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i 

 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment 

of the requirements for the degree of Master of Science 

 

 

EFFECTS OF OVER-EXPRESSING ETHYLENE RESPONSIVE 

TRANSCRIPTION FACTOR ON EXPRESSION OF FRUIT RIPENING 

GENES IN OIL PALM (Elaeis guineensis Jacq.) MESOCARP 

 

By 

 

NUR ANNIES BINTI ABD HADI 

 

April 2013 

 

 

Chairperson: Siti Nor Akmar Abdullah, Ph.D  

Faculty: Agriculture 

 

Fruit development, maturation and ripening are important biological processes 

unique to plants. During the ripening phase, several physiological and biochemical 

changes take place through differential expression of various genes that are 

developmentally regulated. Various approaches have been used to understand the 

complexity of gene expression and interaction in plants. One of the most important 

mechanisms of gene expression regulation occurs at the transcriptional level through 

binding of transcription factors to specific DNA sequences. 

 

From a recent study, a transcription factor belonging to the AP2 family members that 

is highly expressed in mesocarp at the late ripening stage of oil palm fruit designated 

as EgDREB was isolated and sequenced. The present study aimed to identify genes 

whose expression is regulated by this transcription factor in the mesocarp tissue of 

oil palm fruits. 
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ii 

 

Semi-quantitative analysis of EgDREB expression by reverse transcriptase (RT)-PCR 

showed that it is expressed at different stages of mesocarp development but not at the 

early ripening stage (12 WAA). EgDREB is also expressed in vegetative tissues 

including roots and leaves. Thus, 12 WAA mesocarp was selected to study the 

effects of over-expression of EgDREB in mesocarp tissues on five groups of ripening 

related cDNAs from oil palm that have been previously identified. 

 

Co-bombardment of 12 WAA mesocarp tissue with recombinant vector construct 

harboring EgDREB and plasmid containing the GFP reporter gene was carried out. 

Fluorescent detection of GFP microscopically and verification via RT-PCR using 

GFP-specific primers enabled selection of successfully transformed tissues.  

 

Using transient expression assay, it was demonstrated that over-expression of the 

EgDREB gene in 12 WAA mesocarp tissues results in up-regulation of fruit ripening 

related genes which are TCTP, MET2a and MET2b. These proteins are categorized 

under biogenesis of cellular component and protein with binding function or cofactor 

requirement. More specifically the roles of metallothioneins are in homeostasis of 

essential metal ions and oxidative stress response. This may suggest that EgDREB is 

involved in regulating cellular processes related to the roles of these three proteins. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Master Sains 

 

KESAN PENGEKSPRESAN MELAMPAU TRANSKRIPSI KESAN 

TINDAKBALAS ETILENA TERHADAP PENGEKSPRESAN GEN 

TERPILIH BERKAITAN PEMASAKAN BUAH DI DALAM MESOKARPA 

KELAPA SAWIT (Elaeis guineensis Jacq.) 

 

Oleh 

 

NUR ANNIES BINTI ABD HADI 

 

April 2013 

 

 

Pengerusi: Siti Nor Akmar binti Abdullah, PhD 

Fakulti: Pertanian 

 

Perkembangan, kematangan dan pemasakan buah adalah proses biologi yang penting 

dan unik kepada tumbuh-tumbuhan. Semasa fasa pemasakan, beberapa perubahan 

fisiologi dan biokimia mengambil tempat melalui pengekspresan pelbagai gen yang 

berbeza. Pelbagai pendekatan telah digunakan untuk memahami kerumitan 

pengekspresan dan interaksi gen dalam tumbuh-tumbuhan. Salah satu mekanisme 

yang paling penting ialah pengaturan gen yang berlaku di peringkat transkripsi 

melalui pengikatan faktor transkripsi kepada jujukan DNA tertentu. 

 

Dari kajian baru-baru ini, faktor transkripsi tergolong dalam famili AP2 yang 

menunjukkan pengekspresan yang tinggi di dalam mesokarpa pada peringkat 

pemasakan buah kelapa sawit yang dinamakan sebagai EgDREB telah 

dipencilkankan dan dijujukkan. Kajian ini bertujuan untuk mengenal pasti gen yang 

dikawal oleh faktor transkripsi ini dalam tisu mesokarpa buah kelapa sawit. 
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Analisis semi kuantitatif pengekspresan EgDREB oleh transcriptase berbalik (RT)-

PCR menunjukkan bahawa ia diekspres di pelbagai peringkat perkembangan 

mesokarpa tetapi tidak pada peringkat kematangan awal (12 WAA). EgDREB juga di 

ekspreskan di dalam tisu vegetatif termasuk akar dan daun. Oleh itu, 12 WAA 

mesokarpa telah dipilih untuk mengkaji kesan lebihan ekspresan daripada EgDREB 

dalam tisu mesokarpa pada lima kumpulan cDNAs yang berkaitan dengan 

pemasakan buah dari kelapa sawit yang telah dikenal pasti sebelum ini. 

 

Ko-pembedilan 12 WAA mesokarpa tisu dengan vektor rekombinan yang 

mengandungi EgDREB dan gen GFP telah dijalankan. Pengesanan pendarfluor GFP 

mikroskopik dan pengesahan melalui RT-PCR menggunakan primer GFP khusus 

membolehkan pemilihan tisu yang berjaya ditransformasikan. 

 

Menggunakan asai pengekspresan transien, ia telah menunjukkan bahawa lebihan 

pengekspresan gen EgDREB dalam 12 WAA mesokarpa tisu menunjukkan 

keputusan lebihan pengekspresan dalam gen berkaitan dengan pemasakan buah 

seperti TCTP, MET2a dan MET2b. Protein ini dikategorikan di bawah biogenesis 

komponen selular dan protein dengan fungsi mengikat atau keperluan kofaktor. 

Lebih khusus peranan metallothioneins adalah dalam homeostasis ion logam penting 

dan tindak balas tekanan oksidatif. Ini mungkin menunjukkan bahawa EgDREB 

terlibat dalam mengawal selia proses selular yang berkaitan dengan peranan ketiga-

tiga protein. 
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CHAPTER 1 

 

INTRODUCTION 

 

The oil palm (Elaeis guineensis Jacq.) is the most important industrial crops in 

Malaysia. It is a monocotyledon tree of the palm family (Arecaceae) (Nasaruddin et 

al., 2007). There are two main species of oil palm in the genus Elaeis, E. guineensis 

and E. oleifera (Low et al., 2008). E. guineensis has its centre of origin in Africa 

while E. oleifera originated from South American (Fandi et al., 2011). 

