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ABSTRACT 

EXPRESSION OF SIX CHLOROPLAST DNA GENES IN Jatropha curcas 
CALLUS UNDER LIGHT AND DARK CONDITIONS 

The expression of genes encoded in the open reading frames of chloroplast 
genomes have been posited to be induced by light. The current study focused on 
the induction of ORFs encoded in the chloroplast genome of Jatropha curcas 
(Accession number FJ695500). J. cureas is an important non-edible oil seed crop, 
which produces oil with high calorific value and is regarded as a potential fuel 
substitute. By understanding the gene expression of chloroplast DNA under light 
stress, potential genes candidate can be used for callus transformation. Gene 
induction was characterized in leaves of the plant, green callus and white callus 
cultivated under condition of light and darkness. A total of six ORFs representing 
the genes YCFi, YCF2, psbD (photosystem II), rbeL (Rubisco), matK(Maturase K) 
and rpoCl (RNA polymerase) were targeted by designing speCific primers for their 
characterization. Specificity of primers was tested against the genomic DNA. 
Transcripts of six targeted genes were detected in all three replicates of the green 
and white callus under light and dark, except for yef2 gene in green callus under 
light. A part of gene yef2 was no transcribed using reverse transcription peR, was 
then validated using real-time PCR assay. The reverse transcription peR did not 
detect the gene amplified by YCFD primer in the green callus under photoperiod 
treatment. The ycf2 gene located in the region of region 94050 to 95483 was post­
transcriptional modified. In the real-time peR assay, the amplification curves were 
produced from the amplification of all callus under different treatments, except for 
green callus under light. 
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ABSTRAK 

Ekspresi gen dikodkan dalam 'opening reading frames' (ORFs) dari genom kloroplas 
telah posited diinduksi oleh eahaya. Penyelidikan ini memfokuskan pada induksi 
ORFs dalam genom kloroplas Jatropha eureas (Aksesi nombor FJ695500). J. cureas 
adalah non-minyak biji tanaman yang penting dan menghasilkan minyak dengan 
kalori tinggi dan juga dianggap sebagai pengganti bahan bakar yang berpotensi. 
Dengan memahami gen DNA kloroplas di bawah tekanan ringan, potensi gen ealon 
boleh digunakan untuk transformasi kalus. Gene induksi dipereirikan dalam daun 
tanaman, kalus putih dan kalus hijau ditanamkan dalam keadaan eahaya dan 
kegelapan. Sebanyak enam ORFs mewakili gen YCF 1, YCF 2, psbD (fotosistem In 
rbeL (RubiseoJ matK (Maturase K) and rpoC1 (RNA polymerase) manjadi sasaran 
untuk meraneang primer khusus untuk eiri-ciri gen tersebut. Spesifisitas primer diuji 
terhadap DNA genom. Transkrip enam gen yang disasarkan telah dikesan di semua 
kalus hijau dan putih di bawah terang dan gelap, keeuali bagi kalus hijau di bawah 
eahaya.Sebahagian dari gen YCF 2 yang diuji dengan PCR konvensional telah 'swith 
off; kemudian disahkan menggunakan PCR 'real-time~ PCR konvensional tidak 
mengesankan gen diamplifikasi dengan primer YCFD dalam kalus hijau bawah 
fotoperiodik. Transkripsi berbaltk PCR tidak mengesan gen yang dikuatkan oleh 
primer YCFD dalam kalus hijau di bawah rawatan photoperiod. Ycf 2 gen yang 
terletak di rantau rantau 94050 untuk 95483 pasea-transkripsi diubahsuaiDalam uji 
PCR rea/-time, kurva amplifikasi dihasilkan dari amplifikasi di semua kalus bawah 
perlakuan yang berbeza, keeuali untuk kalus hijau di bawah fotoperiode. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction to Jatropha 

Jatropha is a genus of approximately 175 succulent plants, shrubs and trees, from 

the family Euphorbiaceae. The Jatropha species includes Jatropha cuneata, 

Jatropha curcas, Jatropha gossypiifolia/ Jatropha podagrica and others. Recently, 

Goldman Sachs cited 1. curcas as one of the best candidates for future biodiesel 

production (Barta, 2007). It is resistant to drought and pests, and produces seeds 

containing 27 to 40% oil. Unlike other biodiesel crops, Jatropha can be grown 

almost anywhere, including deserts, trash dumps, and rock piles. It does not need 

much water or fertilizer, and it is not edible. 

The fact that Jatropha oil cannot be used for nutritional purposes without 

detoxification makes its use as energy or fuel source very attractive as biodiesel. In 

Madagascar, Cape Verde and Benin, Jatropha oil is used as a mineral diesel 

substitute during the Second World War (Akbar et aI., 2009). 

