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ABSTRACT

A transformation protocol has been standardized in tea (Camellia assamica (Masters), the most economically
important perennial woody plant in India, with Agrobacterium tumefaciens strain, LBA 4404 (pCAMBIA 2301;
pCAMBIA 1301). This method could be exploited for expression of exogenous gene in tea plants in 15-18 month
period. Development of secondary somatic embryos were observed after agroinfection and tested positive for
neomycin phosphotransferase Il (nptll) and glucuronidase (gusA) genes, regenerated on regeneration media and
subsequently multiplied the regenerants. The transformation frequency of A. tumefaciens (LBA 4404) with the
binary vector pCAMBIA 2301 and pCAMBIA 1301 on the basis of antibiotic resistance was found to be 2.5% and
3.3% respectively. Further analysis of antibiotic resistant plantlets was done by GUS histochemical assay and
polymerase chain reaction (PCR). The PCR positive putatively transformed plantlets were confirmed by Southern
blotting for exogenous gene transfer.

Key words: Agrobacterium, transformatio@amellia assamica, tea, transformation frequency.

ABBREVIATIONS: ddw, double distilled water; 1M, induction medium; MS, Murashige & Skoog; SEM, somatic embryogenesis medium;
BAP, benzyl amino purine; NAA, napthyl acetic acid; d, days, CM, coculture medium; SE, somatic embryo; SSE, secondary somatic embryo;
RM, regeneration medium; IBA, indole butyric acid; GA3, gibberellic acid; MM, multiplication media; CTAB, cetyl trimethylammonium
bromide; GUS, glucuronidase; gusA, GUS exonA; nptll, neomycin phosphotransferase gene

INTRODUCTION

Tea is a perennial woody plant; the tender leavesuaed to make black or green tea. Tea, whichnigsldo the
family Theaceae, is one of the most important wogldytation crops yielding a non-alcoholic beveragecording

to Wight's nomenclature [1,2], tea can be clasdifigo three races: amellia sinensis L. or the China tea plant,
2) Camellia assamica (Masters) or the Assam tea plant andCa8jnellia assamica sub sp. lasiocalyx (Planch. MS) or
the Cambodiensis or Sounthern form of tea plant. Due to the preseidigh levels of polyphenols, tea exhibit low
competence for transformation as well as regererdfi]. Foreign genes have been introduced intts oflseveral
woody crops by using thagrobacterium tumefaciens Ti plasmid [4]. Genetic transformation is a waydevelop
plants with lengthy generation and breeding cyctesh as tea. Conservative breeding is limiteceanliecause of
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the long gestation period and cross-pollination Eiptic and abiotic stress-resistant mutants arteobtainable in

tea, making conventional breeding inadequate ane tionsuming for crop improvement [6]. Of the erigigenetic

transformation methodsigrobacterium-mediated gene transfer is the most advantageocsube it produces
defined incorporation of transgenes, low copy numbed preferential integration of transcriptiogalligorous

chromosomal regions [7].

The natural ability of the phytopathogerigrobacterium for gene transfer to plants has been exploitedméc for
the genetic engineering of several woody tree ggeancluding rubber [8], “Royal Gala” apple [9jwifruit [10]
and almond [11]. A successful molecular breedingpragch through Agrobacterium-mediated genetic
transformation would represent a significant steapovercoming the existing constraints in tea improent
programmes. Thus, there is a need to develop aeetti reproducible, and relatively simple gen&tmsformation
protocol in tea. Taking reporter genes transforomatin tea Camellia sinensis (L) O. Kuntze) has been done by
many workers [6, 12, 13, 14] but there is hardly agport aboutAgrobacterium-mediated transformation taking
Camellia assamica (Masters). With this objective, the authors havevettgped a rapid, efficient, and quite
economicalAgrobacterium-mediated infiltration method of somatic embryo sfammation in tea. The feasibility of
the method has been documented through introduofigasA andnptll genes.