 

Oil palm is an economically important plant species and provides the world's number 

one source of edible vegetable oil (Tranbarger et al., 2012). The first oil palm trees 

planted in Malaysia came from Sumatra, Indonesia. Government promotion of oil 

palm started in Malaysia in the early 1960s, meanwhile in Indonesia in the late 

1960s. Although similar early commercial efforts, it was Malaysia among the two 

that first promoted successfully oil palm cultivation and diversification. Indonesia’s 

experience became successful, particularly only after 1988 (Rasiah & Shahrin, 2006). 

 

Generally, fruit development, maturation and ripening are important biological 

processes unique to plants. The molecular basis of oil palm fruit development, 

maturation and ripening have received less attention. Recent reports indicated that 

plant hormones play key role in the processes that lead to fruit development 

(Tranbarger et al., 2011). A series of physical and chemical changes occur in 

ripening fruits of oil palm (Prada et al., 2011). 
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The colour change is one of the most significant criteria that can be related to fruit 

maturity (Alfatni et al., 2008). During the ripening phase, several physiological and 

biochemical changes take place through differential expression of various genes that 

are developmentally regulated (Bapat et al., 2010). Various changes happen in the 

mesocarp during the late period of oil palm fruit ripening including cell wall 

expansion, oil deposition, vitamin E, carotenoids and ethylene production (Al-

Shanfari et al., 2011). 

 

Various approaches have been used to understand the complexity of gene expression 

and interaction in plants (Low et al., 2008). Understanding the mechanisms of 

transcriptional regulation underlying the gene expression in its entirety is essential. 

One of the most important mechanisms of gene expression regulation occurs at the 

transcriptional level through binding of transcription factors to specific DNA 

sequences (Laurila & Lahdesmaki, 2009). Transcription appears to be controlled by 

various transcription factors that mediate the effects of intracellular and extracellular 

signals. Transcription factors are a group of proteins involve in binding to specific 

DNA sequences and thereby responsible for either positively or negatively 

influencing the transcription of specific genes (Phillips & Hoopes, 2008). The 

analysis of transcription factors is essential for an understanding of mechanisms of 

gene expression. 

 

The introduction of DNA by particle bombardment had benefitted genetic 

transformation of recalcitrant and perennial crops, like oil palm, since the technique 

enables the transfer of any gene to virtually any tissues or cell types (Abdullah et al., 

2005). Furthermore the technique enables the analysis of introduced gene(s) in 
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bombarded tissues via transient expression assay and this serves as a valuable model 

system to understand transcriptional regulation in different tissues. The use of non-

destructive reporter gene such as green fluorescent protein (GFP) enables rapid 

selection of tissues that have successfully received the bombarded gene constructs 

(Majid & Parveez, 2007). 

 

From a recent study, gene that encoded a transcription factor belonging to AP2 

family that is highly expressed in ripening oil palm fruit mesocarp was isolated and 

sequenced. Further characterization of this transcription factor will be conducted in 

order to identify genes whose expression is regulated by this transcription factor in 

the mesocarp tissue. 

 

Thus, the objectives of this study were;  

 

1) To determine the expression profile of EgDREB gene in different 

developmental stages of oil palm mesocarp, roots and leaves. 

 

2) To bombard expression vector containing EgDREB gene into oil palm 

mesocarp at 12 weeks after anthesis (WAA). 

 

3) To study changes in expression profile of nine selected genes known to be 

highly expressed in ripening fruit (17 WAA) in the bombarded mesocarp 

tissues. 



© C
OPYRIG

HT U
PM

82 

 

REFERENCES 

 

Abdullah, R., Zainal, A., Heng, W.Y., Li, L.C., Beng, Y.C., Phing, L.M., Sirajuddin, 

S.A., Ping, W,Y,S., Joseph, J.L., Jusoh, S.A., Muad, M.R. and Huey, Y.L. 

(2005). Immature Embryo: A Useful Tool For Oil Palm (Elaeis guineensis 

Jacq.) Genetic Transformation Studies. Electronic Journal of Biotechnology. 

(8), 1. 

Adams-Phillips, L., Barry, C. and Giovannoni, J. (2004). Signal Transduction 

Systems Regulating Fruit Ripening. Trends in Plant Sciences. (9), 331-338. 

Ahmed, F.E. (2002). Molecular Techniques For Studying Gene Expression In 

Carcinogenesis. Journal of Environmental Science and Health. (20), 77-116.  

Akangbe, J.A., Adesiji, G.B., Fakayode, S.B. and Aderibigbe, Y.O. (2011). Towards 

Palm Oil Self-sufficiency in Nigeria: Constraints and Training Needs Nexus 

of Palm Oil Extractors. Journal of Human Ecology. (2), 139-145. 

Al-Shanfari, A., Abdullah, S.N.A., Saud, H.M., Omidvar, V. and Napis, S. (2011). 

Differential Gene Expression Identified by Suppression Subtractive 

Hybridization During Late Ripening of Fruit in Oil Palm (Elaeis guineensis 

Jacq.). Plant Molecular Biology Reporter. (30), 768-779. 

Alberini, C.M. (2009). Transcription Factors in Long-Term Memory and Synaptic 

Plasticity. Physiological Review. (89), 121-145. 

Alfatni, M.S., Shariff, A.R.M., Shafri, H.Z.M., Saaed, O.M.B. and Eshanta, M.O. 

(2008). Oil Palm Fruit Bunch Grading System Using Red, Green and Blue 

Digital Number. Journal of Applied Sciences. (8), 1444-1452. 

Alizadeh, F., Abdullah, S.N.A., Khodavandi, A., Abdullah, F., Yusuf, U.K. and 

Chong, P.P. (2011). Differential Expression of Oil Palm Pathology Genes 

During Interactions With Ganoderma boninense and Trichoderma 

harzianum. Journal of Plant Physiology. (168), 1106–1113. 

Andres, M.G., Griselda, A. and Ana, M.E. (2009). Optimization of coffee (Coffea 

arabica) Transformation Parameters Using uidA and hpt Genes: Effect 

of Osmotic Pre-Treatment, Helium Pressure and Target Distance. 

