i @
Annual Research & Review in Biology > )

9(6): 1-9, 2016, Article no.ARRB.22300 CF
ISSN: 2347-565X, NLM ID: 101632869 7

SCIENCEDOMAIN
[ b SCIENCEDOMAIN international

i e www.sciencedomain.org

A Review on Research Progress on in vitro
Regeneration and Transformation of Tomato

Sunil Kumar Senapati®’

'Department of Biotechnology, Guru Ghasidas Vishwavidyalaya, Bilaspur, CG, India.

Author’s contribution

The sole author designed, analyzed and interpreted and prepared the manuscript.
Article Information

DOI: 10.9734/ARRB/2016/22300

Editor(s):

(1) George Perry, Dean and Professor of Biology, University of Texas at San Antonio,
USA.

Reviewers:

(1) Danielle Camargo Scotton, University of Sao Paulo, Brazil.

(2) Tasiu Isah, Hamdard University New Delhi, India.

Complete Peer review History: http://sciencedomain.org/review-history/13557

Received 27 " September 2015

—— , Accepted 24 ™ November 2015
Mini-review Article Published 4 " March 2016

ABSTRACT

After potato tomato is the second major vegetable crop consumed all over the globe as raw and
processed food. Due to its high demand its genetic improvement in respect to high yielding,
disease resistance, abiotic stress tolerance etc. has been done by several peoples through
transformation. Transformation is an emerging tool in crop improvement programme, which
expands the source of genes for plant improvement to all species far beyond the gene pool
accessible via sexual hybridization. The key component of transformation system is a most
functional genomics approaches useful for developing various gene identification strategies and
also offers strategies for over expressing or suppressing endogenous genes. The current review
provides an overview of the research progress on regeneration and transformation of tomato in the
last 15 years.
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1. INTRODUCTION

Tomato (Lycopersicon esculentum L. 2n = 2x =
24), belongs to the family Solanaceae is the

second major vegetable crop consumed all over
the world directly as raw vegetable, added to
other food items or as processed products such
as paste, whole peeled, diced, juice, sauces and
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soups., [1]. It is an essential ingredient of most of
the vegetarian and non-vegetarian recipes.
Tomato is a rich source of Vitamin C, Vitamin B
and a good source of B-carotene [2]. It plays a
vital role in maintaining human health, vigor and
also very helpful in healing wounds due to of the
antibiotic properties found in the ripe fruit. The
antioxidant lycopene is present in the tomato
whose consumption is known to reduce the
incidence of many types of cancer [3,4].
Recently, tomato was used as bioreactor in
biopharming for the production and oral delivery
of vaccines [5] and as functional food for cancer
prevention [6]. It is available in almost all
seasons of the year and being cultivated
throughout the world, in both tropical and sub-
tropical regions [7]. It is being cultivated in
irrigated areas where salinity of water and soil,
especially during summer period, are major
constraints limiting productivity and quality of
tomato. In the view of these problems, using of
classical breeding programmes remains a
challenge for breeders due to involvement of
many genes with small effects [8]. The
biotechnological tools, such as gene transfer
technology, which allows the introduction of
foreign genes into a germplasm, without
modifying the genetic background of elite
varieties can be highly benefit in tomatoes
breeding programs. However, development of an
efficient in vitro plant regeneration system play
an important role in a breeding program
associated to biotechnological tools.

Tomato is considered as one of the most
important  vegetable crops for genetic
engineering due to its small genome (0.7-1.0 pg)
and well developed classical and molecular
genetics maps [9,10] and serves as a model
plant for introduction of agronomically important
genes into dicotyledonous crop plants [10]. The
first resistant gene (Pto) that elicits a
hypersensitive response to disease resistance
was cloned in tomato [11]. The Agrobacterium
tumefaciens has the natural ability of infecting
only dicotyledonous plants due to the signaling of
acetosyringone, phenolic compounds released
from the wounds of the plant cells, which provide
the way to the researchers in getting more
understanding and a precise manner of working
upon this process. However, other methods like
particle gene gun technology, electroporation,
and protoplast mediated, polyethylene glycol
mediated transfer, and microinjection etc. is also
used for genetic manipulation [12]. The
preferential integration of defined T-DNA into
transcriptionally  active  regions of the
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chromosome of a plant with exclusion of vector
DNA [13,14], unlinked integration of co-
transformed T-DNA [15] provide a remarkable
advantages to the Agrobacterium mediated
transformation  over  other transformation
methods [16,15]. Though several reports were
found on transformation of tomato, it is still far
from routine methods. This Current review
summarizes the tomato regeneration and
Transformation during the last 15 years.

