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Tomato Lycopersicon esculentum is a member of the Solanaceae family. Most
of the studies on micropropagation of tomato use stem, hypocotyl, leaf disc and
cotyledon as the explant instead of young shoot apical meristem (SAM).
Therefore, the first objective of this study was to evaluate the effect of Indole
Acetic Acid (IAA) and Kinetin (KIN) on plantlet regeneration from SAM. SAM
was isolated from 6-days-old germinating tomato seedling and was then
cultured into liquid Murashige and Skoog (MS) medium supplemented with
different concentrations of IAA and KIN, respectively, and a combination of
both hormones in the ranges of 0.1-0.2 mg/l while ligiud MS medium alone
served as control. Results showed that SAM was able to regenerate to an
entire plant in all treatments. The highest significant mean in percentage of
explant survival shown in treatment 8 (T8) which is liquid MS medium
supplemented with combination of 0.05 mg/L IAA + 0.1 mg/L KIN with 66%. T8
was also the best treatment in the in vitro regeneration of SAM with an average
plant height (4.6 cm), number of leaves (9) and number of roots (7). The
second objective was to study the variation on morphology, anatomy and
primary metabolites content between tomato intact plant and mericlones. Our
findings indicated that the morphology, histology and contents of primary
metabolites of all mericlones were almost similar with intact plants; t-test
(p>0.05). Both intact plant and mericlone has similar odd pinnate leaf, acute
leaf tip, oblique leaf base, serrate leaf margin and reticulate vein. Intact plant
has higher total chlorophyll and total soluble protein content but lower in total
carbohydrate content compared to mericlones. However, no significant
difference observed (p>0.05) excluding total chlorophyll content. Therefore, it
was concluded that SAM serves as a suitable explant that can regenerate true
mericlones and combination hormone of 0.05 mg/L IAA + 0.1 mg/L KIN gave
the best response in the growth development of the mericlones. The third
objective of this study was to compare the antioxidant properties and



antioxidant activity between mature and young fruits of tomato plant cv. MT1
that was grown in conventional propagation. Total carotenoid, flavonoid and
phenolic content of mature and young tomato fruit were measured. 2,2-
diphenyl-1-picrylhidrazyl (DPPH) radical scavenging activity and reducing
power analysis were employed to measure antioxidant activity of both mature
and young fruits. Fruit sample (200 mg) was extracted and diluted into a series
of concentration (0.5, 1, 2, 5, and 10 mg/ml). Mature fruit was found to have
significantly (p<0.05) higher total carotenoid, total flavonoid and total phenolic
content, and higher antioxidant activity. In addition, mature fruit has lower ICsq
value when compared to young fruit with 6.00 + 0.03 and 8.86 + 0.03 ug/ml
respectively. Hence, it was concluded that mature tomato fruit of tomato plant
cv. MT1 showed higher contents of antioxidant properties and higher
antioxidant activity in comparison to the young tomato fruit of tomato plant cv.
MT1.

Keywords: Lycopersicon esculentum, shoot apical meristem, IAA, Kinetin,
plantlet, antioxidant activity.
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Kajian terdahulu menggunakan daun, ruas dan batang sebagai eksplan untuk
mikropropagasi tomato. Oleh itu, kajian ini dijalankan bertujuan untuk mengkaiji
kesan penggunaan Indol asetik asid (IAA) dan Kinetin (KIN) terhadap
penghasilan anak pokok daripada pucuk apikal meristem. Pucuk apikal
meristem yang digunakan sebagai eksplan telah dipencilkan daripada anak
benih yang berusia 6 hari dan kemudiannya dikultur di dalam media Murashige
dan Skoog (MS) yang dibekalkan dengan hormon IAA dan KIN dan gabungan
kedua-dua hormon dalam julat kepekatan ialah 0.1 - 0.2 mg / | dan media MS
sebagai kawalan. Kajian ini mendapati bahawa tisu pucuk apikal meristem
berupaya membesar, berkembang dan membentuk satu pokok tomato dalam
semua rawatan termasuk kawalan. Purata tertinggi bagi peratus pokok klon
hidup ditunjukkan pada rawatan media MS cecair yang dibekalkan dengan
0.05 mg/L 1AA + 0.1 mg/L KIN. Rawatan ini juga merupakan rawatan terbaik
untuk perkembangan anak pokok klon dengan purata ketinggian 4.6 sm,
jumlah bilangan daun yang terbentuk adalah 9 dan akar adalah 7. Objektif
kedua kajian ialah untuk membanding variasi somaklon antara pokok tomato
dan klon. Kajian ini mendapati morfologi, histologi dan kandungan metabolit
primer semua klon pokok tomato yang dihasilkan adalah serupa dengan pokok
induk. Pokok induk dan pokok klon mempunyai jenis daun pinat ganjil, hujung
daun meruncing, pangkal daun serong, margin daun bergigi dan urat daun
jejala. Pokok induk mempunyai kandungan jumlah klorofil dan jumlah protin
larut yang lebih tinggi tetapi lebih rendah dalam jumlah karbohidrat berbanding
pokok klon. Walau bagaimanapun, tiada perbezaan signifikan (p>0.05) kecuali
kandungan jumlah klorofil. Kesimpulannya, pucuk apikal meristem tomato
berpotensi sebagai eksplan untuk regenerasi semula pokok tomato dan
kombinasi hormon pada kepekatan 0.05 mg/L IAA + 0.1 mg/L KIN memberi
kesan terbaik pada perkembangan anak pokok klon. Objektif kajian yang ketiga
ialah membanding profil dan aktiviti antioksida antara buah muda dan buah
matang tomato cv. MT1. Jumlah kandungan karotenoid, flavonoid dan fenolik