In 2007, the Malaysian government cooperated with the Plantation 

Industries and Commodities Ministry and launched a Jatropha pilot project in Kota 

Marudu, Sabah. The ministry pledged to expand cultivation, especially in poorer 

areas, if the crops proved to be viable. Besides Malaysia, Jatropha projects have 

also been piloted in China, the Philippines, Rwanda, and the United State of 

America. In addition, the Indian Government implements the cultivation of Jatropha 

plants as the increased of Jatropha oil production delivers economic benefits to 

India at the macroeconomic or national levels as it reduces the nation's fuel import 

bill for diesel production. 
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1.1.1 Challenges for Commercial Scale Jatropha Plantation 

The cultivation of Jatropha faces several challenges. Jatropha encounter various 

disease problems, such as the spider mite, white fly and the mealy bugs, especially 

on the surface of the leaves. It is reported that, in some areas of Zimbabwe, the 

golden flee beetle (Podagrica spp) can harm Jatropha and plays host to the 'frog 

eyes' fungus (Cercospera spp) (Openshaw, 2000). 

Beside disease, toxicity of Jatropha is another challenge faced. The main 

toxic compounds are curcin, a protein that synthesis inhibitor, and phorbol ester 

(cancer promoting compound). Phorbol esters usually are ubiquitous while curcin 

stays mostly in seeds (Rakshit et aI., 2008). However, this is not a significant 

problem in traditional planting and uses. More concerns should be emphasized for 

large scale farming, for example the safety of workers, safety of grazing animals, 

possible adulteration of edible oil and other ecological concerns. 

The key challenge for building Jatropha oil markets is coordinating feedstock 

supply and demand when neither exists for lack of the other. The smallholder 

farmers are unwilling to take risk of paying for, planting, and maintaining Jatropha 

trees. Nonetheless, the refiners are unwilling to make longer-term investments in 

refining capacity unless they have a secure source of adequate supply. Therefore, 

by developing institutional innovation, including contractual arrangements, fiscal 

and other incentives, blend ratio requirements, and other policy tools can overcome 

the obstacles in Jatropha biodiesel markets. Institutions will also be the key in 

determining the fairness of and allocation of risk in these markets (Weyerhaeuser 

et a/., 2007). 

Uncertainty in how much Jatropha will cost to grow and the process of 

Jatropha into biodiesel seems to become another challenge for the exploitation of 

Jatropha. Some of this uncertainty is undoubtedly related to scale; once Jatropha 

growing begins on a commercial scale, costs are likely to fall at some level. 

However, increasing Jatropha acreage does not guarantee improvements in oil 

content and seed yields. If these remain low, unit production costs for Jatropha and 

2 
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thus the subsidies required to make Jatropha biodiesel cost competitive will remain 

high (Weyerhaeuser et aI., 2007). 

1.1.2 Future Perspective of Jatropha curcas 

The development of J. curcas into a high-yielding and efficient new biofuel source 

is still at a relatively early stage. Therefore, in order to ensure the market of J. 

curcas moves forward, some tactical strategies need to be taken. For example, 

enhance priority in breeding either the traditional or molecular and distribution of 

uniform and superior planting materials. One of the key short to medium term 

research objectives is to search superior species aimed at higher overall yields of 

Jatropha. This will be achieved through systematic seed selection from different 

regions and supported by a scientific seed-breeding programme (Achten et aI., 

2010). Other than that, more researches need to be carried out to address 

ecological concerns. Tree propagation techniques for specific climates and a wide 

variety of environmental conditions have to be refined (Vries, 2007). 

1.2 Significance of Study 

Now, not many studies have been done on the expression of genes encoded in the 

open reading frames of J. curcas chloroplast genome. In order to carry out 

preliminary study on the differential expression of chloroplast genes under 

condition of photoperiod and darkness, a total of seven ORFs representing the 

genes yef 1, yef 2, psa8 (photosystem 1), psbD (photosystem II), rbcL(RubisCO), 

rpoCl (RNA polymerase) and matK (Maturase K) were targeted by designing 

specific primers for their characterization. These primers were tested against 

transcriptome under different environment conditions. The molecular perspective of 

understanding the photosynthesis of J. curcas, is the key to productivity, hence, the 

regulatory mechanism of the gene responsible for photosynthesis is vital for future 

research work involving Jatropha. In addition, by studying the gene expression of 

chloroplast DNA of J. curcas, potential genes response to light stress can be 

potential candidate for callus transformation and become molecular marker for 

callus regeneration. 

3 
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1.3 Objectives 

The objectives of this study are: 

a. To identify the chloroplast genes which are induced under conditions of light 

and complete darkness in Jatropha curcas. 

b. To validate expression of genes using real-time PCR. 