The use of reporter gene simplifies the expressidihe gene in transgenic plants and is widely used scorable
marker. Normally, the glucuronidase (GUS) genehliseat in plant tissues and no detectable backgrovasl
obtained in most of the higher plant cells. Thessesty of the assay makes this marker useful\Verification of

transformation [15].

MATERIALS AND METHODS

2.1 Plant Materials

The germplasm selected for the present study waamgype te€amellia assamica (Masters) Tocklai Vegetative
clone, TV21, the only quality clone, [16] collecttddm the New Botanical Area at Tocklai Tea Reskdnstitute,
Jorhat (Assam), India.

2.2 Production of Tea Somatic Embryos

Developing and mature seedsre collected, removed the fruit coats and digpedater for overnight as described
by Mondalet al., 2001 [6] and Lopeet al., 2004 [12]. Washed the cotyledons with Tween-@05 min and then
rinsed with ddw for 2-3 times. Washed cotyledonsewteeated with 0.3% Blitox (Rallis India) by shagithe
container for half an hour and then rinsed with ddw5—6 times. Thereafter, washed cotyledons veeiréace-
sterilized with 0.1% aqueous mercuric chloride fI6r min under sterile conditions and then washedth sferile
double distilled water, dried on sterile filter pap@&d used as explant for somatic embryo developnnface-
sterilized cotyledons were then cultured on IM edming full-strength basal MS salts [17], 20 §.kucrose, and
0.65 % (w/v) agar (pH 5.6-5.8). After a month, stim@&mbryogenic calli derived from the cotyledongre
transferred to SEM) containing half-strength bagal salts, 20 g.L sucrose, 0.65 % (w/v) agar, and 1 myBAP
and 2 mg.['! NAA with pH 5.6-5.8. The secondary somatic embryteveloped thereafter were maintained in
culture laboratory conditions of 25 + 2°C and 16Hmwtoperiod (70 umol ths?) with light provided by cool
fluorescent tubes at 1500 lux and 55 * 5% relatiwnidity. The SEs were regularly subcultured aftery 30 days
for their maintenance. The globular SEs having tpgtential for repetitive embryogenesis and corivarsvere
used as explants for subsequagtobacterium infection.

2.3 Bacterial Strains and Plasmid

Agrobacterium  strain, LBA 4404 (Invitrogen) and pCAMBIA 2301 andpCAMBIA 1301
(http://www.cambia.org.au/) with thg-glucuronidase (GUS) gene interrupted with catalas®n driven by the
Cauliflower Mosaic Virus 35S (CaMV 35S) and nopalisynthase terminator as selectable marker geneisess
for the transformation. Binary vector pCAMBIA 2304s neomycin phosphotransferasenfitil) selectable marker
under the control of CaMV 35S promoter amas terminator in T-DNA region (Figure 1 & 2) which rmi@rs
resistance to the antibiotic kanamycin as a plalgcsion marker. Kanamycin resistance gene locatgside the T-
DNA region confers resistance to the antibiotic d@mgcin as a bacterial selection marker. On the rotized,
pCAMBIA 1301 has hygromycin resistance gehggR) for plant selection and kanamycin resistanceedenated
outside the T-DNA region for bacterial selectiong(ffe 3 & 4). The plasmids, pCAMBIA 2301 and pCAMSI
2301 were individually mobilized into electrocomgmet A. tumefaciens strain, LBA4404 by electroporation.
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Validation of the plasmid was done by colony PCRemfombinanfA. tumefaciens strains withgusA andnptll gene
specific primers, restriction digestion of plasmisislated from the bacterial strains and resolved% agarose gel
stained with ethidium bromide (0.5 pg.mML