International Journal of Tropical Biology and Conservation. 57(1), 151-160. 

Bapat, V.A., Trivedi, P.K., Ghosh, A., Sane, V.A., Ganapathi, T.R., Nath, P. (2010). 

Ripening of Fleshy Fruit: Molecular Insight and The Role of Ethylene. 

Biotechnology Advances. (28), 94–107. 

Barber, R.D., Harmer, D.W., Coleman, R.A. and Clark, B.J. (2005).  GAPDH As A 

Housekeeping Gene: Analysis of GAPDH mRNA Expression In A Panel of 

72 Human Tissues. Physiological Genomics. 21(3), 389-95.  

http://www.springerlink.com/content/0735-9640/


© C
OPYRIG

HT U
PM

83 

 

Barry, C.S. and Giovannoni, C.S. (2007). Ethylene and Fruit Ripeninng. Journal of 

Plant Growth Regulation. (26), 143-159. 

Beinaret, A. and Vanderweyen, R. (1941). Contribution à L’étude Génétique et 

Biométrique des Variétés d’Elaeis guineensis Jacq. Publications De L'institut 

National Pour L'etude. Agronomique Du Congo (INEAC) Séries Science. 

(27). 

Berkowitz, O., Jost, R., Pollmann, S. and Masle, J. (2008). Characterization of 

TCTP, the Translationally Controlled Tumor Protein, from Arabidopsis 

thaliana. The Plant Cell. (20), 3430-3447. 

Bhat, S., Curach, N., Mostyn, T., Bains, G.S., Griffithsa, K.R. and Emslie, K.R. 

(2010). Comparison of Methods for Accurate Quantification of DNA Mass 

Concentration with Traceability to the International System of Units. 

Analytical Chemistry. 82 (17), 7185–7192. 

Biolistic Particles Bombardment. http://www3.bio-rad.com/ 

Bommer, U. and Thiele, B. (2004). The Translationally Controlled Tumour Protein 

(TCTP). The International Journal of Biochemistry and Cell Biology. (36), 

379–385. 

Bostoen, K. (2005). A Diachronic Onomasiological Approach to Early Bantu Oil 

Palm Vocabulary. Studies in African Linguistics (34), 2. 

Bourgis, F., Kilaruc, A., Caod, X., Ngando-Ebonguee, G.F., Driraf, N., Ohlrogged, 

J.B. and Arondela, V. (2011). Comparative Transcriptome and Metabolite 

Analysis of Oil Palm and Date Palm Mesocarp That Differ Dramatically in 

Carbon Partitioning. Proceedings of the National Academy of Sciences. doi: 

10.1073/pnas.1106502108. 

Bramkamp, M., Weston, L., Daniel, R.A. and Errington, J. (2006). Regulated 

Intramembrane Proteolysis of Ftsl Protein and The Control of Cell Division 

In Bacillus subtilis. Molecular Microbiology. (62), 580–591.  

Breljak, D., Ambriovi-Ristov, A., Kapitanovi, S., Ev, T. and Gabrilovac, J. (2005). 

Comparison of Three RT-PCR Based Methods forRelative Quantification of 

mRNA. Food Technology, Biotechnology. 43 (4), 379–388. 

Brioudes, F., Thierrya, A., Chambriera, P., Mollereaub, B. and Bendahamanea, M. 

(2010). Translationally Controlled Tumor Protein Is A Conserved Mitotic 

Growth Integrator In Animals and Plants. Proceedings of the National 

Academy of Sciences (PNAS). (107), 16384-16389. 

Brivanlou, A.H. and Darnell, J.E. (2002). Signal Transduction and the Control of 

Gene Expression. Science. (295), 813-818. 

 

 

http://www.google.com.my/url?sa=t&rct=j&q=pnas&source=web&cd=1&ved=0CCwQFjAA&url=http%3A%2F%2Fwww.pnas.org%2F&ei=36eiTqSYIo_yrQfa-IHYAg&usg=AFQjCNF8L8b8kaHKmCj0CPzwGkSLYL9tsA&cad=rja


© C
OPYRIG

HT U
PM

84 

 

Braun, N., Germain, A.D.S., Pillot, J., Boutet-Mercey, S., Dalmais, M., Antoniadi, I., 

Li, X., Maia-Grondard, A., Signor, C.L., Bouteiller, N., Luo, D., 

Bendahmane, A., Turnbull, C. and Rameau, C. (2012). The Pea TCP 

Transcription Factor PsBRC1 Acts Downstream of Strigolactones to Control 

Shoot Branching. Plant Physiology January. (158), 225-238. 

Cao, B., Lu, Y., Chen, G. and Lei, J. (2010).  Functional Characterization Of The 

Translationally Controlled Tumor Protein (TCTP) Gene Associated With 

Growth And Defense Response In Cabbage. Journal of Plant Biotechnology. 

(103), 217-226.  

Chen, R. Qiu, J., Jiang, Y., Dong, J., Xu, Z. and Gao, X (2012). Isolation of a Novel 

MYB Transcription Factor OsMyb1R From Rice and Analysis of The 

Response of This Gene To Abiotic Stresses. African Journal of 

Biotechnology. (11), 3731-3737.   

Chen, S.H., Wu, P., Chou, C., Yan, Y., Liu, H., Weng, S. and Yang-yen, H. (2007). 

A Knockout Mouse Approach Reveals that TCTP Functions as an Essential 

Factor for Cell Proliferation and Survival in a Tissue- or Cell Type–specific 

Manner. Biology Cell. (18), 2525-2532. 

Corley, R. H.V. and Tinker, P. B. H. (2003). The Oil Palm. Blackwell Publishing.  

Corrêa, L.G.G., Riaño-Pachón, D.M., Schrago, C.G, Vicentini dos Santos, R., 

Mueller-Roeber, B., et al. (2008). The Role of bZIP Transcription Factors in 

Green Plant Evolution: Adaptive Features Emerging from Four Founder 

Genes. PLoS ONE. 3(8): e2944. doi:10.1371/journal.pone.0002944. 

Czechowski, T., Bari, R. P., Stitt, M., Scheible, W.-R. and Udvardi, M. K. (2004). 