2. REGENERATION

For an efficient transformation in a particular
species, a reliable regeneration protocol is very
much essential. Therefore prior to transformation
work plant regeneration protocol have to be
optimized for a given plant species and type of
explants. The regeneration system is a three
steps procedure, i.e. induction phase (culture of
the explants in the medium), elongation phase
(culturing of shoot buds in the media containing
low concentration of cytokinins) and rooting
phase (Culturing of elongated shoots in the
media containing auxins). In regeneration system
the complex interaction of cytokinins and auxins
will determine the development of
organogenesis, caulogenesis and somatic
embryogenesis of the explants, which may be
synergic, antagonistic or additive depending on
the type of tissues and on the plant species.
Although the molecular mechanisms of the
auxin-cytokinin interactions are mostly unknown,
they are thought to include mutual control of
auxin and cytokinin metabolism, interactions in
the control of gene expression and
posttranscriptional interaction. Advances are
being made towards better understanding of
metabolic process co-related with regeneration
[17], but determining the conditions for better in
vitro plant regeneration is still an empirical
process. Thus in vitro regeneration of some plant
species or particularly genotypes within a
species can be difficult. Lycopersicon
peruvianum is considered to be highly
organogenetic among the different species of
Lycopersicon studied. Regeneration of a
particular plant depends upon the explants type,
likely highest shoot regeneration was observed
from the hypocotyls explants (53.2%) in the MS
medium supplemented with 2 mg/lt BA and
0.2 mg/l IBA [18]. The media composition
has also a significant role in a regeneration
system. Maximum rate of callus formation and
shoot regeneration was observed in the MS
medium supplemented with 2 mg/l BA and 0.2
mg/l NAA [19]. Similarly Sundararajan [20] has



reported maximum rate of shoot regeneration
in the MS medium supplemented with 12.3 uM
BA, but by addition of triacontand (2.28 pM)
and Ascorbic acid (0.24 mM) to the medium
has increased the regeneration frequency. Till
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date several reports were found for in vitro
regeneration of tomato with response to
the explants types, species and media
composition, which was briefly summarized in
Table 1.

Table 1. A brief of work done on effect of cultivars explants type and media used on
percentage of regeneration in different time by different people

Name of the Explants Media used % of References

cultivars type regeneration

cv.ES58 WC156 L MS+2.5 mg/lt BA 70.00 [21]

cv. WC156 L MS+2.5 mg/lt BA 50.00 [21]

cvs ‘SantaClara’, C MS+ 1.0 mg/It zeatin 0.1 mg /It IAA+ 90 -100 [22]

and ‘Firme’ 300 mg/It timentin

cv. Marglou LD MS+1 mg/lt Zeatin 53.3 [23]

cv. T-146 LD MS+1 mg/It Zeatin 89.3 [23]

cvs. Hana and H 1 mg L-1ZEA+0.1 mg L-1 IAA 100 [24]

Premium

ND L N6+3 mg/lt BA+0.2mg/l IAA 100 [25]

cv.KalG, Su2207 C MS+2 mg/lt Zeatin+2mg/It BA ND [26]

cv. CastleRock L MS +3 mg/lt BA+ 2.5mg/It IAA 65.12 [27]

cv. 981 XTY-6 CH MS + 0.5 mg/lt Zeatin + 0.1mg/lt IAA  ND [28]

cv. CastleRock H MS+1 mg/lt BA+1 mg/It Zeatin + 1 92.00 [29]
mg/ItAgNo3

CV. CL,H MS+2.5 mg/lt BA ND [30]

cv. Rio Grande C MS+1 mg/lt Zeatin+0.1 mg/It IAA ND [31]

cv. Pusa Ruby MS +0.5 mg/lt BA+ 0.1 mg/lt IAA 96.0 [32]

cv. Pusa Ruby C MS+2 mg/It BA ND [33]

