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ABSTRACT 
 

 

Germin and germin-like proteins (GLPs) constitute a large and highly diverse family 

of developmentally regulated proteins showing a wide range of distribution from 

Myxomycetes to flowering plants. These proteins have been cited in various plant organs 

like roots, leaves, nectar glands and seeds etc. Germin-like proteins also seem to be 

involved in many stress related processes, but their definite role in these processes remains 

obscure. The present study was conducted to elucidate the function of germin-like protein 

gene (OsRGLP1) of rice by over-expressing OsRGLP1 cDNA under the transcriptional 

control of strong promoter in tobacco. The cDNA of OsRGLP1, 958 bp was successfully 

cloned in pTZ57R/T cloning vector. OsRGLP1 cDNA was inserted in p1301 in sense 

direction down stream of CaMV35S promoter and transformed into Agrobacterium strain 

EHA101. Transgenic tobacco plants were produced through Agrobacterium mediated 

transformation and confirmed through hygromycin resistance and PCR amplification of 

OsRGLP1. Transgenic plants were assessed for growth, morphology, oxalate oxidase and 

superoxide dismutase activities. Morphologically no difference was observed between T0 

transgenic and control plants except that leaves of some mature transgenic plants showed 

necrotic lesions. Transgenic plants were evaluated for the presence of H2O2 which is 

reported to be involved in necrosis and cell death. Interestingly, higher levels of H2O2 were 

observed in transgenic plants. Seeds of T0 /T1 transgenic plants were similar in shape, size 

and coat color to the control plants when harvested, whereas, seed coat of transgenic seeds 

turned lighter in color after one year storage at room temperature. Germination rate and 

percentage in transgenic T1 seeds was significantly lower than control seeds. Segregation 

analysis indicated a 1:1 ratio for hygromycin phosphotransferase gene in T1 seeds. There 



 
 

 xix

was no difference in fresh/dry weights, plant heights and shoot lengths, number of leaves 

and nodes of transgenic and control plants.  Number of roots in transgenic plants was lower 

while roots were longer than control plant roots. No oxalate oxidase activity either of native 

or transgene origin could be observed in transgenic plants revealing that OsRGLP1 may not 

posses this activity. Significantly higher levels of heat resistant superoxide dismutase 

activity were observed in transgenic plants as compared with control. This added activity 

was insensitive to KCN and sensitive to H2O2 suggesting being due to FeSOD activity. 

Present study indicates for the first time that OsRGLP1 may posses SOD activity along with 

a striking observation that this activity is FeSOD type instead of MnSOD, if at all observed. 

Upstream regulatory region of OsRGLP1 was also cloned, sequenced and analyzed to gain 

insight into the regulatory aspects. The promoter region contained many regulatory elements 

related to diverse functions, most intriguing were the elements related to biotic and abiotic 

stress which emphasizes the possible involvement of OsRGLP1 in these processes. These 

findings may suggest that OsRGLP1 gene product may act as FeSOD responsible for 

dismutation of stress generated reactive oxygen species into H2O2 which in turn may play 

important roles like defense against pathogen and root elongation. 
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Chapter 1 

INTRODUCTION 

 

Plants are continuously periled to a variety of biotic and abiotic stresses. The 

molecular mechanism of stress signal perception and consequent protection is not fully 

apprehended. To understand and ameliorate the stress problems, cloning and characterization 

of genes involved in theses processes is very important. The work in this area is progressing at 

spectacular pace and there is significant progress in cloning stress responsive genes. Germins 

and germin-like protein genes are among this class which have been reported to show 

modulated expression during biotic and abiotic stress. First germin protein was isolated in 

association with wheat germination (Thompson and Lane, 1980). This protein is localized in 

the cell wall and is a water soluble glycoprotein with oxalate oxidase (OXO) activity that 

converts oxalate to hydrogen per oxide (Lane et al., 1993). Germins exists in the oligomeric 

forms and are highly resistant to proteases and heat treatment (Lane, 1994; Dunwell et al., 

2000). Majority of germins identified so far exhibit oxalate oxidase activity which is 

associated with many stress responses and developmental processes (Wei et al., 1998; Patnaik 

and Khurana, 2001; Liang et al., 2001). 

 

Proteins with sequence similarity to germins have been identified in diverse plant 

groups and are known as germin-like proteins (GLPs). GLPs are also members of cupin 

superfamily of proteins like germins due to the presence of cupin motif in their amino acid 

sequence (Dunwell et al., 2004). 
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GLPs have been described to assemble into homohexameric complexes in vivo with an 

apparent molecular mass of approximately 100-120 KD in semi-native SDS-PAGE 

(Vallelian-Bindschedler et al., 1998; Christensen et al., 2004) and they are render resistant 

against denaturation and degradation by heat, detergents, or proteinases (Vallelian-

Bindschedler et al., 1998). It can be speculated that three dimensional structural similarities 

among cupins are due to this remarkable protein stability. Germin and GLPs are composed of 

three highly conserved oligopeptides that are called germin boxes A, B and C (Bernier and 

Berna, 2001). The region from box B to C is called the cupin domain which contains three 

histidines and a glutamate involved in metal binding and forms the core beta-barrel structure. 

There are two cysteines that stabilize the N-terminal structure by making disulfide bond. 

Almost all germin and GLPs contain an N-glycosylation site (Nakata et al., 2002). 

 

The expression of GLPs is quite diverse. Some are expressed at critical developmental 

stages such as somatic embryogenesis and early development (Becerra et al., 2006; Mathieu 

et al., 2006) or floral induction (Staiger et al., 1999) and many are induced by a range of 

stresses, either biotic, such as infection with pathogens (Schweizer et al., 1999; Christensen et 

al., 2004; Park et al., 2004, Zimmermann et al., 2006), attack of a herbivore (Lou and 

Baldwin, 2006) or abiotic such as exposure to salt stress (Hurk-Man and Tanaka 1996; Nakata  

et al., 2002). GLPs or their mRNAs have been identified from different organ or tissues like, 

leaves, cotyledons, stems, roots, flowers, seeds, grape pulp and skin (Berna and Bernier, 

1999; Crespo et al., 2006; Godfrey et al., 2007). Majority of GLPs reported so far are 

localized in extracellular matrix including cell wall and apoplast (Nakata et al., 2002; Segarra 

et al., 2003). 
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In last few years, the number of GLP sequences in DNA and protein databases has 

increased enormously, however, most are known only as putative proteins deduced from 

nucleotide sequences. Only a few GLPs have been characterized biochemically, and no GLP 

has been reported to posses oxalate oxidase activity (Kim et al., 2004). GLPs from a moss 

(Yamahara et al., 1999) and from tobacco nectary tissue (Carter and Thornburg, 2000) were 

described to function as superoxide dismutase (SOD). Similarly, SOD activity has been 

reported for many other GLPs investigated (Christensen et al., 2004; Kukavica et al., 2005; 

Mathieu et al., 2006; Zimmermann et al., 2006). Barley germin (accession code 1FI2) was 

reported to be bifunctional, exhibiting both OXO and SOD activities (Woo et al., 2000). 

However, several other laboratories have been unable to substantiate the claim of germin 

bifunctionality (Carter and Thornburg, 2000; Bernier and Berna, 2001).  

 

Additional functions proposed for GLPs include serine protease inhibitor activity 

(Segarra et al., 2003) and nucleotide-sugar pyrophosphatase or phosphodiesterase activity 

catalyzing the hydrolysis of ADP-glucose to glucose-1-phosphate and AMP (Rodriguez-

Lopez et al., 2001). Recently it has been reported that a germin like protein (Cit s1) of 

mandarin is responsible for allergic reactions in some patients (Ebo et al., 2007). 

Rice is a very important food crop and the genetic ‘Rosetta Stone’ for all the cereals. 

The completion of rice genome sequencing has facilitated the functional analysis of its genes. 

Already the functions of many rice genes have been determined and plant scientists 

throughout the world are using rice genome sequence data to improve productivity and 

disease resistance not only in rice but also in many other crops (Chrispeels and Sadava, 2003). 

In rice, different GLP genes are expressed (Membre and Bernier, 1998) but their 

function/biochemical role is not documented yet.  
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Gene functions can be determined through many approaches like over-expression of 

genes, upstream promoter analysis and gene silencing etc. Identification of transcriptional 

regulatory elements within promoter regions is of great interest for biologists since these 

elements govern the regulation of gene expression. Knowledge about different core elements 

of promoters can unveil the function/regulation of genes. The emerging roles of GLPs in plant 

development, stress and defense processes demands analysis of individual family members 

and their specific roles. Therefore, the present study was conducted with following objectives: 

 Cloning of OsRGLP1 cDNA in plant transformation vector under the transcriptional 

control of CaMV35S promoter 

 Transformation of cloned cDNA in Agrobacterium 

 Agrobacterium mediated genetic transformation of tobacco 

 Characterization of transgenic tobacco plants 

 In silico analysis of OsRGLP1 promoter. 
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Chapter 2 

REVIEW OF LITERATURE 

 

2.1 GERMINS AND GERMIN-LIKE PROTEINS 

Germins are cell wall oligomeric proteins of cupin superfamily which are specifically 

expressed during the first few days of germination and in response to biotic and abiotic 

stresses. Wheat germin was the first to be detected and characterized as a homopentameric 

glycoprotein with an oxalate oxidase activity (Berna and Bernier, 1999; Dunwell et al., 2000). 

These proteins are glycosylated, displaying exceptional resistance to various denaturing 

agents, high temperatures and proteases (Lane, 1994). Germin-like proteins (GLPs) are a 

group of proteins which share sequence homology with cereal germins and have been 

identified from wheat as well as from other plant species (Dunwell et al., 2004; Mathieu et 

al., 2006). GLPs exhibit sequence and structural similarity with germins but mostly lack 

oxalate oxidase activity (Patnaik and Khurana, 2001). 

 

2.2 DISTRIBUTION IN PLANT KINGDOM 

GLPs exhibit a broad range of diversity in their occurrence and activity in different 

plant groups. Various GLPs have been identified from land plants of different taxonomic 

ranks e.g. myxomycetes, bryophytes (Moss: B.unguiculata), pteridophytes, gymnosperms 

(pines) and angiosperms (Patnaik and Khurana, 2001; Jensen-Jerolim et al., 2002). 

 

2.2.1 Monocots 

Among different plant classes, monocots are the ones where first germin was 

identified during wheat embryo rehydration in context of germination. Many germins have 
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been characterized since then in cereals and most of them share high sequence similarity with 

wheat germin (Mathieu et al., 2006).  

 

Wheat genome contains a variety of germin like protein genes that differ with respect 

to regulation and tissue specificity of the corresponding genes. The role in defense of germin 

and other family members was functionally assessed in a transient assay system based on 

particle bombardment of wheat leaves. Transient expression of pathogen induced germin gf-

2.8 gene conferred disease resistance (Schweizer et al., 1999). The involvement of wheat 

GLP, TaGLP4 in defense against Blumeria graminis was investigated by Christensen et al. 

(2004) and it was observed that transient over expression of TaGLP4 enhanced resistance 

against Blumeria graminis while transient silencing reduced resistance in wheat.  

 

About 124 expressed sequence tags (ESTs) of barley (Hordeum vulgare) germin-like 

protein cDNA were identified through physical and genetic mapping which were divided into 

five subfamilies designated as HVGER-1 to HVGER-5. Three structural genes for oxalate 

oxidase are present in subfamily I and eight GLPs of different functions in other subfamililies 

(Druka et al., 2002). 

 

Transient over expression of HVGER4 and HVGER5 protected barley epidermal cells 

from attack by powdery mildew fungus while silencing of HVGER4 induced hyper 

susceptibility. Transient and stable expression of HVGER5 revealed it as a new extracellular 

superoxide dismutase which is involved in protection against pathogens due to superoxide 

dismutase activity (Christensen et al., 2004; Zimmermann et al., 2006). 
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Like other monocots, maize has also been reported to contain GLPs or germin like 

protein activities. The analysis of plasma membranes from maize roots by native gel 

electrophoresis revealed the existence of Mn-containing 120 kDa and CuZn-containing 70, 40 

and 15 kDa superoxide dismutase (SOD) isoform activities. High temperature treatment 

demonstrated that the 120 kDa isoform was active even at 100 ˚C, indicating it was a germin 

like protein with superoxide dismutase activity (Kukavica et al., 2005). A germin like protein 

(Zmglp1) was cloned from maize using cDNA-AFLP and library screening. The deduced 

protein showed similarity to HvGLP1and northern blot analysis detected mRNA in young 

whorl leaves at the early-whorl stage, however at late-whorl stage, tassel, and silk stages 

mRNA transcripts were abundant only in young whorl leaves and less in mature parts. 

Deletion analysis of the promoter in transgenic Arabidopsis thaliana revealed ~1.4 Kb 

promoter capable to derive GUS expression while -60 bp were found to be necessary for 

minimum expression and -739 bp produced maximum expression levels (Fan et al., 2005). 

 

Despite the fact that complete genome of model plant rice is sequenced, little is known 

about rice germins/GLP. Sequence data from GenBank indicates that rice genome contains at 

least 29 genes for GLPs. Two GLPs (RGLP1, AF141879 and RGLP2, AF141880) were 

isolated from roots, four from shoots (GER1, GER4, GER6, GER8; AF049065), one from 

each of immature seeds (GLP16, AF042489) and seedling (GLP110, AF051156) two (GER3, 

AF032974 and GER7, Membre and Bernier, 1998) from panicle (Patnaik and Khurana, 2001). 

 

The rice root specific germin-like protein gene 2 promoter has been cloned earlier and 

promoter sequence analysis showed common regions of similarity between many promoters 

of GLPs/putative germins within the 30 kb region of rice genome (Mahmood et al., 2007). 
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These common regions contained many regulatory elements associated with light 

responsiveness, dark induced senescence, dehydration, growth regulators and stress (biotic 

and abiotic) related elements.  

 

2.2.2 Dicots 

 The presence of germin like proteins in dicots is very well documented by many 

researchers since the discovery of first GLP. The genome of model plant Arabidopsis has 

been reported to contain fifty nine GLP genes detected through genome sequencing (Schlesier 

et al., 2004). The presence of AtGER3 proteins in root extracts was first time demonstrated by 

Schlesier et al. (2004) through proteome analysis of Arabidopsis ecotypes Col-0 and Ws-2. 

AtGER3 was also reported to posses the ability of inducing Ig-E mediated allergy under in 

vivo and in vitro conditions (Jerolim et al., 2002). Staiger et al. (1999) characterized AtGER3 

promoter by fusing the promoter with GUS reporter and analyzing the expression 

histochemically. The AtGER3 promoter conferred circadian clock-regulated transcription with 

peak expression at the beginning of the night. 

 

Nectarin 1 is a soluble germin like protein expressed in the nectar of Nicotiana sp. 

only at the time when nectar is actively secreted (Carter et al., 1999).   The promoter of 

nectarin 1 gene was analyzed by Carter and Thornburg (2002). They observed nectary-

specific expression of chloramphenicol acetyltrasnferase marker gene driven by nectarin 1 

promoter and this expression was due to the presence of multiple regulatory elements in 

promoter. Transcript levels of a germin like protein  (NaGLP) was up regulated in Nicotiana 

attenuata upon attack of an herbivore or addition of larval oral secretions to plant wounds 

(Lou and Baldwin, 2006). Silencing of NaGLP improved M. sexta larval performance and 
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attenuated the oral secretion induced H2O2, diterpene glycosides, and trypsin proteinase 

inhibitor responses, but did not influence the oral secretion elicited jasmonate and salicylate 

bursts, or the release of volatile organic compounds that function as an indirect defence. 

 

 Molecular characterization of pepper germin like protein revealed its involvement in 

resistance against bacterial and viral infections. The CaGLP1 (Capsicum annuum GLP1) 

transcripts were specifically accumulated in incompatible interactions but not in compatible 

interaction. Further more, the transcript level was also increased in the plants treated with 

salicylic acid which is an important signal molecule involved in defense related signal 

transduction pathway (Park et al., 2004). 

 

 The first GLP in Phaseolus vulgaris (Beans) was identified through cDNA-AFLP 

approach during germination of seeds. The transcript level of PvGLP1 increased dramatically 

few hours before radicle emergence while expression was weak in pods and not detected in 

leaves, stems or roots. Furthermore, the expression of PvGLP1 during germination was not 

stimulated by auxin treatment (Aubry et al., 2003). 

