
 
 

 

 

 

 

 

 

 

Rana Fiaz Ul Haq 

 
 

Submitted in partial fulfillment of the requirements 

for the degree of Ph.D. 

 

 

 

2021 

 
 

National Institute for Biotechnology & Genetic Engineering College 

Pakistan Institute of Engineering & Applied Sciences (NIBGE-C, PIEAS) 

Jhang Road, Faisalabad 

Cloning of Hordeum vulgare H+ - 

pyrophosphatase (HVP1) Gene under 

Different Constitutive Promoters and their 

Comparative Analysis under Salinity 

Stress in Wheat 



 
 

 

 

 

 

 

 

 

 

 

 

 

This page intentionally left blank  



ii 

 

 

 

 

 



iii 

 

 



iv 

 

 

 

 

 

 

Rana Fiaz Ul Haq 
 

 

 

 

 

2021 

 

 
 

 

 

National Institute for Biotechnology & Genetic Engineering College  

Pakistan Institute of Engineering & Applied Sciences (NIBGE-C, PIEAS) 

Jhang Road, Faisalabad 

 

Cloning of Hordeum vulgare H+ - 

pyrophosphatase (HVP1) Gene under 

Different Constitutive Promoters and their 

Comparative Analysis under Salinity 

Stress in Wheat 



v 

 

Dedications 

 

Dedicated to My beloved Parents and wife 
 Without whom none of my success 

 would have been possible   



vi 

 

Acknowledgements 

In the inception, all commendation and admiration are for the Almighty ALLAH, 

whose blessings have been the main reason for the completion of my study, and His 

Holy Prophet Mohammad (S.A.W.W.), who is forever torch of guidance and 

knowledge for humanity as a whole. 

It is my greatest pleasure to avail this opportunity to extend my gratitude to Dr. 

Shahid Mansoor (DCS, SI), Director NIBGE for providing and facilitating a 

competitive environment for research.  

My cordial gratitude goes to my supervisor, Dr. Nasir A. Saeed (DCS), who 

proficiently guided me during my PhD research work. He has been there to support me 

in all circumstances throughout my PhD. He has always been passionate to create an 

inimitable piece of research and his vital contribution to this thesis is beyond 

description. In a nutshell, I would have never been able to complete my work without 

his concerned involvement. 

I am also indebted to Dr. Zahid Mukhtar (DCS, HOD, ABD) for his 

encouragement and motivation. My humble thanks also go out to Dr. Freddy Altpeter, 

my foreign supervisor for providing me a chance to utilize my research skills and 

facilitating me with recourses at his lab during tenure of IRSIP fellowship (International 

Research Support Initiative Program, HEC) at University of Florida, America. 

I am strongly obliged to Dr. Mudassir Ahmad (PS) for helping, encouraging 

and guiding me throughout the research work. His valuable help in experimental work 

and sincere guidance was an inspiration. Without his help, I would have never been 

able to conduct my research and reach its goal. 

My amenable thanks go to my senior lab fellow and friend Dr. Imran Habib 

for never refusing me whenever I approached him for seeking guidance. His co-

operation genuinely helped to complete the journey of research. 



vii 

 

I am highly thankful to my lab fellows Javaid Makki, Zunaira Arshad, 

Nazish Anam, Khadija Imtiaz, Faiz Rasool, Muhammad Zubair Yasir and Sohaib 

Akram for their kind cooperation during my PhD research. The cooperation of my lab 

fellows genuinely helped to complete the journey of research. 

It fills me with immense gratitude to convey my thanks to my friend Abdul 

Qadeer, for always being there and helping me at several places during the pace of my 

research.  

I am highly indebted to my parents and sisters for their support, patience and 

guidance. My words can never justify their role in this venture. I can never ever be able 

to thank my parents Mr. and Mrs. Riaz Ul Haq Ijaz enough for all the love and 

affection they generously poured on me; for all the tears they shed in front of ALLAH 

to bless me with His innumerable blessings and for all the hardships they suffered to 

comfort me. I wholeheartedly thank my wife Maryam Fiaz for her support and 

encouragement throughout my educational career. 

 

Rana Fiaz Ul Haq 

 

 

 

 

 

 

 

 

 

 



viii 

 

Declaration of Originality 

I hereby declare that the work contained in this thesis and the intellectual content of this 

thesis are the product of my own work. This thesis has not been previously published 

in any form nor does it contain any verbatim of the published resources which could be 

treated as infringement of the international copyright law. I also declare that I do 

understand the terms ‘copyright’ and ‘plagiarism,’ and that in case of any copyright 

violation or plagiarism found in this work, I will be held fully responsible of the 

consequences of any such violation. 

 

 

________________ 

(Rana Fiaz Ul Haq) 

February, 2021 

NIBGE, Faisalabad. 

  



ix 

 

Copyrights Statement 

The entire contents of this thesis entitled Cloning of Hordeum vulgare H+ - 

pyrophosphatase (HVP1) Gene under Different Constitutive Promoters and 

their Comparative Analysis under Salinity Stress in Wheat by Rana Fiaz Ul 

Haq are an intellectual property of Pakistan Institute of Engineering & Applied 

Sciences (PIEAS). No portion of the thesis should be reproduced without obtaining 

explicit permission from PIEAS. 



x 

 

Table of Contents 

Dedications .................................................................................................................... v 

Acknowledgements ....................................................................................................... vi 

Declaration of Originality ........................................................................................... viii 

Copyrights Statement .................................................................................................... ix 

Table of Contents ......................................................................................................... ixi 

List of Figures ............................................................................................................. xiv 

List of Tables ............................................................................................................. xvii 

Abstract ..................................................................................................................... xviii 

List of Publications ..................................................................................................... xix 

List of Abbreviations ................................................................................................... xx 

1 Introduction ............................................................................................................. 1 

1.1 Wheat .................................................................................................................. 1 

1.1.1 Importance of Wheat ......................................................................................... 1 

1.1.2 Wheat’s Origin and Classification .................................................................. 2 

1.1.3 Wheat Genome ................................................................................................... 2 

1.2 Abiotic Stresses .................................................................................................. 3 

1.2.1 Soil Salinity ........................................................................................................ 5 

1.2.2 Soil Salinity in Pakistan .................................................................................... 6 

1.2.3 Impacts of Salinity on Plant ............................................................................. 7 

1.2.4 Mechanism of Salt Tolerance Exhibited by Plants ..................................... 13 

1.2.5 Consequences of Salinity on Wheat Crop .................................................... 17 

1.3 Approaches to Introduce Salt Tolerance in Wheat ........................................... 18 

1.3.1 Conventional Pant Breeding for Salt Tolerance ............................................. 18 

1.3.1 Genetic Approach to Improve Salinity Stress .............................................. 20 

1.3.2 Plant Transformation ....................................................................................... 23 

1.4 Research Hypothesis ......................................................................................... 26 

1.5 Aims of the Study ............................................................................................. 26 

2 Materials and Methods ......................................................................................... 28 

2.1 Cloning of vacuolar pyrophosphatase (HVP1) Gene in Plant Expression Vector 

pMDC32 under 2xCaMV35S and in pTOOL37 under Maize Ubiquitin (UBI1) 

Promoter ........................................................................................................... 28 

2.1.1 Leaf Sample Collection .................................................................................. 28 



xi 

 

2.1.2 RNA Isolation .................................................................................................. 29 

2.1.3 mRNA Isolation from Total RNA ................................................................. 29 

2.1.4 Synthesis of First Strand cDNA .................................................................... 30 

2.1.5 Primer Designing ............................................................................................. 30 

2.1.6 HVP1 gene amplification through PCR ........................................................ 30 

2.1.7 Gel Extraction and Purification ..................................................................... 30 

2.1.8 Cloning of HVP1 Gene in Plant Expression Vectors.................................. 31 

2.1.9 Confirmation of HVP1 Cloning in Plant Expression Vectors ................... 31 

2.1.10 Transformation of Ligation Product in Escherichia coli ............................ 31 

2.1.11 Plasmid Miniprep ............................................................................................ 32 

2.1.12 Transformation of pTOOL37-HVP1 and pMDC32-HVP1 Vector into A. 

tumefaciens ....................................................................................................... 32 

2.1.13 Confirmation of A. tumefaciens Transformed with pTOOL37-HVP1 and 

pMDC32-HVP1 Vector through PCR .......................................................... 33 

2.2 Wheat Transformation ...................................................................................... 34 

2.2.1 Selection of Wheat (T. aestivum) Material for Transformation ................ 34 

2.2.2 Embryo Isolation and Culturing on Medium ............................................... 34 

2.2.3 Culture Preparation of Transformed Agrobacterium for Inoculation ....... 34 

2.2.4 Genetic Transformation of Wheat ................................................................. 35 

2.2.5 Callus Growth and Regeneration ................................................................... 35 

2.2.6 Agronomic Practices for Growing of Putative Transgenic Wheat Plants 36 

2.3 Molecular Validation of Putative Transgenic Wheat Plants ............................ 36 

2.3.1 Antibiotic Selection Assay of Putative Transgenic Plants ......................... 36 

2.3.2 Genomic DNA Extraction .............................................................................. 37 

2.3.3 Quantification of Genomic DNA .................................................................. 38 

2.3.4 PCR Confirmation of Putative Transgenic Wheat Plants .......................... 38 

2.3.5 RNA Isolation for Expression Analysis of Putative Transgenic Wheat 

Plants ................................................................................................................. 39 

2.3.6 mRNA isolation ............................................................................................... 39 

2.3.7 First Strand Complementary DNA Synthesis .............................................. 39 

2.3.8 Semi-Quantitative Reverse-Transcription Polymerase Chain Reaction 

(RT-PCR) .......................................................................................................... 40 

2.3.9 Southern Hybridization for Assessment of Transgene Copy Number ..... 40 

2.3.10 Salt Tolerance Analysis of Transgenic Plants ............................................. 41 

2.4 Statistical Analysis of Physiological Performance of Transgenic Wheat Plants 

  ....................................................................................................................... 42 

2.4.1 Electrolyte Leakage (EL) from Leaves ......................................................... 42 

2.5 Osmotic Potential ............................................................................................. 42 



xii 

 

2.5.1 Membrane Stability Index .............................................................................. 42 

2.5.2 Gas Exchange Measurements of Transgenic and Non-Transgenic Lines 43 

2.5.3 Water Use Efficiency of Transgenic and Non-Transgenic Lines ............. 43 

2.6 Biochemical analysis of salt tolerant transgenic wheat .................................... 43 

2.6.1 Determination of Na+ and K+ concentration in transgenic wheat .............. 43 

2.6.2 Determination of Na+/K+ ratio ....................................................................... 43 

2.6.3 Assessment of proline contents in transgenic wheat ................................... 44 

2.7 Agronomic performance of pTOOL37-HVP1 and pMDC32-HVP1 Transgenic 

Wheat under Saline Field Conditions ............................................................... 44 

2.7.1 Germination Percentage .................................................................................. 46 

2.7.2 Plant Height ...................................................................................................... 46 

2.7.3 Spike Length .................................................................................................... 46 

2.7.4 Number of Spikelets Per Spike ...................................................................... 46 

2.7.5 Grain Weight .................................................................................................... 46 

2.7.6 Grain Yield (ton ha-1) ...................................................................................... 46 

2.7.7 Harvest Index (%) ............................................................................................ 47 

2.8 Comparison of maize ubiquitin (UBI1) and 2xCaMV35S promoter in HVP1 

transgenic wheat ............................................................................................... 47 

3 Results................................................................................................................... 48 

3.1 Cloning of Barley vacuolar pyrophosphatase (HVP1) Gene under Constitutive 

2xCaMV35S and UBI1 Promoter ..................................................................... 48 

3.1.1 Total RNA Isolation from Barley .................................................................. 48 

3.1.2 mRNA Isolation ............................................................................................... 48 

3.1.3 Complementary DNA Synthesis ................................................................... 48 

3.1.4 HVP1 Gene Amplification ............................................................................. 48 

3.1.5 Construction of Plant Expression Vector Containing HVP1 Gene under 

UBI1 and 2xCaMV35S Promoter .................................................................. 50 

3.1.6 PCR Confirmation of Transformed A. tumefaciens .................................... 51 

3.2 Development of Salt Tolerant Wheat ............................................................... 53 

3.2.1 Agrobacterium Mediated Wheat Transformation ....................................... 53 

3.2.2 Selection of pTOOL37-HVP1 and pMDC32-HVP1 Transformed Wheat 

Tissues on Antibiotic Medium ....................................................................... 54 

3.2.3 Antibiotic Susceptibility Assessment by Leaf Paint Method .................... 54 

3.2.4 PCR Confirmation of Putative pTOOL37-HVP1 and pMDC32-HVP1 

Transgenic Wheat Plants ................................................................................ 57 

3.2.5 Confirmation of pTOOL37-HVP1 and pMDC32-HVP1 Transgenic Wheat 

Plants Through Reverse Transcriptase PCR (RT-PCR) ............................. 60 

3.2.6 Southern Hybridization ................................................................................... 61 



xiii 

 

3.2.7 Phenotypic Characterization of pTOOL37-HVP1 and pMDC32-HVP1 

Transgenic Wheat for Salinity Stress ............................................................ 62 

3.3 Physiological Performance of pTOOL37-HVP1 and pMDC32-HVP1 

Transgenic Wheat ............................................................................................. 63 

3.3.1 Electrolyte Leakage (g min-1) ........................................................................ 64 

3.3.2 Osmotic Potential (Osmol kg-1) ..................................................................... 64 

3.3.3 Membrane Stability Index (%) ...................................................................... 65 

3.3.4 Rate of Photosynthesis (µmol m-2 s-1) ........................................................... 69 

3.3.5 Stomatal Conductance (mmol m-2 s-1) .......................................................... 69 

3.3.6 Transpiration Rate (mmol m-2 s-1) ................................................................. 70 

3.3.7 Water Use Efficiency (µmol m-2 s-1) ............................................................. 70 

3.4 Biochemical Analysis of pTOOL37-HVP1 and pMDC32-HVP1 Transgenic 

Wheat Plants ..................................................................................................... 76 

3.4.1 Sodium Ion Accumulation Under Different Salinity Treatments ............. 76 

3.4.2 K+ Ion Accumulation Under High Salinity .................................................. 76 

3.4.3 K+/Na+ Ratio of pTOOL37-HVP1 and pMDC32-HVP1 Transgenic Wheat 

Plants Under High Salinity ............................................................................. 77 

3.4.4 Estimation of Proline Contents in pTOOL37-HVP1 and pMDC32-HVP1 

Transgenic Wheat Plants ................................................................................ 81 

3.5 Agronomic Traits Assessment of pTOOL37-HVP1 and pMDC32-HVP1 

Transgenic Wheat Plants in Saline Field Conditions ....................................... 83 

3.5.1 Germination Rate (%) ..................................................................................... 83 

3.5.2 Comparison of Plant Height (cm).................................................................. 84 

3.5.3 Spike Length (cm) ........................................................................................... 87 

3.5.4 Number of Spikelet per Spike ........................................................................ 87 

3.5.5 Grain Weight (g) .............................................................................................. 88 

3.5.6 Grain Yield (ton ha-1) ...................................................................................... 88 

3.5.7 Harvest index (%) ............................................................................................ 89 

3.6 Comparison of pTOOL37-UBI-HVP1 and pMDC32-2xCaMV35S-HVP1 

Transgenic Wheat Lines for Promoter Study ................................................... 95 

4 Discussion ........................................................................................................... 101 

References .................................................................................................................. 111 

Appendices ................................................................................................................. 130 

  



xiv 

 

List of Figures 

Figure 3-1  Total RNA of barley plant. .................................................................. 49 

Figure 3-2  Messenger RNA isolated from total RNA of barley plant. .................. 49 

Figure 3-3  Amplification of HVP1 gene from cDNA through PCR. .................... 50 

Figure 3-4  Strategy for cloning of HVP1 gene. ..................................................... 51 

Figure 3-5  Confirmation of of HVP1 gene cloning under maize Ubiquitin and 

2xCaMV35S promoter and NOS terminator in pTOOL37 and pMDC32 

vector.................................................................................................... 51 

Figure 3-6  PCR confirmation of pTOOL37-HVP1 transformed A. tumefaciens 

strain. .................................................................................................... 52 

Figure 3-7  PCR confirmation of pMDC32- HVP1 transformed A. tumefaciens 

strain. .................................................................................................... 53 

Figure 3-8  Developmental stages of transgenic wheat. ......................................... 56 

Figure 3-9  Antibiotic susceptibility assessment of transgenic wheat plants gene and 

non-transgenic wheat plants. ................................................................ 56 

Figure 3-10  Antibiotic susceptibility assessment of transgenic wheat plants. ........ 57 

Figure 3-11  Antibiotic and salt stress germination assay. ....................................... 57 

Figure 3-12  Agarose gel electrophoresis of the PCR product confirming the 

integration of HVP1 gene in local cultivar Ujala-2016 of wheat. ........ 60 

Figure 3-13  Expression analysis of transgenic wheat expressing pTOOL37-HVP1 

and pMDC32-HVP1 through semi-quantitative RT-PCR. Wheat actin 

gene was used as internal control. ........................................................ 61 

Figure 3-14  Southern blot analysis of transgenic wheat plants expressing pTOOL37-

HVP1 and pMDC32-HVP1 gene and non-transgenic wheat. .............. 62 

Figure 3-15 Phenotypic Comparison of pTOOL37-HVP1 and pMDC32-HVP1 

transgenic line and wild type. .............................................................. 63 

Figure 3-16  Electrolyte leakage (EL) of transgenic and non-transgenic wheat lines at 

different NaCl treatments. .................................................................... 66 

Figure 3-17  Osmotic potential of transgenic and non-transgenic wheat lines at 

different NaCl treatments. .................................................................... 67 

Figure 3-18  Membrane stability index (MSI) of transgenic and non-transgenic wheat 

lines at different NaCl treatments. ....................................................... 68 



xv 

 

Figure 3-19  Rate of photosynthesis of transgenic and non-transgenic wheat lines at 

different NaCl treatments. .................................................................... 72 

Figure 3-20  Stomatal conductance of transgenic and non-transgenic wheat lines at 

different NaCl treatments. .................................................................... 73 

Figure 3-21  Transpiration rate of transgenic and non-transgenic wheat lines at 

different NaCl treatments. .................................................................... 74 

Figure 3-22  Water use efficiency (WUE) of transgenic and non-transgenic wheat 

lines at different NaCl treatments. ....................................................... 75 

Figure 3-23  Sodium ion contents (mg g-1 of DW) of transgenic and non-transgenic 

wheat lines at different NaCl treatments. ............................................. 78 

Figure 3-24  Potassium ion contents (mg g-1 of DW) of transgenic and non-transgenic 

wheat lines at different NaCl treatments. ............................................. 79 

Figure 3-25  K+/ Na+ ion ratio of transgenic and non-transgenic wheat lines at 

different NaCl treatments. .................................................................... 80 

Figure 3-26  Proline contents (mg g-1 of DW) of transgenic and non-transgenic wheat 

lines at different NaCl treatments. ....................................................... 82 

Figure 3-27  Germination rate (%) of transgenic and non-transgenic wheat lines at 

different treatments. ............................................................................. 85 

Figure 3-28  Plant height (cm) of transgenic and non-transgenic wheat lines at 

different treatments. ............................................................................. 86 

Figure 3-29  Spike length (cm) of transgenic and non-transgenic wheat lines at 

different treatments. ............................................................................. 90 

Figure 3-30  Number of spikelet per spike of transgenic and non-transgenic wheat 

lines at different treatments. ................................................................. 91 

Figure 3-31  Grain weight (g) of transgenic and non-transgenic wheat lines at 

different treatments. ............................................................................. 92 

Figure 3-32  Grain yield (ton ha-1) of transgenic and non-transgenic wheat lines at 

different treatments. ............................................................................. 93 

Figure 3-33  Harvest Index (%) of transgenic and non-transgenic wheat lines at 

different treatments. ............................................................................. 94 

Figure 3-34  Comparison of pMDC32-2xCaMV35S-HVP1 (TWP5) and pTOOL37-

UBI1-HVP1 (TW2). ............................................................................. 96 

Figure 3-35  Comparison of physiological performance of pMDC32-2xCaMV35S-

HVP1 (TWP5) and pTOOL37-UBI1-HVP1 (TW2). ........................... 97 

Figure 3-36  Biochemical (Na+, K+, K+/Na+ and Proline contents) comparison of 

pMDC32-2xCaMV35S-HVP1 (TWP5) and pTOOL37-UBI1-HVP1 

(TW2). .................................................................................................. 98 



xvi 

 

Figure 3-37  Spike length and number of spikelet comparison between pMDC32-

2xCaMV35S-HVP1 (TWP5) and pTOOL37-UBI1-HVP1 (TW2). ..... 98 

Figure 3-38  Grain weight and grain yield comparison of pMDC32-2xCaMV35S-

HVP1 (TWP5) and pTOOL37-UBI1-HVP1 (TW2). ........................... 99 

Figure 3-39  Harvest index (%) comparison of pMDC32-2xCaMV35S-HVP1 

(TWP5) and pTOOL37-UBI1-HVP1 (TW2) ..................................... 100 

  

  



xvii 

 

List of Tables 

Table 2.1  Primers for PCR confirmation of transformed A. tumefaciens containing 

pMDC32-HVP1 and pTOOL37-HVP1 ................................................ 34 

Table 2.2  Primers for PCR analysis of putative transgenic wheat plants containing 

pMDC32-HVP1 and pTOOL37-HVP1 ................................................ 39 

Table 2.3  Soil analysis of Bio-Saline Research Station for field trial ................. 45 

Table 2.4  Water analysis of Bio-Saline Research Station for irrigation of 

transgenic and non-transgenic wheat ................................................... 45 

Table 3.1  Transformation Efficiency of Wheat (Ujala-2016).............................. 58 

 

 

 

 

 



xviii 

 

Abstract 

Wheat production has a significant contribution in the agricultural-based gross 

domestic production. Environmental anomalies such as salinity poses a serious threat 

to wheat production. Plant cells respond to salinity stress by acidifying their vacuoles 

through proton pumps. Vacuolar H+-pyrophosphatase, encoded by VP1 gene is an 

efficient proton pump that develops a proton gradient to promote Na+ /H+ antiporter 

activity. Thus, it plays vital role in conferring salinity tolerance in plants. This study 

was planned to evaluate the performance of Hordeum vulgare vacuolar H+-

pyrophosphatase (HVP1) gene in wheat (Triticum aestivum).  

Incorporation and expression of HVP1 gene in wheat lines under maize 

ubiquitin (UBI1) and 2xCaMV35S promoter was confirmed through antibiotic 

selection, polymerase chain reaction, reverse-transcription polymerase chain reaction 

(RT-PCR) and Southern hybridization. Seeds of transgenic wheat exhibited better 

germination rate when compared to non-transgenic under to salt stress.  

Augmented HVP1 expression in the transgenic wheat plants improved their 

physiological performance when compared to non-transgenic in green house. 

Overexpression of HVP1 in the transgenic plants also promoted the agronomic 

performance under saline field conditions (EC 13-16 dS m-1; SAR 28.5; pH 7.82-8.92) 

when compared to non-transgenic. Higher values of germination rate, plant height, 

spike length, number of spikelets per spike, 1000 grain weight, grain yield and harvest 

index were observed in transgenic wheat at Bio Saline Research Station, Pakka Anna, 

Faisalabad. An increase of about 12% and 14% in grain yield under UBI1 and 

2xCaMV35S promoters respectively in HVP1 transgenic wheat compared to non-

transgenic in saline field conditions highlights the performance of HVP1 as an affective 

cation pump that promotes active transport of toxic salts in vacuoles. 
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1 Introduction 

1.1 Wheat  

1.1.1 Importance of Wheat 

Agronomic crops especially maize, rice and wheat are the major source of food across 

the globe. Out of fifty thousand edible species of plants in the world, ninety percent of 

the world’s energy requirements are met by fifteen plant species of which two third are 

provided by Rice, Maize and Wheat. These three crops are staple food for more than 4 

billion out of 7 billion inhabitants of the world. Alone wheat provides food to the two 

billion people of the world (about 33% of total population of the world). Wheat provides 

31% of total energy, 23% of proteins and 45% of total carbohydrates along with other 

essential nutrients such as Thiamin, Riboflavin, Niacin (eq), Vitamin, Folates, Iron and 

Calcium [1]. Wheat with production of 741 Million tons is the third largest crop in 

production after sugarcane and corn. About 500 million ton of wheat is directly 

consumed as human food while rest goes to animal feed and industrial use [2]. The 

major countries involved in food production are China, India, Russia, United States, 

France, Canada, Germany and Pakistan with production of 126, 95, 60, 55, 39, 29, 28 

and 26 Million metric tons respectively [3]. The monetary importance of wheat is 

obvious from the fact that out of 1,407 M ha total arable land, wheat is grown on more 

than 250 M ha that accounts for 15% of the total cultivable land. Throughout the world 

per capita wheat production area is declining due to the shift in world’s population, but 

owing to improvements in agricultural practices wheat production per capita is less 

fluctuated [4]. 

In Pakistan, 19.53 percent of GDP, and 42.3 percent of employment is 

contributed by the agriculture sector. Wheat alone contributes 1.7% of gross domestic 

production and 9.1% of the value addition industry in agriculture. During 2016-17, 

wheat was grown on 9.052 million hectares, which was 0.17 million hectares (1.9 

percent) less than last years cropped area. Owing to enhanced input supply, wheat yield 

was enhanced from 25.633 million tons during 2015-16 to 25.750 million tons (0.5 

percent) during 2016-17. During this period due to enhanced availability of moisture, 
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2.4 percent per hectare yield increased from 2.779 to 2.845 tons per hectare. Pakistan 

government has opened 337 offices for purchase and raised the support price of wheat 

to Rs. 1300 per 40 kg to encourage the farmers for growing more wheat. At present, 

Pakistan is producing enough wheat to fulfil its domestic requirement, but owing to 

alarming increase in the rate of population and drastic climatic variations such as 

salinity and water shortage, one has to focus for increase in the area under wheat 

cultivation and hence the yield of this vital crop. 

