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ABSTRACT 

 

 

 

 

Rice is a staple food for more than two-third of the world’s population.  As 

human population arises, the production of rice must also be increased via various 

approaches, and one of it is plant transformation.  In this study, eight weeks old 

embryogenic callus derived from the scutellum of mature seed embryos of indica rice 

variety MR232 was biolistically transformed.  The mature rice seed was firstly cultured 

on Murashige and Skoog medium supplemented with 1mg/L of 2, 4 –D and 5mg /L 

NAA for 8 weeks to induce callus.  The callus produced showed embryogenic calli.  

The percentage of embryogenic calli induction was 40.7%.  A white to yellowish 

embryogenic calli was recorded.  While, in control treatment where the medium was 

not supplemented with any plant growth regulators, no callus induction was recorded.  

This embryogenic callus was then subjected to particle bombardment under room 

temperature.  The callus of MR232 was bombarded with gold microparticles coated 

with plasmid pCAMGloipt harbouring the gusA gene which encodes -glucuronidase.  

Physical parameters were observed in the bombardment, which were target distance 

and helium pressure.  After bombardment, half of the calli were subjected to GUS 

assay while the other half was used for PCR analysis. The histochemical GUS assay 

was conducted to analyse the transformation efficiency.  Calli bombarded at 9cm target 

distance showed the highest percentage of GUS activity (recorded as blue spots) with 

22.8%.  While, for helium pressure parameter, calli bombarded using 900 psi of helium 

pressure showed the highest percentage of GUS activity with 71.43%.  However, PCR 

analysis results no detection of GUS fragment from the bombarded calli showing that 

the transformation was not stable. 
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ABSTRAK 

 

 

 

 

Padi adalah tanaman yang menjadi sumber makanan ruji kepada dua per tiga 

penduduk dunia.  Seiring dengan pertambahan populasi dunia, penghasilan padi perlu 

dipertingkatkan melalui pelbagai kaedah dan salah satu kaedah yang boleh diambil 

adalah melalui pemindahan gen.  Dalam kajian ini, kalus embriogeni berumur 8 

minggu dari benih matang padi indika kultivar MR232 digunakan dalam pembedilan 

zarah.  Benih matang padi dikultur di atas media Murashige dan Skoog yang ditambah 

dengan 1mg/L 2,4-D dan 5mg/L NAA.  Peratusan induksi kalus yang direkod adalah 

sebanyak 40.7% dan kalus yang dihasilkan menunjukkan ciri-ciri embriogenik iaitu 

berwarna putih dan kekuningan.  Benih matang padi yang dikultur di atas media 

kawalan menunjukkan tiada pertumbuhan kalus direkod.  Kalus embriogenik ini 

kemudiannya digunakan untuk pembedilan zarah.  Zarah emas digunakan dan disalut 

dengan plasmid pCAMGloipt yang membawa gen -glukuronides dan dibedil ke atas 

kalus embriogeni padi kultivar MR232.  Parameter fizikal diuji dalam pembedilan ini, 

iaitu jarak sasaran dan tekanan gas helium.  Kalus kemudiannya dibahagikan kepada 

dua bahagian untuk pengujian pengasaian GUS dan analisis PCR.  Keberkesanan 

pemindahan gen dianalisis menggunakan kaedah pengasaian GUS yang mana bintik 

biru yang terbentuk pada kalus embriogeni direkodkan.  Peratusan keberkesanan 

pemindahan gen paling tinggi dihasilkan oleh kalus embriogeni yang dibedil dengan 

jarak sasaran 9cm iaitu sebanyak 22.8% dan dengan 900 psi tekanan gas helium iaitu 

sebanyak 71.43%.  Walau bagaimanapun, tiada gen GUS yang dikesan dalam analisis 

PCR menunjukkan pemindahan gen adalah tidak stabil. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background of Research 

 

 

Rice is one of the three leading food crops in the world and the second most 

widely grown cereal after wheat.  Rice, wheat and maize directly supply more than 

50% of all calories consumed by the entire human population. However, because a 

considerable amount of wheat used as animal feed, rice becomes the only major cereal 

crop that is consumed almost exclusively by humans (Van Nguyen and Ferrero, 2006).  

Rice provides 21% of global human per capita energy and 15% of per capita protein.  