bagi buah muda dan buah matang tomato telah diukur. Analisis aktiviti radikal
2,2-difenil-1-pikrilhidrazil (DPPH) dan kuasa penurunan telah digunakan untuk
mengukur aktiviti antioksida antara buah tomato matang dan buah tomato
muda. Sampel buah (200 mg) telah diekstrak dan satu siri kepekatan iaitu 0.5,
1, 2, 5, dan 10 mg/ml disediakan. Kajian mendapati buah tomato matang
mempunyai kandungan jumlah karotenoid, jumlah flavonoid, dan jumlah fenolik
yang lebih tinggi dengan ketara berbanding buah tomato muda. Buah tomato
matang juga menunjukkan aktiviti antioksida yang lebih tinggi dengan ketara.
Buah tomato matang mempunyai nilai ICs, yang lebih rendah berbanding buah
tomato muda dengan nilai 6.00 £ 0.03 dan 8.86 + 0.03 pyg/ml masing-masing.
Kesimpulannya, buah tomato matang bagi tomato cv. MT1 mempunyai
kandungan profil antioksida yang lebih tinggi dan menunjukkan aktiviti
antioksida yang lebih tinggi berbanding buah muda tomato cv. MT1.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

In vitro regeneration is one of the technologies used to generate plant clones
(Hussain et al., 2012). As early as 1890, this technique was used as an
alternative from traditional propagation. A part from a plant such as cell, tissue
or organ was used and cultured in a high nutrient artificial media to generate a
new whole plant (George et al., 2008). In vitro regeneration was introduced as
a method that can produce virus free and genetically identical mericlones.
Apart from that, this technique was widely used in agricultural industry for a
bulk plant production (Thorpe, 2013). In vitro regeneration is also used for
conservation purposes (Maryam et al., 2014).

However, in vitro regeneration is challenged by somaclonal variation.
Somaclonal variation is a phenotypic and DNA variation occurs in the plant
clones produced after repeated subculture (Kaepplar et al., 2000). The
mericlones produced can vary in terms of plant length, level resistance to
diseases, and also fruit quality. Even though somaclonal variation gives benefit
in genetic improvement such as increased resistance to disease, it can lead to
the regeneration of genetically non-identical mericlones. In addition,
undesirable features such as reduced growth rate and fertility level can occur in
some variants. But for conservation purposes, it is crucial to keep the same
genetic identity among the mericlones and between the mericlone and mother
plant. Maintaining high genetic fidelity can be useful for conservation purposes
(He et al., 2011).

The tomato (Lycopersicon esculentum) plant has been selected as the plant of
interest in this study. Tomato is widely known as a vegetable rich in medicinal
and nutritional values (Silva et al., 2008). Tomato is the major source of
lycopene which is the most effective natural antioxidant (Rao et al., 2003).
Moreover, tomato is rich in vitamin A, C and fiber (Rao and Agarwal, 2000). It
can be eaten raw or cooked. Tomato juice, tomato paste and tomato ketchup
are some of its commercial products which are widely used the world over. As
it is very popular and valuable vegetable, it is important to be conserved finely
and maintained its genetic fidelity. Furthermore, through in vitro regeneration
technique, virus free tomato mericlones can be produced (Thorpe, 2013).



In this study, tomato cultivar MT1 was used as the plant of interest. Tomato
MT1 and MT11 types are lowland tomatoes. Therefore, it is favorable since the
study was conducted in lowland area. Both cultivars were developed by
Malaysian Agricultural Research and Development Institute (MARDI). Tomato
MT1 was developed through crossing the CL555-10 lines with the local white
variety (Behboodian et al., 2012).

1.2 Problem Statement and Objective of Study

In this study, shoot apical meristem (SAM) of 6 days seedling had been used
as explants. Explant is a term referring to the part of mother plant taken to be
cultured into the artificial media. To date, in vitro regeneration of tomato plant
using SAM are yet to be reported in Malaysia. Instead of using SAM as the
explant, previous studies used stem (Sheeja et al., 2004), hypocotyl and leaf
disc (Sheeja et al., 2004; Devi et al.,, 2008; Chaudry et al., 2010), and
cotyledon (Liza et al., 2013). SAM possesses a high degree of totipotency and
has an ability to minimize somaclonal variation (Valizadeh et al., 2007). In
addition, SAM is juvenile and this may decrease the potential of having virus
infected plantlet. According to Sharma et al. (2007), explants selected from
highly differentiated tissues have high tendency to produce variation. According
to Sahjiram et al. (2003), the use of meristematic tissue as explant may reduce
the possibility of variation. Therefore, SAM of tomato was selected as the
targeted explant.