GUS First Exon
Catalase Intron
gusA1TE
358 promoter gusA-354
LAC Z ALPHA qusA3sD
MCS gusA4T8
CAMV35S g JusA-b48
gusATTY
gusA Second Exon
NPTII 1 gusA-852
qusA1099
POLY ASITE gusA-1256
TBORDER (L) gusA1403
gusA-1400
kanamycin (R) / gusA-1551
gusA 1701
& NOS polyA
pBR322 oni T-BORDER (R)
pBR322 bom sile pVS1Sla

pVS1-REP

Figure 1: Schematic diagram of the plasmid pCAMBIA2301. The binary vector pPCAMBIA 2301 (CSIRO, Austrdia) harboring the
reporter gusA and nptll genes driven by the CaMV 35S promoter

EcoR 1(2188)

pCAMBIA2301 T-DNA Nea (1130} pUCLE MCS Nhel (5014)
E307T Bo Bel 11(1145) Hind 111 (2239) Pl 1(50°
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T-Border (left) Bgl 11 (3008)

NPT Lac Z alpha GCaE;Iase intron Nos poly-A
CalV355 polyA usfirstexon  Gus second exon Histidine tag

CaMV35S promoter CalV 358 promoter

Figure 2: T-DNA region of pPCAMBIA 2301

2.4 Tea Transformation, Selection and Regeneration

A fresh culture ofAgrobacterium was obtained by inoculating a single colony im0 TY medium (0.5% tryptone,
0.3% yeast extract, pH 7.0) containing 50 nigkanamycin and grown overnight in the dark at 28t@80 rpm.
Bacterial OD 0.6 and cell density f1®I™) was maintained for maximum transformation efficierj6]. The
bacterial suspension was pelleted by means ofifiggdtion (2000g, 10 min) and re-suspended in INMtamming
MS basal salts and 20 glsucrose. SEs were cut into small pieces (0.5 &>m) and immersed in the bacterial
suspension for 20 min in a rotary shaker. Thenetk@ants were blotted dry on sterile blotting pafmeremove
excess bacterial suspension. Explants were cultomeliquid CM containing half-strength basal MStsand 20
g.L™* sucrose with 400 pM:tacetosyringone for 2-6 d in the dark at 25+2°C.

After co-cultivation, explants were washed with ddentaining cefotaxime (1000 mg'), dried on filter paper and
transferred onto SEM supplemented with 25, 35, &&0L" kanamycin, 15, 25 & 35 mg-Lhygromycin and 400,
200, 0 mg.[* cefotaxime for three selection cycles dependingnuhe type of binary vector used. For antibiotic
selection the SSEs were regularly subcultured &shfrSEM medium in two-week intervals with gradually
decreasing in cefotaxime concentration and gragualtreasing in kanamycin and hygromycin conceiunat
Antibiotic resistance SSEs were then shifted to &taining half-strength basal MS salts, 20°gslicrose, 0.65 %
(w/v) agar, and 6 mg:£ BAP, 0.5 mg.* IBA and 2 mg.I* GA3 with pH 5.6-5.8. After regeneration of seconyda
embryos they were transfer to MM containing hatésgth basal MS salts, 20 d-.Isucrose, 0.65 % (w/v) agar, 5
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mg.L? BAP , 0.5 mg.L* IBA and 1 mg.[* GA3 with pH 5.6-5.8 and supplemented with the sameeasing in the
concentration of kanamycin and hygromycin as emgdoguring embryogenesis for three different sedactycles.
Forty five days old SSEs and nine months old peghtitransformed plants were used for GUS assayhasidcular
analyses analysis respectively.

Catalase Intron
gusA176
GUS First Exon gusA-354
358 promoter qusA350
LAC ZALPHA gusA47a
MCS | gusA-648
CAMV35S oW gusAT7S
& gusA Second Exon
F gusA-852
HYG(R) gusA1089
g gusA-1256
POLY A SITE s 55 i gusA1403
TBORDER (L) o gusA-1400
gusA-1551
\ gusA1701
kanamycin (R) NOS polyA
s T-BORCER (R)
pBR322 ori pvs1 Sta
pBR322 bom site pVS1-REP

