among the genotypes and 

treatments (Table 3.21). 
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Fig 3.46: Number of tillers per plant of wheat genotypes under three drought 

stress treatments (4 irrigations, 2 irrigations and zero irrigation) under field 

conditions. 

3.4.4.2.1.4 Grain yield (grams) 

Ultimately the worth of any commercial wheat variety is judged from its yield 

performance in field. Therefore, any genotype with relatively higher grain yield under 

limited water availability is of great value. Six transgenic events and corresponding 

wild-type when challenged with three water deficit treatments including control, 

showed variable grain yield. The maximum grain yield was recorded at full irrigation 

treatment which ranged from 1330 to 1180 grams. However, at two irrigations 

treatment, significant grain weight reduction occurred in all the examined genotypes 

ranging from 851.67 to 702.33 grams. Maximum grain yield under drought was 

demonstrated by transgenic line ST6 followed by ST5, ST3 and ST1 having 851.67, 

849.33, 836.33 and 821.67 grams grain yield respectively.  At this drought treatment, 

ST2 was found to be least productive with 702.33 grams of grain weight closely 

followed by wild-type with slightly better grain yield of 727.67 grams (Fig 3.47). 

Further decline in grain yield was evident at zero irrigation treatment. Transgenic line 

ST6 again prove to be highly productive with 660 grams of grain yield at sever water 

deficit treatment. Another transgene ST3 was second highest grain producer with 

623.33 grams followed by ST1 (621.67 grams) and ST5 (620 grams). Wild-type again 
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performed poorly with the lowest grain weight of 573.3 grams which is 13.13 % less 

than the ST6 at the same treatment (Fig 3.47). Table 3.21 shows statistically 

significant variation among the grain weights of all the evaluated genotypes and 

treatments. 

 

Fig 3.47: Grain yield per plant of wheat genotypes under three drought stress 

treatments (4 irrigations, 2 irrigations and zero irrigation) under field 

conditions. 

 

Table 3.21: Mean Square values of two way ANOVA for important agronomic 

parameters of various wheat genotypes subjected to drought stress treatments in 

field 

Source of 

variation 

DF Plant height  Flag leaf 

area 

No. of tiller 

per plant 

Grain yield 

Genotype 6 56.84* 21.634* 5.046* 8920* 

Treatment 2 2387.52* 661.376* 190.089* 2444961* 

Genotype × 

Treatment 

12 52.7* 24.23* 3.624* 7189* 

Error 42 26.7 15.14 0.6987 4063 

Total 62     

 

 

 

 

A A 

B 
AB AB 

A A 

CD 

DE 

EF CD C C 

DE 

FG FG EFG 
G 

FG EFG 
G 

0

200

400

600

800

1000

1200

1400

1600

ST1 ST2 ST3 ST4 ST5 ST6 WT

4 irrig 2 irrig 0 irrig

G
ra

in
 Y

ie
ld

 (
g
ra

m
s)

 

Wheat Genotypes 



Results                                                                                          Chapter 3 
 

143 
 

3.4.4.2.1.5 Estimated yield potential of transgenic wheat under drought 

The actual (yield/plot) results of micro field experiments were expanded to 

maunds/acre level to have an estimation of yield potential of transgenic wheat lines if 

grown on larger scale. Under normal conditions all the transgenic lines and non-

transgenic control showed no differences in the per acre yield and the estimated yield 

potential was very close to what was expected under normal unstressed field 

conditions (Table 3.22). Under half the recommended irrigations, all the transgenic 

lines except ST2 showed higher yield than the non-transgenic control. ST6 was the 

best performer with an estimated yield potential of 27.5 maunds/acre as compared to 

23.5 maunds/acre of (non-transgenic) NT line. Under simulated rain-fed conditions, 

the projected yield potential of all the transgenic lines was higher than the NT. Line 

ST6 gave 15.1 % (21.3 maunds/acre) higher yield than the NT, which managed 18.5 

maunds/acre under simulated barani conditions (Table 3.22). Interestingly, although 

estimated, the yield potential of NT (i.e. 18.5 maunds/acre) was very close to the 

actual annual yield/acre of wheat grown in the rain fed areas of Pakistan that is around 

16-18 maunds/acre in the year 2012-13 (SUPARCO, 2014). 

 

Table 3.22: Projected yield potential (maunds/acre) of transgenic as compared to 

non-transgenic wheat under simulated field drought conditions. 

Events 

Treatments 

4 irrigations 2 irrigations Rain-fed conditions 

Yield (maunds/acre) 

ST1 42.8 26.5 20.1 

ST2 41.6 22.7 19.3 

ST3 38.1 27.0 20.1 

ST4 40.0 26.2 18.6 

ST5 39.8 27.4 20.0 

ST6 42.9 27.5 21.3 

NT 42.3 23.5 18.5 

 

3.4.4.2.2 Root-shoot development of transgenic wheat under water limitation 

stress in PVC pipes 

The data of major root shoot development related parameters like root length, shoot 

length, root weight and shoot weight was noted from PVC pipe grown wheat plants 

during the course of this study. Figures 3.48 and 3.49 clearly illustrate the 

comparatively better growth and performance and biomass of transgenic wheat lines 
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with respect to corresponding wild-type plant (Seher-2006) under water deficit 

conditions.  

 
Fig 3.48: Comparison of shoot length of six transgenic events alongside wild-type 

grown under water deficit stress in PVC pipes. 

 

Fig 3.49: Comparison of root length of six transgenic events alongside wild-type 

grown under water deficit stress in PVC pipes. 
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3.4.4.2.2.1 Root length (cm) 

Water limiting stress significantly reduced the mean root length and it was longer 

(98.171 cm) in plants under well watered conditions than in plants growing under 

water stress treatment (86.057 cm) as shown in Fig 3.49. Quite variable root length 

was observed in all the plants grown under water limitation conditions which ranged 

from 101 cm to 96 cm and 92.4 cm to 79.6 cm in case of normal and drought 

conditions respectively. Under water deprived conditions maximum root length of 

92.4 cm was observed in transgenic plant ST5 followed by other transgenes ST5 (89.2 

cm), ST3 (87.2 cm) and ST4 (86 cm). In corresponding wild-type plant, relatively 

shorter root length of 79.60 was noted under drought stress conditions (Fig 3.50). On 

the other hand, under normal watering treatment, all the genotypes showed relatively 

similar performance with respect to root length. Meanwhile, the interaction between 

all the evaluated genotypes and treatments for root length was found to be significant 

at P≤0.05 (Table 3.23). 

 

Fig 3.50: Root length of wheat genotypes under well watered and water 

limitation treatments in PVC pipes. 

3.4.4.2.2.2 Shoot length (cm) 

Shoot length is an important parameter that contributes to productivity and is highly 

affected by decrease in water availability. In contrast to well watered treatment, 

notable variation for this trait was present among the tested genotypes under 

simulated drought conditions as illustrated in Fig 3.48. In water stress conditions, 

significantly higher shoot length was observed in transgenic line ST5 (72.2 cm) 
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closely followed by ST6 (70.4 cm), ST4 (69.6 cm), ST3 (68 cm) and ST1 (67 cm). 

