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Lignin is present in plant’s cell wall constitutes which mainly function to provide
vital structural support to the plant. The transportation of lignin precursors, monolignols,
from the membrane to the cell wall, where they are oxidized and polymerized, is
facilitated by ATP-dependent transport process. This process involves ATP-binding
cassette-like transporters, namely monolignol transporter. Studies have been conducted
using Arabidopsis thaliana as an experimental model to prove this idea. Hence, this
project was performed using Oryza sativa (cultivar MR219) to identify putative
monolignol transporters based on sequence identity detection of a target gene from these
two organisms. The putative target gene sequences that possessed a high identity with
AtABCG29 gene was obtained from the BLAST program (NCBI) and subjected to a
specific primer designing step. A number of primer sets were designed to amplify
fragment-by-fragment in isolating the whole sequence of the putative target gene, which
is approximately 4.7 kb in length. Total RNA was extracted from four weeks old
seedlings of O. sativa followed by the synthesis of cDNA and polymerase chain reaction
to amplify the target gene by using the specifically designed primers. A housekeeping
gene (Actinll) was used as a positive control in this study. Final results showed that out
of eleven primer pairs designed, four of them produced a significant single band at
expected size. Thus, it can be concluded that the putative target gene in O. sativa has a
relatively high sequence homology with AtABCG29 from Arabidopsis.
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DIDUGA DALAM Oryza sativa
Oleh
Shuhaidah binti Othman
Jun 2015

Pengerusi: Dr. Dhilia Udie Lamasudin, PhD
Fakulti: Fakulti Bioteknologi dan Sains Biomolekul

Lignin terdapat di dalam sel tumbuhan yang fungsi utamanya adalah untuk
memberikan sokongan struktur kepada tumbuhan. Pengangkutan pelopor lignin yang
dikenali sebagai monolignol dari membran sel ke dinding sel, di mana ianya teroksida
dan dipolimerkan dibantu oleh proses angkutan bersandar ATP. Proses ini melibatkan
kaset pengikat ATP bak pengangkut iaitu pengangkut monolignol. Kajian telah
dijalankan sebelum ini dengan menggunakan Arabidopsis thaliana sebagai model
eksperimen bagi membuktikan idea ini. Sehubungan dengan itu, projek ini dijalankan
dengan menggunakan Oryza sativa (kultivar MR219) untuk mengenal pasti pengangkut
monolignol ini berdasarkan pengesanan identiti jujukan gen sasaran daripada kedua-dua
organisma. Jujukan gen sasaran yang mempunyai homologi yang tinggi dengan gen
AtABCG29 telah diperolehi daripada program BLAST daripada NCBI dan digunakan
sebagai rujukan dalam mereka bentuk primer yang spesifik. Beberapa set primer telah
direka untuk memperbanyakkan pecahan dalam mengasingkan seluruh jujukan gen
sasaran , iaitu Kira-kira 4.7 kb panjang. Keseluruhan RNA telah diekstrak daripada anak
pokok O. sativa yang berusia empat minggu diikuti dengan sintesis cDNA dan tindak
balas berantai polimerase untuk memperbanyak gen sasaran. Gen penyelenggara
(Actinll) telah digunakan sebagai kawalan positif dalam kajian ini. Keputusan akhir
menunjukkan bahawa daripada sebelas pasangan primer yang direka, empat daripada
mereka menghasilkan jalur tunggal bererti pada saiz jangkaan. Oleh itu, dapat
disimpulkan bahawa gen sasaran di O. sativa mempunyai jujukan homologi yang agak
tinggi dengan AtABCG29 dari Arabidopsis.



ACKNOWLEDGMENT

My highest praise to the Almighty Allah S.W.T and His Prophet, Nabi Muhammad
S.A.W for I have been given strength and determination throughout the period until I
successfully finish my final year project.

I would like to express my most gratitude to my project supervisor, Dr. Dhilia Udie
Lamasudin for giving me a golden opportunity to work under her and gain such a
memorable experience and priceless knowledge, also for her thoughtful contribution,
expert guidance, suggestions and valuable advices regarding lab works, project
presentation and thesis preparation. Not forgotten to Dr. Lai Kok Song and Dr. Nur
Fatihah Mohd Yusoff for their suggestions, knowledge and that had helped me a lot
especially when dealing with challenging circumstances throughout the project.