Although rice protein ranks high in nutritional quality among other cereals, its protein 

content is modest. Rice also provides minerals, vitamins, and fiber.  But through 

milling process, all of these constituents were reduced.  Because of that, rice is mainly 

eaten as carbohydrate source in people’s daily food intake (Maclean et al., 2002) 

 

 

Rice from genus Oryza comprises of two cultivated and twenty-one wild 

species.  While the species Oryza glaberrima is grown only in a small scale in West 

Africa, species Oryza sativa is cultivated all over the world.  Rice was a primary food 

source for more than half of the world’s population.  Oryza sativa also called as Asian 
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rice, paddy rice, common rice, lowland rice and upland rice were consumed as a major 

staple food by more than 3 billion people in Asia (Khush, 1997). 

 

 

Half of the world’s population consumes rice as their staple food.  90% of this 

consumption was in Asia (Datta, 2004).  Following the success of the Green 

Revolution in the early 1960s, a steady rise in Asia’s per capita rice consumption from 

85 kilograms per year in the early ’60s to nearly 103 kilograms in the early’90s was 

recorded. Global per capita consumption also witnessed a rise from 50 to 65 kilograms 

per annum during the same period. The rising per capita consumption plus the growing 

population more than doubled global rice consumption during this period from 150 to 

350 million tons (Mohanty, 2013). 

 

 

Worldwide, area harvested each year with rice accounts up to 154 million 

hectares.  Rice is mainly cultivated in Asia where China has the largest cultivation area 

of rice (cultivation of rice).  According to FAO (2014), global paddy production in 

2013 was recorded at 744.9 million tonnes.  This rough paddy was then producing 

496.6 million tonnes of milled rice.  Global rice utilization in 2013-2014 was recorded 

with 490.3 million tonnes (milled basis) and is expected to increase up to 500 million 

tonnes in 2014-2015.  Although, the forecast showed that 83% will be used as human 

food consumption, a rise also was forecasted in animal feed and other uses.  

 

 

 

 

1.2 Problem Statement 

 

 

In recent years, declining in the availability of land for cultivation has affected 

the production of rice worldwide.  Dhlamini et al. (2005) stated that cereals production 

including rice was facing major problems caused by biotic and abiotic stresses.  When 

combined, biotic stresses like diseases and pests as well as abiotic stresses like drought, 

cold, and salinity lead to 30%-60% yield loss each year all over the world.  Other than 
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that, several other factors have also affected the rice growth yield such as declining 

productivities in rice production systems, pressures from abiotic stresses like drought, 

cold and salinity, pressures from biotic stresses like diseases and pests, increasing in 

productions costs and low returns in developing countries (Wang et al., 2012).  As the 

world’s population now having grown from 6 to 7 billion people, rice consumers also 

are projected to increase annually.  This resulted in the rate of population growth 

exceeding the rate of food grain production.   

 

 

In order to overcome this problem, many improvements have been taken 

including conventional breeding to produce desirable trait in the plant.  However, this 

attempt still faces a limited success.  Recently, advancement in agricultural 

biotechnology has achieved a major breakthrough by the application of gene transfer 

technique that has been showed to have advantages compare to the conventional 

methods.  Gene transfer technique allowed the introduction of genes from unrelated 

sources to be inserted into the rice genome (Khush, 1997).   

 

 

 

 

1.3 Objectives 

 

 

The objectives of this study are: 

 

1. To record callus induction of MR2 232 on MS media contained 1mg /L of 

2, 4-D and 5mg/L of NAA 

 

2. To investigate physical parameters affecting the transformation efficiency 

using GUS assay and PCR analysis 

 

3. To amplify the GUS gene from transformed callus 

1.4 Scope of Research 



4 

 

 

 The scope of this study was focused on manipulating the physical parameters 

of particle bombardment that were Helium pressure and target distance on 

transformation efficiency percentage.  Prior to particle bombardment, the rice seed of 

MR232 was cultured onto Murashige and Skoog (MS) media in order to obtain the 

callus (explant).  Analysis of the transformation efficiency was calculated and followed 

with histochemical analysis for GUS activity according to each parameter in order to 

investigate the optimized parameters for bombardment. 

 

 

 

 

1.5 Significance of Study 

 

 

 Malaysian indica rice, MR 232 is a new rice variety produced by the Malaysian 

Agricultural Research and Development Institute (MARDI) and was introduced in 

2006.  MR 232 poses many advantages including resistant to blast, red tungro disease, 

sheath brown rot disease and moderately resistant to fungus attacks. However, the 

characteristics of the MR232 including broad and longer flag leaf, tall plant and poor 

root system lead it to be very susceptible to lodging.  The significance of this study is 

to improve the transformation efficiency of particle bombardment process that can be 

used to introduce new gene into MR232 genome to improve its physical disadvantages.   