Figure 3: Schematic diagram of the plasmid pCAMBIA1301. The binary vector pPCAMBIA 1301 (CSIRO, Austrdia) harboring the
reporter gusA and hyg(R) genes driven by the CaMV 35S promoter

pCAMBIA1301 T-DNA Hind 111 (2435)
- pUCIE MCS Nhe 1 (5230)
5607 bp EcoR 1(2404) Neo 1(3217T) Pmi 1(3253)

Xho 1 (2R0) s ST Bst EI1 (5266)
T border (L) Xho 1(1374) 35t X1(2161) Bgl 11(3224) T-norder (R)
CaMV35S polyA  hygromyein (R)  CAMV35S Catalase Intron ’ NPy
LacZ alpha GUS First Exon Histidine tag
355 promoter Gus Second Exon

Figure 4: T-DNA region of pCAMBIA 1301

2.5 GUS Histochemical Assay

The transgene gene expression analysis was chegkieidtochemical assay [15] with the helppeGlucuronidase
Reporter Gene Staining Kit (Sigma) according to ufacturer’'s instruction. The analysis was done biath
putative transformants and untransformed contrenhbéts.

2.6 PCR Analysis

Total genomic DNA was isolated from putatively séormed and untransformed leaves using CTAB mefh8H
Primer set used for amplification of 148 bp fragmesf partial sequence ofhptll gene was nptllF:
TAGCCGGATCAAGCGTATG and nptll R: CTGTGCTCGACGTTGTA for checking kanamycin (LBA 4404
WITH pCAMBIA 2301) plantlets; the primers used famplification of 183 bp of partial sequencegukA gene
were gusF: GTTACAAGAAAGCCGGGCAA and gusR: ACCCACATTGCCGTAATG for checking
hygromycin (LBA 4404  WITH pCAMBIA 1301) plantlets. Primer pair (ChvA-F:
TCCATCAGCAACGTGTCGGTGCT and ChvA-R: GTGGAAAGGCGGTE&EGATGAT) designed from the
chv region of Agrobacterium was used to detect the bacterial contaminatiorR M@s carried out in 25 pl of
reaction containing 50 ng of template DNA, 2.5 mfMdINTPs, 1 U ofTaq DNA polymerase, 1XTag DNA
polymerase buffer containing 15mM MgGind 20 pM of gene specific primer set. PCR wafopmed with initial
denaturation of 94° C for 5 min, 34 cycles of 94fo€30 sec, 54° C for 30 sec fgusA (51° C for 30 sec fonptll),
72° C for 30 sec and final extension of 72° C fonin and electrophoresed on 1.5% agarose gel.
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2.7 Southern Blot Analysis

For Southern hybridization analysis, total DNA viedated using the same method as PCR analysis. GfNFCR-
positive transgenic was used to be sample to aynglig/nptll fragment. The amplified products were separated
1.5% agarose gels overnight, and the fragements wansferred onto nylon membranes (Roche) usiagdard
protocols. Southern hybridization probes (spedifagment ofgus/nptll) were labeled with DIG using the DIG
DNA Labeling and Detection Kit (Roche), followinge manufacturers protocol. Hybridization and immagial
detection were carried out according to the instonoof manufacturer (Roche).

RESULTS

3.1 Somatic Embryogenesis of Tea

The establishment of tea somatic embryos and reggme system was carried out by surface-steribraof fresh
tea cotyledons. This involves inoculation of frésh cotyledons in IMRigure 5A). After 20 days, the emergence of
embryonal axis was observed and removed, and datyewere maintained in IM for the induction ofrpairy SEs
(Figure 5B). In this way direct somatic embryogenesis waal#isthed from cotyledonary explants of differenesg
and genotypes. These embryos were subcultured M. $%thin 3 months SEs were directly formed frone th
epidermal tissues of the initial embryos withoutusaformation Figure 5C). These somatic embryos were further
multiplied and maintained in SEMFigure 5D). Repeatable embryogenesis could be achieved acmhdary
embryogenesis was obtained predictably and repgateda media combination (IM followed by SEM), vehi
could be applied over a wide range of germplasms.