Whereas, minimum shoot length of 59.4 cm was observed in both wild-type and ST2 

(Fig 3.51).  

Under well watered conditions, maximum shoot height was exhibited by ST6 (83 cm) 

followed by 82.2, 81.8, 78.4 and 77 cm in ST5, ST4, ST1 and ST3, respectively (Fig 

3.51). Statistically significant interaction among genotypes and treatments was 

observed for shoot length (Table 3.23). 

 

Fig 3.51: Shoot length of wheat genotypes under well watered and water 

limitation treatments in PVC pipes. 

3.4.4.2.2.3 Root weight (grams) 

Water stress significantly reduced the root weight of evaluated wheat genotypes. The 

mean root weight of all the genotypes under well water condition was significantly 

higher than plants growing under water stress.  Significantly better root weight (51.6 

gram) was observed in transgenic event ST6 followed by ST5, ST3 and ST4 with root 

weight of 48.8, 46.8 and 45.6 gram respectively while 42.4 grams root weight was 

shown by non-transgene under drought stress conditions (Fig 3.52). Under adequate 

water conditions, maximum root weight was noted in ST4 (62.6 grams) followed by 

wild-type, ST6, ST5, ST3 and ST1 with a root weight of 60, 60, 59.6, 58.8 and 58.2 

grams respectively. The difference in root weights in these genotypes was non-

significant (Fig 3.52). Mean squares for root weight parameter showed significant 

variation between genotypes and treatments (Table 3.23). 
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Fig 3.52: Root weight of wheat genotypes under well watered and water 

limitation treatments in PVC pipes. 

3.4.4.2.2.4 Shoot weight (grams) 

Shoot weight is very important parameter which contributes towards grain yield of 

wheat. Significant differences were observed between the mean performances of 

genotypes under both water stressed (58.6 gram) and well water conditions (84.3 

gram).  Under normal watering treatment relatively minor differences were noted 

among the shoot weight of tested genotypes and maximum root weight was showed 

by transgene ST6 (91.3 gram) followed by ST4 (86 gram), ST5 (85.2 gram) and ST3 

(83.8 gram) whereas minimum shoot weight of 78.4 grams was recorded in ST2 

followed by 80.8 grams in ST1 and 82.3 grams in the non-transgenic plant (Fig 3.53). 

In contrast, variable performance for shoot weight was observed for all the genotypes 

under water stress condition. Highest shoot weight was again observed in case of 

transgenic event ST6 followed by ST5, ST3 and ST4 showing 70.8, 67.2, 62.5 and 

61.2 gram shoot weight respectively. Minimum shoot weight was exhibited by ST1 

(50 gram), ST2 (54.2 gram) and wild-type (52.4 gram) (Fig 3.53). The mean squares 

values of shoot weight showed statistically significant interaction between the tested 

genotypes and treatments (Table 3.23).   
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Fig 3.53: Shoot weight of wheat genotypes under well watered and water 

limitation treatments in PVC pipes. 

 

Table 3.23: Mean Square values of two way ANOVA for root-shoot behavior of 

various wheat genotypes subjected to well watered and water limitation 

conditions 

Source of 

variation 

DF Root length  Shoot Length Root Weight Shoot Weight 

Genotype 6 76.15* 210.36* 151.29NS 543.38* 

Treatment 1 2568.23* 2320.13* 4480.00* 1294.30* 

Genotype x 

Treatment 

6 28.00* 33.56* 63.70* 84.80* 

Error 56 35.64 36.47 94.26 117.02 

Total 69     

*  Significant at P≤0.05 
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CHAPTER 4 

DISCUSSION 

Presence of a high throughput tissue culturing system is pivotal for the establishment 

of an extremely efficient plant genetic transformation system (Benderradji et al., 

2012). Similarly, embryogenesis and regeneration from cultured explants is a 

prerequisite for any wheat crop improvement experiment and is highly dependent on 

genotypic potential, explant type, media and hormonal balance (Bahieldin et al., 

2000).  

For conducting this study, immature embryos of wheat were utilized as explant. 

Highest rate of callus induction and regeneration has been reported when immature 

embryos were used for tissue culturing (Zale et al., 2004). Tissue culturing media 

plays a vital role for callus formation and proliferation especially in cereals (Wang 

and Wai, 2004). Prior to culturing, pretreatment of wheat seeds with 2, 4-D was a 

common practice in the past (Sharma et al., 2005). It is a vital phytohormone for in 

vitro cell proliferation as it has been proved that nutrient media devoid of 2, 4-D can 

result in false plantlet formation from cultured embryos without callus initiation (Raja 

et al., 2008).  In this study, multiple doses of 2, 4-D were employed to find out the 

best callus inducing concentration and highest callus producing genotype. According 

to the results, 2 mg L
-1

 2, 4-D proved to be the optimum auxin level for achieving 

maximum callus induction for most of the cultured wheat genotypes. When 2, 4-D 

concentration was increased, a sharp decline was observed in callus proliferation. 

These results are comparable with the results presented by Hidayat-Ullah et al. (2007) 

who also found 2 mg L
-1 

2, 4-D as the most suitable auxin level for callus induction in 

cereals. Similar observations has been recorded by Yu et al. (2008) where they found 

2 mg L
-1

 2, 4-D the most favorable concentration for inducing the maximum callus in 

wheat. Here it is worth mentioning that in case of mature wheat seed, much higher 2, 

4-D levels are required for callus induction from mature embryos (Raja et al., 2008). 

In contrast Haliloghu (2002) observed that in case of immature embryos, at lower 2, 

4-D concentration of 1 mg L
-1

, premature germination and root development occur 

which is also highly detrimental for embryogenesis process. Results of this 

experiment has been validated by investigations of various researchers (Haliloglu, 
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2002; Farooq et al., 2004; Rashid et al., 2009) who have also reported 2 mg L
-1

 2, 4-D 

as the most productive concentration for callus induction from wheat explants. 

As far as callus quality was concerned, all ten selected wheat genotypes showed 

preference for MS media supplemented with 2 mg L
-1

 2, 4-D. Higher the auxin level, 

lower the quality and quantity of embryogenic callus. There was a correlation 

between higher callus induction and higher somatic embryogenesis as genotypes with 

maximum callus production frequency (Bobwhite, Seher-2006 and Ufaq-2000) were 

also better embryogenic callus producers (Fig 2 D). 

In a plant transformation system, the worth of any genotype is judged by its ability to 

regenerate into viable plantlets (Jones, 2005). Regeneration from plant tissues can be 

achieved in any tissue culture system by an appropriate balance of auxin-cytokinin 

combination (Raja et al., 2008). Therefore 4 different combinations of auxin (IAA) 

and cytokinin (kinetin) were formulated for achieving highest regeneration frequency 

from tested wheat genotypes. The vitality of these phytohormones has also been 

reinstated by Yadav et al. (2000) who reported maximum of 19 regenerated shoots 

from a wheat genotype UP2338 when plated on MS media supplemented with both 

these PGRs.  

