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Abstract 

Abstract 

It is a proven fact that secondary metabolites like alka loids. stero ids etc. are cruc ial 

for lead identili catio n. optim izati on. dru g di scove ry and deve lopme nt. Because most 

of the small molec ule drugs are cO lllplex orga ni c Ill o lec ular scaffo lds that arc difficu lt 

to synthes ise in vitro. current ly plants are cons idered th e best source fo r their 

commerc ial supp li es. Howeve r. sma ll amo unt o r these metabo lites in ce ll s is 

bottleneck in their large sca le extract ion. due to the hi gh cost in term s of time and 

money. So understanding the molecular biology of plants as we ll as va ri ous genes that 

boost these metabolic flu xes is a good strategy in this regard . The rol genes derived 

from Agrobacterium rhizogene are widely used in this regard but the exact 

mechani sm of how rot genes enhance secondary metabol ites is not known. Hence rol 

genes functi onal proteomic detailed understandi ng is essential in their rational 

manipulation . Thi s study was designed to shed light on thi s aspect by constructing 

epitope tagged rotA gene by adaptor pe R (N-termin a l III.1'C taggin g by usin g 

ove rl app ing se t of prim ers) 81 Y end or rotA gene I'o ll o\\ ed by its forced c lonin g into 

pEarlyGate203 exp ress ion vector for !lgro/JuCl l.'rill lll lillll(/cic iens mediated 

transform ati on. Thus resulting recombinant plasmi d pMBQAU 100 I harbours CaMV 

35S promoter, Kan bacterial selectab le marker gene and plants selectable marker gene 

BASTAr. Initially competent ce ll s of E. Coli DH5a. vve re tran sform ed with thi s 

construct by e lectroporat ion and co lonies were successfully screened by PCR as we ll 

as by restriction mapp ing. Later, pMBQAU 100 I was electroporated into competent 

ce lls of disarmed Agrobacteriul11 lumifaciens GV3 JOJ followed by screen ing and 

validation of cloning by using gene spec ific PCR primers fo r both NPTll (Kan) and 

rolA ge ne as we ll as fina l contirmat ion by sequenc ing of myc-rotA gene fragme nt. 

Prospectively, thi s transfo rm ed Agrohaclel"llllllllll7l1Iuciel1 C;V3JO Jstra in can be used 

in future for fun cti onal proteoillics studies 01' mt,4 gene incl uding subce llular 

immunolocalizat ion and affinity purification. 

Cloning of l17yc tagged rolA gene in Agrobacterium-mediated plant transformation 
Vector. xii 
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Chapterl In trod uction 

Introduction 

1.1 Importance of medicinal plants and secondary metabolites 

Plants are cruc ial for life on earth and an indispensab le resource for human we lfare . 

Essentially all we eat is their product in direct or indirect way. Moreover, plants are 

blessed with an amazing array of biochemica l pathways producing molec ul es that 

help to eli cit an effe cti ve defense response to bioti c and 8b ioti c stress situ8ti ons. In 

addition these sophisticated mo lec ul es suppl y us wi th a va ri ety 0 1' natural chemi ca ls 

such as dru gs, nutrace uti ca ls, agroc hemica ls. food add iti ves. fu e ls and biomass (Eloff, 

1998; Orhan, 201 2) . Excepti onal med ic inal properti es of plant secondary metaboli tes 

such as terpenes, phenoli cs. coumarin s. anthocyan ins. iridoids. and cardiac 

glycosides, mark their importance as drug candidates (Vormfelde and Poser, 2000) . 

Natural products significance in drug di scovery is proven by the fac t that more than 

50 percent drugs approved by FDA are either natural products or their derivatives 

including big names li ke aspirin, eribulin, tetracycline, artemisinin, camptothecin, 

lovastatin , paclitaxel , penicillin, reserpine and morphine (K ingston , 20 II ; Bickerton 

et al. , 201 2; Lachance et al., 20 12; Newman and Cragg, 201 2). 

These secondary metabolites h8ve complex but nex ible structures beca use the ir 

synthes is in volves a se ries of ditfe rent enzymes. Thei r divers iti ed bind ing groups and 

confi gurations a ll ow them to modulate a va ri et) of ce llul ar e ffector proteins (Ji el al., 

2009) . During ea rl y 1990s, resea rch foc us shi fled on combinatori a l chem istry and 

hi gh-throughput screening (HTS) for lead identifi cation . However, thi s strategy was 

unsuccessful as statistics indicate a decrease of new dru g entities approved by Food 

and Drug Administration (FDA) from 53 in 1996 to just 17 in 2007. That is why drug 

discovery experts at pharmaceutical industries are therefore returning to nature's 

toolbox and harnessing the potential of various '-omics' technologies along with the 

HTS in targeted drug designing for many devastating diseases including cancer, 

diabetes, infecti ous di seases and dementia (Baker el al., 2007; Beghyn el al. , 2008 ; 

Hunter 2008 ; Ji el al .. 2009). In addition chellli - informatics too ls 8re used 

synergistica lly for screening and se lection of approp ri ate sC8ffoid s or drug- li ke 

chemical space (Bickertoni el 01 .. 2012: Lach8nce el 01 .. 20 12). Therefore secondary 

metabolites are of great sc ientifi c. econom ic and therape utic interest. 

Cloning of myc tagged ro lA gene in Agrobaclerium-mediated plant transformati on 
vector. 1 



Chapter 1 I ntrod uction 

1.2 C hemical synthesis and pharmaceutical industry perspective 

Over the past 30 years, only t\·vo novel classes of antibiotics have been launched on 

the market: the oxazo lidinone (Iinezolid) and the cyc li c lipopeptide (daptom yc in). So, 

there is grow ing need of nove l dru gs espec ially anti bioti cs because of emerge nce of 

res istance strains of microorga ni sms. 

Large sca le and cost effect ive total chemi ca l synthesis of many low Ill o lec ul ar we ight 

(LMWs) drugs parti cularl y with multiple -heterocyc li c rings from petrochemica ls is 

still a challenge. That is why essenti ally natural products are the spec ia l compounds 

for which biosynthesis is compet in g with chemi ca l synthes is. Ho\oVeve r, the main 

barrier in the usage of plants as a source for these meta bolites is their inability to 

ensure the sustained and efficient supply of these compounds because the yield can be 

affected depending on the genet ic background, the geographic location and climatic 

condit ions of cultivation. 1n addition there are potential difficulties in harvest and 

transport methods. 

1.3 Techniques for secondary metabolites production 

The in vitro culturing can be started from plant parts like stem. leaf. seed. root, etc. 

But most frequentl y ac ti ve ly di vidin g parts or plant. such as Ill eri stemati c reg ions are 

used. For ce ll culture, differentiateCI ex plant must be used fo r ini tiat in g ca ll ogenes is. 

having growth regul ators to fac ilitate ce ll d ivision and dedifferentiati on. The process 

can be split up into three stages: induction in vo lving acti ve metaboli sm of ce ll prior to 

mitosis, cell division involving the ce ll s divi sion in explant, fo llowed by 

differentiation of cells along with enhancement of certain pathways of metabolism 

involved in secondary metaboli tes formation (Dodds, 1982). For secondary 

metabolites generation through in vitro techniques, ce ll suspension and tissue culture 

are primarily used. In tissue culture, small explants of ti ss ue are inocul ated in 

semi so lid med ia. hav ing growth regul ators that in duce ca llu s. While in th e case of 

suspension culture, the ca lli are kept with continuous stirring in a li quid mediulll . This 

technique is attracti ve for the synthes is of secondary metabolites because of easy 

handling, uniformity. simplicity. limited Iluillber of ce ll types and rapid growth 

(Rhodes, 1987). The form of culture bea rs on product formation. ce ll growth, 

refinement and the kind of bioreactors used. At commercial leve l, mainl y ce ll 

suspension cultures (Zhao el al., 2005) and transformed root cultures have been used 
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(G uill on el al., 2006). Organ cu lture is used because prod ucti on of some secondary 

metabo lite is critica lly affected by the leve l of differentiation of cell , mak ing the use 

of ti ssue culture imperative. Likewise, hairy root cul tu res are important source for 

production of commercia lly important secondary metabolites on globa l sca le (F lores 

and Curti s, 1992; Wi lson, 1997). Hairy roots formed from genet ic transformation of 

roots by Agrobacferiul11 rhizogenes often grow faster than plant ce ll cultures (F lores ef 

al., 2007) pi us do not need horm ones in the med i um . I n add ition these are ge neti ca lI y 

stable with greater bi osyntheti c capacity (Bane l:iee e / 01 .. 1998). 

1.4 Strategies for enhancing secondary metabolites production 

Multiple strategies are being employed to synthesize suffic ient quality and quantity of 

these secondary metabolites at industrial sca le. Current adva ncements in the field of 

plant biotechnology and molecular biology techniques de monstrated the potential of 

exp loiting plant cell and tissue cultures for the large-sca le synthesis of va lu able 

medic inal metabolites rather using whole plants which require extensive land 

exp loitation (Orhan, 20 12). 

Recentl y, ce ll culture techniques are being focu sed fo r boosting the synthes is as we ll 

as accu mulat ion of industri a ll y importan t second ary metabo lites (S tafford. 199 1). An 

alternat ive approach for enhanci ng the synthesis potentia l of plant for med icinal 

compounds is by using biotechnolog ical procedu res inc luding ce ll , ti ssues and organ 

cultures. In addition fo ll ow in g approac hes im prove producti on and reduce the time to 

iso late the active ingredients of plants. 

I. Selecti on of hi ghly productive ce ll lines 

2. Culture med ia opt im izat ion as well as physicochem ica l parameters I ikes cell 

permeability, e li citing systems, cell immobili zation and biotransform ation 

3. Genetic engineering 

All these procedures are a viab le opti on to boost the synthes is of secondary 

metabo l ites: 

1.4.1 Selection of highly productive cell lines 

The se lecting type of exp lant is one of the criti ca l facto r in ac hi eving a hi ghly 

productive ce ll line of a desi red metabo lite (Fedo reyev ef al., 2000, Onc ina ef al., 

2000). The select ion is based on performance, growth rate. stab ility and maintenance 
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of ce ll culture line hav ing des ired properties (Trejo el al. , 2008). Thi s se lection is 

done by cha ll enging them to toxic inhibi tors, some abiot ic stress, or extreme 

conditions. 

1.4.2 Optimize culture media an d other phys icochemical panlmete rs 

During ce ll growth and differentiat ion the synthesis of econdary metabolites depends 

on the various parameters (Rava l el al. . 2003) like ca rbon. ni trogen, phosphate 

source, growth regul ators and li ght. These are im portant factors fo r increas ing 

biomass, growth , nutrient consumption and yield of secondary metabolites (Aka lez i el 

ai., 1999 ; Sato et ai. , 1996; Ramachandra and Ravi shankar, 2002; Dornemburg, 1995 ; 

Yeoman and Yeoman, 1996; Zhang et al., 2002). Temperature is also an important 

factor as the heat stress stimulates the production of metabo lites (Georgiev el ai., 

2004) . Ce ll Permeability affects release of intrace llular secondary metabolites in the 

culture medium so thi s fac ilitates the recove ry and purificati on of the produ ct by 

electroperm eati on or ultrasoni ca ti on (Do rn enburg and Knorr. 1992: Brodelius and 

Pedersen, 1993 ; Dornemburg, 199 5). In th e plant ce ll cultures e li c itors enh ance the 

synthes is of secondary metabolites whi ch are class ifi ed into two types fi rst biotic 

including po lysacchar ides, glyco protei ns. Secondl y abioti c including osmot ic shock. 

heavy meta l ions and UV rays (F urzes Cl al., 199 1: Dornemburg, 1995). Ce ll 

immobi l ization is the confi nement of ce ll on or in side so l id matri x j ust to faci I itate the 

reuse of biocata lyst as we ll as release of the product (metabo lite). By employ ing 

different types of ge ls li ke agarose, ca lcium alginate or ge latin thi s techn ique leads to 

clustering of cell s(Osuna e/ al., 2008). 

1.4.3 Genetic transformation and synthetic biology 

Recombinant D A technology is fas t. free of sex ual ba rri ers and independent of 

variab ility. Through transfo rm at ion we ca n also enh ance the prod ucti on of secondary 

metabolite by inserting our des ired genes. Recombinant DNA tec hn ology in vo lves: 

I. Identification and iso lati on of ge ne of interest 

2. Mod ifying the ge ne to express in the ta rget plant system 

3. Cloning in a suitable express ion vector 

4. Transformation 

Cloning of myc tagged rolA gene in Agrobacteriul11 -lll ediated plant transfo rm ati on 
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In synthetic biology li ving entiti es are metabo li ca ll y engineered with a few or more 

transgenes for commercial sca le prod uction of costly secondary metabolites. 

Engineeri ng of the metabo li c nu xes is done by cloning a spec ifi c criti ca l enzyme or 

even complete metaboli c pathway of a ge netica ll y complex or intracta ble orga ni sm to 

those simple orga ni sms that are readil y engin ee red (Ma l partida and I-lopwood. 1984). 

In thi s way new heterologous prod ucti on systems are on th e ri se. Transgenic 

moss, lemna, fun ga l or yeast, animal s and plants systems ha ve the potentia l to become 

economicall y and industri a ll y applica ble. 

1.5 The science of metabolic engineering and need of functional genomics 

Before manipulation of genes from synthetic biology perspective first mapping of the 

metabolic pathways of secondary metabolite is done by functional ge nomics 

approaches . Although the recombinant DNA techn ology is no\", a lm ost t\-vo and half 

decade o ld , but there is still lack of hi gh-thro ughput meth od s to speed up the 

screening and des igning or new molec ul es by recomb inat ion of pathways in an 

automated fas hi on. Ge ne knockout ex periments, complementatio n of blocked mutants 

and heterologous ex press ion reveal s the deta il s of biosynthet ic ge ne clusters, 

ultimately leading to the iso lation and characteri zati on of entire biosynthet ic pathways 

(Hutchinson, 1997). Furthermore, it is necessary to continuously enhance the va ri ety 

of hetero logous hosts. For exam ple studies on po lyketide antibiotics are benchmark as 

these estab lished the new so lutions for the engineering of major metabolic pathways 

employing transposons and episomes, overcom ing one of the main methodological -bottlenecks for th e hetero logous express ion of these pathways. Sequencing by hi gh 

throughput technolog ies foll owed by structural pred icti on of enzymes by 

computational algorithms have ex panded opportuniti es to exp lore the metabo lic 

potentia l of organi sms ac ross the spectrum of life (Gomes el 01 .. 20 13) along with 

ab ility to measure reacti on tlu xes usin g ca rbon- 13 isotop ic labe ling and Gas 

chromatography-mass spectrometry. 

There is a parad igm change since the adaptati on of ho li stic ap proach for pathways 

exploration based on genomics, hi gh-throughput biology, bioinformatics, and 

functional genomic, in plant secondary metaboli sm studies (L iu et 01. , 2002). In a 

milestone study, UniGen co llected data on global sca le and built a library of about 

40,000 secondary metaboli tes from medicinal plants by 2005. As in silico models 

Cloning of myc tagged ra lA gene in Agrahaclerillrn-med iated plant transformation 
vector. 5 



Chapter1 Introducti on 

predicts that changes in genes of metabolic enzymes in vo lved in ca rbon fluxes can 

help in reengineerin g or redi recting metaboli c retlu xes opt imall y. Hopefull y effi cient 

ce llular factories for bio-producti on can be bu il t on thi s rati onal design based strategy 

(Becker el 01., 20 I I ). M ult ivar iate modul ar metabo li c engin eer ing is new approaches 

that assesses and eliminate regulatory path ways choke points by stipulating the 

network of metabo li c path ways as an assell1bl y 0 1' separate and sel f-contai ned 

components. Prospecti ve ly the slumping costs of de novo gene synthes is along wi th 

ever enhancing sensiti vity, and automat ion of in vesti gational and bioinform ati cs too ls 

will result in the ontogeny of metabolic engineerin g sc ience (Yadav el 01., 201 2). 

Moreover, supplementation of synthetic chem istry with synthetic biology can 

substantially advance our abi l ity to synthes ize cost effectively, complex drugs on 

commercial sca le. A rat ional combinati on of advanced techniques w ith the de

rep licati on strateg ies for eliminating known cO ll1pounds w ill prove to be a gateway for 

not only identifi cati on of nove l lead compounds in drug discovery but also lead 

optimizati on (Rocha el 01. , 201 4). 