1.1.2 Wheat’s Origin and Classification 

Wheat has its origin in the near East, Mesopotamia and is grown now in temperate 

climates around the globe. In fact, among all cereals, the most crucial in temperate 

region is wheat (world crop database). More types of foods are made with wheat than 

any other cereal grain. Classification of wheat is as given below: 

Wheat is an annual plant and has 18 species out of which six are cultivated and 

remaining are rarely cultivated. Polyploidy is common in Poaceae family so as found 

in wheat. The polyploid wheats are either tetrapod i.e. has four sets of 7chromosomes 

or hence a total of 28 chromosomes or hexaploid i.e. has six sets of 7 chromosomes 

with a total of 42 chromosomes. However, the most widely cultivated species of wheat 

T. aestivum L. also recognized as hard wheat is hexaploid with a total of 42 

chromosomes. 

1.1.3 Wheat Genome 

The family Gramineae consist of agronomically important crop species, such as wheat, 

maize, and rice, and it is ranked fourth largest among flowering plants. Grass genomes 

exhibit great variations in ploidy level, size and chromosome number which make it 

very diverse among other group of families. Wheat also shows different ploidy levels 

i.e. diploid, e.g. Triticum urartu (AA), Aegilops speltoides (BB), Aegilops tauschii, 

(DD) tetraploid, e.g. Triticum turgidum (AABB) and hexaploid e.g. T. aestivum 

(AABBDD). It was a scientific challenge to obtain a reference sequence of the genome 

of bread wheat which is the staple food of the world’s 30% population. Bread Wheat’s 

hexaploid genome was shaped from numerous hybridization events that took place 

between three different progenitor species consisting three individual sub genomes: A, 

B, and D which resulted in a big genome. In fact, wheat’s genome is about five times 

bigger than that of humans. More than 80% of the genome consist of repeated 
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sequences. Therefore, by employing the whole-genome shotgun sequencing 

approaches, a reference sequence cannot be generated.  

To sort out this problem, the IWGSC (International Wheat Genome Sequencing 

Consortium) was established in year 2005 which comprised of researches from all areas 

of interest i.e. academic scientists, private and public breeders. The objective of IWGSC 

was to make high quality sequence of wheat genome so that it may pave the way for 

accelerating the research for the development of better wheat varieties. The IWGSC 

identified 124,201 gene loci. Choulet et al [5] analyzed the largest wheat chromosome, 

3B which is even greater than seven times the entire sequence of the model plant 

Arabidopsis thaliana. They revealed information regarding assembly, sequence, 

annotation and also analyzed the reference sequence. Gene loci on the B sub genome 

(44,523; 35%); gene loci on the A sub genome (40,253; 33%) and gene loci on the D 

sub genome (39,425; 32%). Many inter- and intra-chromosomal duplications were also 

found. Ninety seven percent conservation was found among the three lineages i.e. A, B 

and D. This information about wheat reference genome facilitates in the comprehension 

of genetic mechanisms underlying the tolerance towards abiotic anomalies such as 

salinity. It also aids in isolation of stress responsive genes that also confer agronomical 

important traits and reference integration into systems biology in future to further 

improve wheat crop to ameliorate the prevailing abiotic stresses. 

1.2 Abiotic Stresses 

All those non-living environmental anomalies causing a potential threat to plant 

survival and decree in productivity are regarded as abiotic stresses. Although these 

stresses may include, salinity, flooding, drought, high temperature and chilling, 

however according to Isayenkov, [6] salt stress stands as most important stress around 

the globe causing a serious threat to plant productivity. Abiotic stresses have a potential 

of causing a 50% decrease in production of major crops annually worldwide [7]. 

Continuous degradation of global climate pose a major constraint to crop productivity, 

hence it is very vital to improve the potential of crops against these environmental 

anomalies [8]. According to FAO [9] nearly 96% of the land across the world is prone 

to be affected by ecological hazards. Among different environmental constrains drought 

accounts 64%, salinity 6%, mineral deficiency 9%, chill stress 57% and acidic soils 

15% [10, 11]. Cramer et al. [10] reported that 3.6 billion ha is affected by the problems 
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of soil degradation such as erosion and salinity out of 5.2 billion ha of dry land 

agriculture. A loss of 12 billion US dollars is estimated due to 50% salt affected soil in 

the irrigated land [12]. The devastating effects of the salinity are evident from the fact 

that area under salinity is ever increasing, and had reached to 34 million ha of the 

irrigated land [13]. Agricultural setbacks in the form of loss in production and decline 

in soil fertility cannot be accurately determined, however there is no second opinion 

about the fact that these agro-ecological anomalies affect a large land area and 

contribute towards a significant loss to crop production [10]. In future ecological 

changes will have a significant impact on sea level which has a direct role in increasing 

the salinity of surface and underground water sources. Keeping in view the above 

mentioned fact in mind it is evident that salinity will increase in subtropical areas [14]. 

Pakistan is located in subtropical area of the world therefore; it is becoming of prime 

importance to increase the tolerance in crops against abiotic stresses especially salinity 

and drought. Climatic anomalies also posing threat to genetic resources of crops. So, 

for achieving better adopted varieties, new breeding strategies and genetic engineering 

of crops is needed. 

Global increased salinity levels of soil due to shortage of water reserves are the 

major marks of 21st century. Inflating population and corresponding reduction in per 

capita available land are major constraints for sustainable agriculture [15]. Different 

negative climatological changes viz. high temperatures, soil salinity, drought and flood 

alone and in combination have influenced the yield of major crops. However, among 

these, salinization of soil is one of the most crucial ecological stress contributing major 

reductions in cultivated land area and hence crop yield [15, 16].  Investigation regarding 

plant abiotic stress response is a key step to complement the agronomic need for 

increased tolerance to different abiotic anomalies [17]. 

Due to ever bulging world population which is probable to range about 9.6 

billion in 2050 [18], it is of prime consideration to ensure the food security for the 

developing countries like Pakistan under ever changing climatic conditions. According 

to FAO [19] developing countries should increase their crop production up to 2/3rd 

through better varieties. Better management of land resources is also a crucial factor for 

combating the problem of food security. 
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1.2.1 Soil Salinity 

Among four major components of an ecosystem, lithosphere contains soil. The term 

pedolith is commonly used for soil meaning ground stone. Soil came into existence 

under combined influence of climate, organism, parent materials and relief interacting 

for millions of years. Many natural phenomena of physical, chemical and biological 

nature paved ways for its formation. Of these, weathering and erosion were of critical 

importance. The “edaphology” is the branch of soil science concerned with effect of 

soil on plants. 

Soil is a complex mixture of five components viz. liquids, minerals, gases, 

organic matter and microorganisms. All these constituents as a mixture are responsible 

for the proper growth and maintenance of the plants. Each constituent of soil has its 

own role to support plant life as minerals perform the action of absorption of water from 

soil, adjust pH of the soil and facilitate the plants to absorb the nutrients from the soil. 

Out of vast variety of soil minerals, nitrogen, phosphorous and potassium are the most 

important. 

Salts are essential components of soil and water which is used for irrigation. 

Soil salinity means undue accumulation of harmful salts in soil while increasing salt 

concentration is termed as salinization. An appropriate soil mineral content is primary 

requirement for raising bountiful crop however over a large span of time mineral 

weathering and processes like irrigation have increased salinization. Human practices 

like extensive colonization, industrialization, extensive cultivation and addition of salts 

in irrigation water are also contributing factors towards salinization. Salinity problem 

particularly spreads quickly in arid regions providing evidence that climate change 

accelerates this process. Salt not only have countless dangerous effects in the human 

body but they are also particularly damaging to agricultural lands. If salt degradation 

continues at this rate, more land area will be affected leading to wasteland [20]. 

Irrigation water even of good quality contains some salts, so if drainage system is 

defective as is the case with majority of areas of the world then salts can accumulate in 

soil after evaporation of water. Moreover, plants suck out water leaving behind the salts 

causing host of problems to the proper growth of crops. The hindrance caused by salts 

to proper growth of plants leads to reduction in yield and even complete crop failure if 

situation progresses unchecked. 
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Typically, any soil that has value of pH more than 7 is considered as alkaline or 

sweet soil. High value of pH is associated with corresponding high level of sodium, 

calcium and magnesium. These salts render the alkaline soils less soluble which limit 

the availability of nutrients for plants and hence cause stunted growth. Pure water is a 

very weak electrolyte and does not conduct electricity well, however conductivity 

increase dramatically in the presence of salts. Soil having EC value between 1.21 to 

1.60 dS m-1 is referred as saline soil while greater than 3.2 dS m-1 as strongly saline. 

According to Allotey et al. [21] exchangeable sodium percentage (ESP) in saline soil 

is < 15. Salinity affects organic matter and electrical conductivity of the soil [22]. 

One astonishing fact about salinity is revealed from the UN report which 

indicates nearly 8 square miles (2,000 ha) of farmland is being ruined daily by salt 

degradation. Till now, an area approximately equals the size of France i.e. about 20 

percent of the world’s farmland has been degraded and about 67 percent of farmland 

area is provisionally saline [23]. According to the FAO/UNESCO [24] soil map of the 

world, Africa has 6.9 million ha, Near and Middle East 5.3 million ha, Asia and Far 

East 1.9 million ha, Latin America 5.9 million ha, Australia 8.4 million ha and Europe 

2.0 million ha salinized area. On account of reduction in crop production due to land 

degradation by salinity, 27.3 billion US dollars lost is estimated. It will be highly cost 

efficient to keep the management of land workable in salt affected realms on priority 

list. Broader strategy to make sure timely recognition and efficient elimination of the 

hurdles to the adaptation of proper management of land is the need of hour [20]. Several 

years are required to reverse the effects of salt induced land degradation. Therefore, it 

is imperative to find interim salinity management strategies such as development of salt 

tolerant verities of major crops to ensure the food security on the earth which would be 

the home of 10 billion people in next forty years. 

1.2.2 Soil Salinity in Pakistan 

Pakistan is situated on a great landmass north of tropic of Cancer, which is characterized 

by extreme variations in the daily and seasonal climate. Pakistan is a land of mountains, 

valleys, fertile lands and vast deserts which is classified into 10 agro-ecological zones. 

From agriculture point of view all of these zones have its own importance. However, 

all of these agro ecological zones of Pakistan are prone to steadily rising temperature, 

low precipitation and corresponding degradation of farmland. A report published by 
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Hussain et al. [25] clearly indicates that the country is exposed to a number of climatic 

variations leading to cyclones, floods and drought etc. Oxfam Report [25, 26] on climate 

change revealed that about 40% of the people of Pakistan are subjected to frequent 

disasters like variations in precipitation. All the above-mentioned facts making the soils 

of Pakistan more prone to attack by salinity. 

Pakistan consist of 79.6 M ha-1 out of which 24 M ha-1 (24%) are cultivated. 

Owing to the fact that it has largest canal system of the world (62400 kilometers), 19.2 

M ha-1 (80% of cultivated area) is irrigated [27]. Mismanagement of water resources in 

irrigation and soil erosion induced by human activities has affected 25% of all irrigated 

land and in fact has abandoned 1.4 M ha-1 of all agricultural land [28]. This accounts 

for a loss of 15-55 billion rupees per year in term of crop and Rs. 15 billion in the form 

of land that has been rendered unproductive due to salinity. If average cost of reduced 

yields annually is taken as Rs. 35 billion then 0.6% GDP of Pakistan is lost in 2004 

[28]. The situation become worse when we take into account the report of FAO [29] 

that Pakistan ranks eighth largest country to be salt affected. Pakistan, Australia and 

Thailand disproportionately have greater salt affected areas. They account for 6.8% 

land resources of the world but alone have larger than 10% of the soil affected land 

[30]. 

Salinity imposes huge reduction in crop production in Pakistan as evident from 

the fact that out of 41.72 Million hectares of land available in all provinces, 3.9 Million 

hectares (10%) is slightly saline, 1.9 Million hectares (4%) is moderately saline and 3.3 

Million hectares (7%) is strongly saline [31]. Keeping in view the diversity in 

distribution of salinity in Pakistan, it is said mini world. 

1.2.3 Impacts of Salinity on Plants 

All critical phases during plant development such as physiological, morphological and 

cellular level are affected by salinity stress. Some of the vital attributes of the plant 

development influenced by soil salinization are discussed as under: 
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 Soil Salinity: A cause of Physical Drought 

Salinity poses its detrimental effect on growth of plant by minimizing its access to soil 

moisture. Osmotic strength of soil solution increases due to which on drying of solution, 

the soil solution becomes more concentrated, further reducing water availability to the 

plant’s roots. Wheat and chickpea extracts the same amount of water without salts 

however, when salts are present in soil, the ability of chickpea to extract water is 

severely reduced [32]. In Hordeum maritimum, at increased level of salts, a significant 

reduction in dry matter of roots and shoots was observed in association with decrease 

in water content [33]. Earlier, Sabbagh et al. [34] investigated the similar facts and 

revealed that water relation and various metabolic processes are affected by salt stress. 

Due to higher salinity level the yield of wheat is reduced because of  the ionic toxicity 

and osmotic effects [35]. A noticeable decrease in water up take of wheat was observed 

when grown at high concentration of salinity [36]. 

Toxic Effects of Accumulation of Ions in Plant 

Now, it has been established that salinity hampers plant growth due to toxic ions such 

as Na+ and Cl- buildup in all parts of plant. Plants show immediate response to salt stress 

by a complex network of biochemical processes including metabolism, nutrient uptake, 

ion accumulation and photosynthesis. Osmotic stress and ion toxicity both affect 

negatively plant growth [37]. Salinity poses its negative effect either by the buildup up 

of some ions at harmful level or by changing the nutritional statue of the potentially 

beneficial ions for the optimum growth of plants [38]. Uptake of ions like Na+ and Cl- 

in leaves at elevated concentration causes ion toxicity [39]. Noxiousness resulted due 

to Na+ and Cl- ions render the plants deficient in several nutrients essential for optimum 

growth [40]. Salt tolerant plants try to uptake Na+ ions while those prone to damage by 

salts tend to limit the movements of ions from roots to aerial parts [41]. 

Regardless of the fact that Cl- is predominant anion in most saline soils, its 

mechanism towards tolerance is not well understood. Cl- ion is an essential plant 

nutrient, plays a vital role as osmotically active solute in maintaining turgor pressure 

and osmoregulation in plant vacuole. However, it is a well-established fact that greater 

concentrations of Cl- ion can be lethal to plant growth [42]. Plant species sensitive to 

Cl- ions can endure concentration of 4-7 mg g-1of dry weight (DW) while in Cl- tolerant 

species 15-50 mg g-1 of DW is critical concentration [43]. High concentration of Cl- ion 
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degrades chlorophyll and hence reduces the photosynthesis, while sodium toxicity 

interferes with Ca2+ and K+ uptake of plant. Hence both these ions reduces the plant 

growth when present simultaneously as in case of NaCl instead when they are present 

alone [44]. Although Na+ and Cl- both are toxic however, some species can control Cl- 

transport better than Na+ and vice versa [45]. 

Potassium is not merely a crucial element for proper growth and development, 

but the capability of plant to cope saline conditions strongly rest on the concentration 

of K+ ion. Plants show reduction in tolerance to salt under low K+ conditions. Under 

high salinity plants allow more entrance to Na+ ions through high affinity K+ system 

causing decrease in salt tolerance [46]. Importance of K+ ion in saline conditions is also 

confirmed by Cuin et al.[47] when they reported that retaining a lower levels of Na+ is 

not that important as maintaining a higher ratio of K+/Na+. Rejili et al. [39] also showed 

that Lotus criticus acquires better adaptation against salinity by compartmentalization 

of Na+ ions and holding of high levels of K+ ions in the roots. In light of above 

discussion it is evident that in plants intracellular K+/Na+ is main factor for salt stress 

tolerance [48]. So, plants should retain physiological concentration of cytosolic K+ ions 

and avoid the buildup of Na+ ions in their cytoplasm. 

Effect caused by salt stress differs in old and young tissues but its regulatory 

mechanism is not well explored. It has been reported that different genes are regulated 

in such a way that higher concentration of Na+, K+ and NO3
- is retained in old leaves as 

compared to young leaves [8]. Old leaves also reduce the frequency of retrieving Na+ 

ions from their cells. 

Toxic Effect of Excessive Ions in Soil 

Soil is a key component of biosphere and plays vital role in productivity of plants, which 

is the basis for the survival of human beings. In soil any element found in greater 

amount than normal cause reduction in its productivity. Plants exposed to high salt 

concentration in soils are exposed to two dangers, a) Water deficiency in root zones 

and, b) ion injury due to ion imbalance [49]. Salts in root zones reduces the osmotic 

potential of soil solution [38]. Plants employ a variety of transporters to absorb the 

nutrients from soil, which are all affected by salinity. All salts are harmful for plant 

growth however, Na+ is particularly known for its negative effects on plant growth 
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because it disrupts the forces that bind clay particles and hence results in swelling and 

dispersion of soil, consequently hampers the plant growth [50]. 

Ion homeostasis is the key for the plants however, salt stress can break the ion 

homeostasis thus destroying the ionic balance. If plants are to be grown under salt stress 

then it is imperative for them to regain the ionic homeostasis [51]. Ion transport and 

compatible solute synthesis are key adaptive processes for plant survival in saline soils. 

Soil ions such as chlorine and sodium, which make up salts are absorbed by the roots 

and accumulate in aerial parts of plants over time. This accumulation of ions can be 

lethal to plants not only at high concentration but also at low concentration. Although 

symptoms of ion toxicity vary not only in different crops but also in the same crop at 

different stages of growth, however, mostly it manifests itself as marginal leaf burning 

especially in older and lower leaves of the plant. 

Morphological Effects on Plants Due to Salinity 

As about fifty percent of the all arable lands is prone to be saline by 2050 [52], it is 

imperative to well understand its morphological effects to find an early indication of 

salt attack on plants. This stress can be estimated at time when it drastically affects 

morpho-physiological process or when plant dies. Plant morphology at plant and 

cellular level is severely affected by ionic stress [53]. The most obvious initial 

indication of salt stress appears on plant leaves in form of change in color i.e. leaves 

turn dark in color. 

Roots are not only important for plant but also for soil, but it is the first part of 

plant which is affected by salt stress. There are many morphological parameters such 

as root dimension, dry weight of root and shoot, overall dry mass, and shoot/root ratio 

etc. Almost all of these parameters are negatively affected by salt stress [54]. Decreased 

germination and growth of seedling are obvious toxic effects of salinity stress [55]. 

Apart from these parameters salinity also reduces amount of inflorescences and number 

of branches that flower in edible haplotypes [56]. 

There are many reports about the most sensitive growth phases for the annual 

crops including wheat. On exposure to salinity, early vegetative stage and reproductive 

development stage are at the top [57, 58]. Although roots are not as much affected by 

salinity as other parts of wheat plant, yet they show reduction in all growth attributes 



         ___                                                                                                                                 1 Introduction 

11 

including root length, diameter, rate of elongation, volume and lateral production of 

roots [59, 60]. Under salinity stress the formation of new roots is enhanced but the 

newly developed roots lack the ability to continue normal growth. Owing to reduction 

in root hair density and length of root hair, 36–66% decrease in root area and 

occasionally severe root injury and even root death is observed [61]. Despite 

comparatively higher tolerance of roots to salinity stress, reduction in root mass, root 

elongation rate, root diameter, root length, root volume and lateral root production in 

wheat is evident [60]. Morphological changes are more evident in lower and older 

leaves. All these changes could be attributed to low water potential of soil and changes 

in dimensions of vascular tissue leading to decrease in water absorption and transport 

in the presence of salinity stress. 

Impacts of Salinity on Photosynthesis  

Photosynthesis is a vital phenomenon that generates oxygen for living organisms. It is 

of prime importance to the plants, because it provides energy for growth and 

reproduction. Salinity stress poses negative impacts on the capability of plants to 

undergo photosynthesis by disrupting various physiological processes of which 

permeability of membrane is important. As plant growth directly depends on 

photosynthesis, so any environmental factor affecting growth will have its effect on 

photosynthesis [62]. 

As chlorophyll is the principal component of photosynthesis therefore, its level 

provides indication of photosynthetic activity [63]. Essential attributes of plant life such 

as growth and photosynthesis are affected at the beginning and during the exposure to 

salinity [49]. Salinity poses its negative impact on photosynthesis by reducing the 

content of all chlorophylls i.e. chlorophyll a, b and other accessory pigments of 

photosynthesis such as carotenoids [64]. Lowering of photosynthetic rate may be the 

result of reduction in stomatal conductance. Stomatal conductance and photosynthesis 

rate significantly declined in cotton under the influence of salt stress [65]. 

Accumulation of higher concentration of Na+ and Cl- ions in aerial parts of the 

plants causes impairment in photochemical and chemical processes of photosynthesis 

[45]. Stomatal closure and corresponding decrease in CO2 absorption at higher levels 

of salinity was recorded by Abideen et al. [66]. Under salinity stress Arabidopsis show 

reduction in K+ content, progressive decrease in chlorophyll content, decline in stomatal 
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conductance resulting a drop in photosynthesis, accumulation of photo inhibited PSII 

and gradual decrease in gETC causing a down regulation of the electron transport chain 

[67]. 

Effects Caused by Salinity on Biochemical Properties of Plants 

Biochemical composition of plants is severely altered under salt stress owing to changes 

in the contents of various amino acids leading to the changes in proteins and 

carbohydrates. Na+ accumulation in tissues which is the primary phenomenon of 

salinity seems to be causing the disruption in structure and function of membrane. Many 

reports provide evidence that salinity effects vital biochemical processes of plant 

survival and changes the protein concentration of membrane [68]. Salinity is 

responsible for weakening the protein pigment lipid complex and growing action of 

chlorophyllase due to which chlorophyll content of leaves is decreased, which is an 

important indicator of plant productivity and vigor [69]. 

Influence of ROS (Reactive Oxygen Species) on Salt Stressed Plant 

Chemically reactive species containing oxygen such as, OH-1 radical, peroxides, singlet 

oxygen superoxide are categorized as ROS (reactive oxygen species). Salinity stress is 

known to increase the production of reactive oxygen species (ROS), causing oxidative 

stress to the plants. All species of ROS, such as super oxides, hydrogen peroxide and 

singlet oxygen are known to increase under salinity stress [70, 71]. These ROS species 

has crucial role as signaling molecule in response to various environmental anomalies 

[72]. Production of ROS and corresponding redox regulation and integration of various 

signaling pathways is common response of plants to stress [73]. Rise in production of 

ROS induces oxidative damage and is associated with damage to important components 

of cell such as damage to cellular membranes, lipids, DNA and RNA which interrupt 

various cellular processes of plants and even lead to cell death [74, 75]. According to 

Mittler et al. [76] reactive oxygen classes can account for two main processes in 

stressed plant i.e. as toxic species causing significant damage and as signaling molecule 

to initiate specific processes for the protection of affected parts of such plants. Although 

ROS are more known for their destructive action in case of salt stress however, their 

role as second messenger in diverse cellular activities during stress is also well 

described. Whether ROS would exert its effect in negative way by inducing oxidative 

damage or positive effect by acting as signaling molecule in various cellular activities 
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depends upon the delicate balance of their production and scavenging mechanism. This 

scavenging mechanism of ROS depends upon the action of numerous enzymatic and 

non-enzymatic antioxidants present in cellular tissues. When concentrations of ROS are 

moderate than its role as second messenger is more evident which mediates various 

cellular responses such as closing of stomata [77]. Gravitropism [78], necrosis [79] and 

acquirement of tolerance against both type of stresses i.e. biotic and abiotic [80] is 

affected by ROS accumulation. 

Plants have adopted a variety of mechanisms like production of redox sensitive 

proteins, antioxidants defense mechanism including chemicals like acerbate 

peroxidase, superoxide dismutase etc. and gene expression for the efficient sensing, 

transduction and translation of ROS signal. The ROS strength, its effect and lifetime 

depend on critical balance between their production and removal through antioxidants. 

1.2.4 Mechanism of Salt Tolerance Exhibited by Plants 

Induction of Compatible Solutes 

One of the most destructive effect caused by salinity is the change in osmotic potential 

due to change of ion homeostasis by elevated levels of Na+ in the cell. Numerous reports 

have been published to disclose the influence of compatible solutes on tolerance to 

abiotic stress. Plants in response to change in osmotic potential tend to accumulate 

compatible solutes which are tiny neutral biological molecules and have low 

poisonousness at high concentration. These compatible solutes via osmotic adjustment 

provide the plants at physiological level with an adaptive mechanism against salinity 

stress through counteracting the declining water potential and maintaining turgor. 

Plants employ metabolic acclimation through compatible solute as one of the vital 

strategies against abiotic anomalies such as salinity [81]. 

Compatible solutes also named as osmoprotectants are classified in three 

categories: sugars, betanin and amino acids. These molecules are responsible for 

balancing the difference in osmotic level between the cells surrounding and cytoplasm 

[82]. Role of Glycine Betaine (GB) in osmotic modifications and defending the sub 

cellular structures under salinity stress is evident from a series of in vitro and in vivo 

studies of physiology, genetics and molecular biology. Glycine betaine and proline both 

are effective in ameliorating ROS-induced K+ leak from sensitive species while polyols 
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are most effective as ROS scavengers [48]. They also proposed that greater levels of 

proline and glycine betaine are required to salt sensitive cultivars to mitigate the effect 

of K+ efflux from the cells. Although these osmoprotectants are vital for plant survival 

however require in minute quantity to survive under severe salinity. Many important 

crops are deficient in their ability to produce osmoprotectants under salinity stress, it is 

therefore imperative to engineer the introduction of osmoprotectants pathways to better 

cope with salinity stress. 

Na+ Exclusion from the Cell 

One of the most toxic impact of salt stress on the performance of plants is ion toxicity, 

of which elevated levels of Na+ is particularly more detrimental. Higher accumulation 

of Na+ ions results in impairment of various cellular processes such as inhabitation of 

K+ absorption. Various reports on mechanism of salinity stress emphasizes the fact that 

retaining elevated ratio of K+ /Na+ in leaves and removal of Na+ from xylem in dicots 

and major monocot crops such as wheat is basic strategy in mitigating the deleterious 

effects of salinity [83]. Haq et al. [84] also reported similar findings emphasizing Na+ 

elimination from aerial parts of plants as primary salt tolerance mechanism in cereals. 