Subsequent to the above study, a comparative analysis in terms of
morphology, anatomy and physiology will be carried out on both tomato intact
plant and SAM derived plantlet. This is to verify if the SAM derived plantlet
produced is identical to intact plant. Some of the biochemical contents were
measured and compared. In this study, total chlorophyll, total carbohydrate,
and total protein of both tomato intact plant and SAM derived plantlet leaves
were the investigated parameters for biochemical content measurement.

Antioxidant properties of mature tomato fruit and lycopene content have been
extensively studied (Wang et al., 1996; George et al., 2004). This might be due
to the popularity of this fruit worldwide and also the medicinal value of tomato
fruit because of lycopene (Kelkel et al., 2011). There was no study found on the
antioxidant property and antioxidant activity of tomato fruit of tomato plant cv.
MT1. Hence, this study will also measure some antioxidant activity on the
mature and young fruits of tomato plant cv. MT1 that was grown in
conventional setting. In a nut shell, this comparative study can provide
experimental data on the similarities between tomato plant and tomato plantlet



produced, and also to the variance between the mature and young fruits of
tomato plant cv. MT1 in terms of antioxidant properties.

This study was expected to produce a true to type tomato mericlones as SAM
serves as the explant. The plantlets produced will be similar to the tomato
intact plant in terms of morphology, anatomy and primary metabolites contents.
If the young SAM of tomato seedling is capable to regenerate tomato
mericlones, this protocol can be applied for conservation of tomato plant and
other related plants under Solanaceae family. For the comparative study on
antioxidant properties and antioxidant activity, the mature fruit was expected to
show higher antioxidant properties and antioxidant activity as compared to the
young fruit of tomato plant cv. MT1. This is due to the preference of having
ripened tomato fruit as a sample in the other previous studies done (Wang et
al., 1996; George et al., 2004; Nour et al., 2014). In order to reach all of these
expected results, this study has come out with three main objectives as listed
below:-

1. To evaluate the effect of IAA and kinetin on plantlet regeneration from
shoot apical meristem (SAM).

2. To study the variation on morphology, anatomy and primary
metabolites contents of tomato intact plants and mericlones.

3. To compare antioxidant properties and antioxidant activity on mature
fruit and young fruit of tomato plant cv. MT1 in terms of 2,2-diphenyl-1-
picrylhidrazyl (DPPH) radical scavenging activity and reducing power
analysis.



REFERENCES

Abu-El-Heba, G.A., Hussein, G.M., and Abdalla, N.A. (2008). A rapid and
efficient tomato regeneration and transformation system. Agriculture
and Forestry Research. (58):103-110.

Allen, A. (2008). A passion for tomatoes. Smithsonian Magazine.
www.smithsonianmag.com. Retrieved 13 November 2014.

Agarwal, A., Shen, H., Agarwal, S., and Rao, A.V. (2001). Lycopene content of
tomato products: its stability, bioavailability and in vivo antioxidant
properties. Journal of Medicinal Food. 4:9-15.

Ahmad, A., Zhong, H., Wang, W., and Sticklen, M.B. (2002). Shoot apical
meristem: In vitro regeneration and morphogenesis in wheat
(Triticuma aesticum L.). In Vitro Cellular & Development Biology-
Plant. 38(2):163-167.

Alam, M.F., Banu, M.L.A., Swaraz, A.M., Parvez, S., Hossain, M,
Khalekuzzaman, M., and Ahsan, N. (2004). Production of virus free
seeds using meristem culture in tomato plant under tropical conditions.
Journal of Plant Biotechnology. 6(4):221-227.

Alam, I., Sharmin, S.A., Naher, M.K., Alam, M.J., Anisuzzaman, M., and Alam,
M.F.  (2010). Effect of growth regulators on meristem culture and
plantlet establishment in sweet potato. Plant Omics Journal.
3(2):35-39.

Altman, A., and Hasegawa, P.M. (2012). Plant Biotechnology and Agriculture:
Prospects for the 21% century. 1% edition. The University of Chicago
Press. (pp.268).

Ammirato, P.V. (1983). Embryogenesis, in Handbook of Plant Cell Culture.
(Evans, D.A., Sharp, W.R., Ammirato, P.V., and Yamada,
Y.)Macmillan, New York. 1:74-123.

Badoni, A., and Chauhan, J.S. (2009). Effect of growth regulators on meristem-
tip development and in vitro multiplication of potato cultivar ‘Kufri
Himalini’. Nature and Science. 7(9):31-34.

Bairu, M.W., Fennell, CW., and van Staden, J. (2006). The effect of plant
growth regulators on somaclonal variation in Cavendish banana (Musa
AAA cv. ‘Zelig’). Scientia Horticulturae. 108(4): 347-351.

Barrow, C.J., Weng, C.N., and Masron, T. (2009). Issues and challenges of
sustainable agriculture in the Cameron Highlands. Malaysian Journal
of Environmental Management. 10(2):89-114.