 

The orange fruits have also been reported to contain germin like protein Cit s 1 which 

has been identified as major allergen in orange fruits along with Cit s 2 (profilin). GLPs are 

known for their heat resistance, interestingly; IgE reactive Cit s 1 was retained in heat-

processed orange juice and was speculated to contribute to the allergenic potency of orange 

juice (Crespo et al., 2006). Similar results were also documented by Ebo et al. (2007) who 

confirmed the allergenic potential of Cit s 1 by basophil activation test (BAT). 
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  Medicago truncatula genome encodes a germin like protein gene (MtGLP1) which is 

specifically induced in roots and root cultures colonized by arbuscular mycorrhiza fungus. 

The deduced MtGLP1 amino acid sequence showed some characteristic features of GLPs like 

N-terminal signal sequence and presence of box B and C (Doll et al., 2003).   

 

A multigene family of at least seven GLP genes designated from VvGLP1 to VvGLP7 

is encoded by grapevine genome (Godfrey et al., 2007). The amino acid sequence identities 

between VvGLPs were in range of 35 to 88%. These genes exhibited diverse and specific 

expression pattern in response to various biotic and abiotic stresses. Significantly, one of the 

grapevine GLP genes, VvGLP3, was induced specifically by Erysiphe necator infection and 

expression was closely linked to the site of infection indicating a possible role in defense 

against the pathogen. First known GLP associated with nodules was identified from pea roots 

by Gucciardo et al. (2007) who demonstrated that PsGER1 has root specific superoxide 

dismutase but no oxalate oxidase activity.  

 

2.2.3 GLPs in Gymnosperms 

The genome of Caribbean pine (Pinus caribaea) encodes a germin like protein 

(PcGER1) which is highly expressed in pine somatic embryos growing in the presence of 2, 

4-D (Neutelings et al., 1998). The promoter of PcGER1 was fused with β-glucuronidase gene 

and its expression was studied in transgenic tobacco bright yellow 2(BY-2) cells in the 

presence or absence of auxin and cytokinin. Maximum activity of PcGER1 promoter was 

observed in the presence of auxin and cytokinin. Furthermore, the longest promoter region 

was responsible for highest GUS activity (Mathieu et al., 2003).  Many highly conserved 
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GLPs have been identified from somatic embryos of larch. One such GLP (LmGER1) was 

investigated and showed to posses SOD activity (Mathieu et al., 2006). 

 

2.2.4 GLPs in Bryophytes 

A novel extracellular Mn-superoxide dismutase of moss, Barbula unguiculata was 

investigated by Yamahara et al., 1999. This SOD was a 120 kDa glycoprotein which turned 

out to be the first germin-like protein found in bryophytes and designated as BuGLP. This 

protein possessed high sequence similarity with germin/GLPs and showed all the 

characteristic features of members of the germin family. However, oxalate oxidase activity 

was not found to be associated with BuGLP.  

 

 A detailed phylogenetic analysis of germin like protein gene family of moss 

Physcomitrella patens (PpGLP1) was carried out by Nakata et al., 2004 who noted some 

unique features in the family and due to these features this family was not classified into 

germin /GLP groups of higher plants rather divided into two novel clades named bryophyte 

subfamily 1 and 2. The members of subfamily 1 lack two cysteines at the conserved positions 

observed in higher plant germins/GLPs while members of subfamily 2 retained this character. 

The sequences of subfamily 1 members contained one or two introns while no intron was 

found in sequence of subfamily 2 members. The PpGLP6 was found to be extracellular with 

super oxide dismutase activity. 

 

2.2.5 GLPs in Halophytes 

 Halophyte (Atriplex lentiformis) encodes a putative germin like protein gene. The 

deduced amino acid sequence of this protein showed homology with various germins/GLPs, 
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hence designated as AlGLP (Tabuchi et al., 2003). The AlGLP is a glycoprotein, exist in 

oligomeric forms with molecular mass ranged between 22 to 80 kDa and possess superoxide 

dismutase activity.  

 

2.3 ORGAN/TISSUE LEVEL LOCALIZATION 

Although germins and GLPs were originally described in the context of germination, 

they are expressed in many plant tissues at different developmental stages and in various 

physiological conditions (Aubry et al., 2003; Schlesier et al., 2004). Depending on the 

species or the genes under consideration, GLPs or their mRNAs have been found in leaves, 

cotyledons, stems, roots, flowers, seeds, grape pulp and skin  (Berna and Bernier, 1999; 

Crespo et al., 2006; Godfrey et al., 2007). 

 

2.4 CELLULAR/SUB-CELLULAR LOCALIZATION 

Majority of germins and germin-like proteins are found to be associated with 

extracellular matrix including cell walls and apoplast (Nakata et al., 2002; Segarra et al., 

2003). A GLP isolated from pine was found to be ionically bound to the walls of 

preglobular somatic embryos and is marker of this early developmental stage Neutelings et 

al., 1998). During early phases of cotton fiber development a GLP (GhGLP) localized to 

cytoplasmic vesicles while in older fibers, it localized to the apoplast (Kim et al., 2004). In 

Sinapis alba, a germin-like protein, SaGLP, is expressed in circadian oscillation in the 

epidermis and spongy parenchyma of young leaves. This accumulation occurs in the 

extracellular spaces and when the primary cell wall material is lost, the SaGLP is no longer 

detected, emphasizing its association with cell walls.  
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Extracellular GLPs that share both immunological and sequence identity with wheat 

germin have also been identified in embryogenic cell cultures of Caribbean pine, (Pinus 

caribaea) and these proteins were not expressed in non embryogenic cell cultures 

(Neutelings et al., 1998). Sub cellular localization of grapevine germin-like protein as 

determined by transient expression of VvGLP3 fused with GFP and expressed in onion cells 

indicated that recombinant protein was targeted to the cell wall (Godfrey et al., 2007). 

 

2.5 REGULATION OF GERMINS/GLPS EXPRESSION 

The expression of germin-like proteins is highly regulated and related to physiological 

conditions of plants. Tobacco nectars contain different types of proteins, among them 

nectarin 1(a GLP) is highly expressed (Carter et al., 1999). Temporal analysis demonstrated 

that expression of nectarin 1 coincided with nectar secretion. Thus, there is an apparent 

coordination between the secretion of nectar from nectary and nectarin 1 expression. 

 

Kim and Triplett, (2004) studied gene expression of a cotton fiber germin-like protein 

and reported that the gene, GhGLP1 was expressed throughout the time period during fiber 

cell elongation and was not expressed in any other cotton tissue. The expression of this gene 

was constant throughout light and dark periods and both biotic and abiotic stresses down-

regulated its expression. Park et al. (2004) observed higher expression levels of a hot pepper 

GLP in green fruit than in red fruit and proposed its role in early stage of fruit development. 

Gene expression analysis of immature seeds in Arabidopsis indicated expression of 49 genes 

and two of these genes encoded germin like proteins, indicative of their involvement in seed 

development (Becerra et al., 2006). 
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The differential gene expression studies in barley papilla-resistant and powdery 

mildew-infected individual epidermal cells revealed the accumulation of a GLP gene 

transcript in resistant cells (Gjetting et al., 2004). Changes in the tobacco leaf apoplast 

proteome in response to salt stress revealed that the levels of two chitinases and a germin-like 

protein increased significantly during salt stress (Dani et al., 2005). In ice plant, 

Mesembryantemum crystallinum, the expression of a root specific germin-like protein 

(McGLP) decreased in response to salt stress (Patnaik and Khurana, 2001). The expression of 

BuGLP in Barbula unguiculata is affected by NaCl and methyl viologen. In the presence of 

methyl viologen the amount of transcripts decreased but the SOD activity of BuGLP was not 

affected. The mRNAs of BuGLP were at their peek during the exponential phase of growth 

and decreased thereafter (Nakata et al., 2002). 

 

The expression of Phaseolus vulgaris germin like protein (PvGLP1) was associated 

with early stages of embryo axis growth. Among mature vegetative tissues, PvGLP1 

expression was week in pods and not detected in leaves, stems or roots (Aubry et al., 2003). 

A. lentiformis, AlGLP transcripts were most abundant in calli, and present in roots, but were 

not detected in stems or leaves. Germin synthesis can also be induced in adult wheat leaves by 

auxin and by a fungal pathogen (Berna and Bernier, 1999).  

 

2.6 STRUCTURE AND PHYLOGENY 

Germins and germin-like proteins belong to cupin superfamily of proteins. The 

similarity of a short motif in germin to a sequence from a slime mold spherulin was the key to 

the discovery of cupin superfamily (Dunwell, 1998). The cupin name is based on the presence 

of a conserved β barrel fold in the structure of all family members found in this functionally 
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diverse protein superfamily (Dunwell et al., 2004). The members of cupin superfamily are 

well distributed in three kingdoms of life; archea, eubacteria and eukaryote and these proteins 

have a characteristic signature domain comprising two histidine-containing motifs separated 

by an inter-motif region of variable length. This domain consists of six beta strands within a 

conserved β barrel structure (Khuri et al., 2001). 

 

An unrooted phylogeny of cupins from a wide spectrum of evolutionary lineages 

identified three main clusters, microbial phosphomannose isomerases (PMIs), oxalate 

decarboxylases (OXDCs) and plant GLPs (Khuri et al., 2001). The sister group to the plant 

GLPs in the global analysis was then used to root the phylogeny of all available plant GLPs. 

The resulting phylogeny contained three main clades, classifying the GLPs into distinct sub 

families. Closer inspection of the DNA sequence encoding the inter-motif region in plant 

GLPs showed global conservation of a thymine in second codon position, a character 

associated with hydrophobic residues (Khuri et al., 2001).it was further observed that many 

of these proteins are multimeric and enzymatically inactive in their monomeric state, this 

conservation of hydrophobicity is thought to be associated with the need to maintain various 

monomer-monomer interactions. 

 

Carter et al. (1998) identified 39 expressed sequence tags (ESTs) encoding GLPs in 

Arabidopsis thaliana. Moreover, at least 12 GLP genes were reported structurally these 

GLPs were predicted to have a high content of β pleated sheets. Seven conserved regions of 

β-sheet were found in each of GLP proteins along with α-helices located at both N- and C- 

termini. These same structural elements were also conserved in wheat germin. With one 

exception, all GLP family members contained at least one N-glycosylation site. All of these 
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sites were conserved in an unstructured loop between β-1 and β-2. All the GLPs shared at 

least 31% identity on the amino acid level. Within subfamilies, several closely related 

members were identified with identity of up to 99.5 % between GLP3a and GLP3b.  

 

2.7 FUNCTIONS 

In the past few years, large number of germins and germin-like proteins have been 

identified and explored from different plants. There are many reports indicating the 

distribution, regulation of expression and in vivo localization of GLPs, however, lesser 

amount of information is available on their biochemical/molecular functions. Furthermore, a 

large number of GLPs available in public databases have been detected through genome 

sequencing programmes and still are of unknown function. Uptill now different enzymatic 

activities have been associated with germin/GLPs which include oxalate oxidase, superoxide 

dismutase, ADP-glucose pyrophosphatase and Protease inhibitor activity. 

 

2.7.1 Oxalate oxidase activity 

Oxalic acid is one of the strongest organic acids detected in various organisms 

including animals, plants and fungi. The pathogenesis of some fungi is found to be associated 

with oxalic acid. Moreover, plants that showed in vitro resistance against oxalic acid were 

more tolerant to S. sclerotiorum (Dias et al., 2006). 

 

The exact role of oxalic acid in pathogenesis is not very clear. However, several 

cellulolytic and pectolytic enzymes secreted by the fungi during invasion of plant tissues have 

maximal activities at low pH, and oxalate might increase enzymatic activity by shifting the 

apoplastic pH, or by chelating calcium ions resulting in malfunctioning of the calcium 
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dependent defence pathways or may be involved in weakening the plant cell walls (Magro et 

al., 1984). Consequently, plants protect themselves against oxalic acids by degrading it with 

the help of enzymes like oxalate decarboxylase and oxalate oxidase. Oxalate oxidase has been 

found in different parts of plants, it converts the oxalates and dioxygen into H2O2 and CO2. 

The germin protein which posses oxalate oxidase activity is a disc shaped homohexamer, 

organized in trimer of dimers (Figure 2.1). A single manganese atom is bound per germin 

monomer. Each homohexamer comprises 1,206 amino acids, six manganese ions and 1,512 

water molecules and each monomer is composed of an irregular N-terminal extension, a 

classic jellyroll β-barrel domain, and an α-helical C-terminal domain comprising three α –

helices. It was suggested that most likely option of catalytic mechanism was an initial binding 

of oxalate to Mn2+. This could lead to lowering of the reduction potential of the Mn2+-Mn3+ 

couple to below -0.16 V with consequent binding of O2 as superoxide and concomitant 

oxidation to Mn3+. The successive decarboxylation of oxalate would generate a peroxy 

species capable of forming H2O2 after protonation. The active site contains a narrow opening 

which provides access to solvent at one end of β-barrel fold, suggesting a possible route for 

substrate and product (Woo et al., 2000). Among germins/GLPs, wheat germin was the first 

to show the oxalate oxidase activity (Patnaik and Khurana, 2001). Furthermore, this activity 

was localized in vascular bundles of coleoptiles (Caliskan et al., 2004). Barley germin 

(accession code 1FI2) is the only protein which is shown to posses both the activities of 

oxalate oxidase and superoxide dismutase (Woo et al., 2000).  

 

Germin like oxalate oxidase was localized to different parts of barley seedlings and 

during different developmental stages and was also induced by infection with Erysiphe 

graminis (Dumas et al., 1995). Moreover, the accumulation pattern of transcripts of different 
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Figure 1:  The germin homohexamer. 
 
Six germin (shown in different colours) molecules binds together and make a 
homoexamer. (Adopted from Woo et al., 2000). 
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germins from barley was different when infected with B. graminis (Zimmermann et al., 

2006). Many reports have documented the involvement of germins/GLPs in defence processes 

(Wei et al., 1998). The transgenic poplar leaves expressing wheat oxalate oxidase were able to 

show resistance against Septoria musiva infection (Liang et al., 2001). 

 

2.7.2 ADP-glucose pyrophosphatase/phosphodiesterase activity 

Nucleotide monosaccharides are involved in starch biosynthesis in plants. Nucleotide 

sugar hydrolytic enzymes may play a crucial role in controlling metabolic flow towards 

starch, cell wall polysaccharides, glycoproteins and glycolipids in plants. Uptill now, there is 

only one report documenting the ADP-glucose pyrophosphatase/phosphodiesterase activity 

for GLPs from barley (SAGPPase1 and SAGPPase2). Two isoforms of ADPglucose 

pyrophosphatase/Phosphodiesterase (AGPPase) were isolated from barley leaves designated 

as SAGPPase1 and SAGPPase2. N-terminal and internal amino acid sequencing revealed that 

these isoforms were distinct oligomers of HvGLP1 (Rodriguez-Lopez et al., 2001). 

 

SAGPPase1 is a pyrophosphatase/phosphodiesterase which hydrolyzes some low 

molecular weight phosphodiester bond-containing compounds such as nucleotide-sugars, 

whereas it does not hydrolyze PPi and nucleoside phosphomono-, di- or triesters (Rodriguez-

Lopez et al., 2001). It is suggested that SAGPPase2, which is extracellular in location, may be 

involved in the scavenging of extracellular nucleotide-sugars. Although SAGPPase1 and 

SAGPPase2 differ in many aspects like, size, subcellular localization and relative 

oligosaccharide content, both catalyze the hydrolytic breakdown of nucleotide sugars and do 

not posses oxalate oxidase or super oxide dismutase activities (Rodriguez-Lopez et al., 2001). 
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2.7.3 Protease inhibitor activity 

Proteases and protease inhibitors are proteins that are ubiquitous in nature and have 

been studied in different parts of plants. Protease inhibitors specifically inhibit each of the 

four classes of the endopeptidases. The functional role of these inhibitor proteins appears to 

be either to protect tissues or fluids from proteolysis by foreign proteases or to regulate the 

levels of proteases which are metabolically active in various tissues (Pompe et al., 1997). 

 

A germin like protein was isolated from apoplast of wheat leaves challenged with the 

fungus Septoria tritici. This protein inhibited the apoplastic serine proteases and also 

exhibited manganese super oxides dismutase activity. Several protein families identified as 

proteinase inhibitors perform other functions in addition to inhibition (Segarra et al., 2003). 

