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Different cell density of Agrobacterium rhizogenes ATCC 15834 and inoculation time were tested to investigate
the ability for transformation and production of lycopene in Lycopersicon esculentum Mill. Agrobacterim
rhizogenes used in this study were able to produce hairy roots. The transformation frequency was 33-59%.
Bacterial cell density and inoculation time didn’t affect on transformation frequency and root number per explants
but affected growth and lycopene content of hairy root. The developed culture exhibited fast growth and high
lateral branching on hormone-free liquid MS medium. Higher bacterial cell density OD and longer inoculation time
decreased fresh weight of hairy roots. Cell density of Agrobacterium significantly affected 1ycopene content of
hairy root while effect of inoculation length was non significant at 5% probability level. Cell density OD = 0.5 on
all inoculation time produced lycopene content higher than that of cell density OD = 1.0. The highest fresh weight
(1970 mg) and lycopene content (1.68 pg/g) was observed after 6 weeks of hairy roots culture produced by
inoculation of Agrobacterium at cell density OD = 0.5 for 15 minutes. Lycopene content of root closely related to
growth of hairy root.

Keywords: Agrobacterium rhizogenes, Lycopersicon esculentum, lycopene, hairy root, secondary metabolite, cell
density, inoculation time.

INTRODUCTION

ases caused by oxidative stress (Giovannuci et al., 2005;
Singh and Prasanth, 2012).

Lycopene is found in tomato, apricot, guava,
watermelon, papaya, grape (Chalabi et al., 2004).

Lycopene is a source of carotenoid and has a strong
antioxidant effect. They have a higher antioxidant activity
than a beta-carotene and vitamin A, C, E, or the other
mineral (Di Mascio et al.,, 2002; Heber and Lu, 2002).

Result of in vivo research showed that lycopene could
inhibit carcinogenic in animal and human cell (Stacewicz-
Sapuntzakis and Bowen, 2005; Liu et al., 2006). Lycopene
consumption had been proven could decrease the risk of
some cancer and other degenerative dise-
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Lycopene content in tomato is relatively higher than in
other fruits or vegetables and lycopene input into the
human body is at least 85 % come from tomato and tomato
derived product (Bramley, 2000; Chalabi et al., 2004).
However, tomato 1ycopene content varies considerably is
affected by variety, maturity, and both agronomic and
environmental conditions during growing (George et al.,
2004; Kaur et al., 2006).

In the last decade, secondary metabolite production
was changed to the use of hairy root culture technology.
This technology has proven as an efficient alternative



production system to produce secondary metabolite on
many plants (Giri and Narasu, 2000; Guillon et al., 2006).
Hairy root induction can be done by using Agrobacterium
rhizogenes vector. Agrobacterium rhizogenes is gram
negative soil bacteria and the causal agent for the
development of the hairy root disease in plants.
Agrobacterium rhizogenes has the ability to transfer a
portion of its DNA (T-DNA) of root-inducing (Ri) plasmid to
the genome of the plant (Nilson and Olsson, 1997). T-DNA
will be integrated into plant chromosomes and express
genes to synthesis opine substance and oncogene coding
the growth hormone of auxin and cytokinin. Oncogene
expression in Ri-plasmid is characterizing the adventives
root formation abundantly at the infected sites recognized
as hairy root (Nilson and Olsson, 1997).

The advantages of transformed hairy root culture in
secondary metabolite production are relatively homogen,
high genetic stability, and can be grown in a medium
without any addition of growth regulator. Besides that, the
growth of hairy root is faster than the root derived from
induction with growth regulator, and is easily manipulated
to increase the secondary metabolite production (Doran,
2006). Many medicinal plants have been transformed
successfully by A. rhizogenes and the hairy roots induced
show a relatively high productivity of secondary
metabolites, including metabolite of hyoscyamine and
scopolamine from Hyoscyamus (Akramian et al., 2008),
anthraquinone from Rubia cordifolia cell (Bulgakov et al.,
2003), and Datura innoxia (Biotel-Conti et al., 2000).