63



Behboodian, B., Mohd Ali, Z., Ismail, |., and Zainal, Z. (2012). Postharvest
analysis of lowland transgenic tomato fruits harboring hpRNAIi-ACO01
construct. The Scientific World Journal. 2012:1-9.

Bhatia, P., Ashwath, N., Senaratna, T., and Midmore, D. (2004). Tissue culture
studies of tomato (Lycopersicon esculentum). Plant Cell, Tissue and
Organ Culture. 78(1): 1-21.

Bhaskaran, S., Smith, R.H., Paliwal, S., and Schertz, K.F. (1986). Somaclonal
variation in Sorghum bicolor (L.). Moench cell culture. Plant Cell,
Tissue and Organ Culture. 9:189-196.

Bhowmik, D., Kumar, K.P.S, Paswan, S., and Srivastava, S. (2012). Tomato-A
natural medicine and its health benefits. Journal of Pharmacognosy
and Phytochemistry. 1(1): 33-43.

Bidabadi, S.S., Meon, S., and Wahab, Z. (2010). Study of genetic and
phenotype variability among somaclones induced by BAP and TDZ
in micropropagated shoot tips of banana (Musa spp.) using
RAPD marker. Journal of Agriculture Science. 2(3): 49-60.

Bradford, M.M (1976). A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein- dye
binding. Analytical Biochemistry. 72: 248-254.

Brand-Williams, W., Cuvelier, M.E., and Berset, C. (1995). Use of free radical
method to evaluate antioxidant activity. Lebensmittes-Wissenschaft
U-Technology. 28:25-30.

Chaudhry, Z., Abbas, S., Yasmin, A., Rashid, H., Ahmed, H., and Anjum, A.M.
(2010). Tissue culture studies in tomato (Lycopersicon esculentum)
var. Moneymaker. Pakistan Journal of Botany. 42(1):155-163.

Chawla, H.S. (2002). Introduction to plant biotechnology. 2" edition. Enfield
New Hampshire. (pp 173-191)

Chehregani, A., Mohsanzadeh, F., and Ghanad, M. (2011). Male and female
gametophyte development in Cichorium intybus. International Journal
of Agriculture and Biology. 13:603-606.

Ching, Y.T. (2005). Somaclonal variation: a tool for the improvement of
Cavendish banana cultivars. ISHS Acta Horticulturae. 692: 61-65.

Covington, L. (2014). What's the difference between cherry and grape
tomatoes? Chefs on flavor, skins, shapes and seasons. Food Republic.
www.foodrepublic.com/2014/07/07/what’s-the-difference-between-
cherry- and-grape-tomatoes/. Retrieved 10" December 2014.

64


http://www.foodrepublic.com/2014/07/07/what's-the-difference-between-%09cherry-
http://www.foodrepublic.com/2014/07/07/what's-the-difference-between-%09cherry-

Crozier, A., Lean, M.E.J., McDonald, M.S., and Black, C. (1997). Quantitative
analysis of the flavonoid content of commercial tomatoes, onions,
lettuce, and celery. Journal of Agricultural and Food Chemistry.
45:590-595.

Delange, F., and Debruijne, E. (1974). Massive propagation in vitro of tomato
plants with maintenance of genetic stability. 3" Internal Congress Plant
Tissue and Cell Culture, University Leicester (UK).

Dere, S., Dalkiran, N., Karacaoglu, D., Yildiz, G., and Dere, E. (2003). The
determination of total protein, total soluble carbohydrate and pigment
contents of some marcroalgae collected from Gemlik-Karacaali (Bursa)
and Erdek-Ormanli (Balikesir) in the sea of Marmara, Turkey.
Oceanologia. 45(3): 453-471.

Devi, P., Zhong, H., and Sticklen, M. B. (2000). In vitro morphogenesis of pearl
millet (Pennisetum glaucum. L.): efficient production of multiple shoots
and inflorescences from shoot apices. Plant Cell Reports. 19(6):546—
550.

Devi, M., Dhaliwal, M.S., Kaur, A., and Gosal, S.S. (2008). Effect of growth
regulators on in vitro morphogenetic response of tomato. Indian
Journal of Biotechnology. 7:526-530.

Dey, P.M., and Harborne, J.B. (1989). Methods in Plant Biochemistry, Vol I-Ill.
Academic Press, London. (pp 552).

DiMasico, P., Kaiser, S., and Sies, H. (1989). Lycopene as the most efficient
biological carotenoid singlet oxygen quencher. Archieves of
Biochemistry and Biophysics. 274: 532-538.

Dixon, R.A., and Gonzales, R.A. (1994). Plant cell culture: a practical
approach. Oxford University Press, New York. British Library
Cataloguing in Publication Data. (pp 230)

Dorais, M., Papadopoulus, A., and Gosselin, A. (2001). Green house tomato
fruit quality. Horticultures Review. 26:239-350.

Dorais, M., Ehret, D.L. and Papadopoulos, A.P. (2008). Tomato (Solanum
lycopersicum) heatlth components: From the seed to the consumer.
Phytochemistry Reviews. 7(2):231-250.