Pearl millet, bread wheat and barley also showed Na+ exclusion as an important defense 

mechanism associated with salt tolerance [85] 

It was reported that during salt stress plants exclude Na+ from shoots and 

accumulate K+ in shoot to keep greater cytosolic K+ /Na+ ratio [83]. Plants employ 

different mechanisms for Na+ extrusion, of which one is movement of Na+ to the 

apoplast through H+ driven antiporters. Although different antiporters are known for 

this purpose however SOS1 is well understood for Na+ extrusion into apoplast when 

root cells fail in vacuolar Na+ compartmentation [86]. 

As many parts of the plant does not show enhanced SOS1 expression, so they 

transport cytosolic Na+ into the vacuole comprising 80-90% of the cell volume to lower 

Na+ levels. This shifting of Na+ in the vacuole protects the cytoplasm and helps the 

plant keep water potential by reducing water loss. Previously, NHX1 overexpression 

showed its impact on Na+ movement to vacuole in Arabidopsis, wheat and rice [87-89]. 

However, recent studies reveal that NHX1 is largely involved in salt tolerance through 

maintaining K+ homeostasis. 
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Transport of Na+ from roots to shoots provides the plants with control over salt 

distribution in various tissues, but on average this recirculation of Na+ will be low and 

unlikely to influence shoot salts levels [90]. So, plant particularly monocots look for 

other mechanisms of salt tolerance such as guttation. Pore like structures located on 

margins of leaves called hydathodes are responsible for guttation. Typically guttation 

fluid contains inorganic ions which dramatically changes into white salt crystals under 

salinity stress, extruding salts from leaves at 5–10 ml h-1m-2 [91]. Even greater salt 

exclusion than guttation takes place from shoot through salt glands (modified 

hydathodes). These salt glands exclude Na+ either by storing the salts in collecting cells 

or by discharging them to the leaf surface through secretory cells. Although excretion 

through salt glands can take place at rapid rate e.g. 30 mmol m-2 per day in mangroves 

[92], however, it demands a large energetic cost which may possibly a cause of 

retention of this mechanism to relatively fewer species. 

Another important response shown by plants to salt stress is the change in 

transcript level for which genes responsible are not confined to salt stress only. Plants 

on exposure to salinity stress tend to up regulate the transcription of salt induced 

ethylene response factor (SERF) which might be the reply of plants to elevated 

concentrations of ROS [93]. 

ABA- Mediated Cellular Signaling During Stress 

Abscisic acid (ABA) also known as stress hormone not only plays vital role in plants 

at different critical stages of growth including leaf abscission, inhibition of fruit 

ripening, seed germination, seed dormancy, closure of stomata etc., but also in 

mitigating the effects of ecological anomalies such as salinity [94]. Plants response to 

salinity can be either ABA-independent or ABA-dependent [95]. Response of plants to 

salinity is governed by the change in expression levels of certain genes and signaling 

molecules. ABA is well recognized for its role in both above mentioned strategies 

against stress response [96]. 

Elevated levels of ABA under salinity stress make the plants equipped with 

many responses of physiological importance such as embryo morphogenesis, leaf 

senescence etc., to mitigate the effects of stress [97]. Role of ABA is evident from the 

report of Rizwan et al. [98] in which they reviewed increased tolerance against multiple 
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stresses by endogenous and exogenous application of ABA. In bean and potato, 

enhanced tolerance to stress through ABA was observed [99]. 

ABA under high salinity, induces 133 (54%) genes [99], while 73 genes in rice 

have been identified [100]. So, in general this plant hormone is an important mean of 

boosting and developing different mechanism of stress response.  

Calcium Signaling in Response to Excessive Sodium 

Calcium after entering in cytosol plays crucial role in cellular signaling by regulating 

many enzymes and proteins. Accumulation of ions in cytosol regulate the Ca2
+ ions to 

act in signal transduction. Elevated levels of Na+ is accompanied by higher levels of 

Ca2
+ through activation of NMDARs [101]. The cytosolic increase in Ca2+ may be the 

result of either voltage-gated Ca2+channels or through either Na+/Ca2+ exchangers 

[102]. This increase in Ca2+ not only activates signaling mechanism in response to stress 

but also leads to the salt inducible kinase which triggers the plasma membrane Na+-K+-

ATPase to promote exclusion of toxic ions from the cell [103]. 

Calcium plays role in salinity stress depending upon genotype of plant by 

retaining the structure and function of cell membrane and cell wall, regulating the ion 

transport and enzyme activity. Ca2
+ is inevitable as secondary messenger under salinity 

stress. Salt stress leads to cytosolic Ca2
+ induced signaling to activate the calcium sensor 

SOS3 proteins, which activates protein kinase SOS2. This SOS2 exhibits a regulatory 

effect on CAX1 that is a vacuolar Ca2+/H+ antiporter, involved in Na+ transport [104]. 

Apart from this, SOS2 also leads to the regulation of a SOS1 (plasma membrane 

Na+/H+ antiporter) and NHX1 (tonoplast Na+/H+ antiporter), both of these are reported 

in salt tolerance either through Na+ compartmentation in vacuole or its extrusion from 

cell. So, it can be concluded that SOS1 is up regulated under the influence of salt stress 

[105]. 

Role of Ca2+ in maintaining the integrity of cell membranes, and in regulation 

of ion transport through ion exchange was studied by Tuna et al. [106] and Zhao et al. 

[107] respectively. Regulation of gene expression initiated by calcium signatures which 

provides information to sensor proteins and results in phosphorylation/ 

dephosphorylation cascade. Multiple stress responsive genes are regulated due to this 

signal cascade providing phenotypic response to stress tolerance [105]. Calcineurin B-
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like proteins (CBLs) is comparatively newly discovered calcium sensor and its 

interacting proteins CBL kinases (CIPKs) has its important role in stress signaling 

[108]. 

High Affinity K+ Transportation 

Toxic levels of Na+ in plants vary with cell type however, Na+ level in cytosol should 

not exceed 10-30-mM [109]. Salinity tolerance is determined by K+/Na+ ratio in higher 

plants [110]. As K+/Na+ is an important parameter in plants to confer salinity stress, 

they maintain this ratio through Na+ extrusion and K+ retention in shoots [111]. Three 

most significant approaches employed by plants to cope salt stress i.e. preventing Na+ 

influx, promoting its extrusion and mediation in seizure of Na+ into the vacuoles are 

improved by series of transporter systems. These transporter systems which may 

include cation Cl− co-transporter (CCC), low-affinity cation transporter (LCT), high 

affinity potassium transporter (HKT/HAK) etc. assure normal and higher ratio of 

K+/Na+ under normal and salinity stress [112]. HKT transporters through its role in 

Na+ uniport and Na+/K+ symport plays a crucial physiological role under stress 

situations in plants and so far, more than one hundred members of this family have been 

reported. 

Some of the above-mentioned transporters mediate the plants to accumulate 

tolerable Na+ in cytosol. Apart from this, Na+ transport in plants for keeping high ratio 

of cytosolic K+/Na+ are also a considerable factor in salt tolerance [113]. K+ deficiency 

in rice resulted in high-affinity Na+ uptake which could be damaging for the tissues of 

plant [114]. Plants develop ability to forbid membrane depolarization by greater inside 

negative potential so that K+ is retained to confer salinity stress [115]. The ability to 

keep high intracellular K+ has been discovered equally critical for conferring tolerance 

against salinity [116]. 

1.2.5 Consequences of Salinity on Wheat Crop 

Pakistan is placed among the highest (8th in world) wheat producing and consuming 

country. Wheat plays significant role in economy of Pakistan. Unfortunately, in 

Pakistan, areas which occur in Indus Basin system like Faisalabad, Jhang, Gujranwala, 

Multan and Muzaffar garh are being severely affected by water logging and salinity 

stress. Only in Punjab, around 70,000 acres of land is being affected by these abiotic 

stresses each year. Punjab is the home of crop production covering about 69% of the 
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cropped area in the country. About 80% of the wheat is contributed by the Punjab. The 

situation is becoming worse when such a large proportion of most fertile land is affected 

by the salinity. Pakistan’s 70% population live in countryside areas and rest on 

agriculture, their prosperity is dependent on crops such as rice, cotton and wheat. Most 

of the area under major crops is irrigated by vast canal system, containing varying 

degree of salt species. Due to extreme weather conditions such as high temperature, 

water evaporates quickly leaving salts at the surface of soil. Therefore, other than the 

soil itself, water used for irrigation is also aggregating the problem of salinity in the 

arid region.  

About 70% of ground water in irrigated areas is of poor quality, causing a loss 

of 20 billion rupees per annum in terms of agricultural productivity [117]. Pakistan 

although ranked 8th in wheat production, however the average yield per hectare is very 

low. Pakistan is ranked at 58th position in the world due to low average yield of only 

2.7 tons per ha-1. There are many contributing factors towards this low yield of wheat 

including loss of soil fertility, biotic stresses and abiotic stresses like soil salinity. 

Increasing content of soil salinity and demand for food supply posing a serious threat 

to the survival of human populations. About 65% of wheat yield has been decreased in 

moderately saline areas of Pakistan [118]. Only remedy available to manage increasing 

salinity is the availability of salt responsive varieties. Therefore, there is an urgent need 

to develop wheat cultivars/lines for salt tolerance [118]. 

1.3 Approaches to Introduce Salt Tolerance in Wheat 

1.3.1 Conventional Pant Breeding for Salt Tolerance 

Growing concern about GMOs have given spark to conventional plant breeding. 

Without any doubt plant breeding was the most important tool to cope the natural 

variations in the form of abiotic stresses in the last century. Plant breeding has achieved 

success in ameliorating the effect of many abiotic stresses, especially development of 

salinity tolerant crops on its credit in last century. Plant breeders employ genetic 

variations at interspecific, intraspecific, and intergeneric levels to enable the crops in 

mitigating the effects of abiotic stresses. 

Segments of genetic material linked with a specific trait in an organism are 

termed as QTLs. These QTLs play a vital part in understanding the mechanism of 
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diverse traits such as salt stress response in plants to develop salt tolerance. It was a 

tough job to identify the genes underlying QTLs only through map based cloning 

approach [119], but the advent of new techniques such as transcriptional sketching of 

differential gene expression through microarray [120] or combination of gene 

expression profiling and genetic mapping [121] have been proven fruitful. Numerous 

QTLs of significant importance in salt stress tolerance have been identified [122, 123]. 

Through traditional plant breeding, traits of many varieties have been endorsed to 

develop salt tolerance in them [124]. Many rice cultivars which are tolerant against 

salinity have been developed using plant breeding approaches [125]. Many wheat 

varieties have also been developed against salinity stress by using routine plant 

breeding approach [126]. 

Plant breeding is evolving dramatically through the implementation of 

molecular markers in analyzing the simply inherited as well as quantitative traits. Hence 

this approach is paving its way towards identifying the genes important for alleviating 

the effects of abiotic stresses and in improving the other traits of interest such as 

agronomic parameters of a crop. QTLs are being tagged through molecular markers, 

making easy to evaluate their contribution towards phenotype and thus selection of 

favorable alleles to enhance genetic advance [125]. 

Despite of its numerous successes and applications in developing better 

cultivars against multiple stresses, plant breeding has its own limitations as well. This 

approach has not proven as worthy as needed in case of multigenic traits such as salinity 

tolerance. Owing to fewer genetic variations in major crops, plant breeding has limited 

use in crop improvement. In case of traditional crop breeding due to reproductive 

barrier, it becomes difficult to introgress a gene present in wild cultivar into domestic 

cultivar [125]. Apart from this plant breeding involves the risk of transfer of undesirable 

traits along with useful traits in case of salt tolerance. Moreover, it is time consuming 

and quite laborious tool for crop improvement as compared to genetic engineering and 

molecular breeding. Therefore, it is imperative to think about some other tools such as 

genetic engineering, molecular breeding and genome editing to improve the 

performance of major crops, so that the bulging population of the world could be fed. 
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1.3.1 Genetic Approach to Improve Salinity Stress 

Due to above mentioned limitations of conventional plant breeding, genetic engineering 

proposed another effective method to develop resistance in major crops against 

complex traits controlled by many genes such as salinity. A variety of genetic 

engineering tools are in use to develop transgenic plants to confer salinity tolerance, 

however very little success has been achieved in field conditions against biotic and 

abiotic stresses by using transgenic plants [127]. Continuous efforts are being exerted 

by scientists to improve the genetic engineering approach to achieve better results 

[128]. 

As salinity stress tolerance is a complex multigene trait, so scientists are making 

efforts to develop such transgenic lines which are salt tolerant by inserting single gene. 

One such effort was carried out by Xue et al. [88] to overexpress AtNHX1 from 

Arabidopsis in wheat. AtNHX1 is a vacuolar Na+/H+ antiporter gene, which as a result 

of reduction in leaf Na+ and greater leaf K+, not only increased germination rate and 

shoot dry weight but also wheat yield. Earlier, it was reported that pyrroline-5-

carboxylate synthetase (P5CS) accumulated 2.5 times more proline which rendered salt 

tolerance in wheat [129]. Transgenic wheat plants can withstand 200 mM NaCl 

concentration when compared to non-transgenic (wild type) that died at just 100 mM 

NaCl concentration [15]. 

Wang et al. [110] reported that Arabidopsis transformed with TaSTG resulted 

in higher accumulation of proline and soluble sugar. Enhanced accumulation of these 

osmoprotectants can reduce lipid peroxidation and accumulation of ROS that can avoid 

cell death induced by salt stress [130]. Apart from higher proline accumulation, 

overexpression of TaSTG in Arabidopsis also resulted increased Na+ efflux, reduced 

Na+ influx, higher content of chlorophyll and expression of numerous other stress 

responsive genes, all leading to confer salt tolerance [110]. Variations in field 

conditions are not confined to single stress only, therefore to cope these situations 

different strategies such as use of inducible promoters are employed to reduce such 

pleiotropic effects [131]. Post translational modification in proteins can bestow tobacco 

plants to survive under abiotic stresses with positive effect on growth [132]. 

From wild relatives expression of orthologous genes of effectors [133], gene 

expression by regulating miRNA [134], introgression of transcription factors, 
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chaperones, compatible solutes, LEA proteins and gene pyramiding are emerging tools 

for transgenic plants generation [135]. Recently, more advanced techniques such as 

Genome Engineering/Genome Editing, through ZFNs (Zinc Finger Nucleases), 

TALENs (Transcription Activator-like Effector Nucleases), Mega nucleases and 

CRISPR/ Cas (Clustered Regularly Short Interspaced Palindromic Repeats/CRISPR-

associated Sequence) RNA-guided Nucleases have been used to improve the 

performance of crops. 

However, use of combination of different approaches may be desired to produce 

transgenic plants of commercial importance. Due to fast advancement in genomics, last 

three decades have paved the way towards achieving more information regarding 

salinity and the generation of salt tolerance crops. After careful monitoring of 

regulatory measures of transgenic crops, these must be distributed to enhance 

agricultural production and to ensure global food security [136] 

Salinity Tolerance Through Vacuolar pyrophosphatase 

Plant cells acidify vacuoles through electrogenic proton pump H+-PPase (H+-

translocating inorganic pyrophosphatase), which is a pump for protons having 

characteristics of comprising of one polypeptide with molecular mass of about 80 kDa, 

uses low cost pyrophosphatase and efficient proton pump coexisting in vacuolar 

membrane with H+-ATPase [137]. These characteristics of H+-PPase make them 

physiologically important for the plants. Plants in response to osmotic stress use 

vacuolar H+-pyrophosphatase (H+-PPase) as one of the most important pumps for 

protons [138]. Among three classes of PPases, only H+-PPase has the capacity to 

transport the protons across membranes [137]. 

H+-PPase is of two types i.e. type I and II present on vacuolar membrane, and 

Golgi apparatus respectively [139]. Later Paez-Valencia et al. [140] also confirmed its 

presence on plasma membrane. Cytosolic K+ influences the activity of type I H+-PPase, 

while type II remains unaffected [141]. The H+-PPase also known as V-PPase [142], 

as proton pump present on tonoplast has crucial part in H+ electrochemical gradient, 

cell expansion regulation and active transport of different molecules such as organic 

acids, inorganic ions etc. Under stress conditions such as salinity, expression of H+-

PPase gene is enhanced to cope the stress conditions which ultimately may lead to salt 

tolerance in cotton [142]. 
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Plants employ active transport mechanism to transport solutes between cytosol 

and the vacuole for supporting cellular actions under high salinity stress. This active 

transport across membranes partially depends on proton pump mediated proton gradient 

which promotes Na+ /H+ antiporter activity. Proton gradient across cell membranes is 

established through three different proton pumps i.e. vacuolar H+-pyrophosphatase (V-

H+-PPase) vacuolar H+-ATPase and P-type ATPase. Among these three proton pumps, 

V-H+-PPases present on tonoplast and cell membrane are responsible for maintaining 

cell turgor and H+ electrochemical gradient to transport different solutes across 

membranes. Due to above mentioned function, importance of V-H+-PPases in 

conferring the salinity tolerance in plants is evident from numerous reports. Gaxiola et 

al. [143] found that in Arabidopsis constitutively expressed AVP1 gene enhanced the 

salinity tolerance. Alfalfa also showed enhanced salinity tolerance under AVP1 

overexpression [144]. AVP1 due to enhanced potential gradient for proton across the 

membrane facilitates Na+ /H+ antiporter action, which elevates the rate of Na+ seizure 

in vacuole [145], and hence mediates in conferring salt stress tolerance in rice [146] 

and cotton [147]. Expression of AVP1 in barley not only has positive effect on shoot 

biomass, but grain yield was also increased under saline conditions [148]. AVP1 gene 

due to its effect on early vigor of plant under salinity could be a cause of improving the 

production of cereals [148]. Expression of AVP1 gene in tomato promoted water uptake 

[149] due to enhanced vegetative development of roots which provided the plants with 

greater absorption and retaining capacity. Kumar et al. [150] transformed the sugarcane 

with AVP1 gene, which was the first monocot plant to be transformed with AVP1 gene. 

They found that transformed sugarcane plants outclassed the wild types in not only root 

growth but also in overall growth under salinity stress. Type I H+-PPase isolated from 

Arabidopsis in the form of AVP1 gene resulted in greater seizing of ions into the vacuole 

and promoted auxin movement in root system resulting in vigorous root growth 

mediated the cotton plants to confer salinity stress [147]. Wheat has its own endogenous 

V-H+-PPase gene (TVP1) which is reported by Brini et al. [151] to render A. thaliana 

tolerant to salinity and drought.  

The enhanced expression of V-H+-PPase (TsVP) through generating higher H+-

gradient across the membrane in Thellungiella halophile endow high salinity tolerance 

to plants [152]. Although higher accumulation of Na+ in roots and upper tissues of 

transgenic tobacco was observed subjected to salinity, yet overexpression of TaVP in 
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plants showed improved growth through Na+ sequestration and improved secondary 

solute transport across the tonoplast [153]. Another vacuolar proton pumping 

pyrophosphatase gene from T. halophile (TsVP) has been shown to confer salt stress 

tolerance in cotton. Overexpression of (TsVP) in cotton not only showed 14.81% 

increase in seed cotton yield but also improved the quality [65]. Positive role of 

vacuolar H+-pyrophosphatase (V-H+-PPase) from Eucalyptus globulus (EVP1) in 

enhancing abiotic stress tolerance in Arabidopsis, through its effect on number of root 

hairs was observed [154]. A number of other overexpression studies of V-H+-PPase 

(vacuolar H+-pyrophosphatase) in tobacco and maize also confirmed the positive role 

not only in salinity but also in case of other abiotic stresses [155, 156]. 

1.3.2 Plant Transformation 

Plant transformation is widely used technique in which DNA from foreign entity is 

introduced into the genome of a particular species to make it translate in a more 

desirable fashion.  Plant transformation can be categorized as: direct gene transfer and 

indirect gene transfer. In formal, physical methods are employed for introducing the 

foreign gene of interest while later uses a biological vector for introduction of 

exogenous DNA. All methods of plant transformation have their own pros and cons 

ranging from low transformation efficiency to high cost of transformation. Principally, 

three methods are widely used for plant transformation i.e. Agrobacterium tumefaciens 

mediated transformation, biolistic and electroporation. Out of these first method is 

categorized as indirect while later two as direct methods [157]. Apart from plant 

transformation method, type of genotype and type of explant used are the most critical 

factors in success of getting desirable results. Stable transformation of a plant must 

include stable integration of gene of interest in target genome and regeneration of the 

transformed cells. All key components of plant transformation including methods of 

plant transformation, type of genotype, type of explant, type of protocol, type of 

selection markers and reporter genes are prone to change in order to achieve higher 

transformation efficiency especially in recalcitrant crops like wheat. 

Plant Transformation Methods 

Among different plant transformation methods biolistic and Agrobacterium methods 

are most widely used in all over the world for most crops. Direct method which is also 

known as biolistic method mostly uses gold encoded with plasmid carrying genes of 
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interest. These gold particles are shot into callus of mature or immature embryos from 

specific distance at specific pressure. Several factors influence the transgenic efficiency 

of this method like type of explant, screening procedure and regeneration rate of 

putative transgenic plants. Biolistic method of transformation in wheat has been 

optimized and reported by using different genes [158]. 

A groundbreaking breakthrough in plant transformation was in 1980s when first 

time transgenic plants through A. tumefaciens –mediated gene delivery system were 

reported [157]. Agrobacterium tumefaciens causes crown gall disease that results 

tumors in wide variety of plant species. Morphologically this bacterium is rod-shaped 

that inhibits the soil and classified as gram negative bacteria. It belongs to family 

Rhizobiaceae which is famous for nitrogen fixing bacteria however, it also includes 

notorious pathogenic species of Agrobacterium that causes serious threat to agriculture. 

Many species of economic importance like stone fruits, walnut, grape vine and sugar 

beets are being affected by A. tumefaciens. This bacterium is very sensitive to 

temperature variation with optimum temperature of 28 ̊C and generation time ranging 

from 2.5-4h depending upon medium and aeration. Symptoms of this bacteria are 

evident in plants when it inserts T-DNA from a plasmid at different sites into the plant 

genome. Agrobacterium tumefaciens must have a tumor inducing plasmid region of 

about 200 bp containing T-DNA and other necessary genes required for its transfer to 

the plants. This Ti plasmid integrates its T-DNA region into the target genome. For 

successful tumor induction, Ti plasmid is added by at least 25 different vir genes present 

on its surface. 

Earlier Agrobacterium mediated plant transformation was limited but later 

fruitful results were achieved in other important crops like soybean, cotton and peanut 

[159-161]. However, plant transformation through A. tumefaciens was yet to find its 

way in monocots until wheat transformation was reported by adopting this method 

[162]. This indirect method of gene transfer has many advantages compared to other 

methods. Issues like copy number and high cost of plant transformation can be resolved 

by using this technique. This method has also been found successful to incorporate a 

large fragment of exogenous DNA with very few rearrangements.  

As far as explant for this method is concern various options are available. 

Transgenic plants have been developed even by direct use of A. tumefaciens on 
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reproductive parts of plant thus avoiding the laborious work of tissue culture [163]. 

However, less transformation efficiency of this method in monocots like wheat is 

critical issue which if overcome then it could be the most reliable, economical and 

efficient method of plant transformation that will be employed by scientists throughout 

the world [164]. Of the two methods discussed above, later has many unparalleled 

advantages like low copy number and minimum rearrangements which leads to lesser 

chances of gene suppression, gene silencing and off type plants. Simplicity and low 

cost of this method compared to biolistic also make it more practicable and worldwide. 

Wheat Tissue Culture 

Tissue culture in plants is a technique to grow entire plant from a particular part of plant 

having potential to divide in culture medium. In modern research plants can be made 

from a single cell having totipotency in vitro from multicellular organisms. This 

technique has its own advantages and disadvantages. It is a beneficial technique to 

prepare plant material in relatively short duration of time [165]. This technique finds 

its applications in many areas of biology [166]. Gottlieb Haberlandt was the first ever 

scientist to be successful in plant tissue culture in previous century [167].  

Plant tissue culture in wheat is gaining importance, because in short span of 

time useful characters can be achieved through introgression of desired gene in wheat 

genome [168]. However, wheat being recalcitrant crop towards in vitro regeneration, 

requires a competent, stable and optimized protocol [169]. 

Wheat transformation depends upon type of explants [170], composition of 

media and genotype [171]. Wheat transformation can be carried out through immature 

embryo, mature embryo and leaf or immature inflorescences [172]. 

Immature embryos which was first used by Shimada is an efficient and 

extensively used explant for genetic transformation of wheat [173]. This method is 

being applied extensively in wheat because of generating embryogenic callus and high 

regenerating capacity of trans-formants [174]. In fact, immature embryo is the best 

explant among other explants being used in transformation of cereals, both in callus 

induction and regeneration [175]. However, several factors need to be optimized while 

using immature embryo for plant transformation including embryo age and composition 

of media. As plant transformation through immature embryo is labor intensive and time 
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consuming so mature embryos were also successfully employed for callus induction 

and regeneration of plants [176]. 

Plant transformation through mature embryo is low cost and can be carried out 

throughout the year. Immature inflorescence also find some use in plant transformation 

because of compact and nodular callus induction [177]. Among all the explants, 

immature inflorescence induces more morphogenic callus, as meristematic regions 

present on immature inflorescence become active on exposure to callus induction 

media. Hundred percent regeneration in winter wheat was observed through the use of 

immature inflorescence [178]. Young leaves and immature inflorescence have limited 

use as explant in wheat because of specific growth periods and stages of plant 

development [172]. 

1.4 Research Hypothesis 

To address the problem of salinity, the following research hypothesis were established: 

❖ Constitutive expression of vacuolar barley H+-pyrophosphatase (HVP1) gene under 

2xCaMV35S and maize ubiquitin (UBI1) can confer salt stress tolerance in local 

wheat cultivars. 

❖ Transgenic 2xCaMV35S:HVP1 and UBI1:HVP1 wheat plants will show better 

performance in saline field conditions than non-transgenic control plants with 

respect to molecular, physiological, biochemical and agronomic parameters. 

1.5 Aims of the Study 

The detailed review of previous studies on HVP1 gene and contribution of genetic 

engineering toward different crops strongly recommend their imperative role for the 

development of genetically modifies crops against different environmental stresses. 

Among different environmental stresses, salinity stress poses serious threat to the 

production of crops causing imbalance in supply and demands curves of production. 