In this study, we investigated the effect of cell density of
A. rhizogenes and inoculation time on induction of hairy
root cultures of L. esculentum and evaluated 2ycopene
production capacity and growth rate in hairy root culture.

MATERIALS AND METHODS

Plant Material

Seeds of tomato (Lycorpersicon esculentum Mill.) were
surface sterilized with 2% sodium hypochloride and rinsed
with sterile distilled water. The sterile seeds cultured on
MS basal media (Murashige and Skoog, 1962) without any
phytohormone for in vitro germination. Hypocotyls from 7-
day old seedlings are used as explants for infecting with
Agrobacterium rhizogenes.

Bacterial strain

Agrobacterium rhizogenes strain ATCC 15834 was used
in the experiments. The strain was maintained and

cultured on semi-solid Yeast Mannitol Broth (YMB)
medium. The bacterial strain was grown in dark for 48
hours at 25 + 2°C temperature and were further maintained
at 4°C in refrigerator. Before using the bacterial strain for
transformation experiment, bacterial suspension culture
was prepared by transferring a single cell colony in liquid
YMB medium in sterile culture tubes and incubated for 24-
48 hours on rotary shaker at 100 rpm. The bacterial growth
was determined by its optical density measured at 600 nm
using spectrophotometer (Mehrotra et al., 2008).

Induction and production of hairy root via A

rhizogenes transformation

Hypocotyls explants of 7 days old tomato seedling were
wounded with metal needle and infected with A.
rhizogenes strains ATCC 15834. Bacterial suspension of
different optical densities (O.Ds) i.e, 0.5 and 1.0 at 600 nm
were used for co-cultivation. The mixed suspensions of
explants and A. rhizogenes were shaken at 70 rpm for 15,
30, 45 and 60 minutes. The inoculated hypocotyls were co-

cultivated with A. rhizogenes for 3 days at 25°C in the dark.
After co-cultivation, the explants were washed with 500 mg
L cefotaxime antibiotic for 5 minutes, and were then
cultured on the selection medium (MS medium) containing
500 mg L cefotaxime antibiotic for 10 days to Kill the
bacteria. Explants were then transferred to hormone-free

MS media and incubated at 25 °C under light. Frequency
of hairy root formation and root number per explants for
each treatment was scored 4 weeks after co-cultivation.
Four weeks after co-cultivation, hairy roots emerging from
infected explants were excised and transferred to
hormone-free liquid MS medium and shaken in orbital
shaker at 100 rpm. The roots were sub cultured onto the
same medium every 2 weeks for 8 weeks. Every 2 week,
hairy roots from each treatment were weighed out and
were analyzed for lycopene contents.

Analysis of Lycopene Content

Lycopene extraction method was done according to Perez,
et al. (2008). Hairy root samples were grinded and
homogenized. Samples of 0.6 g were added with 5 ml
solution of 0.05% (w/v) butylated hydroxytoluen (BHT) in
acetone, 5 ml ethanol and 10 ml hexane. Homogenate
were put in ice and shaken with stirrer for 15 minutes, then
were added with 3 ml deionized water on every vials and
were shaken for 15 minutes in cold. Samples were left at
room temperature for 5 minutes in order to separate the
two phases. Qualitative analysis was done



Figure 1. Development of hairy roots on hypocotyls explants of Lycorpersicon
esculentum Mill. four weeks after inoculation with A. rhizogenes ATCC 15834
after incubation in MS medium containing kanamycin. A. Transformed
hypocotyls, B Non-transformed hypocotyls.

by using Thin Layer Chromatography (TLC) to observe the
existence of an active substance as lycopene in root
extraction .Standard solutions used were lycopene
(Sigma). TLC analysis was done by putting 20 pl
concentrated root extract on silica gel plate 60 F254 using
capillary pipette. Plate with dots of samples was immersed
into eluen with the proportion of 75:25 (hexane:acetone)
then was observed under UV at 366 nm A. Lycopene
content was analyzed with uv—vis spectrophotometer and
was done by taking hexane phase solution (upper phase)
and then being observed at 417 nm A. Hexane solution was
used as blank.