Currently, there are only two reports (Woo et al., 2000 and Segarra et al., 2003) 

documenting the bifunctionality of germin/GLPs. The function of GLP as proteinase 

inhibitor during fungal infection is instrumental in protecting apoplast region against 

invading pathogens. 

 

2.7.4 Superoxide dismutase activity 

Reactive oxygen species (ROS) have been implicated as important regulatory and 

signaling molecules in a variety of cellular processes (Foyer and Noctor, 2005). ROS are 

constantly produced during the course of photosynthesis and respiration, whereas redox 

homeostasis in the cell is tightly controlled by redundant protective mechanisms. Disruption 

of these protective mechanisms can cause oxidative stress, leading to oxidative damage and 

cell death (Shulaev and Oliver, 2006).  
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There are different types of reactive oxygen species which include superoxide anion 

radical (O2−•), hydroxyl radical (OH·), and hydrogen peroxide (H2O2) (Asada, 1999). 

Reactive O2 species (ROS) are produced in both unstressed and stressed cells. ROS are known 

to cause oxidative damage to membrane, lipids, proteins and nucleic acids (Srivalli et al., 

2003). There are reports emphasizing the roles of ROS in defence (Doke, 1997; Grant and 

Loake, 2000; Wojtaszek, 1997). 

 

Plants have generated mechanisms of protection against oxidative damage by 

expressing antioxidative metabolites like glutathione, ascorbic acid, α-tocopherol and 

carotenoids. Furthermore, antioxidant enzymes like superoxide dismutase, ascorbate 

peroxidase, glutathione reductase and catalase scavenge ROS (Sairam et al., 2000). 

 

Superoxide dismutase (SOD; E.C. 1.15.1.1) belongs to a family of metalloenzymes 

which catalyzes the disproportionation of superoxide anion (O2−•) radicals to yield molecular 

oxygen and hydrogen peroxide (H2O2). The main function of SOD is to scavenge O2−• 

radicals generated in various physiological processes, thus preventing the oxidation of 

biological molecules, either by the radicals themselves, or by their derivatives (Liochev and 

Fridovich, 1994; Fridovich, 1995). SODs are categorized into two families with unrelated 

DNA sequences. Cu/ZnSOD is located mainly in the cytosol and/or chloroplasts of plants, 

whereas the other SODs contain either Mn (MnSOD) in the mitochondria or Fe (FeSOD) in 

the chloroplast (Fridovich, 1986). 

 

The most common enzymatic activity so far associated with germins/GLPs is the 

superoxide dismutase activity.  Only wheat germin is known to have both the oxalate oxidase 
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and superoxide dismutase activities (Woo et al., 2000). GLP associated SOD activity is not 

specific to any particular group of plants, moreover, the cellular / subcellular localization is 

also diverse. 

 

Among monocots, wheat genome encodes a GLP which is reported to contain SOD 

along with serine protease inhibitor activity (Segarra et al., 2003), while wheat GLP 4 

exhibits SOD activity and is involved in defense in wheat and barley (Christensen et al., 

2004). Barley HvGER4 is an extracellular SOD and implicated in basal resistance against 

Blumeria graminis (Zimmermann et al., 2006). Apoplast of maize roots have also been 

reported to contain a GLP with SOD activity (Kukavica et al., 2005).  

 

Somatic embryogenesis in conifers is associated with many proteins besides a GLP 

which displayed superoxide dismutase activity (Mathieu et al., 2006). A novel extracellular 

Mn SOD was isolated from moss (Barbula unguiculata) which was later on identified as 

GLP due to high similarity with germin and GLPs (Yamahara et al., 1999; Nakata et al., 

2002). Among Seven GLPs discovered from grapevine, VvGLP3 demonstrated SOD activity 

which was localized to cell wall (Godfrey et al., 2007). Tobacco Nectarin 1 which 

accumulates in nectar is a GLP with superoxide dismutase activity (Carter et al., 1999). The 

expression of a GLP with superoxide dismutase activity was detected in a halophyte 

(Atriplex lentiformis) through in gel assay after immunoprecipitation (Tabuchi et al., 2003). 

The first GLP associated with pea nodules (PsGER1) also posses superoxide dismutase 

activity (Gucciardo et al., 2007). This protein has high similarity with rhicadhesin receptor. 
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The superoxide dismutase activity results in production of H2O2 which has been 

recognized as signaling molecule in plants during wounding stress and pathogen attack 

(Bowler and Fluhr, 2000). H2O2 can act as potent activator of mitogen activated protein 

kinase cascade in Arabidopsis, initiating protein phosphorylation cascade, consequently 

induces responsive genes (Kovton et al., 2000).  

 

2.8 ROLE OF GLPS IN ABIOTIC AND BIOTIC STRESS 

Modulation of GLPs expression under abiotic and biotic stresses (Hu et al., 2003; 

Lou and Baldwin, 2006; Segarra et al., 2003; Nakata et al., 2002; Dani et al., 2005) is 

indicative of their involvement in salt stress and defense processes. The most common 

enzymatic activities so far associated with GLPs also provide insights into their role in 

protecting the cells against pathogens either by preventing the entry of pathogens by 

reinforcing the cell walls or inducing the defense related proteins expression. 
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Chapter 3 

MATERIALS AND METHODS 

 

3.1 PREPARATION OF COMPLEMENTARY DNA OF OSRGLP1 

 RNA from roots was extracted using RNeasy mini kit (QIAGEN). Electrophoresis was 

performed in 1 % agarose gel in MOPS buffer (Appendix 1). RNA (20 µg) along with 

formaldehyde (2.2 M) was loaded per lane. Total RNA was reverse transcribed using Molony 

Murine Leukemia Virus reverse transcriptase. RNA template was digested away using RNase 

mixture and single stranded DNA was then purified in 50 µl of distilled water using Glass-

Max purification cartridge. 

 

3.1.1 Cloning of OSRGLP1 cDNA 

 cDNA of OsRGLP1 was amplified with following pair of primers designed with the 

help of primer 3 program available at www.justbio.com: 

RGLP1 forward primer: 5’-GAGCTCGAGAATTCYTTGCMWGRACCC-3’ 

RGLP1 reverse primer: 5’-GCTCTAGAGCTCATCTCAAACACACCACCTGA-3’ 

 

PCR of OsRGLP1 was performed with a pre-amplification denaturation at 94 oC for 5 

minutes followed by thirty five cycles each of 94 oC for 30 seconds, 55 oC for 30 seconds and 

72 oC for 1 minute, and final extension at 72 oC for 10 minutes. The amplified OsRGLP1 was 

run on one percent agarose gel prepared in Tris acetate ethyldimethyl tetra acetic acid (TAE) 

buffer (Appendix 2) and visualized by UV illuminator after staining with ethidium bromide. 

Bromophenol blue was used as loading/tracking dye. DNA bands were compared with 100 bp 

ladder as marker to identify the positions of required band. The amplified product was ligated 
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directly into T/A cloning vector, pTZ57R/T according to the instructions of the manufacturer 

(MBI Fermentas). The ligation mixture (30 µl) containing vector (3.0 µl), PEG 4000 (3.0 µl), 

10X ligation buffer (3.0 µl), PCR product (4.0 µl) and T4 ligase (1.0 µl) was incubated 

overnight at 22 ˚C.  

 

3.1.2 Preparation of electro competent cells 

To prepare electro competent cells, culture of DH5α (a strain of E. coli) was initiated 

by inoculating a single colony of DH5α in 3 ml Lauria Bartini (LB) medium (Appendix 3) at 

37 ˚C with 250 rpm shaking overnight. The starter culture was poured into 1L LB medium, 

and incubated at 37 ˚C with 250 rpm until the O.D600 reached at 0.4-0.5. The bacterial culture 

was centrifuged at 3500 x g for 15 minutes at 4 ˚C and resultant pellet was washed by 15 % 

glycerol three times with subsequent centrifugation under same conditions after every wash. 

All steps were performed on ice. After final washing the bacterial suspension was divided in 

to 50-100 µl aliquots and stored at -80 ˚C. 

 

3.1.3 Transformation of DH5α with pTZ57R/TOsRGLP1 

Electroporation of DH5α was performed by E. coli Porator (Life Technologies GBCO 

BRL) at medium voltage (2.5 kV/0.15 cm) by mixing 2 µl of ligation mixture and 25 µl of 

competent cells in an eppendorf on ice. LB media (1 ml) was poured on electroporated cells 

and kept on constant shaking (200 rpm, 1 hour) at 37 ˚C. Transformation mixture (100 µl) 

was spread on LB ampicillin plates and incubated at 37 ˚C overnight. Transformants were 

also screened through blue white screening by using X-Gal and IPTG. DH5α cells without 

plasmid were also electroporated and treated in similar way as other samples which served as 

negative control for transformation. 
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3.1.4 Confirmation of transformants 

Plasmid TZ57R/TOsRGLP1 was isolated by alkaline lysis method (Appendix 4) 

according to Sambrook et al. (2001) from white colonies which appeared on LB ampicillin 

plates after overnight incubation at 37 ˚C. OsRGLP1 was amplified by primers and detected 

on agarose gel electrophoresis. Glycerol stocks of PCR positive clones were prepared and 

stored at -80 ˚C. 

 

3.1.5 Confirmation of transformants through sequencing 

Sequencing of the pTZ57R/TOsRGLP1 was also carried to confirm the inserted 

cDNA. Plasmid DNA (pTZ57R/TOsRGLP1) was isolated by JETquick plasmid miniprep 

spin kit (GENOMID). Sequencing was carried out by using universal primers M13 forward 

(5’ TGTAAAACGACGGCCAGT 3’) or reverse (5’ CAGGAAACAGCTATGACC  3’) 

present on either sides of the multiple cloning site of pTZ57R/T. Sequencing reaction was 

prepared using CEQTM Dye Terminator Cycle sequencing kit according to the instruction of 

manufacturer (Beckman Coulter Inc. USA). 

 

3.1.6 Isolation of expression vector and transformation 

Expression vector p1301 of pCAMBIA series was acquired from CAMBIA and paper 

blotted plasmid was dissolved in Tris EDTA (TE) buffer (Appendix 5) according to the 

instructions and stored at -80 ˚C. DH5α cells were transformed with p1301 by electroporation 

and confirmed by amplification of hygromycin gene after plasmid isolation from kanamycin 

and hygromycin resistant blue colored colonies of DH5α. 
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3.2 CONSTRUCT DESIGNING 

To clone OsRGLP1 cDNA in sense direction under CaMV35S promoter in p1301, 

restriction sites of two enzymes i.e. BglII and BstEII were introduced in 5’ and 3’ends of 

OsRGLP1 with the help of RGLP forward (BglII 5’-

ATCTAGATCTCATCTCAAACACACCACC-3’) and RGLP reverse (BstEII 5’-

CTCGAGGTGACCGTCACAAAGAACACTG-3’ primers. The PCR product was ligated in 

pTZ57R/T vector. The pTZ57R/TOsRGLP1 and p1301 vectors were digested with BglII and 

BstEII followed by elusion of desired fragments from gel using Fermentas gel elusion kit 

according to the instructions of the manufacturer (Fermentas). Ligation of digested OsRGLP1 

and p1301 was performed by T4 DNA Ligase at 16 ˚C overnight as mentioned previously. 

 

3.2.1 Transformation of DH5α with recombinant vector 

  Transformation of recombinant vector (p1301OsRGLP1) in DH5α was done through 

electroporation. Transformants were selected on LB kanamycin and hygromycin and 

confirmed by digestion of plasmids with BglII and BstEII.  

 

3.2.2 Transformation of Agrobacterium with recombinant vector 

 Agrobacterium strain EHA101 was transformed with p1301OsRGLP1 by 

electroporation. Electro competent cells of EHA101 were prepared according to same 

procedure as used for DH5α except incubation temperature of cultures was 28 ˚C and 

incubation time for culture was according to the requirements of Agrobacterium. 
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3.2.3 Electroporation of EHA101 

The competent cells of EHA101 (25 µl) were mixed with p1301 OsRGLP1 (2 µl) in 

an eppendorf placed on ice and suspended between 0.15 cm gap of two electrodes of Cell 

Porator. An electric pulse of 20.0 kV/cm and pulse length of ~10 ms was subjected to the 

electrodes. After electric shock the cells were provided with 1 ml of LB medium and kept on 

shaking for 2 hours with 200 rpm at 28 ˚C. Transformation mixture (100 µl) was spread on 

LB kanamycin and hygromycin plates. Plates were incubated at 28 ˚C for two days. PCR was 

performed after isolation of p1301OsRGLP1 from cultures of transformed cells. 

 

3.2.4 Orientation of cDNA in p1301 

The orientation of the cDNA with respect to CaMV35S promoter in expression vector 

was verified with the help of restriction digestion with BamH1 and Pst1. The reaction mixture 

contained p1301OsRGLP1, Yellow 2x buffer (Appendix 6), 1.5 units for each of BamH1 and 

Pst1. The digestion reaction was kept overnight followed by agarose gel electrophoresis. 

 

3.3 AGROBACTERIUM MEDIATED TRANSFORMATION OF TOBACCO 

Seeds of Nicotiana tabacum cv. Samsun were arranged from National Agriculture 

Research Center (NARC), Islamabad and grown in green house. Leaves from approximately 

1-2 months old plants were used as experimental material for transformation. 

 

3.3.1 Agrobacterium culture preparation 

 Agrobacterium strain EHA101 harboring p1301OsRGLP1 was streaked from glycerol 

stock on LB agar plate with kanamycin and hygromycin (50 µg/ml each). After 2-3 days a 

single colony was inoculated into LB liquid medium (25 ml) provided with kanamycin and 
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hygromycin (50 µg/mL each) at 28 ˚C with constant shaking at 250 rpm for 36-48 hours in 

dark. 

 

3.3.2 Leaf disks preparation 

Younger leaves of tobacco were used for leaf discs preparation. Discs of 

approximately 8 cm diameter were surface sterilized by dipping in sodium hypochlorite (5 %) 

solution for 10 minutes followed by 3-6 washes with autoclaved distilled water. Discs were 

kept on autoclaved filter papers for removal of extra water and cultured on MSO medium 

(Appendix 7). Approximately 20-25 discs were placed abaxial side down on single Petri plate. 

Plates were sealed with parafilm and incubated at 25±1 ˚C for 48 hours with photoperiod of 

16/8 hours. 

 

3.3.3 Co-culture 

The optical density (OD600) of EHA101 (p1301OsRGLP1) culture was checked with 

the help of spectrophotometer (Shimadzuo) and was adjusted at 0.4 before co culture. 

EHA101 culture harboring p1301OsRGLP1 was poured in a beaker and tobacco leaf discs 

were dipped in the EHA101 cultures for 25-30 minutes with gentle shaking after regular 

interval under sterile conditions. The leaf discs were dried on autoclaved tissue paper and 

transferred to Murashige and Skoog (MS) co-culture medium (Appendix 8). Plates were again 

sealed with parafilm and were incubated for 48-72 hours depending on the growth of bacteria 

on the periphery of leaf discs. Remaining conditions were kept same as mentioned before. 

 

3.4 REGENERATION OF TRANSFORMANTS 

Leaf discs were removed from co-culture media and placed on MS selection media 

(Appendix 9) after washing with cefotaxime (250-500 mg/L) to remove excessive bacterial 
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cells. Plates were resealed with parafilm and incubated for two weeks under same conditions. 

Regeneration started after 15-20 days and regenerated leaf discs were transferred to fresh 

selection medium after every two weeks. Regenerated shoots were transferred to jars 

containing similar selection media. 

 

3.4.1 Rooting of transformed plants 

When shoots reached 1-2 node stage, these were transferred to rooting medium 

(Appendix 10) with reduced antibiotic concentration. After root formation, media were 

removed from roots by washing under running tap water followed by transfer to soil in pots. 

The pots were covered with poly ethylene bags to keep humidity level high which was 

subsequently reduced by making holes in bags after 5-7 days until plants were acclimatized.  

 

3.4.2 Control plants  

Control plants were also produced through same way as transgenics except that they 

were not treated with Agrobacteria and were not kept on selection media. Leaf disks, which 

were not infected with Agrobacteria and shifted on selection media served as negative control 

and after two weeks on selection media these showed browning and eventually died after a 

month.  