Duncan, R.R. (1997). Tissue culture-induced variation and crop improvement.
Advance in Agronomy. 58:201-240.

65



Fielding, J.M., Rowley, K.G., Cooper, P., and O’Dea, K. (2005). Increase in
plasma lycopene concentration after consumption of tomatoes cooked
with olive oil. Asia Pacific Journal of Clinical Nutrition. 14(2): 131-136.

Freedman, N.D., Park, Y., Subar, A.F., Hollenback, A.R., Leitzmann, M.F.,
Schatzkin, A., and Abnet, C.C. (2008). Fruit and vegetable intake and
head and neck cancer risk in a large United States prospective cohort
study. International Journal of Cancer. 122(10):2330-6.

Food and Agricultural  Organization (FAO) (2014). FAOSTAT.
http://faostat.fao.org.Retrieved 4 February 2015.

Fuentes, E., Carle, R., Astudillo, L., Guzman, L., Gutierrez, M., Carrasco, G.,
and Palomo, I. (2013). Antioxidant and antiplatelet activities in extracts
from green and fully ripe tomato fruits (Solanum lycopersicum) and
Pomace from industrial tomato processing. Evidence-Based
Complementary and Alternative Medicine. 2013: 1-9.

Ganeshan, S., Baga, M., Harvey, B.L., Rossnagel, G.B., Scoles, G.L., and
Chibbar, R.N. (2003). Production of multiple shoots from thidiazuron-
treated mature embryos and leaf-base/apical meristems of barley
(Hordeum vulgare). Plant Cell, Tissue and Organ Culture. 73(1):57-64.

George, B., Kaur, C., Khurdiya, D.S., and Kapoor, H.C. (2004). Antioxidants in
tomato (Lycopersicum esculentum) as a function of genotype. Food
Chemistry, Elsevier (pp 45-51).

George, E.F., Hall, M.A., and Klerk, G.J.D (2008). Plant Propagation by Tissue
Culture 3™ Edition. Volume 1. The Background. Springer. (pp1-
28).

Gubis, J., Lajchova, Z., Farago, J., and Jurekova, Z. (2003). Effect of genotype
and explant type on shoot regeneration in tomato (Lycopersicon
esculentum Mill.) in vitro. Czech Journal of Genetics and Plant
Breeding. 39:9-14.

Gubis, J., Lajchova, Z., Farago, J., and Jurekova, Z. (2004). Effect of growth
regulators on shoot induction and plant regeneration in tomato
(Lycopersicon esculentum mill). Biologia Bratislava. 59:405-408.

Hadrami, A.E., Daayf, F., Elshibli, S., Jain, S.M., and Hadrami, |.E. (2011).
Somaclonal variation in date palm. Jain, S.M., Al-Khayri, J.M. and
Johnson, D.V. (eds) Date Palm Biotechnology, Springer. (pp 183-203).

66



Harborne, J.B. (1989). General procedure and measurement of total phenolics.
In Dey, P.M. and Harborne, J.B. (eds). Methods in plant biochemistry,
Vol 1. Academic Press Limited, London. (pp.1-28).

He, T., Yang, L., and Zhao, Z. (2011). Embryogenesis of Gentiana straminea
and assessment of genetic stability of regenerated plants using inter
simple sequence repeat (ISSR) marker. African Journal of
Biotechnology. 10(39): 7604-7610.

Hobbie, L.J. (1998). Auxin: Molecular genetic approaches in Arabidopsis. Plant
Physiology and Biochemistry. 36: 91-102.

Honda, H., Liu, C., and Kobayashi, T. (2001). Large-scale plant
micropropagation. Plant  Cells  Advance in Biochemical
Engineering/Biotechnology. 157-182.

Hopkins, W.G., and Hunner, N.P.A. (2009). Introduction to Plant Physiology. 4"
edition. Wiley, John & Sons, Incorporated. (pp 96-108).

Hussain, A., Qarshi, I.A., Nazir, H., and Ullah, I. (2012). Chapter 1. Plant
Tissue Culture: Current Status and Opportunities. Recent Advance in
Plant in vitro Culture. INTECH. (pp 1-28).

ljato, J.Y., Adebiyi, A.O., and ljadunola, J.A. (2011). Antifungal effects of four
tropical plant aqueous and ethanol extract on post-harvest rot of
tomato (Lycopersicon esculentum) in Ado-Ekiti, Nigeria. New York
Science Journal. 4(1): 64-68.

Islam, G.M.N., Arshad, F.M., Radam, A., and Alias, E.F. (2010). The
effectiveness of agricultural practices (GAP) in the production and
marketing of tomatoes in Malaysia: Some evidence from Cameron
Highlands. Paper presented at the International Conference on
marketing (ic-MAR 2010): Global Issues and Challenges. 23-24 June
2010.

Janani, C., Girijan, S., and Kumari, B.D.R. (2013). In vitro culture and
agrobacterium mediated transformation in high altitude tomato
(Lycopersicon esculentum Mill.) cultivar Shalimar. International Journal
of Pharmacy Teaching & Practices 2013. 4(1): 483-488.