RESULTS AND DISCUSSION
Induction of Hairy Roots

Agrobacterium rhizogenes strain ATCC 15834 could
induce the tomato root formation of hypocotyls explants.
Agrobacterium rhizogenes ATCC 15834 induced hairy
roots of tomato at a frequency between 36 and 59% of the
explants and induced an average of 1-2 hairy roots of
explants. Hairy roots were emerged at the infection sites
or wounded regions of the hypocotyls explants at 7-10
days after co-cultivation with A. rhizogenes. Hairy roots
displayed a typical phenotype characterized by grow
faster, have reduced apical dominance, which produces
highly branched roots and the roots were plagiotropic
(Figure 1A). Conversely, none of the explants uninfected
A. rhizogenes produced roots (Figure 1B). In some species
non-inoculated explants produced roots, but these non-
transformed roots showed poor growth and rare branching
compared to the much more vigorous growth of the hairy
roots (Koike et al. 2003; Christensen et al. 2008). In this
way, hairy roots can be distinguished from non-
transformed roots and selected based on their hairy root
phenotype as the primary indicator of transformation
without using antibiotic or herbicide

resistance genes for selection (Christensen et al., 2008).
Statistical analysis revealed that cell density of

Agrobacterium and inoculation time didn’t significantly
affect on induction of hairy root. There were no difference
among treatments in transformation frequency and root
number per explants in this experiment, but there was a
tendency to decline in transformation frequency (Figure
2A) and roots number (Figure 2B) on higher cell density
OD and longer inoculation time. Maximum transformation
frequency (59%) was observed at OD =1.0 with 15 minutes
inoculation time, while the highest root number was
observed at OD = 0.5 with 30 minutes inoculation time.

These results were supported by Rashid et al. (2011)
and Hu et al. (2003) who used Agrobacterium cell density
OD = 0.5 and obtained maximum transformation
efficiency. In case of higher OD, transformation efficiency
was lower. Higher optical density (OD>0.6) decreased
transformation frequency of Lotus corniculatus (Jian et al.,
2009). It is because of the contamination could not be
controlled and excessive bacterial growth was observed at
these higher level of bacterial culture, as a result of which
explants died. While Karthikeyan et al. (2007) obtained the
frequency of root formation and number of root per
explants of Arachis hypogaea L. was reduced with
increasing infection period. Similar observations about the
length of the co-cultivation period have been reported by
others (Viemont and Lambert, 1994; Rahimi et al., 2008;
Jian et al., 2009). Longer co-cultivation periods did not
improve production of hairy root of Valeriana
sisymbriifolium (Rahimi et al., 2008). The similar trend was
already reported in Ericax darleyensis (Viemont and
Lambert, 1994). According Jian et al. (2009), longer co-
cultivation time caused the overgrowth of A. rhizogenes
leading to damage of the plant cell and consequently
resulting in low transformation frequency.

Hairy roots are induced when a plant is infected by an
A. rhizogenes, by a part of DNA (T-DNA) of root inducing
(Ri) plasmid transferred into the plant cell and expressed
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Figure 2. Effects of bacterial cell density OD and inoculation time on hairy root growth from tomato
hypocotyls explants (Lycopersicon esculentum Mill.) transformed with A.rhizogenes. A.
Transformation frequency, B. Number roots per explant

Figure 3. Development of hairy roots from
hypocotyl of tomato after inoculation with A.

rhizogenes in hormone-free

medium.

therein. The T-DNA of the A .rhizogenes consists of the
TL- and TR-DNA. According to Nilson and Olsson (1997),
TL-DNA brought rol genes, i.e. rolA, rolB, rolC, and rolD.
RolA was a gene responsible to root growth, while rolB was
the main factor in hairy root formation (Rhodes et al., 1994;
Tenea et al., 2008). Accumulation of rolB transcript in
Glycyrrhiza plants increased the

root formation and transformation efficiency (Tenea et al.,
2008).