1.6 Artemisinin a classic example 

Artemisinin is a drug o f choice In malar ia recomm ended by Wor ld Hea lth 

Organ ization but it is in short supp ly and too expensive for malar ia affected third 

world popu lation. A Ithough the total organ ic synthes is is estab l ished, but chem ica l 

synthes is of artemisinin is not commercially feasible because of its complex chemical 

space and low y ield. To date leaves, roots and flowers of Artemisia species are the 

only sO ll\'ce of Artemisinin that is present in very low quantities. Bes ide their other 

limitati ons, se lecti on and other non-conventi onal approaches are bei ng employed for 

obtaining high artell1 isinin yield ing clones. In add ition. in v itro culture systell1 of A. 

anl7ua has been exp loited in thi s regard (Oelabays el 01 ... 1993). Prospecti ve ly, a 

rati onal mi x of syntheti c chemi stry and syntheti c bio logy has the potential for the 

large-scale, high-output em i-synthes is of artemisinin th at is extracted from the 

plant A rtemis ia anl1ua (Enserink, 2005). A . anl1ua genes YP 7l AVl . CPRl, e YB5 ; 

ADH, ALDHl that are invo lved in ox idat ion step of amorphadien e to artemi sinic 

alcohol, artemisinic alcohol to artemisinic aldehyde; artemisinic aldehyde to 

altemisinic ac id, respective ly (Paddon el aI. , 20 I 3) are isolated, combined and 

supplemented w ith genes of other organi sms into a single strain of the Saccharomyces 
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cerevisiae growing by fe rmentati on process by usin g sim ple suga rs (Ro el al. , 2006) 

to make hi gh-yielding artemi sinic acid. a precursor of artemi sinin and latter 

conve rting it to arte llli sin in by ,i ust a few chemica l synthesis steps (Ze ng el (f l ., 2008) . 

Thi s techniq ue holds the promise to be an industr ia ll y viab le way for the semi

synthes is of artemis in in to ensure its steady supp ly lo r inco rpo rati on into artemi sinin

based comb inat ion therap ies (ACTs) (Paddon el al .. 20 13). The process is cost 

effecti ve, environmenta lly fri endly and re li ab le. th at needs to be furth er improved for 

large sca le producti on of th e drug. Similar approaches are be ing pe ru sed for other 

complex drugs like pac li taxe l holding the promi se of breakth roughs in future. 

1.7 Methods of genetic transformation 

Recombinant DNA technology and plant ti ssue culture are the landmark techniques 

that a ll ow sophi sticated genet ic transfo rmati on of med icina l plants. Introducin g 

fo reign DNA to the plant ce ll may enh ance the producti on or chemi ca l structu re s as 

phenylpropanoids, alka loids, te rpenoids. quinones and steroids. There are broad ly two 

main categories of geneti c trans fo rm ati on too ls. 

(1) Physical methods 

The phys ica l methods of genetic transto rmation include m icro in,iection, gene gun or 

bioliti c, Polyethylene glycol medi ated. 

(2) Biological Agents 

While biologica l methods include Agrobacteriul17-medi ated, Viruses mediated. 

1.8 Agrobacterium-mediated Transform ation 

The so il bacterium Agru/Jacleriltlll IIIII U.fclciel7s has hi stori ca ll) a s igni fi cant charac ter 

in the fi e ld of transgenic technolog ies of plants. Vision of ex ploiting it as vector to 

generate transgeni c plants is almost three decade old. Because it harbors the Ti 

plasmid, causing crown ga ll s on plants (B rown el 01 .. 200 I). To date more th an 50% 

of transformed plants are produced by Agrobacterilll11 -lll ed iated transfor mation. 

Transformation in vo lves the integration ofT-DNA segment of T i-plasmid in the host 

plant genome (Chilton el al., 2003). Whi ch bears many oncogenes fac ilitating the 

bacterial growth (Garfinkel el al., 2006; .J oss et al., 1989) as we ll as for synthes izing 

and cataboliz ing the op ines (M urai and Kemp, 1988) that are source of nit roge n for 
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Agrobaclerium. Recombinant Agroboclerilll7l strains who 's natural T- DNA is 

replaced with metaboli ca ll y important genes. is the most important tool for generating 

transgenic plants (Tzfira el al .. 2006) . It is estimated that in deve loped countri es 

already a major area is cu lti vated by econoll1i ca ll y signi fica nt transgenic crops 

inc luding tomatoes, canola, potato. corn, soybeans and cotton (Ge lvin el al. , 2003). 

1.8.1 Taxonomy and diseases caused by Agrobacterium 

Kingdom 

Phylum 

Class 

Order 

Family 

Genus 

Species 

Bacteri a 

Proteobacteri a 

Alpha Proteobac teri a 

Ri::o/Jiales 

Rhi::ohiaceoe 

Agrobacleri 11111 

Agmbuclel'iul1 l 

rhizogenes, A. 

lurnejaciens, A. 

al bertimagni, A. 

Larrymoore i, A. radiobacler, A. rub i, 

A.vilis. 

The genus Agrobacleriu/11 has variety of species depending on the symptoms of 

neop lastic disease and host range. Thus, Agrobacleriul11 radiabacter is an "av irulent" 

specie, A. lume!aciens causative agent of crown ga ll . Agrobacterium rhizogenes 

possess an agropine like root inducing (Ri ) plasmid and is responsible for hairy root 

di sease means excess ive root formation (Gelvin el 01. . 2003: Offrin ga el al .. 1986). 

AgrabacleriUlII ntbi is implica ted in cane ga ll el i-ease and Agm/)acierilllll vilis is 

invo lved in patho logies of grape ga ll e1 isease (Otten el 01.. 1984). Although thi s 

nomenclature is contempl ated by bergeys manual but its is confu si ng and complex. 

Perhaps a more important system of class ify the genus Agrobacte rium into "b iovars" 

on the basis of metabolic and growth character istics (Kea ne el al., 1970). Accord ing 

to wh ich most Agrabacleriu/11 tumejaciens and Agrobacterium rubi (Tighe et al., 

2000) strains classified in biovar I, Agrobaclerium rhizogenes strains represent biovar 

II and Agrobaclerium vilis strains fall in biovar Ill. In addition Agrobaclerium is 

categorized acco rding to the synthes is and cataboli sm of op ine into Agrop ine type 

(strain EHA10S) that carry genes for agrop ine synthes is and catabo li sm. Octopine 

type strain LBA4404 th at ca rry ge nes to synthesize octopine in the pl ant and 

catabolism in the bacteria. opa line type strain GV31 0 I ::pM P90 ca rryin g gene fo r 

Cloning of myc tagged ro lA gene in Agroboclerilllll-ll1ediated plant transforll1at ion 
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synthes iz ing nopa line in the plant and for utili za tion In the bacteria (He ll ens el al. , 

2000). 

1.8.2 Host range 

Initi ally, it was env isaged that gymnospe rm, dicots and a fevv spec ies of monocot can 

on ly be transformed using thi s technique. Currentl y thi s narrative is tota ll y changed 

and it is shovvn that man) "reca lcitrant' · species li ke fungi as we ll as 111 0nocots can 

also be transformed (Chan el 01.. 2004~ Bundock e/ 01 .. 2005). In add ition, the 

transformed ce ll s mostly ca rry one copy or a few copies of hete rologous gene 

integrated stabl y in ge nome with littl e rea rrangement. and recentl y re lat ive ly large 

segments of DNA can be transformed into th e plants (Ham ilton e/ 01., 1996; Liu e/ 01. , 

1999). 

1.8.3 What is T-DNA 

During infection the transfer of T-DNA to plant genome is the reason for genetic 

manipulations by Agrobaclerium (Rao e/ al., 2009). A cluster of neoplastic genes 

along with opine metaboli sm ge nes are the weapons of Agrobacterium. The 

express ion of these ge nes in plants causes oncoge ni c phenotype of transgeni c plant. 

The op ines are basically the derivatives of amino ac ids so a food for AgrobocleriUlI1 

(Tzfi ra. el 01., 2006) . The Ti plasm id s found in nature are of 200 to 800 kb size. The 

T-region on Ti plasmid inside bacteria is ca lled T-DNA \V hi ch is of 10 to 30 kb about 

10% of complete Ti plasm ids (Ge lvin el al .. 2003). Its characte ri za ti on is based on 

the T-DNA borders which are hi ghly homologous seq uences about 25 bp long direct 

repeats. The T-strand which is a single stranded molec ul e is only transferred to the 

plants (Gelvin et al. , 2003) . In the plant ce ll cytoplasm it is termed as mature T

complex. The variety of cellular mechanisms are employed by Agrobacterium to 

geneticall y transform the host ce ll are discussed later (Tzfira et al. , 2006). The tumor 

inducing plasm ids of Agrobac/erium also contain some other vital virulence reg ions 

of about 40kb size in add i ti on to ha vi ng cl71' ge nes \V h ic hare chromosoma Ily encoded 

(Tzfira et al. , 2006). Vir genes are vital and located on the Ti plasmid in a fra gment of 

40 kb known as virulence reg ion or on the chromosome (c hv ge nes) (Paul el al. , 

1992). The VIR proteins by suppress ing the host innate iml11une response facilitate 

the this genetic transformation (Ge lvin e / 01. , 2003). 

Cloning of rnyc tagged ro lA gene in Agrobac/eriuJ11-mediated plant transformation 
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1.8.4 Molecular mechanisms of Agrobacteirum-mediated transformation 

Ti or tumor induc ing plasm ids have T-DNA that is transferred to plants in add iti on it 

has other essentia I reg ions like ori gi n or repl ica ti on (ori), virul ence (Fir) and 

conjugat ion (co n) . For success ful tum or fo rm ati on in plant through a natural inlec ti on 

of Agrobacterium both vir genes and T-D A are simultaneously req uired. Foll owing 

are exact sequence of events . 

1.8.4.1 Attachment 

The infection begins at the wounded sites with the physical attachment of bacteria 

with the cell surface of plant. The bacterium recognizes the molecules of ce ll wall of 

the plant cell including vitreonectin protein that serve as a receptor for bacterium. 

Several genes play role in modification, exopolysaccharide synthesis, secretion 

(pseAlexoC, ehvA, pseA, eel and ehvB) , bacterial attachment to plant ce ll s and 

enforceme nt of contact by ce llul ose filament s. and regul at ion of vir gene stimulati on 

(ehvD) are const ituti ve ly expressed. These chromosomal ge nes along wi th Vil'C 

and/or VirF recognize the host plant ce ll s (matthysse el (II., 2000). ChvA/B and cyc lic 

~-I ,2-g lucans he lps in stabilizing thi s attachm ent (We ising and Kahl. , 1996; Winans, 

199 1) . 

1.8.4.2 Induction of viru lence genes 

Plant cell s respond to injury by releasing some wound signals such as the phenolic 

acetosyringone (AS), sugars, pH which helps in recruiting agrobaeterium by 

act ivating ChvE and virA that is a membrane histidine kinase through 

autophosphory lation. The virA subsequentl y phosphorylate asparate residue of VirG 

prote in that is a transcription factor lead in g to its act ivation (Peng e/ al., 1998). Upon 

act iva ti on virG upregulates the other vir ge ne' s express ion by specifically binding an 

upstream region ca ll ed viI' box (Stacilel el al .. 1986). 

1.8.4.3 Transfer of T -DNA 

The virD I (a heli case) and virD2 (a n endonu clease) generates the T-strand by 

specifica lly reading and cLltting lower strand right borders as well as on left border 

and it is interesting to know that right border is the start site (Jayaswal et al. , 

1987; Wang et al. , 1987). The transport channel type IV secretory system (T4SS) for 

T-DNA and accompany ing vi rE2 and virF transfer is made up of virD4 and 11 virB 

Cloning of mye tagged rolA gene in Agrobacteriul17-mediated plant transformation 
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protein subunits. The vi rD4 whi ch function s as a " li nker" ass ists the docking of T

DNA/vi rD2 complexes with the T4SS. While a plethora of other proteins li ke virB2, 

virB5 and most proba bl y vi rB 7, make up th e T-pilus th at ac t as a conduit for both T

DNA as we ll as vir proteins channeling or probabl y act as a simple "hook" to ensure 

the contact with plant ce ll (Chri stie el 01., 2005). During tra nsfection the virD2 and 

virE2 proteins are cruc ia l players as they bind the T-DNA. The T-DNA journey is 

made possible by virE2 protein that make pore in the plant 's plasma membrane 

(Gelvin et 01., 2003) (Ward and Barnes, 1988 ; Howard et 01., 1992). 

1.8.4.4 Integration 

The virD2 cuts the 5' end ofT-strand and gets cova lentl y linked with it in the form of 

a comp lex. Then it is targeted to the nucleus due to the presence of nuclear 

loca li zation signals (NLSs) on assoc iated vlrD 2 and 1'1rE2 . The integrati on ofT- DN A 

is random and copy number is va riable (Howard (' I 01 .. 1992 ; Zupan el al., 1996). 

Recentl y it is revea led that vi rD2 is actuall y a DNA li gase (Tzfi ra el 01., 2006). The 

virD2 mutant show dec line in 40% transformation efficiency because onl y T-DNA is 

transported but not integrated that effic ientl y. Role of virE2 is also to guard T-strands 

from nucleases mediated breakdown in cytop lasm and nucleus of plant ce lls (Y usibov 

et al. , 1994; Ross i et 01. , 1996). VirF probab ly unload the trans protein from the DNA 

before integrat ion (Tzfira el 01., 2004). There are two models for Single or double

stranded T-DNA integration into genome, first is based on microhomology of T

strand homology directed repair (HDR) second ly doubl e strand T-DNA integrat ion 

occur via double strand breaks repai rs (DSBR). 

1.8.5 T he oncogenes ofAgrobacferiul11 fUl11elaciens 

1.8.5.1 Auxin and cytokinin synthesis ge ne 

The auxin synthes is genes iaaH and 100M ofTi plasmid encode two enzymes indole-

3-acetamide hydrolase and tryptophan monooxygenase respective ly. These enzymes 

catalyzes the mod ification of tryptophan into auxin indole-3-acetic acid (lAA) 

reSUlting in the higher amount of IAA inside crown ga ll s. Like many viruses the 

Agrobacterium tumefaciens can also compromise plant defense through RNA 

silencing, all owing unchecked express ions of oncogenes like 100M and agropine 

synthase (ags) gene. These genes further suppresses the plant regul ato ry pathways. 

Clon ing of myc tagged rolA ge ne in Agroboclerllll11-m ed ialed plant transformation 
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Similarly the cytok inin synthes is in plant is induced by ipt gene of T i plasmid by 

encoding an enzyme isopentenyl transferase wh ich cata lyze a rate limiting 

condensation reaction of adenos ine monophosphate (AMP) with an isoprenoid 

precusrsor (Astot el al., 2000). 

1.8.5.2 Gene 6b 

Tml (tumor morphology loc us) is a 1.25 kb region on T-D A embrac ing a co uple of 

genes: gene 6a and gene 6b in vo lved in crown ga ll tumors (Ga rfink el el 01., 1981; 

Hooykaas el al., 1988). Gene 6a encodes an enzyme opine permease witho ut any 

direct involvement in tumor fo rm ati on (Messens el al .. 1985). While gene 6b is a 

oncogene having intrinsic abi lity to induce small tumors on a limited spectrum of 

plants hosts its own (Hooykaas et al. , 1988) . 

1.8.5.3 Gene 5 

The geneS transcript is abundant in teratomas (Joos el al., 1983) and encode an 

enzyme its transformed plants di splays a ma jor enh ancement of ILA (In do l lac tic 

ac id) more than 1000 fo ld, a sli ght decli ne in IAA but hi gher permi ss iveness to even 

lethal amoun ts of externa ll y prov ided IAA (Korber ('I 01.. 199 1). The ge neS 

inacti vat ion leads to a subt le phenotype that matches to onl y iaaH and iaalv! mu tants 

(Leemans et al., 1982). 