cv. Punjabupma H MS+0.mg/lt BA+0.5 mg/It Kn+ 0.2 86.02 [34]
mg/ItIBA

cv. IPA-3 H MS+0.mg/lt BA+0.5 mg/lt Kn+ 0.2 82.57 [34]
mg/It IBA

cv. Pusa rubby C MS+B5vitamin+0.5 mg/It BA+ 0.5 90.90 [35]
mg/lt IAA

cv. Pusa uphar C MS+B5vitamin+0.5 mg/lt BA+ 0.5 82.20 [35]
mg/lt IAA

cv. DT-39 C MS+B5vitamin+0.5 mg/l BA+ 0.5 55.50 [35]
mg/lt 1AA

cv. megha (L15) CL, H MS+3 mg/lt Kn+0.3 mg/lt IAA ND [7]

cv. Riogrande LD MS + 0.5 mg/lt 1AA+ 0.5 mg/lt 90.60 [36]
GA3+1.5 mg/It Kn

cv. Riogrande H MS + 0.5 mg/lt 1AA+ 0.5 mg/lt 82.50 [36]
GA3+1.5 mg/It Kn

cv. Roma LD MS + 0.5 mg/lt 1AA+ 0.5 mg/lt 72.60 [36]
GA3+1.5 mg/lt Kn

cv. Roma H MS + 0.5 mg/lt 1AA+ 0.5 mg/lt 65.40 [36]
GA3+1.5 mg/It Kn

cv Smart-18 L MS+3 mg/lt BA+ 1 mg/lt IAA 87.00 [37]

cv Pusa ruby | MS+2 mg/lt BA+ 0.2 mg/lt NAA 100.00 [38]

cv PKM-1 L MS+12.uM BA 94.03 [39]

I-leaf, C- Cotyledon, H- Hypocotyl, I-Internodes, LD- Leaf disc. CL- Cotyledonary leaf, LL-Leaf let, R-Radicle,
ND- Not defined
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Table 2. A brief of work done on effect of cultivars explants type (ET), mode of transformation
(MT), bacterial strain (BS), plant vector (PV), selection markers (SM) on transformation
efficiency (TE) and the gene transferred (TG) to tomato plant in different time by different

people
Name of ET MT BS PV SM TE TG References
the
cultivars
cvWC156 C,H AT EHA105 pGUSINT kan ND  uidA [21]
nptll
cv. Starfire L, C, H AT LBA4404  pBI121 kan 12, pcht28 [52]
60,
75
cv. UC82 C AT pGV 2260 pBI121 kan 25 uidA [53]
nptll
cv. Bailichun LD AT LBA4404 pBin438 kan ND BADH [54]
cv. Marglou LD AT GVS3TillSE pMONZ200 kan 1.1 nptll [23]
R1601 80
cv. T-146 LD AT, GVS3TIi1llSE pMONZ200 kan O nptll [23]
AR R1601 90
cv. Pusa C AT LBA 4404 pROK-ITCP17 kan 114 TLCV- [55]
Ruby CP
CvCL5915 C AT LBA4404 pCAMBIA1301 Kan ND NPR1 [56]
hyg
cv. Pusa L AT EHA 105 pBIG-HYG- hyg ND  bspA [57]
Ruby bspA
cv.KalG, C,H AT pGV3850 pBI121 kan 35 nptll [26]
Su2207
cv.Kal-early C,H AT pGVv3850 pBI121 kan 17 nptll [26]
cv. 981 C,H AT LBA 4404 FGC5941 kan 4.3- nptll [21]
XTY-6 7.4
CV. H AT, LBA 4404 pMONRTG bar 26.5 uidA [29]
CastleRock PB
cv.UC82B C AT LBA 4404 pMBP1 kan ND A [58]
cv. UC82B
cv. Rio C AT LBA 4404 pCB 302.2 cef 1413 TVP1 [31]
Grande TNHX1
cv. Pusa CL AT LBA4404 pBI121 kan ND nptll [32]
Ruby uidA
cv. Pusa C AT AGL1 pCTBEZL Cef 40.7 CitxB, [33]
Ruby uidA
cv. Castle H, C AT LBA4404 pITB-AFP hyg ND AFP [59]
Rock
cv. Pusa C AT Cv3lol pBlio1 kan 71.6 npt-lI [35]
rubby
cv. Pusa C AT Cv3lo01l pBlio1 kan 67.5 npt-ll [35]
uphar
cv. megha CL,H AT GV2260 pCAMBIA 1301 hyg ND  uidA [7]
(L15)
CV. H,LD AT EHA101 pTCL5 hyg 24 uidA [36]
Riogrande
cv. Roma H,LD AT EHA101 pTCL5 hyg 8 uidA [36]
cv Micro- H AT EHA10 pCAMBIA 2301 Kan 19.1 gusA [60]
Tom
cv Arka CH AT ND pCAMBIA 2301 Kan 34 Rd29A [18]
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Name of ET MT BS PV SM TE TG References
the
cultivars
vikas
cv Micro- C AT GV3101, pBIl121 Kan 60 uidA [50]
Tom EHA105, 40
AGL1, 35,15
MP90
cv Arka H AT LBA4404 pCAMBIA 2301 Kan 11 AFP [51]
vikas

