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SUMMARY 

 
Potato crop is vulnerable to a number of biotic and abiotic stresses. Among abiotic 

stresses, frost may cause devastating effects on quantity as well as quality of yield. In 

Pakistan, 75% of potato is cultivated as autumn season crop sown in Sep-Oct and 

harvested in Jan-Feb. This crop undergoes frost during tuber formation stage resulting in 

significant loss of production. The aim of the present research was the expression studies 

of Ice Recrystallization Inhibition Protein (IRI3) from Lolium perenne, Antifreeze protein 

(AFP) from Daucus carota and Zinc Finger protein (ZnFP) from Gossypium hirsutum 

under CaMV35S Promoter in potato variety Diamant to enhance the tolerance against 

cold stress. Expression of these genes in potato was enhanced under the influence of 58 

base pair 5’-untranslated region of Alcohol Dehydrogenase Gene (ADH1) as a 

Translational enhancer. To study sub-cellular Localization of these Proteins, gene 

cassettes were fused with GFP gene and transformed in model plant Arabidopsis 

thaliana. Confocal Microscopy revealed the expression of these proteins in the cytoplasm 

of the cells of Germinating Arabidospsis seedling under stress conditions. To achieve the 

objective of this study, genes were cloned in plant expression vector pCAMBIA 1301 

under the control of 35S constitutive promoter and then transformed into potato plants 

through Agrobacterium mediated transformation system. Transgenic plants were 

confirmed with GUS histochemical analysis, PCR and southern Blot analysis. 

Quantitative expression in Positive transgenic plants was increased under stress 

conditions. As high as 20.41 fold increase of IRI3 gene expression was observed under 

stress conditions. The expression of ZnFP and AFP was also increased 16.1 folds and 



10.2 folds respectively under stress conditions. Positive transgenic plants exhibited 

reduction in ion leakage percentage. Ion leakage percentage was observed as 59.41% for 

IRI3, 65.34% for ZnFP and 70.21% for AFP as compared to 83.21% of control. Plant 

survival rate was enhanced significantly in transgenic plants. 

It can be concluded from the results that these genes induced tolerance against low 

temperature.  Thus, use of DNA recombinant technology to combat abiotic stress could 

be promising for increasing the production of the potato crop in Pakistan. 
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Introduction 

The word Potato denotes Solanum tuberosum L, derived from the family 

Solanaceae also known as family of night shades. This family is recognized for many 

economically important flowering plants. Some of the important family members include 

tomatoes, tobacco, eggplants, capsicum, bell peppers, chili peppers petunia etc. Potato 

said to be as the 4th most important food crop after to Triticum aestivum (wheat), Sativa 

oryza (rice) and Zea mays (maize) worldwide.  This one be situated a decisive crop in 

phrase of food safety & it helps to provide surface for population enhancement and 

elevate hunger rates. There are more than 1000 different types of potatoes resulted as the 

selective breeding. It is an admirable source of carbohydrates, crude proteins, true 

proteins, mineral matter, crude fats, crude fibers and some vitamins e.g., niacin, 

riboflavin, thiamin, and vitamin C (Barrell et al. 2013; Brown 2005; Zaheer and Akhtar 

2016). That may be tolerably accomplishing the energy requirements of the people living 

in the developing countries like Pakistan. 
Potato is cultivated in all the provinces of Pakistan, however almost 86% of 

potato cultivation acreage and yield of Pakistan is conquered from Punjab and residual 

portion is refined by Sindh 0.5%, Baluchistan 4.5% & KPK 9%. Important Potato 

Growing Districts of Punjab include Gujranwala, Jhang, Kasur, Khanewal, Lahore, 

Narowal, Okara, Pak pattan, Sahiwal, Sheikhupura, Sialkot, and T.T. Singh. There are 

three growing seasons of potato in Pakistan considered as summer, spring and autumn. 

The shares of autumn, summer & spring crops in the annual production are calculated at 

75, 10 and 15 percent, respectively. Autumn crop is seeded in the months of September, 
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October and reaped throughout January and February. Potato is grown-up under 

temperate, subtropical and tropical environments. Temperature is the main limiting factor 

on production, making it essentially a "cool weather crop", however, extreme low 

temperature may cause major reduction in yield. Tuber evolution is abruptly inhibited in 

temperature below 10°C and above 30°C (Hijmans 2003).  Potatoes are easily affected by 

hefty frosts, which may damage the tubers even under ground. Cold weather may induces 

bruising to potatoes resulting in later rotting, may followed by quick devastation of a 

large stored yield.  

Crop planted during autumn season passes through the winter months when it is 

in tuber formation stage. Cold stress or freezing at subzero temperatures, poorly affects 

the development and growth of plants and greatly restricts the agricultural productivity. 

Frost has severe effects on the potato crop which reduces the yield even upto 40%.  

Ice recrystallization (IR) is a process in which outsized ice crystals develop at the 

expense of minor ones. Recrystallization damages the cells and tissues by rupturing the 

membrane resulting in cell dehydration thus reducing the survival rates. Loss in the 

surface area of vegetative plant parts results in reduced photosynthesis hence less yield 

(Baier and Robertson 1965; Kratsch and Wise 2000).  

In case of abiotic stress tolerances conventional breeding methods are limited 

while biotechnology offers new approaches to develop transgenic plants which may have 

improved tolerance against abiotic stresses. Cold stress tolerance in transgenic potatoes 

can be achieved with the help of progressive DNA recombinant techniques. For Example, 

cold tolerance was improved by transforming the desA gene (acyl-lipid 12-desaturase) 

which was isolated from Synechocystis sp. and varying fatty acid levels (Amiri et al. 
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2010). The transgenic plants were more tolerant to cold stress when compared to control 

plants in which the damage index was significantly high. Other genes which have been 

transformed in potato in order to improve cold stress tolerance involve AtCBF1-3, 

Invertase gene, AtDREB1A, and zinc finger transcription factor (SCOF-1) from soybean. 

However, the transformation of Ice Recrystallization inhibition proteins or antifreeze 

proteins may provide better tolerance against cold stress (Duman and Patterson 1978; 

Walters et al. 2009).  

Antifreeze glycoproteins (AFGPs) were first discovered in the late 1960s in the 

blood of Antarctic fishes. Since their discovery, numerous forms of Ice binding proteins 

(IBPs) have been identified. IBPs bind to ice surfaces and control ice growth to avoid 

large crystals of ice to help organisms avoid freeze injury. These proteins exhibit Thermal 

hysteresis (TH) activity that is the decrease of the freezing point below the melting point 

by inhibiting secondary nucleation events. These proteins act by binding to one or more 

plane of ice crystals, thus they result in less ice growth in the vicinity by the adsorption-

inhibition mechanism.  IBPs have been identified from more than 30 plant species e.g. 

carrot (Daucus carota), peach (Prunus persica), bitter sweet (Solanum dulcamara), 

winter rye (Secale cereal), Antarctic hair grass (Deschampsia antarctica), and perennial 

ryegrass (Lolium perenne) and wheat (Triticum aestivum).  

Melissa (2016) investigated the expression of Two Lolium 

perenne L. IBP isoforms, Lp IRI2 and Lp IRI3 in Arabidospsias thaliana. Cold 

acclimation of the transgenic plants up‐regulated the expression of both genes and ion 

leakage was reduced (12%–39%) after low‐temperature treatments and about 10% of 

plants were able to survive at the temperatures as low as −8 °C (Bredow et al. 2016).  
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Another mechanism for cold stress tolerance is altered cellular metabolism and 

gene expression that is typically triggered by the abiotic stress. Proteins which are 

referred as Transcription factors (TFs) interact with other transcriptional regulators to 

produce RNA from DNA templates. Zinc finger proteins (ZFPs) specifically are one of 

the imperative TFs present in large quantities in plants and animals. Some of the ZFPs 

regulate the defense responses significantly of plants under biotic and abiotic stress 

conditions (Schmidt and Delaney 2010). Several studies have reported the transformation 

and expression of zinc finger proteins in different plant species e.g., alfalfa (Bastola et al. 

1998), Arabidopsis (Ciftci-Yilmaz et al. 2007; Davletova et al. 2005b; Sakamoto et al. 

2000), tobacco (Kim et al. 2001) onion (Guo and Sun 2012; Vergnolle et al. 2005) and 

Petunia (Schmidt and Delaney 2010). 

This research was aiming at developing transgenic potato conferring resistance to 

frost stress by transformation of plants. To develop transgenic potatoes, three stress 

responsive genes, Anti-Freeze protein (AFP) from carrot, Ice recrystallization inhibition 

protein (IRI3) from Perennial Ryegrass and Zinc Finger Protein (ZnFP) from cotton were 

expressed in potato. These genes were transformed separately as well as in combinations 

to each other to have comparison.  Different molecular techniques were used to confirm 

the expression of the genes and degree of cold tolerance in the transgenic potato lines. 

Possible outcome of the study is to generate transgenic potato plants which are 

supposed to confer better resistance against the losses caused by frost and extremely low 

temperatures. Foliage damage from frost results in less photosynthesis hence low yield, 

but transgenic crops should have higher yields as damage to the plants will be less.  
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2.1 Potato 

Potatoes were primarily cultivated in Peru like 8000 years ago. Potatoes were 

introduced in Europe during 16th century from Spain. After two centuries, Europe 

realized the importance of potato as food crop. Now potato is the fourth most important 

food crop grown worldwide being staple in some regions.  In comparison to other crops, 

potato crop has broader range of climate, elevation and latitude for its growth.   

The world has acknowledged potatoes as staple food, they have high calorie and 

energy content as compared to other vegetables and cereals.  The nutritional composition 

of potato brands it as the important food crop. It is a marvelous source of carbohydrates, 

crude proteins, true proteins, mineral matter, crude fats, crude fibers and some vitamins 

e.g., niacin, riboflavin, thiamin, and vitamin C.  The 80% of the freshly harvested potato 

is water while 20% is dry matter that contains 60-80% of starch.  

2.2 Importance of Potato in Pakistan  

Potato has become a demanding crop in Pakistan due to its high yield as 

compared to the cereal crops. In Pakistan potato can be cultivated in three seasons; 

autumn, winter and summer. According to agricultural statistics of 2018-2019, potato is 

cultivated on an area of 194 thousand hectares in Pakistan with a yield of 4,591.8 

thousand tonnes. Highest yield of potato has been recorded in Punjab followed by KPK, 

Baluchistan and Sindh. Potato is a multi-purpose crop mainly used as a vegetable for 

cooking. It is also used as a raw material for certain processed food products, as feed for 

animals and as seed tubers to plant the next crop. Keeping in view the vast usage of the 

potato crop a substantial increase in the yield is necessary. 
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2.3 Limiting Factors for Potato Yield 

A number of factors affect the production of any crop. Plant development is 

affected to a great extent by the environment in which it grows including the abiotic and 

biotic stresses (Zhu 2016). 

2.3.1 Biotic Stresses  

Majority of potato cultivars are prone to diseases caused by various 

microorganisms such as fungi, viruses, bacteria and nematodes collectively known as the 

biotic factors (Stevens et al. 2006). Damages caused by biotic factors lower the potato 

yields up to significant levels. Yield losses are mainly and majorly caused by diseases 

caused by fungi such as early blight, late blight, potato scab, leaf black, charcoal rot and 

Fusarium wilt (Gul et al. 2013; Jansky et al. 2008; Large 1940). 