Real-time RT-PCR Profiling of Over 1400 Arabidopsis Transcription 

Factors: Unprecedented Sensitivity Reveals Novel Root- and Shoot-Specific 

Genes. The Plant Journal. (38), 366–379. 

Dransfield, J., Uhl, N.W., Asmussen, C.B., Baker, W.J., Harley, M.M. and Lewis, 

C.E. (2005).  A New Phylogenetic Classification of the Palm Family, 

Arecaceae. Kew Bulletin. (60), 559-569. 

Durand-Gasselin, T., Asmady, H., Flori, A., Jacquemard, J.C., Zayun, Z., Breton, F. 

and de Franqueville, H. (2005). Possible Sources of Genetic Resistance In Oil 

Palm (Elaeis guineensis Jacq.) to Basal Stem Root Cause By Ganorderma 

boninense - Prospects For Future Breeding. Mycopathologia. (159), 93-100. 

El-Shemy, H.A., Khalafalla, M.M. and Ishimoto, M. (2008). The Role of Green 

Fluorescent Protein (GFP) in Transgenic Plant to Reduce Gene Silencing 

Phenomena. Current Issues Molecular Biology. (11),21-28. 

Fadeev, V.S., Blinkova, V.S. and Gaponeka, A.K. (2006). Optimization of Biological 

and Physical Parameters for Biolistic Genetic Transformation of Common 

Wheat (Triticum aestivum L.) Using A Particle Inflow Gun. Russian Journal 

of Genetics. (42), 402-411. 



© C
OPYRIG

HT U
PM

85 

 

Fandi, K.G., Shah, F.S. and Ghazali, H.M. (2011). Protein Profiling During 

Mesocarp Development in Oil Palm Fruit. Pertanika Journal of Tropical 

Agriculture Science. 34 (1), 63 - 73. 

Feng, J.X., Liu, D., Pan. Y., Gong, W., Ma, L.G., Luo, J.C., Deng, X.W. and Zhu, 

Y.X. (2005). An Annotation Update Via Cdna Sequence Analysis and 

Comprehensive Profiling of Developmental, Hormonal or Environmental 

Responsiveness of The Arabidopsis AP2/EREBP Transcription Factor Gene 

Family. Plant Molecular Biology. 59 (6), 853-68.  

Forero, D.C., Hormaza, P. and Romero, H.M. (2012). Phenological Growth Stages of 

African Oil Palm (Elaeis guineensis). Annals of Applied Biology. (160), 56–

65. 

Gachon, C., Mingam, A. and Charrier, B. (2004). Real-time PCR: What Relevance 

To Plant Studies?. Journal of Experimental Botany. (402), 1445-1454. 

Goerke, C., Bayer, M.G. and Wolz, C. (2001). Quantification of Bacterial 

Transcripts During Infection Using Competitive Reverse Transcription-PCR 

(RT-PCR) and LightCycler RT-PCR. Clinical Vaccine and Immunology. (8), 

279-282. 

Gutterson, N. and Reuber, T.L. (2004). Regulation of Disease Resistance Pathways 

by AP2/ERF Transcription Factors. Current Opinion in Plant Biology. (7), 

465-471.  

Gutierrez, L., Mauriat, M., Guénin, S., Pelloux, J., Lefebvre, J.-F., Louvet, R., 

Rusterucci, C., Moritz, T., Guerineau, F., Bellini, C. and Van Wuytswinkel, 

O. (2008). The Lack of A Systematic Validation of Reference Genes: A 

Serious Pitfall Undervalued In Reverse Transcription-Polymerase Chain 

Reaction (RT-PCR) Analysis In Plants. Plant Biotechnology Journal. 

(6), 609–618. 

Harwood, W. A. and Smedley, M. (2009). Barley Transformation Using Biolistic 

Techniques. In: Huw, D. J. and Peter, R. S.  Methods in Molecular Biology, 

Transgenic Wheat, Barley and Oats. (478), Chapter 8, 125-136. 

Hassan, R., Ramli, M., Abdullah, W.Z., Mustaffa, R., Ghazali, S., Ankathil, R., 

Alwi, Z., Abdullah, A.D., Baba, A.A. (2008). One-step Multiplex RT-PCR 

For Detection of BCR/ABL Gene In Malay Patients With Chronic Myeloid 

Leukaemia. Asia Pacific Journal of Molecular Biology and Biotechnology. 

(16), 41-44. 

Hellens, R.P., Allan, A.C.,  Friel, E.N., Bolitho, K., Grafton, K., Templeton, M.D., 

Karunairetnam, S., Gleave, A.P. and Laing, W.A. (2005). Transient 

Expression Vectors For Functional Genomics, Quantification of Promoter 

Activity and RNA Silencing In Plants. Plant Methods. (1), 13. 

Hraska, M., Rakousky, S. and Curn, V. (2006). Green Fluorescent Protein As A Vital 

Marker For Non-Destructive Detection of Transformation Events In 

Transgenic Plants. Plant Cell Tiss Organ Culture. (860), 303–318. 



© C
OPYRIG

HT U
PM

86 

 

Hwang, J.E., Lim, C.J., Je, J., Song, C. and Lim, C.O. (2012). Overexpression of 

Arabidopsis Dehydration-Responsive Element-Binding Protein 2C Confers 

Tolerance to Oxidative Stress. Molecules and Cells. (33), 135-140. 

Isokpehi, R.D., Simmons, S.S., Cohly, H.H.P., Ekunwe, S.I.N., Begonia, G.B. and 

Ayensu, W.K. (2011). Identification of Drought-Responsive Universal Stress 

Proteins in Viridiplantae. Bioinformatics and Biology Insights. (5), 41–58.  

Itai, A., Tanabe, K., Tamura, F and Tanaka, T. (2000). Isolation of cDNA Clones 

Corresponding to Genes Expressed During Fruit Ripening in Japanese Pear 

(Pyrus pyrifolia Nakai): Involvement of The Ethylene Signal Transduction 

Pathway in Their Expression. Journal of Experimental Botany. (347), 1163-

1166. doi: 10.1093/jexbot/51.347.1163. 

Jofuku, K.D., den Boer, B.G., Montagu, M.V. and Okamuro, J.K. (1994). Control of 

Arabidopsis Flower and Seed Development by the Homeotic Gene 

APETALA2. The Plant Cell. 6 (9), 1211-1225. 