About eight hundred M ha-1 of land is facing salinity and the number is increasingly 

rapidly. So, salt tolerant varieties are needed to sustain world’s food production. As 

wheat is the most vital stable food crop therefore, potential of HVP1 gene was planned 

to explore in wheat. For this purpose, precise objectives of the present research were 

outlined as mentioned bellow: 
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➢ Isolation of HVP1 gene from barley (Hordeum vulgare) 

➢ Cloning of isolated HVP1 gene under two different constitutive promoters i.e. UBI1 

and 2xCaMV35S in pTOOl37 and pMDC32 vectors respectively 

➢ Transformation of local wheat cultivars with the developed constructs containing 

HVP1 gene for conferring salt tolerance 

➢ Validation of transformed wheat lines through molecular, physiological and 

biochemical parameters 

➢ Evaluation of transgenic wheat in containments glass house and saline field 

conditions 

➢ Comparative study of performance of UBI1 and 2xCaMV35S promoters in 

transgenic wheat 

. 
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2 Materials and Methods 

This study was conducted at Wheat Biotechnology Lab, National Institute for 

Biotechnology and Genetic Engineering (NIBGE) Faisalabad. Wheat varieties were 

taken from Ayub Agriculture Research Institute (AARI), Faisalabad. The complete 

sequence of nucleotides encoding vacuolar pyrophosphatase (HVP1) gene was isolated 

from cDNA of Hordeum vulgare. Cloning of HVP1 gene in pMDC32 and pTOOL37 

vectors was carried out under two constitutive promoters. These plant expression 

vectors were generously provided by Dr. Mark Tester, Professor, Center for Desert 

Agriculture, Division of Biological and Environmental Sciences and Engineering, King 

Abdullah University of Science and Technology, Saudi Arabia. HVP1 cloning, wheat 

transformation, transgenic development and molecular validation of both types of 

transgenic wheat plants i.e. pTOOL37-HVP1 and pMDC32-HVP1 were done at Wheat 

Biotechnology Lab, NIBGE, Faisalabad. Physiological evaluation of transgenic wheat 

was conducted through the technical support and instrument (porometer) from Nuclear 

Institute for Agriculture and Biology (NIAB), Faisalabad. Field evaluation of 

transgenic wheat was carried out at Bio saline Research Sub-Station, Pakka Anna, 

Pakistan.  

2.1 Cloning of Hordeum vacuolar pyrophosphatase (HVP1) 

Gene in Plant Expression Vector pMDC32 under 

2xCaMV35S and in pTOOL37 Under Maize Ubiquitin 

(UBI1) Promoter 

2.1.1 Leaf Sample Collection  

For isolation of vacuolar pyrophosphatase gene (HVP1), Barley (Hordeum vulgare cv. 

Golden promise) seeds were grown in isolated pots. Saline soil (EC 13-16 dS m-1) was 

used to fill these pots and to maintain higher salinity irrigated with water containing 

200 mM NaCl. Before anthesis, leaves were collected and put immediately into liquid 

nitrogen to avoid release of phenolic compounds from them. 
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2.1.2 RNA Isolation 

Trizol reagent (ThermoFisher Scientific cat # 15596026) method was employed to 

isolate total RNA from collected leaves of barley. Leaf tissues frozen at -80 ̊C were 

grounded in 2 ml pre-chilled Trizol reagent. Fine grounded sample was put in RNAse 

free 2 ml Eppendorf tube and incubation was provided at room temperature for three 

min. Then 0.4 ml of chilled chloroform was poured in the sample and homogenized. 

Before further incubating for five min at room temperature, sample was well vortexed. 

Then, sample was centrifuged at 13000 rpms for five min at 4 ̊C. Liquid phase of sample 

was put into new RNAse free 2 ml microcentrifuge tube and same volume of pre-chilled 

isopropanol was added. The mixture was mildly mixed before centrifuging again at 

13000 rpm for 10 min at 4 ̊C. The supernatant was discarded without disturbing the 

pellet at bottom. The pellet was then washed by adding 70% ethanol, vortexed and again 

centrifuged at 13000 rpm for five min. After pipetting out all ethanol from tube, the 

pellet was dried (not completely dried) at room temperature (RT) for 15 min. Then 

resulting pellet was liquified in 100 μl water pre-treated with DEPC and stored at -20 ̊C 

for further usage. Quality of RNA was checked via gel electrophoresis on 1% agarose 

gel supplemented with 0.1% ethidium bromide and quantified by using NanoDrop (ND-

2000, Thermo Scientific). 

2.1.3 mRNA Isolation from Total RNA 

Total RNA was used to isolate mRNA by using the protocol described in 

INVITROGEN FastTrack 2.0 Kit. The 5M NaCl (10 μl) was added to 100 μl of total 

RNA and centrifuged for five min at room temperature. The blend was incubated at 

70 ̊C for 4 min and immediately chilled for 4 min. Afterwards, it was applied to 

equilibrated oligo (dT)25 -cellulose and mixed by shaking for five min at room 

temperature tailed by centrifuging it for 10 sec. Wash Buffer (400 μl) was added to 

oligo (dT)25 -cellulose beads and after shaking was transferred to microcentrifuge spin 

column. After incubating at room temperature for two min, it was centrifuged for 10 

sec. This washing step was performed thrice before washing the mixture with 450 μl of 

Low Salt Buffer which removed residual poly(A)– RNA bound to the column. A new 

Eppendorf tube of 2 ml was used to position spin column reservoir. About 100 μl of 

Elution Buffer was taken to column reservoir, and incubation was carried out at room 

temperature for 2 min followed by centrifuging for 30 sec. Eluate was placed on ice. 
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2.1.4 Synthesis of First Strand cDNA 

Reverse transcription reaction was employed to transcribe mRNA into complimentary 

DNA (cDNA). Oligo-dt primers were used as they not only bind with poly-A tail 

present in eukaryotes but also perform the role of primers to synthesize the first strand 

complimentary DNA. Standard procedure was followed for cDNA synthesis as 

mentioned in protocol for First Strand cDNA Synthesis (NEB #M0277).  

2.1.5 Primer Designing 

Degenerate primers were designed from sequence of vacuolar pyrophosphatase gene 

(HVP1) (accession number AB032839.1) expressing in salt tolerant barley (Hordeum 

vulgar cv. Golden promise). The forward primer of the HVP1 gene was designed from 

the 5’ upstream region while the 3’ downstream region of the gene was used for reverse 

primer. 

2.1.6 HVP1 Gene Amplification through PCR 

The vacuolar pyrophosphatase gene (HVP1) was amplified by using barley 

complementary DNA through PCR (polymerase chain reaction). The recipe of PCR 

mixture was as follows: 25 μl of reaction mixture contained, 3 μl of buffer (10X), 1 μl 

of forward primer (10 mM), 1 μl of reverse primer (10 mM), 2.5 μl of MgCl2 (25 mM) 

1 μl of dNTPs (10 Mm), 0.5 μl of Taq polymerase (10 U μl -1; Fermentas), 1 μl of 

template cDNA (100 ng) and 15 μl PCR grade water. The PCR was conducted out in 

Select Cycler Gradient Thermal Cycler (SBT9610). The PCR reaction for amplification 

of barley HVP1 gene was conducted at following conditions of thermo cycler: Initial 

one cycle of denaturation at 94 ̊C for 4 min; 32 cycles of profile: 94 ̊C for 30 sec; 58 ̊C 

for 45 sec and 72 ̊C for 2 min. Final extension for 10 min was carried out at 72 ̊C. 

2.1.7 Gel Extraction and Purification 

The PCR product (15 μl) were mixed with 3 μl of loading dye (Fermentas) and 

subjected to electrophoresis for 45 min at 80V on 1% agarose gel which was prepared 

in TBE buffer (0.5X). Then the gel was visualized under UV. The amplified product 

was cut from agarose gel by using sharp blade. The slice of gel containing desired 

fragment was put in Eppendorf tube (1.5 ml) and weighed. Then the gel was cleansed 

by using SV Gel and PCR Clean-up System (Promega cat # A9281). 20 μl of membrane 

binding solution was added to Eppendorf tube and incubation was carried out at 58 C̊ 
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until gel slice was entirely dissolved. Then the dissolved gel mixture was moved to SV 

Minicolumn and incubated at room temperature for 1 minute. It was centrifuged at 

13000 rpm for 1 minute. Supernatant was discarded followed by three washings with 

500 µl washing buffer at 13000 rpm for 1 minute. After washing, empty column 

assembly was again centrifuged for 1 minute to ensure complete removal of any 

residual washing buffer. Then column was moved to a clean Eppendorf tube (1.5 ml) 

and after adding 30 μl elution buffer, it was incubated for two min again at room 

temperature. Centrifuged at 13000 rpm for 1 minute and pure PCR product was 

preserved at 4 ̊C for further usage. 

2.1.8 Cloning of HVP1 Gene in Plant Expression Vectors 

Purified elutant product containing putative vacuolar pyrophosphatase HVP1 gene 

obtained after PCR clean-up was loaded on 1% agarose gel for confirmation. After 

validation of elutant product, it was cloned in two separate vectors. First it was cloned 

into pMDC32 vector under 2xCaMV35S and nopaline synthase (NOS) terminator by 

using InsTAclone PCR cloning kit (Fermentas, USA Cat # 1213). Further, HVP1 was 

cloned into pTOOL37 under maize ubiquitin promoter driven by NOS terminator. 

Ligation reaction consisting of 25 µl having 2.5 µl ligation buffer, 2 µl plasmid vector, 

4 µl of eluted product, 1 µl of DNA ligase and 15.5 µl of milli Q water was setup and 

incubated overnight at 37 ̊C.  

2.1.9 Confirmation of HVP1 Cloning in Plant Expression Vectors 

The expression vector pMDC32 having complete HVP1 gene cassette under 

2xCaMV35S promoter and NOS terminator was confirmed by restriction analysis with 

KpnI and SpeI enzyme. For confirmation of second clone containing HVP1 gene 

cassette under constitutive maize ubiquitin promoter, HindIII and SacI restriction 

endonucleases were employed (Appendix A). In both cases, reaction mixtures were 

placed at 37 ̊C, for 4 hours and then mixture was subjected to 1.5% (v/v) agarose gel to 

visualize and record the desired fragments.  

2.1.10  Transformation of Ligation Product in Escherichia coli  

Heat shock method was employed to transform Escherichia coli competent cells. To do 

so, freshly prepared competent cells (DH5α) were defrosted on ice for ten min. The 

ligation product (5 μl) was added into the cells, after this they were given heat shock of 
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42 ̊C for 45 sec in pre-heated heating block. Then E. coli cells were chilled at ice for 

five min. The SOS medium (400 μl) was added into the cells and then placed at 37 ̊C 

in shaker with rpm set at 240 for 1 hour. After one hour, cells were spread on solid LB 

agar medium augmented with 50 mg ml-1 Kanamycin (Appendix B). The plates were 

put overnight in dark at 37 ̊C. Next day, culture of transparent white colonies was put 

overnight at 37 ̊C in LB liquid medium supplemented with 50 mg ml-1 Kanamycin. 

Transformed culture with optimum OD500 was used to carry miniprep for plasmid 

isolation. 

2.1.11  Plasmid Miniprep 

Transformed E. coli culture was employed to isolate plasmid by using GeneJET 

Plasmid Miniprep Kit (cat # K0502). For this purpose, 2 ml of culture was taken in 

Eppendorf tube and centrifuged at 13000 rpm. Supernatant was discarded and to 

increase the yield of plasmid further 2 ml of culture was centrifuged again at 13000 

rpm. After discarding the flow over, 250 ml of resuspension solution containing RNAse 

A was added and pellet was dissolved in it by continuous pipetting up and down. 

Afterwards, 250 ml of lysis solution was added and Eppendorf tube was gently inverted 

five-six times to ensure thorough mixing. Next, after adding 350 ml of neutralization 

solution the Eppendorf tube was centrifuged at 13000 rpm for five min. The 800 ml of 

supernatant was taken in GeneJET spin column, centrifuged for one minute at 13000 

rpm. Flow-through was discarded and pellet was washed 3 times with 500 ml of 

washing solution was carried out to ensure complete removal of salts. Before eluting 

the plasmid, column was centrifuged one further time to ensure complete removal of 

washing solution. Then 30 µl of elution buffer was added in column placed in 1.5 ml 

Eppendorf tube, incubated for 2 min and centrifuged at maximum speed for one minute. 

All the phases were carried out at room temperature. The elutant plasmid was then 

quantified by using NanoDrop (ND-2000, Thermo Scientific). Thus, plasmid was 

transformed into E. coli (DH5α) cells. Plasmid DNA was stored at -80 ̊C in glycerol 

stock and at -20 ̊C for further transformation into A. tumefaciens. 

2.1.12  Transformation of pTOOL37-HVP1 and pMDC32-HVP1 

Vector into A. tumefaciens  

Agrobacterium tumefaciens strain AGL1 was chosen for transformation of wheat. 

Transformation setup for first vector comprised of 250 ng pTOOL37-HVP1 vector 
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mixed with 100 µl electro-competent cells of A. tumefaciens strain AGL1 and 

transferred to chilled BTX electroporation cuvette (2 mm gap). Electric shock was 

provided according to the following parameters: electric current 1.44kV, resistance 220 

Ω and capacitance 20 µF. Following electroporation, 1 ml TY medium was put 

immediately into the cuvette. This mixture was taken to 1.5 ml Eppendorf tube and 

placed in an incubator shaker at 28 ̊C for one hour. Afterwards, 20 µl of transformed 

Agrobacterium cells were spread on the petri plates containing TY medium with 

selection antibiotics (50 mg L-1 Kanamycin and 50 mg L-1 Rifampicin). Plates were kept 

at 28 ̊C in incubator for 2 days. Single colony was selected and cultured in 10 ml liquid 

TY medium comprising antibiotic selection (50 mg L-1 Kanamycin and 50 mg L-1 

Rifampicin) and placed on shaker for 14 hours at 28 ̊C and 240 rpm. The following day, 

culture was removed from shaking and its OD was measured. 

All above mentioned steps were followed in the same sequence for the 

transformation of second vector i.e. pMDC32 harboring HVP1 gene. Validation of 

successful transformation of A. tumefaciens strain AGL1 with both vectors was carried 

out through polymerase chain reaction.  

2.1.13  Confirmation of A. tumefaciens Transformed with pTOOL37-

HVP1 and pMDC32-HVP1 Vector through PCR 

Successful transformation of A. tumefaciens with two different constructs was 

confirmed through polymerase chain reaction (PCR). Agrobacterium tumefaciens 

culture containing vector pMDC32 with HVP1 gene was confirmed by using promoter 

(2xCAMV2X35S) and marker gene (hygromycin) specific primers (Table 2.1). 

Transformation confirmation of A. tumefaciens strain harboring pTOOL37-HVP1 was 

carried out through maize ubiquitin (UBI1) and hygromycin specific primers (Table 

2.1). For confirmation of both constructs, 50 µl PCR reaction mixture consisting of 5 

µl of 10X Standard Taq reaction buffer (Fermentas); 1 µl of dNTPs (2.5 mM); 4 µl 

MgCl2 (1.5 mM); 2 µl each of forward and reverse primers (0.2 μM); 1 µl (1.25 unit) 

of hot start Taq DNA polymerase; 4 µl (50 ng µl-1) of transformed culture containing 

HVP1 gene under 2xCAMV2X35S and UBI1 promoter and remaining ddH2O to make 

total volume 50 µl. PCR amplification of desired fragment was carried out by following 

conditions of thermo cycler: Initial denaturation at 95 ̊C for 4 min; 32 cycles of profile: 

94 ̊C for 40 sec; 58 ̊C for 1 min, and 72 ̊C for 2 min. Final extension was carried out at 

72 ̊C for 10 min. Annealing temperature of 58 ̊C for 1 min was changed to 60 ̊C for 
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second set of primers used for the confirmation of culture containing pTOOL37-HVP1. 

The PCR product (15 μl) was run on gel electrophoresis for 40 min at voltage of 80V. 

Then the gel was visualized under UV in gel doc. 

Table 2.1 Primers for PCR confirmation of transformed A. tumefaciens 

containing pMDC32-HVP1 and pTOOL37-HVP1 

2xCaMV35S-F CAACCACGTCTTCAAAGCAA 

2xCaMV35S-R CGTGGTTGGAACGTCTTCTT 

Hygromycin-F GGCGACCTCGTATATTGGGAAT 

Hygromycin-R ACCGCAAGGAATCGGTCAAT 

UBI1-F CGACCTGTACGTCAGACACG 

UBI1—R TGCATATGCCATCATCCAAG 

2.2 Wheat Transformation  

2.2.1 Selection of Wheat (T. aestivum) Material for Transformation 

Local wheat cultivar i.e. Ujala-2016 was selected for wheat transformation. Healthy 

seeds of this cultivar were taken from Wheat Research Institute (AARI), Faisalabad. 

For the purpose of collecting immature embryos, seeds were sown in pots. Standard 

agronomic practices were carried out and purity of plant germplasm was ensured by 

putting the pots in containment glasshouse facility of National Institute for 

Biotechnology and Genetic Engineering (NIBGE), Faisalabad. Controlled conditions 

of light (16h light /8h dark) and temperature (25 ̊C) were ensured in growth chamber. 

2.2.2 Embryo Isolation and Culturing on Medium 

After two weeks of anthesis, spikes with optimum size of embryo were taken and put 

in water.  Immature seeds were removed from spikes and put in falcon tubes. For the 

purpose of sterilization, seeds were first washed for one minute with 70% ethanol 

followed by 10 min wash with 50% bleach (5.25% Sodium hypochlorite). After quick 

rinse with distilled water, seeds were given three washes of five min followed by 

placing them on blot paper to ensure complete removal of water. Fresh MS callus 

induction media [179] was prepared and immature embryos of 2-3 mm size were 

removed from wheat (cultivar Ujala-2016) under sterile conditions of laminar flow 

hood. 
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2.2.3 Culture Preparation of Transformed Agrobacterium for 

Inoculation 

Transformed Agrobacterium culture (harboring pMDC32-HVP1 and pTOOL37-

HVP1) confirmed through PCR was used as secondary culture for inoculation of 

immature embryos. Three 50 ml falcon tubes for each Agrobacterium cultures were 

taken and 50 µl of each transformed Agrobacterium culture, 10 ml liquid broth medium 

complemented with 50 mg L-1 Kanamycin and 50 mg L-1 Rifampicin (Appendix B) 

were put in each falcon. The cultures were put overnight in a shaker at 240 rpm with 

temperature set at 28 ̊C. The following day, cultures were removed from shaker and 

only cultures with optimum optical density i.e. 0.6 at OD600 were supplemented with 

10 µl of 400 mM Acetosyringone (Appendix B) and kept for further two hours in shaker 

before using for transformation of wheat. 

2.2.4 Genetic Transformation of Wheat  

After one week of culturing immature embryos on callus induction medium, only those 

embryos showing callus initiation were selected for inoculation with A. tumefaciens. 

MS basal medium as mentioned in section 2.3.2 augmented with 400 mM 

Acetosyringone was prepared and selected embryos were shifted to that medium. About 

2 ml of prepared fresh culture described in section 2.3.3 was poured on the embryos. 

For optimum activity of Agrobacterium, embryos were placed in dark at 28 ̊C for 2-3 

hours. After incubation period is over, embryos were kept on sterile filter paper and 

blot dried to restrict further activity of Agrobacterium. Fresh MS basal medium plates 

supplemented with 400 mM Acetosyringone were used to place 20 partially dried 

embryos in each plate. Further Incubation to inoculated embryos was provided in dark 

for three days at 28 ̊C. After three days inoculated embryos were again blot dried and 

shifted to above described MS basal medium augmented with 200 mg L-1 Timentin 

(Appendix B) and 200 mg L-1 hygromycin (Appendix B). Timentin was employed to 

eliminate the growth of Agrobacterium and hygromycin was used as plant selection. 

2.2.5 Callus Growth and Regeneration  

Developing callus was sub-cultured after fourteen days on fresh MS basal medium 

containing 200 mg L-1 timentin. Sub-culturing of developing callus at fresh callus 

induction media containing hygromycin and timentin continued after every two weeks. 

After development of callus the calli were shifted to IK4 medium augmented with 200 
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mg L-1 hygromycin as plant selection until regeneration. Upon the start of regeneration, 

embryos were shifted to the sterile jars containing IK4 supplemented with 200 mg L-1 

hygromycin as plant selection. Actively growing plantlets in jars were subsequently 

sub-cultured after fourteen days on selection medium to eliminate the chances of false 

positive plants. Once the roots were established, the plantlets were transferred to small 

pots containing peat moss mixed with compost in 2:1 ratio and covered with air tight 

polythene bags. Once plantlet grown, polythene bags were removed. Fertilizer was 

mixed in soil for ensuring proper nutrition to developing plantlets.  

2.2.6 Agronomic Practices for Growing of Putative Transgenic Wheat 

Plants 

Standard agronomics practices were carried out in pots for weed control. Fertilizer was 

provided @ 100-90-75 NPK kg ha-1 using urea, sulphate of potash and DAP as nutrient 

sources. All K and P while half quantity of N was given as basal dosage while remaining 

N was given in two halves. Proper irrigation was also ensured at critical stages of wheat 

development.  

2.3 Molecular Validation of Putative Transgenic Wheat 

Plants 

2.3.1 Antibiotic Selection Assay of Putative Transgenic Plants 

For preliminary assessment of putative transgenic wheat plants, hygromycin 

susceptibility assay was performed. Two weeks after Agrobacterium inoculation, wheat 

calli were shifted to regeneration medium. For preliminary assessment of putative 

HVP1 transformed calli, regeneration medium was augmented with 200 mg L-1 

hygromycin. Plantlets with developed roots were transferred to soil in small pots.  

For further testing of putative transgenic T0 plants in pots, they were subjected 

to 200 mg L-1 hygromycin in two ways; first by using cotton swab.  The surface of 

attached leaves was cleaned with distilled water, dried and marked with pointer at two 

ends. Then marked area was painted with 200 mg L-1 hygromycin with the help of 

cotton swab. All putative transgenic and non-transgenic plants were painted for 

comparison of their response to antibiotic selection. Second, the detached leaf method 

was employed [180]. About 5 cm leaf of putative transgenic and non- transgenic wheat 

plants was cut and placed in Eppendorf tubes (1.5 ml) filled with MS liquid augmented 

with 200 mg L-1 hygromycin.  
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After two weeks, tissue necrosis in case of former and changes in green color 

of leaves in later method for putative transgenic plants and non-transgenic plants used 

as negative control were visually observed, compared and scored. Furthermore, seeds 

harvested from putative transgenic T0 generation were harvested and grown on MS 

medium comprising 200 mg L-1 hygromycin and 200 mM NaCl to check their 

germination potential under selection pressure.   

2.3.2 Genomic DNA Extraction 

For validation of putative transgenic plants through molecular analysis, only those 

plants were selected that stood resistant to antibiotic selection assay mentioned in 

section 2.4.1. For the purpose of DNA isolation, CTAB method was employed [181].  

Leaf samples of approximately three grams from putative transgenic and non-

transgenic (NT) wheat plants were collected, washed with double distilled water, dried 

out, put in 2ml Eppendorf tubes and placed in liquid nitrogen. Pestle and mortar were 

used for grinding purpose and placed overnight at -70 ̊C freezer. Frozen samples were 

removed from liquid nitrogen, placed in pre-chilled mortar pestles and grounded. 2% 

(w/v) CTAB buffer (5 M NaCl, 1 M Tris-HCl, 0.5 M EDTA, 2.0 g CTAB powder, 10 

g PVP with 0.4% β-mercaptoethanol) was poured and samples were incubated at 65 ̊C. 

After half an hour, samples were removed from water bath and an incubation period of 

10 min was provided at room temperature. Equal amount of chloroform/ isoamyl 

alcohol in 24:1 ratio was added to the Eppendorf tube and mixed. Then samples were 

centrifuged at 13000 rpm for 10 min at 25 ̊C. Approximately, 600 µl of upper aqueous 

phase was pipetted out in new 2ml Eppendorf tube and care was ensured to keep away 

any contact of pipette with cell debris at the bottom. 

About 350 µl of pre-chilled 100% iso-propanol was added in tube and shaken 5 

times so that complete mixing was ensured. For DNA precipitation, samples were kept 

at -20 ̊C for 60 min and then centrifuged at 13000 rpm for five min at 25 ̊C. The 

resulting DNA pellet was washed with 1 ml of 80% ethanol and centrifuged at 13000 

rpm for 1 minute. DNA pellet was dried by keeping the Eppendorf tube open in fume 

hood for half an hour. DNA was resuspended in 50 μl of TE buffer at room temperature. 

Finally, 1 μl of 10 mg ml-1 RNase was added and Eppendorf tubes were incubated at 

37 ̊C for one hour.  
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2.3.3 Quantification of Genomic DNA  

The DNA obtained in section 2.4.2 was analyzed for quantity and quality. For this 

purpose, NanoDrop (ND-2000, Thermo Scientific) was used. Standard was run on 

NanoDrop and after cleaning the surface, 1 μl DNA of putative transgenic and non-

transgenic samples was analyzed. Good quality DNA of A260/A280 value around 1.8 

was used for further validation of transgenes and samples failed to produce good quality 

or quantity DNA were subjected to section 2.4.2 again. 

2.3.4 PCR Confirmation of Putative Transgenic Wheat Plants  

Putative transgenic wheat containing pTOOL37-HVP1 plants were validated by using 

promoter and promoter-gene specific primers (Table 2.2). pTOOL37-HVP1 was used 

as positive control while DNA from NT plants plasmid was employed as negative 

control in PCR. After DNA quantification (Thermo Scientific Nano drop One), 

genomic DNA whose concentration was 100 ng was used as template in polymerase 

chain reaction. PCR reaction mixture of 25 µl contained: 2.5 µl of 10X Standard Taq 

reaction buffer (Fermentas); 0.5 µl of dNTPs (2.5 mM); 2 µl MgCl2 (1.5 mM); 0.5 µl 

each of forward and reverse primers (0.2 μM); 0.125 µl (1.25 unit) of hot start Taq 

DNA polymerase; 2 µl (50 ng µl-1) of template DNA; ddH2O to make total volume 25 

µl. PCR amplification of desired fragment was carried out by following conditions of 

thermo cycler: Initial denaturation at 95 ̊C for 4 min; 30 cycles of profile: 94 ̊C for 30 

sec; 58 ̊C for 1 min, and 72 ̊C for 2 min, Final extension was carried out at 72 ̊C for 10 

min. The PCR product (15 μl) was run on electrophoresis for 45 min at voltage of 80V 

in 1% agarose gel in 0.5X TBE buffer. Then the gel was visualized under UV in gel 

doc. 