2.3.2 Abiotic Stresses  

Environmental stresses such as drought, cold, frost and salinity are known as the 

abiotic factors. Abiotic factors are responsible for geographical dislocation of plants, 

reducing yields and jeopardize the food security. The effects of abiotic factors become 

more drastic when combined with climatic changes (Fedoroff et al. 2010). Fluctuation in 

temperature can cause major losses of yield for potato. The optimum temperature for 

potato production is 15oC to 25oC. Any temperatures above 30oC or below 10oC can 

adversely affect potato crop.   
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2.4 Frost as Abiotic Factor 

Potato is among the plants species which are frost sensitive and without cold 

acclimation. Heavy frost is fatal for the conventional potato production as it can abolish 

the total crop even lower frost can reduce yield significantly (Pino et al. 2008). Frost 

affects the yield as well as the quality of potato crop especially during autumn crop when 

the cultivation time is from September to October, autumn crop undergoes frost season 

during tuber formation stage. Low temperatures during tuber formation stage drastically 

reduce the total yield of the crop (Iovene et al. 2004).   

2.4.1 Frost and Physiological Processes 

Extremely low temperatures cause the water inside the cells and tissues to initiate 

ice crystallization. These ice crystals destroy the cells membrane systems, leading to loss 

of cell compartmentation. Ice crystallization in vegetative parts of plants significantly 

reduces the surface area for photosynthesis. Ruptured cells and tissues cannot take part in 

normal physiological functions of plants including photosynthesis, respiration, and 

transpiration. Reduced photosynthesis results in abridged food production to be stored as 

tubers. Damaged surfaces of leaves allow the water to evaporate at higher levels as there 

is no more controlled stomatal mechanism. Elevated levels of transpiration results in 

further dehydration of the plants. Frost may damage crops to such an extent that 

eventually leads towards plant death (Baier and Robertson 1965; Bartels-Rausch et al. 

2012; Lindkvist et al. 2000). 
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2.5 Cold Stress Tolerance Mechanisms in Plants 

Some plants can withstand exceptionally low temperatures. This ability can be 

achieved by the process of cold acclimation in which plants become able to tolerate 

freezing temperatures due to previous exposure to low temperatures. Many plants of 

temperate regions undergo cold acclimation and develop the ability to withstand ice 

formation in their vegetative tissues. Different living organisms have different 

approaches to endure freezing temperature. One of such approaches is the expression of 

antifreeze proteins. 

 

2.5.1 Sensing and Signal Transduction during Cold Stress 

Plants are immotile hence in order to survive they need to cope with the extreme 

environments rapidly and proficiently. Higher plants have flexible nature due to which 

they react to the stresses by altering their growth, developmental and metabolical 

responses. Understanding these plant responses is of great significance as it could be 

useful in developing crop varieties that can withstand various stresses.  

Prolonged exposure to cold temperature results in stiffness of cellular membranes 

known as the rigidification effect. This shows that the membrane fluidity, protein and 

nucleic acid conformations, metabolite concentration and cellular redox processes are 

majorly affected by the cold stress. Rigidification of the plasma membrane caused by 

cold stress trigger the cold responsive genes that result in cold acclimation in crops such 

as alfalfa and Brassica napus (Örvar et al. 2000; Sangwan et al. 2001). Similar effects of 

cold stress induced rigidification have been observed in Arabidopsis mutant lacking 
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oleate desaturase (Velculescu et al. 1997). Moreover, calcium levels in cytosol have been 

observed to rise in response to cold stress which amplifies the signals through 

phospholipids (Chinnusamy et al. 2006; Vergnolle et al. 2005; Williams et al. 2015). 

Receptors present on the plasma membrane of plant cells are first to perceive the 

cold stress but the specific receptor for this purpose is not known yet. The signal is then 

passed on eliciting many signaling pathways. The rise in calcium levels is detected by the 

calcium-binding proteins which alter their conformation in a calcium dependent pattern. 

The phosphorylation cascade is triggered when the calcium binding proteins interact with 

other proteins.  This cascade helps the plant cells to induce the stress receptive genes or 

the transcription factors (Sangwan et al. 2001; Shinozaki and Yamaguchi-Shinozaki 

2000; Tuteja and Tuteja 2004; Yamaguchi-Shinozaki and Shinozaki 2006). 

2.5.2 Role of Cold-Responsive Genes and Transcription Factors 

Development of cold tolerant transgenic plants is an efficient way of increasing 

agricultural produce. Identification of cold tolerant genes is a critical step for developing 

tolerant crops using genetic engineering (Dubouzet et al. 2003; Hsieh et al. 2002; Ito et 

al. 2006; Ohnishi et al. 2005). In this regard, genes that encode transcription factors for 

cold resistance have been observed to be more useful in inducing cold tolerance in crops. 

The global gene expression patterns in particular types of cells is known as the 

transcriptome. The transcriptome provides the characterization and expression levels of 

every gene within a particular cell population which can be moderated by both external 

and internal factors and therefore provide understanding of the natural responses of plants 
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towards certain environmental conditions (Tuteja and Tuteja 2004; Velculescu et al. 

1997). 

2.6 Ice-Binding Proteins and Their Function 

Organisms which are prone to the risk of freezing in cold environments have 

developed a way to bypass this threat by formation of ice-binding proteins (IBPs). IBPs 

assist the organisms to survive with ice and escape freezing by binding to the surfaces of 

ice and regulate the ice growth. Many IBPs were found in various kingdoms of life when 

antifreeze glycoproteins (AFGPs) were discovered in the blood of Antarctic fishes 

(DeVries et al. 1970; DeVries and Wohlschlag 1969)  Figure 2.1. 

 

Figure 2.1: Phylogenetic tree of IBPs producing organisms. Adopted from (Bar Dolev et al. 

2016) 
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Despite of having a common ligand, the structures of all IBPs are remarkably different 

from each other (Davies 2014). At first IBPs were known as AFPs in fishes and thermal 

hysteresis (TH) proteins in insects (Duman and Patterson 1978). TH proteins trigger the 

TH activity in fish in which the freezing temperature is lowered below the melting 

temperature that facilitate their antifreeze properties. Therefore these proteins which 

enable freeze tolerance activity in organisms by avoiding formation of ice crystals or aid 

the attachment of organisms to ice has led to the use of the term IBPs for these proteins 

(Guo and Sun 2012; Meyer et al. 1999; Urrutia et al. 1992).  

2.7 Functions of IBPs 

2.7.1 Ice Shaping 

The main characteristic of IBPs is their ability to adhere to ice. The presence of an IBP 

can be noticed by the modelling of ice crystals even at minute concentrations at which the 

TH activity is too low to be measured (Knight et al. 1984).   IBPs bind to at least one of 

the ice crystal planes and in doing so they slow down the growth in the locality through 

the adsorption inhibition mechanism (Knight 2000) and hence provide more surface are 

for binding.  

2.7.2 Freeze Avoidance  

The main characteristic of AFPs is to lower the freezing point below the melting point 

which results in the phenomenon of freezing hysteresis (FH). The decline in the freezing 

point occurs as a result of delay in the secondary nucleation events. Primary nucleation is 

the nucleation of a new crystal whereas the secondary nucleation develops from an 

already present crystal. AFPs hinder the further progression of already present ice 
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crystals. This causes an increase in the melting point to some extent which results in 

melting hysteresis (MH) (Celik et al. 2010; Cziko et al. 2014; Knight and Devries 1989). 

TH value can be calculated by the addition of FH and MH values (Celik et al. 2010). 

These phenomenons are shown in the Figure 2.2. 

 

Figure 2.2: Forms of ice crystals and TH of various IBPs. In plants and fish, the ice 

crystals form a specific bipyramidal structure and then cease to grow until the freezing 

hysteresis point (Tfh). Adopted from (Bar Dolev et al. 2016) 

2.7.3 Ice Recrystallization Inhibition 

IBPs present in freeze tolerant species induce low TH levels and defend the 

organisms from damage during the frozen state (Duman and Wisniewski 2014). 

Numerous ice crystals are formed extracellularly when the fluids of plant cells touch the 

freezing point. This happens due to the occurrence of various nucleators. The big ice 
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crystals continue to grow with the passage of time while the small crystals melt through 

the process of ice recrystallization (IR). The presence of large ice crystals even outside 

the cell is injurious to the cell as it can damage the membrane and cause dehydration 

(Middleton et al. 2014). The primary role of IBPs is considered to be IR inhibition in 

freeze-tolerant plants and ice dwelling microorganisms (Celik et al. 2010) (Figure 2.3).  

 

 

 

 

 

 

Figure 2.3: Pictorial representation of ice-binding proteins (IBPs) functions. Pink circles 
represent the IBPs. (a) Freeze-avoiding by blocking the growth of ice crystals, (b) 
Inhibition of ice recrystallization in freeze-tolerant plants, (c) Providing a liquid 
environment in microorganisms to survive, (d) Aid in adherence of bacteria to ice 
surfaces. Adopted from (Bar Dolev et al. 2016) 

 

2.8 Improvement of Cold Stress Tolerance in Potatoes  

Potatoes are frost sensitive and are unable to survive under cold stress or freezing 

temperatures and can only tolerate maximum freezing temperature as low as -3°C. 

Extreme low temperatures can cease the enzymatic activities and induce ice formation 

leading to desiccation of cells. Frost tolerance in some wild potato species is better than 
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in cultivated species therefore the wild relatives can serve as potential source of frost 

tolerant genes to be genetically engineered in the cultivated potatoes (Knight 2000). 

Desaturase gene protein has been observed to play a role in inducing cold resistance in 

plants. Transformation of the desA gene from cyanobacteria to potato showed improved 

cold tolerance in the transgenic potato plants by altering the levels of lipid 

polyunsaturated fatty acids (Amiri et al. 2010). On the other hand, the desA protein 

showed negative effect on stem growth by reducing the stem length by 60% in the 

transgenic plants.  

Overexpression of the AtCBF1-3 genes, in potato cultivar Umatilla, regulated by 

CaMV 35S promoter and rd29A promoter (Arabidopsis promoter induced by stress) 

showed increased frost tolerance up to 2°C in AtCBF1 and AtCBF3 positive 

transformants under the CaMV 35S promoter. Similar results were obtained in positive 

transformants expressing genes under the rd29A promoter. Transgenic plants having 

constitutive expression of the transgenes showed underdeveloped plants with small 

leaves, stunted plants, late flowering and low yield. Whereas the transgenic plants having 

the rd29A expression under the same freezing temperature showed improved growth and 

phenotype. This result indicated that the expression of CBF genes under the rd29A 

promoter is more effective to boost up the freeze tolerance in potatoes (Tremblay et al. 

2005).  

Transformation of the invertase gene from yeast to potato cultivar Desiree driven 

by B33 tuber-specific promoter resulted in enhanced invertase and sugar contents in 

leaves of transgenic plants as compared to the wild type and induced freeze tolerance in 

the transformants. The reason for this freeze tolerance might be due to the variations in 
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the sugar levels (Dubouzet et al. 2003), Potato cultivar Desiree transformed with the 

AtDREB1A gene regulated by the rd29A promoter also showed improved freezing 

tolerance than the wild type and in various transgenic lines even retrieval from the 

freezing stress was observed (Sakamoto et al. 2000). Overexpression of the StEREBP1 

gene under the CaMV 35S promoter resulted in enhanced cold and salt tolerance in the 

transgenic potato plants of the cultivar Superior. Also the yield of the transgenic lines 

was increased up to 50% under cold temperature (Chinnusamy et al. 2006). 

Transformation of the SCOF-1 cold inducible zinc finger transcription factor from 

soybean in potato plants enhanced cold tolerance in the transgenic potato plants. 

Transgenes introduced in potato for inducing abiotic stress tolerance are described in 

Table 2.1. 

2.8.1 Role of Transcription Factors in Abiotic Stress Responses  

Transcription factors (TFs) are proteins that in coordination with other proteins 

assign or impede RNA polymerases to the DNA template (Yamaguchi-Shinozaki and 

Shinozaki 2006). About 7% of the plant genome coding sequence consists of 

transcription factors. TFs induce abiotic stress tolerance by interacting with the promoter 

sequences of various genes related to stress thus up-regulating the expression of certain 

genes responsible for imparting stress tolerance (Davletova et al. 2005a). About 1500 

TFs present in the A. thaliana genome are found to play role in stress induced gene 

expression (Sangwan et al. 2001).  