Kale, S.D. and Tyler, B.M. (2011). Assaying Effector Function in Planta Using 

Double-Barreled Particle Bombardment. Methods in Molecular Biology. 

10.1007/978-1-61737-998-7_13. 

Kanchanapoom, K., Nakkaew, A., Kanchanapoom, K. and Amornrat Phongdara. 

Songklanakarin. (2008). Determination of The Most Efficient Target Tissue 

And Helium Pressure For Biolistic Transformation of Oil Palm (Elaeis 

guineensis Jacq.) Journal of Science Technology. 30 (2), 153-157. 

Karlova, R.,  Rosin, F.M., Busscher-Lange, J., Parapunova, V., Do, P.T., Fernie, 

A.R., Fraser, P.D., Baxter, C., Angenent, G.C. and Maagd, R.A.D. (2011). 

Transcriptome and Metabolite Profiling Show That APETALA2a Is a Major 

Regulator of Tomato Fruit Ripening. The Plant Cell. (23), 923-941.  

Katoh, H., Isshiki, A., Masunaka, A. Yamamoto, H. and Akimitsu, K. (2006). A 

Virulence-Reducing Mutation in The Postharvest Citrus Pathogen Alternaria 

Citri. Journal of Population Biology. (96), 934-940. 

Kikkert, J.R., Vidal, J.R. and Reisch, B.I. (2004). Stable Transformation of Plant 

Cells by Particle Bombardment/Biolistics. Transgenic Plants: Methods and 

Protocols. (286), 61-78. 

Kim YM, Han YJ, Hwang OJ, Lee SS, Shin AY, Kim SY, Kim JI. (2012). 

Overexpression of Arabidopsis Translationally Controlled Tumor Protein 

Gene Attctp Enhances Drought Tolerance With Rapid ABA-Induced 

Stomatal Closure. Molecular Cells. 33(6), 617-26.  

Kok, S., Ong-Abdullah, M., Ee, G.C. and Namasivayam, P. (2011). Comparison of 

Nutrient Composition In Kernel Of Tenera And Clonal Materials of Oil Palm 

(Elaeis guineensis Jacq.). Food Chemistry. (129), 1343–1347.  

Koslanund, R., Archbold, D and Pomper, K.A. (2005). Pawpaw [Asimina triloba (L.) 

Dunal] Fruit Ripening. I. Ethylene Biosynthesis and Production. Journal of 

the American Society for Horticultural Science. (130), 638-642. 



© C
OPYRIG

HT U
PM

87 

 

Kumar, A., Ahmad, I., Shukla, S., Singh, D.K., Patel, D.K., Pandey, H.P. and Singh, 

C. (2010). Effect of Zinc And Paraquat Co-Exposure on Neurodegeneration: 

Modulation of Oxidative Stress and Expression of Metallothioneins, Toxicant 

Responsive and Transporter Genes In Rats. Free Radical Research, (44), 

950-965. 

Kurian, A.  and  Peter, K.V. (2007). Horticulture Science Series. Commercial Crops 

Technology. (8), 231.  

Laurila, K. and Lahdesmaki, H. (2009). Systematic Analysis of Disease-Related 

Regulatory Mutation Classes Reveals Distinct Effects on Transcription Factor 

Binding. In Silico Biology. (9), 18. 

Le, V. (2010). Co-transformation of Oil Palm Using Agrobacterium-Mediated 

Transformation. Nature Precedings. hdl:10101/npre.2010.5441.1. 

Lee, M.W. and Yang, Y. (2006). Transient Expression Assay by Agroinfiltration of 

Leaves. Arabidopsis Protocols, Methods in Molecular Biology. (323), 225-

229. 

Li, J., Park, E., von Arnim, A.G. and Nebenführ, A. (2009). The FAST Technique: A 

Simplified Agrobacterium-Based Transformation Method For Transient Gene 

Expression Analysis in Seedlings of Arabidopsis and Other Plant Species. 

Plant Methods. (5), 6. 

Licausi, F., Giorgi, F.M., Zenoni, S, Osti, F., Pezzotti, M and Perata, P. (2010). 

Genomic and Transcriptomic Analysis of the AP2/ERF Superfamily in Vitis 

vinifera. BMC Genomics. (11),719.  

Low, E.L., Alias, H., Boon, S., Shariff, E.M., Tan, C.A.,  Ooi, L.C.L., Cheah, S., 

Raha, A.R., Wan, K.L. and Singh, R. (2008). Oil Palm (Elaeis guineensis 

Jacq.) Tissue Culture ESTs: Identifying Genes Associated With Callogenesis 

and Embryogenesis. BMC Plant Biology. (8), 62. 

Majid, N.A and Parveez, G.K.A. (2007). Evaluation of Green Fluorescence Protein 

(GFP) as a Selectable Marker for Oil Palm Transformation via Transient 

Expression. Asia Pacific Journal of Molecular Biology & Biotechnology. 15 

(1). 

McGrath, K.C., Dombrecht, B., Manners, J.M., Schenk, P.M., Edgar, C.I., Maclean, 

D.J., Scheible, W.R., Udvardi, M.K. and Kazan, K. (2005). Repressor- and 

Activator-Type Ethylene Response Factors Functioning In Jasmonate 

Signaling And Disease Resistance Identified Via A Genome-Wide Screen Of 

Arabidopsis Transcription Factor Gene Expression. Plant Physiology. (139), 

949–959. 

Mizoi, J., Shinozaki, K. and Yamaguchi-Shinozaki, K. (2012). AP2/ERF Family 

Transcription Factors In Plant Abiotic Stress Responses. Biochemical 

Biophysic Acta. (1819), 86-96. 

Murashige, T. and Skoog, F. (1962). A Revised Medium for Rapid Growth and Bio 

Assays with Tobacco Tissue Cultures. Physiological Plant. (15), 473–497. 



© C
OPYRIG

HT U
PM

88 

 

Murphy, D.J. (2003). Working to Improve the Oil Palm Crop. Informative. (14), 670-

671.  

Nagano-Ito, M and Ichikawa, S. (2012). Biological Effects of Mammalian 

Translationally Controlled Tumor Protein (TCTP) On Cell Death, 

Proliferation, and Tumorigenesis. Biochemistry Research International. (12), 

7. 