L-leaf, C- Cotyledon, H- Hypocotyl, LD- Leaf disc. CL- Cotyledonary leaf, LL-Leaf let, R-Radicle, AT-
Agrobacterium tumefaciens, AR-Agrobacterium rhizogenes, PB-Particle bombardment,ND-Not defined

3. TRANSFORMATION

A significant increase in the farmer’'s income in
many developing countries is due to the intensive
cultivation of tomatoes, but a multiple complex
type of pests, diseases and post harvest lose the
stability and production of tomato. Besides,
abiotic factors like salinity, heavy metal stress etc
are also create significant problems in the
conventional tomato cultivation, so transgenic
plants may be a better alternative. The
development of transgenic plants having a new
trait is difficult to obtain via traditional breeding
programmes due to the tedious methods and
lack of suitable gene pool. Advances
biotechnological tools and techniques particularly
genetic transformation can lead to the
development of transgenic plants in both
monocot and dicot plants with desired characters
using proper transgene. Transformation involved
the transfer/introduction of the foreign DNA into
the plant cells followed by incorporation of
foreign DNA into the chromosomes and its
successful expression in cells, which will induced
to regenerate the transgenic plants [40,41].
Mainly there are two methods available for the
introduction of gene into the plant i.e. via particle
bombardment method and Agrobacterium
mediated transformation. In the first method the
gene of interest was first coated in gold/tungsten
particle then bombarded to the targeted tissue
with high pressure by using a gene gun. In the
second method Agrobacterium a soil born gram
negative bacteria is used as the vector for
transformation. Though Agrobacterium has
different species but mainly 2 species i.e. A.
tumefaciens and A. rhizogenes were used for the
purpose of transformation, but A. tumefaciens
accounts for about 80% of the transgenic plants
that produced so far plays a major role in the
development of plant genetic engineering and
the basic research in the molecular biology [42].
A. tumefaciens via its Ti plasmid has transferred
the gene of interest present in the T-DNA region

of Ti plasmids into the genome of the targeted
plants [43]. A. rhizogenesis responsible for hairy
root disease in plants due to the induction of
adventitious root formation by the integration and
subsequent expression of portion of the bacterial
DNA (T-DNA) from the root inducing (Ri) plasmid
of the bacterium. This is particularly valuable for
the transformation of genes acting in the root
system. Four loci identified in the T-DNA of Ri
plasmid and designated gene loci (rol) A, B, C
and D were responsible for root formation.

Transformation in tomato was first achieved by
[44] via Agrobacterium mediated transformation.
Since transformation in tomato is well
established worldwide many reports were found
on tomato transformation for a variety of
purposes, including characterization of gene
function, production of insects and disease
resistance, herbicide tolerance, abiotic stress
tolerance, improved fruit quality, delay in fruit
ripening and production of foreign protein etc
[45]. Various factors like variety/genotype,
explants types, plant growth regulators, selection
system used, concentration of acetosyringone,
bacterial density, duration of infection etc. has
determined the efficiency of Agrobacterium
mediated transformation [46,47]. Irrespective of
several difficulties in tomato transformation
numbers of reports have been published on time
to time by solving the problems and taking
different genes in account as summarized in
Table 2. Above all the transformation frequency
is the most important in transformation
experiment, which can be calculated in various
ways, as percentage of explants regenerating on
selection medium or percentage of co-cultivated
explants producing transgenic plants
representing independent transformation events
and the presence of transgene has also validated
by PCR and Southern analysis [48,49]. The
transformation efficiency of four Agrobacterium
strain i.e GV3101, EHA105, AGL1 and MP90
was evaluated in the transformation of tomato cv