Numerous pathways are found in the Arabidopsis transcriptome that react to the 

environmental stress in an independent manner. This shows that tolerance or vulnerability 
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to stress is controlled by a very complex gene signaling network at the transcriptional 

level (Tremblay et al. 2005). Abscisic acid (ABA) is the phytohormone which serves as 

the chief controller of abiotic stresses and manages an intricate gene network to help 

plants against the abiotic stresses (Kim et al. 2001) The signaling pathways controlled by 

ABA facilitate the stress tolerance by the action of two independent regulons: the 

AREB/ABF regulon and the MYC/MYB regulon (Abe et al. 2003). Regulons are the 

group of genes that are controlled by a certain transcription factor. On the other hand the 

ABA independent pathways include the CBF/DREB regulon and the NAC and ZF-HD 

regulon (Kawahara 2017). Additionally many other TFs also play important roles in the 

abiotic stress tolerance. Even though these TFs work independently however it is thought 

that some interaction occurs between them at some stage. 
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Table 2.1: Transgenes introduced in potato for inducing abiotic stress tolerance. 

(Adopted from Dangol et al. 2018) 
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Materials and Methods 
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3.1 Selection of Genes 

Genes for AntiFreeze Protein (AFP) from Daucus carota (Carrot), Ice Recrystallization 

protein like protein (IRI3) from Lolium perenne (Perennial ryegrass) and Zinc Finger 

Protein (GaZnF) from Gossypium arboreum (Cotton) were selected for transformation 

and expression studies in Solanum tuberosum (potato) under CAMV 35S Promoter. 

Expression of these genes was subject to enhance with the help of 5’-untranslated region 

of alcohol dehydrogenase gene (ADH1) as a translational Enhancer. Sequences of AFP 

and IRI3 were retrieved from NCBI, GenBank, under the accessions numbers as 

AF055480.1 and EU680850.1 respectively. Sequence of GaZnF was provided by Plants 

Genomics Lab, CEMB, PU Lahore. 

3.2 Codon Optimization and Synthesis of Genes  

Codons of AFP, IRI3, and GaZnF genes were optimized through GenScript tool to get 

high Expression in Solanum tuberosum. Individual cassettes for these genes were 

designed in combination with translational enhancer. Cassettes of genes were chemically 

synthesized from BioBasic Inc. Cassettes were provided in pUC57 plasmid.  

3.3 Transformation of Constructs in E.coli 

Synthesized constructs were transformed in E.coli (top10) competent cells for cloning of 

plasmids. Preparation of competent cells and transformation of plasmids in cells are 

described in 3.3.1 and 3.32.  
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3.3.1 Preparation of E.Coli Competent Cells 

A single colony of E.coli TOP10 was picked from the Luria-Bertani (LB) agar plate that 

had been incubated for 16-20 hours at 37oC. Primary culture was prepared by transferring 

a single colony into 5mL of LB broth medium containing tetracycline (100µg/ml) and 

incubating overnight at 37oC. For secondary culture, 50mL of LB broth was inoculated 

with 2% of primary culture and was allowed to incubate at 37oC for 3 hours. After 

attaining the optical density of 0.2-0.3 at 600nm, culture was placed on ice. Bacterial 

cells were recovered by centrifugation at 6000 rpm for 5 minutes at 4oC. Pellet was 

resuspended and washed with 20mL of ice-cold 100mM CaCl2 solution and again 

resuspended in 2mL of ice-cold 50mM CaCl2 solution. Aliquots of 80µL were prepared 

and were stored in -70oC or on ice till to be used for transformation. 

3.3.2 Transformation 

Aliquots of competent cells were labeled, 2µL of pUC57 plasmids harboring gene 

cassettes were added in respective tubes and were incubated on ice for 30 minutes. Tubes 

were placed in water bath at 42oC for 60 seconds and immediately transferred on ice for 5 

minutes. SOC medium was added to tubes for the recovery of cells and were incubated at 

37oC for one hour. After incubation, 100µL was spread on LB ampicillin (50 µg/mL) 

plates and plates were incubated overnight (16-20 hours) at 37°C. 
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3.3.3 Confirmation of Transformed Colonies 

Colonies obtained on plates after overnight incubation at 37°C were screened for the 

presence of gene cassettes with the help of Colony PCR and transformation was 

confirmed by restriction digestion from the isolated plasmid. 

3.3.4 Screening of Positive Colonies 

Reaction mixtures for PCR were prepared as described in table 3.3.1 using Primer Pairs 

as describes in Table.3.3.2. For each of the construct, tubes containing PCR master mix 

were prepared. Colonies were picked with the help of sterilized pipette tips (200µL), 

streaked on fresh LB plate containing ampicillin (50µg/mL) and then the pipette tips were 

placed in PCR tubes. Remaining cells of colonies were mixed with PCR reaction mixture 

by vigorous agitation and then tips were discarded and after spinning down tubes were 

placed in PCR machine. Time profile for polymerase reaction is described in Fig. 3.1. 

Positive colonies confirmed by PCR were picked from new LB plates with the help of 

sterile loop and inoculated in 3mL LB broth supplemented with ampicillin (50µg/mL) for 

Plasmid isolations.  

Table 3.1: PCR Reaction Mixtures for Confirmation of Genes 

10X PCR Buffer 2µL 

MgCl2 (25mM) 2µL 

dNTPs (2.5mM) 2µL 

Forward Primer (10mM) 1.5µL 

Reverse Primer (10mM) 1.5µL 

Taq Polymerase (5U/ µL) 0.5µL 

H2O 11.5µL 

 



24 
 

Final Extension 

1x 

45 sec  

95oC 95oC 

4oC 

72oC 72oC 

55oC 

5 min 

45 sec 

1 min 10 min 

∞ Cycles 30x Initialization 
Step 

Final Hold 

1x 

Table 3.2: Primers Sequences for Confirmation of Genes 

 

 

 

3.3.5 Plasmid Isolations 

Plasmids of confirmed colonies were extracted by GeneJET plasmid Miniprep kit from 

Thermo ScientificTM (Cat. No. K0503). Bacterial cells were spun down by centrifugation 

at 13,000 rpm for 2 min and pellets were resolved in 250 µL of resuspension solution. 

Lysis solution (250 µL) was added to tubes and tubes were inverted gently 4-7 times. 

IRI3 Fwd 21 GCGTCTGTCACGACTTTGTTG 

IRI3 Rev 25 
CGAGTACATCACAATCACACAAAAC 

ZnFP Fwd 21 CTCACTACGGGGTTGGCTTTA 

ZnFP Rev 25 ACAGTGAAGAACTTGCTTTTGATCT 

AFP Fwd 20 
ACTGTTGTGGAGATAGGCCG 

AFP Rev 20 ATCGTTCAAGATGCCTCTGC 

Figure 3.1: Time Profile for Polymerase Chain Reaction (PCR)  
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Then 350 µL of neutralization solution was added and centrifugation at 13000 rpm was 

performed for 5 min. Supernatants were transferred to the spin columns and centrifuged 

at 13000 rpm for one minute. Spin columns were washed twice with 500 µL of wash 

buffer containing ethanol. Additional centrifugation was performed to remove any 

residual ethanol and the columns were shifted to new 1.5 mL tubes. Double distilled 

deionized water (25 µL) was added to the membranes and incubated for 2 min. After 

incubation, tubes were centrifuged for 2 min at 13000 rpm and plasmids were stored at -

20°C. 

3.3.6 Restriction Digestions 

Isolated Plasmids extracted from positive colonies were digested with Restriction 

Enzyme FastDigest XhoI (Cat. No. FD0694) to produce sticky ends. After 5 minutes of 

incubation at 37°C, digested samples were resolved on 1% of Agarose gel and visualized 

by UV translluminator with the help of Ethidium Bromide. Reaction mixtures for 

restriction digestion were prepared by the amounts of contents described in table 3.3. 

Table 3.3: Restriction digestion mixtures for pUC57 harboring Genes 

pUC57 (AFP) pUC57 (IRI3) pUC57 (GaZnF) 

Plasmid (484ng) 5 µL Plasmid (438ng) 5 µL 

Plasmid 

(405ng) 5 µL 

FastDiges Buffer 1 µL 

FastDiges 

Buffer 1 µL 

FastDiges 

Buffer 1 µL 

XhoI 5U XhoI 5U XhoI 5U 

Water  3.5 µL Water  3.5 µL Water  3.5 µL 

Incubation 5 minutes at 37°C 
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3.3.7 Agarose Gel Electrophoresis 

Agarose gel electrophoresis was employed for the estimation of Plasmid DNA to confirm 

the presence of insert. Agarose gel was prepared at the rate 1% in 1xTAE buffer and 

ethidium bromide was added with a concentration of 0.5-1 µg/mL. PCR products, 

restriction digestion products and 1Kb DNA ladder along with 3µl of 6X loading dye 

were loaded on gel and run at 80V for 30 minutes and then visualized with the help of 

Gel Documentation system (BioRad, USA). DNA marker was used to confirm the size of 

products.  

 

3.4 Cloning of cassettes in SubCellular Localization Vectors 

Genes were cloned in pFAST-R06 destination vector for plant transformation through 

gateway cloning. pFAST R06 vector exhibit the capability to express gene of interest 

fused to GFP, under the influence of CaMV 35S promoter, hence is used for studying the 

subcellular localization of the GFP-fused proteins. 

3.4.1 Primer Designing 

Gene specific primers for attB PCR were designed using ThermoFisher Scientific Primer 

Designing Tool (Table 3.4). Two Gateway recombination sites, attB1 and attB2, were 

incorporated into the 5′-end of forward and reverse primers, respectively by 

OligoPerfectTM. 
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Table 3.4: Primers Sequences for Gateway Cloning 

Primer 

Name 

Primer Sequence Amplicon 

Size (Bb) 

IRI3 F GGGGACAAGTTTGTACAAAAAAGCAGGCTTAATGGCGAAATGCTT

GATGC 

826 

IRI3 R GGGGACCACTTTGTACAAGAAAGCTGGGTATTAAGCGTCTGTCAC

GACTTTG 

GaZnF F GGGGACAAGTTTGTACAAAAAAGCAGGCTTAATGGACCCTCATGA

TGAGACG 

571 

GaZnF R GGGGACCACTTTGTACAAGAAAGCTGGGTATTAGATTTTATCAAGT

TTCTCAGCCC 

AFP F GGGGACAAGTTTGTACAAAAAAGCAGGCTTAATGAATATTGAATC

ATCTTTC 
1060 

AFP R GGGGACCACTTTGTACAAGAAAGCTGGGTACTAGCATTCTGGCAA

TGGAGCACC 

 

3.4.2 Gradient PCR Amplification 

Isolated plasmids harboring gene cassettes were used as the templates for Gradient PCR 

using primers as mentioned in table 3.3. PCR reaction mixtures were same as described 

in table 3.1. The PCR reaction was performed by Bio-Rad Thermal Cycler using the 

following conditions: initial denaturation at 95oC for 5 min followed by 35 cycles of 

denaturation at 95oC for 30 sec, annealing at 54oC-62oC for 30 sec and extension at 72oC 

for 1 min, preceded by a final extension step of 10 min at 72oC. The amplified PCR 

products were resolved on 1% 1xTAE prepared agarose gel, containing ethidium bromide 

and visualized under gel doc system (BioRad). 
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3.4.3 Purification of Amplified Product 

Using sterilized scalpels, the right sized fragments of PCR amplified products were cut 

precisely. Gel elution was executed by using the Thermo Scientific GeneJET Gel 

Extraction Kit. Gel bands were melted in a 3:1 binding buffer at 55°C in water bath. The 

melted gel solutions were poured in new labeled columns provided by the kit 

manufacturer. After centrifugation at 13000rpm for 1 minute, the columns were double 

washed with the wash buffer containing ethanol. Washing of the columns was followed 

by air drying of columns and purified products were eluted in a 20µL elution buffer. 