Kaeppler, S.M., Kaeppler, H.F., and Rhee, Y. (2000). Epigenetics aspects of
somaclonal variation in plants. Plant Molecular Biology. 43:179-188.

Kelkel, M., Schumacher, M., Dicato, M., and Diederich M. (2011). Antioxidant
and anti-proliferative properties of lycopene. Free Radical Research.
45(8):925-940.

67



Kim, I., Kobayashi, K., Cho, E., and Zambrisky P.C. (2005). Subdomains for
transport via plasmodesmata corresponding to the apical-basal axis
are established during Arabidopsis embryogenesis. Proceedings of
the National Academy of Sciences. 102(33): 11945-11950.

Kochert, G. (1978). Carbohydrate determination by phenol-sulfuric acid
method. In: Hellebust JA and Craige JS (eds) Handbook of
Physiological and Biochemical Methods. London: Cambridge
University Press. (pp. 95-97).

Krubasik, P., and Sandmann, G. (2000). A carotenogenic gene cluster from
Brevibacterium linens with novel lycopene cyclase genes involved in
the synthesis of aromatic carotenoids. Molecular Genetics and
Genomics. 263: 423-432.

Kumar, R., Sharma, K., and Agarwal, V. (2005). In vitro clonal propagation of
Holarrhea antidysentrica (L.) Wall. through nodal explants from mature
trees. In Vitro Cellular & Developmental Biology- Plant. 41:137-144.

Letham, D.S. (1974). Regulators of cell division in plant tissues. The cytokinins
of coconut milk. Physiologia Plantarum. 32(1):66-70.

Leva, A.R., Petruccelli, R., and Rinaldi, L.M.R. (2012). Chapter 7. Somaclonal
variation in tissue culture: A case study with Olive. Recent Advance in
Plant in vitro Culture. INTECH. (pp123-150).

Levetin, E., and McMahon, K. (2008). Plants and Society, 5" edition. McGraw-
Hill Companies. Unit 11, (pp32).

Liza, L.N., Nasar, A., Zinnah, K., Chowdhury, M.A.N., and Ashrafuzzaman, M.
(2013). In vitro growth media effect for regeneration of tomato
(Lycopersicon esculentum) and evaluation of the salt tolerance
activity of callus. Journal of Agriculture and Sustainability. 3(2):132-
143.

Lichtenthaler, H.K., and Wellburn, A.R. (1985). Determination of total
carotenoids and chlorophyll a and b of leaf in different solvents,
Biochemical Society Transactions. 11:591-592.

Lucena, M.A., Romero-Aranda, R., Mercado, J.A., Cuartero, J., Valpuesta, V.,
and Quesada, M.A. (2003). Structural and physiological changes in the
roots of tomato plants over-expressing a basic peroxidase.
Physiological Plantarum 118:422-429.

68



Maryam, A., Tariq, R., Chuadhary, S., Azmat, R., Javed, S., and Khanam, S.
(2014). A Review: Role of Tissue Culture (in vitro) Techniques in the
Conservation of Rare and Endangered Species. Pacific Journal of Life
Sciences. 2(2): 93-103.

Munksgaard, D., Mattsson, O. and Okkele, F.T. (1995). Somatic embryo
development in carrot is associated with an increase in levels of S-
adenosylmethionine, S-adenosylhomocysteine and DNA methylation.
Physiology Plant. 93:5-10.

Muller, B., and Sheen, J. (2008). Cytokinin and auxin interaction in root stem-
cell specification during early embryogenesis. Nature. 453: 1094-1097.

Naika, S., de Jeude, Joep van Lidt, de Goffau, M., and Hilmi, M. (2005). AD17E
cultivation of tomato Agromisa Foundation Netherlands. Wageningen.

(pp 1-91).

Nour, V., Trandafir, |., and lonica, M.E. (2014). Evolution of antioxidant activity
and bioactive compounds in tomato (Lycopersicon esculentum Mill.)
fruits  during growth and ripening. Journal of Applied Botany and
Food Quality. 87:97-103.

Novak, F.J., and Maskova, I. (1979). Apical shoot tip culture of tomato. Scientia
Horticulturae. 10: 337-344.

Osborne, D.J., and McManus, M.T. (2005). Hormones, signals and target cells
in plant development. Cambridge University Press. 41:1-91.

Oyaizu, M. (1986). Studies on products of browning reactions: antioxidative
activities of products of browning reaction prepared from
glucosamine. Japanese Journal of Nutrition. 44; 307-315.

Percival, M. (1998). Antioxidants. Clinical Nutrition Insights. Advanced Nutrition
Publication, Inc. (pp 1-4).

Plader, W., Malepszy, S., Burza, W., and Rusinowski, Z. (1998). The
relationship between the regeneration system and genetic variability in
the cucumber (Cucumis sativus L.) Euphytica 103:9-15.

Plevnes, D.R., Kulpa, D., Palka, E., and Wisniewska, M. (2010). Somaclonal
variability in callus culture of Lycopersicon hirsutum f. typicum and
Lycopersicon chilense. Acta Scientiarum Polonorum Hortorum Cultus.
9(4):63-73.