 

3.5 SELECTION OF TRANSFORMANTS 

Transgenic plants were selected throughout on the basis of hygromycin resistance 

before transfer to soil and these resistant plants were evaluated for the presence of OsRGLP1 

gene in genomic DNA using PCR. 
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3.5.1 Genomic DNA isolation 

Genomic DNA from control/transgenic tobacco was isolated by Cetyl dimethyl Ethyl 

Ammonium Bromide (CTAB) method (Richards, 1997). Approximately 1 gram leaf material 

was washed with distilled water and quickly frozen in liquid nitrogen. The frozen material 

was ground into fine powder in pestle and mortar. The material was shifted into 50 ml 

centrifuge tube and mixed with 15 ml of 2x CTAB buffer preheated at 65oC. CTAB buffer 

composed of 2% CTAB (w/v), 100 mM Tris HCl (pH 8.0), 20 mM EDTA, 1.4 M NaCl 1% 

PVP (Polyvinyl pyrolidone) m.wt. 40,000, and 1% (w/v) merceptoethanol. The tubes were 

incubated at 65oC in water bath for 30 minutes. Chloroform/isoamyl alcohol (24:1) was added 

and inverted gently a few times for proper mixing. The mixture was centrifuged at 10,000 rpm 

for 10 minutes and supernatant was transferred to another centrifuge tube. This step was 

repeated twice and the supernatant was treated with 0.6 volume of cold iso-propanol. The 

tubes were gently inverted few times for proper mixing. The DNA in white form precipitated 

at the bottom of tube, and the aqueous phase was poured out. The pellet was washed with 

70% cold ethanol. The pellet was air dried and rehydrated in 0.1x TE buffer (1.0 mM Tris pH 

(8.0), 0.1 mM ethylene diamine tetra acetate (EDTA) pH (8.0) and then treated with RNAase 

to get rid of RNA. 

 

3.5.2 PCR amplification of OsRGLP1 from genomic DNA of transgenic tobacco  

After genomic DNA isolation from leaves of transgenic plants PCR was carried out 

with specific pair of primers (RGLPT1F and RGLPT1R) to confirm the transformation with 

same set of conditions as described earlier except that range of annealing temperature (50-60 

oC) was used for optimization.  
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3.5.3 Seed collection from transgenic plants 

Plants were kept under controlled environment (24 ± 1 °C temperature and 16/8 hours 

photoperiod) till three months of age then these were shifted in open air at day/night 

temperature of 30/24 ± 1 °C for maturity. Flowering was observed in 7 month old transgenic 

plants. Total 15 seed buds were produced by the one transgenic plant. All seed buds were kept 

separately in eppendrof, labeled and stored at 4 oC. 

 

3.6 CHARACTERIZATION OF TRANSGENIC PLANTS 

Over-expression of OsRGLP1 gene was correlated with, growth analysis at early 

development, superoxide dismutase and oxalate oxidase activity in transgenic plants. 

 

3.6.1 Morphology and Growth analysis of transformants 

Seed and plant morphology of T0 control and transgenic plants were observed and 

growth analysis at early development of T1 control and transgenic plants included following 

parameters: 

 

3.6.2 Germination % and segregation analysis of T1 seeds 

Germination percentage was calculated for T1 seeds of control and transgenic plants. 

The seeds were surface sterilized with 5% clorox for 10 minutes followed by thorough 

washings with autoclaved distilled water. The sterilized seeds were cultured on MS half 

strength basal media with and with out hygromycin (50mg/l) and incubated at 25 ±1 °C in 

16/8 hours light/dark cycle. 
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The seeds obtained from T0 plant were germinated on selection media to test the 

inheritance pattern of OsRGLP1 in T1 progeny on the basis of hygromycin resistance. 

Germinated seeds were scored as resistant while non-germinated as sensitive to hygromycin. 

Statistical analyses were performed by counting the T1 seeds. Chi square statistic was applied 

to test the goodness of fit regarding observed and expected values if they fall in the classical 

Mendelian ratio. 

 

3.6.3 Shoot and Root length 

For shoot and root length measurements one month old seedlings grown in Gamborg 

half strength basal media were used. The lengths were measured in cm with the help of scale. 

 

3.6.4 Plant fresh and dry weight 

Fresh weight of one month old seedlings was measured after taking out the seedling from 

media carefully and removal of media contents from roots. Dry weight of one month old 

seedlings was measured after incubating the plants at 100 ˚C for 72 hours in oven. The 

relative water content (RWC) of control and transgenic plants were also measured with the 

help of formula (RWC (%) = (FW − DW/FW) X 100) where RWC = Relative water content, 

FW = Fresh weight, DW = Dry weight. 

 

3.6.5 Detection of H2O2 in control and transgenic plants 

Hydrogen peroxide in wild type and transgenic leaf samples was detected through 3, 

3`-diaminobenzidine (DAB) staining method according to Thordal-Christensen et al. (1997). 

Leaf samples were dipped in DAB solution (1mg/ml) overnight followed by treatment with 
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96% ethanol for chlorophyll removal. After washing leaf samples with distilled water 

photographs were taken and documented. 

 

3.6.6 Protein content 

Protein content from control and transgenic samples was determined by a protein-dye 

binding assay (Bradford, 1976). The colour of coomassie brilliant blue G250 in dilute acid 

solution changes proportionally as the dye binds to protein. The preference of this method 

over others is based on the speed and ease of performance and few interfering substances. 

Using bovine serum albumin (BSA) solution (1 mg ml-1), a standard curve was prepared at 

A595 on spectrophotometer. The amount of protein from samples was estimated by reading at 

A595 on spectrophotometer using standard curve for BSA (Boyer, 1993). 

 

3.6.7 Oxalate Oxidase activity 

OXO activity was performed on mature and immature T0 plants and germinating 

seeds/early developmental stages of T1 generation of control and transgenic tobacco plants. 

Tissue localization of oxalate oxidase activity was determined according to the method 

established by Liang et al. (2001). Germinating seeds, leaf discs, sliced roots and stem from 

control and transgenic tobacco plants were incubated with oxalic acid (2.5 mM) in a succinate 

buffer (25 mM succinic acid, 3.5 m M EDTA, pH 4.0) containing 4-chloro-1-naphthol (0.6 

mg/ml) as staining reagent. The incubation was carried out at room temperature in dark for 24 

hours and then the plant tissues were photographed with digital camera. Germinating seeds of 

wheat cultivar Channab 2000 were used as positive control for OXO activity. Plant tissues 

were photographed with a digital camera. The experiments were repeated three times with at 

least 5 explants in each trial. 
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3.6.8 Superoxide Dismutase activity 

Transgenic plants were evaluated for SOD activity as described by Dhindsa et al. 

(1981) with few modifications. One gram of control and transgenic tobacco leaf was 

homogenized in pre-cooled mortar and pestle in 3 ml of 0.2 M phosphate buffer, pH 7.0 at 4 

°C and centrifuged at 20,000 g in refrigerated centrifuge (SIGMA 2-15KC).  

Supernatant was used to estimate the activity of SOD by recording the decrease in 

absorbance of superoxide-nitro blue tetrazolium complex by the enzyme. Two sets of cuvettes 

each provided with about 3 ml of reaction mixture containing enzyme extract (0,50, 100, 200 

µl) 13 mM methionine, 75 mM nitro-blue tetrazolium (NBT), 0.1 mM EDTA, 50 mM 

potassium phosphate buffer (pH 7.8) and riboflavin (2 µM) were prepared for control and 

transgenic enzyme extracts. Two tubes without enzyme extract were taken as control. The 

reaction was started by placing the tubes below a light source of two 15 W florescent lamps 

for 15 minutes. The reaction was stopped by switching off the light source and covering the 

tubes with black cloth. A non-irradiated complete reaction mixture which did not develop 

color served as blank. The absorbance was recorded at 560 nm with Shimadzu 

spectrophotometer at 25 °C and one unit of enzyme activity was taken as the quantity of 

enzyme which reduced the absorbance reading of the samples to 50 percent in comparison 

with tubes lacking enzymes. 

 

3.6.9 Detection of superoxide through Nitro Blue Tetrazolium (NBT) staining 

The superoxide anions in tobacco leaves were detected by using the nitroblue 

tetrazolium staining method according to Jabs et al. (1996). The wild type and transgenic leaf 

samples were incubated overnight in 10 mM Tris-HCl, pH 7.4 containing 0.5 mg/ml NBT and 

photographed.  
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3.7 CLONING AND SEQUENCING OF OSRGLP1 PROMOTER 

Rice seeds (Nonabokra) obtained from International Rice Research Institute (IRRI) 

were grown under green house conditions and DNA from leaf tissues was extracted by CTAB 

method (Richards, 1997). The primers RGLP1P-F1 

5’CCCGGGACCAACGAAAAGATTGAACA 3’ and RGLP1P-R1 5’ 

CCCGGGCATTTGTCCATGGAGAGGAT 3’ were designed on chromosome 8 of Oryza 

sativa (GenBank accession AP008214) to amplify the upstream sequence of OsRGLP1 gene. 

The PCR mixture contained 50 pM of each primer, 1X PCR buffer, 15 mM MgCl2, 2 mM 

each of the dNTPs and 1.5 units of Taq polymerase (Fermentas). PCR was performed with a 

pre-amplification denaturation at 94 oC for 5 minutes followed by thirty five cycles each of 94 

oC for 30 seconds, 55 oC for 30 seconds and 72 oC for 1 minute, and final extension at 72oC 

for 10 minutes. PCR products were ligated into TA cloning vector pTZ57R according to the 

manufacturer instructions (Fermentas) and electroporated into E. coli competent cells at 

medium voltage (2.5 KV/0.15 cm) in E. coli Porator (Life Technologies GBCO BRL). The 

cells were selected for resistance to ampicillin and screened for the inactivation of β-

glycosidase gene according to Sambrook and Russel (2001). The plasmid was isolated by 

Eppendorf FastplasmidTM Mini kit and sequencing was carried out using CEQ™ Dye 

Terminator Cycle sequencing kit according to the manufacturers’ instructions (Appendix 11) 

(Beckman Coulter Inc. USA) with universal M13 and gene specific primers, and run on the 

CEQ 8000 DNA Analyzer (Beckman Coulter Inc. USA).  

 

 

3.7.1 Sequence analysis of OsRGLP1 promoter 
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The promoter sequence was aligned with other GLP promoters using CLUSTAL W 

(Thompson et al., 1994) available at www.ebi.ac.uk/clustalw to find out homology. Presence 

of open reading frame was searched through GENSCAN (Burge and Karlin, 1997) available 

at http://genes.mit.edu/GENSCAN.html. To find out the regulatory elements, their types and 

positions, the sequenced promoter region was analyzed using PLACE/Signal Scan (Higo et al. 

1999) available at www.dna.affrc.go.jp. Many regulatory elements were found by Signal Scan 

on both the strands of promoter; however only cis elements without any ambiguous nucleotide 

were considered and further characterized. 

 

3.8 STATISTICAL ANALYSIS 

Complete randomized design (CRD) was used in experiments. ANOVA/LSD/Student-

t test were used wherever applicable. 
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Chapter 4 
 

RESULTS AND DISCUSSION 
 

 

4.1 CLONING OF OsRGLP1 cDNA 

Full length complementary DNA (cDNA) of rice root specific germin-like protein gene1 

(OsRGLP1, accession no. AF141878) was synthesized from total RNA extracted from rice 

roots. This cDNA was (958 bp long) was amplified with gene specific primers by 

standardized PCR conditions. Resulting fragment of OsRGLP1 was about 1 Kb long as 

expected when visualized on agarose gel (Plate 1). Amplification of single band indicated that 

primers were specific to OsRGLP1 only. The amplified product was used for ligation in 

pTZ57R/T cloning vector. The basis for ligation of any PCR product in this vector is presence 

of adenines at the ends of PCR product which binds with complementary thiamine present at 

MCS of the linearized vector during ligation process (Figure 2). 

4.1.1 Transformation of E. coli with pTZ57R/TOsRGLP1 vector  

Electro-competent cells of E. coli strain, DH5α were transformed with 

pTZ57R/TOsRGLP1 vector through electroporation. Insertion of OsRGLP1 cDNA in 

multiple cloning site of pTZ57R/T caused inactivation of Lac Z gene hence white colonies 

were produced on selection with X-Gal/IPTG containing media plates. Single transformed 

white colonies were further used for plasmid isolation through alkaline lysis method. The 

actual size of pTZ57R/T is 2.8 Kb which was increased to 3.8 Kb after insertion of OsRGLP1 

cDNA and visualized by agarose gel electrophoresis (Plate 2). 
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Figure 2: Restriction map of pTZ57R/T. 
 
Schematic representation of pTZ57R/T cloning vector and ligation strategy in this vector. 
(Source:http://www.fermentas.com/catalog/kits/kitinstaclone.htm). 

M       1      2       3  

Plate 1:  PCR amplification of OsRGLP1.  
 
Lane 1 contains OsRGLP1 amplified product. Lanes 2 and 3 are positive and 

negative controls respectively. M is 100 bp marker (Fermentas 
Lithuania UAB). 

~1Kb 
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pTZ57R/TOsRGLP1 
~3.8 Kb 

OsRGLP1 
~1 Kb 

 M        1          2         3 

Plate 2:pTZ57R/TOsRGLP1 digested with EcoR1 and Sal1. Lane1: λ HindIII ladder, 
Lane 2: pT/AOsRGLP1, Lane 3-4: pT/AOsRGLP1 digested with EcoR1 and 
Sal1. 
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4.1.2 Confirmation of OsRGLP1 through restriction digestion and sequencing 

 The pTZ57R/TOsRGLP1 vector was digested with EcoR1 and Sal1 resulting in 

release of about 1 Kb fragment which was separated on 1% agarose gel (Plate 2) to confirm 

the size. The fragment was gel extracted and further confirmed through sequencing, 

consequently, sequence of 482 nucleotides (Figure 3) was obtained which turned out to be the 

5` end of germin-like protein gene1 precursor of rice available in GenBank (accession no. 

AF141878). 

 

4.2 RECOMBINANT VECTOR PREPARATION 

For plant transformation, the plasmid 1301 of pCAMBIA series was selected. These 

plasmids have been used efficiently for plant genetic transformations (Chen et al., 1998). Size 

of the plasmid is 11,849 bp and it contains kanamycin phosphoryl transferase gene for 

bacterial selection against kanamycin while hygromycin phosphotransferase gene for plant 

selection against hygromycin and Gus reporter gene as expression marker. Hygromycin and 

Gus genes are under the transcriptional control of CaMV35S promoter (Figure 4). 

 

The plasmid p1301 was transformed into electrically competent cells of E. coli 

(DH5α) by electroporation. Blue colored colonies appeared on LB media plates provided with 

X-Gal/IPTG, kanamycin and hygromycin (50mg/l both). Plasmid was isolated from overnight 

culture of E. coli (DH5α) and after treatment with Proteinase K visualized on agarose gel 

electrophoresis (Plate 3). The vector p1301 was confirmed through PCR amplification of 

hygromycin gene and about 700 bp long fragment was obtained (Plate 4). 
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   1  AAGCAGGTAT ATATAAGCTA CTAGCTAATT AAGAAGGGCA TTAGAATGGC 
  51  TTCGTCTTCC TTCCTGCTCC TCGCCACTCT TCTTGCCATG GCCTCATGGC 

 101  AAGGCATGGC TTCGGATCCC AGCCCTCTGC AGGACTTCTG CGTTGCCGAC 

 151  ATGCACTCAC CTGTGCTTGT CAATGGATTT GCTTGCCTGA ACCCAAAGGA 

 201  CGTGAACGCG GATCACTTCT TCAAGGCAGC AATGTTGGAC ACTCCTCGGA 

 251  AGACGAACAA AGTTGGGTCT AACGTCACAC TGATCAACGT CATGCAGATC 

 301  CCTGGCCTCA ACACACTCGG CATCTCAATT GCACGTATTG ACTATGCACC 

 351  GTTAGGTCAA AACCCTCCCC ACACTCATCC TCGTGCCACC GAAATCCTCA 

 401  CGGTGCTTGA AGGAACACTC TATGTCGGCT TCGTCACGTC TAACCCAGAT 

 451  AACAAGTTTT TCTCCAAAGT GCTCAATAAG GG  

Figure 3: Sequence of 5` end of OsRGLP1 obtained through sequencing.
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GUS marker GUS marker 
genegene

p1301  p1301  

HygromycinHygromycin

selection gene selection gene 

Kanamycin selection geneKanamycin selection gene

Figure 4: Schematic map of pCAMBIA 1301. 
 