Nair, K.P.P. (2010). The Agronomy and Economy of Important Tree Crops of the 

Developing World. Elsevier Insights. (1), 231-232. 

Nakano, T., Suzuki, K., Fujimura, T. and Shinshi, H. (2006). Genome-Wide Analysis 

of the ERF Gene Family in Arabidopsis and Rice. Plant Physiology. (140), 

411-432.  

Nasaruddin, N.M., Harikrishna, K., Othman, R.Y., Hoon, L.S. and Jennifer Ann 

Harikrishna. (2007). Computational Prediction of MicroRNAs From Oil Palm 

(Elaeis guineensis Jacq.) Expressed Sequence Tags. Asia Pacific Journal of 

Molecular Biology and Biotechnology. 15 (3), 107-113.  

Ning, J., Li, X., Hicks, L.M. and Xiong, L. (2010). A Raf-Like MAPKKK Gene 

DSM1 Mediates Drought Resistance Through Reactive Oxygen Species 

Scavenging in Rice1. Plant Physiology. (152), 876-890. 

Ohme-Takagi, M. and Shinshi, H. (1995). Ethylene-Inducible DNA Binding Proteins 

That Interact With An Ethylene-Responsive Element. The Plant Cell. 7 (2), 

173-182. 

Omidvar, V., Abdullah, S.N.A., Ho, C.L., Mahmood, M. and Al-Shanfari, A.B. 

(2012). Isolation And Characterization of Two ABRE-Binding Proteins: 

EABF and EABF1 From The Oil Palm. Molecular Biology Reports. (39), 

8907-8918. 

Omidvar, V., Abdullah, S.N.A., Izadfard, A., Ho, C.L. and Mahmood, M. (2010). 

The Oil Palm Metallothionein Promoter Contains A Novel AGTTAGG Motif 

Conferring Its Fruit-Specific Expression and Is Inducible By Abiotic Factors. 

Planta. (232), 925-936. 

Omidvar, A., Abdullah, S.N.A., Marziah, M. and Maheran, A.A. (2008). A Transient 

Assay to Evaluate The Expression Of Polyhydroxybutyrate Genes Regulated 

by Oil Palm Mesocarp-Specific Promoter. Plant Cell Reports. (27), 1451-

1459.  

Owolarafe, O.K., Olabige, M.T., Faborode, M.O. (2007). Physical and Mechanical 

Properties of Two Varieties of Fresh Oil Palm Fruit. Journal of Food 

Engineering. (78), 1228–1232. 

Paim, R.M., Pereira, M.H., Ponzio, R.D., Rodrigues, J.O., Guarneri, A.A., Gontijo 

N.F. and Araújo, R.N. (2012). Validation of Reference Genes For Expression 

Analysis In The Salivary Gland and The Intestine of Rhodnius Prolixus 

(Hemiptera, reduviidae) Under Different Experimental Conditions By 

Quantitative Real-Time PCR. BMC Research Notes. (5), 128. 



© C
OPYRIG

HT U
PM

89 

 

Petersen, J., Hawkes, T.R. and Lowe, D.J. (2000). Short Communication Oxo-

Vanadium As A Spin Probe For The Investigation of The Metal Coordination 

Environment of Imidazole Glycerol Phosphate Dehydratase. Journal of 

Inorganic Biochemistry. (80), 161-168. 

Phillips, T. and Hoopes, L. (2008). Transcription Factors and Transcriptional Control 

in Eukaryotic Cells. Nature Education. (1), 1. 

Pinto, F., Thapper, A., Sontheim, W. and Lindblad, P. (2009). Analysis of Current 

and Alternative Phenol Based RNA Extraction Methodologies For 

Cyanobacteria. BMC Molecular Biology. (10), 79. 

Prada, F., Ayala-Diaz, I.M., Delgado, W., Ruiz-Romero, R. and Romero, H.M. 

(2011). Effect of Fruit Ripening On Content and Chemical Composition of 

Oil From Three Oil Palm Cultivars (Elaeis guineensis Jacq.) Grown in 

Colombia. Journal Agriculture Food Chemistry. (18), 10136-42. 

Praitis, V. (2006). Creation of Transgenic Lines Using Microparticle Bombardment 

Methods. C. elegans Methods in Molecular Biology. (351), 93-107. 

Pré, M., Atallah, M., Champion, A., De Vos, M., Pieterse, C.M., Memelink, J. 

(2008). The AP2/ERF Domain Transcription Factor ORA59 Integrates 

Jasmonic Acid And Ethylene Signals In Plant Defense. Plant Physiology. 

(147), 1347–1357. 

Prescott, A. and Martin, C. (1987). A Rapid Method For The Quantitative 

Assessment of Levels of Specific mRNAs in Plants. Plant Molecular Biology 

Report. (4), 219–224. 

Price, Z., Mayes, S., Billotte, N., Hafeez, F., Dumortier, F and MacDonal, D. (2007). 

Oil Palm. Technical Crops Genome Mapping and Molecular Breeding in 

Plants. (6), 93-108. 

Rai, V., Ghosh, J.S. and Dey, N. (2010). Isolation of Total RNA From Hard Bamboo 

Tissue Rich In Polyphenols And Polysaccharides For Gene Expression 

Studies. Electronic Journal of Biotechnology. (13) 5. 

Ramirez, S.R. and Basu, C. (2009). Comparative Analyses of Plant Transcription 

Factor Databases. Current Genomics. (10), 10-17. 

Rasiah, R. and Shahrin, A. (2006). Development of Palm Oil and Related Products in 

Malaysia and Indonesia. Paper, University Malaya.  

Riaño-Pachón, D.M., Ruzicic, S., Dreyer, I. and Mueller-Roeber, B. (2007). 

PlnTFDB: An Integrative Plant Transcription Factor Database. BMC 

Bioinformatics. (8), 42. 

Rival, A. (2007). Oil Palm. Biotechnology in Agriculture and Forestry. Springer 

Berlin Heidelberg. (61), 59-80. 

 

http://www.springerlink.com/content/?Author=Zuzana+Price
http://www.springerlink.com/content/j52h652026826737/


© C
OPYRIG

HT U
PM

90 

 

Ruperti, B., Cattivelli, L., Pagni, S. and Ramina, A. (2002). Ethylene‐Responsive 

Genes Are Differentially Regulated During Abscission, Organ Senescence 

and Wounding In Peach (Prunus persica). Journal of Experimental Botany. 