A number of previous studies showed that genetic
transformation mediated by A. rhizogenes was affected by
explants genotype, bacterial strains (Dogan et al., 2005),
bacterial cell density, and co-cultivation conditions (Jian et
al., 2009; Rashid et al, 2011). Most plant tissue and
organs, including hypocotyls, cotyledons, stems, leaves,
petioles, shoots and roots have shown capacity to be
infected by A. rhizogenes resulting in production of hairy
roots (Dogan et al., 2005; Karthikeyan et al., 2007;

liquid MS

Triplett et al., 2008; Kim et al., 2010; Pirian et al., 2012).
However, within a plant species, the different organs differ
in susceptibility to A. rhizogenes infection, since the
response varies depending upon the A. rhizogenes strain
and its interaction with the plants genes (Christensen and
Muller 2009; Pirian et al., 2012). According to Akramian et
al. (2008), different strains of A. rhizogenes vary in their
transforming ability because of the significant differences
in virulence. While Jian et al. (2009) stated that the growth
status of A. rhizogenes may influence its virulence, and
thereby the transformation frequency. The highest
transformation frequency of Lotus corniculatus (Jian et al.,
2009) and Portulaca oleracea (Pirian et al., 2012) were
obtained when A. rhizogenes cultures at the late-log stage
were used, corresponding to OD 0.6. At this OD,
transformation frequency increased significantly over all
other tested cell concentrations.
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Figure 4. Effect of bacterial cell density and inoculation time on fresh weight of
hairy roots after 6 weeks of culture in hormone-free liquid medium.

Growth of Hairy Roots in Liquid Culture

After 4 weeks on kanamycin-containing media, hairy root
were transferred into hormone-free liquid MS medium to
increase hairy root growth. Hairy root cultures were
maintained in hormone-free liquid MS medium for 8 weeks
and sub-cultured every 2 weeks. Transfer to liquid culture
greatly stimulated new growth of the cultures. Even without
addition of plant growth regulator in the medium, the roots
were capable to grow fast (Figure 3). Fresh weights of the
hairy roots in the liquid culture were significantly higher
than their initial weights. It is indicated that roots which
were cultured were transforman roots. Agrobacterium
rhizogenes carries T-DNA that induces the formation of
roots after its integration into the plant genome. According
to Doran (2002), one of the advantages of using A.
rhizogenes was an economic culture with unnecessary to
add hormone, if compared to cell suspension and non-
transformation root culture.

Statistical analysis showed that cell density of
Agrobacterium and inoculation time significantly affected
fresh weight of hairy root at 5% probability level. Higher
bacterial cell density OD and longer inoculation time
decreased fresh weight of hairy roots (Figure 4). Cell
density OD = 0.5 resulted higher mean of root fresh weight
compared to OD = 1.0. Hairy roots growth in response to
bacterial infection at OD = 0.5 for 15 minutes attained
maximum fresh weight (1970 mg). This result showed that
inoculation with Agrobacterium at OD = 0.5 for 15 minutes
effectively induced the hairy root formation

on hypocotyls explants. The high cell density OD in this
research resulted low root fresh weight may be due to a lot
of bacterium number that made ineffectively infection of
explants and inhibited hairy root growth. While the
declining of root fresh weight with an extended inoculation
time was probably due to accumulation of substance
produced by bacterium that inhibited gene transfer from A.
rhizogenes into plant cell. Karthikeyan et al. (2007) stated
that 15 minutes infection time resulted highest hairy root
production on peanut and the longer inoculation time the
lower fresh root weight produced.

Determination of Lycopene Content of Hairy Roots

Thin layer chromatography using hexane:aceton eluen
(75:25) with uv irradiation of 366 nm showed that hairy root
sample spot with Rf values comparable to that of standard
lycopene. These compounds showed blue fluorescence at
A 366 nm (Figure 5).