1.8.6 The oncogenes of Agrobactel'ium rliizogelles 

T-DNA of Ri plasm id conta in multiple open reading frames (ORFs) A. rhizagenes 

harbours an agropi ne Ri plasmid which is responsible for hairy root di sease means 

excessive root fo rmation due to oncogenes on its TL-DNA and TR-DNA and such 

plants are also ab le to grow on horm one free medium (Ge lvin el al. , 2003; Offrin ga el 

al., 1986). The overa ll orga ni za ti on of TL-D A is compa rable to T-D A of Ti 

plasmid like seq uences of left and ri ght border as \Ve il as the euka ryotic 5' and 3' 

regulatory elements. The TL- DNA of two agropine Ri plasm id s was sequenced and it 

has 18 open reading frames (ORFs). The ORF 10, II , 12 and 15 are regarded as root 

loc i and named as 1'01 A, E, C and D respecti ve ly (W hi te el al., 1 985~ Sli ghtom el al. , 

1986)). Bes ides ra IA,E,C and D, the ORFs 8, J 3 and J 4 are also rega rd ed as 

oncogenes. It is interesting to note that mannopine, mikil110pine and cucumop lne 

Cloning of myc tagged ralA gene in Agrabacterium-mediated plant transformation 
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stra ins of Agrobacleriul11 rhizogenes have one T-ONA reg ion instead of two which 

shares similarity with agrop ine TL-ONA but mi ss ing rolD. 

1.8.6 .1 rolA 

The ra lA gene is present amo ng a ll Agro /Joclerilll'lI rhi:::ogcnes Ri plamsids hav ing 

highl y conse rved N-term ina l of the protein . In d ifTe rent Agrobacleriul11 rhizogenes 

strains rolA gene length va ri es beL'vveen 279 Lo 423 bp (Meye r el 01 .,2000) . Its prote in 

is highl y basic with isoe lectric point (P I) of about 10. Its presence increases sensitivity 

to auxin (Maurel el al . 199 1) that relates to 1-1 + ATPase activ ity in plasma membrane 

(Vansuyt et 01 . 1992). It tilts the auxi n/cytok inin rati o in favour of cytok inins. The 

tobacco protoplast transformed with rafA gene show enhanced sensitivity to auxin as 

studied by trans-membrane differences (Maurel et 01., 1991). The rafA transformed 

tobacoo plants show a typica l phenotype of dwarfi sm, long internodes, de layed 

senescence, bushy hav in g dark green wrinkled leaves. abnorm a ll y small Il owers with 

male and female reduced fertility (van Alt vOl"st et al . 1992: SchmUlling et al . 1993: 

Schmulling el 01. , 1988 ; Carneiro and Vil a ine. 1993). The ro lA express ion is stronger 

in phloem ce ll s of stem than that of leaves and root (S inkar el al .. 1988 ; Carneiro and 

Vilaine, 1993) . The suppress ion of elongation of parenchyma ce ll s in leaf whi ch are 

adjacent to vascul ar bundles leads to wr in kled leaf phenotype. Initia ll y it was 

hypothesized that ro lA encodes a diffusible protein and later proved by an experiment 

involving graft ing ralA rootstock and scion to an previously untransformed plant 

changed its phenotype (Guivarch et al. , 1996a). The rolA expression impressively 

decreases the severa l phytohormone leve l like auxin, cytokinin , gibbrellins, 

polyamines. This dec rease is hi ghl y correlating with th e ti ssue type and 

developmental stage (Oehi o el 01 .. 1993 ; Moritz and Schl1lulling. 1998). Regardless of 

the less concentrat ion of auxin in ro lA transge ni c plants. the sens iti vity to auxin is 

drastically increased espec iall y in protoplast and youn g seedling (Vansuyt el 01. , 

1992; Maurel el al., 199 1). In 1994, an intron was di scove red in S" UTR of th e ro lA 

and it was showen that targeted mutation in the splice site eliminated the phenotype of 

ro lA but it transcript leve l was unchangecl (Magrelli el 01., 1994) . Th is in tro n has 

transcription initiation site and actua ll y it was a bacterial promotor (Pando lfini el of. , 

2000), hence broadening the express ion host profile including A . rhizogenes and 

eukaryot ic plants where interestingly that intron ic promoter is spl iced out. The 
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fundame nta l biochemica l ro le of ro lA protein is unknown ye t but it s promotor hass 

similarities with auxi n related ge nes (Ca rne iro and Vil a ine. 1993) . In spite of the fact 

th at RoIA:GUS fu sion loca li zes to plasma membrane but it does not possess the 

hydrophobic transmembrane domain so hypoth es is is rolA prote in is non-integral but 

a membrane peripheral protein (V il aine el al., 1998). Most interestingly it stab ilizes 

the GUS acti vity when expressed as fusion therefore probab ly it interferes with the 

prote in degradation pathways (Barros el al., 2003) . 

1.8.6.2 rolR 

It is known that rolB is the important most Ri oncogene as transformation with only 

rolB can lead to the phenotype of hairy root. The resul tin g roots are fast growin g. 

highl y branched and show no geotropic behav ior (A ltamura. 2004). The ro lE ge ne 

hi ghl y conserved among all Ri pl asm ids. ,," ith abo ut 60% homology between strains 

(Meyer el al., 2000) . The tobacoo thin ce ll laye rs (TCLs) experiments indicated that 

rolB simultaneously enhance the adventiti ous fl owerin g and roots by infiuemcin g at 

the deve lopmental stage of meri stemoids form ati on (A Itamura el al .. 1994). In 

addit ion, the research shows a strong correlati on between auxin and rolB. In tobacco, 

the NtBBF L (Nicotiana tabacum rolB domain B factor I) transcription factor binds to 

a cis regulatory element by its Dof domain (DNA binding with one finger) for 

specifica lly inducing auxin express ion in meri stem (De Paolis el al. , 1996). Another 

transcription factor, RBF I (Ro l Binding Factor I) , binds to its promotrt domain leads 

to its express ion in non-meri stematic ce ll s of root. The RBF I ex press ion remain s 

indifferent between rolE transge ni c and non-transge ni c tobacco (F il et ic i el al., 1997). 

It demonstrates loca liza tion to ce ll membrane as we ll as due to presence of conse rved 

CX5R motif a tyrosine phosphatase act ivity. It perturbs the auxins signa ling pathways 

(Filippini el al. , 1996; Lemcke and Schmulling. 1998b) . Currentl y it is hypothes ized 

that the RolB changes the percepti on of auxins (Ma urel el al. , 1994). RolB may do thi s 

by either enhancing the express ion of auxin binding proteins and/or stimulating their 

activity (Venis el al., 1992). This leads to induction of roots which is the frequent 

most adventitious organ formed . 

Cloning of l11yc tagged rolA ge ne in Agl'O!J ocler i lllll -m ediated pl ant transform ati on 
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1.8.6.3 folB TR (rolB homolog in T R- DNA) 

Thi s gene is 53% homologous to rolB but lacks a CX5R motif of nat ive rolB 

(Bouchez and Cam iller i, 1990). It induced bent down wrinkled leaves, shoots at the 

base of the stem and reta rded growth (Lemcke anci Schmull in g. 1998b). 

1.8.6.4 rolC 

The ro lC transforma nts are im portant In nori cul tural app li ca ti ons because under its 

native promoter plants are small , hav ing decrea ed apica l dominance, hav ing 

lanceo late leaves and small nowers with ea rly inn orescence as we ll as redu ced pollen 

format ion (Schmulling el 01. , 1988). The ro lC transformed plant under the 35S 

promoter show pronounced phenotype and are male steril e hav ing leaves with pale 

green color (Schmlilling et 01., 1988).The rolC protein have B-glyco lytic activity 

hence releas ing free cytokinins from their inactive glucos ides (Estruch et 01., 1991a). 

Its seedlings have increased sensiti vity to cytok inin plus increased tolerance to auxins, 

gibberelins and abscis ic ac id (SchmUlling e/ 01., 1993). It causes a decrease in 

ethylene synthes is in tl owers whil e th e enhances the co llecti on of' conj ugates that are 

water inso luble (Ma rtin-Tanguy c / 01 .. 1993). The rolC ' ge ne has onl y phl oem 

companion ce ll s ex press ion profile espec iall y of roots (S ugaya e / 01. , 1989; Oono e/ 

01., 1990; Leach and Aoyag i. 199 1). Since rolC is induced by sucrose in the phl oem 

parenchyma, companion and ray ce ll s. In thi s way rolC might crea te the sink required 

to enhance the synthes is of sugar (N il sson and Olsson, 1997). 

1.8.6.5 rolD 

The raID is the on ly rol gene present in the TL-DNA agropine Ri pl asm ids and unable 

to induce the hairy root phenotype individually (Ma uro el al. , 1996). It causes early 

and enhanced 1l0wering but decreased rooting in a horm one independent fashio n 

(Mauro el 01., 1996; Altamura. 2004). Ex press ion of mID is ontogeneti ca ll y 

modulated. It is svv itched on in the eve ry e:-; panding and elongatin g ti ss ue in full y 

grown plants except meri stematic pa rt (Trova to e / 01 .. 1997). It is a ge ne that is 

induced by auxin in later stages. It has a Dof-bind ing element in its promotor that is 

likely to be involved in auxin inducti on (Mauro e/ 01. , 2002). Probab ly raID is 

implicated in later stages of format ion of meri stel11 and also may be in vo lved in the 

fate determination of meri stem during stress cond itions (A ltamura el al. , 2004) . The 

-
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raID has a sequence homology to ornithine cyc lodeaminase (OC D) an enzyme that is 

involved in proline production which is an osmoprotectant in this way it can also 

affect flowerin g as fl owers have hi gh proline leve ls and it is postulated that proline in 

this way may stimulate the synthesi s of hydroxy lproline-rich glycoprotein , a ce ll wa ll 

component that is considered to be in vo lved in ce ll division and extension regul ation 

(Trovato el a /., 200 I). It is proposed th at th is gene may be impl icated in changin g the 

horm onal balance of plants decreas ing leve ls of aux in (Mauro el a/ .. 1996). 

1.8.6.6 Other ORF's 

In addition to rol genes TL-DNA of Ri pl asmid has seve ra l ORF including ORF3 n, 

ORF8, ORF13 , (Slightom e/ a/., 1986 ; Ouartsi el a/., 2004) . These prefer the 

generation of rol gene mediated root formation and decrease sensitization to 

cytokinins as we ll as auxins (Lemcke and SchmUlling 1998a; Cardarelli et al. , 1987a; 

Capone et al. , 1989). In addition these are involved in changes in intermodal lenght, 

leaf morphology, growth , and delayed starting of fl owerin gs with less dense 

inflorescences . ORF 13 is the spec ial gene th at enh ance the growth of ce ll by encod in g 

diffusible substance (Hansen CI a/. , \ 993~ FrOndt el 0/ .. \ 998). 

1.8.6.7 Importance of rol genes in secondary metabolite synthesis 

Many preciou s secondary metabolites are formed in roots in vivo, and important ly 

their synthes is is coupled with degree of root differentiation (Robins el 0/., 2003 ; 

Flores et 01. , 2007). The neoplastic roots have typically high growth rate, 

characterized by lateral branching, high bulk of neoplastic roots of a particular 

phenotype as well as high yield of second ary metabolites (F lores and Filner, 2004). 

The three rol genes rolA, rolB, and role genes of T-DNA individually or in 

combination are regarded as the most important inducers of secondary metabolites 

because they have crucial ro le in drug's syntheti c pathways upregul at ion (S hkryl el 

aI. , 2008). The amount of secondary metabolites produced va ri es v,I ith the type of 

secondary metabolite and plant spec ies. It may upregul ated from 2-3 00 times. 

The rotA gene has egressed as enhancer of grovvth and secondary metaboli sm 

(B ulgakov VP 2008). Although it is acknow ledged that the rot genes fun cti on by 

transcriptional up-regUlation of defense genes but exact molecul ar events are not 

clear. Data indicate that uncommon signal transduction pathways are regul ated by ro t 

genes in plants. Probably, they have role in calc ium-dependent NADPH oxidase 
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activity and phytoalexin biosynthesis. Due to the importance of the genet ic 

interactions altering the metabolite content in the hairy root, most of the current 

research concentrated on role of individual genes that are being expressed under the 

constitutive and inducible prom oters mostl y th e Cauli ll ower Mosaic Viru s 35S 

promoter to study changes in the pattern 0 1' horm ones and phenotype. T-DNA 

promoters dri ving the express ion of GUS reporter gene are used fo r e luc idating the 

facio temporal express ion protiles of desired ge nes. 

From plant biotechnolog ica l secondary metabolite production aspect the most 

important genes of choice are rolB and role genes but rolA does have synergist ic 

effect (Spena et al. , 1987). Resea rchers are convinced that rol genes unique individual 

role in plant metaboli sm (Bulgakov et al., 2003). A. rhizogene's genes find their 

application in floriculture, for pl ant deve lopment (Christensen et al., 2009) . 

Moreover, these roots has been prod ucing hi gher amounts of secondary metabolites in 

compari son to undifferentiated plant ce ll suspensions, such as indole a lka loid along 

with ginsenos ide synthes is in the cultures of Co f/701'Cll7flls I'OSell.1 (Pa lazon e f 01., 

2003) , gin senos ide synthes is in the cultures of Ponox ginseng (B ul gakov e f 01., 2002), 

anthraq uinone synthes is in ca llus cultures of Rubio co/,di!c)!ia (B ul gakov el al ., 2002), 

tropane alkaloids production in hairy roots or A frop a belladonna and Dafllra 

stramonium (Kamada et 01., 2008 ; Sa ito et al., 200 I; Aoki el 01. , 2008 ; Spena e f 01. , 

2002; Palazon et al., 1997). Every characte ri st ic phenotype of hairy root in transgenic 

plants is expressed in the presence of all three roIA,B,e loc i. Hence each of roIA,B,e 

genes independently mod ulate the host functions in vo lved in the diffe rentiat ion of 

roots (Spena et al. , 2002). Several reports suggest that 1'01 A and rol e change 

Polyam ine (PA) metabo li sm hence plant phenotype (M ichae l et al., 1998; Sun et al., 

1999; Martin el al. , 2006) . It appea rs that the degree of express ion of rol A and/or 1'01 

e phenotype depends on the penet rat ion leve l. ti ssue type. strength of promoter and 

foreign gene integrati on site in the host genome. Putresc in e, spe rmidine and traces of 

spermine were present in a ll sampl es, both in free and boun d fo rms. whil e rol A roots 

causes hi gh leve ls of free as we ll as bound po lyamines (Altabe lla el al. , 2007). The 

roi A transgenic roots have higher po lyamine and ni cotine contents a long with hi gher 

ornithine and arginine decarboxylase activ ities (A ltabell a et ai., 2007). The studies 

with the protein phosphatases I and 2A inhobitors have indicated that va ri ous 
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phosphatases are implicated in AQ biosynthesis both transge ni c and no transge ni c R. 

cord!folia cultures (B ul gakov el 01 .. 2003). 

1.8.7 Types of Ag robacteriutn vector systems 

There are va ri ous strateg ies to enh ance effective ness and ease of ll1 ani pul ati on of 

Agrobacterium-ll1 ed iated transforll1 at ion for pl ant by design i ng nove I vectors with 

changing cOll1binations of geneti c elements of Ti-plas l11 ids (F igure 1.2). 

1.8.7.1 The co-integration vectors 

Thi s technique exploit the natural homology directed repa ir mechan ism of bacteria by 

inserting a forei gn plasmid (pBR322) that has transgene inserted into its unique site 

flanked by the homologues sequences of Agrobacteriul1l tumefaciens Ti-plas ll1id T

DNA inside borders. In this way the new gene ge t integrated into T-D A after 

recombinat ion. Later infectin g the plant with th is construct leads to integrati on or 

tra nsgene into plant genome (Brown. 200 I). 

1.8.7.2 The binary vectors 

A binary vector consists ofT-DNA and the vector backbone. Thi s systell1 is based on 

the crucial observat ion that although vir genes are essentia l fo r transfer ofT- DNA but 

their phys ica l attachment to T-ONA of Ti plasm ids in cis, is not necessary. Rather 

these can be equally effective if present on helper plasmid that is devo id of T-ONA. 

Thi s two-plasmid system was a breakthrough des ign faci litating the high throughput 

construction of Ti plasm ids because in thi s way their size is reduced hence easy to 

handle and manipulate using standard techniques dec reasing the cost and time for 

cumbersome ge neti c manipulati ons of co integrate vectors (Ga rfinkel el 01 .. 