To check the existence of pMDC32-HVP1 gene in each putative transgenic 

wheat plant, a PCR reaction of 100 ng genomic DNA (isolated in section 2.4.2 and 

quantified in section 2.4.3) using 2xCaMV35S specific and 2xCaMV35S- HVP1 gene 

specific primers (Table 2.2) was conducted at following conditions; Initial denaturation 

at 95 ̊C for 2 min; 33 cycles of denaturation at 94 ̊C for 20 sec; annealing at 60 ̊C for 30 

sec, and extension at 72 ̊C for 1 min. Final extension was carried out at 72 ̊C for 10 min. 

PCR reaction mixture contained Standard Taq reaction buffer (10X); 1.5 mM MgCl2; 

2.5 mM dNTPs; 0.2 μM forward and reverse primers; 2 µl (50 ng µl-1) of template 

DNA; 1.25 unit of hot start Taq DNA polymerase and ddH2O to make total volume 25 
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µl. Gel electrophoresis was carried out with 1% agarose gel documentation and imaging 

system. 

Table 2.2 Primers for PCR analysis of putative transgenic wheat plants 

containing pMDC32-HVP1 and pTOOL37-HVP1 

2xCaMV35S-F CAACCACGTCTTCAAAGCAA  

2xCaMV35S-R CGTGGTTGGAACGTCTTCTT 

2xCaMV35S-F CGCACAATCCCACTATCCTT 

HVP1-R GGCTCCAAGCAAGAAAGATG 

UBI1-F CCACATCATCACAACCAAGC 

UBI1-R GGGCCCGGTAGTTCTACTTC 

UBI1-F CCCCGAGGATCGCCATAAG 

HVP1-R AGCCCTGCCTTCATACGCTATT 

2.3.5 RNA Isolation for Expression Analysis of Putative Transgenic 

Wheat Plants  

To check expression of HVP1 gene under the constitutive expression of maize ubiquitin 

(UBI1) and 2xCaMV35S promoter, total RNA was isolated from fresh leaves of 

transgenic plants of T0 generation by using Trizole reagent method (Invitrogen, Cat # 

15596-026) [182] followed by DNase treatment to remove any DNA contamination. 

Standard protocol for RNA isolation was followed as mentioned in section 2.1.2.  

2.3.6 mRNA isolation 

For post-transcriptional investigation of putative transgenic wheat plants mRNA was 

removed from total plant RNA isolated in section 2.4.5. Standard protocol for mRNA 

isolation as described in section 2.1.3 was employed followed by DNase treatment to 

remove any DNA contamination. Absolute care was taken during all steps as RNA is 

very unstable molecule. 

2.3.7 First Strand Complementary DNA Synthesis 

Oligo-dt primers were used for cDNA synthesis. STRATGENE AccuScript High 

Fidelity 1st Strand cDNA Synthesis Kit (Catalog #200820) was used and all steps were 

performed as mentioned in protocol for cDNA synthesis.  
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2.3.8 Semi-Quantitative Reverse-Transcription Polymerase Chain 

Reaction (RT-PCR) 

Transgenic and non-transgenic wheat plants were subjected to post-transcriptional 

analysis through Semi-quantitative reverse-transcription polymerase chain reaction 

(RT-PCR). To do so, 1 μl of cDNA from PCR confirmed pTOOL37-HVP1 was used 

for semi-quantitative reverse-transcription polymerase chain reaction (RT-PCR) by 

using gene (HVP1) specific primers (Table 2.2).  

Similarly, by using gene specific primers and cDNA as template; expression of 

pMDC32-HVP1 gene was checked through RT-PCR reaction. For post-transcriptional 

confirmation of transgenic plants harboring pTOOL37-HVP1 and pMDC32-HVP1 

following conditions of RT-PCR were maintained: Initial denaturation at 94 ̊C for 1 

min; 25 cycles of denaturation at 94 ̊C for 30 sec; annealing at 60 ̊C for 40 sec, and 

extension at 72 ̊C for 1 min. Final extension was carried out at 68 ̊C for 10 min. PCR 

reaction mixture contained 10X Standard Taq reaction buffer (Fermentas); 2.5 mM 

dNTPs; 1.5 mM MgCl2; 10 μM forward and reverse primers; 100 ng of cDNA and 1.25 

unit of hot start Taq DNA polymerase. Gel electrophoresis was carried out with 0.8% 

agarose gel documentation and imaging system. 

2.3.9 Southern Hybridization for Assessment of Transgene Copy 

Number 

Copy number of HVP1 insert in pTOOL37-HVP1 positive transgenic wheat plants was 

assessed through Southern hybridization following the standard procedure [183]. 

Approximately, 10 µg of genomic DNA was digested by using EcoR1 and HindIII 

endonucleases and reaction mixture was incubated overnight at 37 ̊C to ensure complete 

breakdown of DNA. The following day, digested product was fractioned on 1% agarose 

gel for 4-5 hours at 40 volts. Gel was kept for 30 min in depurination solution with 

continuous shaking. Further, gel was washed with distilled water before subjecting to 

denaturation solution for 15 min. Again, gel was washed with distilled water and then 

neutralization solution was applied for 20 min. Then, gel was transferred to nylon 

membrane through capillary action by placing it overnight in SSC buffer. The blot was 

than hybridized with DIG labelled probe produced by integration of DIG-11- dUTP 

into UBI1 template through PCR DIG probe synthesis. The remaining hybridization 

steps were performed with DIG high prime DNA Labelling and Detection Starter Kit I 

(Roche Applied Sciences, Germany). 
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Gene integration and copy number of pMDC32-HVP1PCR positive transgenic 

wheat lines was also determined through Southern hybridization according to the 

manufacturer’s instructions (Roche Applied Sciences, Germany, version 13). For this, 

genomic DNA of putative transgenic and NT wheat plants was digested by HindIII and 

Spe1 followed by transfer of digested DNA fragments to nylon membrane through 

capillary action. The blot was hybridized with DIG labelled probe and further detection 

and hybridization steps for assessment of transgene copy number were performed with 

DIG high prime DNA Labelling and Detection Starter Kit I (Roche Applied Sciences, 

Germany).  

2.3.10  Salt Tolerance Analysis of Transgenic Plants 

Seeds harvested from T0 transgenic plants containing pMDC32-HVP1 and pTOOL37-

HVP1 were placed in distinct bags to avoid mixing of germplasm and labeled. Each 

transgenic plant was considered as an independent event. As HVP1 gene imparts 

salinity tolerance to the plants therefore, transformed seeds were subjected to salinity 

stress and analyzed for their performance. For this purpose, 10 seeds from each event 

were shifted to MS0 medium [179] having 0, 100 and 200 mM NaCl in three 

replications. Data regarding germination percentage was taken to evaluate the response 

of transformed seeds as compared to non-transgenic wheat seeds. Further, transformed 

germinating seeds were transferred to a pot experiment in randomized block design to 

check the response of transgenic wheat toward salinity stress. For this purpose, three 

levels of salinity stress i.e. 0, 100 and 200 mM NaCl were employed. Six representative 

transgenic lines containing pMDC32-HVP1 along with NT wheat plants were sown in 

weighed amount of saline soil EC 13-16 dS m-1; pH 7.82-8.92). This soil was brought 

from Bio-saline Research Station, Pakka Anna, Faisalabad. Plants were planted in three 

replications such that every pot has four plants of each event. Similarly, four 

representative transgenic wheat lines containing pTOOL37-HVP1 were also sown in 

three replications to observe the variation in growth and physiological behavior of 

transgenic and NT wheat plants under salinity stress. To maintain high level of salinity, 

plants were subjected to 100 mM and 200 mM NaCl salt stress. These salinity levels 

were achieved by irrigating the pots with 50 mM NaCl after three days interval until 

salt concentration reached to 100 mM 200 mM NaCl. Afterwards plants were irrigated 

with distilled water. While to employ 0 mM NaCl, transgenic and NT wheat plants were 

sown in weighed amount of soil having normal EC value from NIBGE, field.   
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2.4 Statistical Analysis of Physiological Performance of 

Transgenic Wheat Plants 

Physiological performance is a crucial criterion to judge the overall performance of 

plants. Therefore, physiological performance of transgenic and NT plants having 

pTOOL37-HVP1 and pMDC32 -HVP1 was checked at three levels of salinity i.e. 0, 

100 and 200 mM NaCl and significant differences and comparison between individual 

data regarding all physiological traits was determined by ANOVA (Statistics 8.1) at 

LSD, P<0·05.  

2.4.1 Electrolyte Leakage (EL) from Leaves 

Difference in leaf electrolyte leakage (EL) potential of transgenic and NT wheat plants 

was observed by following the standard procedure [184]. Initial conductivity of fresh 

leaves (0.4 g) collected from all three treatments was measured by soaking the leaves 

in distilled water (50ml) for four hours at 30̊C and final electrolyte conductivity was 

measured after boiling the samples for 20 min. The rate of EL min -1 was determined 

for transgenic and NT plants by using the formula:  

ELR = (EC2 - EC1) / (0.4×20)  (2-1) 

2.5 Osmotic Potential  

Leaf osmotic potential of transgenic and NT plants was determined by following the 

procedure outlined by [185]. Fresh leaves of transgenic wheat and NT plants taken from 

saline stress and non-stressed conditions were put in liquid nitrogen to disrupt cell walls 

and thawed. Extracted sap was used to measure the osmotic potential with osmometer 

(WESCORVAPRO Vapor pressure osmometer-5500).  

2.5.1 Membrane Stability Index 

Membrane stability index of transgenic and NT wheat plants was determined by 

following standard protocol [186]. Fresh leaves (0.5 g) of transgenic and NT wheat 

plants from salt stressed and non-stressed conditions were taken in 10 ml of ddH2O in 

couple of sets so that one set was exposed to 40 ̊C for 30 min and second set was 

exposed to 100 ̊C. Electrical conductivity of both sets i.e. C1 and C2 was recorded by 

using conductivity meter while MSI was calculated according to following formula:  

Membrane stability Index = [1- (C1/C2] ×100  (2-2) 
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2.5.2 Gas Exchange Measurements of Transgenic and Non-

Transgenic Lines  

At anthesis stage transgenic and NT wheat plants grown at three salinity levels i.e. 0, 

100 and 200 mM NaCl were physiologically examined. Data regarding stomatal 

conductance, transpiration rate and photosynthesis was taken by using AP4 Leaf 

Porometer kindly provided by Nuclear Institute for Agriculture and Biology (NIAB) 

Faisalabad. All above mentioned parameters were collected from fully expended, 

undamaged and directly exposed to solar radiation leaves on a clear sunny day during 

maximum sunshine hours i.e. 12 pm to 2 pm. 

2.5.3 Water Use Efficiency of Transgenic and Non-Transgenic Lines 

The HVP1 transgenic and NT wheat lines having different promoters i.e. 2xCAMV35S 

and UBI1 were analyzed for their water use efficiency. For this purpose, data already 

measured with the help of AP4 Leaf Porometer regarding photosynthesis and 

transpiration was used according to the following formula: 

Water use efficiency: Photosynthesis rate/ transpiration rate  (2-3) 

2.6 Biochemical Analysis of Salt Tolerant Transgenic 

Wheat 

2.6.1 Determination of Na+ and K+ Concentration in Transgenic 

Wheat 

Before reproductive stage, 5 cm of leaf samples from transgenic and NT wheat grown 

stress and non-stressed conditions were collected, air dried, cleaned and then kept in an 

oven for 24 hours. Then leaves were ground and 1 g fine powder was put in a flask. 5 

ml of concentrated H2SO4 was added to flask for digestion of leaf sample. Further, 1 

ml of H2O2 was added to flask at 240 ̊C until sample was turned transparent. Discolored 

sample was kept at room temperature for a period of two hours followed by adding the 

distilled water to make total volume 50 ml. Concentrations of sodium and potassium 

were determined by using standard protocol of flame atomic emission spectrometry 

[187]. 

2.6.2 Determination of Na+/K+ Ratio 

The concentration of sodium and potassium determined by plotting readings of 

transgenic and non-transgenic samples with already available standard curves of known 
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concentration for these two ions. And then Na+/K+ ratio was determined by using this 

data. 

2.6.3 Assessment of Proline Contents in Transgenic Wheat 

The proline contents were determined from transgenic and NT wheat plants grown at 

different salinity levels following the standard procedure as outlined by [188]. The 

formula used for the calculation of proline content was as follows: 

Proline in nmol.mg-1 FW = (Abs extract – blank)/slope × Vol extract/ Vol aliquot × 1/FW

           (2-4) 

Where: Abs extract= Absorbance determined with the extract,  

 Blank= Expressed as absorbance  
 Slope= Expressed as absorbance∙nmol-1 

 Vol extract= Total volume of the extract 

 Vol aliquot= Volume used in the assay 

 FW= Fresh weight of the sample extracted (expressed in mg) 

2.7 Agronomic Performance of pTOOL37-HVP1 and 

pMDC32-HVP1 Transgenic Wheat Under Saline Field 

Conditions 

To check the performance of transgenic wheat lines harboring pTOOL37-HVP1 and 

pMDC32-HVP1 in saline field conditions, an open field study of homozygous T3 

transgenic lines and non-transgenic was conducted during the session 2017/2018 at 

Biosaline Research Station (BSRS) Pakka Anna, Faisalabad. Performance of transgenic 

and control wheat plants was evaluated and data regarding all agronomic traits was 

determined by ANOVA (Statistics 8.1) at LSD, P<0·05. Soil characteristics were 

determined that proved the high saline soil conditions having (Table 2.3).  

Water used for irrigation was also analyzed and that too proven highly saline 

for characterization study of transgenic wheat plants (Table 2.4). The field trial was 

planted in RCBD (randomized complete block design) with three repeats having 45 cm 

row spacing, 9 cm seed spacing and 0.75 cm seed depth. For comparative study, two 

lines of each transgenic wheat line with twenty seeds alternating with two lines of NT 

wheat plants were sown. Standard agronomics practices were carried out for weed 

control along with spray of weedicides.  

Fertilizer was given at standard rate using DAP, urea and sulphate of potash as 

nutrient sources. Whole K and P while half dose of N was applied as basal dose. 
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Remaining N was applied in two halves. For weeds such as dumbi sitti (Phalaris minor 

L.) and lehli (Convolvulus arvensis L.), hand weeding was employed periodically at 

thirty days interval. Irrigations were applied at critical stages of wheat after twenty, 

forty and sixty days of sowing.  

Field experiment was harvested manually and each plot was threshed 

separately. Data on following agronomic traits was documented. 

 Table 2.3 Soil analysis of Bio-Saline Research Station for field trial 

 

Table 2.4 Water analysis of Bio-Saline Research Station for irrigation of 

transgenic and non-transgenic wheat 

Properties Units Analytical values 

EC d sm-1 13.8 

SAR - 28.5 

pH - 8.2 

Physiochemical 

properties 
Units Analytical values 

EC ds m-1 16-20 

Soil pH - 7.82-8.92 

Organic Matter % 0.2 

Available P Ppm 7.8 

Available K Ppm 75 

N % 0.23 

Texture - Loam 
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2.7.1 Germination Percentage 

Germination percentage of pTOOL37-HVP1 and pMDC32-HVP1 transgenic and NT 

wheat plants was recorded under three salt treatments in pots i.e. 0, 100, 200 mM NaCl 

and saline field conditions of Bio-Saline Research Station, Pakka Anna (EC 13-16 ds 

m-1). Data regarding germinating plants was collected after three weeks of sowing by 

counting the plants from all three replications, averaged and compared statistically.  

2.7.2 Plant Height 

Transgenic pTOOL37-HVP1 and pMDC32-HVP1 wheat plants grown in pots with 

three salt treatments visa a viz 0, 100, 200 mM NaCl and saline field conditions in 

randomized complete block design along with NT wheat plants for comparison were 

observed for their overall plant height. At maturity stage, randomly five plants were 

chosen from each treatment, and measured their lengthy with measuring scale then 

average was taken and recorded. 

2.7.3 Spike Length  

Spikes were taken randomly from selected plants of transgenic and NT lines; spike 

length was measured with the aid of measuring scale and then was averaged for each 

replication. 

2.7.4 Number of Spikelets Per Spike 

Numbers of Spikelet per spike were counted manually by taking arbitrarily selected 

spikes at maturity from each experimental unit and recorded. 

2.7.5 Grain Weight 

A random sample of grains was obtained from the produce of each transgenic and NT 

wheat line. Thousand grains were counted manually and weighed on electrical balance 

for comparing the differences in grain weight of salt tolerant HVP1 transgenic and NT 

wheat lines. 

2.7.6 Grain Yield (ton ha-1) 

HVP1 Transgenic and non-transgenic wheat from each replication was harvested and 

grain yield was recorded. The collected data was averaged and statistically compared 

for transgenic and non-transgenic wheat. 



                                                                                                                               2 Materials and Methods 

47 

2.7.7 Harvest Index (%) 

Ratio of grain yield to total dry mass (TDM) is called harvest index and it was calculated 

using the following formulae:                    

Harvest Index = Grain yield/ TDM x 100  (2-5) 

2.8 Comparison of Maize Ubiquitin (UBI1) and 

2xCaMV35S Promoter in HVP1 Transgenic Wheat 

Maize ubiquitin (UBI1) and 2xCaMV35S promoters employed in the current study are 

in common use of transgenic plants research. Barley vacuolar H+-pyrophosphatase 

(HVP1) gene was cloned under maize UBI (ubiquitin) promoter which significantly 

enhances gene expression [189]. Similarly, The Cauliflower Mosaic Virus CAMV35S 

promoter can increase gene expression many folds [190] and hence is one of the most 

widely used promoter. Transgenic pTOOL37- UBI1 and pMDC32-2xCaMV35S wheat 

lines generated were also analyzed for the comparative effect of above-mentioned 

promoters. The best performing transgenic wheat lines were selected and compared 

statistically at LSD, P<0·05 for physiological, biochemical and agronomic attributes to 

demonstrate the effect of promoters. 
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3 Results 

3.1 Cloning of Barley vacuolar pyrophosphatase (HVP1) 

Gene under Constitutive 2xCaMV35S and UBI1 

Promoter  

3.1.1 Total RNA Isolation from Barley 

Barley grown under isolated growth room was used to obtain total plant RNA. Healthy 

plant leaves at four leaves stage were cut with sterile scissor and put immediately in 

liquid nitrogen for the isolation of total RNA through Trizole reagent method. Standard 

procedure mentioned in section 2.1.2 was employed and absolute precaution was 

ensured to avoid any degradation of RNA. For analyzing the size and integrity, isolated 

total RNA was subjected to gel electrophoresis. Appropriate bands were detected as 

shown in Figure 3-1. 

3.1.2 mRNA Isolation  

Oligo (dT)25 cellolose coloumn was employed to isolate mRNA from the isolated total 

RNA of plant. Isolated mRNA was resolved on gel electrophoresis to check its size and 

integrity. A smear of mRNA of 0.7 to 1 kb depicted in Figure 3-2 proved the existence 

of macromolecular mRNA that was used for downstream processing. 

3.1.3 Complementary DNA Synthesis 

To transcribe mRNA into complimentary DNA (cDNA) synthesis, reverse transcription 

reaction was employed. Standard procedure mentioned in section 2.1.4 was employed 

and 3 μl of syntheisized cDNA was subjected to gel electrophoresis where a smear of 

DNA ranging from 500bps to 5kb was seen.  

3.1.4 HVP1 Gene Amplification 

Full length vacuolar pyrophosphatase gene (HVP1) was amplified by using barley 

cDNA through polymerase chain reaction. For PCR amplification, HVP1 gene 

specificic primers were employed. A band of 1146 bp was amplified whean PCR 

product was subjected to gel electrophoresis (Figure 3-3).  
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Figure 3-1 Total RNA of barley plant. 

Lane 1 is 1kb DNA ladder; Lane 2,3 and 4 are bands of RNA 

 

 

 

 

Figure 3-2 Messenger RNA isolated from total RNA of barley plant. 

Lane 1 is 1kb DNA ladder; Lane 2 shows absence of mRNA; Lane 3 and 4 depicting 

the presence of mRNA 
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Figure 3-3 Amplification of HVP1 gene from cDNA through PCR. 

Lane 1 is 1 kb ladder; Lane 3 represents HVP1 gene amplified by using gene (HVP1) 

specific primers. 

3.1.5 Construction of Plant Expression Vector Containing HVP1 

Gene under UBI1 and 2xCaMV35S Promoter 

The Hordeum vulgare vacuolar pyrophosphatase (HVP1) gene was isolated and cloned 

in binary vectors pTOOL37 and pMDC32. A 1146 bp fragment of HVP1 cDNA was 

cloned in pTOOL37 vector under maize ubiquitin (UBI1) promoter and NOS terminator 

Figure 3-4 (A). The integration of gene cassette was validated by restriction digestion 

with HindIII and SacI endonucleases. This restriction digestion of pTOOL37-HVP 

DNA with HindIII and SacI enzyme liberated 2.8 kb and 9.2 kb fragments (Figure 3-5, 

A).  

The HVP1 gene was also cloned in binary vector pMDC32. A 1146 bp fragment 

of HVP1 cDNA was cloned in pMDC32 vector under 2xCaMV35S promoter and NOS 

terminator Figure 3-4 (B). The cloning of HVP1 gene cassette was confirmed through 

restriction digestion with KpnI and SpeI enzymes that liberated two fragments of 2.3 kb 

and 9.7 kb (Figure 3-5, B). 
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Figure 3-4 Strategy for cloning of HVP1 gene. 

A) Cloning under UBI1 promoter and NOS terminator in binary vector pTOOL37 B) 

Strategy for cloning of HVP1 gene under 2xCaMV35S promoter and NOS terminator 

in binary vector pMDC32. 
 

 

Figure 3-5 Confirmation of of HVP1 gene cloning under maize Ubiquitin and 

2xCaMV35S promoter and NOS terminator in pTOOL37 and pMDC32 vector. 

A) Restriction digestion with HindIII and SpeI gave two fragments of 2.8 kbp gene and 

9.8 kb vector backbone in comparison with 1 kb DNA ladder (Fermentas) Lane 1 is 1kb 

Ladder and Lane 2 is digested vector that liberated two fragments B) Restriction 

digestion with KpnI and SpeI enzymes liberated two fragments of 2.3 kb and 9.7 kb in 

comparison with 1 kb DNA Ladder (Fermentas). Lane 1 is 1kb ladder and lane 2 is 

digested clone that liberated two fragments. 

3.1.6 PCR Confirmation of Transformed A. tumefaciens 

The pTOOL37 vector comprising HVP1 under UBI1 promoter was transformed into 

AGL1 strain of A. tumefaciens. Confirmation of HVP1 transformation in Agrobacterium 
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was carried out through PCR by using promoter specific and marker gene specific 

primers as mentioned in table 2-1. A band of 261 bp was identified using maize 

ubiquitin (UBI1) specific primers Figure 3-6 (A), and a band of 260 bp was detected by 

using hygromycin gene specific primers (Figure 3-3, B). These findings validated the 

presence of pTOOL37-HVP1 gene in Agrobacterium culture that was further used to 

inoculate the immature embryos. 

The pMDC32- HVP1 construct was also transformed into AGL1 strain of A. 

tumefaciens and confirmed through PCR by using 2xCaMV35S promoter and 

hygromycin gene specific primers mentioned in table 2-1. A band of 250 bp was 

amplified using 2xCaMV35S specific primers (Figure 3-7, A), and a band of 260 bp 

was detected by using hygromycin gene specific primers (Figure 3-7, B). These results 

confirmed succesful transformation of Agrobacterium culture with pMDC32- HVP1 

gene that was further used for inoculating the immature embryos. 

Figure 3-6 PCR confirmation of pTOOL37-HVP1 transformed A. tumefaciens 

strain. 

A) PCR confirmation of transformed A. tumefaciens strain using maize ubiquitin 

(UBI1) promoter specific primers that gave band of 261 bp. Lane 1 is 1kb ladder; Lane 

2 is transformed culture of A. tumefaciens; Lane 3 is negative control (water) B) PCR 

confirmation of transformed A. tumefaciens strain using hygromycin gene specific 

primers and gave product size of 260 bp. Lane 1 is 1kb ladder; Lane 2 and 3 is 

transformed culture of A. tumefaciens; Lane 4 is negative control (water). 
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Figure 3-7 PCR confirmation of pMDC32- HVP1 transformed A. tumefaciens 

strain. 

A) PCR confirmation of transformed A. tumefaciens strain using 2xCaMV35S promoter 

specific primers that gave band of 250 bp. Lane 1 is 1kb ladder; Lane 2 is 

water(negative control); Lane 3,4,5 are non-transformed cultures; Lane 6 and 7 are 

transformed culture of A. tumefaciens B) PCR confirmation of transformed A. 

tumefaciens strain using hygromycin gene specific primers that gave band of 260 bp. 

Lane 1 is 1kb ladder; Lane 2,3,4 are non-transformed cultures; Lane 5 and 6 are 

transformed culture of A. tumefaciens; Lane 7 is negative control (water). 

3.2 Development of Salt Tolerant Wheat 

3.2.1 Agrobacterium Mediated Wheat Transformation 

Local wheat cultivar Ujala-2016 was chosen for Agrobacterium mediated wheat 

transformation with pTOOL37-HVP1 and pMDC32-HVP1 vectors. Immature wheat 

embryos after fourteen days of anthesis were isolated and placed on callus induction 

medium mentioned in section 2.3.2 for callus initiation (Figure 3.8, A). The 

embryogenic callus shown in Figure 3-8 (B) was chosen for inoculation with 

pTOOL37-HVP1 and pMDC32-HVP1 transformed Agrobacterium culture. Inoculation 

of 1000 embryos was carried out with each construct in ten batches to ensure uniformity 

and more reliable results. Transformed calli were subsequently sub-cultured after every 

two weeks on regeneration and elongation medium mentioned in section 2.3.5 

containing hygromycin medium (Figure 3-8, C, D). Quantitative data of inoculated calli 

embryogenic calli, plantlets survived on antibiotic medium, PCR confirmed plants and 

transformation efficiency is shown in Table 3-1. 
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3.2.2 Selection of pTOOL37-HVP1 and pMDC32-HVP1 Transformed 

Wheat Tissues on Antibiotic Medium 

After transformation of wheat (Ujala-2016) callus with Agrobacterium having 

pTOOL37-HVP1 gene, tissues were cultured on the MS medium containing 200 mg L-

1 hygromycin. Callus of the mentioned variety was also transformed with empty 

pTOOL37vector as negative control. About 100 plantlets originated from independent 

inoculated calli. Among those, about 30 were phenotypically similar to parental variety 

and established roots in rooting medium. Further, 14 plants were screened for their 

ability to survive on selection medium. No regeneration was observed in callus 

transformed with empty pTOOL37 vector on antibiotic selection medium that was used 

as negative control. 