Special appreciation to Ms. Intan Syafirah Abdul Malek and Mrs. Noor Hanaliza
Nandzori for being very helpful in assisting me during my lab works and also for
encouragement and support. Not to forget my entire dearest course mates, friends and
members of Plant Molecular Biology Lab who continuously gave full cooperation and
assistance throughout this project completion.

For my beloved parents, Mr. Othman Kadir and Mrs. Samshiah Ismail together with
my siblings, I would like to thank all of them for their endless love, financial, emotional
and moral support.

Last but not least, I would like to expend my gratitude to Yayasan Tunku Abdul
Rahman (YTAR) for the scholarship that had been supporting me throughout my

Bachelor’s degree programme.



APPROVAL

This thesis was submitted to the Department of Cell and Molecular Biology, Faculty of
Biotechnology and Biomolecular Sciences and has been accepted as fulfilment of the
requirement for the Bachelor of Science (Honours) Cell and Molecular Biology. The

member of the Supervisory Committee was as follows:

Dr. Dhilia Udie Lamasudin, PhD
Senior Lecturer
Faculty of Biotechnology and Biomolecular Sciences

Universiti Putra Malaysia.

(Associate Professor Dr. Janna Ong Abdullah, PhD)
Head of Department

Cell and Molecular Biology

Faculty of Biotechnology and Biomolecular Sciences
Universiti Putra Malaysia

Date:



DECLARATION

Declaration by undergraduate student

I hereby confirm that:

Signature: Date:

This thesis is my original work;

Quotations, illustrations and citations have been duly referenced,

This thesis has not been submitted previously or concurrently for any other degree at
any other institutions;

Intellectual property from the thesis and copyright of thesis are fully-owned by the
Department of Cell and Molecular Biology;

Written permission must be obtained from supervisor before thesis is published (in
the form of written, printed or in electronic form) including books, journals,
modules, proceedings, popular writings, seminar papers, manuscripts, posters,
reports, lecture notes, learning modules or any other materials;

There is no plagiarism or data falsification/ fabrication in the thesis. The thesis has

undergone plagiarism detection software (TURNITIN)

Name and Matric No.:

Vi



Declaration by Supervisor
This is to confirm that:

e The research conducted and the writing of this thesis was under supervision.

Signature:

Dhilia Udie Lamasudin, PhD
Senior Lecturer
Faculty of Biotechnology and Biomolecular Sciences

Universiti Putra Malaysia.

Vii



TABLE OF CONTENTS

Page
ABSTRACT ii
ABSTRAK iii
ACKNOWLEDGEMENTS iv
APPROVAL v
DECLARATION vi
TABLE OF CONTENTS viii
LIST OF TABLES X
LIST OF FIGURES xi
LIST OF ABBREVIATIONS xii
CHAPTER
1 INTRODUCTION
1.1 Introduction 1
1.2 Objectives of study 2
2 LITERATURE REVIEW
2.1 Biology and ecology of Oryza sativa 3
2.1.1 General description of Oryza sativa 3
2.1.2 Taxonomy and genetics 4
2.1.3 The classification of common species 4
2.2 Lignin in nature 5
2.2.1 Monolignols- Precursor of lignin 6
2.3 ATP-binding Cassette (ABC) transporter protein family 8
2.3.1 The structural characteristics of ABC transport protein 9
2.3.2 Monolignol transporter 10
3 MATERIALS AND METHOD
3.1 Target gene(s) identification and primer designing 12
3.2 Plant materials and growth condition 12
3.3 Preparation of buffers and solutions
3.3.1 CTAB extraction buffer 14
3.3.2 Tris-EDTA (TE) bufter for oligonucleotides storage 14
3.3.3 50xTris-Acetate (TAE) for Agarose Gel Electrophoresis 14
3.4 RNA extraction from Oryza sativa (cultivar MR219)
3.4.1 Qiagen RNeasy Plant Mini Kit 15
3.4.2 CTAB RNA extraction 15
3.5 First-strand cDNA synthesis 16
3.6 Amplification of the target gene by using Polymerase Chain 17
Reaction