198 I ; Zam bryski et al .. 1983; Fraley el 01 .. 1985) . I n fac t si Il1 i lar bi nary vector system 

was found in some Agrabaclerilll71 lUl71ifoc iel1.l . The sll1 a ll T-O A plasm ids have 

unique restriction sites for ease of c loning (Hoekema el al . 1983; de Framond el 01 . 

1983). T-ONA is the reg ion bounded by the ri ght (RB ) and the left border (LB) 

sequences and in additi on to other genes may have multiple cloning sites, a se lectable 

marker gene and a repotor gene (Hellens et al. , 2000). Prev iously used wi ld-type 

Ti/Ri-plasmids were of very large size, low copy number in Agrobacterium, in vitro 

manipulation and iso lation was cumbersoll1e and without any Escherichia coli ori gin 
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of rep lication whi ch is favorab ly used for geneti c manipulati on in additi on th ere were 

superfluous genes li ke opine synthesis and other oncogenes ofT- DNA . 

1.8.7.3 Super binary vector 

A super-binary vector an modifi ed vers ion of a binary vectors that exhibits very high 

frequency of transformation , as it carries additi onal viru lence genes from a pTiBo542 

plasmid namel y the virE, vire and virG genes that are creditworthy for the super 

virulence character of an Agrobacleriull1 IlIll'Iefaciel1s strain A28 1 (J in el 01., 1987 ; 

Komari , 1990). So, it is va luable for reca lcitrant monocotyledonous plants such as 

rice and maize (Komari , Takakura el 01 .. 2006; Hie i el 01 .. 1994: Ishi da el 01 .. 1996). 

1.8.7.4 Features of binary vectors 

The genet ic elements o f binary vectors include th e le ft, ri ght borders of T-ONA, 

multiple c loning sites, origins of replication both for Escherichia coli and A. 

tumejaciel1s, marker genes for plant and bacteria, reporter ge nes for transient assays, 

promotor, 3' and 5' untrans lated regions (UTRs), term inators and other accessory 

elements that can enhance the efficiency and capabi I ity of the system (F igure 1.1). 

(1) Firstly the T -DNA 25 bp left and right border repeat sequences are conserved in 

a ll Ri and Ti plasm ids defin e and de limit T-DN A (Waters el al. , 199 1). However 

nucleotide 4 to 25 of LB remains within the T-ONA as VirDI IV irD2 end onuc leases 

nick between 3 and 4 nuc leot ides. whereas on the RB nuc leotides I to 3 remain intact 

(Wang et al. , 1987). Initi a lly there was a problem th at placing the gene of interest near 

LB leads to its partial of complete deletion due to th e polar ity ofT-D A transfer. Fo r 

troubleshooting thi s issue now plant se lectab le marker ge nes are placed near LB and 

gene of interest near RB along with some overdrive sequences to increase th e T-ONA 

transmission (Ross i el al. , 1996; Bevan, 1984; Peralta et al. , 1986; Wang el 01. , 1984). 

(2) Second ly binary vectors have plant se lectab le marker gene that usually encode 

resistance to antibiotic such as kanamyc in, hygromycin or herbicide like 

phosphinothricin formulations such as Basta (Hoechst). In add ition there are 

metabolic marker ge nes like phospho-man nose isomerase (Todd and Tague, 200 I). 
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Figure 1.1: Typical components ofT-DNA binary vector. 
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Figure 1.2: Schematic expression of strains of Agrobacterium tumefaciens and vector. S vir, is a 

fragment containing virB and virG genes from pTiBo542. 
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(3) Thirdl y rare cutting restriction endon uc leases or hom ing endon ucleases sites 

flanked by promoters, UTRs and po lyA add ition signals within T-DNA to faci litate 

the insertion and exp ress ion of ge ne of interest (C hung el (II .. 2005; Tzfira el al ., 

2005) . Some vectors fu se va ri ous tags for protein -prote in interact ion 0 1' affi nity 

purifi cat ion or subce llular loca lization studies like 6xl-li s, GFP, myc (Tz fira el al. , 

2005 ; Citovsky el al., 2006) . Most important ly for fa st and effic ient jumpi ng the gene 

of interest between different vectors lambda phage recombination sites are lI sed to 

facilitate this as well as it all ows modular design of genes by using gateway cassettes. 

Moreover for large gene inserts bacterial artificial chromosomes (BAC) are deve loped 

for cloning genes of more than I OOkb size (Ham ilton, 1997; Liu et 01., 1999). 

(4) Origines) of rep lication are of enormous importance both in terms of broadening 

the host range and determining the copy number that are crucial factors moreover 

funct ions of different incom pati bi I ity groups that are essentia I to co-ex ist two 

plasm ids in a bacterium are re lated to ori gin of rep li ca ti on. Some of these like pCGN 

are host specific whil e others are broad host range pY S I that are compat ible with both 

E.Co /i and A . IUI11!iaciens. Co lE I origi n is added to Ti plasm ids for enabling 

rep lication in E.Coli. The pYS I ori gin encodes 7 to 10 cop ies pe r AgroboclerillJ'll ce ll. 

(5) Chromosomal antibiot ic resistance genes beside se lectable marker ge nes in binary 

vectors are necessary fo r differentiating between empty strains of AgrobacteriulII or 

E.Coli for examp le Agrobaclerium tumifac iens strain GV3101 have chromosomally 

encoded rifampicin resistance gene. 

1.8.7.5 Drawbacks of binary vector systems 

Preference for multi copy binary vector plasmid causes t"vo untowa rd effects first 

multiple cop ies of transge ne are integrated in to plant ge nome secondl y vector 

backbone integrat ion in plants. But thi s ca n be miti ga ted by using bi nary vectors 

showing low copy number or laun ching the T-DNA from chromosome of 

Agrobacterium (Ye et al. , 2007). 

1.8.7.6 D isarmed Agro bacterium strains 

The commonly used Agrobacteri a strains are having CS8 chromosomal background 

with the disarmed Ti-plasmid pTiCs8 (Wood et al . 200 1) and its derivatives 

GV3 1 0 1: :pMP90 (Koncz and Schell , 1986). These strains confer gentamyc in 
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resistance due to pTiC58 and GV3101::pMP90 carries an additional resistance to 

Rifampicin in chromosome 

Table 1.1: commonly used Disarmed Agrobacterium strains. 

Name of Chromosomal Ti-Plasmid Antibiotic Ref. 

strain background derivation resistance 

AGL-1 C58 pTiBo542 rif, carb Lazo et al. (1991) 

EHA101 C58 pTiBo542 rif, kan Hood et al. (1986) 

GV3101 
.. 

C58 pTiC58 rif, gent Koncz and Schell .. 
pMP90 (1986) 

LBA4404 Ach5 pTiAch5 rif Ooms et al. (1982) 

1.8.7.7 E.Coli (DHSa) as holding strain: 

It is gram negative bacterium having a genome size of 4.6Mb and can harbours one or 

more extra chromosomal DNA called plasmid of varing size from lkb to more than 

200kb. The strain used in this perticular study is empty strain and recA, EndA 

knockout strain so trans gene of recombinent vector is stably holded in this strain. 

Moreover, these cells can be easily transformed and give good quality plasmid DNA 

after transformation. 

1.8.7.8 Feature of pEarleyGate binary vectors series 

These are a large number of Gateway compatible destination vectors for plants for 

AcV5, HA, FLAG, and cMyc epitope tagging of proteins of interest to enable their 

immunoblot detection. The importance of these tags and vectors is increased as 

antibodies detecting these epitopes have little cross-reaction or affinity to endogenous 

proteins of a variety of dicotyledonous and monocotyledonous plants (Earley et al., 

2006). 

Broadly there are three subseries of pEarleyGate series, first rangmg from 

pEarleyGate 100-105 having vectors that translationally fuse fluorescent tags like 

YFP, GFP, CFP for localization or 6X-His for affinity purification. Secondly 

pEarleyGate 201-205 series have epitope-tagging vector that can be used for 

localization as well as affinity purification for example pEARLYGATE20J binary vector 
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with myc tag that is transnat ionall y fused to protein of interest at N-terminus (Ea rl ey 

et al. , 2006) . Thirdl y pEarleyGate 301-304 seri es contain promotorless ep itope

tagging vector. But a ll these are constructed by taking the geneti c elements (35S, 

BAR, OCS 3', LB, RB, KanR etc.) from pCA MBI A 1302, pCAM-3SSEYFP-C I and 

pFGCS941 (Fritze and Anderson, 2000). 

1.8.7.9 C hoice of expression vector for plants 

The basics of binary vector systems was ex plicated In 1980s, and panoptic 

betterments have unremittingly been made resu lting in a wide ran ge of binary and 

super binary vectors nowa day (Hellens I! { 01 .. 2000: KO ll1 ar i (! { 01 .. 2006) . Although a 

di verse variety of vecto rs is ava i lab Ie but there is not a ll in one vector. Most of these 

vectors can be used in a range of' experiments means th ey are nex ible. Se lec tion 

depends on the characterist ics of the ge ne of interest, the Agrobacleriul11 strain to be 

used, plant species under in vest igation and most importantly the goa ls of the study. 

For larger gene than I S kb, BIBAC, BAC and IncP vectors are appropriate. Generally 

rang of vectors have been des igned that are convenient to use due to high copy 

number plasm ids, have diverse multiple cloning sites, wide pole of se lectab le marker 

genes, high freq uency of transfo rmation and GATEWAY recombination sites fo r 

modular des ign. T here are va ri ous se ri es of vectors specifi ca ll y constructed fo r a 

particul ar task e.g. pSAT vector se ri es for RNA interference studies . Still class ic 

vectors find a lot of ap plica ti ons; but new ly customi zed vecto rs have features that are 

user-fri endl y. Most importantl y there are vectors th at are des igned to address 

regulatory prob lems, li ke eliminati on or marker ge nes and decrease in vectm 

backbone transfer. As new frontiers of sc ience are emerg ing so the vector designing 

wi ll evo lve accordingly. 

1.8.8.10 Production of transformed plants with Ti plasmid 

Introduction of transgene uniforml y into every ce ll in the plant is desired . For thi s 

reason plant ce ll s cultures and protoplasts are infected in I iq u id med ium . A mature 

plant obta ined in thi s way will not be a chimera thus stabl y inheriting the transgene in 

offspring. Moreover regenerati on of a healthy transform ed plant without any 

cancerous phenotype is poss ible onl y if th e Ti vector has been "d isa rm ed" by 

removing the oncogenes between the LB and RB sequences. For example 

GV310 1::pMP90 is a di sarm ed strain of A. {ulllejaciens so can be transformed by Ti 
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binary vector like pEa rleyGate203. But the initi al cloning steps are done in E. coli, 

later the correct and va l idated recom binant Ill olecu Ie is transferred to A. tumefaciens 

and se lection on aga r medium containing appropriate antibi otic fo ll owed by plant 

transformation (Brown, 200 I; Vergauwe et al., 1998). 

1.9 Molecular Clonin g and Gateway cloning 

Without cloning of indi vidua l or multipl e genes in simple syste ll1 s and revea ling the 

underl ying mec hani sms the fruits of genomics ca nn ot be reaped . In thi s rega rd , the 

signifi cance of recombinati onal c loning meth ods like Gateway systems is increased 

manifold because of ease and speed of assembl ing DNA fragments in a desired order, 

orientat ion, read ing frame and in mod ular fa shion. 

Fu ll potential of genomics technologies cannot be exploited without exploring the 

functional aspect of it, and understanding the bigger picture of system biology. Hence, 

utility of automated systems and approaches for cloning and express ions of plant 

genes transientl y or stabl y are hi ghl y relevant. Transient ex press ion is prefe rred over 

stable because of its less tim e and cost (Mansour el 01 .• 2007). 

The currentl y only about 55% of Arabidopsis genes are ann ota ted for a putati ve role. 

However, only fewer than 8% of them are hav in g direct experimental ev idence (Mark 

and Ue li , 2003) .. To better understand the biochem ica l role of genes there is need for 

generation of chimeric transgenes for induc ible or constitutive ectop ic express ion, 

gene complementation studies, promoter characteri zation, subce llu lar loca l ization 

studies, gene knockdown by RNA interference, anti sense expression, anal yzing 

protein/protein interactions through bimolecular fluorescence complementation 

(B iFC), bioluminescence resonance energy transfer (BRET), or fluorescence 

resonance energy transfer (F RET). But the bottleneck in these large sca le studies is 

laborious conventional cloning methods of restri cti on di gesti on and li gat ion. 

For the provision of rapid , e ffi cient functi onal analysis, c loning/subcloning, hi gh 

throughput gene express ion analys is too ls, the free ly ava il able Gateway Cloning 

Technology by Invitrogen's is deemed to be th e breakthrough. Gateway Cloning 

Technology is is basically derived from sequence spec ifi c recombinati on mechani sms 

of bacteriophage lambda CaUL x atlR _ allB x allP ) that is well characte rized. Simply 

it is a 2-step cloning process; in the first step a sequence of interest is cloned into an 
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Entry Clone fo ll owed by its transfers into a va ri ety of attB-conta ining Ex press ion 

Destination vectors (bina ry) that may bea rs the suitab le geneti c elements derived from 

pCamb ia T-DNA cloning vectors, fo r propaga ti on and ex pression in a ve rsatil e range 

of host ce ll s for desired outcomes. Fo r protein ex press ion a range of destinati on 

vectors for E. coli, yeast, mammal ian and in sect ce li s marketed by I n v i trogen 

(Carlsbad, CA, USA). 

The pEarleyGate plasmid vectors are widely used for generati on of transgen ic plants 

for study the functi onal proteomics detai ls of gene of intrest by fusing it with 

fluorescent and non-fluorescent tags (Mark and Ue li , 2003). 

1.10 c-Myc oncogene to myc tag 

The c-myc is an decapeptide ep itope with (EQKLlSEEDL I) sequence. It is basica lly 

derived from residue 4 10-4 19 of human c-myc prote in whi ch is member ofa fami ly 

of nuclear proteins that are implicated in ca rcinogenes is. Importantl y it can be 

recognized by mouse 111 0noc lonal ant i-c-m yc antibody (c lone 9E I 0) that was 

developed for studying MYC oncoprotein (Evan e 01. . 1985). 

1.11 Epitope (My c) ta ggin g for functional proteomics 

The protein tagging is the most importa nt too l fo r purify ing and subce llular 

localization of nove l prote in that do not have antibodies aga inst them. Interestingly 

many proteins retain their biochemical function when they are C-terminally tagged or 

N- terminally tagged if otherwise then multiple tagging also stab ilizes the protein 

function. 

Epitope tagged recombinant proteins can be convenientl y iso lated from ce llular 

mi xture by using immobilized anti epi tope tag aninity mat ri ces fo ll owed by th eir 

detection by applying flu orescent anti-epitope tag antibodi es through flu orescence 

microscopy. Such strateg ies can help in characte rizing proteins funct ion in terms of 

protein-prote in interact ions and its loca li zati on in ce ll . 

1.11.1 Affin ity purification 

The epitope tagging pEarleyGate vectors series can be used for producti on of 

recombinant proteins because latter it can be affi nity purified due to ep itope tags like 

myc. Anti-HA, FLAG, or cMyc antibodies are conjugated onto the agarose beads 

which can be employed to capture and enrich the target protein in bead-associated 
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fractio ns. Anti c-myc conj ugated aga rose beads can be used for immunobl ot detect ion 

of a protein whi ch is c-myc or 3x-myc tagged due to its affinity (Kaga le, Uzuhashi el 

al . 201 2). This is hi ghl y pertinent for profili ng the new ly discovered protein and 

proteins hav ing low imm un ogeni city (Brizza rd 2008). Remarkab ly. e luting the prote in 

through some matr ixes by purgin g excess epitope polypeptides is more difficult in 

certai n anti body- epitope com binations. The in fl uenza virus hemagg l uti n i n (HA) and 

the c-myc ep itopes are widely used in thi s regard (Field et al. , 1988; Tyers et al. , 

1993; Evan et al., 1985; Munro and Pelham, 1987). The Schistosoma j aponicul11 

glutathione S-transferase (GST) (S mith et al .1986) is another valuable dual use tag 

employed for protein 's loca lizat ion (Bi and Pringle, 1996) and their fast single step 

iso lation of tagged prote in along with its assoc iated proteins by glutathione

conjugated aga rose beads (S mith and John son. 1988: Ausubel el al .. 1995) . 