Figure 5: Somatic embryogenesis of tea. A) Inoculian of cotyledons in IM media. B) and C) Productiorof SEs from cotyledons in SEM
media. D) SEs maintained in tissue culture rack

3.2 Studies on pCAMBIA 1301 & pCAMBIA 2301

3.2.1 Transformation of plasmid pCAMBIA 1301 & pCAMBIA 2301 toA. tumefaciens (LBA 4404)

Plasmid DNA was mobilized into electrocompetentscef Agrobacterium by electroporation and incubated at 28°
C for 2 days; 50 - 60 colonies were selected onplates containing 50 pg.thlkanamycin. The plasmid was
isolated, a single band of 11633 bp and 11849 by wetained on restriction digestion wibglll (Figure 6).
Colony PCR gave the amplification of 183 bp and bp&f partial sequence giis andnptll gene respectively (as
predicted by Primer3 software) when the amplifieddpicts were resolved in 1% (w/v) agarose gel (féguwot
given in the text).

170
Pelagia Research Library



Hijam Ranjit Singh et al Euro. J. Exp. Bio., 2014, 4(3):166-175

L1 L2

L3 14 M

<«— 10,000 bp

<«— 3000 bp

<«—— 500 bp

Figure 6: Restriction digestion of pPCAMBIA 2301 andpCAMBIA 1301 isolated from transformed Agrobacterium LBA 4404. M: New
England Biolabs, 1Kb ladder, L1: pCAMBIA 1301 digesed with bglll; L2: undigested pCAMBIA 1301; L3: pCAMBIA 2301 d igested
with bglll; L4: undigested pCAMBIA 2301

Table 1. Restriction digestion mixture

Components Reaction mixture
DNA (pCAMBIA 2301/pCAMBIA 1301) 10l (3 pug)
BgllI(20U.ulY) 0.3 ul
Buffer (10X) 2ul
Sterile ddw 7.7 ul
Total 20 ul

3.2.2 Transformation experiments with tea usingAgrobacterium strain LBA4404 (pCAMBIA 2301) and
LBA4404 (pCAMBIA 1301)

Transformation of SEs were carried out at 20 minetiinterval and transformation frequency was reeoriy
counting the number of antibiotic (kanamycin, hygyein and cefotaxime) resistant secondary SEs obdaafter
selection cycle. Two hundred thirty four and twobred twenty eight antibiotic resistant SSEs vadatained from
100 explants co-culture after agroinfection witgrobacterium strain LBA4404 (pCAMBIA 2301) and LBA4404
(pCAMBIA 1301) respectively after three cycles oflection Table 2). Within 3 months of culture, the
untransformed SEs were turned brown and diedufe 8A & B). However, putative transformants were able to
proliferate and survived further on applied setattilose Figure 8A & B). After about 5 months of transformation,
tea microshoots were started to emerge from thdeepial surface of each of the putative transforngs on
SEM. On the same media combination, small tea lelantvere developed from these transformakigure 8B).
The overall transformation efficiency of tea witlBA4404 (pCAMBIA 1301), 3.3% ( calculated by dividjrthe
total number of antibiotic resistant plantlets suing selection cycle by the total number of SSEsealoped) was
also more efficient than that with LBA4404 (pbCAMBZ801), 2.5% as given ifiable 2.

Table 2. Comparision of transformation efficiency &fter antibiotic selection) of tea at O.D 0.6 and@min agroinfection time with LBA
4404 (pCAMBIA 2301) and LBA 4404 (pCAMBIA 1301}

Total no. of Total no. of Tota_l no- of Total no. of Tota_l no- of Transform-
antibiotic antibiotic h .
Vector explants co- SSE developed resistant SSE regenerants after resistant plantlets ation efficiency
cultivated +SE +SE selection stress +SE +S?E (%)
pCAMBIA2301 100 2223 +1.15 234 +1.73 122 +0.57 #0667 2.5
pCAMBIA1301 100 2010 +0.57 228 +0 128 +1.15 67 #0.5 3.3