1.4 Research Approach 

The research approach involves the callus culture conditions, RNA extraction, 

amplification and gel extraction or cloning. One of the approaches, which is through 

the design of conserved or gene specific primers which will target the transcripts to 

be induced by light and dark condition. Validation of gene expression was carried 

out using quantitative real-time PCR. 

4 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Jatropha curcas 

J. curcas (Figure 2.1), which belongs to the Family Euphorbiaceae have different 

local names, for example Barbados Nut, Jarak pagar (Indonesia), Physic Nut and 

Puring Nut. The genus name of Jatropha derives from the Greek jatrOs (doctor), 

trophe (food), which implies medical uses. Curcas is the common name for physic 

nut in Malabar, India (Hanna-Jones and Csurches, 2008). 

Figure 2.1: Jatropha curcas plant 
(source:htqJ://www.lijunoilacnepimple.com 

/lijun01/jatrophaE.htm 
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2.1.1 Habitat and Ecology 

The plant is native to the American tropics, mostly in Mexico and Central America. 

Currently it is cultivated in almost all tropical and subtropical countries as protection 

hedges gardens and fields (Verm and Gaur, 2009). 

Jatropha is a poisonous bush or small tree, which can reach the height of 

five meters and grows well with more than 600 mm of rainfall per year and 

withstands long drought periods (Verm and Gaur, 2009). 

2.1.2 Botanical Characteristics 

J. curcass branches exude whitish colored watery latex, upon cut. It has yellow­

green flowers and large heart-shaped (pale) green leaves, arranged alternately. The 

inflorescence is formed in the leaf axel while the flowers are formed terminally, 

individually, with female flowers usually slightly larger (Verma and Gaur, 2009). 

After pollination, a trilocular ellipsoidal fruit is formed . The exocarp remains 

fleshy until the seeds are mature. The seeds are black and in the average 18 mm 

long and 10 mm wide. The seed weight (per 1000) is about 727 g, this are 1375 

seeds per kg in the average (Verma and Gaur, 2009). Different plant parts of J. 

curcas are shown in Figure 2.2. 

6 
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Different plant parts of Jatropha curcas, (a) whole plant, 
(b) bark, (c) leaf, (d) flower, (e) flower bud, (f) internal of 
fruit (9) fruits 
(Source: Verma and Gaur, 2009) 
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2.1.3 Importance of J. curcas 

J. curcas is considered as an ideal plant for wetland and its non-edible oil is a prime 

choice for biodiesel production. Different parts of J. curcas have traditionally been 

used for various purposes and have considerable potential. The importance of 

Jatropha can be categorized into two major parts which are fuel use and non-fuel 

use. 

The oil from Jatropha is regarded as a potential fuel substitute, with a 

hydrocarbon of 16 to 18 carbon atoms per molecule. Compared with diesel oil, 

Jatropha biodiesel molecules are simple hydrocarbon chains, containing no sulphur, 

or aromatic substances associated with fossil fuels. They contain higher amount of 

oxygen (up to 10%) that ensures more complete combustion of hydrocarbons. The 

first successful trial run of a passenger train was conducted on December 31, 2002 

when the Delhi-Amritsar Shatabdi Express used 5% biodiesel as fuel (Pahl, 2008). 

The fuels can be obtained directly from different parts of Jatropha plant, 

such as wood, the whole fruit and parts of the fruit burnt separately or in 

combination, namely the exocarp (coat), the nut shell and the kernel (Openshaw, 

2000). 

Also, Jatropha could be used as a substitute for wire fencing for posts round 

fields, along roadsides and railway tracks. In countries like Zimbabwe, Mali, 

Jatropha is mostly used by farmers as fences around their homesteads and gardens, 

sometimes also around their fields, to protect crops against roaming animals. In 

addition, by planting J. curcas, it functions to reclaim eroded land and Jatropha 

hedges and shelterbelts can assist other crops on all land types by keeping out 

animals, improving the microclimate and providing humus to the soil (Openshaw, 

2000). 

Jatropha seeds contain fatty acid or viscous oil and one of its uses is as a 

raw material for soap making in cosmetic industries. In India, it is used by a large 

industry (Hindustan Lever). In Zimbabwee, there is a high demand of Jatropha oil 
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although soap is produced by small informal industries in rural areas (Openshaw, 

2000). 

According to Osoniyi and Onajobi (2003), J. curcas is a medicinal plant, 

traditionally used as a haemostatic. Some of the ethnomedical uses of the extracts 

of the leaves and roots are remedy for cancer, as an abortifacient, antiseptic, 

diuretic, and purgative. The nut of plants has also been used traditionally for the 

treatment of many ailments including burns, convulsions, fever and inflammation. 