The schematic diagram of pCAMBIA 1301 showing the location of important genes, 
restriction sites and regulatory parts. The image is taken from 
http://www.cambia.org/daisy/cambia/585.html. 

Plate 3: Isolation of p1301 from E. coli (DH5α).  
 
Lane 1 contains p1301 isolated from DH5α cells. Lane 2 shows after treatment with 
proteinase K. M is 100bp DNA ladder plus (Fermentas Lithuania, UAB). 

   M          1            2
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M 1

Plate 4: Confirmation of p1301 isolated from E.coli (DH5α).  
 
Lane 1 contains PCR amplified hygromycin gene from p1301 vector. M is HindIII 
ladder (Fermentas Lithuania UAB). 

Hygromycin gene  
~700bp 
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4.2.1 Construct designing 

  Directional cloning was performed to insert the OsRGLP1 in p1301, the 2 Kb gus 

gene in p1301 was replaced with OsRGLP1 (Figure 5). For this purpose restriction sites of 

BstEII and BglII enzymes were incorporated at the 5′ and 3′ ends of OsRGLP1 respectively 

with the help of RGLP forward (BglII 5′ ATCTAGATCTCATCTCAAACACACCACC 3′) 

and RGLP reverse (BstEII 5′ CTCGAGGTGACCGTCACAAAGAACACTG 3′) primers. The 

OsRGLP1 was amplified with these primers (Plate 5) and again ligated in pTZ57R/T vector 

which was transformed into E.coli. Resulting vector was digested with the BstEII and BglII 

(Plate 6) followed by elution of 1 Kb OsRGLP1 fragment from gel. The p1301 was also 

digested with same set of enzymes resulting in release of 2053 bp gus gene (Plate 7). The 

linearized p1301 vector, 9,796 bp long having BstEII and BglII sticky ends was eluted and 

purified from gel and ligated with the purified OsRGLP1 cDNA. 

 

4.2.2 Transformation of E. coli with recombinant vector 

The ligation mixture was transferred to DH5α through electroporation to increase the 

copy number of recombinant plasmid. Transformed colonies appeared after 18-20 hours 

incubation at 37 °C. Plasmid was isolated from cultures of transformed cells and confirmed 

through PCR of OsRGLP1 cDNA (Plate 8) and digestion with BstEII and BglII (Plate 9). The 

orientation of cDNA with respect to promoter in p1301 was confirmed through restriction 

digestion of p1301OsRGLP1 with BamH1 and Pst1 which yielded a 1kb fragment showing 

the confirmation of the sense orientation of the insert (Plate 10). 
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CaMV 35S 
Promoter

CaMV 35S 
Promoter

Lac Z 
alpha

Hygromycin  
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gene

GUS 
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gene

Nos Poly A

T- Border 
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T- Border 
(Right)

CaMV 35S 
Poly A

BstEII (762)Bgl II (8)Multiple Cloning 
Site

CaMV 35S 
Promoter

CaMV 35S 
Promoter
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alpha
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gene
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T- Border 
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CaMV 35S 
Poly A

BstEII (762)Bgl II (8)Multiple Cloning 
Site

OsRGLP1 
cDNA

Figure 5: Schematic representation of p1301OsRGLP1 construct design. 
 
(A) T-DNA region of p1301. (B) Modified T-DNA with OsRGLP1 replaced by Gus 
marker gene down stream of CaMV 35S promoter.  



47 
 

 

~1 Kb 

Plate 5: PCR amplification of OsRGLP1 from pTZ57R/TOsRGLP1 using RGLPF 
and RGLPR primers for incorporation of BstEII and BglII restriction sites. 
 
Lane 1-3: positive clones, Lane 4: negative control, Lane 5: positive control. M is 100bp 
DNA ladder (Fermentas Lithuania UAB). 

M        1       2        3     4         5 

~1 Kb 

Plate 6:pTZ57R/TOsRGLP1 digested with BstEII and BglII.  
 
Lane 1: digested pTZ57R/TOsRGLP1, Lane 2: undigested pTZ57R/TOsRGLP1. M is 100 
bp DNA ladder (Fermentas Lithuania UAB). 

M 1 2
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p1301 fragment 
~9.7 kb 

gus gene 
~ 2 kb 

Plate 7: p1301 digested with BstEII and BglII.  
 
Lane 1: undigested p1301, Lane 2: digested p1301. M is 100 bp DNA ladder (Fermentas 
Lithuania UAB). 

M        1         2 

Plate 8: Confirmation of p1301OsRGLP1 isolated from E.coli (DH5 α) through 
PCR.  
 
Lane 1-2: amplified OsRGLP1 cDNA, Lane 3: negative control, Lane 4: positive control. 
M is 100 bp DNA ladder (Fermentas Lithuania UAB). 

OsRGLP1 
~1 Kb 

  M        1          2          3          4  
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Plate 10: Confirmation of sense orientation of OsRGLP1 in p1301 through 
restriction digestion with BamH1 and Pst1.  
 
Lane 1-2: p1301 digested with BamH1 and Pst1. M is O range ruler 500 bp DNA ladder 
(Fermentas Lithuania UAB). 

~1 Kb 

  M           1         2   

Plate 9: Confirmation of p1301OsRGLP1 isolated from E.coli (DH5 α) through 
restriction digestion by BstEII and BglII. 
 
Lane 1: p1301OsRGLP1 (digested), Lane 2-3: p1301OsRGLP1 (digested). M is 100 bp 
DNA ladder (Fermentas Lithuania UAB) 

OsRGLP1 
~1 Kb 

M          1       2         3  
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4.2.3 Transformation of Agrobacterium with recombinant vector 

The confirmed recombinant plasmid (p1301) containing OsRGLP1 cDNA in sense 

direction under the control of CaMV35S promoter was used to transform Agrobacterium 

strain EHA101 through electroporation. Successfully transformed EHA101 cells yielded 

kanamycin and hygromycin resistant colonies on LB plates after two days incubation at 28 °C. 

Minipreps from cultures of resistant colonies were carried out and presence of desired 

fragment of OsRGLP1 was confirmed through PCR amplification (Plate 11). PCR positive 

clones were subsequently used to transform plant.  

 

4.3 AGROBACTERIUM MEDIATED GENETIC TRANSFORMATION OF TOBACCO 

Tobacco (Nicotiana tabacum) cv. Samsun was used for genetic transformation and 

functional analysis of OsRGLP1. Genetic transformation was done by Agrobacterium strain 

EHA101 harboring p1301OsRGLP1 through leaf disc method. Agrobacterium can efficiently 

transform dicotyledonous plants and is able to insert the T-DNA region of its plasmid in the 

genome of host cells so the genes present between the right and left border of T-DNA can be 

integrated into host genome (Gustavo et al., 1998; Zhu et al., 2000).  

 

4.3.1 Transformation of tobacco leaf disks with EHA 101 

About two hundred Precultured leaf disks were co-cultured with EHA101 harboring 

p1301 OsRGLP1 on MS co-culture medium for three days at same growth conditions. The 

optical density (OD600) of bacterial culture was adjusted at 0.4 before infection and it was 

observed that increase in optical density from 0.4 caused difficulty in subsequent removal of 

bacteria in washing steps. After 24 hours of co-culture the bacterial growth was visible as 

very thin whitish film around the periphery of infected disks which grew with time and 
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Plate 11: Confirmation of OsRGLP1 through PCR from EHA101. 
 
Lane 1: amplified OsRGLP1, Lane 2: positive control. M is 100 bp DNA ladder 
(Fermentas Lithuania UAB). 

OsRGLP1 
~ 1Kb 

  M             1           2 
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became prominent after three days and was also observed on the surface of disks.  

 

After co-culture, infected leaf disks were washed with cefotaxime at the rate of 250 

mg/ml to get rid of Agrobacterium cells. Cefotaxime is broad spectrum third generation 

antibiotic of cephalosporin group which inhibits bacterial cell wall synthesis (Mendel and 

Petri, 1996) without any harmful effect on plants cells hence it is commonly used in washing 

Agrobacterium infected leaf disks. Washed leaf disks were cultured on MS selection media 

for two weeks for regeneration of transformants.  

 

4.3.2 Selection and regeneration of transformants 

The T-DNA of p1301 contains hygromycin phosphotransferase gene as plant 

selectable marker which confers resistance to hygromycin when expressed in transformed 

cells. The transformed cells are able to grow normally in the presence of hygromycin while 

non transformed cells cannot; hence a good selection pressure leads to the increased 

possibility for regeneration of transformed cells on selection media. Regeneration started in 

the form of small green calli around the periphery of leaf disks after three weeks on selection 

media. The hygromycin resistant calli eventually started organogenesis and produced small 

shoots. The shoots were transferred to fresh selection media for proliferation (Plate 12 A-D). 

Cefotaxime was added in all media used for transformed plants until they were shifted to soil 

to avoid the growth of bacteria which appeared in the absence of cefotaxime. 

 

4.3.3 Rooting of transformed plants 

Regenerated shoots were transferred to rooting media when at least two nodes were 

produced. Rooting started after 5-6 days of shifting the shoots on rooting media. Transgenic 

plants were transferred to soil when sufficient roots were established (Plate 12 E-F). The roots 

were washed thoroughly under tap water before transfer to soil to completely remove the 

media contents.  
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Plate 12:  Different stages of transformation of tobacco using EHA101 
harboring p1301OsRGLP1.  
 
A: non growing leaf disk on selection media used as negative control, B-C: start of 
organogenesis and regeneration in the form of small green calli and shoots on periphery 
of transformed leaf disks after three weeks on selection media, D: production of small 
shoots from leaf disks after five weeks on selection media, E-F:  rooting of transgenic 
plants after two weeks on rooting media, G: ten weeks old transgenic plants established 
in pots, H: wild tobacco plants produced through similar procedure except that these were 
not exposed to Agrobacteria and grew on non selective media. 
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 The soil mixture contained sand, farmyard manure and soil in the ratio of 25:25:50 

respectively. The pots of plants were covered by polythene bags to maintain the humidity for 3-4 

days after transfer to soil. Humidity was reduced gradually by making holes in polythene bags 

and on day 7 bags was removed from plants (Plate 12 G). 

 

4.3.4 Seed collection from transgenic plants  

Total seventy hygromycin resistant plants were produced which were shifted to soil 

for maturity and only thirty plants could survive in soil. Plants were kept under controlled 

environment (24 ± 1 °C temperature and 16/8 hours photoperiod) till three months of age then 

these were shifted in open air at day/night temperature of 30/24 ± 1 °C for maturity. The age 

of plants was counted from the start of regeneration in leaf disks. Flower buds were produced 

in three plants at the age of seven months. Two plants dropped flower buds after a week and 

flowers after two weeks of blooming whereas one transgenic plant produced seeds 45 days 

after pollination (Plate 13). Seeds were harvested after ripening and stored at 4˚C. It is 

noteworthy to mention that in two plants, flower buds and flowers dropped due to formation 

of abscission zone in junction with stem but this was not observed in control plants. The 

remaining twenty seven plants did not produce flower buds and grew vegetatively until the 

death. Furthermore, phenotypically, these plants were similar with other transgenic plants. We 

could not identify the cause of absence of flowering in these plants. 

 

4.3.5 Wild plants  

Wild plants were also produced from leaf disks through same way as transgenics except 

that they were not treated with Agrobacterium rather grew on MS regeneration media without 

antibiotics. Leaf disks started regeneration after 8-10 days resulting in small shoot formation 
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which were transferred to fresh media for further growth and finally subjected to rooting 

media. Regenerated plants were transferred to soil (Plate 12H) and kept in open air at 

temperature of 30 ± 1 °C for maturity along with transgenic plants. Wild plants produced 

flower buds after seven months and set seeds 40 days after pollination. 

 

4.4 CONFIRMATION OF TRANSGENIC PLANTS 

Transgenic plants were confirmed first by selection on hygromycin media and later by 

PCR. A total of 200 leaf disks were co-cultured with EHA101 harboring p1301OsRGLP1 

(Table 1). About 130 leaf disks were regenerated on selection media containing hygromycin 

hence 65 % transformation efficiency was achieved. Leaf disks which were not exposed to 

Agrobacteria but processed in same way served as negative control which died eventually on 

selection media after three weeks. 

 

 

Table 1: Transformation of tobacco with EHA101 harboring p1301OsRGLP1. 

No. of 
leaf 

disks 
infecte

d 
 

Disks 
for 

negativ
e 

control 

No. of 
disks 

regenerate
d on 

selection 
media 

Transformatio
n efficiency 

(%) 

Total 
plants 

produce
d 

Plants 
survive
d in soil 

Plants 
produce

d 
flowers 

Plants 
Produce

d 
Seeds 

200 30 130 65 70 30 3 1 
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Plate 13: Different levels of maturity in transgenic plants.  
  
A)  Flower bud initiation in seven month old plant, B)  Blooming in eight months old 
plant, C-D) Closer view of flower buds and flowers, E-F) Seed buds at different levels of 
seed development. 
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4.4.1 Molecular analysis of transgenic plants 

Genomic DNA was isolated from leaves of control and hygromycin resistant tobacco 

plants followed by visualization on agarose gel electrophoresis (Plate 14A). Amplification of 

OsRGLP1 was done through PCR with same set of primers which were used earlier. A one kb 

fragment of OsRGLP1 was appeared in many DNA samples obtained from transgenic plants 

while samples from control plant did not yield any band (Plate 14B). 

 

4.5 FUNCTIONAL ANALYSIS 

Over-expression of OsRGLP1 gene was correlated with, growth analysis, superoxide 

dismutase and oxalate oxidase activity in transgenic plants. 

 

4.5.1 Morphology and Growth analysis of Transformants 

In order to find any effect of OsRGLP1 expression on morphology and growth of 

tobacco plants, different features were evaluated which included plant and seed morphology, 

plant height, plant fresh and dry weight and germination %.  

 

4.5.2 Morphology of Transgenic plants  

Transgenic plants (T0) showed similar pattern of growth as control plants throughout 

different developmental phases except that when these plants were six months old (at 

maturity) some old leaves on many plants showed hypersensitive response-like necrotic 

lesions and signs of program cell death when kept in open at temperature of about 30 ± 1 °C. 

Interestingly, these lesions were developed before the onset of leaf senescence, indicating it a 

different phenomena. Furthermore, these lesions were of variable lengths ranging from 1-8 

cm long and on some leaves covering more than half of the leaf area (Plate 15). Initially these  
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Plate 14: A) Genomic DNA isolated from different transgenic plants.  
 
Lane 1: Genomic DNA from control plant, Lane 2-8: Genomic DNA from transgenic plants,  
 
B) Confirmation of transgenic plants through PCR amplification of OsRGLP1.  
 
Lane M: O Range 100bp ruler (Fermentas), Lane 1: sample from non transgenic control plant, 
Lane 2-11: transgenic samples, Lane 12: positive control. 

        1              2             3            4             5            6               7             8 

(A) 

OsRGLP1 

M     1       2      3        4      5      6       7      8      9      10     11    12  

(B) 
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Plate 15: Symptoms of necrotic lesions on leaf surface of six months old 
T0 transgenic tobacco plants. 
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appeared as yellow necrotic spots on leaf blades and later on cell death started in the form of 

brown dead leaf area surrounded by the necrotic regions. Moreover, such symptoms were not 

observed in any other part of plants. Control plants kept on similar conditions did not show 

such symptoms.  

Hypersensitive response (HR) results in programmed death as a consequence of 

incompatible plant-microbes interactions (Dietrich et al., 1994; Greenberg et al., 1994). 

Furthermore, the involvement of reactive oxygen intermediates in initiation of HR has also 

been reported with the observation that altered levels of superoxide anion and H2O2 affect the 

kinetics of HR (Jabs et al., 1997; Chamnongpol et al., 1998). In present study the HR-like 

lesions were observed on leaves when plants were kept at day/night temperature of 30/24 ± 1 

°C and in direct sunlight. Furthermore, the plants were not challenged with any microbe 

which indicates that some endogenous source of ROS, temperature and light might have 

contributed towards HR-like lesions in transgenic plants only. As germin-like proteins are 

reported to contain oxalate oxidase and superoxide dismutase activities that result in 

production of H2O2, it was speculated that the OsRGLP1 might posses either one or both 

activities and hence high levels of H2O2 could have resulted in HR-like lesions high 

temperature and light conditions. These HR-like lesions in the transgenic tobacco leaves are 

similar to those of transgenic sunflowers constitutively expressing wheat oxalate oxidase gene 

which showed HR-like lesions without pathogen challenge in mature leaves (Hu et al., 2003). 