1.11.2 I mmunolocaliza tion 

Epitope-tagging vectors like pEa rl eyGate200 se ri es are useful for Immunoloca liza ti on 

studies in transgeni c plants ce ll s. Particul arl y protein tagg in g can fac ilitate 

localizat ion studies by enab ling double staining. Due to the ava ilability of best quality 

monoclonal antibodies aga inst HA and myc tags, hence HA/myc ep itope tagged 

protein is generally loca lizab le in complexes with a known protein hav ing non-mouse 

antibody. In addition, aga inst HA (Berkeley Antibody Company) and GST (Bi and 

Pringle, 1996) the commercial ava ilab ility of rabbit antibod ies all ows double staining 

of a dually tagged proteins. For dynamic double labeling of prote in with nati ve GFP 

(S65T) and seve ral GFP va ri ants are used to stud y li vin g cell s (Prasher. 1995 ; I-lei m 

and Ts ien 1996 ; Niedenthal el 01 .. 1996). FLAG -tagged protein ean be eluted from 

co lumn by increas ing concentrati on of competing peptide. but cMyc and HA tagged 

proteins cannot be eluted by thi s method except using denaturing SDS-PAGE sample 

buffer hav ing low pH (Lawrence el aI. , 2004; Zhou ef al .. 2004) . 

1.12 peR encoded epitope tagging (PET) 

Overlap PCR homologies of 12- 15 bp to other PCR products or another set of primers 

are used to combine PCR products or small fragments of insert into larger molecules 

to make deleti ons, insertions or add larger domains or epitope tags to genes of interest 

(Horton et al., 1990). PET is a simple strategy; all that needs is des igning overl apping 

sets of primers in a back to back fa shi on and sequenti a ll y amplifying with them the 
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gene of interest so ultimate ly seq uence of epitope that is initia ll y in the primers, is 

encoded into ge ne of interest at desired nank. Thi s is very useful tec hnique as we ll as 

accurate because we can ampli f) the seq uence by using pfu polymerase in PCR in 

react ion mi xture. 

1.13 The biosafety and bioethics of gene transfer 

The deve lopment o f ge neti ca ll y modifi ed (GM) crops is leading to grievous 

controversies some of them are due to confl icts of interest. Importantly the differences 

are in the way of perception of technology, its ri sks and potential gains. From 

perspective of Scientists, fanners and plant breeders GM crops are good for plant 

breeding, high yie lds, profitable, fulfillin g important soc ieta l needs and less 

vu lnerability to disease (Madsen e f 01., 2003) . On the contrary it is c laimed th at GM

food s are dange rous as we ll as ethi ca ll y wrong as the poses a global threat as it 

critica ll y affects: food chai n. hum an hea lth. Bene lic ia l in sec t. in sect predator. 

coex istence, seed purity. Herbi cide (glyphosate or glufos inate) resistance. Pest 

res istance, pathoge n resistance and insect resista nce. The Verti ca l ge ne flow, 

horizonta l gene fl ow, po llen di spersa l. transgene escape, outcross ing. cross 

pollination, spontaneous hybridization. ge ne introgress ion, are the ways GMO 's 

negative effects may go globa l. So a broader Public di scuss ion on GM crops fro m 

different angles is need of the time. The strategies for minimizing the potential threats 

and increase the confidence on new technologies include minimizing transgene 

escape, focusin g on marker free GMO, chl oroplast transformation (paternally 

inherited) , regular stud ies on plant and soi I m icrofl ora, updated labe l i ng precautions, 

integrated pest manageme nt strategies, post marketi ng surve i lI ance, databases of 

transge nic plants, capac ity enh ancement in detection and characteri za ti on of 

transgenic plants by the environment protecti on age ncies ac ross the wo rld . 

1.1 4 Aims and Objectives 

1. Cloning of myc tagged rolA ge ne in pEarl eyGate203 destinat ion vector for 

exp lorin g ro lA gene 's functional proteom ics in plants secondary metaboli sm. 

2. Transformation of E.Coli and Agrobacterium tUl11ejaciens disarmed strain 

GV3101 with thi s recombinant plasmid pMBQAUIOOl. 

Cloning of myc tagged rolA ge ne in Agrohacleri1ll11-med iated plant transform at ion 
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C hapter 2 Materials and Methods 

M aterials a nd M ethods 

The present resea rch has been ca rri ed out at the Department of Biochemistry, Faculty 

of Biolog ica l Siences. Qui ad -I -Azam Uni versity Islamabad. Pak istan. 

2. 1 L aboratory plas ticwa re 

The plasticware used in th is stud y was 0 f polystyrene. The In icrop i pette ti ps. parafi 1m 

were obtained ~'rom Axyge n Sc ientifi c USA. The 1. 5 1111 and 2 Illlilli crofu ge tubes 

were purchased from eppend orf ge rman y. While th e syrin ges as we ll as the ir filters et 

a I. , 

2.2 L aboratory glassware 

The borosilicate glassware from Pyrex® was utilized throughout the study which was 

washed with tap water followed by rinsing with di stilled water. The bioburden of 

glassware was reduced by dipping in the commercial grade bleach aga in rin sed thrice 

by doubled di still ed wa ter. While the test tubes and tlasks we re after was hing ,ve re 

plugged with cotton and pet ri pl ates were wrapped in brown pa per fo ll owed by 

autoclaving for 30 III in s at 12 I 0(' temperature at a press ure or 15 psi during cy lce. 

2.3 C hemicals, enzy mes, kits, a nd DNA ladde rs 

The analyti ca l or molec ul ar grade reagents or chemica ls utili zed in thi s stud y 

were procured from Sigma Chemica l Co., USA. Molecular bio logy reagents, ladders 

of 100bp, I kb and enzymes like pfu polymerase, Taq polymerases were purchased 

from Invitrogen, Sigma and Fermentas. While various molecular biology kits like 

quick gel extraction kit were obtained from Invitrogen. Moreover, Agar and Luria 

Bertini medium for microbiologica l work were acquired from " DIFCO" laboratories, 

US A. 

2.4 Bacterial strains 

2.4 .1 Agrobacferiul1I fume.lflciel/ ex strain G V3 tOt 

This is a strain with C5 8 chromosomal Bac kground th at is Di sa rmed means it did not 

have binary vector carrying oncogenes or foreign ge ne of intrest, but only have vir 

helper plasmid pMP90 with borders derived from pTiC5 8. hav ing res istance to 

gentamyc in on helper plasmid, additionally resistance to rifampicin is chromosomally 
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encoded and was kindly prov ided by Prof. Kim Jae Yea n Gyeongsang National 

University, Korea. (Wood et aI. , 200 I; Koncz and Sche ll , 1986; Hell ens et aI. , 2000) 

2.4.2 Agrobacterium I'hizogenes strain ARqua l 

It was kindl y prov ided by Mireill e Chabaud LIPM. INRA-CN RS. BP 52627,3 1326-

Castanet To losan Cedex. France. and Prof. Dr. Bettina Hause. Institute of Pl ant 

Biochemi stry. We in be rg Hall e/Saale. Germ an) se pa rate l). it harbour pR iA4 T -DNA 

region ca rrying 1'0 / /\ ge ne (Quandt et ai. , 1993) 

2.4.3 E.Co/i (DH50) as holding st ra in: 

E.Coli DH5a is gram negati ve bac terium hav in g a ge nome size or 4.6 Mb and can 

harbours one or more extra chromosomal DNA ca lled plasmid of va rin g size from 

1 kb to more than 200 kb. The strain used in thi s perti cul ar study is empty strain and 

recA, EndA knockout strain so transgene of recombinent vector is stably held in thi s 

strain . Moreover, these ce ll s can be easily transformed and give good quali ty plasmid 

DNA after transform ati on. 

2.4.4 E.Coli (DB 3.1) 

Express ion vector p E.-\RU G.-H UOJ was extracted from LCo/i (DB 3. /) that was 

rece ived from Prof. Kim Jae Yea n Gyeo ngsang ali onal Uni ve rsity. I(o rea . 

2.5 C ulturing media, condi t ions a nd selection for bacteria 

2.5.1 For E.Co/i 

E.Coli wa grown in Luri a Bertini (Lb) medium with or without kanamyc in 50 mg/L 

selection. The broth was placed at 37 °C in shaker incubator with continuous 120 rpm 

shaking. After the growth the optica l density was determined (O.D 600= 1.0). followed 

by streaking on Lamia Agar (LA) plates fo ll owed by the ir incubation at 37 °C to 

obtain the co lonies. Then a single pure co lony was picked up from petri plate of 

bacteria with th e he lp of a steril e bacteria l loop and inoc ul ated in a fl ask hav ing 50 

mL LB broth supplemented with 50 mg/L kanamyc in for plasmid oth er pu poses . 

2.5.2 For Agrobacteriul11 

Agrobacteriul11 IlIl1Iefacicns and A. rhi::ogcne were cultured in Luri a Berlini medium 

(Lb) with or without th e supplementati on of ka namyc in and/or ri fa mpicin or 

gentamyc in at 50 mg/L, 25 mg/L and 10 mg/L respecti ve ly. The LB was placed at 28 
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DC in shaker incubator with at 120 rpm. The optical density (00) or the culture was 

checked after the atta ining the growth . These grown cultures were used to streak the 

agar plates hav ing so li dified Luri a Agar (LA) or for the purpose of plasl11id iso lati on. 

The LA petri plates were incubated at 28 DC to obtain the growth, onl y pure co lonies 

were chosen from the plates with the help of steri le bacte ri al loop and inoculated in 

50 mL ofLB broth on se lect ion. 

2.6 Plasmid con structs 

Fo ll owing plas l11id s were el11pl oyed in cloning 01' mill gene in rEar leyGale203. 

2.6.1 Expression vec tor or destination vector 

Destination vector pEarleyGate203 is a contrucl with -terl11in a l Myc ta gged gateway 

cassette having pV S I origin of replicati on for agrobacte riul11 with 7- 10 copi es per ce ll 

and ColE I ori for E. Coli (F igure 2.1). Plant and bacterial Se lecti on Marker genes are 

Bar also ca lled as bialaphos res istance or Phosphinothric in acety l transferase (PAT) 

and Kan (kanamycin or neo l11 yc in phosphotransferase II gene, NPTlJ) respectively 

(De Block el al., 1989). Moreover, it has left, ri ght border, 35S promotor drive the 

expression of transgene and 3' DCS or octopine synthase enhancer e lel11 ents are also 

present. Mainly pEarleyGate203 vector fac ilitates protein taggi ng. Thi s vector 

backbone is basica ll y derived i'rol1l pCAMB IA vec\OI'S (Ea rl e) e / u/ . 2006) . 

2.6.2 Transrofmation vec tor (pMBQAUIOOl) 

Final transfo rm ati on vectOl' with N- lerillina l Myc tagged ra lA gene contruct 

pMBQAU IOOI hav ing pVS I ori gin of rep licatioll with 7- 10 cop ies per ce ll Co lE I ori 

for E. Coli. Plant and bacterial Se lecti on Marker genes are Bar (bi alaphos) and Kan 

(kanamycin) respecti ve ly. Mo reover, 35S promotor drives the ex press ion of 

transgene, and 3' OCS or octopine synthase enhancer e lements are also present 

(figure 2.2). 

2.6.3 pRiA4 of Agrobacteriul11 rllizogenes ARqua J 

The pRiA4 plasmid hav ing ralA oncogene on TL-DNA was used for its nat ive 
ampl ifi cation. 

2.7 C loning of recombinant plasm id pMBQAU IOOl 

RolA gene PCR amplifi ed fragment from pRiA4 \Vas subsequentl y cloned by 

restriction digestion c loning in the gateway destination vector pEarlyGa te203 to make 
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the express ion vector pMI3QAC'/OO/ with an -terminal cMyc fusion tag for 

immunologica l protein detecti on (Figure 2.3). 

2.7 .1 Extraction of plasmid DNA 

Isolation of plasm ids pEar leyGate203 , pRiA4 and pMBQAU I 001 was done by 

alkaline lysis method (Sambrook and Russe ll , 2001) from E. Coli DB3.i , Agrobacterium 

rhizogenes strain A4 and both E.Coli DH5o., Agrobacterium tUl11ijaciens GV3 iOi 

respective ly. T he fa lcon tubes of 15 ml having 10 ml bacterial culture, grown in Lb 

medium overnight at 37 °C or 28 °C frolll a single co lony of different strain s, at 

appropriate se lect ion. "vere centrifuged at 4.000 rplll 1"0 1' 20 minutes at 4°C to get 

pellet of bacterial ce ll s. The dri ed pell et was suspended in 200 pI so lution I (NaOH 

0.2 M, SDS I %) by vigo rous vo rtex in g and trans lh to m icro l'u ge, A rter it, 400 ~t1 of 

fresh lys is buffer (so lu tion 2:. tri s base 10 mM . EDTA I mM ) was added and was left 

on ice for 10 minutes afte r in verting 5 times. It was lo ll owed by the add ition of ice 

cold 300 ~tl of so lution 3 (sodium acetate 2.5 M, PH 4.8) and di sperse the mi xture by 

inverting several times then left on ice for 3-5 mins. The lysate was centrifuged in 

eppendorf at 13 ,000 rpm for 10-15 minutes and the 600 pi of supernatant was 

transferred carefully in the fresh tubes. An equal volume of phenol: chlorofonn (1: I 

ratio) was added . Then after vortex in g, it was centrifuged at 13,000 rpm for 15 

minutes to take supernatant in fresh tube, and thi s step was repeated by onl y using the 

chlorofo rm and supernatant was transferred to I'resh eppend orr. Subsequent ly 600 ~LI 

of isopropyl a lcohol was added to prec ipitate plasmid DNA at room temperature, after 

10m i ns co ll ect the pe lIet by centri I'u gi ng at ll1 ax speed for 5 m i ns and a fter dryin g 

wash it with 70% ethanol fo ll owed by centri fu ga tion at ll1 ax speed to aga in recover 

the pellet. Finally, the plasmid DN A pellet was air dried and di sso lved in 20 ~LI ofT E 

buffer (pH 8.0) followed by ana lys is by agarose ge l e lectrophores is and storage at 

-20 °C. 
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Figure 2.1: Genetic elemental map ofpEarleyGate203. 
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Figure 2.2: Genetic elemental map of T-DNA region of pMBQAUIOOl with myc 

tagged rolA gene. 
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Table 2. 1: Pri mel's and cond i Li ons 0 r gene am p Ii li cati on b) PC R. 

Primer Sequence (in 5' to 3' Direction) Tm 

I 
Product i PCR Conditions 

I 

size 
I I Temp Time Cycle 
I (bp) 

Ncol - N'- 5 ' ATTACCATGG AACAGAAAC 65.3 352 94 °( 5 min 1 

Myc -d3 TGATCTCTGAAGAAGA 1 CTG3 94 °( 35 sec 35 

5rC 35 sec 

72 °c 90 sec 

72 °c 10 min 1 

('-Myc- ~:' ~. T ( \. ~I\ r l\ - 62 .7 328 94 °C 5 min 1 
I I 

rolA -d2 ATGGAA TT AGCCGGA3 ' I I 94 °C 35 sec 35 
I 

I 53 °C 35 sec 
I 

72 O( 90 sec 
! I 
I 1 72 °C 10 min 1 

rolA- 5' ACTCTCTAGATTA 59.6 328/352 94 °C 5 min 1 

Xbal -r2 ATCCCGTAGGTTTGT3 ' 94 °C 35 sec 35 

5rC 35 sec 

72 °c 90 sec 

72 °c 10 min 1 

RolA (d1 5' ATGGAA TT AGCCGGACT AAA3' 53 303 94°C 5 m in 1 

and r1) 5'TTAATCCCGTAGGITTGITT3' I 94 °( 35 sec 35 

I ! 53°C 35 sec 

! 72 °c 90 sec 
i , 

i 72 °c 10 min 1 
I 

NPTII 5' AAGATGGATTGCA(G CAGGTC3 ' I 54 791 94 °C 5 min 1 

5' GAAGAACTCGTCAAGAAGG CG3 ' I 94 °C 35 se c 35 , 

54 °C 35 sec 

72 °c 45 sec 

72 °c 10 min 1 
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Figure 2.2: PCR encoded epitope tagging (PET) of rolA gene and cloning III 

pEarleyGate203 to construct recombinant plasmid pMBQAUI 001 . 
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2.7.2 Agarose gel electrphoresis 

PCR amplified product as we ll as extracted plasm id D A were ana lysed on 1.5 and 

0.8 %w/v agarose ge l respect ive ly. It was prepared by me lti ng 0.8 gill of agarose in 10 

ml of lOX TBE buffer (Tri s 890 mM, Bori c acid 25 IllM . EDTA 0. 1 mM pH 8.3) and 

90ml of d ist ill ed water in microwa ve oven. To stain DNA 6 pi o f ethid iu lll bromide 

were added ( 10 Illg/Illl) . The samples of D A were mi xed vv ith load ing dye hav ing 

0.25% bromophenol blue in 40% sucrose solu tio n. It was la ll owed by e lectrophores is 

in I X TBE buffer at 90 vo lts (70 mA) for 1.25 hI' ancl visua li zatio n in a UV-trans 

illuminator (Life Technology, USA). 