After inoculation of wheat callus with Agrobacterium having pMDC32-HVP1 

plasmid, transformed tissues were kept on the MS medium containing 200 mg L-1 

hygromycin along with callus of the same variety was also transformed with empty 

pMDC32 vector as negative control. About 120 plantlets originated from independent 

inoculated calli. Among those, about 40 plants were phenotypically similar to the parent 

and developed roots in rooting and elongation media. Hygromycin gene was used as 

the plant antibiotic selection marker and 18 plants were screened for their potential to 

thrive on selection medium. No regeneration in calli transformed with empty pMDC32 

vector was observed. 

3.2.3 Antibiotic Susceptibility Assessment by Leaf Paint Method 

The pTOOL37-HVP1 putative transgenic (TW) and non-transgenic (NT) wheat plants 

exhibited distinct response when subjected to antibiotic application at T1 generation. 

Leaves of all 14 transgenic plants remained green after two weeks of post leaf painting 

with 200 mg L-1 hygromycin whereas non-transgenic leaves showed necrosis. Marked 

lesions and brownish color was evident in NT (Figure 3-9, A). In second method of leaf 

antibiotic susceptibility assay, leaves of transgenic and NT plants were immersed in 

MS medium supplied with 200 mg L-1 hygromycin. Non-transgenic leaf segments could 

not survive in antibiotic solution and displayed necrosis while leaves of four transgenic 

wheat plants remained unaffected (Figure 3-10, A). Additionally, only putative 

transgenic wheat plants germinated as T1 seed grown on MS medium containing 200 
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mg L-1 hygromycin and 200 mM NaCl. No germination was observed in seeds of NT 

Ujala- 2016 (Figure 3-11, A, B). 

The pMDC32-HVP1 putative transgenic plants also contained hygromycin as 

selection marker in them. For initial validation of successful transformation, leaves of 

plants were painted in pots at T0 generation. Putative transgenic wheat plants showed 

distinct response as compared to NT wheat plants. Transgenic plants showed resistance 

and leaves remained green even after two weeks of antibiotic application. While NT 

leaves showed necrosis and tissues died (Figure 3-9, B). Second method of antibiotic 

susceptibility assay also confirmed the activity of hygromycin resistance gene in 

putative pMDC32-HVP1 transgenic plants. Transgenic plants survived and remained 

green even after two weeks in MS medium containing 200 mg L-1 hygromycin. NT 

wheat leaves due to absence of selection marker gene i.e. hygromycin could not survive 

on antibiotic selection and died (Figure 3-10, B). Six putative pMDC32-HVP1 

transgenic plants withstood the antibiotic solution for one month and these were put to 

further molecular testing. The seeds of these transgenic wheat lines were harvested and 

put on MS medium containing 200 mg L-1 hygromycin and 200 mM NaCl to check 

their response as compared to NT wheat seeds. Only the transgenic seeds could 

germinate on the selection medium and high concentration of salt while no germination 

was observed in the seeds of NT wheat seeds (Figure 3-11, C, D). 
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Figure 3-8 Developmental stages of transgenic wheat. 

A) Cultured immature embryos B) Induction of embryogenic callus C) Elongation of 

shoots on regeneration media D) Roots elongation in rooting medium. 

Figure 3-9 Antibiotic susceptibility assessment of transgenic wheat plants gene 

and non-transgenic wheat plants. 

A) Leaf paint assay using 200 mg L-1 hygromycin; Lane 1 is Non transgenic (NT) while 

lanes 2-15 are pTOOL37-HVP1 putative transgenic (TW) plants B) Leaf paint assay 

using 200 mg L-1 hygromycin; Lanes 1-6 are pMDC32-HVP1 transgenic plants while 

7 is Non transgenic (NT) wheat plant. 
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Figure 3-10 Antibiotic susceptibility assessment of transgenic wheat plants. 

A) Detached leaf dip assay of non-transgenic and putative transgenic wheat plants using 

200 mg L-1 hygromycin in MS0 medium. NT is non-transgenic and lanes TW1-TW4 

are pTOOL37-HVP1 transgenic wheat lines showing tolerance to hygromycin B) 

Bioassays of detached leaves from pMDC32-HVP1 transgenic and wild type wheat 

plants. (1) NT is non-transgenic turning brownish after 14 days; Lanes TWP1-TWP6 

are transgenic wheat plants containing the hygromycin resistant gene remained green 

after 14 days on MS0 medium containing 200 mg L-1 hygromycin. 
 

 

 

 

 

 

 

 

 

 

 

Figure 3-11 Antibiotic and salt stress germination assay. 

A) pTOOL37-HVP1 transgenics wheat B) Non-transgenic wheat  

C) pMDC32-HVP1 transgenic wheat D) Non-transgenic wheat  

3.2.4 PCR Confirmation of Putative pTOOL37-HVP1 and pMDC32-

HVP1 Transgenic Wheat Plants 

Wheat (T. aestivum) cv. Ujala- 2016 was used for A. tumefaciens mediated 

transformation with pTOOL37-HVP1 vector regulated by constitutive maize ubiquitin  
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Table 3.1 Transformation Efficiency of Wheat (Ujala-2016) 

Batch 

No. 

Embryos inoculated Embryogenic calli 

 

Plantlets originated 

on 1st cycle of 

hygromycin / 

Plantlets originated 

on 2nd cycle of 

hygromycin 

antibiotic selection 

PCR +ve plants Transformation 

efficiency (%) 

pTOOL 

37-HVP1 

pMDC 

32-HVP1 

pTOOL3

7-HVP1 

pMDC 

32-HVP1 

pTOOL 

37-HVP1 

pMDC 

32-HVP1 

pTOOL 

37-HVP1 

pMDC 

32-HVP1 

pTOOL 

37-

HVP1 

pMDC 

32-

HVP1 

1 100 100 71 58 13/ 2 7/ 2 2 2 1.4 1.8 

2 100 100 65 70 10/ 1 11/ 1 1 1 

3 100 100 56 65 7/ 1 9/ 1 1 1 

4 100 100 66 63 10/ 3 9/ 2 3 2 

5 100 100 75 71 13/ 2 12/ 3 2 3 

6 100 100 64 55 10/ 2 7/ 1 2 1 

7 100 100 61 65 8/ 0 10/ 2 0 2 

8 100 100 70 74 12/ 2 11/ 3 2 3 

9 100 100 59 58 8/ 0 6/ 1 0 1 

10 100 100 63 61 9/ 1 8/ 2 1 2 

Total 1000 1000 650 680 100/ 14 90/ 18 14 18 1.4 1.8 
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(UBI1) promoter and NOS terminator. Molecular confirmation of transgenic T1 lines 

surviving on antibiotic selection medium was done through PCR of genomic DNA by 

using two sets of primers. First set of primers was designed by taking forward and 

reverse from maize ubiquitin (UBI1) promoter while in second case the forward primer 

was designed from promoter and reverse from HVP1 gene mentioned in section 2.3.4. 

PCR confirmed the presence of HVP1 gene in 14 wheat lines that survived on antibiotic 

selection medium. A band of 600 bp was observed by using promoter specific primers 

and 260 bp was spotted by employing UBI1-HVP1 primers in all the HVP1 transgenic 

lines while no amplification was found in non-transgenic wheat lines (Figure 3-12, A, 

B). 

Wheat (T. aestivum) cv. Ujala- 2016 was used for A. tumefaciens mediated 

transformation with pMDC32-HVP1 vector regulated by constitutive 2xCaMV35S 

promoter and NOS terminator. For molecular confirmation of pMDC32-HVP1 

transgenic T1 lines surviving on antibiotic selection medium, PCR of genomic DNA by 

using 2xCaMV35S specific and 2xCaMV35S-F and HVP1-R gene specific primers as 

mentioned in section 2.3.4 were employed. PCR confirmed the presence of HVP1 gene 

in 6 wheat lines that survived on antibiotic selection medium and used for further 

studies. A band of 335 and 265 bp by using promoter and promoter-gene specific 

primers respectively were found in all the HVP1 transgenic lines while no band was 

detected in non-transgenic wheat lines (Figure 3-12, B). 
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Figure 3-3-12 Agarose gel electrophoresis of the PCR product confirming the 

integration of HVP1 gene in local cultivar Ujala-2016 of wheat. 

A) PCR confirmation of pTOOL37-HVP1 transgenic wheat lines by using maize 

ubiquitin (UBI1) primers. Lane 1 is DNA ladder (Fermentas); Lane 2 is non-transgenic 

wheat plant; Lane 3 is positive control (plasmid); Lanes 4, 5, 6, and 7 are transgenic 

wheat plants. B) PCR confirmation of pTOOL37-HVP1 transgenic wheat lines by using 

maize ubiquitin (UBI1) promoter and gene specific primers. Lane 1 is DNA ladder 

(Fermentas); Lane 2 is non-transgenic wheat plant; Lane 3 is positive control (plasmid); 

Lanes 4, 5, 6, and 7 are transgenic wheat plants. C) PCR amplicon of 335 bp using 

promoter specific 2xCaMV35S primers. Lane 1 is DNA ladder (Fermentas); Lane 4 is 

segregating null; Lane 2-7 are putative transgenic plants; Lane 8 and 9 are non-

transgenic wheat plants; Lane 10 is positive control (Plasmid of HVP1). C) PCR 

amplicon of 335 bp using promoter specific 2xCaMV35S and gene specific primers. 

Lane 1 is DNA ladder (Fermentas); Lane 4 is segregating null; Lane 2-7 are putative 

transgenic plants; Lane 8 and 9 are non-transgenic wheat plants; Lane 10 is positive 

control (Plasmid of HVP1).   

3.2.5 Confirmation of pTOOL37-HVP1 and pMDC32-HVP1 

Transgenic Wheat Plants Through Reverse Transcriptase PCR 

(RT-PCR) 

For additional validation at posttranscriptional level of transgenic wheat plants, a 

reverse transcriptase PCR (RT-PCR) was carried out that confirmed expression of 

pTOOL37-HVP1 in four transgenic lines (Figure 3-13, A). A band of 261 bp from 

cDNA of four transgenic wheat lines confirmed the expression of HVP1 gene in these 

lines while no band was observed in non-transgenic plant. 

Reverse transcriptase PCR (RT-PCR) of 6 PCR confirmed pMDC32-HVP1 

transgenic wheat lines also confirmed the expression of HVP1 gene in these lines. A 

band size of 235 bp was detected in transgenic lines while no band observed in non-

transgenic plant (Figure 3-13, B). 
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Figure 3-13 Expression analysis of transgenic wheat expressing pTOOL37-HVP1 

and pMDC32-HVP1 through semi-quantitative RT-PCR. Wheat actin gene was 

used as internal control. 

3.2.6 Southern Hybridization 

Southern blot analysis of transgenic lines expressing pTOOL37-HVP1 and non-

transgenic lines exhibited successful integration of gene in four transgenic lines while 

no insertion was detected in NT (Figure 3-14, A). Molecular validation of four 

transgenic lines mentioned in section 3.1.5, 3.1.6 and 3.1.7 showed successful 

integration of HVP1 gene in wheat genome. Figure 3-14 clearly indicates the single 

copy in TW2 and TW4 and two copies in TW1 and TW3 transgenic plants. These four 

transgenic lines were used in all later studies for assessment of their performance in 

saline field conditions. 

Results of Southern analysis for pMDC32-HVP1 transgenic wheat lines showed 

the successful integration of HVP1 gene in 6 transgenic wheat lines (Figure 3-14, B). 

Single copy was detected in TW2, TW3, TW4, TW5 and TW6 while TW1 contained 

two copies of HVP1 genes. These results confirmed the successful integration of HVP1 

gene in the wheat genome. These six transgenic lines were used in all subsequent 

studies and field evaluation.  
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Figure 3-14 Southern blot analysis of transgenic wheat plants expressing 

pTOOL37-HVP1 and pMDC32-HVP1 gene and non-transgenic wheat. 

A) Lane 1 is non-transgenic wheat plant; lane 2 is positive control; lanes 3-6 are 

pTOOL37-HVP1 transgenic wheat plants B) Lane 1 is ladder; Lane 2 is wild type; 

Lanes 3-8 are pMDC32-HVP1 transgenic wheat plants. 

3.2.7 Phenotypic Characterization of pTOOL37-HVP1 and pMDC32-

HVP1 Transgenic Wheat for Salinity Stress 

HVP1 transgenic wheat plants under UBI1 promoter were subjected to salinity stress 

through irrigating with 100 and 200 mM NaCl solution and compared with non-

transgenic plants. Salinity stress caused severe retardation of growth in non-transgenic 

plants due to accumulation of salts in cytoplasm that ultimately led to impairment of 

cell function in these plants. However, pTOOL37-HVP1 transgenic wheat plants 

phenotypically performed better under both levels of salinity stresses (Figure 3-15 A, 

B). 

Pot experiments was performed at National Institute for Biotechnology and 

Genetic Engineering (NIBGE) Faisalabad. pMDC32-HVP1 transgenic wheat plants 

were irrigated every week with deionized water containing 100 and 200 mM NaCl. A 

considerable phenotypic difference in plant height of transgenic lines and NT plants 

were observed at 100 mM and 200 mM NaCl treatments (Figure 3-15 C, D). Built on 
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these observations, it was concluded that transgenic wheat plants expressing HVP1 

gene can tolerate saline conditions better as compared to NT wheat plants. 

Figure 3-15 Phenotypic Comparison of pTOOL37-HVP1 and pMDC32-HVP1 

transgenic line and wild type. 

A) Phenotypic comparison at 100 mM NaCl; NT is non-transgenic wheat while TW is 

pTOOL37-HVP1 transgenic wheat plant B) Phenotypic comparison at 200 mM NaCl; 

NT is non-transgenic wheat while TW is pTOOL37-HVP1 transgenic wheat C) 

Phenotypic comparison at 100 mM NaCl: NT is non-transgenic wheat while TWP is 

pMDC32-HVP1 transgenic wheat plant D) Phenotypic comparison at 200 mM NaCl; 

NT is non-transgenic wheat while TWP is pMDC32-HVP1 transgenic wheat plant. 

3.3 Physiological Performance of pTOOL37-HVP1 and 

pMDC32-HVP1 Transgenic Wheat 

For the characterization of the pTOOL37-HVP1 and pMDC32-HVP1 transgenic wheat 

plants against salinity stress, plants were supplied with three different salt treatments. 

First treatment was used as a control having 0 mM NaCl while other two treatments 

included 100 and 200 mM NaCl concentration. Later two treatments were achieved by 

irrigating with water comprising NaCl and analyzed when salt concentration reached to 

100 and 200 mM NaCl in pot experiment. The response of transgenic wheat to different 

physiological attributes such as stomatal conductance, transpiration rate, 

photosynthesis, and water use efficiency was better as compared to non-transgenic 

wheat plants at different salinity levels. Data regarding physiological parameters was 

taken from all the three treatments mentioned above from three replications, averaged 

and statistically analyzed. 
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3.3.1 Electrolyte Leakage (g min-1)  

Transgenic wheat lines expressing pTOOL37-HVP1 (designated as TW1, TW2, TW3, 

TW4) and non-transgenic lines (NT) showed varied response when electrolyte leakage 

from membrane was measured under salinity stress. No significant difference in 

electrolyte leakage was observed among transgenic and NT wheat plants at 0 mM NaCl. 

However, it was observed that NT showed maximum electrolyte leakage value i.e. 

0.318 and 0.380 g min-1 at 100 and 200 mM NaCl while these values were significantly 

lower for transgenic wheat lines. Among pTOOL37-HVP1 transgenic wheat lines, TW2 

was best performing as it showed only electrolyte leakage value of 0.231 and 0.310 g 

min -1 at two salt treatments followed by TW1, TW3 and TW4 with values of 0.243, 

0.245 and 0.246 respectively at 100 mM NaCl while 0.320, 0.330 and 0.333 g min -1 at 

200 mM NaCl respectively as shown in Figure 3-16 (A). Salt stress affected the 

physiological properties of pMDC32-HVP1 transgenic wheat plants (TWP1-TWP6), 

and non-transgenic (NT) wheat plants. Maximum electrolyte leakage was observed in 

NT wheat plants with a value of 0.320 and 0.367 g min-1 at 100 and 200 mM NaCl salt 

stress. All pMDC32-HVP1 transgenic wheat plants showed significantly lower 

concentrations of electrolyte leakage as compared to NT wheat. TWP5 showed 

minimum electrolyte leakage (0.237 g min-1) while TWP1 showed a value of 0.240 g 

min -1 at 100 mM NaCl salt stress. Other transgenic wheat plants also showed significant 

decrease in electrolyte leakage at 100 mM NaCl salt stress. TWP1, TWP4 and TWP6 

showed an electrolyte leakage values of 0.340 g min -1 while TWP2, TWP3 and TWP5 

showed 0.330 g min -1 when measured at 200 mM NaCl salt stress (Figure 3-16, B). So, 

values of electrolyte leakage for NT wheat plant was found to be 8% more as compared 

to TWPs under 200 mM NaCl stress. 

3.3.2 Osmotic Potential (Osmol kg-1) 

The values for osmotic potential of transgenic and non-transgenic were statistically 

similar to each other when no salt stress was employed. Under salinity stress of 100 and 

200 mM NaCl, values for osmotic potential were significantly higher (594.0 and 663.3 

Osmol kg-1 respectively) for non-transgenic wheat as compared to pTOOL37-HVP1 

transgenic wheat lines. Minimum osmotic potential (564.0 and 626.3 Osmol kg-1) was 

observed for TW2 at both salinity levels. While TW1, TW3 and TW4 were at 571.3, 

571.7 and 570.7 when 100 mM NaCl salt stress was applied and under 200 mM NaCl 

salt stress, these transgenic wheat lines showed osmotic potential of 633.7, 633.3 and 
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633 Osmol kg-1 respectively (Figure 3-17, A). Values for osmotic potential were also 

determined for pMDC32-HVP1 transgenic wheat plants and NT wheat plants. No 

significant difference was observed in osmotic potential of transgenic and non-

transgenic wheat plants when grown at 0 mM NaCl. Highest osmotic potential of 632.0 

osmole kg-1 at 100 mM NaCl and 658 osmole kg-1 at 200 mM NaCl was recorded for 

NT. Osmotic potential of transgenic wheat plants was significantly lower than NT 

however, no noteworthy difference was observed among transgenic wheat plants at 100 

mM NaCl salt stress. TWP3 and TWP4 exhibited osmotic potential of 622 and 624 

osmole kg-1 at the 200 mM NaCl salinity level. Though osmotic potential of other 4 

TWPs was higher as compared to TWP3 and TWP5 but significantly lower as compared 

to NT wheat plants with values of 630, 632, 631 and 629 osmole kg-1 for TWP1, TWP2, 

TWP4 and TWP6 respectively at 200 mM NaCl salt stress (Figure 3-17, B). 

3.3.3 Membrane Stability Index (%) 

To find the osmo-protective and membrane stabilizer role of pTOOL37-HVP1 gene, 

membrane stability index (MSI) of transgenic and non-transgenic wheat lines was 

evaluated after exposing them to salinity stress of 0, 100 and 200 mM NaCl. No 

considerable difference regarding MSI among transgenic and NT wheat plants was 

found. Under salinity stress of 100 and 200 mM NaCl, TW2 showed maximum 

membrane stability index (63.7 and 43.7%) while minimum value (43.7 and 21.7) was 

observed for NT wheat. The values for other three transgenic wheat lines were also 

found to be significantly higher than NT wheat at both salinity levels (Figure 3-18, A). 

Membrane stability index of pMDC32-HVP1 transgenic wheat plants was also 

measured by exposing the plants to above mentioned three salt stress levels. TWP1-

TWP6 showed significantly higher membrane stability compared to NT wheat plant. 

Maximum MSI value of 52 and 43.7% was shown by TW3, followed by TW5 with 

value of 51.7 and 41%, whereas lowest MSI value of 34.3 and 21% was observed for 

NT at 100 and 200 mM NaCl salt stress respectively. Remaining transgenic wheat 

plants also exhibited better membrane stability index compared to NT with values of 

48.3, 51.3, 46, and 47.3% at 100 mM NaCl and 36%, 39%, 34.3% and 36.3% at 200 

mM NaCl for TWP1, TWP2, TWP4 and TWP6 respectively (Figure 3-18, B). 
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Figure 3-16 Electrolyte leakage (EL) of transgenic and non-transgenic wheat 

lines at different NaCl treatments. 

A) pTOOL37-HVP1 transgenic wheat lines B) pMDC32-HVP1 transgenic wheat 

plants 
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Figure 3-17 Osmotic potential of transgenic and non-transgenic wheat lines at 

different NaCl treatments. 

A) pTOOL37-HVP1 transgenic wheat lines B) pMDC32-HVP1 transgenic wheat 

plants 
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Figure 3-18 Membrane stability index (MSI) of transgenic and non-transgenic 

wheat lines at different NaCl treatments. 

A) pTOOL37-HVP1 transgenic wheat lines B) pMDC32-HVP1 transgenic wheat plants 
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3.3.4 Rate of Photosynthesis (µmol m-2 s-1) 

Transgenic and non-transgenic wheat plants showed marked difference in their rate of 

photosynthesis when subjected to salinity stress in sealed plastic pots containing saline 

soil at 100 and 200 mM NaCl salt stress. However, there was no variation in observed 

values of photosynthesis in control treatment of 0 mM NaCl (Figure 3-19, A). Rate of 

photosynthesis for transgenic and non-transgenic plants was measured and statistically 

significant differences were recorded at LSD, P<0·05. Transgenic wheat plants 

expressing pTOOL37-HVP1 gene maintained higher rate of photosynthesis when 

compared to NT plants at both salt stress levels. Highest rate of photosynthesis was 

observed in TW2 at both treatments of salt stress followed by TW1 at 100 mM NaCl 

and TW4 at 200 mM NaCl while NT plants showed least rate of photosynthesis at both 

salt levels probably due to impairment of photosynthetic organelles under salinity 

stress.  

Rate of photosynthesis for pMDC33-HVP1 transgenic and non-transgenic 

plants was also measured and compared statistically. Transgenic wheat plants exhibited 

higher rate of photosynthesis as compared to NT plants at 100 and 200 mM NaCl while 

no significant difference was observed at 0 mM NaCl salt stress (Figure 3-19, B). 

Minimum rate of photosynthesis (7.77 µmol m-2 s-1) at 100 mM NaCl and 4.33 µmol 

m-2 s-1 at 200 mM NaCl was observed for NT while TWP5 depicted highest rate of 

photosynthesis (12.34 and 8.81) at both salt treatments. The photosynthetic values for 

other 5 transgenic wheat lines were also found significantly higher as compared to NT 

wheat at both salinity levels.  

3.3.5 Stomatal Conductance (mmol m-2 s-1) 

The pTOOL37-HVP1 expressing wheat plants also displayed significantly higher 

stomatal conductance when compared to non-transgenic wheat plants grown at 100 and 

200 mM NaCl salt stress. Highest stomatal conductance (3.37 and 2.97 mmol m-2 s-1) 

was observed in TW2 followed closely (3.35 and 2.92 mmol m-2 s-1) by TW4 while NT 

plants showed minimum (2.44 and 1.74 mmol m-2 s-1) stomatal conductance at both 

salinity levels (Figure 3-20, A).  

Observed trend of stomatal conductance for pMDC32-HVP1 transgenic and 

non-transgenic plants was also not much different when measured and compared 
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statistically. Again at 0 mM NaCl, there was no significant difference in stomatal 

conductance of transgenic and NT wheat plants. On the other hand, when 100 and 200 

mM NaCl stress was employed, maximum stomatal conductance was found to be for 

TWP5 with value of 3.28 and 3.00 mmol m-2 s-1 respectively followed closely (3.23 and 

2.97 mmol m-2 s-1) by TWP2 and TWP4 at values of 3.21 and 2.93 mmol m-2 s-1. Among 

other transgenic lines TWP6 also performed well with stomatal conductance of 3.22 

mmol m-2 s-1 at 100 mM NaCl salt stress. Other transgenic wheat lines including TWP1, 

TWP3 and TWP6 showed 2.35 mmol m-2 s-1, 2.48 mmol m-2 s-1 and 2.85 mmol m-2 s-1 

respectively at 200 mM NaCl concentration. Non transgenic wheat line showed only 

stomatal conductance of 2.97 m-2 s-1 at 100 mM NaCl and 1.75 m-2 s-1 at 200 mM NaCl 

concentration (Figure 3-20, B). 

3.3.6 Transpiration Rate (mmol m-2 s-1) 

Transgenic wheat lines expressing pTOOL37-HVP1 gene performed much better in 

transpiration rate then non-transgenic (NT) wheat plants grown at 100 and 200 mM 

NaCl salt stress. Highest value of transpiration rate was again found in TW2 plants 

while NT wheat plants showed least value of transpiration rate due to reduced growth 

rate under both above mentioned salinity levels. However, there was absolutely not 

much of difference was observed among transgenic pTOOL37-HVP1 and NT wheat 

lines (Figure 3-21, A). 

Transgenic wheat lines expressing pMDC32-HVP1 and non-transgenic (NT) 

plants showed marked difference in their transpiration rate when subjected to salinity 

stress in sealed plastic pots containing saline soil. Maximum transpiration rate (1.61 

and 1.28 mmol m-2 s-1) was depicted by TWP5 while minimum (1.35 and 0.97 mmol 

m-2 s-1) was observed for NT wheat at 100 and 200 mM NaCl salt stress respectively. 

Overall all other transgenic wheat lines also showed significantly higher transpiration 

rates as compared to NT wheat at both salinity levels. Transgenic and NT wheat plants 

were behaving similarly at 0 mM NaCl concentration (Figure 3-21, B). 

