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Plant cells have sturdy shape because of the presence of cell wall made from three 

components; cellulose, hemicelluloses, and lignin. Lignin biosynthesis has been studied 

extensively by many researchers but monolignol transportation process is yet to be 

explored specifically. It is suggested that monolignol uptakes are dependent towards 

transport proteins residing in the membrane. AtABCG29 gene of Arabidopsis thaliana 

codes for a transport protein has been characterized and proven that the protein transports 

p-coumaryl alcohol. However, the monolignol transport mechanism for Oryza sativa is 

still elusive. In this study, Oryza sativa‘s gene with locus name OsI_03578 was identified 

as a putative homologous gene of AtABCG29. OsI_03578 was chosen due to its high 

sequence similarity with AtABCG29. This research was conducted to investigate whether 

OsI_03578 gene encodes for a protein that involves in monolignol transportation in 

Oryza sativa. Total RNA was extracted from Oryza sativa and used to synthesize cDNA 

which served as a template to amplify OsI_03578 sequence in Oryza sativa. The 

amplification of the gene sequence was performed by PCR using different sets of 
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primers. In this project, conventional RNA extraction protocol has been optimized and 

proven to give better RNA yield compared to RNA extraction using commercial kit. 

However, designation of new primers is necessary in order to amplify specific target 

region in the gene.
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Fakulti : Bioteknologi and Sains Biomolekul

Sel tumbuhan mempunyai bentuk kukuh kerana kehadiran dinding sel yang diperbuat 

daripada tiga komponen; selulosa, hemiselulosa dan lignin. Biosintesis lignin telah dikaji 

secara meluas oleh ramai penyelidik tetapi proses pengangkutan monolignol masih belum 

diterokai secara khusus. Adalah dicadangkan bahawa pengambilan monolignol 

bergantung kepada protein pengangkut yang berada di membran. AtABCG29 gen 

mengekod protein pengangkut bagi tumbuhan Arabidopsis thaliana telah dicirikan dan 

ianya terbukti bahawa protein yang mengangkut p-coumaryl alkohol. Walau 

bagaimanapun, mekanisme pengangkutan monolignol untuk Oryza sativa masih sukar 

difahami. Dalam kajian ini, satu gen Oryza sativa dengan nama locus OsI_03578 telah 

dikenal pasti sebagai gen homolog daripada AtABCG29. Gen OsI_03578 telah dipilih 

dalam kajian ini kerana persamaan jujukan yang tinggi dengan gen AtABCG29. Kajian ini 

telah dijalankan bagi menyiasat sama ada gen OsI_03578 mengekod untuk protein yang 
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terlibat dalam pengangkutan monolignol dalam Oryza sativa. RNA keseluruhan telah 

diasingkan daripada Oryza sativa dan digunakan untuk mensintesis cDNA yang 

berkhidmat sebagai templat untuk mengenalpasti urutan OsI_03578 Oryza sativa. 

Amplifikasi jujukan gen dilakukan dengan menjalankan reaksi berantai polimerase 

dengan menggunakan set primer yang berbeza. Dalam projek ini, protokol pengekstrakan 

RNA konvensional telah dioptimumkan dan terbukti memberikan hasil RNA lebih baik 

berbanding dengan pengekstrakan RNA menggunakan kit komersial. Walau 

bagaimanapun, penetapan primers baru adalah perlu untuk menguatkan kawasan sasaran 

tertentu dalam gen.
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CHAPTER 1

INTRODUCTION

The plant body is passively protected against the infection of pathogens by the plant’s 

superficial covering layers which consist of epidermis and cuticle.  Plant’s cell walls play 

important roles in structural support and protection against several stresses. It also 

functions as a pressure vessel which prevents over-expansion when the surrounding 

environments are hypotonic towards the plant.  Lignin is nature’s second most abundant 

natural polymer, a runner up to cellulose. By genetically engineering or modifying lignin 

biosynthesis it may be of beneficial in agricultural and industrial field in today’s modern 

world. Due to the significant roles of lignin biosynthesis on economy (biomass 

production) and play a central role in higher plant development, it became an important 

topic in plant biochemistry (Wang et al., 2013). Many researchers have done studies to 

extend the knowledge on lignin biology for example is the synthesis of lignin building 

blocks, monolignols, in the cytosol, and polymerization of phenolic heteropolymers that 

is lignin. 

However not much has been explored on the mechanism of the monolignols’ 

transportation out to the cell wall after its being synthesized in cytosol. It has been 

suggested that, ATP-binding cassette (ABC) protein may also involve in monolignol 

transportation. These protein families have been shown to be involved in transporting 

large varieties of molecules including secondary metabolite and hormones. Alejandro et 

al. (2012) have demonstrated that  an ABC protein encode by AtABCCG29, serves as a 

monolignol transporter in Arabidopsis thaliana and  this transporter is shown to be 
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specific for transporting for only one out of three monolignols which is p-coumaryl 

alcohol. Plant lignifications are for plant like Oryza sativa as it support and protect the 

plant in overcoming biotic and abiotic stresses. Understanding this mechanism can 

improve Oryza sativa’s ability to overcome these stresses, but so far, no research has 

been done to identify its monolignol transport mechanism. By using the protein sequence 

of AtABCG29, basic local alignment has been performed with Oryza sativa proteome and 

OsI_03578 was shown to have significant sequence similarity in with AtABCG29. This 

research was performed to investigate and support the hypothesis, whether OsI_03578 

protein may functions as a monolignol transporter protein for any of the monolignols 

synthesized in the cells of Oryza sativa.

Realizing the potential of OsI_03578 gene that encodes for a monolignol transporter, an 

attempt was made to prove the hypothesis. The objectives of this study were;

1. To optimize RNA extraction protocol for Oryza sativa.

2. To identify a putative monolignol transporter gene homolog from Oryza sativa.
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