In the current study, a combination of 1 mg L
-1

 IAA and 1 mg L
-1

 kinetin was found 

to be the best for achieving maximum regeneration frequency from tested wheat 

varieties and lines. Nayal et al. (2002) demonstrated plantlet formation in a wheat 

variety using 0.5 mg L
-1

 kinetin and 1.5 mg L
-1

 IAA which is in contrast to our results. 

Similarly quite contrasting findings were reported by Noor et al. (2009) where they 

obtained 62.2 to 80.5 % regeneration from wheat on a hormonal combination of 0.1 

mg L
-1

 IAA + 0.5 mg L
-1

 kinetin. Another study suggested wheat variety Kohsar-95 to 

be the best regenerator on IAA-kinetin combination of 1.0 + 0.1 mg L
-1

 (Raja et al., 

2008). Furthermore, Rahman et al. (2008) suggested that MS media supplemented 

with 1 mg L
-1

 kinetin alone was enough to induce maximum regeneration out of 

wheat varieties. The reason for contrasting results may be due to the difference in the 

callus age, genotypes used and variation in the culturing media.  In addition, callus 

response to continuous sub-culturing especially in the absence of minute quantities of 

2, 4-D can also have profound effects on the final count of regenerated plantlets. 
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Here we are reporting a unique auxin-cytokinin blend which has not been reported 

earlier for the improvement of wheat regeneration potential. These results clearly 

indicated that Bobwhite which is highly renowned for its callusing and regeneration 

potential, proved to be best performer out of all genotypes tested. But the auxin and 

auxin-cytokinin combinations devised in this study enabled our local high yielding 

genotype (Seher-2006 and Punjab-2011) to perform at full embryogenic and 

morphogenic potential. 

In the current study a stress inducible promoter rd29A was chosen for cloning and 

transformation of wheat. This promoter was isolated from genomic DNA of 

Arabidopsis thaliana and co-cloned with barley HVA1 gene. The rd29A promoter 

consists of an ABA-responsive element (ABRE) with two additional dehydration-

responsive elements (DRE). Both these elements are involved in ABA induced gene 

expression and highly express in response to drought, salt and chilling stress 

(Yamaguchi-Shinozaki and Shinozaki, 1994; Cong et al., 2008). Previous studies 

indicated that rd29A promoter not only perform better than several well-known 

constitutive promoters but also shows less negative phenotypic effects in the resulting 

transgenic plants. Checker et al. (2012) when compare the performance of 

actin1:HVA1 and rd29A:HVA1 promoter in transgenic mulberry plants reported slight 

growth retardation in case of actin1:HVA1plants whereas, contrary to that, most 

rd29A:HVA1 transgenic plants showed phenotype close to their corresponding wild-

type. However, superior leaf area was observed in plants transformed with 

rd29A:HVA1 than those with actin1:HVA1. Similarly in another study the comparison 

between a renowned constitutive CaMV-35S promoter and rd29A reviled 78 % 

growth retardation in 35S transformed plants whereas, only 30 % plants having rd29A 

promoter exhibited stunted growth (Babak et al., 2007). These observations strongly 

suggest the absence of any obvious negative impact of rd29A promoter on the growth 

of transgenes under normal as well as stressed conditions. 

Due to drought sensitive nature, higher productivity and superior tissue culturing 

response, cultivar Seher-2006 was chosen out of 26 wheat genotypes and further 

transformed with barley late embryogenesis abundance (LEA) group-3 HVA1 gene for 

introducing drought tolerance in this elite wheat genotype. A total of 38 putative 

transgenic plants were generated from 10 independently inoculated batches (Table 

3.7). These putative transgenic wheat plants were further subjected to PCR analysis 
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and 23 plants were found positive for both genes (bar and  HVA1). Figure 3.21 A & B 

indicated the right sized amplification product of marker gene (bar) and specific gene 

(HVA1) in the representative transgenic events. Transgene analysis through PCR has 

become a routine practice and previously performed by many researchers (Patnaik 

and Khurana, 2003; Kwapata et al., 2012; Liu et al., 2013; Nguyen and Sticklen, 

2013). The Southern blot analysis in the current investigation demonstrated the 

relatively low copy number (1-2) in the genome of various transgenic HVA1 events. 

Whereas, there was lack of hybridization signal in the lane representing the genome of 

the wild-type plant (Fig 3.22). It is well-known that Agrobacterium-mediated 

transformation technique results in low gene copy number in transgenic plants and 

gives much stable transgene expression with very few cases of gene silencing 

(Travella et al., 2005). Therefore, the results presented in this study are in agreement 

with the work of number of scientists. Wu et al. (2006) generated transgenic wheat 

plants having gusA and bar gene through Agrobacterium-mediated transformation 

method. The stable integration of these genes was confirmed through Southern blot 

analysis and they found 38 % transgenes with single gene insertion and 18 % with 

two or more copy number.  

Out of 38 putative transgenic plants produced in this study, 60.5 percent were positive 

for both bar and HVA1 gene and overall 1.84 % transformation efficiency was 

achieved with 83% of selected transgenic plants exhibited single copy insertion in the 

wheat genome. These results coincide with the findings of Yao et al. (2006), who also 

transformed an elite wheat variety EM12 and showed 0.2 to 0.6 % transformation 

efficiency, however Southern blot analysis demonstrated 1-4 hybridization bands in 

the selected transgenic plants that are relatively higher than 1-2 gene copy number in 

HVA1 transgenic plants in the current study. In contrast to these findings, Hensel et al. 

(2009) claimed 2-10 % transformation efficiency of Agrobacterium mediated 

transformation method in winter wheat cv. “Certo” which is quite high as compared to 

others reported in the literature. The reason for this variation in transformation 

efficiency may be due to the use of divergent genotypes, Agrobacterium strain and 

variable nutrient media and culture conditions. 

The T1 transgenic plants confirmed through PCR and DNA hybridization along with 

corresponding non-transgenes were evaluated for their ability to withstand selection 

herbicide (glufosinate ammonium) at tillering stage. For cross verification, 0.05 % 
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basta herbicide was applied to wheat leaves in both attached and detached forms. Fig 

3.23 clearly indicated variable basta resistance pattern in all the tested genotypes. 

Plants ST1, ST2 and ST3 showed 7-9 % necrosis on the leaf basta application site 

whereas; ST4, ST5 and ST6 exhibited complete herbicide tolerance. This resistance to 

external application of basta herbicide verified the bar gene integration and 

expression in transgenic wheat plants whereas the absence of this gene in the non-

transgenic plant was indicated by almost 60 % leaf necrosis after 7 days of basta 

application. Phosphinothricin (PPT) is the active ingredient in basta herbicide which 

binds to glutamate site in glutamine synthesis pathway resulting in unchecked buildup 

of ammonia in the plant cell that eventually causes amino acid depletion, degradation 

of photorespiration and ultimately chlorosis and necrosis of leaf (Pascual et al., 2008). 

The basta leaf painting assay has been reliably utilized in the confirmation of many 

transgenic plants including wheat harboring bar reporter gene (Yao et al., 2006; 

Nguyen and Sticklen, 2013). 