Rani, V., and Raina, S. (2000). Genetic fidelity of organized meristem derived
micropropagated plants: a critical reappraisal. In Vitro Cellular
Developmental Biology Plant. 36:319-330.

69



Rao, A.V., and Agarwal, S. (2000). Role of antioxidant lycopene in cancer and
heart disease. The Journal of The American College of Nutrition
19:563- 569.

Rao, A.V., and Balachandran, B. (2002). Role of oxidative stress and
antioxidants in neurodegenerative diseases. Nutritional Neuroscience.
5(5):291-309.

Rao, L.G., Guns, E., and Rao, A.V (2003). Lycopene: Its role in human health
and disease, AGRO Food industry hi-tech, pp. 25-30.

Rao, A.V. (2004). Processed tomato products as a source of dietary lycopene:
bioavailability and antioxidant properties. Canadian Journal of Dietetic
Practice and Research 65:161-165.

Ray, T., Dutta, I., Saha, P., Das, S., and Roy, S.C. (2006). Genetic stability of
three economically important micropropagated banana (Musa spp.)
cultivars of lower Indo-Gangetic plains, as assessed by RAPD and
ISSR markers. Plant Cell, Tissue and Organ Culture. 85:11-21.

Razdan, M.K. (2003). Introduction to plant tissue culture. 2" edition. Science
Publishers.

Rhoades, H. (2015). Tips for  growing roma tomatoes.
www.gardeningknowhow.com/edible/vegetables/tomato/tips-for-
growing-roma-tomatoes.html. Retrieved 3" Mei 2015.

Rohman, A., Riyanto, S., Yuniarti, N., Saputra, W.R., Utami, R., and Mulatsih,
W. (2010). Antioxidant activity, total phenolic, and total flavonoid of
extracts and  fractions of red fruit (Pandanus conoideus Lam).
International Food Research Journal. 17:97-106.

Rost, T.L. (1996). Virtual Crops, Lycopersicon esculentum, Tomato- An

anatomy atlas. Section of Plant Biology Division of Biological
Sciences, University  of California Davis. WWW-
plb.ucdavis.edu/labs/rost/tomato/Tomhome.html. Retrieved 20
November 2014.

Saeed, R., and Ahmad, R. (2009). Vegetative growth and yield of tomato as
affected by the application of organic mulch and gypsum under saline
rhizosphere. Pakistan Journal of Botany. 41(6): 3093-3105.

Sahijram, L., Soneji, J.R., and Bollama, K.T. (2003). Analyzing somaclonal
variation in micropropagated bananas (Musa spp.). In vitro Cellular &
Developmental Biology Plant. 39(6): 551-556.

70


http://www.gardeningknowhow.com/edible/vegetables/tomato/tips-for-
http://www.gardeningknowhow.com/edible/vegetables/tomato/tips-for-

Sanputawong, S., and Te-chato, S. (2011). Analysis of somaclonal variation of
callus, somatic embryo and plant regeneration of in vitro oil palm
(Elaeis guineensis Jacq.). Journal of Agricultural Technology. 7(2):
531-545.

Serrani, J.C., Ruiz-Rivero, O., Fos, M., and Garcia-Martinez, J.L. (2008).
Auxin- induced fruit set in tomato is mediated in part by gibberellins.
Plant Journal 56:922-934.

Sharma, S.K., Bryan, G.J., Winfield, M.O., and Millam, S. (2007). Stability of
potato (Solanum tuberosum L.) plants regenerated via somatic
embryos, axillary bud proliferated shoots, microtubers and true
potato seeds: a comparative phenotypic, cytogenetic and molecular
assessment. Planta. 226(6): 1449-1458.

Sheeja, T., Mondal, A., and Rathore, R. (2004). Efficient plantlet regeneration
in tomato (Lycopersicon esculentum mill.). Plant Tissue Culture.
14(1):45-53.

Shinde, B.P., and Thakur, J. (2015). Influence of Arbuscular mycorrhizal fungi
on chlorophyll, proteins, proline and total carbohydrate content of the
pea plant under water stress condition. International Journal of
Current Microbiology and Applied Sciences. 4(1): 809-821.

Shyluk, J.P. and Constabel, F. (1976). Morphogenetic investigations on in vitro
leaf culture of tomato (L. esculentum Mill. cv. Starfire) and high
frequency plant regeneration. Z. Pflanzenphysiol. 77:292-301.

Sies, H., Stahl, W. and Sundquist, A.R. (1992). Antioxidant functions of
vitamins: Vitamin E and C, B carotene, and other carotenoids. Annals
of the New York Academy of Sciences. 669:7-20.

Silaste, M.L., Alfthan, G., Aro, A., Kesaniemi, Y.A., and Horkko, S. (2007).
Tomato juices decreases LDL cholesterol levels and increases LDL
resistance to oxidation. British Journal of Nutrition. 98(6):1251-8.

Silva, D.J.H., Abreu, F.B., Caliman, F.R.B., Antonio, A.C., and Patel, VB.
(2008). Tomatoes: Origin, Cultivation Technique and Germplasm.
Tomatoes and Tomato  Product: Nutritional, Medicinal  and
Therapeutic Properties. CRC Press. (pp 3-26).