Esimone et aJ. (2009) demonstrated a significant wound-healing activity in J. curcas 

extracts by applying the latex directly, which is an alkaloid known as jatrophine, or 

the crushed leaf of the plant to cuts and bleeding wounds. 

The ashes of J. curcas can also be used as salt substitute, whereas the bark 

which contains HCN, can be used as fish poison. Besides that, the latex can strongly 

inhibit the watermelon mosaic virus, which is a kind of virus that can infect all 

commercial cucurbit crops. In Mexico, the people grow the shrub as a host for the 

lac insect, which is used in medicine as hepatoprotective and antiobesity drug and 

also for erosion control (Tee, 2009). 

2.2 Callus 

Evans et a/. (2003) defined callus as an amorphous mass of unorganized thin­

walled parenchyma cells. Callus is formed at the cut surfaces when the plant is 

wounded. It is thought to be a protective response by the plant to seal off damaged 

tissue. According to Purohit (2003), callus is the results when a cell from any part of 

the plant, such as shoot apex, bud, leaf, mesophyll cells, epidermis, cambium, 

anthers, pollen or fruit is inoculated in a suitable medium under aseptic laboratory 

conditions. They are able to differentiate and survive. 

Callus varies widely in its general appearance and in other physical features. 

The variation usually depends on the parent tissue, the age of the callus and the 

growth conditions. Callus can be in white, green or highly coloured due to the 

presence of anthocyanin pigments (Evans et a/., 2003). 
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2.2.1 Media and Culture Environment of Callus 

Culture media used for the in vitro cultivation of plant tissues are composed of three 

basic components: (i) essential elements, or mineral ions, supplied as a complex 

mixture of salts; (ii) an organic supplement supplying vitamins and/or amino acids; 

and (iii) a source of fixed carbon which is usually supplied as the sugar sucrose. The 

composition of the nutrient solution plays a key role in plant nutrition. A defined 

nutrient medium consists of inorganic salts, a carbon source, vitamins and growth 

regulators. Generally, the media can be divided into micronutrients and 

macronutrients which are necessary for plant tissue or cell culture. 

The MS medium was published in 1962 (Murashige and Skoog, 1962) and 

was used to support rapid growth of tobacco tissue culture and it is the most widely 

used salt composition, especially in procedures where plant regeneration is the 

objective. There are over 20 variants based on MS basic medium embracing a large 

number of specialty cultures (Evans et al. 2003). The 85, N6, Nitsch and Nitsch, and 

derivatives of these media have been applied widely for many plant species and for 

different objectives. 

When cultured in vitro, all the needs, both chemical and physical, of the 

plants cells have to be met by the culture vessel, the growth medium has to supply 

all the essential mineral ions required for growth and development. In many cases, 

it must also supply additional organic supplement such as amino acid and vitamins. 

Many plant cell cultures, as they are not photosynthetic, also require the addition of 

a fixed carbon source in the form of sugar, for example sucrose. Physical factors, 

such as temperature, pH, the gaseous enVironment, light in the term of quality and 

duration, and osmotic pressure, also have to be maintained within acceptable limits 

(Vasil, 1994). 

2.2.2 Advantages of Callus Culture 

The callus culture is a technique of tissue culture, which is usually carried out on 

solidified gel medium in the presence of growth regulators and initiated by 

inoculation of small explants. Callus cultures are being widely used for study of 

expression of race-specific and non-host resistance and offer several advantages 

10 

UMS 
UNIVERSITI MALAYSIA SABAH 



REFERENCES 

Achten, W., Nielsen, L. R., Aerts, R., Lengkeek, A. G., Kjaer, E. D., Trabucco, A., 
Hansen, J. K., Maes, W. H., Graudal L., Aknnifesi F. K., and Muys, B. 2010. 
Towards Domestication of Jatropha curcas. Biofuels 1: 91-107. 

Akbar, E., Yaakob, Z., Kamarudin, S. K., Ismail, M. and Salimon, J. 2009. 
Characteristic and Composition of Jatropha curcas Oil Seed from 
Malaysia and its Potential as Biodiesel Feedstock. European Journal 
of Scientific Research 29: 396-403. 

AI-Khatib, K. and Carr, DJJ. 2003. Relative Quantitation of mRNA: Real-time PCR 
versus End-point PCR. Bio-Rad Application Technical Notes. #2915. 

Altschul, S. F., Warren, G., Webb, M., Eugene, W. M. and David, J. L. 1990. Basic 
local alignment search tool. Journal of Molecular Biology 215:403-10. 
http://www.ncbi.nih.gov/BLAST/ 

Applied Biosystem. 2000. Automated DNA Sequencing. Applied Biosystem, USA. 