To investigate the performance and inheritance of HVA1 and bar genes in the 

successive (T1) generation, seeds of transgenic and non-transgenic plants were 

cultured on MS media supplemented with 0, 100 and 200 mM NaCl (salinity stress); 

0, 10 and 20 % PEG-6000 (osmotic stress) and 0, 2, 3 and 4 mg L
-1

 glufosinate 

ammonium (herbicide tolerance). Under simulated salt and osmotic stress conditions 

transgenic events ST3, ST4, ST5 and ST6 showed variable but significantly higher 

germination rate and root shoot development than the wild type (Section 3.35; Fig 

3.24; Fig 3.25 and Fig 3.27). These results are consistence to those described by 

Checker et al. (2012), who reported that transgenic mulberry plants harboring HVA1 

gene gave survival rate of 70-90 % on PEG based osmotic stress and 30-67 % on 

NaCl mediated salt stress. However, transgenic HVA1 rice seedlings grown on 100 

mM NaCl and 200 mM mannitol stress, no visible difference was observed between 

transgenes and control plants for germination rate but after transferring to MS media 

transgenic seedlings showed faster growth and 2-3 extra adventitious roots than the 

control (Xu et al., 1996).  

For the reliable selection and evaluation of segregation pattern of transgenic plants in 

the subsequent generation, finding the minimum inhibitory concentration of the 

selective agent is a must. The optimum concentration of glufosinate ammonium needs 

to be precise as too low or too high dose can result in the escape or loss of 
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homozygous transgenic material (Ijaz et al., 2012). It has been observed that multiple 

and linked transgene copies results into complex segregation patterns in the T1 

generation and required vigorous screening through PCR or Southern blot analysis to 

find out the segregation ratios with respect to Mendelian inheritance (Mieog et al., 

2013). Therefore, to find out the homozygous and stably expressing transgenic lines 

in the present study, T1 transformed and non-transgenic plants were grown on three 

concentrations of relevant selective agent (glufosinate ammonium) and parameters 

like germination rate, root and shoot length development were evaluated. Results 

revealed that 3 mg ml
-1

 herbicide concentration is the most suitable minimum 

inhibitory concentration at which transgenes showed maximum survival and 

performance and the non-transgenic plants showed severe germination and growth 

retardation. 

Southern blot analysis has already revealed that all the transgenic events have single 

gene copy inserts except ST2 which indicated the integration of two gene copies. The 

multiple gene copies can cause variety of complex segregation behavior in the 

subsequent generation therefore; selectable marker gene bar was employed as a mean 

of investigating and confirming the segregating pattern and gene copy number of 

HVA1 transgenes in T1 generation at early seedling stage. As illustrated in Table 3.12, 

all the transgenic plants follows the Mendelian ratio of 3:1 with the exception of ST2 

which follows 15:1 phenotypic ratio indicating two gene copies in the genome. In 

transgenic Oat constitutively expressing HVA1 and bar genes, single gene copy was 

observed for all five transgenic lines when grown at 15 mg L
-1

 glufosinate ammonium 

(Oraby et al., 2005). These results are in line with the findings of the current study 

however use of much higher dose of glufosinate ammonium may indicate the 

insensitivity of oat plant at lower herbicide dose. 

GUS (uidA) gene is of bacterial (E. coli) origin and its activity is very rarely detected 

in plant tissues and even if spotted, the inherent GUS activity can be easily 

distinguished from the introduced one (Hu et al., 1990). In present study, 

Histochemical GUS assay of transgenic T1 seeds reveled strong but variable GUS 

staining in the juvenile roots of the transgenic plants except the wild-type whereas, 

low GUS activity was detected in the immature shoots (Fig 3.28). The activity of β-

glucuronidase (GUS gene) in the green wheat tissues is rarely reported and there are 

strong Fluorometric evidence of the presence of non-proteinaceous inhibitors of β-
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glucuronidase enzyme in the leaves and green tissues of wheat plant (Binka and 

Orczyk, 2012). The presence of these indigenous GUS inhibitors in the vegetative 

parts of wheat could explains the minimum expression of gusA gene in wheat as 

detected in this and many other studies. 

The transgenic T2 plants showing the stable integration of both HVA1 and bar genes 

were first treated with NaCl and PEG-6000 to simulate salinity and drought stress 

conditions. To validate the inducability of rd29A-HVA1 gene under both salt and 

osmotic stress, transcript levels through semi-quantitative reverse transcriptase PCR 

(RT-PCR) were checked after exposure to the above mentioned stresses. This form of 

PCR is known to be extremely sensitive and much more specific to not only detect but 

semi-quantify the mRNA transcript of any gene by comparing it with the transcript of 

the house keeping gene (Marone et al., 2002; Deepak et al., 2007). In this study, 

transcriptional analysis through RT-PCR indicated that HVA1 has transcribed in all 

the transgenic plants and its expression was high after exposure to 100 mM NaCl 

while at 200 mM the transcript level of HVA1 remained strong in transgenes ST5 and 

ST6. Under osmotic stress all the transgenic plants showed comparatively lower of 

HVA1 transcript at 10 % as compared to what was at 20 % PEG-6000 (Fig 3.29 & 

3.30). The RT-PCR for HVA1 transcription analysis has been employed and similar 

results have also been reported by different researcher in various plants like Common 

bean and Maize (Kwapata et al., 2012; Nguyen and Sticklen, 2013).  

Abiotic stresses like drought and salinity are reported to induce drastic ultra-structural 

changes in plant at cellular level (Mahmoodzadeh, 2008). Cellular membranes are 

most sensitive to osmotic and ionic (Na
+
 and Cl

-
) stresses as these can disrupt 

thylakoid and mitochondrial membranes (Sun et al. 2004; Hauser et al., 2006), cause 

ion toxicity, lipid peroxidation, membrane structure destabilization and desiccation, 

osmotic imbalance and leakage of cellular contents (Feng et al., 2002; Hauser et al., 

2006). To confirm the membrane stabilization and protectant role of HVA1, 

membrane stability index and electrolyte leakage of HVA1 transgenic plants were 

evaluated under both osmotic and salinity stresses. Results indicated that all the 

transgenic plants especially ST5 and ST6 showed better membrane stability and lower 

electrolyte leakage as compared to non-transformed plants (Section 3.4.2.1 & 3.4.2.2; 

Fig 3.31 & Fig 3.32). These results are in accordance with the findings of Rohila et al. 

(2002); Babu et al. (2004); Lal et al. (2008) and Checker et al. (2012) whom also 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2778396/#MCP251C83
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2778396/#MCP251C55
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2778396/#MCP251C83
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2778396/#MCP251C83


Discussion                                                                         Chapter 4 

 

156 

 

reported the enhanced intactness of cellular membrane and less electrolyte leakage in 

HVA1 transformed transgenic plants of rice, mulberry and barley, respectively under 

simulated drought and salinity stresses.  