Moreover, there are many reports where hypersensitive response or necrotic lesions have been 

observed in transgenic plants with elevated levels of H2O2 either due to reduced catalase 

activity (Chamnongpol et al., 1996) or enhanced activity of H2O2 producing enzymes (Wu et 

al., 1997; Kazan et al., 1998; Hu et al., 2003). 
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4.5.3 Morphology of transgenic seeds  

Freshly harvested seeds of T0 control and transgenic tobacco plants were observed 

under stereomicroscope. No difference in seed color, shape, size, appearance was found 

between control and transgenic seeds. When one year old transgenic and control seeds which 

were kept at 25 ± 1 °C in dark were observed it was noticed that color of testa in transgenic 

seeds turned lighter than control seeds kept under similar conditions (Plate 16). The testa in 

tobacco seeds is of brown color which is due to lignin and pigments present in it (Koornneef 

et al., 1994).  H2O2 has strong oxidizing properties, therefore, is a powerful bleaching agent 

(Hess, 1995). It is speculated that the lighter color of transgenic seeds may be due to the 

bleaching effects of H2O2 on pigments present in testa. This bleaching effect was not observed 

in any other part of T0 plants or T1 germinating plants.   

 

4.5.4 Germination % and segregation analysis of T1 seeds 

Germination started after two days in control and three days in transgenic seeds on 

both basal and selection media. Control seeds showed 83% germination on basal media while 

on selection media only emergence of hypocotyl was seen which sooner ceased. 
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A B 

C D 

Plate 16: Morphology of seeds from transgenic and control plants.  
 
Freshly harvested seeds from control (A) and transgenic (B) plants, one year old 
control (C) and transgenic (D) seeds kept at 25 ± 1 °C in dark. 
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Transgenic seeds showed 45 and 43% germination on basal and selection media respectively 

(Table 2). Germination in transgenic seeds was significantly lower than the control seeds. 

Alternatively, the transgenic seeds showed significantly higher percentage of dormant seeds 

(55 %) as compared with controls (17 %). In addition, the germination in transgenic seeds was 

also slower than control seeds. 

 

 Seed germination is a complex phenomenon which depends on many external and 

internal factors like, temperature, moisture, light, oxygen, hormones, seed viability and 

inhibitors (Hilhorst, 1995; Debeaujon et al., 2000). Among hormones, abscisic acid (ABA) is 

known as positive regulator of dormancy and negative regulator of germination (Bewley, 

1997b; Koornneef et al., 2002). Abscisic acid is also considered as stress hormone due to 

increasing evidence of its involvement in various stresses (Grill and Ziegler, 1998). Earlier 

studies have demonstrated that ABA can modulate the activities of antioxidant enzymes 

(Gong et al., 1998; Bueno et al., 1998). H2O2 has been reported to act as an intermediate in 

ABA signaling pathway (Zhang et al., 2001). Taken together all this available information it 

seems that in present study the higher dormancy and lowered germination percentage in 

transgenic seeds may be due to the interactions of ABA and H2O2. It is further anticipated that 

high level of H2O2 may have resulted in accumulation of higher ABA during seed 

development and maturation, consequently, transgenic seeds showed higher dormancy as 

compared with control seeds.  

 

Tobacco is a model system for the germination of endospermic seeds (Koornneef et al., 

2002; Leubner-Metzger, 2003). The embryo in mature tobacco seed is surrounded by three to  
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Table 2:  Germination of control and transgenic tobacco seeds on basal and 

selection media. 

 

S. No. Seeds MS Media Percentage of 
germination (%) 

Percentage 
of dormant 

seeds  
(%) 

 

 basal  83 17  
 

1 Control 
selection  0 0  

 basal  45 55  
 

2 Transgeni
c selection  43 57  

 
The data is average of three experiments and 15 seeds in each trial were used. Basal 
media= MS half strength media without antibiotics, Selection media= MS half strength 
media with 50mg/l hygromycin. Seeds were incubated at 25 ±1 °C in 16/8 hours 
photoperiod after sterilization. 
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five layers of endosperm cells and a thin testa (seed coat), which consists of an outer layer of 

cutinized and lignified dead cells and a living inner testa layer. The completion of germination 

is manifested as radicle protrusion, i.e. the emergence of the radicle tip through all seed 

covering layers. It depends on embryo expansion, which is a process driven by water uptake 

and cell wall loosening (Obroucheva and Antipova, 1997: Bewley, 1997b; Koornneef et al., 

2002). In present study two-step germination typical of tobacco was seen where testa ruptured 

first followed by endosperm. When observed under stereomicroscope the pattern of 

germination was similar in control and transgenic seeds.  

 

Control and Transgenic seeds germinated on selection media initially as indicated by 

protrusion of hypocotyls but control seeds did not grow further on selection medium and the 

growth of hypocotyls ceased after two weeks. Conversely, hypocotyls from transgenic seeds 

continued to grow and produced leaves and roots (Plate 17).  

 

The Chi square analysis indicated a 1:1 segregation for hygromycin phosphotransferase 

(hpt) at 95% confidence level in T1 seeds. There were, on average, 18 Hygromycin resistant 

and 22 sensitive seeds (Table 3) from a population of 40 (Chi square= 0.15). As already 

mentioned the germination % of T1 seeds is significantly lower than the control seeds either 

due to the direct or indirect effect of transgene or some other unknown reason. This implies 

that the data obtained through segregation analysis cannot provide the true picture of 

inheritance in progeny until it is further confirmed through the southern analysis. 
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Table 3:  Chi square test for segregation of hygromycin phosphotransferase 
gene in T1 seeds. 

 
 

  Hyg R Hyg S Total 
 

 Observed (O) 18 22 40   
 Expected (E) 20 20 40   
 O-E -2 2 0   
 (O-E)2 4 4     
 (O-E)2/E 0.2 0.2 0.4=X2   

 
Hyg R = Hygromycin resistant, Hyg S = Hygromycin sensitive seeds. X2 value at p 
0.05= 3.84 for n-1 degree of freedom.  
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Basal media 
(four days) 

Selection media 
 (four days) 

Hypocotyl  

Ruptured 
testa  

A B 

C D 

Plate 17: Germination in control and transgenic seeds.  
 
Transgenic and control seeds were germinated on MS basal and selection (containing 
hygromycin) media  at 26 ± 1 ºC with 16/8 hours photoperiod. Upper panel: Four days post 
germination control seeds on basal (A) and selection (C) media. Four days post 
germination transgenic seeds on basal (B) and selection (D) media. Lower panel: two 
weeks’ old control (E) and transgenic seedlings (F) on basal media. Two weeks’ old 
control (G) and transgenic seedlings (H) on selection media.

Basal media  
(two weeks) 

Selection media 
(two weeks) 

E F 

G H 
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4.5.5 Shoot and root length 

For measurement of shoot and root length, control and transgenic tobacco seeds were 

cultured on half strength Gamborg media with reduced agar (0.5g/l) and kept at same growth 

conditions as described earlier. One month old plants were carefully removed from media and 

measurements were taken. 

 

No significant differences were observed between plant heights and shoot lengths of 

control and transgenic plants; whereas roots of transgenic plants were significantly (P < 0.05) 

longer than the control plants (Figure 6). Similarly root shoot ratios of transgenic plants were 

higher than control plants (P < 0.05). In transgenic plants increase in this ratio was due to long 

roots (Figure 6). When one month old control and transgenic plants were evaluated for 

number of leaves and nodes almost similar results were found. Control plants had six leaves 

per plant while transgenic plants had five leaves. Transgenic and control plants produced 

equal number of nodes. Comparison of number of roots showed that on average control plants 

produced 5 roots and transgenic plants produced 3 roots per plant which is significantly lower 

than control plants (Figure 7). This is an interesting observation because the roots of 

transgenic plants were longer than control plants but number of roots was reduced in 

transgenic plants. In germinating wheat embryos, the mRNAs of germin were found to be 

localized mainly in scutellum, coleorhizae and primary root. The extensive growth of 

coleorhizae is mainly due to cell enlargement. The localization of germin proteins in 

epidermal cells and extracellular matrix implied their involvement in cell wall remodeling 

during cell enlargement (Caliskan et al., 2001; Caliskan et al., 2004). Recently, the germins 

and GLPs have been found to be associated with primary root elongation zone in maize under 

water stress, moreover, these proteins were thought to be involved in ROS production (Zhu et  
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Figure 6: Comparison of shoot and root lengths in one month old control and T1 
transgenic tobacco plants. (The data is average of 25 randomly selected transgenic 
and 10 control plants; Error bars represent 95% confidence intervals).*significantly 
different (p < 0.05). 
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Figure 7: Comparison of leaf, Node and Root number in one month old control and T1 
transgenic tobacco plants. (The data is average of 25 randomly selected transgenic and 
10 control plants; Error bars represent 95% confidence intervals). *Significantly 
different (p < 0.05). 
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al., 2004). It has been suggested that generation of hydroxyl radical from H2O2 can directly 

play a role in cell wall loosening by polysaccharide cleavage (Fry et al., 2001; Liszkay et al., 

2004). In present study, the longer roots obtained in transgenic plants could be due to the 

activity of transgene resulting in production of H2O2 which might have played a role in cell 

wall enlargement. 

 

4.5.6 Plant fresh and dry weight 

Mean fresh weights of control and transgenic plants were 1 and 1.14 mg while dry 

weights were 0.11 and 0.16 respectively. Comparison showed that there was non significant 

difference in both fresh and dry weights of control and transgenic plants (Figure 8). Likewise, 

control and transgenic plants did not differ significantly between relative water content 

(Figure 9). 

 

4.6 DETECTION OF HYDROGEN PEROXIDE (H2O2) IN TRANSGENIC PLANTS  
 

Hydrogen peroxide can be detected histochemically in plants cells through 3, 3′- 

diaminobenzidine (DAB) staining. DAB is oxidized by the endogenous peroxidases in the 

presence of H2O2 and polymerizes into dark brown polymer which can be detected easily. 

 

After observing necrotic lesions and HR-like response on some of the leaves of mature 

transgenic tobacco plants kept in open, the leaves were evaluated for the detection of H2O2 

through DAB staining. The leaf cuttings from control and transgenic plants were subjected to 

DAB staining as described in material and method section. The brown area on transgenic leaf 

surface represents the polymerization product of DAB which indirectly shows the localization  
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Figure 9:  Comparison of % Water Content of one month old control and T1 
transgenic plants. (The data is average of 30 randomly selected transgenic and 15 
control plants; Error bars represent 95% confidence intervals). 
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Figure 8: Fresh and dry weight comparison of one month old control and T1 transgenic 
plants. (The data is average of 20 randomly selected transgenic and 10 control plants; 
Error bars represent 95% confidence intervals). 
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of H2O2. Higher levels of H2O2 were observed in transgenic leaf samples as compared to 

control (Plate 18A). 

 

An important observation was made when transgenic and control leaf samples were 

treated with Clorox (5%) for culturing on Gamborg selection media. After 2-3 days on media 

the transgenic leaf disks showed necrosis around periphery while control disks did not show 

such reaction under similar conditions (Plate 18B). The Clorox treated and untreated control 

and transgenic leaf disks were evaluated for H2O2 through DAB staining and it was observed 

that transgenic samples showed similar levels of H2O2 in both treated and untreated samples 

which were higher than corresponding treated and untreated control samples (Plate 19). The 

observations suggested that there was no difference between Clorox treated and untreated 

discs either in control or transgenic plants. Hence, it may safely be concluded that transgenic 

pants constitutively express H2O2. 

 

Hydrogen peroxide is a signaling molecule which is generated in cells by various 

developmental and environmental stimuli and known to regulate plant development, stress 

adaptation and programmed cell death (Apel and Hirt, 2004 ;Quan et al., 2008). The cellular 

levels of H2O2 are strictly controlled due to its involvement in signaling. Sub lethal doses of 

H2O2 can be detected by cells and ultimately peroxide-detoxifying systems are activated to 

eliminate it. On the other hand, when balance between H2O2 production and its removal is 

disturbed in the cell a self destructive program cell death is triggered (Gechev et al., 2002; 

Bais et al., 2003; Apel and Hirt, 2004). The HR-like lesions and higher levels of H2O2 

production as detected through DAB staining in transgenic plants clearly indicates the  
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Control Transgenic 

A 

Control Transgenic 

B 

Plate 18: A) DAB staining for detection of H2O2 in control and transgenic T1 leaf 
disks. Leaf disks were transferred in DAB staining solution (0.1%) for 14-18 hours 
followed by boiling in 96% ethanol for chlorophyll removal. B) Effect of 5% sodium 
hypochlorite on control and transgenic tobacco leaf disks. 
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A B

C D

Plate 19:  Effect of 5% sodium hypochlorite on H2O2 in control and transgenic T1 
tobacco leaf cuttings. Leaf cuttings were dipped in 5% sodium hypochlorite for 10 
minutes followed by washings with distilled water, then dipped in DAB solution for 14-
18 hours. A): untreated leaf cuttings from control plants, B): treated leafs from control 
plants, C): untreated leafs from transgenic plants, D): treated cuttings from transgenic 
plants. 
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involvement of some enzymatic activities. The most common GLPs associated activities 

include oxalate oxidase and superoxide dismutase, both of which generate H2O2. Based upon 

these observations it was suggested that OsRGLP1 might possess one or both of these 

activities.  

 

4.7 OXALATE OXIDASE ACTIVITY 

Oxalic acid or more commonly its salts, oxalates, are widely distributed throughout 

the plant kingdom. Oxalic acid is generally considered to be an inert product of metabolism 

and its accumulation is toxic to tissues. Therefore, the enzymes degrading oxalic acid have 

received considerable attention (Caliskan and Cuming, 2000). Oxalate oxidase is an 

oxidoreductase (OXO; EC 1.2.3.4) which degrades oxalic acid in the presence of O2 and 

generates H2O2 and CO2 in plants. Oxalate oxidase activity has been reported for germins 

(Dunwell et al., 2000; Lane, 2000).  

 

Germin-like proteins share between 30-70% identity with germins (Bernier and Berna, 

2001) but no GLP has been reported to posses oxalate oxidase activity so far. Tissue 

localization of oxalate oxidase can be determined by incubating the tissues in a buffer 

containing oxalic acid and the chromogenic substrate 4-chloro-1-naphthol. Staining occurs 

only in the presence of oxalic acid hence this method allows a rapid and specific localization 

of oxalate oxidase activity in tissues (Liang et al., 2001). 

 

Since there is no endogenous expression of oxalate oxidase in tobacco (Lane, 2002), it 

is a good system to study the oxalate oxidase activity by transgenic approaches. In order to 

find out any oxalate oxidase activity associated with OsRGLP1 protein, transgenic tobacco 
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plants were investigated as described by Liang et al. (2001). Leaf discs and stem cuttings 

from control and transgenic plants (T0) were incubated in oxalic acid containing activity 

developer solution in dark at 25 ˚C for 24 hours. Germinating seeds of wheat (Triticum 

aestivum L. cv. Channab) were used as positive control while specimens incubated in 

developer solution lacking oxalic acid were used as activity-staining controls. 

 

No detectable oxalate oxidase activity was observed in leaf cuttings of control and 

mature T0 transgenic plants when incubated with activity developer solution with or without 

oxalic acid. Wheat seeds showed a strong blue color on surface of seeds (Plate 20). The 

expression of a germin like oxalate oxidase in germinating wheat seeds has been reported by 

many researchers (Caliskan and Cuming, 2000; Patnaik and Khurana, 2001; Liang et al., 

2001).  

 

In developmental context, germins/GLPs are associated with early developmental 

phases of plants like wheat embryos and callus (Thompson and Lane, 1980; Caliskan et al., 

2004), pine (Mathieu et al., 2006) and cotton (Kim and Triplett, 2004). T1 transgenic plants 

were also studied to investigate the possibility of any oxalate oxidase activity of OsRGLP1 

associated with early development of transgenic tobacco plants in the same way as T0. One 

week old germinating seeds and three weeks old seedlings were incubated with activity 

developer solution with and without oxalic acid along with germinating wheat seeds as 

positive control. 