53 (368), 429-437. 

Sakuma, Y., Liu, Q., DubouzetHiroshi Abe, J.G., Shinozaki, K., Yamaguchi-

Shinozaki, K. (2002). DNA-Binding Specificity of the ERF/AP2 Domain of 

Arabidopsis DREBs, Transcription Factors Involved in Dehydration- and 

Cold-Inducible Gene Expression. Biochemical and Biophysical Research 

Communication. (290), 998–1009. 

Saleh, A. and Montserrat, P. (2003). Plant AP2/ERF Transcription Factors. Genetika. 

(35), 37-50. 

Sambanthamurthi, R., Siti Nor Akmar, A. and Parveez, G.K.A. (2002). Genetic 

Manipulation of The Oil Palm - Challenges and Prospects. Planter. (78), 547-

562. 

Schmittgen, T.D., Zakrajsek, B.A., Mills, A.G., Gorn, V., Singer, M.J. and Reed, 

M.W. (2000). Quantitative Reverse Transcription–Polymerase Chain 

Reaction to Study mRNA Decay: Comparison of Endpoint and Real-Time 

Methods. Analytical Biochemistry. (285), 194-204. 

Shiao, Y. (2003). A New Reverse Transcription-Polymerase Chain Reaction Method 

For Accurate Quantification. BMC Biotechnology. (3), 22. 

Shimomura, O. (2005). Discovery of Green Fluorescent Protein, in Green 

Fluorescent Protein: Properties, Applications, and Protocols, Volume 47, 

Second Edition (Editors: Chalfie, M. and Kain, S. R.). John Wiley & Sons, 

Inc., Hoboken, NJ, USA. doi: 10.1002/0471739499.ch1. 

Shiu, S., Shih, M. and Li, W. (2005). Transcription Factor Families Have Much 

Higher Expansion Rates in Plants than in Animals. Plant Physiology. (139), 

18-26. 

Sigel, A., Sigel, H. and Roland, K.O. (2009). Metallothioneins and Related 

Chelators. RSC Publishing.  

Shaarani, S., Cárdenas-Blanco, A., Amin, M. G., Soon, Ng, G. and Laurance, D. 

(2010). Monitoring Development and Ripeness of Oil Palm Fruit (Elaeis 

guneensis) by MRI and Bulk NMR. International Journal of Agriculture and 

Biology. (12), 101-105. 

Sheahan, M.B., Staiger, C.J., Rose, R.J. and   McCurdy, D.W. (2004). A Green 

Fluorescent Protein Fusion to Actin-Binding Domain 2 of Arabidopsis 

Fimbrin Highlights New Features of a Dynamic Actin Cytoskeleton in Live 

Plant Cells. Plant Physiology. (136), 3968-3978. 

Sinha, S., Chaudhuri, B.N., Burgner, J.W., Yakovleva, G., Davisson, V.J. and Smith, 

J.L. (2004). Crystal Structure of Imidazole Glycerol-phosphate Dehydratase. 

The Journal of Biological Chemistry. (279), 15491-15498. 



© C
OPYRIG

HT U
PM

91 

 

Sreeramanan S., Maziah, M., Abdullah, M.P., Sariah, M., Xavier, R. and Nor’Aini, 

M.F. (2005). Physical and Biological Parameters Affecting Transient GUS 

and GFP Expression in Banana Via Particle Bombardment. Asia Pacific 

Journal of Molecular Biology & Biotechnology. 13 (1), 35-57. 

Sundram, K., Sambantahmurthi, R. and Tan, Y. (2003). Palm Fruit Chemistry and 

Nutrition. Asia Pacific Journal of Clinical Nutrition. 12(3), 355-362. 

Syahanim, S. (2006) Cloning and Characterization of Oleoyl-CoA Desaturase Gene 

From Oil Palm (Elaeis guineensis L.) Thesis dissertation Universiti Putra 

Malaysia.  

Susini, L., Besse, S., Duflaut, S., Lespagnol, A., Beekman, C., Fiucci, G., Atkinson, 

A., Busso, D., Poussin, P., Marine, J-C., Martinou, J-C., Cavarelli, J., Moras, 

D., Amson, R. and Telerman, A. (2008). TCTP Protects From Apoptotic Cell 

Death by Antagonizing Bax Function. Cell Death and Differentiation. (15), 

1211–1220.  

Tadesse, Y., Sagi, L., Swennen, R. and Jacobs, M. (2003). Optimisation of 

Transformation Conditions and Production of Transgenic Sorghum (Sorghum 

bicolor) Via Microparticle Bombardment. Journal of Plant Biotechnology. 

(75), 1-18.  

Thirumoorthy, N., Manisenthil, K.T., Kumar, Shyam, A., Sundar, Panayappan, L. 

(2007). Metallothionein: An Overview. World Journal of Gastroenterology. 

(7), 993-996.  

Tranbarger, T.J., Kluabmongkol, W., Sangsrakru, D., Morcillo, F., Tregear, J.W., 

Tragoonrung, S. and Billotte, N. (2012). SSR Markers In Transcripts Of 

Genes Linked To Post-Transcriptional And Transcriptional Regulatory 

Functions During Vegetative And Reproductive Development of Elaeis 

guineensis. BMC Plant Biology (12), 1. 

Tranbarger, T.J., Dussert, S., Joët, T., Argout, X., Summo, M., Champion, A., Cros, 

D., Omore, A., Nouy, B. and Morcillo, F. (2011). Regulatory Mechanisms 

Underlying Oil Palm Fruit Mesocarp Maturation, Ripening, and Functional 

Specialization in Lipid and Carotenoid Metabolism. Plant Physiology. (156), 

564-584. 

Trigiano, R. and Gray, D. (2010). Plant Development and Biotechnology. In book: 

Li, Z. and Gray, D. Genetic Engineering Technologies. CRC Press, USA. 

241-243. 

Vural, H.C. and Dageri, A. (2009). Optimization of DNA Isolation For RAPD-PCR 

Analysis of Selected (Echinaceae purpurea L. Moench) Medicinal Plants Of 

Conservation Concern From Turkey. Journal of Medicinal Plants Research.  

3(1), 16-19. 