One reason for the superior membrane stability of these plants may be due to the 

reported function of LEA proteins as hydration buffers and ion chelators that are 

actively involved in the protection of macro-cellular molecules and provide 

stabilization to membranes at the inception of water deficit (Iturriaga, 2008). Another 

reason for the higher cellular integrity of HVA1 transgenes may be due to the 

structural plasticity of LEA proteins, as they mostly lack in secondary protein 

structure in hydrated form, but under water deficit these can become folded and 

actively associate with the membranes of other macromolecules to prevent 

aggregation and inactivation of essential cellular proteins (Tunnacliffe and Wise, 

2007).  

Decline of cellular water constituents and wilting are the very initial indicators of 

different abiotic stresses. Measurement of relative water contents (RWC) is probably 

the most appropriate and widely recognized test of reproducible and expressive 

indicator of plant water status with respect to cellular water scarcity (Gonzalez and 

Gonzalez-Vilar, 2001). The HVA1 transgenic plants of wheat produced in this study 

maintained higher leaf water contents and showed significantly lower extent of leaf 

wilting than the non-transgenic plants (Section 3.4.2.3; Table 3.13). Higher RWC has 

also been observed by Fu et al. (2007) who when transformed creeping bentgrass with 

HVA1 gene under two ABA inducible promoters observed better RWC in four 

transgenic lines after 6-9 days of drought stress. Similarly, transgenic mulberry plants 

stress inducibly expressing HVA1 gene showed 70-73 % RWC while in comparison to 

that WT exhibited 63 % decline in leaf water contents after 10 day stress period 

(Checker et al., 2012). LEA proteins being extremely hydrophilic are also reported to 

act as water-binding molecules and plays a role in ion sequestration and hydration 

buffers etc. Innovative bioinformatics techniques like POPP (protein or 

oligonucleotide probability profile) has further elucidated the water deficit induced 

assembly of intracellular fillamentation of LEA 3 proteins that are presumed to 

increase the structural strength of membrane thus enabling the plant to better store and 

hold water in order to maintain higher cellular water constituents (Wise and 

Tunnacliffe, 2004). 
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Under normal conditions, water moves into the plant from soil and from plant leaves 

to the surrounding environment due to moisture gradient. However, during abiotic 

stresses like salinity and drought, a decrease in leaf water potential occurs. More 

negative water potential will result in more negative effects on cell expansion and 

plant growth (Meloni et al., 2001). As an adaptive response, plant accumulates 

compatible solutes which actively substitute the water in the dehydrated cell and in 

turn cause negative osmotic potential at cellular level. Due to this negative osmotic 

gradient a water influx from surrounding environment (soil) takes place, resulting in 

the higher turgor pressure in the plant root and shoot (Sanchez et al., 2004). In plants 

this process is in general known as osmotic adjustment and its functionality is of vital 

importance in drought and salt stress alleviation (Ashraf and Harris, 2004). The 

osmotic adjustment particularly in plan leaves is very critical for growth and survival 

as it aids in cell expansion and turgor which in turn is essential for the maintenance of 

optimum stomatal conductance (Eisa et al., 2012). Efficient stomatal conductance is 

of utmost importance for the uninterrupted CO2 exchange and photosynthesis in plant 

under different abiotic stresses. Wheat transgenic lines ST6, ST5, ST1, ST3, ST4 and 

ST2 expressing HVA1 gene showed lower leaf water potentials (Ψw) than the 

corresponding non-transgenic line under water deficit conditions in field (Section 

3.4.2.4; Table 3.13). This decline in leaf Ψw may be due to the decreasing soil 

moisture levels during drought stress and a parallel decline in leaf osmotic potential 

(Ψo) was also observed. This reduction in leaf Ψo was more pronounced in the 

transgenic lines (ST4 and ST6) stress inductively expressing rd29A-HVA1 gene than 

the respective non-transgene (Section 3.4.2.5; Table 3.13). Similarly it was observed 

that transgenic wheat lines showing higher grain yield also got more negative water 

and osmotic potential than the non-transgene under both water limiting and saline 

conditions. This could be an indicator of better abiotic stress adaptability and superior 

osmotic adjustment ability of the transgenic plants. These results are in contradiction 

with those reported by Rohila et al. (2002) and Babu et al. (2004) in rice where they 

indicated similar but low levels of osmotic adjustment in HVA1 transgenic plants 

under drought stress. However, a recent study conducted by Wojcik-Jagla et al. 

(2012) on barley (Hordeum distichon) suggested that lower water potential is the main 

cause for the accumulation of HVA1 transcript in leaves of drought tolerant transgenic 

plants rather than ABA. 
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Photosynthetic rate, stomatal conductance and cell expansion are the primary 

mechanisms affected by the drought and salinity (Munns et al., 2006). These negative 

effects may be due to external factors through the decreased CO2 diffusion and 

fixation as a direct result of stomatal closure in response to decreased turgor of plant 

(Flexas et al., 2007) or indirect due to the oxidative stress (Chaves and Oliveira, 

2004). However, transgenic wheat lines (ST6, ST5, ST3 and ST4) having stress 

inductive expression of HVA1 gene maintained higher photosynthetic rate, stomatal 

conductance, water use efficiency (WUE) and lower transpiration rates as compared 

to non-transgenic plants under drought stress (Section 3.4.2.7; 3.4.2.8; 3.4.2.10; Table 

3.15). The present results are in line with the function of HVA1 gene and LEA 

proteins as a cellular membrane protectant against desiccation (Hoekstra et al., 2001; 

Maqbool et al., 2002; Babu et al., 2004; Chakrabortee et al., 2007), membrane and 

macromolecule stabilizer and as an antioxidant (Kovacs et al., 2008). Wojcik-Jagla et 

al. (2012) reported a visible correlation between the HVA1 expression in transgenic 

malting barley and higher photosynthetic and stomatal conductance under drought. 

They also observed that under similar drought conditions, higher accumulation of 

H2O2 was a direct consequence of low transpiration rate in non-transgenic barley 

plants. Lal et al. (2008) concluded that production of HVA1 protein in transgenic 

mulberry plants enables these to have better photosynthetic rate, water use efficiency 

(WUE) and less photo-oxidative damage due to the protective role as plasma and 

chloroplastic membrane from salinity and drought induced injury. Maintenance of 

higher photosynthetic rate under drought, salinity and cold stresses was again reported 

to be the salient attribute of HVA1 gene when expressed in mulberry (Morus indica 

L.) when expressed under stress inductive rd29A promoter (Checker et al., 2012). 

Drought tolerant transgenic lines in this study may have higher transpiration rates due 

to the ability of better stomatal conductance despite internal water deficit. Higher 

transpiration rate may lead to lower canopy temperature, thus creating ambient 

temperature for the CO2 intake, resulting in higher photosynthesis and grain yield (El-

Hafid et al., 1998). Multiple investigations on abiotic stress tolerance criteria has 

revealed that photosynthetic rate, WUE and stomatal conductance has direct influence 

over seed yield through enhanced dry matter production (Schweiger et al., 1996; 

Yordanov et al., 1997; Singh et al., 2009). 