Asif, M. H., Mantri, S. 5., Sharma, A., Srivastava, A., Trivedi, 1., Gupta, P., Mohanty, 
C. 5., Sawant, S. V. and Tuli, R. 2009. Complete Sequence and 
Organization of the Jatropha cur cas (Euphorbiaceae) chloroplast genome. 
Tree Genetics & Genomes. 

Barta, P. 2007. Jatropha Plants Gains Steam in Global Race for Biofuels. The Wall 
Street Journal. 

Barthet, M. M. and Hilu, K. W. 2007. Expression of matK: Functional and 
Evolutionary Implications. American Journal of Botany 94: 1402-1412. 

Brisson, M., Tan, L., Park, R. and Hamb, K. 2000. Identification of Nonspecific 
Products Using Melt-curve Analysis on the ICycler IQ ™ Detection System, 
RevA. Bio-Rad Laboratories, Inc, USA. 

Cao, M.Q., Fu, Y., Guo, Y. and Pan, J.M. 2009. Chlamydomonas (Chlorophyceae) 
Colony PCR. Protoplasma 235: 107-110. 

Chen, W. J. and Zhu, T. 2004. Networks of Transcription Factors with Roles in 
Environmental Stress Response. Trends in Plant Science 9: 591-596 

Crosby, L. D. and Criddle, C. S. 2007. Gene Capture and Random Amplification for 
Quantitative Recovery of Homologous Genes. Molecular and Cellular Probes 
21: 140-147. 

Dhakshanamoorthy, D. and Selvaraj, R. 2009. Extraction of Genomic DNA from 
Jatropha sp. Using Modified crAB Method. Journal of Plant Biology 54: 
117-125. 

79 UMS 
UNIVERSITI MALAYSIA SABAH 



Downie, S. R., Llnas, E. and Katz-Downie, D. S. 1996. Multiple Independent Losses 
of the rpocl Intron in Angiosperm Chloroplast DNA's. Systematic Botany 
21(2): 135-151. 

Doyle, J.J. and Doyle, J.L.1987. A Rapid DNA Isolation Procedure for Small 
Quantities of Fresh Leaf Tissue. Phytochem Bu1119: 11-15. 

Dresher, A., Ruf, S., Calsa, T., Carrer, H. and Bock, R. 2000. The Two Largest 
Chloroplast Genome-encoded Open Reading Frames of Higher Plants are 
Essential Genes. The Plant Journal 22(2): 97-104. 

Durante, M., Pieretti, M. and Bernardi, R. 2009. Chloroplast ycf2 Gene Expression 
in Stressed Plants. Proceedings of the s:fh Italian Society of Agricultural 

Genetics Annual Congress, September 16-19, 2009, Torino, Italy. 

Dworkin, S. 2007. QIAquick Gel Extraction (and PCR Purification) Kit from Qiagen. 
Biocompare Article, USA. 

Esimone, C. 0., Nworu, C. S. and Jackson, C. L. 2009. Cutaneous Wound Healing 
Activity of a Herbal Ointment Containing the Leaf Extract of Jatropha 
cur cas L. (Euphorbiaceae). International Journal of Applied Research in 
Natural Products 1(4): 1-4. 

Evans, D. E., Coleman, J. O. D. and Kearns, A. 2003. Plant Cell Culture. BIOS 
Scientific Publishers, London. 

Floris, M., Mahgorb, H., Lanet, E., Robaglia, C. and Menand, K. 2009. Post­
transcriptional Regulational of Gene Expression in Plant during Abiotic 
Stress. International Journal Molecular Science 10: 3168-3185 

Fraga, D., Menlia, T. and Fenster, S. 2008. Real-time PCR: Current Protocols 
Essential Laboratory Techniques 103.1-103.34. John-Wiley & Sons, Inc, USA. 

Giulietti, A., Overbergh, L., Valckx, D., Decallonne, B., Bouillon, R. and Mathieu, C. 
2001. An Overview of Real-time Quantitative PCR: Applications to Quantify 
Cytoki ne Gene Expression. Methods 2S( 4): 386-401. 

Griffin, H. G. and Griffin, A. M. 1993. Plasmid Sequencing. Methods in Molecular 
Biology 23: 131-136. 

Hager, M., Biehler, K., Iiiherhaus, J., Ruf, S. and Bock, R. 1999. Targeted 
Inactivation of the Smallest Plastid Genome-Encoded Open Reading Frame 
Reveals a Novel and Esential Subunit of the Cytochrome b6f. The EMBO 
Journal 18: 5834-5842. 

Hanna-Jones, M. and Csurches, S. 2008. Pest Plant Risk Assessment: Physic Nut 
(Jatropha curcas). Department of Primary Industries & Fisheries, 
Queensland, Australia. 