Vitha, S., Froehlich, J.E.,  Koksharova, O., Pyke, K.A., Erp, H.V. and Osteryoung, 

K.W. (2003). ARC6 Is a J-Domain Plastid Division Protein and An 

Evolutionary Descendant of the Cyanobacterial Cell Division Protein Ftn2. 

The Plant Cell. (15), 1918-1933. 



© C
OPYRIG

HT U
PM

92 

 

Voelker, T. (2011). Secrets of Palm Oil Biosynthesis Revealed. Proceedings of the 

National Academy of Sciences (PNAS). 30 (108), 12193-12194. 

Wacker, M.J. and Godard, M.P. (2005). Analysis of One-Step and Two-Step Real-

Time RT-PCR Using SuperScript III. Journal of Biomolecular Technology. 

16(3) 266–271.  

Wacker, M.J., Tehel., M.M. and Gallagher, P.M. (2008). Technique For Quantitative 

RT-PCR Analysis Directly From Single Muscle Fibers. Journal of Applied 

Physiology. (105) 308-315. 

Wahid, M.B., Abdullah, S.N.A. and Henson, I.E. (2004). Oil Palm – Achievements 

and Potential. Proceedings for the 4
th

 International Crop Science Congress 

Brisbane, Australia.  

Wang, S., Joshi, S. and Lu, S. (2004). Delivery of DNA to Skin by Particle 

Bombardment. Methods in Molecular Biology. (245), 185-196. 

Wang, X., Chen, X., Liu, Y., Gao, H., Wang, Z. and Sun, G. (2011). CkDREB gene 

in Caragana korshinskii is Involved in the Regulation of Stress Response to 

Multiple Abiotic Stresses as An AP2/EREBP Transcription Factor. Molecular 

Biology Report. (38), 2801-2811. 

Wechter, W.P., Levi, A., Harris, K.R., Davis, A.R., Fei, Z., Katzir, N., Giovannoni, 

J.J., Salman-Minkov, A., Hernandez, A., Thimmapuram, J., Tadmor, Y., 

Portnoy, V. and Trebitsh, T . (2008). Gene Expression In Developing 

Watermelon Fruit. BMC Genomics (9), 275. 

Wu, L., Zhang, Z., Zhang, H., Wang, X. and Huang, R. (2008). Transcriptional 

Modulation of Ethylene Response Factor Protein JERF3 in the Oxidative 

Stress Response Enhances Tolerance of Tobacco Seedlings to Salt, Drought, 

and Freezing. Plant Physiology. (148), 1953-1963. 

Wurster, T., Pölzelbauer, C., Schönberger, T., Paul, A. and Seizer, P. (2012). Green 

Fluorescent Protein (GFP) Color Reporter Gene Visualizes Parvovirus B19 

Non-Structural Segment 1 (NS1) Transfected Endothelial Modification. PLoS 

ONE. 7(3) e33602. doi:10.1371/journal.pone.0033602. 

Xu, X., Chen, C., Fan, C. and Chen, Z. (2006). Physical and Functional Interactions 

Between Pathogen-Induced Arabidopsis WRKY18, WRKY40 and WRKY60 

Transcription Factors. The Plant Cell. (18), 1310-1326 . 

Yamaguchi-Shinozaki, K., and Shinozaki, K. (2006). Transcriptional Regulatory 

Networks In Cellular Responses and Tolerance To Dehydration And Cold 

Stresses. Annual Review of Plant Biology. (57), 781-803. 

Yant, H., Mathieu, J., Theresa, T., Ott, F., Lanz, C., Wollmann, H., Chen, X. and 

Schmida, M. (2010). Orchestration of the Floral Transition and Floral 

Development in Arabidopsis by the Bifunctional Transcription Factor 

APETALA2. The Plant Cell.  (22), 2156–2170. 



© C
OPYRIG

HT U
PM

93 

 

Yin, Y., Zhang, X., Fang, Y., Pan, L., Sun, G., Xin, C.,  Abdullah, M.M.B. and Yu, 

X. (2012). High-Throughput Sequencing-Based Gene Profiling on Multi-

Stagedfruit Development of Date Palm (Phoenix dactylifera, L.) Plant 

Molecular Biology. (78), 617-626. 

Yin, X., Knecht, D.A. and Lynes, M.A. (2005). Metallothionein Mediates Leukocyte 

Chemotaxis. BMC Immunology. (6), 21. 

Zhang, M., Yuan, B. and Leng, P. (2009). The Role of ABA In Triggering Ethylene 

Biosynthesis and Ripening of Tomato Fruit. Journal of Experimental Botany. 

(6), 1579-1588.  

Zhang, M., Tao, W., and Pianetta, P.A. (2007). Dynamics Modelling of Biolistic 

Gene Guns. Physical Medical Biology. (52), 1485–1493. 

Zhao, L., Hu, Y., Chong, K. and Wang, T. (2010). ARAG1, an ABA-responsive 

DREB Gene, Plays A Role In Seed Germination and Drought Tolerance of 

Rice. Annals of Botany. (105), 401–409. 

Zhou, J., Tang, X., Frederick, R. and Martin, G. (1997). Pathogen Recognition and 

Signal Transduction by the Pto Kinase. Journal of Plant Research. (111), 

353-356.  

Zhu, L. and Huq, E. (2011). Mapping Functional Domains of Transcription Factors. 

Methods Molecular Biology. (754) 167-84. 

Ziolkowski, M. (2007). Advancements in Biolistics and Applications for 

Agriculturally Significant Crops. Basic Biotechnology eJournal. (3), 34-39. 

Zuraida, A. R., Rahiniza K., Nurul Hafiza M.R., Roowi, S., Zamri, Z. and 

Sreeramanan,S. (2010). Factors Affecting Delivery And Transient Expression 

of gusA gene in Malaysian Indica Rice MR 219 Callus Via Biolistic Gun 

System. African Journal of Biotechnology. 9(51), 8810-8818.  


	EFFECTS OF OVER-EXPRESSING ETHYLENE RESPONSIVE TRANSCRIPTION FACTOR ON EXPRESSION OF SELECTEDFRUIT RIPENING RELATED GENES IN OIL PALM(Elaeis guineensis Jacq.) MESOCARP
	Abstract
	TABLE OF CONTENTS
	CHAPTER 1
	REFERENCES