viii



3.7 Agarose Gel Electrophoresis (AGE)

4 RESULTS AND DISCUSSION
4.1 Identification of A2ABCG29 homolog in Oryza sativa
4.2 Total RNA extraction from Oryza sativa (Cultivar MR219)
4.2.1 Spectrophotometric quantification analysis of RNA
samples
4.2.2 Visualization of ribosomal RNA subunits via
electrophoresis
4.3 cDNA synthesis from total RNA samples
4.4 Amplification of target sequence via Polymerase Chain
Reaction
5 CONCLUSION
5.1 Conclusion
5.2 Recommendations for future works

REFERENCES
APPENDICES

17

18
21
22
24
26
31

31

32
34



LIST OF TABLES

Table Description Page
3.1 List of primer pairs and corresponding amplification targets 13
4.1 Total RNA quantity and quality by spectrophotometric 21

determination



Figure

2.1
2.2

4.1

4.2

4.3

4.4

4.5

4.6
4.7
4.8

4.9

LIST OF FIGURES

Description

Chemical structure of lignin precursors
Molecular architecture of ABC Transporters

Screenshot image of blastn program result of at4ABCG29 genomic
DNA sequence

Multiple sequence alignment of nucleic acid sequence of the
AtABCG29 with different monocotyledonous plants

Separation of ribosomal RNA subunits extracted using RNeasy
plant mini kit in agarose gel electrophoresis

Separation of ribosomal RNA subunits extracted using CTAB based
method in agarose gel electrophoresis

Agarose gel electrophoresis of synthesized cDNA from total RNA
extracted from O. sativa

Gel image of Actin 11 amplification product
[lustration of primer pairs target sites
Gel image of non-optimized PCR products

Gel image of optimized PCR products

Page

10

18

20

23

23

25

26

27

28

29

Xi



LIST OF ABBREVIATIONS

ABC ATP- binding cassette

AGE Agarose Gel Electrophoresis

ATP Adenosine triphosphate

BLAST Basic local alignment search tool
cDNA Complementary deoxyribonucleic acid
CTAB Cetyltrimethylammonium bromide
DNA Deoxyribonucleic acid

NCBI National Centre For Biotechnology Information
PCR Polymerase chain reaction

PDR Pleiotropic drug resistance

PVPP Polyvinylpolypyrrolidone

RNA Ribonucleic acid

TAIR The Arabidopsis Information Resources

Xii



INTRODUCTION

1.1 Introduction

Lignin, a component of the plant cell walls gives the overall structural
strength to the plant which enables it to hold itself up on the ground. Comprised of
three different type of precursors, called the monolignols, these monomers
specifically p-coumaryl alcohol, coniferyl alcohol, and sinapyl alcohol are known to
be synthesized in the cytosol. However, studies shows that these monolignols end up
at various subcellular locations without any known transport mechanism until
recently reported by Alejandro et al.,, (2012) where they proved that the
transportation of one of the monolignols, p-coumaryl in Arabidopsis involves an
ATP-binding cassette (ABC) transporter, AtABCG29.

Monolignol transporters had previously been identified in Arabidopsis.
However, it is not yet found in monocots specifically in Oryza sativa. Hence, in this
particular study, we aim to identify and isolate the putative gene homolog of
AtABCG29 in Oryza sativa specifically MR219 cultivar which is one of the major
crops grown in Malaysia. Bioinformatics approaches are the well-known way of
research for nucleic acid sequence analyses to find new findings thus, it is one of the
major approaches used in this study. The genomic sequence of At4ABCG29 was used
as the template sequence in order to identify sequence homolog in Oryza sativa
databases. The long term overall idea of this project is to manipulate the transport
system of the lignin precursors in O. Sativa to demonstrate potential involvement of
these molecules against pathogen attack where plants use their naturally existing

compound as their self-defence mechanism.



1.2 Objective of study
The aims of this study are:
a) To isolate putative monolignol transporter gene homolog in Oryza sativa
(cultivar MR219).
b) To compare the efficiency of RNA extraction from Oryza sativa by using

conventional CTAB-based and kit-based method.
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