Discussion                                                                         Chapter 4 

 

159 

 

Extreme concentration of sodium ions in the soil may compromise the activity of 

nutrient ions like Ca
+
 and K

+
 (Grattana and Grieveb, 1999). This increase of surface 

and sub-surface salts especially NaCl, build up external osmotic potential that restrict 

the influx of  soil water into the plant roots therefore creating drought like stress in 

addition to accumulation of high Na
+
 (Bohnert, 2007). Many researchers (Straub et 

al., 1994; Xu et al., 1996; Rohila et al., 2002; Park et al., 2005; Oraby et al., 2005; 

Lal et al., 2008; Checker et al., 2012; Nguyen and Sticklene, 2013) have reported role 

of HVA1 gene for the enhancement of salinity tolerance of transformed plants but the 

exact under laying mechanism of salt tolerance of this gene is not yet clearly 

understood. Therefore in this study HVA1 transgenic plants having higher transcript 

levels and superior physiological performance under salt stress were investigated for 

the cellular Na
+
 and K

+
 constituents. The results reveled that transgenic plants showed 

a tendency towards lower leaf Na
+
 and higher K

+
 accumulation as compared to non-

transgenic plants (Section 3.4.3.1; Table 3.17). Potassium (K
+
) is a known osmolite 

under abiotic stresses (Amtmann et al., 2004; Romheld and Kirkby, 2010) and under 

simulated salt stress; its elevated contents in transgenic leaf could be due to its 

utilization as a compatible solute by LEA proteins. The validity of these findings are 

validated by the investigation of Ganguly et al., 2012 who reported that transgenic 

rice overexpressing LEA protein gene Rab16A, maintained higher root shoot length 

and lesser accumulation of Na
+
 and minimum reduction of K

+
 under salt stress as 

compared to wild-type rice. Similarly when another LEA protein gene DHN-5 from 

wheat was ectopically overexpressed in Arabidopsis, the transgenic plants were 

reported to accumulate less Na
+
 and higher K

+
 in the leaves thus supporting the 

hypothesis of osmo-protective role of K
+
 under salt stress (Brini et al., 2007). 

Plants accumulate a diverse array of low molecular weight organic compounds under 

abiotic stress. These compounds are called osmolytes and mostly comprise of amino 

acids, sugars alcohols etc. Accumulation of amino acid, proline is linked with the 

onset of salinity and osmotic stress in plants (Munns and Tester, 2008). Proline not 

only act as a compatible solute but also as metal chelator, anti-oxidative and stress 

signaling molecule (Verbruggen et al., 2008; Szabados and Savoure, 2010; Hayat et 

al., 2012). In the present study, in case of transgenic plants, a correlation was 

observed among the highest salinity and osmotic stress levels and a 4 to 7 folds 

increased accumulation of proline in the leaves in contrast to the non-transgenic 



Discussion                                                                         Chapter 4 

 

160 

 

plants. However, it was also noted that this proline production in HVA1 transgenic 

plants was 12.8 % higher under simulated salt stress of 20 dS m
-1

 than the maximum 

osmotic stress level of 20 % PEG-6000 indicating enhanced tendency of proline 

accumulation in these transgenic wheat plants under severe salinity stress.  

Similar results were observed by Checker et al. (2012) who exposed the transgenic 

HVA1 mulberry plants to 2 % PEG and 400 mM NaCl stress and noted many fold 

increase in plant’s proline levels under both osmotic and salt stress. On the other hand 

in barley HVA1 cDNA when expressed in basmati rice, the resulting reduced 

electrolyte leakage and membrane stability was found to be an attribute of improved 

proline accumulation in the transgenic plants under salt and water limitation stresses 

(Rohila et al., 2002). The results of current study have also been validated by the 

findings of Lal et al. (2008) who reported 5-19 folds increase in proline levels of 

mulberry plants having HVA1 gene whereas, only 3 fold increase was noticed in non-

transformed plants under salinity and drought stresses. In the light of these results we 

can confidently infer that proline is one of the major osmolite induced by HVA1 gene 

for the protection of cellular membranes under desiccation stress. 

Grain yield of wheat is a consequence of systematic interaction of its various 

constituents, which are highly vulnerable to environmental variations like drought and 

increasing soil salinization (Rab-Nawaz et al., 2013) and the enhancement of these 

yield components should be the basic goal of any fruitful genetic improvement 

program (Razzaq et al., 2013). The results of present investigation showed that pot 

and field based salinity and drought stress affected yield and yield related components 

for all the evaluated transgenic and non-transformed wheat lines. Mean plant height, 

flag leaf area, number of tillers per plant, root length, shoot length, root weight, shoot 

weight, number of grains per plant, grain weight per plant were significantly better 

under normal conditions than saline or water deficit treatments. This decrease in yield 

may be due to the description of cell division, cell elongation which ultimately causes 

the decrease in shoot length, leaf area and crop growth rate and yield (Hussain et al., 

2008). These results are supported by the work of Akinci and Losel (2009, 2010) who 

reported that osmotic stress can cause major reductions in plant height, leaf number 

and area and fresh weight of root and shoot. Similarly osmotic stress created through -

1.0 MPa of PEG-8000 and salt stress of 150 mM NaCl caused 45 to 70 % and 36 to 
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77 % reduction in fresh weight, plant height and flag leaf area of wheat plants, 

respectively (Abebe et al., 2003). 

In present investigation, it was observed that under both salinity and drought stresses, 

transgenic lines ST6, ST5, ST4 and ST3 consistently performed better for parameters 

like plant height, flag leaf area, number of tillers per plant, number of grains per plant, 

root length, shoot length, root weight, shoot weight and grain yield per plant (Section 

3.4.4.1; 3.4.4.2.1 and 3.4.4.2.2.4; Fig 3.34-3.53). Under rain-fed and salinity 

conditions, transgenic wheat gave 13.14 % and 78 % higher grain yield in comparison 

to non-transgenic plants, respectively. Although this 78 % yield increase at 20 dS m
-1

 

salinity was observed in case of pot experiment and cannot be compared with the 

results of similar experiment in the actual saline field, thus further investigation is 

necessary to evaluate the salinity tolerance of these transgenic lines under field based 

salinity stress. 

To have a glimpse of the yield advantage of the selected transgenic wheat lines at 

wider scale, the yield per plot was converted into yield per acre (Section 3.4.4.2.1.5). 

When the recommended irrigations were reduced to half the transgenic line ST6 

managed to achieve 27.5 manuds/acre estimated yield as compared to 23.5 

maunds/acre of non-transgenic (NT) line which shows 17 % higher yield if grown on 

farmers field under moderate drought conditions. However, under simulated rainfed 

conditions the same transgenic line (ST6) managed 15.1 % higher estimated yield at 

wider field based barani conditions. Interestingly, under barani conditions, the 18.5 

maunds/acre estimated yield potential displayed by NT line is very near to the actual 

wheat yield of 16-18 maunds/acre under barani areas of Pakistan during the same year 

2012-13 (SUPARCO, 2014). These results are an indicative of the accuracy and 

authenticity of the drought experiments conducted during this study.  

The findings of present work are also consistent with the study of Ashfaq et al. 