80 

UMS 
UNIVERSITI MALAYSIA SABAH 



Heid, C. A., Stevens, J., Livak, K. J. and Williams, P. M. 1996. Real-time 
Quantitative PCR. Genome Research 6(10): 986-994. 

Hilu, K. W. and Liang, H. P. 1997. The matK Gene: Sequence Variation and 
Application in Plant Systematics. American Journal of Botany 84(6): 830-
839. 

Hussain, Syed Sarfraz. 2006. Molecular Breeding for Abiotic Stress Tolerance: 
Drought Persepctive. Proceeding of Pakistan Academic Science 43(3): 189-
210 

Jackson, J. F. and Linskens, H. F. 2003. Genetic Transformation of Plants. pp. 90-
93. Springer, USA. 

Jensen, P. E., Bassi, R., Boekema, E. J., Dekker, J. P., Jansson,S., Leister, D., 
Robinsson, C. and Schellar, H. V. 2007. Structure, Function and Regulation 
of Plant Photosystem 1. Biochimica et Biophysica Acta 1767: 335-352. 

Jiao, 5., Emmanuel, H. and Guikema, J. A. 2004. High Light Stress Inducing 
Photoinhibition and Protein Degradation of Photosystem I in Brassica rapa. 
Plant Science 167: 733-741. 

Khan, A., Khan, 1. A., Asif, H. and Azim, M. K. 2010. Current Trends in Chlroplast 
Genome Research. African Journal of Biotechnology9(24): 3494-3500 

Klein, D., Ricordi, C. and Pastori, R. L. 2004. Qunatification of Ribozyme Target 
RNA using real-time PCR. Humana Press Inc, Totowa, N.J. 

Lafitte, H. R., Ismail, A. and Bennett, J. 2004. Abiotic Stress Tolerance in Rice for 
Asia: Progress and the Future. Proceeding of the 4h International Crop 
Science Congress 

Linston, A. and Wheler, J. A. 1994. The Phylogenetic Position of the Genus 
Astragalus (fabaceae): Evidence from the Chloroplast Genes rpoCl & rpoC2. 
Biochemistry Systematics & Ecology 22: 377-388. 

Matsuo, T., Okamoto, K. and Onai, K. 2006. A Systematic Forward Genetic Analysis 
Identified Components of the Chlamydomonas Circadian System. Genes Dev. 
22: 918-930. 

Mehrotra, 5., Trivedi, P. K., Sethuraman, A. and Mehrotra, R. 2010, The rbcl Gene 
of Populus deltO/des has Multiple Transcripts and is Redox-regulated in vitro. 
Journal of Plant Physiology. 

Murashige, T. and Skoog, F. 1962. A Revised Medium for Rapid Growth & 
Bioassays with Tobacco Cultures. Physiol. Plant 15: 473-497. 

81 UMS 
UNIVERSITI MALAYSIA SABAH 



Mohanty, A., Goodwin, P. B., Dennis, E. S. and Llewellyn, D. J. 1999. 
Agrobacterium tumefaciens- Gene Transcript into Wheat Tissues. Plant Cell 
Tissue & Organ Culture 25: 209-218 

Nanodrop, 2007. Technical Support Bulletin: 260/280 and 260/230 ratios 
NanodrorPND-100 & ND-8000 8-Sample Spectophotometers. Wilmington, 
Delawane, USA. 

Natarajan, P., Kanagasabapathy, D., Gunadayalan, G., Panchalingam, J., Shree, N., 
Sugantham, P. A. , Kumari, K. S. and Madasamy, P. 2010. Gene Discovery 
from Jatropha curcas by Sequencing of ESTs from Normalized and Full­
length Enriched cDNA Library from Developing Seeds. BMC Genomics 
11:606. 

Neubig, K. M., Whitten, W. M. and Carlsward, B. S. 2008. Phylogenetic Utility of yef 
1 in Orchids: A Plastid Gene More Variable than matK. Plant Systematic 
Evolution 277: 75-84. 

Niesters, H. G. 2001. Quantitation of Viral Load using Real-time Amplification 
Techniques. Methods 25(4): 419-429. 

Nixon, P. J., Rogner, M. and Diner, B. A. 1991. Expression of a Higher Plant psbA 
Gene in Synechocystis 6803 Yields a Functional Hybrid Photosystem II 
Reaction Center Complex. The Plant Cell 3: 383-395. 

Openshaw, K. 2000. A review of Jatropha cur cas. An Oil Plant of Unfulfilled Promise. 
Biomass and Bioenergy 19: 1-15. 

Osoniyi, O. and Onajobi, F. 2003. Coagulant and anticoagulant activities in Jatropha 
curcas latex. Journal of Ethnopharmacol 89: 101-105. 