3.4.4 Ligation of Cassettes in Entry Vector 

The purified attB-PCR fragments were then ligated into the entry vector pDONR 201 

(Invitrogen) to generate entry clones by BP recombination reaction with the Gateway BP 

Clonase II enzyme (Invitrogen). Reaction mixture for BP reaction was prepared by 

adding following components to 1.5mL tubes at room temperature: purified attB-PCR 

product 50ng, entry vector 150ng and TE buffer of pH 8 was used to make the final 

volume of 8µL. To each sample, 2µLof BP clonase enzyme was added and mixed briefly. 

Samples were incubated at 25oC for one hour. After incubation time, BP reaction was 

terminated by adding 1µL of proteinase K solution to each sample. 

3.4.5 Transformation in E.coli 

Competent cells of E.coli were prepared by CaCl2 as described in 3.3.1 and ligation 

product was transformed in competent cells by heat shock method as described in 3.3.2. 

As the final step, 20µL and 100µL of transformation reactions were spread on LB 

tetra/kanamycin selection plates. The concentration of kanamycin used was 50µg/mL 
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while the tetracycline concentration used for LB agar plates was 12.5µg/mL. Plates were 

incubated overnight (16-20) hours at 37°C. 

3.4.6 Screening and Confirmation  

After 24h of incubation colonies were observed on the selection plates. Isolated colonies 

were used to inoculate LB broth medium and next day colony PCR was performed. For 

that purpose, 100uL culture was takein in 2.5mL tubes and medium was removed after 

centrifugation, resuspended in 100uL water and boiled in water bath at 100oC. Cells were 

cooled down immediately on ice and centrifuged at 13000rpm. Supernatant of these 

samples was used for PCR as described in 3.3.4. 

3.4.7 Ligation of Cassettes in Destination Vector 

The entry clones were then ligated into the destination vector pFAST R06 (Shimda, 

2010) to generate destination clones by LR recombination reaction with the Gateway LR 

Clonase II enzyme (Invitrogen). Reaction mixture for LR reaction was prepared by 

adding following components to 1.5mL tubes at room temperature: entry clones 

(plasmids) 50ng, destination vector 150ng and TE buffer of pH 8 was used to make the 

final volume of 8µL. To each sample, 2µLof LR clonase enzyme was added and mixed 

briefly. Samples were incubated at 25oC for one hour. After incubation time, BP reaction 

was terminated by adding 1µL of proteinase K solution to each sample. 

3.4.8 Transformation in E.coli 

Competent cells of E.coli were prepared by CaCl2 as described in 3.3.1 and ligation 

product was transformed in competent cells by heat shock method as described in 3.3.2. 

As the final step, 20µL and 100µL of transformation reactions were spread on LB 
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tetra/kanamycin selection plates. The concentration of kanamycin used was 50µg/mL 

while the tetracycline concentration used for LB agar plates was 12.5µg/mL. Plates were 

incubated overnight (16-20) hours at 37°C. 

3.4.9 Screening and Confirmation 

After 24h of incubation colonies were observed on the selection plates. Isolated colonies 

were used to inoculate LB broth medium and next day colony PCR was performed. For 

that purpose, 100uL culture was takein in 2.5mL tubes and medium was removed after 

centrifugation, resuspended in 100uL water and boiled in water bath at 100oC. Cells were 

cooled down immediately on ice and centrifuged at 13000rpm. Supernatant of these 

samples was used for PCR as described in 3.3.4. 

3.4.10 Sequencing 

Plasmids were isolated from confirmed positive colonies and sent to Thermofisher 

Scientific for sequencing with backbone forward and reverse primers of pFAST-R06. 

3.5 Transformation of SubCellular Localization Constructs in 
Agrobacterium 

3.5.1 Competent Cells of Agrobacterium 

Competent cells of Agrobacterium (LBA4404) were prepared as described by Fisher and 

Guiltinan (1995) with some modifications. Single colony of Agrobacterium tumefaciens 

strain LB-4404 was grown in 5mL of YEP broth at 28oC for 24 hours. For secondary 

culture, 50mL of YEP broth was inoculated with 500µL of freshly grown culture and 

incubated at 28⁰C for 5 hours. When the culture attained an OD of 0.5 to 0.7 at 600nm, it 

was cooled on ice and centrifuged at 6000rpm at 4ºC for 15 min. Supernatant was 

removed and pellet was washed twice in 25mL of 1mM HEPES solution. Cells were 
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centrifuged again at above conditions and pellet was re-suspended in 2 mL of 10% ice 

cold glycerol solution. Aliquots of 100μL were prepared and stored at –70⁰C. 

3.5.2 Transformation in Agrobacterium 

Aliquots of Agrobacterium competent cells were taken out from -70oC and 3µL (100ng) 

of isolated plasmids were added in the tubes and were allowed to incubate on ice for one 

hour. Electroporation device was set at the capacitance of 25µF, voltage 2.2KV with 

200Ω resistance. After one hour incubation, cells were subjected to electric shock and 

were immediately placed on ice for 5 minutes and then diluted using 1mL of YEP broth 

without selection. Cultures were allowed to recover and grow at 28oC in shaking 

incubator for 3 hours. After incubation 200µL of these transformed cells was transferred 

onto YEP agar plates with kanamycin at the rate of 50mg/L. Rest of the suspension, 

present in microfuge tube, was centrifuged at 12000 rpm for 1 minute. Broth medium as 

the supernatant was decanted off leaving 50-100µL in the tube. Cells were resuspended 

in remaining medium and were spread on YEP agar plate containing kanamycin. Both the 

plates were incubated at 28oC for 24-36 hours.  

3.5.3 Screening of Positive Colonies 

After 24h of incubation colonies were observed on the selection plates. Isolated colonies 

were used to inoculate LB broth medium and next day colony PCR was performed. For 

that purpose, 100uL culture was takein in 2.5mL tubes and medium was removed after 

centrifugation, resuspended in 100uL water and boiled in water bath at 100oC. Cells were 

cooled down immediately on ice and centrifuged at 13000rpm. Supernatant of these 

samples was used for PCR as described in 3.3.4. 
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3.6 Transformation in Arabidopsis 

Agrobacterium mediated transformation of Arabidopsis plants was performed with floral 

dip method. 

3.6.1 Seed Sterilization 

Seeds of Arabidopsis variety Colo-O were sterilized by placing them in 2.5mL tubes 

placed in a large glass container with open lids. Seeds were placed on a rack in container 

and in the base 50mL of bleach was placed in a beaker. Whole assembly was shifted to 

laminar flow cabinet where 3mL of 37% HCl was added in 50mL of bleach and container 

was covered and sealed immediately. After two hours lid of container was removed and 

after complete removal of vapors tubes containing seeds were closed at kept at dry place. 

3.6.2 Agrobacterium Mediated Transformation 

Transformation in Arabidopsis was performed with the help of Floral Dip Method. 

Arabidopsis plants were grown in growth chambers for this purpose. At the stage of 

development just prior to blooming of flowers, plants were taken out for transformation 

with Agrobacterium.  Agrobacterium cultures were grown until they attain the optical 

density of 0.6 to 0.7 at 600nm. Cultures were centrifuges and LB medium was discarded 

as supernatant. Cell pellets were dissolved in 200mL of 5M sucrose solution in large 

disposable plastic containers, and 100uL of silwet was added to each sample.Plants were 

inverted and their floral parts were dipped in solution for 20 seconds. Plants were 

removed and their floral parts were covered with plastic bags to provide humidity for co-

cultivation.  
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3.6.3 Harvesting 

Next day, covers were removed and plants were allowed to grow normally until 

harvesting. After drying of plants seeds were harvested separately from each plant. Seeds 

were taken in small paper bags and were labeled properly 

3.7 Screening of Transgenic plants 

Putative transgenic seeds were selected under fluorescence stereomicroscope. Positive 

seeds gave bright red colored fluorescence under dsRED lamp and were selected in new 

tubes. Seeds from T1 generation were sterilized by vapor phase method as described in 

3.6.1 and were sown for T2 generation. T2 generation seeds were again screened for 

homozygous transgenic seeds.  

3.8 Seed Germination 

Sterilized seeds of T2 were placed on zero MS medium without sucrose on agar plates 

and were placed at 4oC for two days. After two days plates containing seeds were shifted 

to growth room where they were allowed to grow for 5 days. After 5 days s confocal 

microscopy was performed on seedlings for sub-cellular localization of fused proteins. 

3.9 Confocal Microscopy 

Plasma membranes of plant cells were stained with the help of Propedium Iodide (PI). 

For this purpose 10% stock of propedim iodide was used, seedlings were dipped in 1% 

soln. of PI for 1 minute followed by washing with distilled water. Plants were mounted 

on microscope slides, covered with care to avoid air bubbles and were observed in Leica 

Confocal Microscope.  The wavelengths of light for the excitation of GFP and Propedium 

Iodide were 480nm and 560nm respectively.  
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3.10 Cloning of cassettes in pCAMBIA 1301 Vector 

Cassettes harboring genes were cloned in plant Binary vector pCAMBIA 1301 for 

transformation in Solanum tuberosum. 

3.10.1 Restriction Digestion of Vectors 

Plasmids harboring genes and plant binary Vector pCAMBIA 1301 were digested with 

Restriction Enzyme FastDigest XhoI (Cat. No. FD0694) to produce sticky ends. After 5 

minutes of incubation at 37°C, digested samples were resolved on 1% of Agarose gel and 

visualized by UV translluminator with the help of Ethidium Bromide. Reaction mixtures 

for restriction digestion were prepared by the amounts of contents described in table 3.5. 

Table 3.5: Restriction digestion mixtures for pCAMBIA 1301 and pUC57 harboring 
Genes 

pCAMBIA 1301 pUC57 (AFP) pUC57 (IRI3) pUC57 (GaZnF) 

Plasmid (450ng) 5 µL Plasmid (484ng) 5 µL Plasmid (438ng) 5 µL Plasmid (405ng) 5 µL 

FastDiges Buffer 1 µL FastDiges Buffer 1 µL FastDiges Buffer 1 µL FastDiges Buffer 1 µL 

XhoI 5U XhoI 5U XhoI 5U XhoI 5U 

Water  3.5 µL Water  3.5 µL Water  3.5 µL Water  3.5 µL 

Incubation 5 minutes at 37°C 

 

3.10.2 Purification of Digested Products 

Gene cassettes and pCAMBIA 1301 bands from agarose gel were cut precisely with the 

help of sterilized scalpel blade. Gel elution was performed using GeneJET Gel extraction 

kit by thermo scientificTM (Cat. No. K0691). Gel bands were melted in equal volume of 

binding buffer at 55°C in water bath and mixture were passed through columns provided 

with the kit. Columns were washed with wash buffer containing ethanol and then samples 
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were eluted in 20µL of elution buffer. Quantification of vector and gene cassettes was 

performed with Thermo Scientific™ NanoDrop 2000. 

3.10.3 Ligation of Cassettes in pCAMBIA 1301 

The purified gene cassettes were ligated into vector pCAMBIA 1301 using rapid DNA 

ligation Kit from Thermo ScientificTM (Cat. No. K1422). Insert to vector ratio was 3:1 

(molar ratio). Ligation mixtures were prepared in 0.2mL microfuge tubes by adding the 

contents described in table 3.6.  The reaction was kept at 22°C for 10 minutes.  