(2003); Saleem et al. (2006); Albacete et al. (2008), who demonstrated that under 

different adverse environmental conditions parameters like flag leaf area, number of 

tillers per plant, number of grains per plant, grains weight per plant and root-shoot 

biomass were always associated with the better grain yield. Transgenic oat plants 

transformed with HVA1 gene and evaluated at 100 and 200 mM salt stress gave much 

better plant height, flag leaf area, number of tillers per plant, root length and managed 
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to retain 50 % higher grain yield than the non-transgenic plants under the same 

stressed conditions (Oraby et al., 2005). Similarly, under PVC pipe and field based 

drought experiments on HVA1 transgenic rice, Xiao et al. (2007) showed better grains 

count, grain weight per plant and 16-18 % higher grain yield than the wild-type. 

Under salinity and drought stress conditions, superior root shoot growth and quick 

post stress recovery was observed in case of transgenic rice and common bean plants 

transformed with barley HVA1 gene (Xu et al., 1996; Babu et al., 2004; Kwapata et 

al., 2012). 

The improvement in the performance of transgenic wheat lines in the current study 

might be due to enhanced moisture conservation and higher relative water contents in 

their leaves. This water conservation might be due to the efficient stomatal 

conductance, higher integrity of cellular membrane, improved photo-respiration and 

greater root penetration in the soil (Oraby et al., 2005; Lal et al., 2008; Yang et al., 

2010; Checker et al., 2012; Nguyen and Sticklene, 2013). Higher productivity is an 

attribute of higher photosynthetic rate (Lal et al., 2008; Romanek et al., 2011). In the 

study, transgenic plants managed much higher photosynthetic rates and water use 

efficiency (WUE) than the non-transgenic plants under water deficit conditions while 

keeping the transpiration rates to the minimum. This might be due to the enhanced 

intactness of macromolecules like chloroplast and mitochondria owing to the 

protective action of LEA proteins (Wang et al., 2003). Another reason for the 

improved drought and salinity tolerance of transgenic plants may be as a consequence 

of expression enhancement through rd29A promoter which is known to have DRE and 

ABRE elements acting as transcriptional factors and turning on many other abiotic 

stress related genes that may have additively contributed to the better abiotic stress 

tolerance of HVA1 transgenic plants in this study. In addition to that, Checker et al. 

(2012) analyzed the transcript level of different downstream stress related genes in 

rd29A:HVA1 transgenic mulberry plants and found much enhanced expression of 

many abiotic stress responsive genes like ERD-10, ERD-15, Myb-60, WCOR413 and 

SRC1, indicating transcriptional regulation of downstream stress responsive genes by 

the combined effect of rd29A promoter and HVA1 gene. 

In conclusion, the present study demonstrated the usefulness of a highly productive 

cultivar Seher-2006 as an efficient callus inducting, embryogenic callus producing 

wheat genotype. It was evident from this investigation that the stress inducible 
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expression of barley HVA1 gene in wheat is a fruitful strategy to enhance drought and 

salinity tolerance. The transgenic wheat lines ST4, ST5 and ST6 showed better 

growth, physiological, biochemical and agronomic performance than the non-

transgenic plants under both drought and salinity stresses. This multiple stress 

tolerance is a direct consequence of membrane desiccation protectant attribute of LEA 

proteins and the same mechanism may be advantageous for conferring freezing and 

heat stress tolerance in the developed transgenic lines. Similarly, the apparatus 

involved in the salinity tolerance of HVA1 plants is still elusive and further efforts are 

required to investigate the higher K
+
 and lower Na

+
 constituents in the transgenic 

plants.  The developed wheat genotypes could be best suited for the cultivation in the 

rain-fed (Pothohar region) and areas with poor surface and sub-surface irrigation 

water having high soil salinity levels. The strategies and methodology developed in 

this study may be helpful for the plant scientists and breeders who intend to produced 

drought and salt tolerant wheat genotypes. In the current global food scenario, the 

sustainable and plentiful wheat production is only possible by employing these 

genetically modified and abiotic stress tolerant genotypes to best utilize the dwindling 

water and land resources for ever increasing global population. 
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CHAPTER 6 

APPENDICES 

Appendix # 1 

First strand cDNA synthesis 

The kit components were briefly thawed and placed at ice for further use. In reaction-

1 (table 2.8), following reagents were mixed in an RNAas free 1.5 ml eppendorf tube 

in these quantities: 

 

Sr.No. Reagent Name Quantity 

Reaction-1 

01 mRNA template 5 µl 

02 oligo (dT)18 primers 1 µl 

03 d2H2O 6 µl 

Reaction-2 

04 5x Reaction buffer 4 µl 

05 Ribonuclease inhibitor 1 µl 

06 10 mM dNTPs mix 2 µl 

07 RevertAid H- Reverse transcriptase enzyme 1 µl 

 

The reagents were mixed by spinning the tubes 10 seconds and later incubated at 65 

°C for 5 minutes. Tube was immediately chilled on ice, centrifuged and again placed 

on ice. To initiate reaction-2, kit components 4 to 6 were added in the tube in order 

and quantities mentioned in the table 2.8. The resulting mix was spun and incubated 

for 60 minutes at 42 °C. Finally the tube was incubated at 70 °C for 10 minutes and 

afterwards chilled briefly on ice before storing at -20 °C. 
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Appendix # 02 

50X TAE buffer (1000 ml) 

 

Chemicals Quantity Preparation 

Tris base 242 g Mix on stirrer and make up the volume to 

1 liter with d2H2O. Autoclave and store 

at room temperature. 

Glacial acetic acid 57.1 ml 

0.5M EDTA (pH 8.0) 100 ml 

 

 

Appendix # 3 

1 kb DNA ladder 
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Appendix # 4 

Gel elution method (JETQuick
TM

 gel extraction spin kit, GNOMED) 

Steps Procedure 

Gel extraction 1. A sterile and sharp blade was used to excise the DNA 

fragment from 1 % agarose gel. Care was taken to keep the 

amount of surrounding gel to minimum. 

Gel weighing 2. By using a sensitive weighing balance, the DNA fragment 

including gel slice was weighted and about 300 mg gel piece 

was placed in a 1.5 ml eppendorf tube. 

Gel dissolving 3. 900 ml (3 volumes) gel solubilization buffer (L1) was added 

to 300 mg gel slice in the 1.5 ml eppendorf tube. 

4. The tube was then placed at 50°C pre heated heat block for 

15 minutes. Tube was inverted every 3 minutes to properly 

mix the gel with the buffer. 

5. Absolute ethanol was added to the concentrated L2 wash 

buffer before use. 

6. A JETQuick spin column (provided with the kit) was placed 

in a 2 ml receiver tube and dissolved gel was pipetted out of 

1.5 ml tube and added to the spin column. 

7. The spin column was centrifuged at 12000 rpms for 1 minute 

and flow-through was discarded along receiver tube and 

replaced with new one. 

8. 500 µl of diluted wash buffer (L2) was added to spin column 

and centrifuged at 12000 rpms for 1 minute. Flow-through 

was again discarded and spin column was replaced into a 

new receiver tube. 

9. Column was again centrifuged at 12000 rpms for 1 minute to 

remove any residues of wash buffer and ethanol from the 

previous steps. 