 

T1 generation of transgenic plants did not show oxalate oxidase activity like T0 in 

activity developer solutions with and without oxalic acid. Positive control showed dark blue  
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Blue precipitates 
showing oxalate 
oxidase activity 

Plate 20 Oxalate oxidase activity determination in mature transgenic (T0) and 
control plants. Wheat seeds of two (A) and four (C) days post germination were kept in 
activity developer solution with oxalic acid. Localized blue color showing the presence 
of oxalate oxidase activity on seed surface. Wheat seeds of two (B) and four (D) days 
post germination were kept in activity developer solution without oxalic acid. Control 
Leaf disks, Stem cross and longitudinal sections were kept in activity developer 
solution with (E, I and M respectively) and without oxalic acid (F, J, and N 
respectively). Transgenic leaf disks, stem cross and longitudinal sections were kept in 
activity developer solution with (G, K and O respectively) and without oxalic acid (H, L 
and P respectively). All samples were kept in staining solution at 25˚C for 24 hours. 
Experiment was repeated three times and representative pictures are presented. 
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staining at specific areas on seeds (Plate 21) while in the absence of oxalic acid no blue 

staining was observed on wheat seeds which clearly indicates that blue color on wheat seeds 

in the presence of oxalic acid is due to the existence of oxalate oxidase. The absence of any 

oxalate oxidase activity in different tissues of transgenic tobacco over-expressing rice germin-

like protein 1 is in accordance with previous findings about other GLPs. A GLP was isolated 

from cells of Barbula unguiculata with manganese super oxide dismutase but no oxalate 

oxidase activity was observed (Yamahara et al., 1999). Germins are reported to possess 

oxalate oxidase activity while GLPs are mainly superoxide dismutases (Christensen et al., 

2004; Kukavica et al., 2005; Zimmermann et al., 2006; Godfrey et al., 2007). 

 

4.8 SUPEROXIDE DISMUTASE ACTIVITY 

Reactive oxygen species (ROS), such as singlet oxygen (1O2), superoxide radical 

(•O2−), hydrogen peroxide (H2O2), hydroxyl anion (OH−), and free hydroxyl radical (•OH) 

are products of the normal cellular metabolism and cause oxidative damage to living tissues 

by oxidizing cellular components such as lipids, proteins, carbohydrates, and nucleic acids. 

Elevated levels of ROS can also arise as a result of adverse environmental conditions, such as 

heat and drought, intense light, excessively low temperatures, herbicides, and pathogens 

(Mullineaux et al., 2006; Tertivanidis et al., 2004). 

 
Protection against oxidative stress is complex and includes both enzymatic and non-

enzymatic components. One of the key enzymatic systems in this defence is superoxide 

dismutase (SOD), which scavenges superoxide radicals and converts them into hydrogen 

peroxide (Bowler et al., 1992). The reaction catalysed by SOD is as follows; 

•O2
⎯ +•O2

⎯ +2H+             H2O2 + O2 

A B
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 The superoxide dismutase activity can be determined by measuring the inhibition of 

photoreduction of nitroblue tetrazolium by taking absorbance of solution at 560 nm.  In this 

study the transgenic plants were evaluated for SOD to know whether the OsRGLP1 transgene 

contribute to SOD activity. SOD activity was measured according to the method of Dhindsa et 

al. (1981). Fresh leaf samples of control T0 and T1 transgenic plants were used for assay of 

SOD activity.  

 

The supernatant was directly used for determination of protein concentration and 

enzyme assays. The absorbance of blue formazane produced by NBT photoreduction was 

measured at 560 nm. The control reaction mixture had no enzyme extract. The blank solution 

had the same complete reaction mixture, but was kept in the dark. One SOD unit was defined 

as the amount of enzyme required to inhibit 50% of the NBT photoreduction in comparison 

with tubes lacking the plant extract, and expressed as units of enzyme activity per milligram 

protein. 

 

4.8.1 SOD activity in T0 and T1 tobacco plants 

Six months old T0 transgenic plants were evaluated for SOD activity using leaf 

extracts. It was observed that leaf extracts from T0 transgenic plants showed significantly (p < 

0.05) enhanced SOD activity as compared with control plants at all extract volumes used 

(Figure 10). Similarly, significantly higher SOD activity was obtained from leaf extracts of 

three months old T1 transgenic plants (Figure 11). 
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Figure 10: A) SOD activity in leaf extract of control and T0 transgenic plants. B) 
SOD activity of T0 transgenic plants after subtraction of native SOD activity of control 
samples. Bars represent standard error (SE). Treatments are significantly different at p < 
0.05. Experiment was repeated three times. 
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Figure 11: A) SOD activity in leaf extracts of control and T1 transgenic plants. B) 
SOD activity of T1 transgenic plants after subtracting native activity of control 
samples. Bars represent standard error (SE). Significant difference was observed 
between control and transgenic samples at p < 0.05. Experiment was repeated three 
times. 
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4.8.2 Effect of heat on SOD activity 

Germin-like proteins are reportedly heat resistant proteins (Vallelian et al., 1998; 

Carter et al., 1999; Tabuchi et al., 2003; Mathieu et al., 2006). In order to know whether the 

observed added SOD activity in transgenic samples was heat tolerant or heat sensitive the leaf 

extracts from transgenic and control plants were heated at 90 °C for 15 minutes prior to assay.  

 

After heat treatment the SOD activity of transgenic samples remained significantly 

higher than the control samples (Figure 12A). The native SOD activity in control plants 

registered at decrease of 90% which means that native SOD activity in N. tabacum is due 

mainly to non-GLP SODs. In case of transgenic plants after subtracting the native activity, 

SOD activity increased by about 4 fold, which on heating decreased only by about 3 % 

(Figure 12B). This clearly indicates that additional SOD activity gained by transgenic plants 

is due to heat resistant SOD and thus may be due to OsRGLP1. 

 

4.8.3 Effect of inhibitors on SOD activity  

Three different isozymes of SODs can be distinguished, based on their metal cofactor 

i.e. copper/zinc (Cu/Zn) SOD, manganese (Mn) SOD, and iron (Fe) SOD. Plants generally 

contain Cu/ZnSOD in the cytosol, FeSOD and/or Cu/ZnSOD in the chloroplasts and MnSOD 

in the mitochondria (Tertivanidis et al., 2004). Different forms of SODs are inhibited by 

either potassium cyanide (Carter and Thornburg, 2000; Alscher et al., 2002; Lawson and Yu. 

2003) or by hydrogen peroxide (Carter and Thornburg, 2000; Alscher et al., 2002). In present 

study T1 transgenic and control samples were treated with 3mM KCN before SOD assay. 

Interestingly, there was no significant difference in the SOD activity in  
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Figure 12: A) Effect of heat on SOD activity in control and T0 transgenic samples. 
B) Transgenic SOD activity after subtracting native activity of control samples. Extract 
volume for both control and transgenic samples was 50 µl. Bars represent standard error 
(SE). Treatments are significantly different at p < 0.05. Experiment was repeated three 
times. 
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treated and untreated transgenic samples while SOD activity was abolished in control samples 

treated with KCN indicating the presence of KCN sensitive endogenous Cu/ZnSOD in control 

samples. Additional SOD activity in untreated transgenic samples was 3 fold higher than 

control (Figure 13). Additional SOD activity observed in transgenic samples was insensitive 

to KCN, suggesting that it was not Cu/ZnSOD. 

 

To find out the effects of H2O2 on SOD activity, T1 transgenic and control samples 

were treated with 10 mM H2O2 before SOD assay. It was observed that SOD activity of 

treated transgenic samples was significantly decreased compared to untreated samples, while 

in control samples this activity remained unaffected (Figure 14).  These findings suggest that 

increased SOD activity in transgenic plants is H2O2 sensitive and might be due to FeSOD 

activity (conferred by transgene i.e. OsRGLP1). 

 

4.8.4 Detection of superoxide anion in leaves through NBT staining 

The presence of superoxide anion in tissues can be detected through NBT staining. In 

present study the leaf samples from six months old T0 transgenic and control plants were 

evaluated for the presence of superoxide anion. It was observed that level of blue product was 

higher in control leaf sample as compared with transgenic sample. The low product 

accumulation indicates the presence of SOD activity that is responsible for scavenging 

superoxide anion (Plate 22). Higher levels of H2O2 as detected through DAB staining and 

lower superoxide anion levels as detected through NBT clearly indicate the involvement of 

some superoxide dismutase activity which is being proposed to be due to transgene. 
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Figure 13: A) Effect of KCN on SOD activity in control and T1 transgenic samples. B) 
Additional SOD activity of transgenic samples obtained by subtracting native SOD of 
control samples. Extract volume for both control and transgenic samples was 50 µl. 
Bars represent standard error (SE). Non significant difference was observed with 
transgenic untreated and treated samples at p < 0.05 (n = 3).  
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Figure 14: A) Effect of H2O2 on SOD activity in control and T1 transgenic samples. B)  
Activity of transgenic samples after subtracting native SOD activity of control samples. 
Extract volume for both control and transgenic samples was 50 µl. Bars represent standard 
error (SE). Non significant difference was observed with treated and untreated control and 
transgenic samples while untreated samples from transgenic and control were significantly 
different at p < 0.05 (n= 3). 
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Plate 22: Detection of superoxide anion in leaves of control and transgenic plants 
through NBT staining.  
 
Control (Upper panel) and Transgenic (Lower panel) leaf cuttings treated with NBT for 
detection of superoxide anion. The blue precipitates indicate the presence of superoxide 
anion in leaf samples. 
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Many of the germin-like proteins which have been studied up till now possess superoxide 

dismutase activity (Yamahara et al., 1999; Carter et al., 1999; Nakata et al., 2002; Segarra et 

al., 2003; Christensen et al., 2004; Kukavica et al., 2005; Zimmermann et al., 2006; Mathieu 

et al., 2006; Gucciardo et al., 2007; Godfrey et al., 2007) and OsRGLP1 too seems to posses 

this activity. This is being reported for the first time that a rice germin-like protein exhibits 

SOD activity. In additioin to that all the reported SOD activities associated with GLPs are 

MnSODs (Carter et al., 1999; Yamahara et al., 1999; Nakata et al., 2002), while in present 

study something novel has been observed i.e. FeSOD activity that has never been previously 

reported for any GLP. Finally it can be concluded that OsRGLP1 may has got heat and KCN 

resistant, H2O2 sensitive FeSOD activity. Furthermore, this activity apparently resulting in 

enhanced production of H2O2 in transgenic plants, consequently developed HR-like lesions in 

mature leaves and low germination rate in transgenic seeds. H2O2 has also been implicated in 

root development.  

 

H2O2 is reported to perform this role by loosening of cell wall by cleavage of glycosidic 

bonds in polysaccharides (Fry et al., 2001; Liszkay et al., 2004). GLPs expression in root 

elongation zone under stress conditions in maize is already reported (Zhu et al., 2007).  This 

may lead to the hypothesis that OsRGLP1 associated increase in H2O2 may be responsible for 

root elongation in transgenic plants. 

 

4.9 CLONING AND SEQUENCING OF OSRGLP1 PROMOTER 

The upstream sequence of OsRGLP1 gene was successfully amplified and cloned in 

TA cloning vector pTZ57R/T. sequencing of the cloned fragment revealed a stretch of 1228 
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bp. The sequence of this promoter region has been submitted to GenBank (Accession no. 

EU742684). 

 

4.9.1 Sequence analysis of OsRGLP1 Promoter  

Alignment of this OsRGLP1 promoter sequence with other rice GLP gene promoters 

by CLUSTAL W showed no significant homology. GENSCAN predicted a 40 bp promoter 

region, extending two nucleotides into the transcriptional region of OsRGLP1 gene. 

 

4.9.1.1 Mapping of the regulatory elements on OsRGLP1 

Many putative regulatory elements of variable lengths were identified by 

PLACE/Signal Scan (Table 4) and mapped on the promoter (Figure 15 & 16).The putative 

elements were distributed evenly in two main clusters (-40 to -650 and -800 to -1120) on 

whole promoter sequence except from -1120 to -1228 bp region where density of elements 

was quite low, perhaps suggesting that the promoter lies within -1120 region of the cloned 

sequence and that whole of it has been sequenced.  

 

4.9.2 Reported Functions of putative elements  

The search of regulatory elements by the Signal Scan resulted in number of 

noteworthy elements with diverse functions.  

 

4.9.2.1 Tissue and Developmental stage specific elements 

The expression of germin like proteins is reported to be tissue and developmental 

stage specific (Schlesier et al., 2004), this necessitates the presence of regulatory elements 

which can confer tissue and developmental stage specificity in the upstream regions of GLP  
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Figure 16: Distribution/density of regulatory elements on OsRGLP1 promoter.  
A-C=High density of regulatory elements, D: Lowest density of regulatory elements. 
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Table 4:   Regulatory elements found in promoter of OsRGLP1. 

 

Regulatory element Number of 
copies Location Functions Reference 

GTAC [core of a CuRE 
(copper-response element)] 7 

-1114,-1018,-
1011,-776,-648,-

581,-280 

Involved in oxygen-
response of Cyc6 and Cpx1 

genes 
Quinn et al., 2002 

AAAG 9 

-1213,-1038,-
1034,-1022,-937,-
926,-897,-866,-

259 

Binding site for Dof 
proteins 

Yanagisawa and 
Schmidt, 1999 

TGAC 
(Core sequence in W box) 7 -1087,-946,-568,-

555,-501,-111, -95 

Pathogen inducibility, 
gibberellin signaling 

pathway 

Eulgem et al., 2000 
Wang et al., 1998 

AGAAA 4 -1035,-961,-427,-
47 Pollen specific expression Filichkin et al., 

2004 

GATA 7 
-211,-239,-272,-
525,-622,-729,-

1030 

light regulated and tissue 
specific gene expression 

Lam and Chua, 
1989 

ACGT 5 
-1016,-796,-553,-

295, 
-192 

Dark and senescence-
induced expression 

Simpson et al., 
2003 

GTGA 6 
-947,-874,-624,-

415,-361, 
-220 

Found in promoter of 
tobacco late pollen gene 

g10 
Rogers et al., 2001 

GATAA 3 -1029,-726,-271 Function in expression of 
light-regulated genes 

Terzaghi, and 
Cashmore, 1995 

TATTAAT 2 -1055,-750 Transcription initiation  

TTGAC/TTGACC 3 -568,-501,-95 
Pathogen inducibility, 
gibberellin signaling 

pathway 

Eulgem et al., 2000 
Wang et al., 1998 

CATGTG 2 -563,-362 Involved in water stress Simpson et al., 
2003 

CACATG 2 -364,-73 Involved in water stress Abe et al., 1997 

CAAT 6 -146, -330,-545,-
688,-957, -1072 

tissue specific promoter 
activity Shirsat et al., 1989 

ATATT 7 
-661, -683, -695, -
763, -921,- 1059, -

1069 
Root specific expression Elmayan et al., 

(1995) 
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genes. Interestingly, elements related to tissue specificity were found in the upstream region 

of OsRGLP1 gene. AGAAA element, responsible for pollen specific activation of tomato 

lat52 gene is among such elements. Four copies of this element were found in OsRGLP1 

promoter region. Tomato endo-beta-mannanase gene which is involved in hemicellulose 

degradation is also reported to contain ATATT element in its promoter (Filichkin et al., 2004) 

 

Another element, ATATT, which is reported to be expressed specifically in root 

elongation zone and in vascular tissue (Elmayan and Tepfer, 1995), was found in OsRGLP1 

at seven positions. This is very striking observation because it shows the involvement of 

OsRGLP1 gene in root elongation which is directly correlated with the findings of longer 

roots of transgenic plants expressing OsRGLP1 gene in present study.  

 

GTGA element was first reported by Rogers et al (2001) as cis-regulatory element 

within the promoter of the tobacco late pollen gene g10. Six copies of this element were 

present on OsRGLP1 promoter. Six copies of CAAT were also observed in the promoter 

region at different locations (Table 4) which is known for tissue specific activity of a pea 

legumin gene in tobacco (Shirsat et al., 1989).  