# Values are the mean of three readings; SE, standard error.

3.3 Confirmation of Putative Transformants

3.3.1 Histochemical GUS staining

The transgenic nature of SSE was confirmed by me&hsstochemical localization of thgusA gene. Some of the
antibiotic resistant SSEs obtained after threeasyof selection were randomly selected to checkhf@presence of
B-glucuronidase enzyme. Blue coloration was obsemazhse of putative transformants while untransfedt ones
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were GUS negative{gure 7). GUS staining is an efficient and reliable indaraof plant genetic transformation.
ThegusA gene is not expressedAgrobacterium because it has an intron [19].

A)

Figure 7: Histochemical GUS assay of transformed (ALBA 4404 with pCAMBIA 2301; B: LBA 4404 with pPCAMBIA 1301) and
control plant. Transformed (left tube of A and B),control (right tube of A and B)

3.3.2 Molecular detection of putatively transformedplants

Antibiotic resistant plantlets were randomly chof@nPCR detection. Two of the seven antibiotidstasit plantlets
generated target band size of 183 bp with the gu#Aers; two out of five antibiotic resistant plests generated
target band size of 148bp with nptll primeFgure 8C & E). No band was detected in the untransformed cbntro
plantlets. The presence gfisA and nptll genes in putative transgenic plantlet DNA comi@&d the validity of the
transgenic plantlets. Primer pairsAgrobacterium did not generate any band from the DNA of putatre@sgenic
plantlets (Figure not shown in the text). It comfed that bacterial contamination was not there. &sofrthe PCR
positive plantlets were randomly selected for Seurithybridization to verify the integration of tlransgenes into
the genomic DNA. Positive hybridization band wasedted in transgenic lines testddgure 8D & F). No signal
was detected in the untransformed control. Thisiltesemonstrated that the T-DNA region of the tfamsed
vector was inserted in the genome of transgenéslin

3.4 Genetic Analysis of Transgenic Plantlets

It is established fact thagrobacterium-mediated transformation results in random integradof T-DNA into the
host plant cell genome and thus a single transgeaitt can have multiple integration events of TAAMIthough
scoring the number of integration events in tranggelants by southern hybridization is a routimretpcol, it is
time consuming and also tedious. Detection usin® PCa simple method for the identification of thensgene.
Genomic DNA of putatively transformed plantletsn@damly selected) shown to be positive for GUS waien
and PCR amplified with gusA and nptll specific peire. The amplification of 183 bp and 148bp respebtifor
partial sequence faqusA andnptll genes was compared with the positive contrahigplid) and was observed in all
GUS positive transformed shoots and no band waseredd in the untransformed plants when analyzeduin
present study as shown kigure 8C-F. All GUS positive plantlets were also found to esitive forgusA and
nptll.

Agrobacterium strains (o CAMBIA 2301 and pCAMBIA 1301 ) in SEMgmuented with cefotaxime, kanamycin and
hygromycin; B) Different stages of development &ESin RM supplemented with kanamycin and hygromyitie
initiation of regeneration (yellow arrowed), regeated plantlet (red arrowed) and the untransfor®8& perished
(blue arrowed); C) PCR detection of hygromycin s&sit plantlets withrgus primers (M: New England Biolabs,
100bp ladder, C: Untransformed control, lanes 1. &@ative Transformants); D) Southern hybridizatanalysis
of gus PCR-positive hygromycin resistant plantlets; E)RP@etection of kanamycin resistant plantlets wigil
primers (M: New England Biolabs, 100bp ladder, Gittdnsformed, lanes 4 & 5: Putative Transformarfs);
Southern hybridization analysismgftll PCR-positive kanamycin resistant plantlets.

172
Pelagia Research Library



Hijam Ranjit Singh et al Euro. J. Exp. Bio., 2014, 4(3):166-175

g 148 bp =—— ..