51 

 

 

 

 

REFERENCES 

 

Ahmad, I., Ahmad, F. and Pichtel, J. (2011). Microbes and Microbial Technology: 

Agricultural and Environmental Applications. Springer New York.  

Anoop, N., and Gupta, K. (2004). Transgenic indica rice CV IR 50 over expressing 

vigna acontifolia- Pyroline-5-carboxylate synthase cDNA shows tolerance to 

high salt. Journal of Plant Biochemistry. 12, 109-116.  

Altman, A. and Hasegawa, P.M. (2012). Plant Biotechnology and Agriculture: 

Prospects for the 21st Century. (1st Edition). United States of America: Academic 

Press.  

Altpeter, F., Baisakh, N., Beachy, R., Bock, R., Capell, T., Daniell, H., Datta, K.,  

Datta, S., Dix, P. J., Nugent, G., Raemakers, K., Romano, A. and Somers, D. A. 

(2005). Particle bombardment and the genetic enhancement of crops : myths and 

realities. Molecular Breeding. 15, 305–327. 

Bhojwani, S.S. and Razdan, K. (1996). Plant Tissue Culture: Theory and Practice: 

Theory and Practice. Amsterdam: Elsevier Science.  

Chang, T.T. and Bardenas, E.A. (1965). The Morphology and Varietal Characteristics 

of the Rice Plant. International Rice Research Institute.  

Datta, S.K. (2004). Rice biotechnology : a need for developing countries introduction : 

the importance of rice. AgBioForum. 7(1 & 2), 31–35. 

De Datta, S.K. (1981). Principles and Practices of Rice Production. Canada: A Wiley-

Interscience. 

 Davey, M.R. and Anthony, P. (2010). Plant Cell Culture: Essential Methods. United 

Kingdom: Wiley - Blackwell. 



52 

 Dhlamini, Z., Spillane, C., Moss, J. P., Ruane, J., Urquia, N. and Sonnino, A.  

(2005). Status of Research and Applications of Crop Biotechnologies in 

Developing Countries: Preliminary Assessment. Rome: Food and Agriculture 

Organization of the United Nations. 

FAO (2014). FAO Rice Market Monitor, April 2014, Volume XVII - Issue No. 1, 1.  

GRiSP (2013). Rice Almanac, 4th edition: Source Book for One of the Most Important 

Economic Activities on Earth. (4th Edition). Philippines: International Rice 

Research Institute.  

Held, M.A., Boulaflous, A. and Brandizzi, F. (2008). Advances in fluorescent protein-

based imaging for the analysis of plant endomembranes. Plant Physiology. 

147(4), 1469–81.  

Hunold, R., Bronner, R. and Hahne, G. (1994). Early events in microprojectile 

bombardment: cell viability and particle location. The Plant Journal. 5(4), 593–

604.  

Jefferson, R.A., Burgess, S.M. and Hirsh, D. (1986). Beta-Glucuronidase from 

Escherichia coli as a gene-fusion marker. In Proceedings of the National 

Academy of Sciences of the United States of America. United States of America, 

8447–8451.  

Jefferson, R.A., Kavanagh, T.A. and Bevan, M.W. (1987). GUS fusions: ,B-

glucuronidase as a sensitive and versatile gene fusion marker in higher plants. 

EMBO Journal. 6(13), 3901–3907. 

Jenks, M.A. and Hasegawa, P.M. (2008). Plant Abiotic Stress. United Kingdom: 

Wiley.  

Ji, Q., Xu, X. and Wang, K. (2013). Genetic transformation of major cereal crops. The 

International Journal of Developmental Biology. 57, 495–508. 

Kempken, F. and Jung, C. (2010). Genetic Modification of Plants: Agriculture, 

Horticulture and Forestry. Berlin, Heidelberg: Springer Berlin Heidelberg.  



53 

Khush, G.S. (1997). Origin, dispersal, cultivation and variation of rice. Plant 

Molecular Biology. 35(1-2), 25–34.  

Kikkert, J.R., Striem, M. J., Vidal, J. R., Wallace, P. G., Barnard, J. and Reisch, B. I.  

(2005). Long-term study of somatic embryogenesis from anthers and ovaries of 

12 grapevine (Vitis sp.) genotypes. In Vitro Cellular & Developmental Biology - 

Plant. 41(3), 232–239.  