Micro-Tom using plant vector pBI121. A
maximum efficiency of 65% was observed in the
strain GV3101 followed by 40%, 35% and 15% in
EHA105, AGL1 and MP90 respectively [50].
Agrobacterium  mediated transformation in
Tomato cv Arka Vikas using CaMV35S promoter
and pCAMBIA2301 plant vector revealed highest
regeneration frequency in the MS medium
supplemented with BA (2 mg/lt) and TDZ
(1 mg/It) with 11% transformation efficiency [51].

4. CONCLUSION

Although several reports were found on in vitro
regeneration and transformation of tomato, it is
still far from routine methods. The rate of
success of regeneration depends upon the

explants type, species/cultivars and media
composition where as the success of
transformation depends upon a suitable

Agrobacterium strain and antibiotic selection
system. On the basis of the in vitro behavior of
genotypes of tomato and working out an efficient
protocol of transformation in a given set of
genotypes is necessary to harness the benefit of

candidate genes for tomato improvement
programme.
ACKNOWLEDGEMENTS

Authors would like to acknowledge DBT, Govt. of
India, New Delhi for providing financial
assistance and Department of Biotechnology,
GGV, Bilaspur, C. G. for providing necessary
facility.

COMPETING INTERESTS

Author has declared that no competing interests
exist.

REFERENCES

1. Mueller LA, Tanskley SD, Giovannoni JJ.,
van Eck J, Stack, S, Choi D, Kim D. and
Chen M. The tomato sequencing project,
the first corner stone of the International
solanaceae project (sol); comp. Funct.
Genomics. 2005;6:153-158.

2. Raziuddin SS, Shah HJ, Chaudhary TM,
Ali S. Hormonal effect on callus induction
in tomato. Sarhad J. Agri. 2004;20:223-
225.

3. Rao A, Agarwal S. Role of antioxidant
lycopene in cancer and heart disease. J.
Am. College nutr. 2000;19:563-569.

10.

11.

12.

13.

14.

Senapati; ARRB, 9(6): 1-9, 2016; Article no.ARRB.22300

Pohar KS, Gong MC, Bahnson R, Miller
EC, Clinton SK. Tomatoes, lycopene and
prostate cancer: A clinician’'s guide for
counselling those at risk for prostate
cancer. World J. Urol. 2003;21:9-14.

Jiang XL, He ZM, Peng ZQ, Gi Y, Chen Q,
Yu SY. Cholera toxin b protein in
transgenic tomato fruit induces systemic
immune response in mice. Transgenic
Res. 2007;16:169-175.

Butelli E, Titta I, Gorgio M, Mock, HS,
Mantos A, Peterek S, Schijjen EGWM,
Hall RD, Bovy AG, Luo J, Martin C.
Enrichment of tomato fruit with health-
promoting anthocyanins by expression of
select transcription factors. Nat.
Biotechnol.

DOI: 10. 1038/ntb.1506 2008.

Paramesh H, Fakrudin B, Kuruvinashetti
MS. Genetic transformation of a local
variety of tomato using gus gene: An
efficient genetic transformation protocol for
tomato. Journal of Agricultural Technology.
2010;6(1):87-97.

Cuartero J, Bolarin MC, Asins MJ, Moreno
V. Increasing salt tolerance in the tomato.
J. Exp. Bot. 2006;57(5):1045-1058.

Rick CM, Yoder JI Classical and molecular
genetics of tomato: Highlights and
perspectives. Annual Review of Genetics.
1988;22:281-300.

Wang RA, Zhang HB, Tanksley SD. Map
based cloning in crop plants: Tomato as a
model system. Genetic and physical
mapping of jointless. Mol. Gen. Genet.
1994;242:681-688.

Martin  GB, Brommonschenkel  SH,
Chunwongse J, Fray A, Ganal MW, Spivey
R, WU T, Earley ED, Tanksley SD. Map
based cloning of a protein kinase gene
conferring disease resistance in tomato.
Science. 1993;262:1432-1436.