10. Receiver tube was discarded and spin column was replaced 

in a new 1.5 ml eppendorf tube. 

Gel 11. 50 ml of TE buffer was added to the spin column and 
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purification centrifuged at 12000 rpms for 2 minutes. The purified DNA 

was collected in the eppendorf tube and spin column was 

discarded. 

Storage 12. Tube containing purified eluded DNA was stored at 4 °C for 

immediate use. 

 

 

Appendix # 5 

Vector map of T/A cloning vector pTZ57R/T 

 

 

 

 

Appendix # 6 

Luria-Bertini (LB) agar preparation (1000 ml) 

Chemical  Quantity Method 

Tryptone 10 g Mix chemicals (Tryptone, Yeast extract and NaCl) in 600 

ml distilled water and keep the pH 7.5. Make the volume 

up to 1000 ml and add Bacto agar at the end before 

autoclaving. 

Yeast 

extract 

5 g 

NaCl 5 g 

Bacto agar 10 g 
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Appendix # 7 

Luria-Bertini (LB) liquid preparation (1000 ml) 

Chemical  Quantity Method 

Tryptone 10 g Mix chemicals (Tryptone, Yeast extract and NaCl) in 600 

ml distilled water and keep the pH 7.5. Make the volume 

up to 1000 ml before autoclaving. 

Yeast 

extract 

5 g 

NaCl 5 g 

 

 

Appendix # 8 

Antibiotic stock preparation 

Rafampicine (50 mg ml
-1

) 

Rafampicine 500 mg Mix 500 mg antibiotic in 10 ml 

methanol to get final concentration 

of 50 mg ml
-1

.  

No sterilization -20 °C 

Methanol 10 ml 

Tetracycline (10 mg ml
-1

) 

Tetracycline 100 mg Mix 100 mg antibiotic in 10 ml 90 

% ethanol to get final concentration 

of 10 mg ml
-1

. 

Filter sterilize -20 °C 

90 % Ethanol 10 ml 

Kanamycine (50 mg ml
-1

) 

Kanamycine 500 mg Mix 500 mg antibiotic in 10 ml 

d2H2O to get final concentration of 

50 mg ml
-1

. 

Filter sterilize -20 °C 

d2H2O 10 ml 

Ampicillin (100 mg ml
-1

) 

Ampicillin 1 g Mix 1 g antibiotic in 10 ml d2H2O 

to get final concentration of 100 mg 

ml
-1

. 

Filter sterilize -20 °C 

d2H2O 10 ml 

Timentin (160 mg ml
-1

) 

Timentin 3.2 g Mix 3.2 g antibiotic in 20 ml d2H2O 

to get the final concentration of 160 

mg ml
-1

. 

Filter sterilize -20 °C 
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Appendix # 9 

X-Gal (5-bromo-4-chloro-3-3indolyl-β-D-galactopyranoside) 

Chemical Quantity Method 

X-Gal 200 mg Dissolve 200 mg X-Gal in 10 ml N, N-

dimethylformamide and use 25 µl per 

vial. 

N, N-dimethylformamide 10 ml 

 

 

Appendix # 10 

IPTG (Isopropyl-β-D-thiogalactopyranoside) 

Chemical Quantity Method 

IPTG 1.2 g Dissolve 1.2 g IPTG in 50 ml d2H2O and store 

at 4 °C. Use  25 µl per vial. d2H2O 50 ml 

 

 

Appendix # 11 

Miniprep plasmid isolation through Alkaline lysis method 

Following solutions are prepared in the Alkaline lysis of E. coli cells 

Solution I ( Cell Suspension Solution) (50 ml) 

10 mM EDTA (pH 8.0) 1 ml 

25 mM Tris (pH 8.0) 1.25 ml 

Make the volume upto 50 ml with distilled water. 

Solution II (Denaturation Solution) (50 ml) 

0.2 M NaOH 400 mg 

1 % (w/v) SDS 500 mg 

Make the volume upto 50 ml with distilled water. 

Solution III (Neutralization Solution) (50 ml) 

Potassium acetate 14.7 g 

Glacial acetic acid 5.75 ml 

pH should be set at 5.0.  Make the volume upto 50 ml with distilled water. 
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Protocol  

For plasmid isolation from E. coli cells, following protocol was followed: 

1. A single E. coli colony was cultured in 10 ml liquid LB liquid media having 

desired antibiotic and placed on shake for overnight at 37 °C. 

2. The E. coli culture was centrifuged in 1.5 ml tubes at 12000 rpm for 3 minute. 

3. The pellet was retained by carefully discarding the supernatant and pellet was 

air dried for half an hour.  

4. 100 l of solution I was added to 1.5 ml tube containing bacterial pellet and 

tube was agitated with vortex for suspending the pellet in the solution. 

5. 150 l of solution II was added to the same 1.5 ml tube and mixed thoroughly 

by inverting and incubated for 10 minutes at 25 °C. 

6. 200 l of solution III was added to tube and gently mixed. Again tube was 

incubated for 10 minutes at 25 °C and centrifuged at 12000 rpm for 10 

minutes. 

7. This time, supernatant was shifted in new 1.5 ml tube and 1 volume 

chloroform was added to the tube and centrifuged for 5 minutes. 

8. The top aqueous phase was taken and two volumes pre-chilled isopropanol 

were added. 

9. The tube kept at -20 °C for 1 hour and centrifuged at 12000 rpm for 10 

minutes. 

10. The resulting pellet was washed twice with 70 % ethanol and pellet was air 

dried. 

11. Purified pellet was dissolved in 30 l TE buffer and stored at -20 °C. 

Appendix # 12 

DNA restriction reaction to confirm cloning of rd29A in pTZ57R and CGT-

6400 vectors 

Reaction component Quantity 

DNA 2 µl 

SacI 1 µl 

BamHI 1 µl 
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Buffer 4 µl 

RNAase 2 µl 

d2H2O 10 µl 

Total 20 µl 

Note: The reaction was incubated at 37 C overnight. 

 

 

Appendix # 13 

Phenol-chloroform purification method 

Add 1/10 volume of 3M Na-acetate and 0.6 volume of isopropanol, incubation at -20 

°C for 20 min and centrifuge for 10 minutes at 13000 rpm. The supernatant was 

discarded and the pellet was washed with 70 % ethanol, and dissolved in 10 µl of 

nuclease free water. 

 

Appendix # 14 

DNA restriction reaction to confirm cloning of HVA1 in pTZ57R and pCGT1 

vectors  

Reaction component Quantity 

DNA 2 µl 

XbaI 1 µl 

NdeI 1 µl 

Buffer 4 µl 

RNAase 2 µl 

d2H2O 10 µl 

Total 20 µl 

Note: The reaction was incubated at 37 C overnight. 
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Appendix # 15 

10X TBE (Tris Borate EDTA) buffer 

Chemicals 10X 1X 

Tris base 108 g 10.8 g 

Boric Acid 55 g 5.5 g 

0.5M EDTA (pH 8.0) 40 ml 4 ml 

d2H2O Make volume upto 1000 ml. 
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