2.7.3 Designing of prim ers and PET tagging 

Sequential addition of overlaping primers with homolog ies of 15 bp to 2nd ancl 3rd sets 

of primers are used for synthes izing cMyc-ro lA gene fragment flanked by NcollXbal 

sites and breathing sites (I-lorto n el al., 1990; Taylor, 199 1). Thi s technique is also 

ca lled as Adaptor PCR (Tabl e 2.1) . 

2.7.3.1 Seq uence after 1ST round of PCR amplification (303) 

5'ATGGAATTAGCCGGACTAAACGTCGCCGGCATGGCCCAGACCTTCGGA 

GTA TT ATCGCTCGTCTGTTCTAAGCTTGn' AGGCGTGCAAAGGCCAAGAGG 

AAGGCCAAACGGGTATCCCCGGGCGAACGCGACCATCTTGCTGAGCCAGC 

CAATCTGAGCACCACTCCTITGGCCATGACTTCCCAAGCCCGACCGGGAC 

GTTCAACGACCCGCGAGTTGCTGCGAAGGGACCCTITGTCGCCGGACGTG 

AAAATTCAGACCTACGGGATTAATACGCATTTCGAAACAAACCTACGGGA 

TTAA3 ' 

2.7.3.2 Sequence a fter 2"d ro und of PCR a mplifica tion (328) 

.'i'Tel (1 \ \{: \,\( 1\ 1 ( '. ,ATGGAATTAGCCGGACTAAACGTCCCCGGCATG 

GCCCAGACCTTCGGAGTATTATCGCTCGTCTGTTCTAAGCTTGTTAGGCGT 

GCAAAGGCCAAGAGGAAGGCCAAACGGGTATCCCCGGGCGAACGCGACC 

ATCTTGCTGAGCCAGCCAATCTGAGCACCACTCCrnGGCCA TGACTTCCC 

AAGCCCGACCGGGACGn' CAACGACCCGCGAGn' GCTGCGAAGGGACCCT 

TTGTCGCCGGACGTGAAAATTCAGACCTACGGGATTAATACGCATTICGA 

AACAAACCTACGGGATTAA-TCTAGAGAGT3 ' 
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2.7.3.3 Sequence a fter 3 rd round of PCR amplification (352) 

5' ATIA-CCATGCjAACACjAAACTCJATCI ("I CiAAG'\ACiATCI(i -ATG-roIA

TAA-TCTAGA-GAGT 3' 

2.7.4 Restriction of vector and insert 

Se lecti on of restri ct ion enzymes and th eir buffe r for do ubl e di gest was based on 

geneti c map of vecto r and double di gest compatab ility check recommend at ions at 

thennoscientifi c we bsite in its fi ve bulTers system as \Ve il as in unique buffers 

(http ://www.therm osc ientificbio.com/webtoo I s/dou bled igest). 

I X Tango buffer was se lected because both enzymes show 100% act ivit iy without 

any star activity. As per li terature of Restri ction enzymes fro m fe rmentas fo llowing 

recep ie was adopted. For a total of 20 ~L1 reaction 16 ~L1 of Water, 2 ~L1 of lOx tango 

buffer, 500- 1000ng of DNA (i.e. pEa rl eyGate203 , myc-rolA gene) each separate ly in 

a vo lume of I ~t1 . I ~ Ll of each co l and Xbal 'vvere used. 

2.7.5 Eluting throu gh ge l 

After completi on agarose gel electrophores is (0. 8% ) lor 11I.I ·e-roIA ge ne fragment only 

cut the band of DNA on ge l usin g a c lean. sharp razor blade . Ge l s lice was We ighed 

on a sensitive sca le after putting into a 1.5 mL microcentrifuge tube, it was di sso lved 

by adding 3 vo lumes Ge l So lubili zati on Buffe r (L3) lo r eve ry I vo lum e of ge l and 

then incubated into a 50 °C wate r bath for at least 10 minutes while In verting the tube 

by hand every 3 minutes to ensure ge l di sso lu tion according to the manufacturer 

instructions. After the ge l slice appears di ssolved, incubate it for another 5 minutes. 

Quick Gel Extraction Column was put inside a Wash Tube and loaded at the center 

with di sso lved ge l pi ece conta ining the DN A foll owed by centrifugati on at > 12,000 x 

g for I minute. After di scardin g the now-through. the Was h Tube was aga in put back 

into the Quick Ge l Ex trac ti on Column and 500 ~lL Wash Buffe r (W I). containing 

ethanol was Added fo llowed by aga in centrifuga ti on at > 12.000 x g lo r I minute. 

Simillarly now-through was disca rded and the col umn \Va s rep laced into the Wash 

Tube. The co lumn was centri fuged aga in at max imulll speed for 1-2 minutes to 

remove any res idual Wash Buffer and ethanol. ow di scarded the Wash Tube and a 
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recovery Tube was placed in the Qui ck Ge l Ex tract ion Co lumn. Finall y 40 pL of pre

warmed Elution Buffer (E5) \,Vas added to the center of the Quick Gel Extraction 

Column and incubated the co lumn for 10 mi nute at room temperature fo ll owed by 

centrifugation at > 12,000 x g for 5 minute to recover the purified DNA which was 

stored at 4°C for immed iate use or at -20 °C fo r long term storage, 

2.7.6 Ligation of vector and insert 

After Inserts was pur ifi ed by ge l extraction kit (In vit roge n), the li ga tion was done 

usin g T4 0 A li gase at 22 °C teillperatun: for 10 min s to make pMBQAU IOO I. As 

per literatu re of li gase enzy me from ferill entas I 0 ~LI or IIl I'c-rolr l in sc n hav ing 300ng 

of DNA, 100 ng of Vector (pEarleyGate203) in --+ ~LI , 2 ~Li of lO X T4 DNA Ligase 

Buffer, I un it of T4 DNA Li gase in I ~Li and 3 ~LI o r deioni zed nu clease free PCR 

Water to make a tota l of20 ~Li react ion (Chen e/ aI., 20 13), 

2.8 Transformation of E.Coli DHSa with pMBQAU1001 

Transformation of E. Coli in vo lves fo llowi ng steps: 

2.8.1 Competent cells Preparation of E. Coli and Agrobacterium tumefacienes 
strain GV3101 

A single co lony of DH5a a strain of E . Coli was picked ancl culurecl in test tube in 3ml 

Lb mecl i Ulll on se lec ti on at 37 ° C ancl 28 ° C for E. Coli and Agrobac/eriul11 

lumefacienes respective ly, with 120 rpm shak in g fo r ove rni ght. The starter culture 

was shifted to 50 ml Lb medium with kanam yc in 1'01' EColi and rit~lInpi c in se lection 

for Agrobac/eriulI/ , ancl was aga in in cubated at 37 °C ancl 28 °C with 120 rpm shaking 

until the 00500 was 0.5. Subsequent ly the bacterial culture was centrifuged at 3500 x 

g for 50 min at 4 °c and pe ll et was washed with 15% glycerol. The ce ll s were 

resuspended in 15% glyce rol for 15 mins at 4 0c. All th e steps we re performed on the 

ice. The process of washing was repeated thrice. After final washing the bacterial 

suspension were divided into 50-1 00 ~L1 aliquots and stored at _70 °C. 
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2.8.2 Electroporation of pMBQAlJ l00l ill competent E. coli ce ll s and 

Agrobacterium tumefac ienes strain GV3 101 

Electro-competent ce ll s fo r both strains we re prepared by the same above meth od as 

mentioned fo r DH 5a except that the incubati on te mperature fo r Ag/'obacleriul17 was 

28 ° C. The e lectroporation was done by B iorad m icropu Iser™ using standard 

parameters (Sam brook et aI. , 1989). Tn thi s ex periment 2 ul of pMBQAUIOOI 

plasm id, 50 ~d of competent ce lls were taken in quartz cuvette and given the shock of 

2.5 mA, 2.0 mA for DH 5a and Agro /J oclerilll7l respecti ve ly (Dm,ve r et a l. 1988 ; Miller 

et al. 1988). 

The eppend orftubes 'vve re pl aced on incubator shaker at 37 °C with speed of 120 rpm 

for one hour at 37 °c and 28 °C for E.Coli and AgrobacleriulIl lUme/acienes 

respective ly, with 120 rpm shakin g fo r I hI'. Thi s culture was spreaded to LB agar 

plates with 75mg/L Kanamyc in se lecti on, and incubated at 37 °C and 28 °c for 2-3 

days. After the appea rance of co lonies several we re picked up, cultured on LB broth 

on selection with continuous shaking at 120 rpm for overni ght. 

2.9 Molecular screening of positive clones 

The putative recombinant bacteri al clones grow ing on Lb medium plus kanamyc in 

were subjected to molecul ar analys is through PCR. restri cti on mapping and 

sequenc ing to va lidate transfo rm ati on constructs. 

2.9.1 PCR confirmation 

The plasmid D A was ex trac ted frol1l transfo rm ed bacteri a E. ( 'oli DH5o. and 

AgrobacleriwJ1 tll l11e/acienes strain GV3 1 0 I with 35S:.· rllyc:ROLA gene construct 

(Sam brook et al. 1989). Qualitati ve and quantitati ve estimati on of ex tracted DNA was 

done through agarose ge l e lectro phores is by comparin g band intensity with known 

quantity of ladder DNA .Polymerase chain reaction for the amplification, detection 

and PCR encoded epitope tagging of rolA gene was done (Tay lor, 1991). PCR was 

done in 0.2 ml PCR tubes of 25 ~t1 total reaction volume. Plasmid DNA 15 ng was 

used in a final volume of 25 ~t1 with 10 pmole ( I ~d) of reverse and forward primers 

each, 0.2 mM each ofd ATP. d GTP. d CTP, and d TIP and 1.5 mM MgC I2 (fortaq 

only) and 0.5 unit of Taq po lYl1l erase (o r p,'u plYll1 erase) and 2.5 pi of lO X PCR 
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buffer (lOX pfu bulTe r \\ith IVIgS0~ ) . The reac ti on illi xture was ce ntrifuged fo r few 

seconds th orough III ix ing. 

The reaction mi xture was take n th ro ugh therm o cyc ling conditio ns as: 5 mi n of 95 °C 

fo r template denaturat ion fo ll owed by 30 cyc les ofampli1icat ion eac h consisting of3 

steps; 30 seconds at 95 °C for DNA denaturation into single strands; one minute at 53 

°C for ral A primers (native and cloning) to hybridize or :'anneal" to their 

complementary sequences on either side of the target sequence; and one minute at 

70°C for extension for Taq (1.5 minute for pfu) of complementary DNA strand from 

each primer. Final 10 minutes at 70 °C for polymerase to synthes ize any unextended 

strand s left. PC R reacti ons were ca rried out in B iometra therm ocyc IeI' acco rd i ng to 

the standard protoco l (Tay lor. 1(9 1). Pl asm id DNA from non-transform ed 

pEarl eyGate203 was used as nega ti ve co nt ro l whil e pRi A4 plasmid D A of A. 

rhizagene strain ARqu a I was used as pos iti ve cOlltrol in pe R reacti ons. PCR 

conditions fo r amplification of NPTll. ROLA ge ne a long with the size of amplified 

product are given in table 2. 1. After completion of PCR reacl ions. th e amplifi ed 

products were analyzed on aga rose ge l stained with Ethidium bromide using a 

horizontal electrophoresis apparatu s. 

2.9.2 Restriction mapping 

Selected co lonies were inocul ated in Lb medium after growth on se lection the plasmid 

was iso lated for restri cti on analys is to confirm th e presence of inse rted recombinant 

gene. The plasm ids we re restri cted with Nco I and Xba I acco rdin g to the instructi on 

given on the literature by Therm o Sc ient itic and vi sua li zed on Ethidium Bromide 

stained 1.2 % aga rose gel. In a 20 pi total reacti on 16 ~ L1 of Wa ter. ~ ~l l of lOx tango 

buffer, 500 ng ( I ~L1 ) of pMBQA U I 00 I. I ~L1 a i' co l ane! Xba I each. were mi x ge ntly 

and spin down for a few second and incubate at 37 °C fo r 1- 16hr . 

2.9.3 Sequencing 

The ralA gene was PCR amplifi ed with Pfu DN A polymerase before sequencing. 

Then the amplicon is purified through Ferm entas GeneJET™ PCR purification kit. 

The binding buffer in a rati o of I: I was added to amplicon and mi xture was loaded on 

purification co lumn hav ing co ll ection tube foll owed by centrifugation at 13,000 rpm 

for I minu te, The now-through was di sca rded anc! 650 ~ll wash buffer was loaded to 

co lumn aga in centri fuged at 13.000 rpm for min . after di sca rdin g th e now-through, 
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the column was re-centri fuged for 2 minutes to remove res idual "vash buffer. Then the 

co lumn was put in a ne\\' co ll ec ti on tube and incuba ted lo r I Ominllt s with 20 ~L1 of 

elution buffer at 1'00 111 temperat ure ancl lo ll owed b) ce ll tri ['u gati on at 13,000 rpm fo r I 

minute for co ll ecting th e puri li ed prod uct. Thi s puri lied product was checked on 1. 5% 

agarose gel before proceeding to PCR fo r sequencing hav in g fo ll owing rec ipe: 

Template pM13QAl.JOOI. PCR product by pfu 4 ~lL Primer F ( '- Ill Yc) 2.00 ~Li . DTCS 

2.5 ~Li , H20 1.5 ~Li , Total I 0 ~ Li , at fo ll owing condi tions: 96
C

( f'o r 10 mins, 96°( fo r 30 

sec, 53°c for 20 sec, 60°c for 4 mins(2-4 for 34cyc les), 65°c fo r 10mins,4°c for 2 mins. 

Later store the product in dark after until sequencing. Second PCR product was 

purified by ethanol precipitation. A fresh stop so lution having of I ~L1 of 3M NaAc 

(PH 5.2), I ~L1 of 100 mM Na2EDTA (pH 8) and 0.5 ~L1 of 20 mg/ml Glycogen was 

made. Sequencing PCR produ ct was shifted to 1.5 ~Li microfu ge then 2.5 ~Li of stop 

solution as we ll as 70 p I of' 100% ethanol \Vas added fo ll owed by vortex ing and 

centrifuga ti on at 13.000 rrpm lo r 20 minu tes . Al'ter t'e muv il1 g supe rn ata nt and adding 

70% ethanol, the so lution was aga in subj ected to ce ntri ['u ga ti on 1'0 1' 15 m ins at 13,000 

rpm. Again the supernatant was di sca rded and samples we re vacc um dreid at low 

temperature. Finally th e pell et was resuspended in the SLS through vortex ing and 

spunned for a few seco nds and loaded on CEQ8800 DNA sequencer (Beckm an 

Coulter, USA). 

2.9.3.1 M utational analys is 

DNA sequences were obtained from CEQ8800 DNA sequencer (Beckman Coulter, 

USA), and compared with native ro /A gene sequence of Arqua I strain of A. 

Rhizogene to va lidate that there is no I'rame shin or an: oth er mutati on in ro /A ge ne 

al ong with bioedit , sequence a li gnm ent so fh\ are ve rsion 6.0 . 