Figure 8: A) Development of SSE (red arrowed) fron8E explant after agroinfection with recombinant
DISCUSSION

Transformation and regeneration are major preréqaifor the development of suitable and efficierpression
system. Therefore, prior to an experiment, it wduddappropriate to have a standardized protocoiawimize the
results. Based on the regeneration system, a lfigiheat Agrobacterium-mediated transformation protocol of tea
was developed. The ability to form SEs is, in nuastes, not merely an intrinsic property of a spgediestead, it is a
property under genetic control, such that individgenotypes within a species can differ in theiitighto undergo
somatic embryogenesis. The composition and coratéonr of hormones in the culture medium for vitro
regeneration of tea have been optimized. Usingrélgeneration system, SEs could be induced effigiaafter
somatic embryogenesis of tea cotyledon. And theorsdary somatic embryos could persistently give tise
plantlets. The somatic embryos were good startiaterial for tea transformation. The hormonal coration of 6
mg.L* BAP), 0.5 mg.[* IBA and 2 mg.I* GA3 was found to be best for the regenerationutjincthe matured SE
and the absorbance of 0.6 with infection time ofr@i® was found to be suitable for tea SE transfdiona The
transformation frequency reported for the transtion through LBA 4404 (pCAMBIA 2301 and pCAMBIA
1301) on the basis of antibiotic resistance wa%w2ahd 3.3% respectively. Stable plant transformatexjuires a
considerable investment in time before the exprepseteins can be analyzed. In contrast, trangjené expression
systems are rapid, flexible and straightforwarde Transgene expression assays described ensumadbierrors
and technical problems with gene expression caddsgified and resolved before making stable tramsénts [20].
It was found that none of the control plants gawsitive result with X-Gluc indicating the absenck amy
endogeneous GUS activity, whereas the transformed showed the presence of the blue colouratidondtide of
the expression of exogeneogissA gene. The positive lines were genetically analyaed integration of the gene
into the plant genome was confirmed by PCR [21} PICR amplification clearly depicted the desirex %if 183
bp and 148 bp band fagusA and nptll genes respectively and none in the untransforpladtiets. The GUS
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positive plants were found to be positive for thiesence of transgene, therefore the transformé&tmuency with
Agrobacterium LBA 4404 (pCAMBIA 2301 and pCAMBIA 1301) for teaESwvas verified and later confirmed by
PCR-analysis and Southern blotting analysis. Tpe#l gene was a stable selection marker in plant fiene
transformation. However, it was generally agreeat tiptll was not suitable for the transformation of legnanand
monocotyledon plants [22]. Therefore, in order totifer eliminate the non-resistant shoots, we mgédal the
selection period. The putatively transformed teanthets were selected on specific antibiotic conitgj medium.
Some study considered thattll was a suitable selection marker gene for pinegpput kanamycin was not an
appropriate selection antibiotic [22, 24]. Theyeofused hygromycin as selection antibiotic [25, R8)as reported
that acetosyringone was beneficial for the tramsfdion of monocotyledon [27] which was also fouadé same in
dicotyledon plant like tea in our present study.efeh are reports that transgenic plants obtainedugfr
organogenesis might be chimeric plants composingasfsgenic and non transgenic cells. It is wethwn that
somatic embryogenesis exhibits a virtue of no chamewhereas organogenesis shows a merit of \igttation
[28]. It was reported that the transformed genesediseveral side effects at the biochemical lewehd early stage
of plant hardening [39]. So it is meaningful to efally study the biochemical, physiological, agttawal and
ecological characters of transformants in the futur

CONCLUSION

The transformation and regeneration system desttibee is simple and effective, allowing routingéduction of
gene intoCamellia assamica (Masters) genome. The efficiency achieved with puatocol may produce hundreds
of independent plantlets of transgenic tea withirbal8 month period. This protocol is followed imrdaboratory in
order to transform SEs of tea for different objeesi like disease resistance transgenic tea, gesek ldown of tea
transformants, etc.
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