Statistical analysis revealed that cell density of
Agrobacterium significantly affected lycopene content of
hairy root while effect of inoculation time was non
significant at 5% probability level. Cell density OD = 0.5 on
all inoculation time produced lycopene content higher than
that of cell density OD = 1.0. Maximum lycopene (1.68
ug/g) was observed after 6 weeks of hairy roots culture
produced by inoculation of Agrobacterium at cell density
OD = 0.5 for 15 minutes (Figure 6). Although inoculation
time have no effect on lycopene content there
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Figure 6. Effect of bacterial cell density and inoculation time on
lycopene content of hairy roots.

was a gradual decline in lycopene content from 15 minutes
inoculation time to 60 minutes on hairy roots was infected
Agrobaterium at OD = 0.5. The reverse pattern was
observed in case of cell density OD = 1.0, there was a
gradual increase in lycopene content in inoculation time
from 15 minutes to 45 minutes.

The high cell density OD in this research caused poor
growth of hairy root growth. It has been suggested that
inhibition of hairy roots growth caused inhibition on
accumulation of lycopene content. Other possibilities due

to high cell density infected more explants so most of
secondary metabolite role as an antipathogen agent, and
less lycopene was produced. Overall differences in the
production of lycopene of hairy roots produced in response
to infection A. rhizogenes. According to Bulgakov et al.
(2008), A. rhizogenes rol genes having the role as
modulators of cells growth and differentiation, but has
found the new role of the genes when interacting with
plants that is potentially as activators of secondary
metabolism in the transformed cells. While according to
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Figure 7. Relationship between growth and lycopene production
from transformed hairy roots of Lycopersicon esculentum Mill.

Vu et al. (2006), infection of A. rhizogenes have a positive
effect on growth of hairy roots and production of secondary
metabolite was due to A. rhizogenes have role as biotic
elicitor that increase alkaloid content and biomass of
Datura innoxia.

Based on time course of growth and lycopene
production showed that lycopene content appeared to be
closely related to growth of hairy roots (Figure 7). There
was an increase in growth and lycopene content with an
increase in number of weeks of incubation. There was an
increase in biomass from 55 mg at day one to 1307 mg at
6 weeks. Lycopene production increased also during the
six weeks and reached a value of 1.23 ug/g. At 8 weeks,
there was a sudden decrease in the lycopene content and
fresh weight of hairy root. According to Tenea et al. (2008),
secondary metabolite content of hairy roots correlated with
fresh weight of roots. Giri et al. (2008) and Ahlawat et al.
(2012) reported that increased roots fresh weight of
Artemisia followed by increasing artemisinin content.

The present investigation emphasizes that hairy root
can be induced from hypocotyls explants of L. esculentum.
Proliferation of the hairy roots can be conducted in
hormone-free liquid medium. Different cell density and
inoculation time have no effect on induction of hairy roots
but affected on growth and production of lycopene in hairy
root culture. The highest fresh weight and lycopene
content was observed after 6 weeks of hairy roots culture
produced by inoculation of

Agrobacterium at cell density OD = 0.5 for 15 minutes.
Lycopene content of root correlated with growth of hairy
root.

ACKNOWLEDGEMENTS

The authors thank Directorate General of Higher
Education, the Ministry of National Education, Republic of
Indonesia for funding the research through National
Strategic Research Grant.

REFFERENCES

Ahlawat S, Saxena P, Ram M, Alam P, Nafis T, Mohd A, Abdin MZ
(2012). Influence of Agrobacterium rhizogenes on induction of hairy
roots for enhanced production of artemisinin in Artemisia annua L.
plants. Afr. J. Biotechnol. 11 (35): 8684-8691.

Akraimian M, Tabatabaei SMF, Mirmasoumi M (2008). Virulence of
different strains of Agrobacterium rhizogenes on genetic
transformation of four Hyoscyamus species. American-Eurasian J.
Agric & Enciron. Sci. 3 (5): 759-763.

Biotel-Conti M, Laberche JC, Lanoue A, Ducroucq C, Sangwan-Norreeel
BS (2000). Influence of feeding precursors on tropane alkaloid
production during an abiotic stress in Datura innoxia
transformed roots. Plant Cell Tissue and Organ Culture. 60 (2): 131-
137

Bramley = PM (2000). Is lycopene beneficial to human health?
Phytochemistry 54: 233-236.