Riva GA, Gonzalez-cabrera J, Vasqu-
Padru J, Ayra-pardo C. Agrobacterium
tumefaciens gene transfer to plant cell.
Electronic Journal of Biotechnology. 1998;
2(3):118-133.

Hiei Y, Komari T, Kubo T. Transformation

of rice mediated by Agrobacterium
tumefaciens. Plant Molecular Biology.
1997;35:205-218.

Fang YD, Akula C, Altpeter F.

Agrobacterium-mediated barley (Hordeum
vulgare L.) transformation using green
fluorescent protein as a visual marker and
sequence analysis of the T-DNA: Barley



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

genomic DNA junction. Journal of Plant
Physiology. 2002;159:1131-1138.

Olhoft PM, Flaye LE and Sowers DA. T-
DNA locus structure in a large population
of Soyabean plant transform using the
Agrobacterium-mediated cotyledonary
node methods. Plant Biotechnology
Journal. 2004;2:289-300.

Le VQ, Belles-isles J, Dusabenyagusani
M, Tremblay FM. An improved procedure
for production of white pruce (Picea
glauca) transgenic plants using
Agrobacterium tumefaciens. Journal of
Experimental Botany. 2001;52:2089-2095.
Cairney J, Xu N, Mackay J, Pullman J.
Special symposium: in vitro plant recalci-
trance transcript profiling: A tool to assess
the de-velopment of conifer embryos. In
Vitro Cell. Dev. Biol. 2000;36P:152-162.
Manamohan M, Prakash MN, Sharath
Chandra G, Asokan R, Nagesha SN. An
improved protocol for rapid and efficient
Agrobacterium mediated transformation of
tomato (Solanum lycopersicum 1.) Journal
of Applied Horticulture. 2011;13(1):3-7.
Sherkar HD, Chavan AM. Studies on
callus induction and shoot regeneration in
tomato. Science Research Report. 2014;
4(1):89-93.

Sundararajan M. Induction of organo-
genesis in tomato callus using plant growth
promoters including triacontanol and
antioxidants. Indian Journal of Funda-
mental and Applied Life Sciences. 2015;
5(3):81-87.

Hussain FA, Anfoka GH, Hassawi DS.
Transformation of tomato with TYLCV
gene silencing construct using optimized
Agrobacterium-mediated protocol.
Biotechnology. 2008;7(3):537-543.

Costa MGC, Nogueira FTS, Figuiera ML,
Otoni WC, Brommonschenkel SH and
Cecon PR. Influence of antibiotic timentin
on plant regeneration of tomato
(Iycopersicum esculentum mill) cultivars.
Plant Cell Report. 2000;19:327-332.
Prematilake DP, Power JB, Davey MR.
Genetic transformation of cultivated tomato
(Lycopersicon esculentum) with
Agrobacterium. Annals of the Sri Lanka,
Department of Agriculture. 2002;4:207-21.
Gubis J, lajchova Z, Farago J, Jurekov AZ.
Effect of growth regulators on shoot
induction and plant regeneration in tomato
(Lycopersicon esculentum mill.) Biologia,
Bratislava. 2004;59(3):405-408.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Senapati; ARRB, 9(6): 1-9, 2016; Article no.ARRB.22300

Sheeja TE, Mondal AB and Rathore RKS.
Efficient plantlet regeneration in tomato
(Lycopersicon esculentum mill.) Plant
Tissue Cult. 2004;14(1):45-53.

Shahriari F, Hashemi H, Hosseini B.
Factors influencing regeneration and
genetic transformation of three elite
cultivars of  tomato (Lycopersicon
esculentum |.). Pakistan J. Biol. Sci. 2006;
9(15):2729-2733.

Devi R, Dhaliwal MS, Kaur A, Gosal SS.
Effect of growth regulators on in vitro
morphogenic response of tomato. Indian
Journal of Biotechnology. 2008;7:526-530.
Hussain FA, Anfoka GH, Hassawi DS.
Transformation of tomato with tylcv gene
silencing  construct using  optimized
Agrobacterium-mediated protocol.
Biotechnology. 2008;7(3):537-543.