Table 3.6: Ligation mixtures for cloning gene cassettes in pCAMBIA 1301  

IRI3 GaZnF AFP 

Linearized vector 1 µL Linearized vector 1 µL Linearized vector 1 µL 

Insert  (21ng) 1.5 µL Insert (17ng) 1.5 µL Insert (19ng) 2 µL 

5x Rapid Ligation Buffer 4 µL 5x Rapid Ligation Buffer 4 µL 5x Rapid Ligation Buffer 4 µL 

T4 DNA Ligase (5U/µL) 1 µL T4 DNA Ligase (5U/µL) 1 µL T4 DNA Ligase (5U/µL) 1 µL 

Water  12.5µL Water  12.5µL Water  12 µL 

 

3.10.4 Transformation in E.coli 

Transformation of pCAMBA constructs in E.coli was performed with the help of heat 

shock method as described in 3.3.2. 

3.10.5 Screening of Positive Clones  

After 24h of incubation, colonies were observed on the selection plates. Isolated colonies 

were used to inoculate LB broth medium and next day colony PCR was performed. For 

that purpose, 100uL culture was takein in 2.5mL tubes and medium was removed after 

centrifugation, resuspended in 100uL water and boiled in water bath at 100oC. Cells were 
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cooled down immediately on ice and centrifuged at 13000rpm. Supernatant of these 

samples was used for PCR as described in 3.3.4. 

3.10.7 Confirmation of Gene Orientations 

XhoI was employed on both ends of Gene cassettes for cloning into plant binary vector 

pCAMBIA 1301. Right orientation of genes was confirmed by restriction enzymes 

FastDigest HindIII (Cat. No. FD0504) for AFP and IRI3, and FastDigest BglII (Cat. No. 

FD0083) for GaZnF. Reaction mixtures for restriction digestion were prepared by the 

amounts of contents described in table 3.7. 

Table 3.7: Restriction Digestion Mixtures for Confirmation of Orientation 

 pCAMBIA (IRI3) pCAMBIA (GaZnF) pCAMBIA (AFP) 

Plasmid (484ng) 5 µL Plasmid (438ng) 5 µL Plasmid (405ng) 5 µL 

FastDiges Buffer 1 µL FastDiges Buffer 1 µL FastDiges Buffer 1 µL 

BglII 5U HindIII 5U BglII 5U 

Water  3.5 µL Water  3.5 µL Water  3.5 µL 

 

3.11 Transformation of pCAMBIA Vectors in Agrobacterium 

Isolated pCAMBIA plasmids, pCAMBIA-IRI3, pCAMBIA-GaZnF and pCAMBIA-AFP 

were transformed into Agrobacterium tumefaciens strain LBA4404 competent cells by 

electric shock method.  

3.11.1 Transformation in Agrobacterium 

Aliquots of Agrobacterium competent cells were taken out from -70oC and 3µL (100ng) 

of isolated plasmids were added in the tubes and were allowed to incubate on ice for one 

hour. Electroporation device was set at the capacitance of 25µF, voltage 2.2KV with 
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200Ω resistance. After one hour incubation, cells were subjected to electric shock and 

were immediately placed on ice for 5 minutes and then diluted using 1mL of YEP broth 

without selection. Cultures were allowed to recover and grow at 28oC in shaking 

incubator for 3 hours. After incubation 200µL of these transformed cells was transferred 

onto YEP agar plates with rifampicin at the rate of 10mg/L and kanamycin at the rate of 

50mg/L. Rest of the suspension, present in microfuge tube, was centrifuged at 12000 rpm 

for 1 minute. Broth medium as the supernatant was decanted off leaving 50-100µL in the 

tube. Cells were resuspended in remaining medium and were spread on YEP agar plate 

containing kanamycin. Both the plates were incubated at 28oC for 24-36 hours.  

3.11.2 Screening of Positive Colonies 

After 24h of incubation colonies were observed on the selection plates. Isolated colonies 

were used to inoculate LB broth medium and next day colony PCR was performed. For 

that purpose, 100uL culture was takein in 2.5mL tubes and medium was removed after 

centrifugation, resuspended in 100uL water and boiled in water bath at 100oC. Cells were 

cooled down immediately on ice and centrifuged at 13ooorpm. Supernatant of these 

samples was used for PCR as described in 3.3.4. 

3.12 Transformation of Potato 

3.12.1 Potato Variety 

Solanum tuberosum L. cv. Diamant was selected for the study. This cultivar has favorable 

agronomic traits in terms of quantity and quality of yield. Nodes of 20 days old potato cv 

Diamant plantlets were dissected and transformed via co-cultivation with Agrobacterium. 
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3.12.2 Preparation of MS-Basal Medium 

MS medium was used for tissue culturing and growth of potato plants. MS broth was 

prepared by adding 3% sucrose and 4.43mg/L MS basal medium in distilled water in a 

flask. pH was adjusted between 5.7-5.8. LB agar medium was prepared by adding 0.3% 

phytagel in the above mentioned recipe. Flasks were covered with aluminum foil and 

were autoclaved at 121oC and 15psi pressure for 20 minutes.  

3.12.3 Potato Nodes 

Three to four week’s old Potato plantlets growing in culture tubes containing MS basal 

medium were used for transformation. Plants were grown in culture room under 2000-

3000 lux light intensity at 25oC for 16 hours day length. The upper 4-5 nodes were used 

for transformation (Khan et al. 2017; Sajid et al. 2019). Single nodes of potato plantlets 

were cut by using sterile surgical blade and forceps in sterilized conditions, nodes were 2-

3 mm in length and leaves were left attached with petioles.  

3.12.4 Agrobacterium Mediated Transformation 

The nodes were co-cultivated with Agrobacterium tumefaciens strain LBA4404 

harboring pCAMBIA constructs. The overnight cultures of Agrobacterium were grown in 

YEP broth containing 50mg/L kanamycin and 10mg/L rifampicin at 200rpm for 16-24 

hours. An aliquot of 1mL of culture was taken to estimate the OD of the culture at 

600nm. The required OD was 0.5-1. The culture was centrifuged at 3000rpm for 15 

minutes at 4oC to get pellet. The supernatant was decanted and the pellet was dissolved in 

5mL of MS broth. Nodes were inoculated with this prepared culture for 30 minutes with 

shaking. Nodes were blot-dried and cultured on MS medium at 25oC for 72 hours in dark. 

Few non-transformed nodes were cultured on MS medium as control. 
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3.12.5 Selection Medium 

After 3 days, nodes were washed with autoclaved water and after drying were transferred 

in culture tubes with MS medium containing 250mg/L cefotaxime (250mg/L) to inhibit 

bacterial growth. Tubes were place under described condition in culture room and were 

allowed to grow for 6 to 8 weeks.  Then these plants were used for screening of putative 

positive transformants and further multiplication of plants through tissue culturing. 

3.13 Molecular Analysis of Putative Transgenic Plants 

Transgenic plants were screened by GUS Assay, PCR and Southern dot Blot analysis.  

3.13.1 GUS Assay  

Histochemical analysis was used to screen the positive transformed plants. X-gluc 

solution was prepared by using X-gluc (5-bromo, 4-chloro, 3-indolyl glucoronide) 

0.889mg/mL, chloramphenicol 0.1gm/mL, 10mM NH2PO4, 0.1% triton x, 20% methanol 

and pH was adjusted to 7.8. Young leaves and stems were detached from plants and were 

incubated in this solution at 37oC overnight. Chlorophyll was bleached by treating plant 

tissues with 80% ethanol at 37oC for 48 hours. Blue spots were observed with the help of 

light and compound microscope.  

3.13.2 DNA Isolation from Plant Tissues 

DNA of all potato plants which were screened Positive by GUS assay was isolated by 

CTAB method. Leaves were grinded in mortal and pestle in the presence of liquid 

nitrogen and transferred to 50mL tubes. CTAB, DNA Extraction Buffer (15mL) was 

added to each tube and tubes were incubated at 65°C in water bath for one hour. After 

incubation equal volume of chloroform was added and was mixed by gentle shaking. 
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Tubes were centrifuged at 4,000 rpm for 20min at room temperature and supernatant as 

aqueous layer was transferred to clean tubes. DNA in supernatant was precipitated by 

adding 10mL Isopropanol and tubes were again centrifuged at 4,000 rpm for 20 minutes. 

Pallets were washed with 15mL of 70% ethanol and were resuspended in 1mL of double 

distilled deionized water.  RNaseA was added at the final concentration of 0.1mg/ml 

from 10mg/ml stock and samples were allowed to incubate at 37°C for 20minutes. 

Samples were extracted with equal volume of Phenol:Chloroform:Isoamyl alcohol 

(25:24:1) and centrifuged at 4,000 rpm at room temperature for 25 minutes. DNA was 

precipitated by 100% ethanol and pellets were washed with 70% ethanol. Pellets were 

dried at room temperature for 10min and then were re-suspended in 2mL sterile water. 

DNA was quantified by 1% agarose gel electrophoresis. 

3.13.3 PCR Analysis 

Genomic DNA isolated from positive transgenic plant was analyzed for the confirmation 

of incorporated gene by PCR technique as described earlier 

3.13.4 Southren Blot Analysis 

The genomic DNA of transgenic and non-transgenic plant samples were digested with 

xho1. Digested DNA samples were run on 0.8% agarose gel at 14 V overnight. 

Denaturation and depurination of gels was performed by NaCl (1.5M), NaoH (0.5M) and 

HCl (1.5M), respectively. DNA samples were then transferred to Hybond N membranes 

from gels through capillary action using 20X SSC. UV light was used for 3-5 minutes to 

cross-link membranes. Overnight hybridization with gene specific probe was followed by 

one hour Pre-hybridization at 65°C. The washing of the membrane was done using a 

washing buffer, and further blocking of the membrane was carried out using a blocking 
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solution of Rosche. The blocking solution was removed, the membrane was washed and 

further streptavidin AP conjugate was added. Thirty minutes later, the membrane was 

washed three times and a detection buffer was added to the membrane and freshly 

prepared 1x NBT/ BCIP for 2 hours. 

3.14 Cold Stress Assays 

3.14.1 Expression Analysis 

Confirmed potato plants were sown in 8 inch pots for two months. For cold stress plants 

were shifted to growth chamber at 2oC and samples were withdrawn at different time 

intervals. First sample was taken at 0h after stress, and then samples were taken at 6h, 

12h, 24h, 36h, 48h, 72h and 96h. Total RNA of all the plant samples was extracted with 

the help of trizol and cDNA was prepared from 1ug of RNA per sample. Quantitative 

expression analysis qPCR was performed to analyze the expression of all genes. Sybr 

Green dye (ROX qPCR Master Mix 2X) and Piko real 3.1 software were used in a 

thermo scientific quantitative thermo cycler. The threshold cycle number (Cq) for 

transgene was normalized to the Cq for the house keeping gene, namely the Beta actin 

that was simultaneously amplified with the samples. 

3.14.2 Ion Leakage Assay 

Electrolyte leakage assays were carried out using leaves discs. Discs were placed in glass 

tubes containing deionized water (100 μL). Treatments were conducted by placing tubes 

in a circulating water bath at 0 °C and lowering the temperature to −1 °C, over 30 min. 

Following treatment, experimental samples were removed from the circulating water bath 

and allowed to recover overnight at 4 °C in the dark. Control samples were left covered 

in the dark at 4 °C, while treated experimental samples were prepared and allowed to 
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recover at 4 °C overnight. All cut leaf samples were then transferred to conical tubes 

(50 mL containing 20 mL of deionized water) and shaken for 18 h at 24 °C, 150 rpm. 

Initial (Ci) and final conductivity (Cf) measurements were taken before and after 

autoclaving samples.  