2.10 Preparation of recombinant Bacterial glycerol stocl{ 

In a steril e co ni cal fl ask hav ing 50ml Lb mediulll , one va lidated co lony ['rom th e plate 

was inoculated. The ce ll s we re grown to late log phase (O D(,oo = 0.8- 1.0). Then in 

sterile eppendorfs aliquot of bacterial culture and 90% glycerol were added in I: I 

ratio . This glycerol stock was stored at - 80 °C. 
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Resu lt s 

T he rol genes func ti onal prot c(} mi ~s i s ncccssa ry I'or th ~ ir c.\ plnilillilln III ~l1h(lnc in g the 

secondary metabo lite production, The goal or thi s stuci ) II as to C()I1 S1rLlct '- tennillal 

mycepitope tagged mil /gene b) adaptor PC R (overl apping se t or prim er,;) 10 11 01\ cd 

by its forced c loning into p l::arl yCate203 exp re s~ i o n vector I'lli' . /,i!,m /l,/c/t'I'IIIIII 

tumifaciens mediated transfo rm ati on which can revea l subcc llular loca li /.atiun Ll nd 

other deta i Is of ralA gene a ftCI' pl ant trans form ation, T hus resul ti ng reco lll b i nan t 

plasm id des ignated as pMBQAU 1 00 I harbourin gCaMV 35S proill oter, KUII bactcria l 

se lectable marker gene and plants se lectable marker gene BAS'j 'A r, wase lectroporateci 

inE. Coli DH5a. and lateri n ci isarmed Agrobacleril.ll11 I Ullli!c/ciells (j r '3/ () / and it II as 

successfull y screened and va lidated Ll sing gene specifi c peR pri mers Ic') r hoth 1'11/ / 

and NPTff (Ka n) as well as by restrict ion mapping, 

Cloning of pMBQAU IOOl and transformation of Leoli O1l5{/. 

3.1 Plasmid isolation 

I so lation of plasm ids pCarl eyGate203 and pRi !\4 (rol/ / gcne) I\as dOll l Ii) alk'-lI ilw 

lys is m eth od (Sa l11brook and Ru ssell , 200 \ ) from /:' ('0I i/)/33 /anel .' /g.m/l(/(' /('I'iUl Ii 

r!1 izogenes strain At! respective lywere grown in Lb mcdia latcr streaked on 1. 13 agar 

supplimented w ith kanam yc in (F igure 3.1 ).thcn single co lon) !'ro lll pla tc wa s pi cked 

and inoculated aga in in fa lcon tubes of J 51111 hav ing I Om l antibi ot ic supp lementccl l.l1 

brothand incubated overni ght at 3ic or 28°C for E.Colia nd / /gm/Joclemllli 

rhizogenes respecti ve ly, Purified plasmici s wereo l- ri ght sii'.e and good quaniit~llith(lut 

shearin gwhen analysed on I (% agarose ge l( I ' igure 3,2 and '),,',1. 

Figure 3.1 :co lonies ofAgrobacleriu/11 rhizoge nes .I'lroil7 114 on I ,b aga r plates, 
,-

C loning of l1Iyc tagged /'0111 genein AgJ'Oboclel'llll7/-medi ated plant tl'anslo rm atl on 
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Figure 3.2 M idiprcp 0 1' .'1 rhi=() genl'l' " train . I/?I/Iw/ .I (111(; I: 1'l'r l1l'n ta" 11\1, 1)"·\ 

ladder. Lane 2.3.4 pR i. 4 plasmid 

p l ~ a rl eyCate2 () .) 

II .n2 kb 

Figure 3.3Mid iprep o f pEarl eyGate203 from £.('0/1 /)/33 1. I.ane I :I:erm entas 11( 1) 

DNA ladder, Lane 2: pl::arl eyGate203 : 

3.1.2 PET ta ggin g of rol/1 gene for hard copies 

For adap~o r PCR mediated epitope tagg ing. sequential amplificat ion was carri ed out 

w ith overlaping multiplc sets of primer (hav ing homolog ies 0[' 15 bp) uscd ["or 

synthes iz ing myc-rolA gene['ragment flanked by co l/Xba l sites and brea thi ng " ile ~ 

(I-lorton ef a I. , 1990 ; T ay lor. 19( 1). !\mplicon or 1'1 round \·\a s used as template lor 

nex t round of amplificat ion. /\Ite r third round 0 1' ampli li ca t ion 33 b" oj' 11/1 '(' ami 

restri cti on endonuclease sitcs and breathing sites \\ ere success l'ull ) added as shcl\\on 

by a good glow ing band or 352bp as predicted ( I 'igure 3. -1 and 3 5) . 
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111.1'(' - 1"01/ 1 ge l/I! 

fi'agment 352 bp 

Resu lt s 

F igure 3.4PCR amplicon aftc r 3rd round of rolA gcnc (352 bp ) P I ~ I tagging ( 111)C 

tagging) Lane I: Fermentas 100 bp D /\ laddcr, Lanc 2: mIA . 

Neol mye 

~~ __ ~ .. _~m __ .ee..~m.A~W"_JW6'~' __ M_OM~~~\ 
. ATTA-CCAT(;(,:'\ \( . (, \. \ \\. 1(, 1\ 

1\1(,\ 11'\(,l 
r I '\ 1 C 1(' ( ~: 

( IC (A \/ I ( 

rr- 1(, \ r ,r \( or 

, ( 

\ \{ t, \l \ l J l 

1 I ,t " 

TCTAGA-GAGT 

f 
Xbal 

" , 

. \ 

F igure 3.5 myc tagged 1'0 1/\ gene (352 I1p) complcte scq uence altcr ") 'd !,(llInd 1)1 1'('1< 

also show ing two d ilTcrent res tri cti on cnz) Ill CS sites I'm sti ck: cnd s pl'()LiuClion p ill S 

breathing site for thei r proper binding . 

. 3.1.3 P uriticationa nd res triction 

Beforedouble digest of vecto r and insert w ith co l and X ba Ith e insert I) '/\ was 

purifi ed by eluting through 0.8% ge l by gc l cxtrac ti on ki t fo r th is biggcr comb \\ as 

used in ge l making to hold large quantity o f aill pli con and th e rcs ulting banel \\ as of 

exact size and good quality beforc (f igurc 3.6) and aftcr elution (figure 3.7) . 
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myc- rol/1 gene 
fragm ent 352 bp 

Figure 3.6myc-roIA genepurifi cati onby eluting th roughO .8IX) agarosege l.l,an e I: 

Ferm entas 100 bp DNA ladder, Lane 2 =-0 l1Iyc-I"OIJI gene. 

E_~ ___ 4 __ 5 __ 6 __ 7_ 

III l1e-rolA gelll' 

I"ragill ent 352 bp 

Figure 3.7Check in g elution success as we ll as in sert and vector integri ty be i"ore 

restri ct ion. La ne I = molecular we ight marker ( 100 bp ladder): lane 2 = shea red ml/I 

PCR product; lane 3 = shea red ro lA PCR product: lane 4 = shea red mIl l PC I{ product: 
lane 5 = sheared ro lA PCR product 2: lane 6~ m)'c-ro l/\ pe R ul11 plieon: lane 7 

pEa rl eyGate203 (exp ress ion vector): lane 8 I kb I)N/\ Ma rker . 

Cloning of l1Iyc tagged I"OIA genein AgmboclcriuIIHll ec.i iated piantlran s lclI"Il1Llti nn 
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3.1.4 Vcctor/inseJ·t Ligation and Transformation 

After Inserts was puri fi ed by ge l ex tracL ion k iL ( In v it rogen). th e l igatillil \\a~ L!,) lle 

Ll slng 1'4 D A li gase lerm entas to make pIVl 13Q/\ U IOOI . I he elcelropora li on \\as 

done after preparing 1-: lec Lro-eompe tent I~' ( 'ol i O J 150 ce ll <; b ) I ~iorad mi,' m!1u l<;er 1[\1 

usin g standard parameters (Sambrook e / (I I .. 19X9) . T he rectll1l hi Ilcll1t /- ( (iIi /)//5(1 

was incubated in shaker fo r I hI' lollo'v\'ed by spread in g Oil I . I~ agar ,II k,1I1cllm-:ill 

se lecti on 100mg/L (F igure 3.8).J\bout 50 co lonies appea red 0 11 one pet r i plate alter 2 

days of incubation. A fcw of them were se lected and screened lo r presence o f 1'111.1 

and NPTII gene by PCR. 

F igtll·c3.81'ransform ed co loni es of E.Coli DH5a. on ka namyc in on LB agar plates. 

3.1.5 Molccular analys is of clones by pe n 

T he confirmaLi on of tran sgenic sLatu s o j' th e bacteri a \\a s dOlle b) the I'CR !: () JlI 

p lasmid DNA iso lated aner growin g se \era l co loll ies in I .h Illed iu m u Sln~ i'o \"l \ard 

and reverse c loning primers o f mil l ge nes as \\ell as sim ple p ril1l er~ \ )1'\'1'//1 g .. ': Jle 

. (F igure 3.9,3.10 and 3.11 ). /1 rhi::.ogenes J\Rqua I p lasmi d served as the pllsiti\ 'C 

contro l and pEarleyGate203 was Ll sed as the Ilegati ve co nL 1'0 1 lo r ro// I gene \\ h i le 

pEarleyGate203 served as positi ve contro l lo r NPn j gene. Presence or th e Ll mpl i li ed 

products of the expecLed size in Lhe posiLi ve contro l and co loni es. confirm ed th e 

transgeni c statu s of the co lonies and 6th co lony wa s sLored as g lycero l culture. 
_. . 
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1 2 345 67 8 9 to 

Figure 3.9 PCR ampli ficati on o f 352 bp fragment of the Ill ) c-ro l/ / geile I r,1I11 

pMBQAU 1 00 I in recombinant E. Culi DH5o. CO lol.lies. I~ a n e I - mo lecular v\ eight 

marker ( 100 bp ladder) ; lane 2 = 11. rhizogenesplas l11 id pRiA4 (positi ve control): lane 

3 = pEar leyGate203 negative control fo r rolA gene; lane 4- 10 = co lony 1-7. 

I 2 3 4 5 6 7 8 9 10 11 12 13 14 

Nf171 /gcnc ..... ~ 

79 1bp 

Figure 3.10 pe R screeni ng of rcco ll1 binantsfor .\lV!"!! genc. 1,(Ine I molecu lar 

we ight marker ( 100 bp ladder) : lane 2-S co lon) 1-7 (ml./ ): lane l) - I..J eu lol) 1-(l(6 Ih 

co lony -I ve) 

-
Cloning of myc tagged rolA gcncin / /gro hoC!c rilllll-lll ed iated pla nt l r(l nsrmilla l ion 
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1 2 3 45 6 7 8 9 10 

.\P II lgene 

791bp 

FigUi'C 3.11Repeat in g PCR amplifi ca ti on of 79 1 bp fra gmcnt or the ,\ 'Vli l gene . Lane 

I = molecul ar wc ight ma rkc r ( 100 bp ladder): lane 2 

control); lane 3-6 = co lol1 ) I - <.~ : lane 7-10 

co lony is posi ti ve aga in. 

3.1.6 RestJ'iction map analysis 

co lon) 6-9 respect ivel ) nllw bh 611 

Se lected 6lhco lony was inoculated In Lb mediu lll arter gru\\ th 011 :,e icui oll. I hc 

plasmid was iso lated fo r restriction analys is to conlirm the prcsence o r in serted 

recombiliant gene. Firstl y plasmid was quantiti fied by loadin g 1,2,3,4ul ol ' plami d on 

0.8% ge l,' it was found of good quality, without shea rin g and compai'in g band intes ity 

with known qau ntity of 100bp ladder (I :igure 3.12). J\ lk r concentratin g about IOul 

were hav ing SOOng of Plasmid 0 J\ (fi gurc 3. 12) thel1 it was res tri ctcd \\ ith Nco I 

and Xbal in a 20ul total reac ti on vo lum e and \\C IT run on 1.20/0 agarosl' gelll) II (l\\cd 

by visua li zati on \-\l ith cth idium bromide ( Ii gure 3. 13). The restricli ull dnal )S I ~ 01 

pMBQA 1001 shmved the co rre ctbands 0 1' 10"b and 3-12 hp Iragll1e llh a ller dOllble 

d igesl ion wi th Nco 1 and X ba 1 in a rccomm ended I X Tango hulle r ") sic III heea USe 

after restriction 8 bp breathing sit e and 2bp 0 1' recogniti on sitcs le)r restriC IIl) 1l 

endonu cleases are removed (F igure 3, 13). 

Cloning of l77yc·tagged 1'0111 genein Agro bacfenlllll-med iated plant trans form ation 
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1 2 3 4 5 

hil l lcngth 
pM I3Q,\l i IOOI 
10,342 kb 

l<' igure 3.12Reeombinant pl asmid pM I3QAU I OO I 1'0 1' qa un l itation hcl ore rcst ri Llioll 

Lane I = molecular weightill arker ( I kb ladder) : lane 2 ~ pM I-3 ()A LJ 1001-1 ul : la ne ) 

pMBQAU1001 3ul ; lane4 - pMBQAU I001 ,2ul: lanc 5 - pM I1QALJ I OOI luI. 

Restricted 
pMBQAU IOOI 

10 kb 

, Restr icted l17yc
rolA fragment 342 
bp 

1 2 3 4 

11 ,7X2 kh 

Figure 3.13Restriction digestion of plasmid pM13QA U I 00 I fo r confirmation of' 

clon ing, Lane I = molecular weight marker ( IOObp ladder): lane 2 - pM I3QAUIOO I 

restri cted with Nco l and X bal (342 bp fraglll ent or lIIyc-m(,./ gene and 10000 bp 

pEarl eyGate203 restri cted) : lane 3 pLarleyCa te203 un rcs trict ed: lalle ,I IlHl lclcilar 

weight mark er ( I kb ladder) 

- -
Cloning o f I11VC tagged m/A gencin AgrohoCi(, l'i'"I1-mcdi atcd pl ant tran slorillation 
vector IJB 
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3.2 Moving pMBQAU 100 l in /lgr obacteriufI1 t lll11e./lfcienes GV31()1 

T he electroporati on ofpMBQAU 100 I was donc aller prcpa r ing F icc tro-co lllpe!c nt 

Agrobacferiul17 fUl7le/acie l? (,.\' G I'3101 cc li s by I ~i orad lllicroplI\<;crTl\1 II Silli1 st<t ndarci 

parameters (Sa ill brook et al.. 1989). The I'ecoill billa nt . 1,\!. J"u h Li( ill illlll 1/11I1,,/d(1l /It'" 

C;V310 / wa s ineubatecl in shaker Ill r I hI' Ill lI (lIIed b) spreading Ull I , I~ .lIplr at 

kanamyc in se lce ti on 50lll g/ i .and gcntam ),e in I (Jlll g I se lec ti on and incubated, 

A bout 20 co lonies appea red on one pet ri plate aller 2 days ll i' incubati on, !\ Il'\I lll' 

them were se lected and sc recneU for presence 0 r 1'0111 and IV PI/ I gene b) PC R ( I 'i gu rc 

3. 14). 

3.2,.1 M olecula r analysis of clones by peR 

T he conflrmati ?n of transgenic statu s of the bacteri a was done by the peR from 

plasmid DNA iso lated alter grm.v ing several co lonies in Lb medium using fo rward 

and reverse c loning prim ers ofrolA genes as we ll as sim ple primers ol' ,\,VI/ I gene . 1 

rhizogenes A Rqu a l pl asmid served as the pos iti ve cont l'O l and pl :~I I'Ic\ ' (j;]tc2()~ 11:1 <' 

used as the nega t ive eontl'O l fo r 1'01.1 gene whil c p l ': arlc )Cat c20,) ,enec! iI' posilive 

contro l fo r NPTII genc. Pre<;e ncc of the Clillp l ilied pmducts lll'thc e, peLtcd "ii\.' illlill' 

pos iti ve control and co lonies. confirmed the tran sge ni c , tatus u i' the cn lollie <; :l11d :,1I1 

co lony was stored as glycero l culture (Figure 3. 15 and ] , 16), 

Figu re3.1 4 Colon ies o f recom bi nant Agrobacleri/ll7 l 1/llIu/hc ie I?S C; /13 I () I on 

kanamyc in 50mg/L and gentamyc in I 0111 giL se lect ion in U3 agar plates 

C loning of l17yc' tagged ro lA genein Agrobacleri1ll11-llled iatec\ plant transform at ion 
vector 1)<) 
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1'(1 / . I ;:L'JI( 

~ j 03 bp 

Figure 3.1 5 PCR ampli fi ca ti on o r 303bp rragl11e nt o r the 1'0 / .. 1 ge ll e. I.ane I -

molecular weight marker ( 100 bp ladd er); lane :2 :1. I'hi:;ogc l/ C' .1 ,\I{q ual [) ' \ 

(pos iti v,e control); lane 3 = plasmid DNA from non-transfor l11 ed iI .f l/ll/ ij(lcll' J/s 

GV3 101 (negative control); lane 4 = co lony I; lane 5 co lony 2; lane 6 cu loll ) 3: 

lane 7= colony 4; lane 8= co lony 5; lane 9= co lony 6. 