Silvarajan, L., Nulit, R., and Zaman, F.Q. (2012). Effect of plant growth
regulators on in vitro regeneration of Malaysian Indica rice (Oryza
sativa L.) cv. MR219 by shoot apical meristem. Asian Journal of
Agriculture Research. 6(4): 180-187.

71



Silvarajan L. (2013). In vitro regeneration of Oryza sativa (MR219) and Zea
mays (Thai Super Sweet) by SAM and RAM. Master Thesis, University
Putra Malaysia.

Skoog, F., and Miller, C.O. (1957). Chemical regulation of growth and organ
formation in plant tissues cultured in vitro. Symposia of the Society for
Experimental Biology Journal. 11:118-131.

Smith, R.H., and Murashige, T. (1970). In vitro development of isolated shoot
apical meristems of angiosperms. American Journal of Botany.
57:562- 568.

Smith, A.F. (1994). The tomato in America: Early history, culture and cookery.
Columbia SC, USA: University of South Carolina Press.

Solomon, E.P., Berg, L.R., and Martin, D.W. (2005). Biology. USA. Thompson
Learning. pp 602-704.

Soniya, E.V., Banerjee, N.S., and Das, M.R. (2001). Genetic analysis of
somaclonal variation among callus-derived plants of tomato. Current
Science. 80(9):1213-1215.

Sticklen, M.B., and Oraby, H.F. (2005). Shoot Apical Meristem: A sustainable
explants for genetic engineering of cereal crops. In vitro Cellular &
Developmental Biology-Plant. 41(3):187-200.

Su, Y.H., Liu, Y.B.,, and Zhang, X.S. (2011). Auxin-cytokinin interaction
regulates meristem development. Molecular Plant Advance
Access. (pp 1-10).

Thorpe, T.A. (1994). Morphogenesis and regeneration. In: Plant Cell and
Tissue Culture. Vasil, I.K., and Thorpe, T.A. (eds). Kulwer Acedemic
Publishers. (pp 17-36).

Thorpe, T.A. (2013). Chapter 1. History of Plant Cell Culture. Plant Tissue
Culture Technique and Experiments 3" Edition. Academic Press.

(pp 1-22).

Torrey, J.G. (1966). The initiation of organized development in plants.
Advances in Morphogenesis. 5:39-91.

Valizadeh, M., Tabar, S.K.K., and Nematzadeh, G. A. (2007). Effect of plant
growth regulators on callus induction and regeneration of cumin
(Cuminum cyminum). Asian Journal.of Agricultural Research. 1: 17-
22.

72



Wang, H., Cao, G., and Ronald, L. (1996). Total antioxidant capacity of fruits.
Journal of Agricultural and Food Chemistry. 44:701-705.

Waseem, K., Jilani, M.S., Khan, M.S., Kiran, M. and Khan, G. (2011). Efficient
in vitro regeneration of chrysanthemum (Chrysanthemum
morifolium L.) plantlets from nodal segments. African Journal of
Biotechnology. 10(8):1477-1484.

Whitting, D. (2014). Plant Structure: Leaves. (Roll, M., Vickerman, L., and
Johnson, S.). Colorado Master Gardener Program. Colorado State
University. www.ext.colostate.edu/mg/gardennotes/134.html. Retrieved
15" November 2014,

Yeung, E.C. (1998). A beginner’s guide to the study of plant structure. Tested
studies for laboratory teaching 19:125-142.

Yildiz, M., Ulukan, H., and Ozbay, A. (2003). The effect of different growth
medium, gelling agents and explant age on shoot regeneration from
hypocotyl explants in flax (Linum usitatissimum L.). XlIl Biotechnology
Congress, 25-29 August, Canakkale, Turkey. (pp 137-144).

Yildiz, M. (2012). Chapter 4.The prerequisite of the success in plant tissue
culture: High frequency shoot regeneration. Recent Advances in Plant
in vitro Culture. INTECH. (pp 63-90).

Zhang, X.H., Wang, O., Gerald, W., Hudis, C.A., Norton, L., Smid, M.,
Foekens, J.A., and Massague, J. (2009). Latent bone metastasis
in breast cancer tied to Src-dependent survival signals. Cancer Cell.
16(1):67-78.

Zhishen, J., Mengcheng, T., and Jianming, W. (1999). The determination of
flavonoid contents in mulberry and their scavenging effects on
superoxide radicals. Food Chemistry, Elsevier. 64:555-559.

Zhong, H., Wang, W., and Sticklen, M.B. (1998). In vitro morphogenesis of
Sorghum bicolor (L.) Moench: efficient plant regeneration from shoot
apices. Journal of Plant Physiology. 153:719-726.

73



	COMPARISON BETWEEN SOMACLONAL VARIATION IN INTACT PLANTS AND MERICLONES OF TOMATO CV. MT1 AND BETWEEN ANTIOXIDATIVE PROPERTIES OF MATURE AND YOUNG TOMATO FRUITS
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