3.15 Contained Field Trial 

Control and Transgenic plants were sown in contained field during the start of October. 

These plants were subject of temperature as low as -1oC for three nights during the month 

of January. Transgenic plants were compared to control plants for symptoms.  
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4.1 Sequence Analysis of IRI3 Perennial Ryegrass  

 DNA sequence retrieved from NCBI was 765 nucleotides in length which 

encodes protein of 255 amino acids (Table 4.1). Calculated molecular mass of the protein 

is 26.25 kDa. Protein contained 16 strongly basic amino acids (K,R), 16 strongly acidic 

amino acids (D,E,) 80 hydrophobic amino acids (A,I,L,F,W,V) and 91 polar amino acids 

(N,C,Q,S,T,Y). At 7 pH, protein has a charge of -1.025 and theoretical isoelectric point of 

protein was 7.053. After codon optimization a 58 base pair enhancer sequence 

(TACATCACAATCACACAAAACTAACAAAAGATCAAAAGCAAGTTCTTCACT

GTTGATA) was added to gene cassette (Fig 4.1).  

Table 4.1: Table shows the number and percentage of different Amino acids present in 

IRI3 Perennial ryegrass 
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Fig 4.1: Schematic representation of IRI3 gene cassette. Expression of IRI3 gene was subject 

to enhance with the help of 5’-untranslated region of alcohol dehydrogenase gene (ADH1) as a 

translational Enhancer. xhoI was used as Restriction endonuclease cutting site on both ends.  

4.2 Sequence Analysis of ZnFP Cotton 

DNA sequence obtained from Plant Genomics lab, CEMB, was 510 nucleotides in length 

which encodes protein of 169 amino acids (Table 4.2) Calculated molecular mass of 

protein is 18.02 kDa. Protein contained 20 strongly basic amino acids (K,R), 15 strongly 

acidic amino acids (D,E,) 49 hydrophobic amino acids (A,I,L,F,W,V) and 51 polar amino 

acids (N,C,Q,S,T,Y). At 7 pH, protein has a charge of +3.225 and theoretical isoelectric 

point of protein was 8.024. After codon optimization a 58 base pair enhancer sequence 

(TACATCACAATCACACAAAACTAACAAAAGATCAAAAGCAAGTTCTTCACT

GTTGATA) was added to gene cassette (Fig 4.2). 
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Table 4.2: Table shows the number and percentage of different Amino acids present in 

ZnFPCotton 

 

 

 

 

 

Fig 4.2: Schematic representation of ZnFP gene cassette. Expression of ZnFP gene was 

subject to enhance with the help of 5’-untranslated region of alcohol dehydrogenase gene 

(ADH1) as a translational Enhancer. xhoI was used as Restriction endonuclease cutting site on 

both ends.  
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4.3 Sequence Analysis of AFP Carrot 

 DNA sequence retrieved from NCBI was 999 nucleotides in length encoding a 

protein of 332 amino acids (Table 4.3) with a calculated molecular mass of 36.84 kDa. 

Protein contained 27 strongly basic amino acids (K,R), 36 strongly acidic amino acids 

(D,E,) 119 hydrophobic amino acids (A,I,L,F,W,V) and 100 polar amino acids 

(N,C,Q,S,T,Y). At 7 pH, protein has a charge of -11.012 and theoretical isoelectric point 

of protein was 5.007. After codon optimization a 58 base pair enhancer sequence 

(TACATCACAATCACACAAAACTAACAAAAGATCAAAAGCAAGTTCTTCACT

GTTGATA) was added to gene cassette (Fig 4.3). 

Table 4.3: Table shows the number and percentage of different Amino acids present in AFP 

Carrot 
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Fig 4.3: Schematic representation of AFP gene cassette. Expression of AFP gene was subject 

to enhance with the help of 5’-untranslated region of alcohol dehydrogenase gene (ADH1) as a 

translational Enhancer. xhoI was used as Restriction endonuclease cutting site on both ends. 

 

4.4 Confirmation of Transformation in E.coli 

The gene constructs were synthesized and provided by BioBasic Inc in cloning Plasmid 

pUC57. The synthesized constructs were transformed into E. coli (Top 10) cells and the 

transformations were confirmed through colony PCR and restriction digestion analysis. 

4.4.1 Colony PCR 

The selected colonies were picked, inoculated on new plates and were mixed with the 

master mix of PCR reaction. The PCR products were resolved on agarose gel of 1% as 

shown in Figure 4.4.  
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Figure 4.4: PCR amplification of genes.  

A:  Lane 1: 1kb Ladder, Lane 2: positive control for IRI3 Gene, Lane 3: Negative control and 

Lane 4-8: PCR products from different colonies harboring IRI3 cassette. B:  Lane 1: 1kb Ladder, 

Lane 2: Negative control, Lane 3: Positive control for AFP gene and Lane 4-8: PCR products 

from different colonies harboring AFP cassette. C:  Lane 1: 1kb Ladder, Lane 2: Positive control 

for ZnFP gene, Lane 3: Negative control and Lane 4-8: PCR products from different colonies 

harboring ZnFP cassette. 
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4.4.1 Restriction Digestion 

The positive colonies identified by the colony PCR were further tested by restriction 

digestion. Plasmids were isolated after growing the selected colonies overnight in LB 

media supplemented with ampicillin. Restriction enzyme xho1 was used to excise the 

cloned cassettes from the vectors. Required sized fragments were liberated from all the 

three plasmids indicating the presence of genes (Fig 4.5).  

 

 

 

 

 

 

 

 

 

Figure 4.5: Restriction Digestion of three gene Cassettes from pUC57.  Lane 1: 1kb Ladder, 

Lane 2: Digested pUC57 vector containing AFP Carrot Gene cassette, Lane 3: Digested pUC57 

vector containing IRI3 Perennial ryegrass  Gene cassette, and Lane 4: Digested pUC57 vector 

containing ZnFP Cotton Gene cassette. 
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4.5 Cloning of Constructs in Sub-Cellular Localization Vector  

Sub-Cellular localization vector pFAST-R06 was deployed to determine the expression 

of proteins in model plant Arabidopsis thaliana. pFAST-R06 vector allows the fusion of 

gene  with GFP, driven by the CaMV 35S promoter, hence permits the study of 

subcellular localization of the GFP fusion protein. pFAST ((fluorescence-accumulating 

seed technology) overcomes the difficulty in selection of transformed Arabidopsis plants 

by expressing RFP in the seed coat of dormant transgenic seeds. All the three gene 

constructs were cloned in sub-cellular localization vector through Gateway Cloning. 

4.5.1 PCR Amplification 

Polymerase chain reaction using confirmed plasmids having constructs, as confirmed in 

4.4, as templates and the sets of primers given in Table 3.3. resulted in amplification of 

required sized DNA fragments ( fig 4.6). Amplified Genes were purified from gel for 

ligation into entry vector pDONR 201.  

 

 

 

 

 

 Figure 4.6: PCR Amplification of three genes from pUC57 constructs.  Lane 1: 1kb Ladder, 

Lane 2: Negative Control for IRI3 Primers, Lane 3: PCR amplified  IRI3 Gene, Lane 4: Negative 

Control for ZnFP Primers, Lane 5: PCR amplified  ZnFP Gene, Lane 6: Negative Control for 

AFP Primers And Lane 7: PCR Amplified AFP Gene.  
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4.5.2 Ligation and Cloning of Genes in Entry Vector  

PCR products were purified from the gel and were ligated in pDONR 201 Entry vector 

for Gateway Cloning through BP reaction. Resultant Recombinant plasmids were 

transformed in E.coli top10 competent cells via heat shock method. On selection media 

colonies were obtained overnight at 37oC. Colonies were tested for colony PCR and 

showed positive results (Fig 4.7).  

 

 

 

 

 

 

 

 

Figure 4.7: Amplified genes from Colony PCR. Lane 1: 1kb DNA Ladder, Lane 2-8: Amplified 

products from colony PCR for ZnFP construct, Lane 9: Positive Control for ZnFP Gene, Lane 10-

16 Amplified products from colony PCR for AFP construct, Lane 17: Positive Control for AFP 

Gene, Lane 18-24: Amplified products from colony PCR for IRI3 construct and Lane 25: Positive 

control for IRI3 gene.  

 

4.5.3 Sequencing of Entry Clones 

Cloning in entry vectors were further confirmed by sequencing.  Recombinant plasmids 

were isolated from positive colonies confirmed by colony PCR. Estimated quantities of 

isolated plasmids were approximately 170ng/µl. Plasmids were sent to ThermoFisher 

Scientific for sequencing with forward and reverse universal pDONR 201 primers (Fig. 

4.8). Sequencing results showed 100% similarity with the required sequences.  
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Figure 4.8: Partial Chromatograms of DNA sequencing files. A. Partial Chromatogram of 

plasmid containing IRI3 Gene. B. Partial Chromatogram of plasmid containing ZnFP Gene. C. 

Partial Chromatogram of plasmid containing AFP Gene. 

 

4.5.4 Ligation and Cloning of Genes in Destination Vector  

Recombinant pDONR 201 Entry vectors were used for the cloning of destination vectors 

through LR reaction (Fig 4.9). Resultant Recombinant destination plasmids were 

transformed in E.coli top10 competent cells via heat shock method. On selection media 

colonies were obtained overnight at 37oC. Colonies were tested for colony PCR and 

showed positive results (Fig 4.10). Recombinant destination plasmids were further 

confirmed by Sequencing from Thermofisher Scientific.  
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Figure 4.9: Schematic representations of Genes in Sub-Cellular Localization Destination 

vectors pFAST R06. OLE1 is the most abundant oleosin in Arabidopsis seeds fused with Red 

Fluorescent Protein. A: IRI3 gene fused with GFP B: ZnFP gene fused with GFP C: AFP gene 

fused with GFP.  

 

 

 

 

 

Figure 4.10: Amplified genes from Colony PCR. Lane 1: 1kb DNA Ladder, Lane 2: Positive 

control for IRI3 gene, Lane 3-9: Amplified products from colony PCR for IRI3 construct, Lane 

10: Positive Control for AFP Gene, Lane 11-17: Amplified products from colony PCR for AFP 

construct, Lane 18: Positive Control for ZnFP Gene, and Lane 19-25: Amplified products from 

colony PCR for ZnFP construct.  
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4.5.5 Transformation of Destination Vector in Agrobacterium 

The recombinant plasmids were transformed in Agrobacterium tumefaciens (strain 

LBA4404) cells through electroporation. After transformation, colony PCR with gene 

specific primers was performed to ensure successful transformation in the Agrobacterium 

strain. The obtained bands on 1% agarose gel confirmed the successful transformation of 

recombinant destination plasmids in A. tumefaciens (Fig 4.11). 

Figure 4.11: Amplified genes from Agrobacterium Colony PCR. Lane 1: 1kb DNA Ladder, 

Lane 2: Negative control for ZnFP gene, Lane 3: Positive Control for ZnFP gene 571bp 

Fragment, Lane 4-6: Amplified products from colony PCR for ZnFP, Lane 7: Negative control 

for IRI3 gene, Lane 8: Positive Control for IRI3 gene 826bp Fragment, Lane 9-11: Amplified 

products from colony PCR for IRI3, Lane 12: Negative control for AFP gene, Lane 13: Positive 

Control for AFP gene 1060bp Fragment, Lane 14-16: Amplified products from colony PCR for 

AFP. 

4.6 Transformation in Arabidopsis thaliana 

Recombinant destination plasmids were transformed in Col-0 (Columbia) accession of 

Arabidopsis thaliana through floral dip method. Seeds were harvested and putative 

transgenic seeds were screened with the help of florescent stereomicroscope. Selected 

seeds were grown for T2 generation seeds, homozygous seeds of T2 (Fig. 4.12) which 

gave bright red fluorescence, were selected for confocal microscopy. 
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Figure 4.12: T2 Seeds of Arabidopsis plants give red fluorescence with a fluorescence 

stereomicroscope.  