Pahl, G. 2008. Biodiesel; Growing a New Energy Economy. Chelsea Green Publising. 

Pamidimarri, D. S., Singh, S., Mastan, S., Patel, J. and Reddy, M.2008. Molecular 
Characterization and Identification of Markers for Toxic and Non-toxic 
Varities of Jatropha curcas L. using RAPD, AFLP and SSR Markers. 
Molecular Biology Reports 36(6): 1357-1364. 

Peters, N. R., Ackerman, S. and Daris, E. A. 1999. A Modular Vector for 
Agrobacterium-medicated Transformation of Wheat. Plant Molecular 
Biology Reporter 17: 323-33. 

Pfundo, S., Gulli, M. and Marmiroli, N. 2009. SYBR GreenERTM Real-time PCR to 
Detect Almond in Traces in Processed Food. Journal of Food Chemistries 
116: 811-815. 

Phannschmidt, T. 2003. Chloroplast Redox Signals: How Photosynthesis Controls Its 
Own Genes. Trends in Plant Science 8:33-41. 

82 

UMS 
UNIVERSITI MALAYSIA SABAH 



Popluechai, Siam. 2010. Molecular Characterization of Jatropha curcas; Towards an 
Understanding of its Potential as a non-edible ON-based Source of Biodiesel. 
Newcastle University. 

Purohit, S. S. 2003. Agricultural Biotechnology. Agrobios India, India. 

Pushkar, K. 2009. Agricultural Application of Plant Biotechnology. Pratiyogita 
Darpan Magazine 42: 1056-1058. 

Puthiyaveetil, S. and Allen, J. F. 2008. Transients in Chloroplast Gene Transcription. 
Biochemical and Biophysical Research Communication 368: 871-874. 

Qiagen, 2002. QIAquic~ Spin Handbook. Qiagen, USA. 

Qiagen, 2010. QuantiFas< Probe Assay Handbook. Qiagen, USA. 

Raftis, F. 2001. A Detailed Analysis of Synonymous versus Non-Synonymous 
Substitution Rates in Chloroplast gene ycf2 (ORF2280 homologs) in Six 
Dicot Species. http://www.venge.net/frances/ORF2280.html. 

Rajeevan, M.S., Vernon, S. D., Taysavang, N. and Unger, E. R. 2001. Validation of 
Array-based Gene Expression Profiles by Real-time (kinetic) RT-PCR. Journal 
of Molecular Diagnostic 3(1): 26-31. 

Rakshit, K.D., Darukeshwara, J., Rathina Raj, K., Narasimhamurthy, K., Saibaba, P. 
and Bhagya, S. 2008. Toxicity Studies of Detoxified Jatropha Meal 
(Jatropha curcas) in Rats. Food and Chemical Toxicology46: 3621-3625. 

Ravi, V., Khurana, J. P., Tyagi, A. K. and Khurana, P. 2008. An Update on 
Chloroplast Genome. P1 Syst Ecol. 271: 101-122. 

Raeymaekers, L. 2000. Basic Princples of Quantitative PCR. Molecular Biotechnology 
15(2): 115-122. 

Reddy, A. S. N. and Golovkin, M. 2008. Nuclear pre-mRNA Processing in Plants. pp. 
30-42. Springer, USA. 

Ririe, K. M. Rasmussen, R. P. and Wittwer, C. T. 1997. Product Differentiation by 
Analysis of DNA Melting Curves During the Polymerase Chain Reaction. 
Anal. Biochem 245: 154-160. 

Rozen, S. and Skaletsky, H. J. 2000. Primer 3 on the WWW for general users and 
for biologist programmers. In: Krawetz ~ Misener S (eds) Bioinformatics 
Methods and Protocols: Methods in Molecular Biology. Humana Press, 
Totowa. http://frodo.wLmit.edu 

Sambrook, J., Fritschm E. F. and Maniatis, T. 1989. Molecular Cloning: A Laboratory 
Manual ;rd Edition. Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, New York. 

83 

UMS 
UNIVERSITI MALAYSIA SABAH 



Sangha, J.S., Gu, K., Kaur, J. and Yin, Z. C. 2010. An Improved Method for RNA 
Isolation and cDNA Library Construction from Immature Seeds from 
Jatropha curcas L. BMC Research Notes 3: 126. 

Santosa, D. A., Hendroko, R., Faronk, A. and Greiner, R. 2004. A Rapid and Highly 
Method for Transformation of Sugarcane Callus. Molecular Biotechnology, 
Humana Press. 

Shah, A. H., Rashid, N., Haider, M.S., Saleem, F., Tahir, M. and Iqbal, J. 2009. An 
Efficient Short and Cost-effective Regeneration System for Transformation 
Studies on Sugar Cane (Saccharum officinarum L.) Pakistan Journal of 
Botany 41 (2): 609-614. 