 

4.9.2.2 Elements related to inducible expression 

Presence of five copies of CAAT box have been reported in OsRGLP2 promoter 

which is located upstream of a germin like protein gene in rice (Mahmood et al., 2007). The 

involvement of CAAT box in inducible gene expression is well established.  
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Upstream regions of light-regulated genes in both monocots and dicots were reported 

to contain GATAA conserved sequence, also designated as I-box (Terzaghi and Cashmore, 

1995). There are three copies of this element located at various positions in the promoter 

region of OsRGLP2 and similar number has been reported for OsRGLP2 promoter as well. 

Light regulated gene expression in plants involves another important element, GATA which 

was located on OsRGLP2 promoter at seven positions (Mahmood et al., 2007). Interestingly 

the same number of GATA element has been observed during the analysis of OsRGLP1 

promoter region (Mahmood et al., 2007). 

 

Five copies of ACGT have been detected on promoter sequence of OsRGLP1 while 

only one copy of ACGT was observed on OsRGLP2 promoter region (Mahmood et al., 

2007). ACGT is reportedly involved in drought and senescence responses (Simpson et al., 

2003). Seven copies of another element GTAC are present in OsRGLP1 promoter. GTAC has 

been identified as core of a copper-response element (CuRE) found in promoters of Cyc6 and 

Cpx1 genes in Chlamydomonas and is also involved in oxygen-response of these genes 

(Quinn et al., 2002). 

 

4.9.2.3 Biotic or abiotic stress 

Plants, like other living organisms are exposed to various biotic and abiotic stresses 

and they have to cope with such situations. The expression of various proteins involved in 

stress responses is regulated through the interaction of transcription factors with upstream 

regions of genes. A number of stress related regulatory elements have been identified which 

are specifically involved in expression of their cognate genes. AAAG is a core site required 

for binding of Dof proteins, which are DNA binding proteins involved in expression of 
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photosynthetic genes, seed storage protein genes and genes responsive to various stresses 

(Yanagisawa and Schmidt, 1999; Kisu et al., 1998; Mena et al., 1998). It is quite interesting to 

note that OsRGLP1 promoter contains nine copies of this element which are located at 

different positions. Strikingly, three copies of AAAG have been clustered in a very small 

region of 20 bp only (from -1022 to -1038) on OsRGLP1 promoter. Presence of ten copies of 

this element reported in OsRGLP2 promoter (Mahmood et al., 2007) is remarkable and may 

highlight the involvement of similar regulatory behavior of both GLP promoters. 

 

The W box [(T) TGAC(C/T)] is the binding site for members of the WRKY family of 

transcription factors. There is increasing evidence that W boxes are a major class of cis -

acting elements responsible for the pathogen inducibility of many plant genes (Wang et al., 

1998) and, are also involved in senescence and trichome development (Eulgem et al., 2000). 

W box was also found to be involved as an enhancer in the induction of salicylic acid in 

response to wounding and bacterial infection in Brassica oleracea. The TGAC element was 

first reported in rice (Eulgem et al., 1999) and found to be involved in gibberellin signaling 

pathway. The TGAC motif is found as an invariant core sequence in W box which serves as a 

binding site for a rice transcription factor, WRKY71. Seven copies of TGAC are present in 

the promoter region of OsRGLP1. The TTGAC/ TTGACC element is also part of W box and 

reportedly involved in pathogen inducibility in Parsley (Rushton et al., 1996). Three copies of 

this element are also detected in the promoter region under study. Two elements, CATGTG 

and CACATG reported to be involved in water stress (Simpson et al., 2003) response were 

also found on the promoter region with two copies of each, indicating that this promoter 

might be involved in water stress responses. 
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Analysis further showed that the promoter region has regulatory elements related to 

gibberellin signaling pathway and defense. Various regulatory elements were found during 

Signal Scan analysis of promoter region, at different locations. The regulatory elements varied 

in density and ranged from 2 to 9 in the sequenced region. The elucidation of significance of 

promoter in regulation however needs further confirmation by mutations/truncations followed 

by in vivo analysis of expression driven by the promoter. 

 

It is concluded that the OsRGLP1 promoter did not show any significant homology 

with other GLP gene promoters in rice. Many putative regulatory elements were identified in 

OsRGLP1 promoter sequence. The elements were distinct with respect to copy number, 

position on the promoter and clustering pattern. The regulatory elements seem to be 

associated with diverse functions. 
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SUMMARY 
 

 
Exposure to various biotic and abiotic stresses necessitates the demand of protective 

defense mechanisms in plants. Different strategies are adopted by plants to cope with all types 

of stresses. Modulation in expression of stress responsive genes is among such strategies. To 

apprehend and ameliorate the defense mechanisms in plants, the role of stress responsive 

genes can be determined by cloning and characterizing such genes. Germins and germin-like 

protein genes belong to cupin super family have been reported to show modulated expression 

during biotic and abiotic stresses. This gene family has diverse occurrence in plant kingdom 

with tissue and developmental stage specific expression patterns. Some reported activities 

associated with this gene family include, oxalate oxidase, superoxide dismutase, ADP-glucose 

pyrophosphatase and protease inhibitor. The present study was conducted to get insight into 

the role of germin-like protein gene 1 of Oryza sativa (OsRGLP1). The cDNA of OsRGLP1, 

958 bp was amplified with the help of specific primers and cloned in pTZ57R/T cloning 

vector. This vector was transformed into E. coli and confirmed through sequencing and 

restriction digestion with EcoR1 and Sal1. Sequencing resulted in 482 bp long fragment 

which turned out to be the 5` end of germin-like protein gene1 precursor of rice available in 

GenBank. For plant transformation the plasmid pCAMBIA1301 was used. To incorporate 

OsRGLP1 cDNA in sense direction under the transcriptional control of CaMV35S promoter 

in T-DNA of pCAMBIA1301, restriction sites of BstEII and BglII enzymes were incorporated 

at the 5′ and 3′ ends of OsRGLP1 respectively. The Gus gene about 2 kb long located 

downstream of CaMV35S promoter in p1301 was removed by digestion with BstEII and BglII 

and OsRGLP1 cDNA was ligated in its place. The recombinant p1301OsRGLP1 was 
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transformed into E. coli and confirmed through digestion of plasmid isolated from E. coli with 

BstEII and BglII. The confirmed recombinant vector was transformed into Agrobacterium 

strain EHA101. PCR positive clones of EHA101 harboring p1301OsRGLP1 were used for 

tobacco plant transformation. Transgenic tobacco plants were produced through 

Agrobacterium mediated transformation and confirmed through hygromycin resistance and 

PCR amplification of OsRGLP1 and hygromycin gene. PCR positive plants were transferred 

to soil and grown to maturity. Wild type plants were also produced through similar procedure 

except infection with Agrobacterium. Transgenic plants produced flowers after seven months 

and seeds 45 days after pollination. Transgenic plants were evaluated for growth and 

morphology, superoxide dismutase and oxalate oxidase activity. The morphology of T0 plants 

was similar to control plants throughout the developmental phases except that six month old 

transgenic plants showed hypersensitive response-like lesions on some of the mature leaves 

when kept in open at temperature of about 30 ± 1 °C. Control plants did not show such 

response under similar conditions. Freshly harvested seeds of T0 transgenic plants were 

similar to seeds of control plants in shape, size and color. Color of seed coat in one year old 

transgenic seeds kept at 25 ± 1 °C in dark turned lighter as compare with control seeds kept 

under similar condition. Germination rate and percentage in transgenic seeds was significantly 

lower than control seeds. The Chi square analysis indicated a 1:1 segregation for hygromycin 

phosphotransferase (hpt) at 95% confidence level in T1 seeds. There was no difference in 

fresh and dry weights, plant heights and shoot lengths of transgenic and control plants. More 

over transgenic and control plants produced similar number of leaves and nodes, while 

number of roots was significantly lower than controls. The roots of transgenic tobacco plants 

were longer than control plants, consequently root to shoot ratio was also higher. Detection of 

H2O2 through 3, 3′ -diaminobenzidine staining revealed higher levels in transgenic plants as 
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compared with control. It is speculated that H2O2 was involved in HR-like lesions in mature 

leaves of T0 transgenic plants. It is already known that hypersensitive response can be 

triggered by higher levels of H2O2 which induces cell death. Transgenic plants were also 

evaluated for oxalate oxidase activity which was detected neither in T0 plants nor in T1. 

Superoxide dismutase (SOD) activity in transgenic T0 and T1 and control plants was 

determined by measuring the inhibition of photoreduction of nitroblue tetrazolium by change 

in absorbance at 560 nm. Transgenic plants exhibited significantly higher levels of SOD 

activity in T0 and T1 plants. Furthermore, this SOD activity was heat resistant indicating that it 

might be due to OsRGLP1, as GLPs are known to resist high temperatures. Effect of 

potassium cyanide and H2O2 was monitored on SOD activity and it was found that the 

additional SOD activity in transgenic plants was insensitive to KCN and sensitive to H2O2 

suggesting it to be due to FeSOD like activity. In order to gain insights about the regulation of 

OsRGLP1 gene about 1.2 kb of its upstream region was amplified, cloned, sequenced and 

analyzed. Sequence of promoter was submitted to GenBank. In silico analysis showed that 

this promoter has a very little overall homology with the promoters of other GLP genes within 

rice genome. The promoter contains putative regulatory elements of diverse functions and has 

distinct copy number, location and clustering pattern of regulatory elements in its sequence. 

Interestingly, the promoter contained many regulatory elements related to biotic and abiotic 

stress which correlates with the role of OsRGLP1 as superoxide dismutase. 
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APPENDICES 

 
Appendix 1 

MOPS buffer 

MOPS      200 mM 

Sodium acetate    50 mM 

EDTA      10 mM 

pH=7.0 

 

Appendix 2 

5X TAE (Tris acetate ethyldimethyl tetra acetic acid) Buffer 

Tris base   24.2g 

Glacial acetic acid  5.71ml 

0.5M EDTA (pH 8.0)  10ml 

The pH of diluted solution (1X) was ~8.5 

 

Appendix 3 

LB medium 

Tryptone     10g/L 

Yeast Extract      5g/L 

NaCl      10g/L 

pH =7.0 

 

Appendix 4 

Alkaline lysis method of Plasmid isolation from bacterial culture 

1. A single bacterial colony was inoculated into 3 ml of LB medium containing the 

appropriate antibiotic in a test tube. The medium was incubated overnight at 37˚C 

for E. coli and 36-48 hours at 28 ˚C for Agrobacterium tumefaciens with constant 

shaking.  
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2. The culture was poured into an eppendrof tube and was pellet down by 

centrifugation at 12000 rpm for 60 seconds at 4 ˚C in a microfuge. The supernatant 

was poured out. 

3. Bacterial pellet was re-suspended in 100 µl of ice-cold solution I by vigorous 

vortexing. 

Solution I 

50 mM Glucose 

25 mM Tris HCL (pH 8.0) 

10 mM EDTA (pH 8.0) 

Solution I was prepared in batches of approximately 50 ml, autoclaved and 

then stored at 4˚C. 

4. Solution II (200 µl) was added. The cap of the eppendrof was tightly closed and 

contents were mixed by inverting the tube rapidly for five minutes. Eppendrof was 

kept on ice for few mints. 

Solution II 

0.2 N NaoH (freshly diluted from a 10 N stock) 

1 % SDS 

5. Solution III (150 µl) was added. The eppendrof was again tightly closed and was 

vortexed in an inverted position for 10 seconds to disperse solution III through the 

viscous bacterial lysate. The eppendrof was again stored on ice for 3-5 minutes. 

  Solution III 

  Potassium Acetate 5M  60 ml 

  Glacial Acetic Acid   11.5 ml 

  H2O     28.5 ml 

6. The contents were centrifuged at 14000 rpm for 5 minutes at 4 ˚C in a microfuge. 

The supernatant was transferred to a new eppendrof. 

7. An equal volume of phenol:chloroform was added in to the supernatant and 

contents were vortexed. Then eppendrof was centrifuged at 14000 rpm for 2 

minutes at 4 ˚C in a microfuge. The supernatant was again transferred to new 

eppendrof. 
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8. The double stranded DNA was precipitated by adding an equal volume of 

isopropanol. The eppendrof was kept at room temperatures for 10 minutes and 

then centrifuged at 14000 rpm for 5 minutes at 4 ˚C. 

9. The supernatant was removed by carefully inverting the eppendrof and the DNA in 

pellet form was washed with 70 % ethanol. 

10. The pellet was air dried and was suspended in nanopure water followed by 

treatment with RNase. The dissolved pellet of DNA was stored at 20˚C till further 

use. 

 

Appendix 5 

TE buffer 

Tris     1.0 mM pH (8.0), 

EDTA     0.1 mM pH (8.0) 

 

Appendix 6 

Yellow 1x buffer 

Tris-acetate    33mM (pH 7.9 at 37°C), 
Magnesium acetate,   10mM 
Potassium acetate,   66mM 
BSA     0.1mg/ml 

 

Appendix 7 

MSO medium 

MS salts   4.44g/L 

Vitamin B5   1mg/L 

Sucrose   30g/L 

Phytagel   2g/L 

Finally, pH was adjusted to 5.8 and medium was autoclaved. 

 

Appendix 8 

MS co-culture medium 

MS salts     4.44g/L 
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Vitamin B5     1mg/L 

Sucrose     30g/L 

Phytagel     2g/L 

Indole 3-acetic acid (IAA)   0.1mg/L 

6-benzyle amino purine (BAP)  1mg/L 

Finally, pH was adjusted to 5.8 and medium was autoclaved. 

 

Appendix 9 

MS selection medium 

MS salts     4.44g/L 

Vitamin B5     1mg/L 

Sucrose     30g/L 

Phytagel     2g/L 

Indole 3-acetic acid (IAA)   0.1mg/L 

6-benzyle amino purine (BAP)  1mg/L 

pH was adjusted to 5.8 and medium was autoclaved 

Hygromycin     50mg/L 

Cefotaxime     250-500mg/L 

 

Appendix 10 

MS rooting medium 

MS salts     4.44g/L 

Vitamin B5     1mg/L 

Sucrose     30g/L 

Phytagel     2g/L 

Indole 3-acetic acid (IAA)   0.1mg/L 

Finally, pH was adjusted to 5.8 and medium was autoclaved 

Hygromycin     25mg/L 

Cefotaxime     250g/L 
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Appendix 11 

Sequencing reaction was prepared in a 0.2 ml tube. All reagents were kept on ice while 

preparing the sequencing reaction. Following ingredients were mixed 

dH2O      9.5 µl 

DNA template    0.5 µl 

Primers    2.0 µl (5 pM) 

DTCS Quick Start master mix 8.0 µl 

1. Total volume of 20.0 µl reaction mixture was mixed thoroughly. 

2. Thermal cycling program was as follows 

96 ˚C  20 sec. 

50 ˚C  20 sec. 

60 ˚C  4 min. 

For 30 cycles followed by holding at 4 ˚C 

3. Ethanol precipitation 

a) 0.5 ml microfuge tubes were labeled 

b) Fresh stop solution/glycogen mixture was prepared (per sequencing reaction: 2 

µl of 3M Sidium Acetate (pH 5.2), 2 µl of 100 mM Na2–EDTA (pH 8.0) and 1 

µl of 20 mg/ml of glycogen. To each of the labeled tubes, 5 µl of the stop 

solution /glycogen mixture was added. 

c) Sequencing reaction was transferred to the appropriately labeled 0.5 ml 

microfuge tubes and were mixed thoroughly. 

d) 60 µl 95 % (v/v) ethanol/dH2o from -20 ˚C freezer were added and again tubes 

were mixed thoroughly. The tubes were proceeded immediately for 

centrifugation at 14,000 rpm at 4 ˚C for 15 min. Carefully supernatant was 

removed with the help of micropipette (the pellet was visible). 

e) The pellet was carefully rinsed with 200 µl of 70 % (v/v) ethanol/dH2o from -

20 ˚C. For each rinse, immediate centrifugation was performed at 14,000 rpm 

at 4 ˚C for 2 min. After centrifugation supernatant was carefull removed with 

the help of micropipette. 

f) Pellet was dried. 
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g) Sample was resuspended in 40 µl of the sample loading solution (provided 

with kit). 

4. Sample preparation for loading into the CEQ was performed as follows 

a) The resuspended samples were shifted into their respected well of the CEQ 

sample plate. 

b) One drop of light mineral oil was overlaid on each of the resuspended sample. 

c) The sample plate was loaded to the CEQ and sequencing program was started.  