Ghada A, ABU EH, Hussein GM, Abdalla
AN. A rapid and efficient tomato
regeneration and transformation system
Agriculture and Forestry Research. 2008;
58:103-110.

Habib N, Ashraf M, Ali Q, Perveen R.
Response  of salt stressed okra
(Abelmoschus esculentus Moench) plants
to foliar-applied glycine betaine and glycine
betaine containing sugar beet extract.
South Afr J. Bot. 2012;83:151-158.

Khoudi H, Aida NK, Sandra G, Khaled M.
Optimization of regeneration and
transformation parameters in tomato and
improvement of its salinity and drought
tolerance. African Journal of Biotechno-
logy. 2009;8(22):6068-6076.

Sarker RH, Islam K, Hoque MI. In vitro
regeneration and Agrobacterium mediated
genetic transformation of tomato
(Lycopersicum esculentum mill.). Plant
Tissue Culture and Biotechnology. 2009;
19(1):101-111.

Sharma MK, Solanke AU, Jani D, Singh Y,
Sharma A. A simple and efficient
Agrobacterium mediated procedure for
transformation of tomato. J. Biosci. 2009;
34(3):423-433.

Rashid R, Bal SS. Effect of hormones on
direct shoot regeneration in hypocotyl
explants of tomato. Not Cci Biol. 2010;
2(1):70-73.

Kaur P, Bansal KC. Efficient production of
transgenic tomatoes via Agrobacterium-

mediated transformation. Biologia
Plantarum. 2010;54(2):344-348.
Chaudhry Z, Hamid R. An improved

Agrobacterium mediated transformation in



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

tomato using hygromycin as a selective
agent. African Journal of Biotechnology.
2010;9(13):1882-1891.

Kalyani BG, Rao S. Effect of hormones on
direct shoot generation in leaf explants of
tomato. International Journal of Research
in Biotechnology and Biochemistry. 2014;
4(1):20-22.

Sherkar HD, Chavan AM. Studies on callus
induction and shoot regeneration in
tomato. Science Research Report. 2014;
4(1):89-93.

Sundararajan M. Induction of organo-
genesis in tomato callus using plant growth

promoters including triacontanol and
antioxidants. Indian Journal of Funda-
mental and Applied Life Sciences.

2015;5(3):81-87.

Bradshaw HD, Stettler RF, Heilman PE,
Hinckley TM. Biology of populous and its
implication for management and
conservation. 1% edn. National Research
Council, Ottawa, Ont., Canada. 1996;201-
222.

Kim MS, Klopfenstein NB, Chun YW.
Agrobacterium mediated transformation of
populous species. In: micropropagation
genetic engineering and molecular biology
of populous, Klopfenstein NB, Chun YW,
Kim MS, Ahuja MR (eds) Gen Tech Rep.
Rm-gtr-297 US Dep. Agri-for. Serv, fort c,
1010, USA. 1997;51-59.

Wei L, Guangqin G, Guochang Z.
Agrobacterium mediated transformation:
state of the art and future prospect. Chin.
Sci. Bull. 2000;45:1537-1546.

Zupan J, Muth TR, Draper O, Zambryski P.
The transfer of DNA from Agrobacterium
tumefaciens into plants: A feast of
fundamental insights. Plant J. 2000;23:11-
28.

Mc Cormick S, Niedermeyer J, Fry J,
Barnason A, Horsch R, Fraley R. Leaf disc

transformation  of cultivated tomato
(Lycopersicon esculetum) using
Agrobacterium tumefaciens. Plant Cell

Rep. 1986;5:81-84.

Davuluri GR, van Tuinen A, Fraser PD,
Manfredonia A, Newman R, Burgess D,
Brummell DA, King SR, Palys J, Jhlig J,
Bramley PM, Pennings HMJ, Bowler C.
Fruit specific rnai-mediated suppression of
detl enhances carotenoid and flavonoid
content in tomatoes. Nat. Biotechnol.
2005;23:890-895.

Elbakry AA. Effects of genotype, growth
regulators, carbon source, and ph on shoot

47.

48.

49.

50.

51.

52.

53.

54.

55.

Senapati; ARRB, 9(6): 1-9, 2016; Article no.ARRB.22300

induction and plant regeneration in tomato.
In vitro cell. Dev. Biol. Plant. 2002;38:501-
507.