Bulgakov VP, Gorpenchenco TY, Inyushkina YV, Koren OG, Kiselev
KV, Shkryl YN, Zhuravlev YN (2008). Agrobacterial plant-
transforming oncogenes: emerging complexity of their action and



functional parallelism with some animal protooncogenes. Procedings
of the International Multi Conference of Engineers and Computer
Scientists. p.19-21.

Bulgakov VP, Tchernoded GK, Mischenko NP, Shkryl YN, Glazunov VP,
Fedoreyev SA, and Zhuravlev YN (2003). Increase in anthraquinone
content in Rubia cordifolia cells transformed by rol genes does not
involve activation of the NADPH oxidase signaling pathway.
Biochemistry. 68 (7): 795-801.

Chalabi N, Le Corre L., Mauizis JC, Bignon YJ, Bernard-Gallon D (2004).
The effects of lycopene on the proliferation of human breast cells and
BRCA1 and BRCA2 gene expression. European Journal of Cancer
40: 1768-1775.

Christensen B, Muller R (2009). The Use of Agrobacterium rhizogenes
and its rol genes for quality Improvement in Ornamentals. Europ J
Hort Sci 74:275-287.

Christensen B, Srikandarajah S, Serek M, Muller R (2008).
Transformation of Kalanchoe blossfeldiana with rol-genes is useful in
molecular breeding towards compact growth. Plant Cell Rep. 27:
1485-1495.

Di Mascio P, Kaiser SP, Sies H (2002). Lycopene as the most efficient
biological carotenoid singlet oxigen quencher. Arch. Biochem.
Biophys. 274: 179-185.

Dogan D, Khawar KM, Ozcan S (2007). Agrobacterium mediated tumor
and hairy root formation from different explants of lentils derived from
young seedlings. International Journal of Agriculture & Biology 7 (6):
1019-1025

Doran PM (2006). Properties and applications of hairy root cultures.
Department of Biotechnology, University of New South Wales,
Sydney, Australia

George B, Kaur C, Khurdiya DS, Kapoor HC (2004). Antioxidants in
tomato (Lycopersium esculentum) as a function of genotype. Food
Chem. 84: 45-51.

Giovannini A, Pecchioni N, Rabaglio M, Allavena A (1997).
Characterization of ornamental Datura plants transformed by
Agrobacterium rhizogenes. In Vitro Cell. Dev. Biol. —Plant 33: 101—
106.

Giri A, Narasu ML (2000). Transgenic hairy roots: recent trends and
applications. Biotechnology Advances 18: 1-22

Giri A, Sarish T, Ravindra V, Dhingra N, Narasu ML (2008). Transgenic
hairy roots: recent trends and applications. Biotechnol. Adv. 18: 1-22.

Guillon S, Tremouillaux-Guiller J, Pati PK, Rideau M, Gantet P (2006).
Harnessing the potential of hairy roots: dawn of a new era. Trends.
Biotechnol. 24: 403-409.

Heber D, Lu QY (2002). Overview of mechanism of action of lycopene.
Exp. Biol. Med. 227: 920-923.

Hu T, Metz S, Chay C, Zhou HP, Biest N, Chen S, Cheng M, Feng X,
Radionenko M, Lu F, Fry J (2003). Agrobacterium mediated large
scale transformation of wheat (Triticum aestivum L.) using glyphosate
selection. Plant Cell Reports, 21: 1010-1019.

Jian B, Hou W, Wu C, Liu B, Liu W, Song S, Bi Y, Han T (2009).
Agrobacterium rhizogenes-mediated transformation of Superroot-
derived Lotus corniculatus plants: a valuable tool for functional
genomics. BMC Plant Biology 9 (78): 1-14

Karthikeyan A, Palanivel S, Parvathy S, Raj RB (2007). Hairy root
induction from hypocotyls segments of groundnut (Arachis hypogaea
L.). African Journal of Biotecnology. 6 (15): 1817-1820

Kaur D, Wani AA, Sogi DS, Shivhare US (2006). Sorption isotherms and
drying characteristics of tomato skin isolated from tomato pomade.
Drying Technol. 24: 1-6.