 4.7 Confocal Microscopy 

Germinating transgenic seeds on MS zero Medium were placed at 2oC for cold stress to 

induce the expression of fused proteins. PI stained cell walls gave red florescence and the 

expression of GFP-IRI3, GFP-ZnFP and GFP-AFP was green (Fig. 4.13, Fig 4.14 and 

Fig 4.15).  

 

 

 

 

 

Fig 4.13: Sub-Cellular Localization of GFP-IRI3 gene in different plant parts of 

Arabidopsis. A, B, C: Expression of fused protein in Different parts of roots D, E: roots 

of control Col-0 plants F: Expression of Fused Protein in leaf 
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Fig 4.14: Sub-Cellular Localization of GFP-ZnFP gene in different plant parts of 

Arabidopsis. A, B, C: Expression of fused protein in Different parts of roots D, E: roots 

of control Col-0 plants.  

 

 

 

 

 

 

 

Fig 4.15: Sub-Cellular Localization of GFP-AFP gene in different plant parts of 

Arabidopsis. A, B, C: Expression of fused protein in Different parts of roots D: root of 

control Col-0 plants.  
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4.8 Cloning of cassettes in pCAMBIA 1301 Vector 

pUC57 plasmids harboring genes and pCAMBIA 1301 were digested with the help of 

xho1, eluted from the gel and were used for ligation (Fig 4.16). Resultant Recombinant 

plasmids (Fig. 4.17) were transformed in E.coli top10 competent cells and positive 

colonies were screened by colony PCR (Fig. 4.18 and 4.19).  

 

 

 

 

 

 

 

Fig 4.16: Eluted Digested Genes and Vector. Lane 1: 1kb DNA ladder Lane 2 and 3: 

Digested with xho1 and eluted vector pCAMBIA 1301, Lane 4: Digested with xho1 and 

eluted IRI3 cassette, Lane 5: Digested with xho1 and eluted ZnFP cassette, Lane 6: 

Digested with xho1 and eluted AFP cassette. 
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Figure 4.17: Schematic representations of Genes in plant expression binary Vector 

pCAMBIA 1301.  

 

 

 

Figure 4.18: colony PCR for the screening of positive transformants. Lane 1: 1kb DNA 

Ladder, Lane 2-8: Amplified products from colony PCR for ZnFP, Lane 9: Positive Control for 

ZnFP gene, Lane 10-16:  Amplified products from colony PCR for AFP, Lane 17: Positive Control 

for AFP gene. 
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Figure 4.19: colony PCR for the screening of positive transformants . Lane 1: Positive 

Control for IRI3 gene, Lane 2: Negative Control, Lane 3-8: Amplified products from colony PCR 

for IRI3, Lane 9: 1kb DNA Ladder. 

4.8.1 Confirmation of Orientation 

Gene cassettes were cloned with xho 1 on both sides so it was required to check their 

orientation in pCAMBIA construct. Confirmed pCAMBIA-IRI3 and pCAMBIA-AFP 

constructs were digested with the help of restriction enzyme BglII and pCAMBIA-ZnFP 

was digested with HindIII. Transformants having right orientation resulted in exclusion 

of digested bands at 2.1kb for IRI3, 1.2kb for ZnFP and 2.16kb for AFP (Fig 4.20). 
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Figure 4.20: Confirmation of Gene Cassettes Orientation. A) Lane 1: 1 kb ladder; Lane 2-5 

Digested pCAMBIA-IRI3 showing different orientations of gene cassettes: B) Lane 1-3 Digested 

pCAMBIA-ZnFP showing different orientations of gene cassettes, Lane 4: 1 kb ladder, C) Lane 

1: 1 kb ladder; Lane 2-6 Digested pCAMBIA-AFP showing different orientations of gene 

cassettes. 

1000bp 

2000bp 

3000bp 

1000bp 

2000bp 

3000bp 

2.1Kb IRI3     

2.16Kb AFP 

1000bp 

2000bp 
3000bp 

1.2Kb AFP     

  1       2        3        4       5     

     1           2           3          4           

  1         2        3        4       5        6  



62 
 

 

4.8.2 Transformation of pCAMBIA constructs in Agrobacterium 

The recombinant pCAMBIA plasmids were transformed in Agrobacterium tumefaciens 

(strain LBA4404) cells through electroporation. After transformation, plasmid from 

putative colonies was isolated and restriction analysis was performed to ensure successful 

transformation in the Agrobacterium strain. The liberated bands of 1066bp, 832bp and 

577bp from AFP, IRI3 and ZnFP constructs respectively confirmed the successful 

transformation of recombinant destination plasmids in A. tumefaciens (Fig 4.21) 

 

 

 

 

 

Fig. 4.21: The restriction digestion of Agrobacterium plasmid.  Lane 1: 1 kb Ladder, Lane 2: 

Digested plasmid and gene AFP, Lane 3: Digested plasmid and gene IRI3, Lane 4: Lane 2: 

Digested plasmid and gene ZnFP.  
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4.9 Transformation of pCAMBIA Constructs in Potato 

Recombinant pCAMBIA plasmids were used to transform nodes of potato variety 

Diamant.  Nodes were co-cultivated with Agrobacterium cultures followed by growth on 

selection medium. Survived potato plantlets on selection medium were further screened 

for being transgenic via GUS assay, PCR and southern Dot Blot assay.  

4.9.1 Screening of Putative Transgenic Plants (Single Gene) 

4.9.1 GUS Assay 

 Initial screening of the putative transgenic plants for the ZnFP cotton, IRI3 

perennial Ryegrass and AFP carrot genes was done through the GUS histochemical 

staining. For this purpose, leaves and stems of 20 potato plants for each gene were 

selected for GUS histochemical analysis. Development of deep blue color in the treated 

plant parts indicated the presence of transgenes within the transgenic plants under study 

as shown in Fig. 4.22. In total, 3 plants for ZnFP Cotton, 3 plants for IRI3 Ryegrass and 5 

plants for AFP carrot were GUS positive. 
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Figure 4.22: GUS histochemical staining of transgenic and control potato plants. A) 
Transgenic plants of ZnFP cotton gene along with negative control. B) Transgenic plants 
of IRI3 ryegrass gene along with negative control. C) Transgenic plants of AFP carrot 
gene along with negative control. 

 

4.9.2 PCR Analysis  

 Positive plants obtained through the GUS histochemical staining were confirmed 

through the PCR analysis. For this purpose genomic DNA was extracted from the 

putative transgenic plants and used as template for the PCR reaction using gene specific 

primers. Amplification of 589bp fragment in the ZnFP cotton gene plants, 844 bp 

fragment from the AFP Ryegrass plants and 1078 bp fragment from the AFP carrot plants 

confirmed the presence of transgenes within the transgenic plants as shown in the Fig 

4.23. 
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Figure 4.23: PCR analysis of putative transgenic potato plants. A) Lane 1: Negative plant 

control; Lane 2: 1 kb ladder; Lane 3, 5, 6: Putative transgenic plants positive for ZnFP cotton 

gene; Lane 4, 7, 8: Putative transgenic plants negative for ZnFP cotton gene; Lane 9: Positive 

control (Plasmid DNA). B) Lane 1: 1 kb ladder; Lane 2: Positive control (Plasmid DNA); Lane 4, 

5, 6: Putative transgenic plants positive for IRI3 ryegrass gene; Lane 3: Putative transgenic plant 

negative for AFP ryegrass gene; Lane 7: Negative plant control. C) Lane 1: Positive control 

(plasmid DNA); Lane 5, 7, 8, 9, 11: Putative transgenic plants positive for AFP carrot gene; Lane 

2, 3, 4, 6: Putative transgenic plants negative for AFP carrot gene; Lane 10: Negative plant 

control; Lane 12: 1 kb ladder. 
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4.9.3 Southern Dot Blot Analysis 

DNA extracted from putative transgenic plants was further used for southern Dot Blot 

analysis. Denatured DNA samples of plants was spotted on Hybond N membrane and 

was hybridized by DIG labeled probes of respective genes. Three plant samples for each 

construct showing dark dots as the result of Blot analysis were selected for further 

analysis and transformations e.g., R2, R3 and R5 were selected for pCAMBIA-IRI3 

construct, Z2, Z6 and Z7 were selected for pCAMBIA-ZnFP and C1, C9 and C10 were 

selected for pCAMBIA-AFP (Fig. 4.24)  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.24: Southern Dot Blots of Transgenic Plants. A: Dot blot analysis for plants 

transformed with pCAMBIA-ZnFP B: Dot blot analysis for plants transformed with pCAMBIA-

IRI3 and C: Dot blot analysis for plants transformed with pCAMBIA-AFP. 
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4.9.2 Transformation and Screening of Plants (Two and Three Genes) 

Transgenic lines were further subjected to transformation with other constructs. All the 

genes were individually cloned in plant expression vectors as the restriction sites of genes 

were present in the coding region of other genes. Transgenic potato line R5, having IRI3 

gene, was selected for transformation with pCAMBIA-ZnFP and pCAMBIA-APF to 

develop transgenic plants having two genes. Similarly, transgenic potato line Z6, having 

ZnFP gene, was selected for transformation with pCAMBIA-AFP. Putative transgenic 

plants were confirmed by PCR and Southern Blot Analysis. 

Putative transgenic plants were confirmed through PCR analysis. Three transgenic lines 

having IRI3 and ZnFP (RZ3, RZ4 and RZ7), three transgenic lines having IRI3 and AFP 

(RC2, RC4 and RC8) and three transgenic lines having ZnFP and AFP (ZC6, ZC7 and 

ZC9) were selected and proceeded to southern Blot analysis for confirmation (Fig 4.25). 

Transgenic line RZ3, having IRI3 and ZnFP, was subject of further transformation with 

pCAMBIA-AFP to attain three Gene Transformants. After transformation, putative 

transgenic plants were confirmed by PCR and three transgenic lines having all the three 

genes i.e., IRI3, ZnFP and AFP were marked as (RZC3, RZC4 and RZC7).  
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Figure 4.25: Southern Blot Analysis of putative transgenic plants. A, Southren blot analysis 

for plants transformed with pCAMBIA-ZnFP and pCAMBIA-AFP, B: Southren blot analysis for 

plants transformed with pCAMBIA-IRI3 and pCAMBIA-AFP, C: Southren blot analysis for 

plants transformed with pCAMBIA-IRI3 and pCAMBIA-ZnFP  and D: Southren blot analysis 

for plants transformed with pCAMBIA-IRI3, pCAMBIA-ZnFP and pCAMBIA-AFP. 

 

4.10 Cold Stress Assay:  

Transgenic lines were grow in soil pots for 2 months, 3 plants for each transgenic line 

were placed at 4oC in growth chamber. Leaf samples were withdrawn at 0h, 6h, 12h, 24h, 

36h, 48h, 72h and 96h for differential mRNA expression of the genes. It was observed 

that expression of IRI3 gene was decreased at 6 and 12 h time points in comparison to 0h 

however expression was increased gradually at 24h, 36h and 48h time points.  Maximum 

expression was observed in transgenic line R2 that was 20.02 folds increase at 96h after 

cold stress. Expression was 18 fold at 48h and 20 fold at 96 h, whereas gene, expression 
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having minimum fold increase was AFP i.e. 9 folds increase. ZnFP showed 12 folds 

increase at 72hrs Fig 4.26 and Fig 4.27.  

Figure 4.26: Graphical representation of Expression analysis of IRI3 and ZnFP under 

Stress conditions. A: Expression analysis of IRI3 gene, B: Expression analysis of ZnFP. 