3.3.7 Water Use Efficiency (µmol m-2 s-1) 

As water use efficiency was measured as a function of photosynthesis and transpiration 

rate therefore, better performance was expected from transgenic wheat plants as was 

the case. All four transgenic wheat lines expressing pTOOL37-HVP1 gene outclassed 

non-transgenic (NT) wheat plants with respect to water use efficiency when subjected 
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to 100 and 200 mM NaCl salt stress. Highest water use efficiency was recorded for 

TW2 at 100 mM NaCl while TW4 was the leading transgenic line when salt stress of 

200 mM NaCl was applied. The values of water use efficiency for all other transgenic 

wheat plants were also significantly higher than NT wheat plants at both salinity levels. 

However, non-significant change was observed in transgenic and NT wheat lines at 0 

mM NaCl concentration (Figure 3-22, A). 

Transgenic wheat lines expressing pMDC32-HVP1 and non-transgenic wheat 

plants subjected to above mentioned salinity levels showed marked differences in their 

water use efficiency. Highest water use efficiency (0.978 µmol m-2 s-1) at 100 mM NaCl 

was exhibited by TWP2 followed closely by TWP5 with value of 0.968 µmol m-2 s-1. 

TWP4 was also not far behind with value of 0.963 µmol m-2 s-1 while TWP1, TWP3 

and TWP6 showed 0.9333, 0.931 and 0.903 µmol m-2 s-1 water use efficiency 

respectively. Minimum (0.721 µmol m-2 s-1) water use efficiency was shown by NT 

wheat plant at this salt treatment (Figure 3-22, B). 

On the other hand, when salt stress of 200 mM NaCl was employed, TWP4 was 

the best performing transgenic line in this important parameter with value of 0.924 

µmol m-2 s-1followed by 0.915, 0.902, 0.885, 0.851 and 0.855 µmol m-2 s-1 for TWP5, 

TWP2, TWP1, TWP3 and TWP6 respectively. While NT wheat was far behind in water 

use efficiency at this salt stress treatment with a value of 0.621 µmol m-2 s-1 (Figure 3-

22, B). 
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Figure 3-19 Rate of photosynthesis of transgenic and non-transgenic wheat lines 

at different NaCl treatments. 

A) pTOOL37-HVP1 transgenic wheat lines B) pMDC32-HVP1 transgenic wheat 

plants 
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Figure 3-20 Stomatal conductance of transgenic and non-transgenic wheat lines 

at different NaCl treatments. 

A) pTOOL37-HVP1 transgenic wheat lines B) pMDC32-HVP1 transgenic wheat 

plants 
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Figure 3-21 Transpiration rate of transgenic and non-transgenic wheat lines at 

different NaCl treatments. 

A) pTOOL37-HVP1 transgenic wheat lines B) pMDC32-HVP1 transgenic wheat 

plants 

 

 

 

 

 

 

 

 



          3 Results 

 

75 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-22 Water use efficiency (WUE) of transgenic and non-transgenic wheat 

lines at different NaCl treatments. 

A) pTOOL37-HVP1 transgenic wheat lines B) pMDC32-HVP1 transgenic wheat plants 
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3.4 Biochemical Analysis of pTOOL37-HVP1 and 

pMDC32-HVP1 Transgenic Wheat Plants  

3.4.1 Sodium Ion Accumulation Under Different Salinity Treatments 

More Na+ accumulation in vacuole is a key factor in conferring salinity tolerance to 

plants. The cellular sodium concentration of the pTOOL37-HVP1 transgenic wheat 

plants (designated as TW1, TW2, TW3, TW4) was significantly higher than non-

transgenic (NT) plants under salt stress treatments of 100 and 200 mM NaCl. However, 

no considerable variation was found under 0 mM NaCl treatments. Thirty-six and 23% 

higher Na+ accumulation was observed in TW2 compared to NT wheat plants under 

100 and 200 mM NaCl salt stress respectively (Figure 3-23, A). The Na+ concentration 

in all other three transgenic wheat plants was also significantly higher than NT wheat 

plants under both salinity levels. This result indicates that pTOOL37-HVP1 expression 

imparts salt tolerance to transgenic wheat plants via ion homeostasis through enhanced 

Na+ accumulation capacity in vacuoles. 

When Na+ ion accumulation was observed in pMDC32-HVP1 transgenic and 

non-transgenic wheat plants under above mentioned salt stress levels, no significant 

difference was observed at 0 mM NaCl while highest Na+ accumulation was observed 

for TWP6 followed closely by TWP3 and TWP4 with values of 9.74, 9.71 and 9.70 mg 

g-1 of dry weight respectively at 100 mM NaCl. TWP2 proved to be the highest Na+ ion 

accumulator with value of 14.30 followed closely (14.24 mg g-1) by TWP3 at 200 mM 

NaCl stress. Minimum Na+ accumulation (8.12 and 12.04 mg g-1) was observed for NT 

wheat plant at respective salt treatments. Other transgenic wheat plants also showed 

significantly higher Na+ ion accumulation as compared to NT wheat plant under both 

salinity levels (Figure 3-23, B). 

3.4.2 K+ Ion Accumulation under High Salinity 

Potassium concentration is a key factor to maintain ion homeostasis in case of salinity 

stress. All transgenic wheat (TW1, TW2, TW3, TW4) lines expressing pTOOL37-

HVP1 gene showed significantly higher accumulation of K+ ions under exposed salinity 

levels. Highest K+ ion concentration (78.30 mg g-1) was found for TW2 followed 

closely by TW3, TW1 and TW4 while least value of K+ (58.63 mg g-1) was observed 

for NT wheat plants at 100 mM NaCl salt stress. While at 200 mM NaCl salts tress, 

highest K+ ion concentration (58.64 mg g-1) was found for TW2 followed closely by 
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TW3, TW4 and TW1 while least value of K+ (44.73 mg g-1) was observed for NT wheat 

plants. Potassium concentration was found to be non-significant for pTOOL37-HVP1 

transgenic and NT lines at 0 mM NaCl concentration (Figure 3-24, A). 

Data regarding K+ accumulation in pMDC32-HVP1 transgenic lines exhibited 

statistically marked deviation as compared to non-transgenic wheat at 100 and 200 mM 

NaCl salt levels. At 100 mM NaCl level, highest K+ ion (75.70 mg g-1) was retained by 

TWP5 followed by TWP1 (73.88 mg g-1) and then TWP2 (72.90 mg g-1). Non-

transgenic plants showed minimum K+ ion value of 55.70 mg g-1 of DW at this stress 

level. TWP5 continued to show better performance even at 200 mM NaCl level with 

maximum K+ ion concentration of 65.79 mg g-1 compared to 47.73 mg g-1 for NT. 

Potassium ion accumulation for other transgenic wheat plants was found to be 63.88, 

62.90, 61.39, 61.35, 65.70 and 61.84 mg g-1 of DW for TWP1, TWP2, TWP3, TWP4, 

and TWP6 respectively (Figure 3-24, B). 

3.4.3 K+/Na+ Ratio of pTOOL37-HVP1 and pMDC32-HVP1 

Transgenic Wheat Plants under High Salinity 

A higher K+/Na+ of plants ensures their survival under salinity stress. All pTOOL37-

HVP1 transgenic wheat (TW1, TW2, TW3, TW4) lines subjected to salinity stress of 

100 and 200 mM NaCl showed enhanced K+/Na+ values when compared to NT plants. 

TW1 at 100 mM NaCl while TW4 at 200 mM NaCl was the best performing line with 

8.06 and 4.35 K+/Na+ value respectively while least (7.25 at 100 mM NaCl and 3.95 at 

200 mM NaCl) was observed for NT wheat plants. The K+/Na+ values for other three 

transgenic lines were also greater than NT wheat plants at these salinity levels. 

However, these differences were not significant as transgenic plants accumulated 

higher sodium ions as shown in Figure 3-23 (A).  In contrast at 0 mM NaCl, 

significantly higher K+/Na+ values for TW1, TW2, TW3 and NT was observed as 

compared to TW4 (Figure 3-25, A). These results indicated that pTOOL37-HVP1 

expression confers salt tolerance to pTOOL37-HVP1 transgenic wheat plants via ion 

homeostasis through enhanced Na+ and K+ accumulation capacity. 

As higher ratio of K+/Na+ is considered a significant indication for the 

performance of plants under salinity stress, therefore potassium to sodium ratio was 

also determined for pMDC32-HVP1 transgenic wheat plants and compared with non-

transgenic plants. There was no significant difference was observed in K+/Na+ ratio of 
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pMDC32-HVP1 transgenic and non-transgenic wheat plants at 0 mM NaCl level. 

However, a notable reduction in K+/Na+ was observed for NT as compared to transgenic 

wheat plants at 100 and 200 mM NaCl salt stress. The maximum K+/Na+ ratio of 7.88 

at 100 mM NaCl for TWP5 and 4.86 at 200 mM NaCl was observed for TWP6. Other 

transgenic wheat plants also exhibited better K+/Na+ at both salinity levels. In contrast 

NT was found to be the least K+ accumulator with K+/Na+ ratio of 6.86 and 3.97 at 100 

and 200 mM NaCl concentration (Figure 3-25, B). 

 

Figure 3-23 Sodium ion contents (mg g-1 of DW) of transgenic and non-

transgenic wheat lines at different NaCl treatments. 

A) pTOOL37-HVP1 transgenic and non-transgenic wheat line  

B) pMDC32-HVP1 transgenic and non-transgenic wheat plants 
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Figure 3-24 Potassium ion contents (mg g-1 of DW) of transgenic and non-

transgenic wheat lines at different NaCl treatments. 

A) pTOOL37-HVP1 transgenic and non-transgenic wheat line  

B) pMDC32-HVP1 transgenic and non-transgenic wheat plants 
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Figure 3-25 K+/ Na+ ion ratio of transgenic and non-transgenic wheat lines at 

different NaCl treatments. 

A) pTOOL37-HVP1 transgenic and non-transgenic wheat line  

B) pMDC32-HVP1 transgenic and non-transgenic wheat plants 
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3.4.4 Estimation of Proline Contents in pTOOL37-HVP1 and 

pMDC32-HVP1 Transgenic Wheat Plants 

Plants irrespective to transgenic or non-transgenic produce higher concentration of 

proline under salinity stress. A similar trend was observed when proline contents were 

measured for pTOOL37-HVP1 transgenic wheat plants at 100 and 200 mM NaCl. 

Highest proline in case of pTOOL37-HVP1 transgenic wheat lines was observed for 

TW2 at both salt concentration with values of 3.76 and 5.34 mg g-1 of DW. Proline 

concentrations for other transgenic lines were also significantly higher with values of 

3.68, 3.71 and 3.72 for TW1, TW3 and TW4 respectively at 100 mM NaCl. At 200 mM 

NaCl, these values were 4.78, 5.16 and 5.26 mg g-1 of DW for TW1, TW3 and TW4 

respectively as compared to 3.84 mg g-1 of DW for non-transgenic wheat plant. While 

at 0 mM NaCl, proline contents of NT were comparable to transgenic wheat lines and 

hence no significant difference was observed (Figure 3-26, A). On the other hand, 

pMDC32-HVP1 transgenic wheat plants were also showing higher proline wheat lines 

while there was no significant difference was observed at 100 mM NaCl concentration. 

Proline content (4.894 mg g-1 of DW) was found to be maximum for TWP3 at 100 mM 

NaCl followed by TWP5 with proline value of 4.791 mg g-1 of DW. Other transgenic 

wheat plants were also depicting significantly higher proline contents as compared to 

NT at 100 mM NaCl salt stress. At 200 mM NaCl, highest proline content (5.743 mg 

g-1 of DW) was estimated for TWP5 followed closely (5.727 mg g-1 of DW) by TWP3 

and then TWP2 with value of 5.687 mg g-1 of DW. TWP4, TWP6 and TWP1 showed 

proline content of 5.613, 5.523 and 4.913 mg g-1 of DW as compared to 3.947 mg g-1 

of DW for NT wheat plant at highest applied contents at 100 and 200 mM NaCl when 

statistically compared to non-transgenic salinity level (Figure 3-26, B). 
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Figure 3-26 Proline contents (mg g-1 of DW) of transgenic and non-transgenic 

wheat lines at different NaCl treatments. 

A) pTOOL37-HVP1 transgenic and non-transgenic wheat line  

B) pMDC32-HVP1 transgenic and non-transgenic wheat plants 
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3.5 Agronomic Traits Assessment of pTOOL37-HVP1 and 

pMDC32-HVP1 Transgenic Wheat Plants in Saline 

Field Conditions 

Transgenic T3 wheat plant expressing pTOOL37-HVP1 gene (TW1-TW4) and 

pMDC32-HVP1 (TWP1-TWP6) along with NT wheat plants were grown in a saline 

field (BSRS, Pakka Anna). All transgenic wheat plants expressing HVP1 gene under 

UBI1 and 2xCaMV35S promoter performed better in all agronomic parameters. Data 

was collected from three replications independently, averaged and compared 

statistically with non-transgenic at LSD, P<0·05.  

3.5.1 Germination Rate (%) 

Data regarding germination percentage of transgenic and non-transgenic lines was 

taken from pot treatments i.e. 0, 100, 200 mM NaCl and saline field conditions. There 

was no significant difference, when germination percentage of transgenic and NT wheat 

plants was compared at 0 mM NaCl treatment. However, transgenic wheat plants 

expressing HVP1 gene under UBI1 promoter showed almost double germination rate 

as compared to NT wheat plants when grown under 200 mM NaCl stress. Highest 

germination was recorded in TW2 with germination percentage of 91.3% followed by 

89% in TW4 while NT wheat showed only 48.7 percent germination. Transgenic wheat 

TW1 and TW3 showed 80.7 and 83.3 percent germination respectively. These 

transgenic wheat lines also showed significantly higher germination rate at 100 mM 

NaCl and saline field conditions as compared to NT (Figure 3-27, A). 

Similarly, pMDC33-HVP1 transgenic wheat plants outperformed the NT wheat 

in germination rate under saline field conditions in pots and field. NT plants showed 

severe retardation in germination rate under salinity stress with value of 65.3, 51.3 and 

50% at 100, 200 mM NaCl and saline field conditions respectively. Transgenic wheat 

plants due to expression of HVP1 gene under constitutive expression of 2xCaMV35S 

promoter showed much better germination rate under all salt stress treatments. 

However, transgenic and NT wheat plants grown at 0 mM NaCl did not show any 

significant differences (Figure 3-27, B). 
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3.5.2 Comparison of Plant Height (cm) 

Comparison of plant height among transgenic and non-transgenic wheat lines was 

carried out at 0, 100, 200 mM NaCl and in saline field conditions. No significant 

difference regarding plant height among pTOOL37-HVP1, pMDC32-HVP1 transgenic 

and NT wheat was observed at 0 mM NaCl treatment. Data regarding plant height for 

pTOOL37-HVP1 transgenic wheat depicted an approximately 27, 31 and 25% increase 

in TW2 as compared to NT wheat plants at 100, 200 mM NaCl and in saline field 

conditions respectively. In the same way, TW1, TW3 and TW4 also exhibited 

significantly higher plant height at all salinity stress levels when compared to NT 

(Figure 3-28, A).  

All pMDC32-HVP1 TWPs showed a noteworthy increase in plant height 

compared to NT wheat plants. Particularly TWP3 showed an increase in plant height of 

about 26% and 22% at 100 mM NaCl and saline field conditions respectively while 

TWP2 showed an increase in plant height of about 27% compared to NT wheat plants 

at 200 mM NaCl salt stress. Plant height values for TWP1, TWP4, TWP5 and TWP6, 

were also found significantly higher at 200 mM NaCl treatment as compared to NT 

wheat plants (Figure 3-28, B). 
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Figure 3-27 Germination rate (%) of transgenic and non-transgenic wheat lines 

at different treatments. 

A) TW1-TW4 are pTOOL37-HVP1 transgenic and NT is non-transgenic wheat line 

B) TWP1-TWP6 are pMDC32-HVP1 transgenic and NT is non-transgenic wheat plant 
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Figure 3-28 Plant height (cm) of transgenic and non-transgenic wheat lines at 

different treatments. 

A) TW1-TW4 are pTOOL37-HVP1 transgenic and NT is non-transgenic wheat line  

B) TWP1-TWP6 are pMDC32-HVP1 transgenic and NT is non-transgenic wheat plant 
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3.5.3 Spike Length (cm) 

Spike length is a crucial agronomic parameter that is directly related to number of seeds 

in spike and consequently overall grain yield of wheat crop. Salinity stress hampered 

the spike length of transgenic and non-transgenic wheat plants. However, spike length 

of all transgenic wheat (TW1, TW2, TW3, TW4) lines having pTOOL37-HVP1 gene 

was significantly higher as compared to NT wheat lines. Maximum spike length was 

observed in TW2 and TW4 with spike length of 7.3 cm in both followed by 7.1 and 7.0 

in TW1 and TW3 respectively. NT showed minimum spike length of 6.4 cm (Figure 3-

29, A). 

All pMDC32-HVP1 TWPs showed a substantial increase in spike length 

compared to NT wheat plants. Maximum spike length (6.9) was found to be in TWP3 

followed closely by TWP2, TWP4 and TWP5 with same values of 6.8 cm. TW6 showed 

spike length of 6.7 cm while minimum spike length (5.7 cm) was recorded for NT wheat 

plants (Figure 3-29, B). 

3.5.4 Number of Spikelet per Spike 

Number of spikelet per spike which is dependent upon spike length is also an vital 

parameter for determining overall grain yield of wheat crop. Analysis of variance 

indicated that there was noteworthy alteration in no. of spikelet per spike of pTOOL37-

HVP1 transgenic wheat (TW1, TW2, TW3, TW4) lines and non-transgenic wheat (NT). 

A relative increase of 28-32% in case of number of spikelet per spike for transgenic 

wheat lines was observed as compared to NT wheat. Record of maximum number of 

spikelet per spike (36.7) was again shared among TW2 and TW4. TW3 stood 2nd in this 

regard with 36 spikelet per spike followed closely by TW1 with 35.7 spikelet per spike. 

NT wheat was again at the bottom of the list with 27.7 spikelet per spike (Figure 3-30, 

A). 

As pMDC32-HVP1 transgenic wheat performed much better in section 3.5.3, 

so it was expected that these will perform better with respect to number of spikelet. 

Non-transgenic wheat plants due to reduced spike length showed minimum number of 

spikelet per spike (27) while TWP3 showed maximum number of spikelet per spike 

(38.3). Other transgenic wheat plants exhibited 35.3, 36.3, 37.7, 37.3 and 36 number of 

spikelet per spike for TWP1, TWP2, TWP4, TWP5 and TWP6 respectively (Figure 3-

30, B). 
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3.5.5 Grain Weight (g) 

Overall grain yield of wheat crop is severely affected if grains remain small sized and 

under weighed. Therefore, 1000 grain weight is an important factor in case of 

determining the yield of wheat crop. Salinity stress did impose detrimental effects on 

grain weight when sown in saline field conditions however, these were more prominent 

in non-transgenic (NT) wheat as compared to pTOOL37-HVP1 transgenic wheat lines. 

About 20% increase in 1000 grain weight was observed in TW2 and TW4 as compared 

to NT. On the other hand, TW3 and TW1 were also not far behind with 39.8 and 39.6 

g while NT showed only 33.49 g 1000 grain weight (Figure 3-31, A). 

Thousand grain weight for all pMDC32-HVP1 transgenic wheat lines was found 

to be statistically much higher as compared to NT wheat plant under saline field 

conditions. TWP5 was found to be best performing transgenic line with 39.2 g of 1000 

grain weight. Other transgenic wheat lines showed 37.4 g, 38 g, 38.6 g, 38.1 g and 37.8 

g, 1000 grain weight for TWP1, TWP2, TWP3, TWP4, and TWP6 respectively. NT 

line showed a drastic decrease in grin weight with a value of 25.6g only (Figure 3-32, 

B). 

3.5.6 Grain Yield (ton ha-1) 

The pattern of agronomic parameters in section 3.5.1, 3.5.2, 3.5.3, 3.5.4, 3.5.5 were 

quite predictive that pTOOL37-HVP1 transgenic wheat lines will outperform non-

transgenic (NT) wheat which was the case. TW2 leading in all the above-mentioned 

agronomic parameters also performed best in case of overall grain yield under saline 

field conditions with grain yield of 2.69-ton ha-1. The grain yield for other TW lines 

were also significantly higher than NT with values of 2.68, 2.68 and 2.65-ton ha-1 for 

TW1, TW4 and TW3 respectively as compared to 2.40-ton ha-1 for NT wheat (Figure 

3-33, A). 

Better agronomic performance of pMDC32-HVP1 transgenic wheat lines in all 

above mentioned important agronomic parameters was also depicted in overall grain 

yield. TWP5 was found to be the best in this all-important parameter with grain yield 

of 2.730-ton ha-1 closely followed by other transgenic wheat lines showing grain yield 

of 2.700, 2.717, 2.697, 2.713 and 2.663-ton ha-1 for TWP1, TWP2, TWP3, TWP4 and 

TWP6 respectively. Minimum grain yield was found in NT wheat with value of 2.397-
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ton ha-1 showing the susceptibility of NT wheat towards detrimental effects of saline 

field conditions (Figure 3-34, B). 

3.5.7 Harvest index (%) 

Harvest index is an important agronomic parameter that takes into account the 

biological as well as economic yield of crop. After recording higher rate of 

photosynthesis that leads to more growth of plants and higher grain yield, pTOOL37-

HVP1 transgenic wheat lines were expected to have greater harvest index as compared 

to non-transgenic wheat lines. The values for harvest index were appreciably higher in 

transgenic wheat lines (TW1, TW2, TW3, TW4) with highest (38%) for TW2. Harvest 

index for TW1, TW3, TW4 were also not far behind and laid at 36.6%, 37.3% and 

37.4% respectively as compared to only 32.8% for NT wheat (Figure 3-35, A). So, a 

maximum increase of about 15% was observed in case of TW2 compared to NT. These 

results emphasized the fact that transgenic plants expressing pTOOL37-HVP1 gene 

showed better agronomic performance under saline stress through better ion 

homeostasis resulting in reduction of stress induced injury. 

Harvest index for all pMDC32-HVP1 transgenic wheat lines was found to be 

statistically much higher as compared to NT wheat plant under saline field conditions. 

About 35% increase in harvest index of TWP3 and TWP5 plants compared to NT wheat 

plants in field conditions was observed depicting the effective role of HVP1 gene under 

salinity stress. Maximum value (42.4%) of harvest index was observed for TWP5 

followed closely by TWP3 (42%), TWP4 (42%), TWP6 (41.7%), TWP2 (40.9%) and 

TWP1 (39.5%) while minimum harvest index was found for NT with value of 31.5% 

(Figure 3-35, B). 
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Figure 3-29 Spike length (cm) of transgenic and non-transgenic wheat lines at 

different treatments. 

A) TW1-TW4 are pTOOL37-HVP1 transgenic and NT is non-transgenic wheat line  

B) TWP1-TWP6 are pMDC32-HVP1 transgenic and NT is non-transgenic wheat 

plant 
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Figure 3-30 Number of spikelet per spike of transgenic and non-transgenic wheat 

lines at different treatments. 

A) TW1-TW4 are pTOOL37-HVP1 transgenic and NT is non-transgenic wheat line  

B) TWP1-TWP6 are pMDC32-HVP1 transgenic and NT is non-transgenic wheat 

plant 
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Figure 3-31 Grain weight (g) of transgenic and non-transgenic wheat lines at 

different treatments. 

A) TW1-TW4 are pTOOL37-HVP1 transgenic and NT is non-transgenic wheat line  

B) TWP1-TWP6 are pMDC32-HVP1 transgenic and NT is non-transgenic wheat plant 
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Figure 3-32 Grain yield (ton ha-1) of transgenic and non-transgenic wheat lines at 

different treatments. 

A) TW1-TW4 are pTOOL37-HVP1 transgenic and NT is non-transgenic wheat line  

B) TWP1-TWP6 are pMDC32-HVP1 transgenic and NT is non-transgenic wheat plant 
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Figure 3-33 Harvest Index (%) of transgenic and non-transgenic wheat lines at 

different treatments. 

A) TW1-TW4 are pTOOL37-HVP1 transgenic and NT is non-transgenic wheat line  

B) TWP1-TWP6 are pMDC32-HVP1 transgenic and NT is non-transgenic wheat plant 
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3.6 Comparison of pTOOL37-UBI-HVP1 and pMDC32-

2xCaMV35S-HVP1 Transgenic Wheat Lines for 

Promoter Study 

The performance of transgenic HVP1 lines generated by using pTOOL37-UBI1HVP1 

and pMDC32-2xCaMV35SHVP1 performed much better in all important physiological, 

biochemical and agronomic attributes. To study performance of two promoters (maize 

ubiquitin (UBI1) and 2xCaMV35S promoter), best pTOOL37-HVP1 and pMDC32-

HVP1 transgenic lines were selected. Among pTOOL37-HVP1 transgenic wheat lines 

TW2 while TWP5 were selected from pMDC32-HVP1 transgenic events. As the 

difference in plant growth attributes at 0 mM NaCl was not significant between 

transgenic and NT wheat lines, therefore, these lines were analyzed and compared 

statistically (LSD, P<0·05) at only 100 and 200 mM NaCl levels. No significant 

difference in electrolyte leakage was observed between TWP5 and TW2 at both salinity 

levels (Figure 3-34, A). Similar trend was observed in osmotic potential at 200 mM 

NaCl level but at 100 mM NaCl, osmotic potential in TW2 was significantly lower as 

compared to TWP5 (Figure 3-34, B). Significant difference in membrane stability index 

between TWP5 and TW2 was observed (Figure 3-34, C). Values regarding stomatal 

conductance and water use efficiency depicted no significant difference between TWP5 

and TW2 at both salinity levels (Figure 3-35, A, D). Difference in transpiration rate was 

ambiguous as TW2 at 100 mM NaCl while TWP5 at 200 mM NaCl showed enhanced 

transpiration rate (Figure 3-35, B). Photosynthesis rate of TWP5 was significantly 

higher than TW2 at 100 mM NaCl while at 200 mM NaCl, no significant difference 

was found (Figure 3-35, C). These two transgenic events exhibited no significant 

difference in major biochemical parameters as concentration of Na+ and K+ ions. At 

100 mM NaCl, K+/Na+ ratio was higher in TW2 as compared to TWP5 while reverse 

trend was observed at 200 mM NaCl (Figure 3-36). As far as proline contents are 

concerned, TWP5 performed better than TW2 (Figure 3-36). Data regarding all 

measured agronomic parameters was also compared statistically for TWP5 and TW2 to 

reveal the impact of promoter if any on these transgenic events. Spike length and 

number of spikelets were found to be significantly higher in TW2 when compared to 

TWP5 (Figure 3-37, A, B). Data about grain weight and harvest index depicted that 

TWP5 performed better as compared to TW2 (Figure 3-38, A, B). Despite of the 

variation in different physiological, biochemical and agronomic parameters of TWP5 
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and TW2, these lines were not significantly different in the most important parameter 

of grain yield (Figure 3-39). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-34 Comparison of pMDC32-2xCaMV35S-HVP1 (TWP5) and 

pTOOL37-UBI1-HVP1 (TW2). 

