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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 Os/ 03578 was identified
as a putative homologous gene of AtABCG29. Osl 03578 was chosen due to its high
sequence similarity with AtABCG29. This research was conducted to investigate whether
Osl 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 Os/ 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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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. At4BCG29 gen
mengekod protein pengangkut bagi tumbuhan Arabidopsis thaliana telah dicirikan dan
lanya 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 Os/ 03578 telah
dikenal pasti sebagai gen homolog daripada AtABCG29. Gen Osl 03578 telah dipilih
dalam kajian ini kerana persamaan jujukan yang tinggi dengan gen AtABCG29. Kajian ini

telah dijalankan bagi menyiasat sama ada gen Os/ 03578 mengekod untuk protein yang



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 Osl 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.



ACKNOWLEDGEMENT

Bismillahirrahmanirrahim
First and foremost is syukur Alhamdulillah to the Almighty ALLAH, for giving me the
will to endure all the challenges and completing my study. I also would like to express
my sincere gratitude to my supervisor Dr. Dhilia Udie Lamasudin for the continuous
support of my final year project. Her guidance has helped me to go through the research
and thesis writing. I would also like to say thanks to my academic advisor, Dr. Noor
Baity Saidi for encouraging me throughout my bachelor study and research, for her
patience, motivation, enthusiasm, and immense knowledge. Her guidance helped me in
all four years of study.
My sincere thanks also go to Dr. Lai Kok Song, Dr. Nur Fatihah Mohd Yusoff, and Dr.
Ng Wei Lun for sharing their knowledge on matters related to my research project. I
would also like to thank Intan Shafirah for her guidance in the lab. I thank my fellow
course mates Raja Mohamad Hazwan, Amir Hamzah Ahmad, and Saiful Nizam for the
stimulating discussions, for the sleepless nights of working together before deadlines, and
for all the fun we have had in the last four years.
Last but not least; I would like to thank my family: my parents Ramizan Bin Ariffin and
Harlina Binti Zain, for raising me into who I am today and always supporting me
spiritually throughout my life.

Thank you.



APPROVAL
This thesis was submitted to the Department Cell and Molecular Biology, Faculty of
Biotechnology and Biomolecular Sciences and has been accepted as fulfillment of the
requirement for the degree of Bachelor of Science. The member of the Supervisory

Committee was as follows:

Dhilia Udie Lamasudin, PhD
Faculty of Biotechnology and Biomolecular Sciences

Universiti Putra Malaysia

JANNA ONG ABDULLAH, PhD

Associate Professor

Head of Department Cell and Molecular Biology
Faculty of Biotechnology and Biomolecular Sciences

Unversiti Putra Malaysia

Date:



DECLARATION

Declaration by undergraduate
I hereby confirm that:

e this thesis is my original work;

e quotations and citations which have been duly referenced;

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

e written permission must be obtained from the 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;

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

undergone plagiarism detection software (Turnitin).

Signature: Date:

Name and Matric No.:




Declaration by Supervisor
This is to confirm that the research conducted and the writing of this thesis was under

supervision.

Signature

Name of
Chairman of
Supervisory

Committee




ABSTRACT

ABSTRAK

TABLE OF CONTENTS

ACKNOWLEDGEMENT

APPROVAL

DECLARATION

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS

CHAPTER

1 INTRODUCTION

2 LITERATURE REVIEW

2
y.
23
24
p..
2.6

Lignin

Plant lignifications
ATP-binding cassette
ABC transporter class 1
AtABCG29 Gene
Oryza sativa

3 MATERIALS AND METHODS

3.1
3.2

33
34
3.5
3.6
3.7

Identification of monolinol transporter gene homolog in Oryza sativa
RNA extraction from Oryza sativa

3.2.1 RNA extraction using QIAGEN RNA extraction kit
322 RNA extraction using CTAB based method

Total cDNA synthesis of Oryza sativa

Functional analysis of cDNA

Primer design

Amplification of Os/ 03578 gene

Agarose gel electrophoresis

4 RESULTS AND DISCUSSION

4.1
4.2
4.3
4.4

Identification of monolinol transporter gene homolog in Oryza sativa
RNA extraction of Oryza sativa