M 2 3 4567 

NPTlfgene 

791bp 

Figul'e 3.16 PCR amplifi cation of 79 1 bp fragment or th e ,Verll ge ne in 

pMBQAU IOOI recombinant A. fumifac iens 0/13/0 1 co loni es. Lane I 111 0 I ec u I a I' 

weight marker ,100 bp; lane 2 = pl asmid DNA from non-transforill ed A.flll71i/clciens 

GVJ10l (negati ve contro l); lane 3=co lony I: lane 4 -' co lony 2: lane 5 co lon ), 3: 

lane 6= co lony 4; lane 7 co lony 5. 

C loning o f l11yc tagged m lA ge nein I lgro bocferiul/I- lll ed ialed planl lrans i(lnlla li ll n 
vector SO 
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3.3 Sequencing of myc-I'OIA 

For sequenc ing l11yc-rolA was PC R amplified w ith pfu I) N/\ po l) 1l1 cra~c tLl cll "ure 

high fideli ty of repli ca ti on ( fi gure 3. 17). 

First purifi cat ionwas done by 17erll1entasGeneJ,CTTM PC R purifi ca ti on kit accord ing to 

protoco l for co llecting th e puri I~ ed product. 1st puri fi ea ti on check ing on ge l before 

sequenc ing (figure 3.1 8), then Sequencing PC Rwas run and stores the prod uct in 

dark. For second Purifica ti onsample was purifi ed by eth ano l prec ipitati on protoco l 

andthe pellet was susp0nded in 20 pi "amp le loadin g "o luti on (S I <.,) thell \ mte:\cd and 

spun for a lew seconds. Samp le load ing tra~ \\ as loaded \\ i tll <';IIllJlk:-. 1" .)11\)\\ ,~d b\ 

their sequencing on D /\ sequencer CH)HHOO (Ikckman Coulter. L.J ~ /\). 

l11yc-ro //1 ge ne 
fragment 352 bp . 

1 2 3 4 

Figure 3. 17111)'c-ro/A genc PC R ampli con \\ itll pi'u I) '/\ pol) l1le rase I'm :-,cljucncin i-! . 

Lane I = molecular "ve ight marker ( 100 bp ladder): lanc 2-4 m ~ c-ro l!\ gene in 

triplicate. 

l17yc-rolA gene 

Figure 3.1RFirsl purifi cat ion during sequencing ol"lIlyc-m// ( ge ne. 

C loning o f myc tagged ro/A gcnein Ag-rohocterilllll-l1l edialccI plant tra nSllll'lll<ll ion 
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2.9.3.1 M utational analys is 

DN A seq L1ence and chromatogram s were obta i ned from (TQR800 I) N A ~equenccr 

(Beckman Co ul ter. USA). which '\'\CIS comparcd \\ ith \\ ild t) pc wl.\ gcm' scqllcncc 

from Arqu a I stra in 0 1-:1 rhi::ogl!l?(' at . C I~ I datahasc and it \\ ~1. " did dlcd thill thel\' is 

no frame shift o r any o ther Illu tation in ml.,/ ge ne along \\ ith bi ocLiil. scqucnce 

ali gnment so ft wa re ve rs ion 6.0 as shcm n be lo\\ . 

ATTACCATGGt\ ,\( J\liA.'\ \l I (, .\ ' L 
( ,( , \l 1",\1\ \1,. ( i I ( (, . (_, I( ( , , 

( ~ (. \ ( , ' 

I( ( l I., 

(Tt ! rrr ( 
\ ( , [,1( ,(1(,( 

( ,{ ,n \ 1 I 

\ ' 

(JAGT 
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Discussion 

Throughout the hi story plants and the ir secondary metabolites have been of great 

medic inal im portance in treating a variety of ailments (Vonnfelde and Paser 2000). 

One way of va lue addition in their ll1 edic inal significa nce is by exp loiting the 

potenti al of plants ge neti c engineer ing wh ich is ca ll ed syntheti c biology. Since 1980's 

plant geneti c enginee rin g have ll1ade grea t str ides and no\\ it is opt ill1i zed 1'0 1' over II 

species (Pr ill1rose ef 01 .. 200 I). ow a days plant trans t'or ill at ion not j ust a resea rch 

curios ity but a cOll1m erc ial rea li ty. Bio li stic and Agrobacfer i ul1I- ll1ed iated 

transforll1ation cOll1ll1onest transge ni c techn iques for plant transfo rll1 ation although 

these techniques a Iso have Ii Il1 itati ons. By large Agrobacferiul11 - ll1ed iated plant 

transforll1ation method is the most widely used method for several medicinal plants 

(N in et al., 1996 ; N in ef al., 1997; Verga uwe ef al .• 1998). For good transgenic 

practices, effic ient, easy and re li ab le protocol s in vo lving c loning fo r vector generation 

as we ll as plant regeneration are prerequi site. Va rious parameter including suitable 

tools fo r gene inserti on and choice of ex plant have ll1 ajo r effect on transfo rm at ion 

effic iency so they are bei ng opt imized. Over the past two decade. nove l characte ri sti cs 

of transgen ic p lanls have been stud ied inc I ud i ng. enhanced prod uCli on 0 r seco ndary 

metaboli tes and fl ori cullura l phenotypes by 1'01 ge nes. It is kn own thal th e 1'01 genes 

evade the ce ll ' s regul atory control s. The data shows that the rol genes suppress the 

ROS leve ls as we ll as modulate ph ytoa lexin synthes is apart from ethylene, sa licy lic 

acid, methyl jasmonate-med iated mediated pathways and the NA DPH ox idase 

pathway (B ulgakov et al. , 2004). But the ul timate resu lt is independence of defen se 

pathways from ce llular control mechanisms. The rolE and rolC genes are extensively 

studied as regulators of growth, differentiation and secondary metabolites. But 

molecular function of ro lA gene is yet to be exp lored (S hkryl et a I. , 2008). It is 

ev ident now that each rol ge ne has its independent role in plant ll1 etabo li c pathways 

(B ul gakov. 2008). The ro lA ge ne has emerged as stimulato r of growth as we ll as 

secondary ll1 etabo li tes production (B ul gakov VP 2008 : Chandra el 01 .. 20 12). 

Prev ious studi es performed to study th e indi vid ua l inll uence o f rolA gene on 

secondary metaboli sm reported enhanced biosynthes is of ni cotine (Pa lazo n ef al. , 

1997) as we ll as or 2.8 fo ld hi gher amounts anthraq ui no nes (AQs) in transformed 

plants (Shkryl ef al. , 2008). The rolA is an interest ing transgene because its express ion 

Cloning of myc tagged ro lA gene in Agrobacterium-mediated plant transformation 
Vector. 53 
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in R. cordifolia ca lli assured remarkabl y stable leve ls of AQs for ove r a peri od of 

7 years. In additi on it rendered conditions for robust growth of ca llus (Shkryl et aI. , 

2007). The rolA gene onl y sli ghtl y decreases ROS leve ls. Because ra lA protein has 

structural sim ilar ities with the E2 DNA binding protein of papi ll omavirus 

consequently it is suggested that ro lA prote in is a DNA binding protein (R igden and 

Carneiro, 1999). Thi s model antic ipates that amino ac ids K 24 and R 27 are 

interacting directl y with DNA bases in a sequence spec ili c manner whil e it' s eight 

other make nonspec i li c I-I-bond s with suga r phosphate bac kbone of the D A 

(Matveeva and Lutova. 20 14) in one of the studi es on mlA protein . To date molec ular 

function of RolA is ge nerall y not known . Howeve r. current ex perimental data does not 

provide any conclusive ev idence conce rning the effect of rolA on secondary 

metaboli sm. Production of transgeni c plants with thi s gene and unrave ling its exact 

mechani sm seems to be th e one of appropriate choices to improve production of 

secondary metabo lites by synthetic biology approaches (Taneja el 01. , 2010). Rational 

designing, construction and selection of transformati on vector are the most important 

steps in the Agrobacterium med iated transformation of plants. 

As cho ice of transfo rm ation vector shapes the resea rch goal and end points, the aim of 

present stud y was to ge nerate construct lo r pl ant transCorm ati on for exp lorin g the 

molec ul ar ro le pl ayed by m/A ge ne. First pe R encoded epit pe tagg ing of rolrl ge ne 

was done followed by res tri cti on di gesti on and !'orced c lonin g in pEa rleyGa te203 

destination or ex press ion vec tor to ge nerate plant transform ati on vector. The 

pEarleyGate is a Gateway compatibl e binary vecto r se ries. fo r Agrobaclerilll1'l 

mediated plant transform ation for epitope tagging of des ired protein to enable their 

ImlTIunoblot detection like AcV5 , HA, FLAG, and cMyc tagg ing. The importance of 

these tags and vectors is increased as antibodies detecting these epitopes have little 

cross-reaction or affin ity to endogenous proteins in a variety of dicotyledonous and 

monocotyledonous plants (Earley et al., 2006). For example pEarleyGate203 binary 

vector with myc tag that is transnati onall y fu sed to protein of interest at N-terminLi s 

(Earl ey et al., 2006) . So it ca n be used for Im mu noloca li zation as we ll as affinity 

purifica ti on or mlA protein lo r underpin ning its biochemi ca l role. Thi s ex press ion 

vector pEarleyGate203 is a contruct with -termina l .\II)'C tagged gateway cassette 

having pVS1 ori gin of replica ti on lo r Agro /Joc terilllll with 7- 10 copies per ce ll due to 

Cloning of myc tagged m lA gene in Agrohocter ill l77- medi ated plant transform at ion 
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ColE] ori in E.Coli and is ba sica ll y deri ved 1'1'0 111 pC AM 81A vectors. It is a shuttle 

vector, so it can be propagated in E. coli or in Agrobocicrillili . In thi s case. there are 

two origin s of replica ti on. Bor (Basich is Plant Se lectab le Ma rker ge ne of 

pEarleyGate203 deri ved fro m Sirepiomyccs hygroscopicus (De Block el 01. , 1989). 

The bacterial acetyltransfera ses that confer res istance to bialophos (consisting of 

two I-a lanine res idues and PPT) are used for achi ev ing res istance against PTT 

herbicides, for var iety of plant spec ies I ike maize, ri ce and wheat (Fromm et 01., 

1990; Gordon-Kamm et 01., 1990 ; Vasil el 0 / .. 1992 ; Rathore et 01. , 1993) . Many 

commercial broad spec trum herbi c ide formulati ons contain th e L- phosphinothri cin 

(PTT; gluphos inate ammonium ) as ac ti ve in gredi ent s e.g. Basta™. It is a competitive 

inhibitor of an important enzyme that catal yze th e detox ifi ca ti on or amm oni a into 

glutamic acid kn own as glutal11a tc sy nthetase (GS) ultimately leading to tox ic leve ls 

of ammonia that re sults in plant ce ll death (OEeD. 1999; Thompson et ai. , 

1987; Wohlleben et ai. , 1988). In previous decade bar gene was one of the most 

extensive ly employed herbicide reistance se lectable marker ge ne. It is broad 

spectrum, already marketed and ava ilable, as we ll as does not need additiona l marker 

genes. The most widely lI sed bacterial Se lectab le Marker gene NPTll or KanR 

(kanamycin or neomyc in phosphotransferase II ge ne) confer res istance to kanamycin 

antibiotic. Kanam yc in is parti cu larly widely used with dicotyledonous plants; but 

many ce rea ls are tol erant to it. So in these cases G4 18 and hygromyc in are o ften used. 

The use of markers con ferri ng res istance to herbi c ides and anti biot ics in transgen ic 

crop plants has ca used public co nce rn , on the grounds that th ese ge nes may be 

transferred laterall y. Two main approac hes have been take n to deal with thi s . One has 

been to deve lop systems for the elimination of marker ge nes, in many cases by the 

Cre- Iox system once stab le transformation has been ac hi eved. The other approach has 

been to use markers that do not req uire antibiotics for se lection. One strategy exp loits 

the fact that many plants are unable to use the sLIga r man nose and phospho-man nose 

isomerase gene allows plants to grow on mannose. 

The CaM V 35S promoter of pEarleyGate203 , hav ing cis-regu latory elements 

involved in direc ting transc ripti on initi at ion. span ing about 94 1 base pair (bp) 

upstream from the transc ripti on start s ite has been shown to be acti ve in va ri ous 

monocot and dicot ce ll s and is one of the Ill OS t widel) used promote rs. It IS 

-
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const itutive with litt le ti ssue spec ilicity and ve l') act ive. Sli ght adj ustments have been 

made to the sequence TO improve express ion. Moreover. pEa ricyGate203 has left. 

ri ght borders and 3' UTR.I like poly A ta i I as \\ e ll as Oc.r::,' or octopine synthase 

enhancer elements that tha t fac ilitate the express ion (Earley el al.. 2006), 

The myc lagged RolA gene PCR amplified fragment by using Pfu DNA po lymerase 

from pRiA4 was c loned by molec ular copy paste in the gateway destinati on vector 

pEarlyGate203 to make the express ion vector pMBQAU 100 1 with an N-termina l 

cMyc fusion tag fo r immunolog ica l protein detection (Chen et al., 201 3). Pfu DNA 

polymerase (PyrococcLis fur ios Ll s) is high fid elity polymerase best option fo r cloning 

purposes with exo nuclease acti vity so it was given more time for amplifi cati on, the 

parameters like pr imer length. mi smatc hes. intern al seconda ry structures. primer 

primer annea l i ng we re cons idered us i ng Veetm NTI de I ux so ft wa re be fore orderin g 

the primers. T hi s recombinant plasmid was e lec troporated into £.Coli DH5a that is 

used as holding strain beca use it is recA and cl7(/A kn oc kout so transgene is less prone 

to recombination plus thi s strain is easy to transform and give good quali ty plasmid 

DNA after transform at ion for va li dati on of cloning by pe R and res tri cti on mapping. 

Then pMBQAU 100 I was moved into di sa rmed AgrobacleriulI1 strain GV3 1 0 1 hav in g 

C58 chromosomal background with the disarm ed Ti -plasmid pMP90 which is pTiC58 

derivat ives (Wood et al . 200 I; Koncz and Schell , 1986) conferring gentamycin 

res istance plus rifampicin resistance is encoded by the chro mosomal genes. Aga in 

clon ing was va lidated thro ugh PCR usin g gene spec iti c primers for both ro lA and 

NPTIl genes. 

Cloning of myc tagged ml.4 ge ne in AgmhoC!(' /,iI1l7l -mecii atec.l plant transform ati on 
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Conclusion and future prospects 

A lthough, the s(Jme detail " ahuut 1l1 CChanl<,1ll oj ' 11\)\\ ml gcnc'> cnhancc sccondary 

metabo li sm arc emcrging. So l~iI". Hol.'1 is not :-ct cpit(111C wggcd or Iluorcscc nt tagged 

for its fun ct ional protet)l11ic~ charac teri /lltioll. I i l1l'a \-clin g the underly ing mec hanism 

wou ld al lm\' the engineering of pbnt 1\ ith enhanced seconuary metabo lite contents 

and free o f short comings inherent to the /"01 ge nes by cont ro lling meta bo l ic Ilu:\es. 

T he current study demonstrates the successful myc tagg ing o f ro lA gene in 

Agrobacterium-medi ated plant transformation vector. Prospecti ve ly in near future 

various medicinal plants w ill be transform ed and characteri zed by western blotting by 

lI sing thi s novel construct in order to explore detail s of ralA gene mechanism of 

action. 

C loning of myc tagged rolA gene in Agrohoclerilllll-mecl iated plant transform ation 
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