A) Electrolyte leakage (g min -1) B) Osmotic potential (Osmol kg-1) C) Membrane 

stability index (%) 
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Figure 3-35 Comparison of physiological performance of pMDC32-2xCaMV35S-

HVP1 (TWP5) and pTOOL37-UBI1-HVP1 (TW2). 

A) Stomatal conductance (mmol m-2 s-1) B) Transpiration rate (mmol m-2 s-1) C) 

Photosynthesis (µmol m-2 s-1) D) Water use efficiency (WUE) (µmol m-2 s-1) 
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Figure 3-36 Biochemical (Na+, K+, K+/Na+ and Proline contents) comparison of 

pMDC32-2xCaMV35S-HVP1 (TWP5) and pTOOL37-UBI1-HVP1 (TW2). 

Figure 3-37 Spike length and number of spikelet comparison between pMDC32-

2xCaMV35S-HVP1 (TWP5) and pTOOL37-UBI1-HVP1 (TW2). 

A) Spike length (cm) B) No. of spikelet 
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Figure 3-38 Grain weight and grain yield comparison of pMDC32-2xCaMV35S-

HVP1 (TWP5) and pTOOL37-UBI1-HVP1 (TW2). 

A) Grain weight (g) B) Grain yield (ton ha-1) 
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Figure 3-39 Harvest index (%) comparison of pMDC32-2xCaMV35S-HVP1 

(TWP5) and pTOOL37-UBI1-HVP1 (TW2)
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4 Discussion 

Among major environmental stresses, soil salinity is one of the most crucial constraint 

contributing major reductions in cultivated land area and hence crop productivity [15, 

16]. On global scale, more than 800 million hectares of land is considered to be salt 

affected, which comprises more than 6% of the total land area [191]. Soil salinity 

reduces agricultural productivity and emphasizes the need for salt-tolerant crops to 

contribute towards sustainable food production. Use of stress tolerance enhancing 

genes from distinct genetic backgrounds into major crops has been proved beneficial. 

Engineering salt tolerance enhancing genes from variable genetic resources into 

agricultural crops is believed to present bright prospects for future development [147]. 

Different salt responsive genes from various genetic resources have been employed to 

confer salinity tolerance in different crops. For example, Brini et al. [192] used Na+/H+ 

antiporter TNHX1 of wheat to confer salinity tolerance in Arabidopsis. Recently, AtFC1 

has been shown to impart salinity tolerance in A. thaliana [193].  

Similarly, vacuolar pyrophosphatase gene from different genetic resources 

have been well reported for its role in conferring salinity tolerance in different crops. 

Transgenic cotton expressing AVP1 gene showed significantly higher tolerance to salt 

stress [147]. In the same way, overexpression of vacuolar pyrophosphatase gene from 

wheat confers salinity tolerance in tobacco [194], TVP1 improves salt stress tolerance 

in A. thaliana [192], expression of AVP1 resulted in improved shoot biomass in barley 

when evaluated in saline field conditions [148] and recently co-expression of AVP1 and 

OsSIZ1 in A. thaliana has been shown to render tolerance against salinity stress [195].  

To check whether use of vacuolar pyrophosphatase gene improves the salt 

stress tolerance in wheat under saline field conditions, transgenic wheat plants 

expressing vacuolar pyrophosphatase gene were generated. As barley is considered a 

salt tolerant crop with threshold salinity level of 8 ds m-1 [196], vacuolar 

pyrophosphatase gene was isolated from barley and transformed into wheat through A. 

tumefaciens method. The vacuolar pyrophosphatase gene family in barley encodes 

three different genes i.e. HVP1, HVP3 and HVP10 [197]. Of these genes, the HVP1 
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gene encodes two sites in its amino acid sequence that are related to salt tolerance. One 

of these sites is DVGADLVGKVE that is a putative H+-PPase catalytic site and the 

other is the EYYTS motif that is involved in H+ - pumping [151]. Considering the role 

of the vacuolar pyrophosphatase (HVP1) gene of barley in salinity tolerance [89, 197-

199], it was planned to transform HVP1 in local wheat cultivar Ujala-2016. For this, 

two different strategies were employed. First, HVP1 was cloned in pTOOL37 vector 

under maize ubiquitin promoter (UBI1) which significantly enhances gene expression 

[189]. Second, HVP1 gene isolated from barley was cloned into the pMDC32 vector 

under a constitutive 2xCaMV35S promoter. The Cauliflower Mosaic Virus CaMV35S 

promoter can increase gene expression many folds [190] and hence one of the most 

widely used promoter. 

Successful cloning of HVP1 gene in pTOOL37 and pMDC32 vectors was 

confirmed through restriction digestion analysis by using enzymes. As shown in Figure 

3-5, restriction digestion gave two fragments in each construct that adds up to the final 

size of whole vector. In case of pTOOL37-HVP1, one fragment of 2.8 kb gene while 

second fragment of 9.8 kb vector backbone were liberated. On the other hand, 

restriction digestion of pMDC32-HVP1 construct with Kpn1 and Spe1 enzymes also 

liberated two fragments of 2.3 kb and 9.7 kb. Successful transformation of both 

constructs in A. tumefacien (AGL1strain) was confirmed through PCR (polymerase 

chain reaction) by using two different sets of primers mentioned in table 2.1. 

Amplification of marker and desired gene in PCR product of both constructs by using 

both sets of primers was achieved as shown in Figure 3-6 & 3-7. PCR confirmation of 

HVP1 transformed Agrobacterium with both constructs validated the presence of HVP1 

gene in Agrobacterium, and it was employed for inoculating the immature embryos. 

Inoculation of immature embryos was performed with transformed Agrobacterium 

culture; callus was subsequently sub-cultured until regeneration and initiation of roots 

was achieved. Table 3-1 indicates that out of 1000 embryos inoculated with transformed 

Agrobacterium, 650 and 680 calli for pTOOL37-HVP1 and pMDC32-HVP1 

respectively were found to be embryogenic. Rest of the embryos were wasted probably 

as a result of mechanical damage to embryos during their excision, hardening of callus 

or poor ability to withstand the inoculation of Agrobacterium and poor regeneration 

ability. 
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For preliminary screening of putative transgenic plants, antibiotic screening is 

usually employed [200]. Putative transgenic wheat lines were validated through 

hygromycin selection. Putative transgenic plants survived on hygromycin containing 

pTOOL37-HVP1 and pMDC32-HVP1 gene owing to the presence of the hygromycin 

resistance gene, whereas non-transgenic plants used as negative control could not 

survive on antibiotic selection medium due to absence of antibiotic resistance gene. In 

case of pTOOL37-HVP1 putative transgenic plants, about 100 plantlets originated on 

first cycle of antibiotic treatment while among these only 14 survived the second cycle 

of antibiotic treatment. Similar results were obtained in case of pMDC32-HVP1 

transgenic plantlets where, among 90 putative pMDC32-HVP1 transgenic plantlets that 

thrived the first cycle of antibiotic treatment, only 18 were able to withstand the second 

cycle of antibiotic treatment (Table 3-1).  

Once screened through antibiotic selection, transgenic plants are usually 

subjected to polymerase chain reaction (PCR) for further validation [200]. Therefore, 

14 pTOOL37-HVP1 putative transgenic plans that survived on antibiotic treatment 

were subjected to PCR analysis, desired fragments were detected in them, while no 

amplification was detected in non-transgenic plants. The PCR analysis of these putative 

transgenic plants again carried out at T1 generation. Seeds of PCR positive plants were 

collected separately and sown in next generation. At T2 generation again PCR was done 

to confirm transformation of transgenic lines. Four plants were found to be PCR 

positive and similar to their parents hence selected for further studies (Figure 3-12, A, 

B) Similarly, amplification of 635 bp band in 18, pMDC32-HVP1 transgenic wheat 

plants was achieved at TO, T1 and T2 generation through PCR (Figure 3-12, B).  

Non-specific amplification in genomic PCR is the major constraint for the 

validation of transgenic plants [201]. Therefore, gene expression analysis is usually 

performed through reverse transcription PCR (RT-PCR) [148]. This technique proved 

very useful for eliminating the false PCR positive pTOOL37-HVP1 and pMDC32-

HVP1 transgenic plants. As shown in Figure 3-14 only 4, pTOOL37-HVP1 and 6, 

pMDC32-HVP1 PCR positive wheat plants were expressing transgene at 

transcriptional level. Further, molecular validation of transgenic plants was carried out 

through Southern blotting. This method although quite laborious but usually employed 

to accurately find the copy number of transgene [202]. With the help of this method not 

only insertion of transgene was confirmed in 4, pTOOL37-HVP1 and 6, pMDC32-
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HVP1 transgenic wheat plants but the copy number of inserted gene was also 

determined. Figure 3-14 clearly indicates the single copy inserted in TW2 and TW4 

transgenic plants. This result was in agreement with previous reports in which A. 

tumefaciens mediated plant transformation method was usually associated with low 

copy number of the transgene [203, 204]. So, 2 out of 4 pTOOL37-HVP1 and 5 out of 

6 pMDC32-HVP1 transgenic plants were found to be single copy number transgenic 

events. Overall transformation efficiency of 1.4% in pTOOL37-HVP1 and 1.8% in case 

of in pMDC32-HVP1 transgenic plants was observed. This Agrobacterium mediated 

transformation efficiency of wheat was though quite low as compared to previously 

published reports [205, 206] however, strain of Agrobacterium, difference in wheat 

genotype and composition of medium could be the potential reasons. 

The pTOOL37-HVP1 and pMDC32-HVP1 transgenic wheat plants were 

analyzed through rigorous hygromycin selection assay by leaf paint and dip method. 

This method was successfully employed previously for the testing of transgenic plants 

[180]. As shown in Figure 3-10 transgenic wheat plants showed clear resistance to 

antibiotic selection in both methods due to the presence of antibiotic resistance gene. 

Once transgenic wheat plants confirmed through antibiotic selection assay, they were 

analyzed phenotypically by applying salt stress. Higher accumulation of Na+ ions 

results in impairment of various cellular processes such as inhabitation of K+ 

absorption. Various reports on mechanism of salinity stress emphasizes the fact that 

retaining elevated ratio of K+ /Na+ in leaves and removal of Na+ from xylem in dicots 

and major monocot crops such as wheat is basic strategy in mitigating the deleterious 

effects of salinity [83]. To investigate the effect of Na+ ions on overall growth of wheat 

plants, pTOOL37-HVP1 and pMDC32-HVP1 transgenic wheat plants were grown at 

elevated levels of salt along-with non-transgenic control, Transgenic wheat lines were 

found phenotypically better as compared to non-transgenic wheat plants. At 100 mM 

NaCl, the phenotypic difference between transgenic and NT wheat plants was low that 

became quite obvious at 200 mM NaCl Figure 3-15. These morphological difference 

were expected in the light of previous reports, where high levels of salinity stress 

resulted in poor morphology due to damaging effects of Na+ ions in the plants [194, 

207]. The molecular mechanism in the vacuole zone underlying Na+ neutralization in 

case of salt stress is a complicated process [146], accumulation of Na+ in other parts of 
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the cell instead of the vacuole can prove detrimental for the plant, including a 

disturbance in ionic homeostasis [208].  

Plants suffer severe ultrastructural changes at cellular level when exposed to 

salinity stress [209]. Mitochondrial and thylakoid membranes are very sensitive and 

prone to damage and disruption when exposed to osmotic and ionic stress [210] leading 

to ion toxicity, leakage of electrolytes and osmotic imbalance. Plants promptly respond 

to salt stress by leaking more electrolytes and hence it is a widely used criteria to judge 

the salt tolerance [211]. Infect, leakage of electrolytes is the most immediate response 

of plants to applied salt stress [212]. Figure 3-16 depicted transgenic pTOOL37-HVP1 

and pMDC32-HVP1 and non-transgenic wheat plants showed variation in electrolyte 

leakage when encountered different salt stress treatments. Negligible leakage of 

electrolytes was observed at 0 mM NaCl among all studied plants that gradually rose 

with increasing concentration of salts. Electrolyte leakage is mainly associated with K+ 

ion concentration in cell and plants showing susceptibility to salt stress show greater 

electrolyte leakage leading to efflux of K+ ion from plants [211, 213]. These findings 

provided logical bases to low K+ ion concentration in NT plants and greater 

concentration in TWPs at elevated levels of salt stress Figure 3-24. Osmotic stress and 

ion toxicity both affect negatively plant growth [37]. Salinity poses its negative effect 

either by the buildup up of some ions at harmful level or by altering the nutrient content 

of the potentially beneficial ions for the optimum growth of plants [38]. Uptake of ions 

like Na+ and Cl- in leaves at elevated concentration causes ion toxicity [39] and 

ultimately can damage plant growth. 

Difference in electrolyte leakage pattern among TWPs and NT can also explain 

the variation in membrane stability index (MSI) as cell membrane integrity is the main 

contributing factor towards abiotic stress tolerance in plants [214]. The higher MSI 

value of TWPs relative to NT also confirmed the role of HVP1 in conferring salinity 

tolerance. Whereas, highest electrolyte leakage due to least membrane stability index 

in NT plants upon exposure to salt stress could be the potential reason of poor salt 

tolerance in them due to their exposure to increased ROS (reactive oxygen species) 

leading to cell death [211]. 

An efficient osmotic adjustment through reduced osmotic potential can confer 

salinity tolerance in plants. Increased salt concentration in ambient environment 
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interferes with normal function of membrane leading to osmotic imbalance ultimately 

resulting in  poor coping of plants to salt stress [215]. Data exhibited increased levels 

of osmotic potential in non-transgenic plants Figure 3-17 which probably led to their 

poor physiological and agronomic performance against salt stress. As reverse trend was 

observed in osmotic potential of pTOOL37-HVP1 and pMDC32-HVP1 transgenic 

wheat plants, so it implies the fact that better osmotic adjustment is the prerequisite in 

conferring salinity stress. These results are well supported by previous reports whereas 

plants exhibiting tolerance to salt stress have been shown to incorporate the solutes at 

optimum level [216]. 

Osmotic stress causes severe retardation in physiological performance of plants. 

Salt stress affects stomatal conductance through reduction in turgor pressure of guard 

cells [217] that ultimately leads to reduction in photosynthetic rate of non-transgenic 

wheat. Data regarding stomatal conductance and photosynthesis depicted better 

performance of TWPs as compared to NT wheat plants. Although with increasing salt 

concentration, decline in stomatal conductance and rate of photosynthesis was observed 

in all studied plants however, this reduction was significantly higher in NT as compared 

to TWPs (Figure 3-19). These results were in agreement to the previously published 

reports on cereals where usually reduction in photosynthesis and stomatal conductance 

was observed under salt stress conditions [45, 218]. Plants in response to osmotic stress 

use vacuolar H+-pyrophosphatase (H+-PPase) as one of the major pump for protons 

[138]. Among three classes of PPases, only H+-PPase has the capacity to transport the 

protons across membranes [137]. Therefore, the presence of HVP1 gene could be the 

probable reason of higher photosynthesis in TWPs as compared to NT plants as it 

enables the plant to ameliorate the harmful aspects of Na+ ions through better ion 

homeostasis in them. Moreover, salt stress reduces the transpiration rate at critical 

stages of salt sensitive cultivars [219] therefore, higher stomatal conductance and 

transpiration rate in transgenic wheat plants could be the reason of their better 

performance in salt stress conditions as compared to NT wheat plants. As water use 

efficiency (WUE) is described as the ratio of photosynthesis and transpiration rate [220] 

therefore, higher photosynthesis in TWPs lead to higher WUE as compared to NT 

plants and vice versa (Figure 3-22). Previously, similar findings were reported in wheat 

where increased photosynthesis resulted in higher WUE under salt stress [221]. 

Osmotic adjustment through induction of osmolytes such as proline is considered an 
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important strategy of plants to cope abiotic stress [222]. Proline contents of TWPs 

having stable integration of HVP1 gene were found significantly higher (Figure 3-26) 

which could have render them better adapted to saline stress as compared to NT plants. 

This was expected in the lights of previous published reports where higher proline 

contents were observed in tomato, rice and wheat cultivars upon exposure to salt stress 

[223-225]. 

Transgenic wheat plants (TWPs) under salt stress showed greater Na+ 

concentration in cellular tissues when compared to non-transgenic plants (Figure 3-23). 

A general increase in sodium contents was observed for all TWPs and NT plants with 

rise in salt stress. However, pTOOL37-HVP1 transgenic line TW2 showed approximate 

increase of 36 and 23% at 100 and 200 mM NaCl concentration compared to NT plant. 

On the other hand, all transgenic pMDC32-HVP1 wheat plants also exhibited 

significantly higher sodium accumulation than NT plant. Elevated levels of Na+ in leaf 

tissues is potentially harmful if retained in cytosol, but plants can mitigate its 

detrimental effects by promoting its transport to vacuole. Perhaps, this was the possible 

reason that enabled the transgenic wheat plants to perform better under salt stress as 

HVP1 squeeze Na+ ions into vacuoles to ameliorate its toxic effects as compared to 

non-transgenic plants. Previously, higher accumulation of Na+ in transgenic rice 

expressing AVP1 [226] and in A. thaliana expressing TVP1 has been reported [192]. 

These findings laid emphasize on the fact that vacuolar pyrophosphatase gene present 

on tonoplast acts as an electro-chemical pump that promotes the uptake of Na+ in the 

vacuole. 

Increased pyrophosphatase activity during germination removes cytosolic 

pyrophosphate, thus promoting gluconeogenesis and potentially improving seedling 

vigor. This increase in seedling vigor may improve their ability to grow on saline soils. 

In current study, TWPs showed higher germination rate and plant height when 

compared to NT plants. Transcript level of HVP1 gene increases in roots under salt 

stress [89] promoting pyrophosphatase activity and hence the ability of the plants to 

survive under high salt conditions. In wheat, transcript level of vacuolar pyrophosphate 

in roots increases only mildly and with the no increase in leaves at all [151] which 

ultimately results in its failure to cope with salt stress. 
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In this study, HVP1 transgenic wheat subjected to salinity stress in green house 

and saline field conditions performed better in agronomic attributes as compared to NT 

wheat plants. The better performance of transgenic wheat plants in pot experiment 

complimented the results of field study presented in this study. Higher rate of 

germination in transgenic wheat plants expressing HVP1 as compared to NT wheat 

plants laid the foundation for better yield attributes (Figure 3-27). Highest germination 

rate was observed in TW2 in case of pTOOL37-HVP1 and TWP5 in case of pMDC32-

HVP1 followed closely by other three transgenic wheat lines however, NT wheat plants 

with germination rate of only about 50% could not germinate well under salt stress. The 

better germination potential of transgenic plants expressing HVP1 gene under maize 

ubiquitin promoter (UBI1) and 2xCaMV35S is attributed to its role as proton pump that 

provides force required to prevent K+ loss and Na+ exclusion through enhanced SOS1 

activity [227].  

Evaluation of the agronomic traits of TWPs and WT wheat plants sown in saline 

pots and at Bio-Saline Research Station (Pakka Anna) revealed the significance of the 

HVP1 gene expression and efficacy under salt stress. On average, TWPs, in all aspects 

of agronomic performance, exhibited an edge over NT wheat plants through the 

expression of the vacuolar pyrophosphatase gene enhanced potential gradient for 

proton across the membrane and facilitates Na+/H+ antiporter activity, which elevates 

the rate of Na+ sequestration in the vacuole [145], and hence mediates in conferring salt 

stress tolerance [146, 147, 228]. The presence of the HVP1 gene in TWPs resulted in 

enhanced growth under salinity stress due to the enhanced uptake of water [149]. In this 

study, pTOOL37-HVP1 and pMDC32-HVP1 TWPs showed higher germination and 

plant height. Increased pyrophosphatase activity during germination removes cytosolic 

pyrophosphate, thus promoting gluconeogenesis and potentially improving seedling 

vigor. This increase in seedling vigor may improve their ability to grow on saline soils. 

Transcript level of HVP1 gene increases in roots under salt stress [89] promoting 

pyrophosphatase activity and hence the plants survive better under salt stress 

conditions. In wheat, transcript level of vacuolar pyrophosphate in roots increases only 

mildly and with the no increase in leaves at all compared to HVP1 gene in barley [151] 

which ultimately results in its failure to manage salt stress. This could have been the 

potential reason of significantly higher spike length and number of spikelet in TWPs as 

compared to NT wheat. 
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The better performance of transgenic plants in above mentioned parameters laid 

the foundation for the improvement in other yield attributes like 1000 grain weight, 

grain yield and harvest index. The previous reports also augmented the fact that 

vacuolar pyrophosphatase activity enhances production through better agronomic 

attributes in cotton and rice [147, 226]. The difference in growth attributes between 

TWPs and NT plants is likely the outcome of the difference in their photosynthesis. 

Transgenic plants expressing HVP1 gene maintained higher photosynthesis rate than 

NT under 100, 200 mM NaCl and saline field stress which explains the difference in 

yield and harvest index. Efficient sequestration of Na+ in vacuole could be the likely 

reason for enhanced photosynthesis in transgenic plants expressing HVP1 gene. Salt 

stress affects stomatal conductance through reduction in turgor pressure of guard cells 

[217] that ultimately leads to reduction in photosynthetic rate of NT wheat. This 

difference in photosynthesis was the potential reason of higher grain yield in transgenic 

wheat plants as compared to non-transgenic wheat [229]. These results were consistent 

with previous reports in which vacuolar pyrophosphatase gene rendered better 

performance in plants under salt stress. Rice plants expressing AVP1 gene grown under 

paddy field conditions have shown greater biomass production and grain yield [226]. 

Transgenic barley expressing AVP1 gene resulted in higher biomass production [148]. 

The better performance of transgenic plants in physiological and agronomic traits as 

compared to NT could be attributed to the expression of HVP1 gene in them. 

Additionally, Fukuda, et al. [89] reported increased transcript levels of HVP1 under salt 

stress that enhances pyrophosphatase activity and hence confer salinity tolerance in 

plans. Failure of NT to withstand salt stress could be best explained by taking into 

account the lack of vacuolar pyrophosphatase gene under salt stress in roots and leaves 

[151]. 

These results confirmed the activity of HVP1 as an efficient cation pump that 

can acidify vacuoles in plants to promote the active transport of toxic salt in vacuoles 

which decreases the vacuolar membrane potential and confers the enhanced salinity 

resistance in HVP1 transgenic plants by limiting water loss under saline conditions 

[147, 208]. In addition to investigating the role of HVP1 gene in conferring salinity 

tolerance to locally adapted wheat cultivar, the effect of promoter in transgenic plants 

was also investigated.  
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Of various factors on which successful genetic engineering of crops depends, 

one is the choice of promoter. Two promoters (2xCaMV35S, UBI1) employed in the 

study were compared for recommendations in genetic engineering of the wheat. For 

this, the best performing lines of pTOOL37-HVP1 (TW2) and pMDC32-HVP1 (TWP5) 

lines were selected and compared statistically. Transgenic pTOOL37- HVP1 wheat 

lines under UBI1 promoter exhibited higher transpiration rate, spike length and no. of 

spikelet per spike. On the other hand, pMDC32- HVP1 transgenic wheat lines under 

2xCaMV35S promoter showed higher grain weight and harvest index. A respective 

increase of 12% in grain yield of transgenic pTOOL37-HVP1 under UBI1 promoter 

and 14% in pMDC32-HVP1 transgenic wheat lines under 2xCaMV35S was observed. 

Constitutive maize Ubiquitin (UBI1) and 2xCaMV35S promoters rendered almost same 

performance to HVP1 gene, however, due to plant origin UBI1 promoter could be better 

choice in transgenic research. 

As, soil salinity has become a worldwide problem because more than 1030.1 M 

ha area is already salt affected. In Pakistan, this problem has reached to alarming level 

as 5-10 hectares is being lost to salinity every hour [230]. So, there is dire need to 

mitigate the effects of soil salinity by inducing salt stress tolerance to crops. This can 

be achieved through maximizing the genetic potential of salt tolerant crops. Keeping in 

view the fast spreading problem of salinity stress the HVP1 gene used in this study 

showed promising potential to harness better adaption to saline conditions. Transgenic 

pTOOL37-HVP1 and pMDC32-HVP1 wheat showed approximately 17 and 31% 

higher harvest index respectively under the salt stress conditions compared to NT 

plants. A respective increase of 12 and 14% in grain yield of transgenic pTOOL37-

HVP1 and pMDC32-HVP1 wheat plants was observed which makes HVP1 a strong 

candidate gene for improving salinity tolerance in other crops.  

As the mechanism to tolerate abiotic stress is more or less same in plants 

therefore, the role of HVP1 gene can also be investigated for other abiotic stresses 

experienced by major crops to maximize their potential for improved productivity under 

present changing climate scenario. 
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Digestion Reactions 

 

 

 

 

 

 

 

 

 

 

 

 

                                                         Appendix-B 

Antibiotics Stock Conc. Working Conc. Solvent 

Kanamycin 50 mg mL-1 50 mg L-1 Water 

Rifampicin 50 mg mL-1 50 mg L-1 Methanol 

Timentin 160 mg mL-1 160 mg L-1 Water 

Hygromycin 50 mg mL-1 100 mg L-1 Water 

Acetosyringone 50 mg mL-1 400 mg L-1 Water 

 

 

Contents 1Rx 3Rx 

DNA 5.0  ---- 

Enzyme 1  1.0  3.0 

Enzyme II  1.0  3.0 

Buffer (R)  4.0  12.0 

RNAase  2.0  6.0 

d3H2O  7.0  21.0 

   