Synthesis and functional analysis of cDNA

Amplification of Osl 03578

10

Page
11
v
vi
vii

viii
Xii
Xiil
X1v

O 00 3 D W W

11
11
11
12
13
14
15
15
17
18

19
19
20
23
25



5 CONCLUSION AND RECOMMENDATION FOR FUTURE WORKS
5.1 Conclusion
5.2 Recommendation for future works

REFERENCES

APPENDICES

Gene Sequence and Protein Sequence of Os/ 03578 Gene

The Sequence Produced Significant Alignments with AtABCG29 Protein Sequence
The Primers and Its Binding Location on Each Fragments

Amplification Simulation Using Primer-BLAST in NCBI

Turnitin Report

=oA=® P

11

29
29
30

31

35
36
39
40
44
45



LISTS OF TABLES

Table Page
3.1 The primer sequence for each of the fragment. 16
3.2 The PCR cycle and condition 17
4.1 The analysis of purity and yield of RNA 22

12



Figure
2.1
2.2

4.1

4.2

4.3

4.4

4.5

LIST OF FIGURES

Hydrocinnamyl alcohols structure.

Model of monolignol biosynthetic pathway.

The agarose gel electrophoresis analysis of total RNA
extracted from Oryza sativa using the CTAB extraction
method.

The agarose gel electrophoresis analysis of total RNA
extracted from Oryza sativa using the QIAGEN RNA
extraction kit.

The amplified ACT11 gene ran in agarose gel electrophoresis.
Design of the primers and the location of binding region in the
gene sequence for the amplification of the OsI 03578 gene.
Analysis of amplified fragments of Os/ 03578 gene by using

agarose gel elctrophoresis.

13

Page

21

21

25

26

27



CCoAOMT
CCR
cDNA

CoA
COMT
CQT

CST

LIST OF ABBREVIATIONS

Microgram

Microliter

4-(hydroxy)cinnamoyl CoA ligase

Absorbance at the wavelengths of 230 nm
Absorbance at the wavelengths of 260 nm
Absorbance at the wavelengths of 280 nm
Adenosine triphosphate-binding casette

Adenosine triphosphate-binding casette subfamily B
Adenosine triphosphate-binding casette subfamily C
Adenosine triphosphate-binding casette subfamily D
Adenosine triphosphate-binding casette subfamily G
Actin 11 gene

Adenosine triphosphate

Basic local alignment search tool

Protein protein BLAST

-mercaptoethanol

Base pair

p-coumarate 3-hydroxylase

Cinnamate 4-hydroxylase

Cinnamy]l alcohol dehydrogenase

Caffeoyl CoA O-methyltransferase

Cinnamoyl CoA reductase

Complementary deoxyribonucleic acid

Coenzyme A

Caffeic acid/5-hydroxyferulic acid O-methyltransferase
Hydroxycinnamoyl CoA: quinatehydroxycinnamoyltransferase

Hydroxycinnamoyl CoA: shikimatehydroxycinnamoyltransferase

14



CTAB
DEPC
DPL
EDTA
EPD
FSH,
FAE

gDNA

M

kb
LiCL
MDR
MRP
ml
NaOAc
NCBI
Ng

OAD

°C

Pal
pCCoA3H
PCR

PDR
PVPP
RNA

RT-PCR

Cetyltrimethylammonium bromide
Diethylpyrocarbonate

Drug, peptides and lipid export
Ethylenediaminetetraacetic acid

Eye pigment precursors and drug export
Ferulate 5-hydroxylase

Fatty acid export

Guaiacyl

Genomic deoxyribonucleic acid
Hydroxy-coumaryl

Integral membrane

Kilobase

Lithium chloride

Multidrug resistance

Multidrug resistance-associated protein
Mililiter

Sodium acetate

The National Center for Biotechnology Information

Nanogram

Nanometer

Organic anion and drug export
Degree celcius

Phenylalanine ammonia lyases
p-coumaryl CoA 3-hydroxylase
Polymerase chain reaction
Pleiotropic drug resistance
Polyvinylpolypyrrolidone
Ribonucleic acid

Rounds per minute

Reverse transcription polymerase chain reaction

Sinapyl

15



SAD
TAE
TAIR
Tris-HCI
v

v/iv

w/V

Sinapyl alcohol dehydrogenase

Tris base, acetic acid and EDTA

The Arabidopsis Information Resource
Tris hydrochloride

Volt

Volume/volume

Weight/volume

16



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



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
Osl 03578 was shown to have significant sequence similarity in with 4t£4BCG29. This
research was performed to investigate and support the hypothesis, whether Osl 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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