Bhatia P, Aswath N, Midmore D. Effect of
genotype, explants orientation, and
wounding on shoot regeneration in tomato.
In vitro Cell. Dev. Biol. Plant. 2005;41:457-
464.

Sun HJ, Uchii S, Watanabe S, Ezura H. A
highly efficient transformation protocol for
micro-tom, a model cultivar for tomato
functional genomics. Plant and Cell
Physiology. 2006;47(3):426-431.
Madhulatha P, Pandey R, Hazarika P,
Rajam MV. High transformation frequency

in Agrobacterium-mediated genetic
transformation of tomato by using
polyamines and maltose in shoot

regeneration medium. Physiol. Mol. Biol.
Plants. 2007;13:191-198.

Chetty VJ, Ceballos N, Garcia D,
Narva'ez-va'squez J, Lopez W and
orozco-ca'rdenas ML. Evaluation of four
Agrobacterium tumefaciens strains for the
genetic transformation of tomato (Solanum
lycopersicum I.) Cultivar Micro-tom Plant
Cell Rep. 2013;32:239-247.

Meenakshi S, Sukhada M, Mahmod R.
Development of transgenic tomato
expressing antimicrobial peptide gene
through Agrobacterium mediated
transformation. International Journal of
Innovative Research in Science,
Engineering and Technology. 2015;4(4):
1923-1927.

Tabaeizadeh Z, Agharbaoui Z, Harrak H,
Poysa V. Transgenic tomato plants
expressing a lycopersicon chilense
chitinase gene demonstrate improved
resistance to verticillum dahlia race
2. Plant Cell Rep. 1999;19:197-202,

Hu W, Philips GC. A combination of

overgrowth control antibiotics improves
Agrobacterium tumifaciens - Mediated
transformation efficiency for cultivated

tomato (I. Esculentum). In vitro Cellular
and Developmental Biology— Plant.
2001;37(1):12-18.

Jia GX, Zhu ZG, Chang FG, Li Y.
Transformation of tomato with the badh
gene from atriplex improves salt tolerance.
Plant Cell Rep. 2002;21:141-146.

Raj SK, Singh R, Pandey SK, Singh BP.
Agrobacterium-mediated tomato transfor-
mation and regeneration of transgenic
lines expressing tomato leaf curl virus coat
protein gene for resistance against tlcv



56.

57.

58.

infection. Current Science. 2005;88(10):
1674-1679.

Lin WC, Lu CF, Wu JW, Cheng ML,
Lin YM, Yang NS, Black I, Green SK,
Wang JF, Cheng CP. Transgenic tomato
plants expressing the Arabidopsis nprl
gene display enhanced resistance to
a spectrum of fungal and bacterial
diseases. Transgenic Res. 2004;13:567—
581.

Roy R, Purty RS, Agrawal V, Gupta SC.
Transformation of tomato cultivar ‘pusa
ruby’ with bspa gene from populus tremula
for drought tolerance. Plant Cell Tiss. Org.
Cul. 2006;84:55-67.

Youm JW, Heung J, Jeon JH, Kim H, Kim
YH, KO K, Joung H, Kim HS. Transgenic
tomatoes expressing human beta-amyloid

59.

60.

Senapati; ARRB, 9(6): 1-9, 2016; Article no.ARRB.22300

for use as a vaccine against Alzheimer’s
disease. Biotechnol. Lett. 2008;30:1839—
1845.

El-Siddig MA, El-Hussein AA, Siddig,

MAM, Elballa MMA, Saker MM.
Agrobacterium-mediated transformation
and In Vitro regeneration of tomato

(Lycopersicon esculentum Mill.) plants Cv.
Castlerock Journal of Genetic Engineering
and Biotechnology. 2009;7(1):11-17.
Cruz-mendivil A, Rivera-lopez, J, German-
baez LJ, Lopez-meyer M, Hernandez-
verdugo S, Lopez-valenzuela JA, Reyes-
Moreno C, Valdez-ortiz A. A simple and
efficient protocol for plant regeneration and
genetic transformation of tomato cv. Micro-
tom from leaf explants. Hort Sci. 2011;46:
1660-1665.

© 2016 Senapati; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/13557