Kikkert, J.R., (1993). The Biolistic ® PDS-1000 / He device. Plant Cell, Tissue and 

Organ Culture. 33(3), 221–226. 

Kneževic, D., Zecevic, V., Uroševic, D., Uroševic, V., Dimitrijevic, B. and  

Micanovic, D. (2001). Genetically modified plants - assesments and perspectives. 

Kragujenac J. Science. 23, 127–136. 

 

Kovach, M.J., Calingacion, M. N., Fitzgerald, M. A. and McCouch, S. R. (2009).  

The origin and evolution of fragrance in rice (Oryza sativa L.). In Proceedings of 

the National Academy of Sciences of the United States of America. 14444–14449.  

 

Maclean, J. L., Dawe, D. C., Hardy, B. and Hettel, G. P. (2002). Rice almanac. (3rd  

Editioon). Philippines, IRRI, WARDA, CIAT and FAO. 

Miki, B. and McHugh, S. (2004). Selectable marker genes in transgenic plants: 

applications, alternatives and biosafety. Journal of Biotechnology. 107(3), 193–

232.  

Mohanty, S. (2013). Trends in Global Rice Consumption. Rice Today. 44–45. 

Murashige, T. and Skoog, F. (1962). A revised medium for rapid growth and bio assays 

with tobacco tissue cultures. Physiologia Plantarum. 15(3), 473–497.  

Pena, L. (2004). Transgenic Plants. New Jersey: Humana Press.  

Ramesh, M. and Gupta, A.K. (2005). Transient expression of B-glucuronidase gene in 

indica and japonica rice (Oryza sativa L.) callus cultures after different stages of 

co-bombardment. African Journal of Biotechnology. 4(7), 596–600. 



54 

Ramessar, K., Peremarti, A., Gómez-Galera, S., Naqvi, S., Moralejo, M., Muñoz, P.,  

Capell, T. and Christou, P. (2007). Biosafety and risk assessment framework for 

selectable marker genes in transgenic crop plants: a case of the science not 

supporting the politics. Transgenic Research. 16(3), 261–80.  

Rashid, A. (2009). Introduction To Genetic Engineering Of Crop Plants: Aims And 

Achievements. New Delhi: I.K. International Publishing House Pvt. Limited.  

Rivera, A.L., Gómez-Lim, M., Fernández, F. and Loske, A. M. (2012). Physical  

methods for genetic plant transformation. Physics of Life Reviews. 9(3), 308–45. 

 Sanford, J.C. (1990). Biolistic plant transformation. Physiologia Plantarum. 79(1), 

206–209.  

Sanford, J.C., Klein, T. M., Wolf, E. D. and Allen, N. (1987). Delivery of substances  

into cells and tissues using a particle bombardment process. Particulate Science 

and Technology. 5(1), 27–37.  

Sanford, J.C. (2000). Turning point article: The development of the biolistic process. 

In Vitro Cellular & Developmental Biology - Plant. 36, 303–308. 

Schopke, C., Taylor, N. J., Carcamo, R., Beachy, R. N. and Fauquet, C. (1997).  

Optimization of parameters for particle bombardment of embryogenic suspension 

cultures of cassava (Manihot esculenta) using computer image analysis. Plant 

Cell Reports. 16(8), 526–530.  

Sundar, I.K. and Sakhtivel, N. (2008). Advances in selectable marker genes for plant 

transformation. Journal of Plant Physiology. 165(16),1698–1716. 

Van Nguyen, N. and Ferrero, A. (2006). Meeting the challenges of global rice 

production. Paddy and Water Environment. 4(1),1–9.  

 

Wang, H., Pandey, S., Velarde, O. and Hardy, B. (2012). Patterns of Varietal  

Adoption and Economics of Rice Production in Asia. Manila: International Rice  

Research Institute.  



55 

Yoshida, S. (1981). Fundamentals of Rice Crop Science. Philipines: International Rice 

Research Institute.  

Zuraida, A. R., Suri., R., Wan Zaliha, W. S. and Sreeramanan., S. (2010).  

Regeneration of Malaysian Indica rice (Oryza sativa) Variety MR232 via 

optimised somatic embryogenesis system. Journal of Phytology. 2(3), 30–38. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	NurasyidahAbdulManapMFBME2015ABS
	NurasyidahAbdulManapMFBME2015TOC
	NurasyidahAbdulManapMFBME2015CHAP1
	NurasyidahAbdulManapMFBME2015REF