A 

B 
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Figure 4.27: Graphical representation of Expression analysis of AFP under Stress 

conditions 

4.11 Ion Leakage Assay 

Ion leakage assay was performed by calculation the initial conductivity and final 

conductivity after cold stress. Different lines transformed with the same gene in different 

events showed similar results for ion leakage. Ion leakage was observed minimum as 

52% as compared to control 84% in plants transformed with two genes IRI3 and ZnFP. 

Significant decrease in ion leakage percentage was observed in transformed plants (Fig: 

4.28). 

 

 

 

C 



71 
 

 

 

Figure 4.28: Graphical representation of Ion leakage Analysis of the transgenic lines. A: 

Graph Shows the percentage ion leakage of single gene transformants as compared to 

control plants. B: graph showing the percentage of ion leakage of multiple gene 

transformants. 
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4.12 Contained Field Trial 

Seedlings of transgenic potato plants were shifted in contained field in the month of 

October. During January, the night temperature was below 0oC for three nights. 

Transgenic plants with IRI3 and ZnFP genes showed better growth and recovery after 

frost. Transgenic plants were compared for symptoms with control plants (Fig 4.29). 

 

 

 

  

 

 

Figure 4.29: Comparison of Frost Symptoms among control and Transgenic Plant RZ4 

transformed with IRI3 gene and ZnFP gene.  
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Discussion 

Potato is the fourth major food crop worldwide and its yield production is being 

threatened by the recent changes in climate. It is one of the most frost‐sensitive species 

affected by freezing injury, slight exposure to frost significantly affect its yields while 

prolong exposure can completely result to death of potato plant. Several conventional 

breeding approaches have been employed to develop frost resistance in potato, but 

molecular engineering remains a fast and reliable technique to introduce variabilities in 

potato genome. In this study, we attempted to enhance frost tolerance in potato, as a mean 

of sustainable production of potatoes under low-temperature stressed condition. 

Recombinant gene construct was expressed in Arabidopsis thaliana to study the 

sub cellular localization. The open reading frames (ORFs) of three different genes (IRI3, 

ZnFP and AFP) fused with C-terminal green fluorescent protein (GFP) expressed fusion 

proteins in Arabidopsis thaliana and depicts various subcellular localization of the 

putative recombinant proteins. As it is well known that cellular localization aid to identify 

where enzymes and regulatory proteins are located in specific plant cells at particular 

times under particular environmental conditions, which is an indicative of functions of a 

protein (Razzak et al. 2019). In this study, we assessed the feasibility of Agrobacterium-

mediated transformation of harboring sub-cellular localization vector pFAST-R06 clone 

through Gateway cloning system described by (Shimada et al. 2010). This system allows 

the cloning of amplified ORFs by recombination, thus evading the necessity of restriction 
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sites screening that are present within the cloning sites of the cloning vector(s) (Zhou et 

al. 2018). The respective GFP-fused genes were mostly concentrated at the root cellular 

structure and progressive cellular differentiation further indicated presence of IRI3, ZnFP 

in plasma membrane except AFP, however, most of the recombinant genes were 

contained in the nucleus. 

Antifreeze proteins (AFPs) are proteins families that protect organisms from 

impairment, that might arose from frost conditions. The proteins lower the organism 

freezing points through a process known as thermal hysteresis. These proteins have been 

reported in diverse organism; fishes, insect, plant and microoranism. Effort has been 

made to identify plant AFPs from species such as bittersweet nightshade (Solanum 

dulcamara), winter rye (Secale cereale), carrot (Daucus carota), and ryegrass (Lolium 

perenne). Similarly, proteins that inhibit ice recrystallization have been shown to inhibit 

freezing by binding with ice crystals preventing further formation of ice structures. This 

study was based on the advantages of previous isolation and characterization of plant 

AFP studies. Full length gene of (AFP) from carrot and Ice recrystallization inhibition 

protein (IRI3) from perennial ryegrass were used to transform potato plant in order to 

enhance the tolerance against cold stress. Transcription factors control gene expression 

through the activation of signal transduction cascades associated with specific plant 

responses, such as freezing tolerance. C2H2 zinc finger motifs of transcription factor 

genes that encode nucleic acid-binding domain involved in the regulation of gene 

activity have been isolated from a wide range of eukaryotes. The over expression of zinc 

finger transcription factors (TFs) have been shown to improve plant tolerance against 

abiotic stresses. In the study, Zinc finger protein isolated from cotton was incorporated 
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into potato along with the antifreeze protein to develop transgenic potatoes that can stand 

against the adverse effect of frost and consequently sustain the production of improved 

yield under severe frost condition. 

The recombinant genes in binary pCAMBIA1301 vector were driven under the 

influence of double CaMV 35S promoter. Promoter generally initiates expression of 

transgene in plant (Sajid et al. 2019). The duplication of CaMV 35S promoter sequences 

has been reported to generate a strong enhancer for better expression of transgenes, 

thereby, increasing the activity of an adjacent and divergently transcribed transferred 

DNA gene to hundred folds (Kay et al. 1987). This optimized enhancer enhances high 

levels of expression of multiple genes (IRI3, ZnFP and AFP) in transgenic potatoes. The 

three different constructs generated for each gene was linked to the 3-glucuronidase gene 

that was used for confirmation of the expression of transgene in potato. Transformant 

potato identified through PCR was subjected to GUS histochemical staining assay, this 

analysis revealed that the recombinant proteins were expressed in all part of potato 

(leaves, stem and root). The wide spread of the expression is an indicative of successful 

development of multi-gene frost tolerance potato. This result was consistence with the 

result of (Kim et al. 2016) when SCOF‐1 expression positively correlated with tolerance 

to cold stress. 

We observed high correlation in our transformant identification using southern 

dot analysis and southern blot analysis for potato transform with single as well as 

multiple genes respectively. Transgenic lines selected were exposed to low temperature 

to simulate frost condition. The expression of various transgenes was evaluated at 

different time intervals. Significant increase in expression was observed as the time of 
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exposure increases. The direct correlation in the increase of transgene expression with 

time depicted that the gene overexpression is activated to survive under low temperature 

condition. This result ties well with previous studies wherein over expression of either 

LpIRI-a or LpIRI-b gene in Arabidopsis increased survival rates of the seedlings 

following a freezing test under both cold-acclimated and non-acclimated conditions 

(Zhang et al. 2010). 

Plant cells generally response to stress through electrolyte leakage. Stresses affect 

the dynamic structure of plant membrane influencing permeability, membrane integrity 

and cell compartmentation. In this study, we have successfully compared the effects of a 

cold treatment on membrane integrity on the transformed potato lines with the 

untransformed potato. The transgenic lines have shown reduction in the solute and 

electrolyte leakage rate under simulated chilling condition. Similar technique had been 

employed to analyze stress induced damages in various plant tissues. For 

instance, Arabidopsis mutants ware analyzed for phenotypic differences by electrolyte 

leakage after inducing freezing stress (Lee and Zhu 2010). The reduction in membrane 

permeability confirm that the transgene line cell membranes are protected 

from disruption and mutilation that can cause injury to the plant and cell death under frost 

condition. Overall these findings are in accordance with findings reported by (Zhang et 

al. 2010) when transgenic Arabidopsis plants overexpressing either LpIRI-a or LpIRI-b 

gene exhibited a consistent reduction in freezing-induced ion leakage.   

Furthermore, the transgene lines those were planted during the winter season 

showed better growth condition with quick recovery from frost symptoms and produces 

better yield as compared to un-transformed control potato. Conclusively, we developed 
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transgenic potato lines with enhanced cold and freezing stress tolerance, thereby 

promoting its sustainable production and food security. 

Current study concludes that multiple frost resistance genes such as Zinc Finger 

protein (cotton), Ice Recrystallization inhibition protein (Ryegrass) and Antifreeze 

protein (carrot), confers resistance against heavy damages caused by low temperatures. 

These plant based genes are considered safe and suitable as compared to non-plant origin. 

Thus, the given strategy has strong potential to increase potato yield.  In future the main 

focus is on the commercialization of these transgenic tolerant potato crops to increase the 

yield per hectare during winter season. For that purpose, further trials are required in the 

contained field, biosafety studies and GMO certification.  
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APPENDIX 
 

10% Ampycillin 
 Ampicillin   100 mg  
Amycillin was dissolved in 1mL of distilled water to make 1mL of 10% Ampicillin 
stock. 
 
Alkaline lysis solution I (ALS I) 

Glucose   50mM 
Tris-Cl (pH 8.0)  25mM 
EDTA (Ph 8.0)  10mM 

Solution having above concentrations of chemicals was prepared, autoclaved at 20 psi for 
15 minutes and stored at 4oC.  
 
Alkaline Lysis Solution II (ALS II) 

10mM NaOH   20 µL 
10% SDS   100 µL 
Distilled Water   880 µL 

All the chemicals were mixed and solution was used while fresh. 
 
Alkaline Lysis Solution III (ALS III) 

5M Potassium acetate  60.mL 
Glacial Acetic acid  11.5mL 
Distilled Water  28.5mL 

All these chemicals were mixed and stored at 4oC. 
 
70% Ethanol 
 Absolute Ethanol  70mL 
Water was added in absolute ethanol to make final volume upto 100mL. 
 
50x TAE Buffer 

Tris Base   242g 
Glacial acetic Acid  57.1mL 
0.5M EDTA    100mL 

Final volume was raised to 1000mL with distilled water. 
 
1x TAE Buffer 
 10mL of 50x TAE buffer was taken and its volume was raised to 100mL with 
distilled water. 
 
 
6x Gel Loading Buffer 
 Bromophenol Blue  0.25% 
 Xylene Cyanol FF  0.25% 
 Sucrose Solution  40% 
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Solution was prepared in water and stored at 4oC. 
 
 Ethidium Bromide Solution 
 Ethidium Bromide 0.1g 
Ethidium Bromide was dissolved in 1mL of distilled water and was stored at -4oC.  
 
50mM CaCl2 

 CaCl2    5.55g 
To make 1 liter of 50mM CaCl2, 5.55g of CaCl2 was dissolved in 1000mL of distilled 
water.    
 
500mM IPTG 

IPTG    1.192g 
1.192g of IPTG was dissolved in 10mL of distilled water to make 500mM Stock solution 
and Store at -20oC. 
 
500mM Lactose 
 Lactose   17.12g 
By dissolving Lactose in 100mL of distilled water, 500mM lactose solution was 
prepared. 
 
10x Tris-Glycine Buffer 
 Tris-Base   30.2g 
 Glycine   144g 
 SDS    10g 
Chemicals were dissolved in distilled water and final volume of the solution was raised to 
1000mL.  
 
 
1.5M Tris-Cl (pH 8.8) 
 Tris-Base   181.71g 
Tris-base was dissolved in distilled water, final volume was raised to 1 liter and pH was 
adjusted with the help of dilute HCl. 
 
1.0M Tris-Cl (pH 6.8) 
 Tris-Base   121.14g 
Tris-base was dissolved in distilled water, final volume was raised to 1 liter and pH was 
adjusted with the help of dilute HCl. 
 
 
 Methanol   50mL 
 Acetic acid   70mL 
 Distilled water   880mL 
 
10% SDS 
 SDS     10g 
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10g of SDS was dissolved in 100mL of distilled water. 
 
 
10% APS 
 APS     0.1g 
APS was dissolved in 1mL of distilled water and was stored at -20oC. 
 
0.4M L.Asparagine 
 l.Asparagine   0.0264g 
To make 0.4M l.asparagine, 0.0264g was dissolved in 5mL of distilled water. 
 
15% TCA 
 Trichloroacetic acid  15g 
Trichloroacetic acid was dissolved in distilled water and final volume of the solution was 
made as 100mL. 
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