Shahzadi, 1., Ahmad, R., Hassan, A. and Shah, M.M. 2010. Optimization of DNA 
Extraction from Seeds and Fresh Leaf Tissues of Wild Marigold (Tageta 
Minuta) for PCR Analysis. Genetic Molecular Research 9 (1): 386-393. 

Smart, L. B. and Mcintosh, L. 1991. Expression of Photosynthesis Genes in the 
Cyanobacterium Synechocystis sp. Pcc 6803: psaA-psaB & psbA Transcripts 
Accumulate in Dark-Grown Cells. Plant Molecular Biology 17(5): 959-971. 

Sonoike, K., Terashima, 1., Iwaki, M. and Itoh, S. 1995. Destruction of Photosystem 
I Iron-Sulfur Centers in Leaves of Cucumis sativus L. by Weak Ilumination 
at Chilling Temperatures. Elsevier Sciences 362: 235-238. 

Stein, U. 2000. Gene Therapy of Cancer: Methods and Protocols. pp. 134. 
Humana Press Inc, Totowa, N.J. 

Stephen, E. J., Muhiuddin 1. P., Evans, M. C. W., Purton, S. and Heathcote, P. 2002. 
Photoaccumulation of the PsaB Phyllosemiquinone in Photosystem I of 
Chlamydomonas reinhardtii. Biochimica et Biophysica Acta 1556: 13-20. 

Tee, M. Y. 2009. The Economics of an Alternative Bio-energy Feedstock- Jatropha 
curcas. Msc. Thesis. Kansas State University. 

Thum, K. E., Kim, M., Christopher, D. A. and Mullet, J. E. 2001. Cryptochrome 1, 
Cryptochrome 2, and phytochrome a Co-activate the Chloroplast psbD Blue 
Light-Responsive Promoter. Plant Cell 13: 2747-2760. 

Tsunoyama, Y., Ishizaki, Y., Morikawa, Y., Kobori, K., Nakahira, Y., Takeba, G., 
Toyoshima, Y. and Shinna, T. 2004. Blue Light-Induced Transcription of 
Plastid-encoded pbD Gene is Mediated by a Nuclear-encoded Transcription 
Iniation Factor, AtSig5. Proceeding Natl. Academic Science USA. 

Twyman, R. M. 2003. Control of Gene Expression, Posttranscriptional Regulation. 
Elsevier, UK. 

84 

UMS 
UNIVERSITI MALAYSIA SABAH 



Vaistij, F. E., Boudreau, E., Lemaire, S. D., Goldschmidt-Clermont, M. and Rochax, J. 
D. 2000. Characterization of Mbbl, a Nucleus-encoded Tetratricopeptide­
like Repeat Protein Required for Expression of the Chloroplast 
psbB/psbT/psbH gene Cluster in Chlamydomonas reinhardtii. Plant Biology 
97: 14813-14818. 

Vasil,!. K. 1994. Plant Cell & Tissue Culture. pp. 22-24. Springer, USA. 

Verma, K. C. and Gaur, A. K. 2009. Jatropha cur cas L: Substitute for Conventional 
Energy. World Journal of Agricultural Sciences 5(5): 552-556. 

Vries, E. D. 2007. Future of Biodiesel? A Look at the Potential Benefits of Jatropha. 
Magazine of Renewable Energy World. 

Wang, A. S., Evans, R. A., Altendorf, P. R., Hanton, J. A., Dayle, M. C. and Rosichan, 
J. L. 2000. A Mannose Selection System for Production of Fertile 
Transgenic Maize Plants from Protoplasts. Plant Cell Reporter 19: 654-660. 

Weyerhaeuser, H., Tennigkeit, T., Su, Y.F. and Kahrl, K. 2007. Biofuel in China: An 
Analysis of the Opportunities and Challenges of Jatropha curcas in 
Southwest China. ICRAF Working Paper 53. 

Wicke, S. and Quandt, D. 2009. Universal Primers for the Amplification of the PLatid 
trnK/ matK region in land plants. Anales del Jardin Botanico de Madrid 
66(2): 285-288. 

Wittwer, C. T., Herrmann, M. G., Moss, A. A. and Rasmussen, R. P. 1997. 
Continuous Fluorescence Monitoring of Rapid Cycle DNA Amplification. 
Biotechniques 22: 130-131. 

Ying, S.T. and Zaman, F.Q. 2006. DNA Extraction from Mature Oil Palm Leaves. 
Journal of Oil Palm Research 18:219-224. 

85 UMS 
UNIVERSITI MALAYSIA SABAH 