Koike Y, Hoshino Y, Mi M, Nakano M (2003). Horticultural
characterization of Angelonia salicariifolia plants transformed with
wild-type strains of Agrobacterium rhizogenes. Plant Cell Rep. 21:
981-987.

Kim KK, Xu H, Park WT, Park NI, Lee SY, Park SU (2010). Genetic
transformation of buckwheat (Fagopyrum esculentum M.) with
Agrobacterium rhizogenes and production of rutin in transformed
root cultures. Auastralian Journal of Crop Science 4(7):485-490.

LiuC, Russell RM, Wang X-D (2006). Lycopene supplementation
prevents smoke-induced changes in p53, p53 phosphorylation, cell
proliferation, and apoptosis in the gastric mucosa of ferrets. J Nutr
136: 106-111.

Mehrota S, Kukreja AK, Khanuja SPS, Mishra BN (2007). Genetic
transformation studies and scale up of hairy root culture of
Glycyrrhiza glabra in bioreactor Electronic Journal of Biotechnology
11 (2): 1-7

Murashige T, Skoog F (1962). A revised medium for rapid growth and
bioassays with tobacco tissue culture. Physiol. Plant., 15: 473-497.

Nillson O, Olsson O (1997). Geeting to the root: the role of The
Agrobacteri rhizogenes rol genes in the formation of hairy roots.
Physiol. Plant., 100: 463- 473.

Perez LMR, Borges JH, Delgado MAR, Miquel TB (2008).
Spectrophotometric analysis of lycopene in tomatoes and
watermelons. The chemical educator. 13 (1) : 1-4.

Pirian K, Piri K, Ghiyasvand T (2012). Hairy roots induction from
Portulaca  oleracea using Agrobacterium rhizogenes to
Noradrenaline,s production. International Research Journal of
Applied and Basic Sciences. 3 (3): 642-649,

Rahimi K, Haghbeen K, Marefatjo J, Jazii FR, Sheikhani R (2008).
Successful production of hairy Root of Valeriana sisymbriifolium by
Agrobacterium rhizogenes. Biotechnology 7 (2): 200-204.

Rashid H, Afzal A, Khan MH, Chaudry Z, Malik SA (2010). Effect of
bacterial culture density and acetosyringone concentration on
Agrobacterium mediated transformation in wheat. Pak. J. Bot., 42
(6): 4183-4189.

Rhodes MJC, Parr AJ, Giulietti A, Aird ELH (1994). Influence of
exogenous hormones on growth and secondary metabolite formation
in transformed root culture. Plant Cell Tissue and Organ Culture., 38:
143-151

Singh GP, Prasanth P (2012). Lycopene-secondary suppresser for
cancer. International Journal of Research in Pharmacy and
Chemistry 2 (4): 984-995

Stacewicz-Sapuntzakis M, Bowen PE (2005). Role of lycopene and
tomato products in prostate health. Biochim. Biophys. Acta.

1740: 202-205.

Tenea GN, Calin A, Gavrilla L, Cucu N (2008). Manipulation of root
biomass and biosynthetic potential of Glycyrrhiza glabra L. plants by
Agrobacterium rhizogenes mediated transformation. Roumanian
Biotechnological letters. 13 (5): 3922-3932.

Triplett BA, Moss SC, Bland JM, Dowd MK (2008). Induction of hairy root
cultures from Gossypium hirsutum and Gossypium

Viemont JD, Lambert C (1994). Transformation of the root system by
Agrobacterium rhizogenes changes rhythmic growth of the shoot of
Erica darleyensis, Ann. Bot. 73: 603.

Vu TD, Tran TLM, Biteau F, Mignard B, Fevre JP, Guckert A, Bourgaud
F (2006). Improvement of secondary metabolites production in
hydroponic cultures by mechanical and biological processes.
Proceedings of International Workshop on Biotechnology in
Agriculture.



