Il
UNIVERSITI PUTRA MALAYSIA

DE NOVO ASSEMBLY, ANNOTATION AND ANALYSIS OF
TRANSCRIPTOME SEQUENCES OF CALLUS CULTURE FROM
AQUILARIA MALACCENSIS LAM.

SIAH CHAI HAR

FH 2015 18




UNIVERSITI PUTRA MALAYSIA
[BERILMU BERBAKTI]

[0
"EJEIII

DE NOVO ASSEMBLY, ANNOTATION AND ANALYSIS OF
TRANSCRIPTOME SEQUENCES OF CALLUS CULTURE FROM
AQUILARIA MALACCENSIS LAM.

By

SIAH CHAI HAR

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia,
in Fulfilment of the Requirements for the Degree of Master of Science

February 2015



All material contained within the thesis, including without limitation text, logos, icons,
photographs and all other artwork, is copyright material of Universiti Putra Malaysia
unless otherwise stated. Use may be made of any material contained within the thesis for
non-commercial purposes from the copyright holder. Commercial use of material may
only be made with the express, prior, written permission of Universiti Putra Malaysia.

Copyright © Universiti Putra Malaysia



SPECIALLY DEDICATED TO

My Beloved
Parents, Brothers & Sisters

‘Except the Lord build the house, they labour in vain that build it:
Except the Lord keep the city, the watchman waketh but in vain.’
Psalm 127:1



Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of
the requirement for the degree of Master of Science

DE NOVO ASSEMBLY, ANNOTATION AND ANALYSIS OF
TRANSCRIPTOME SEQUENCES OF CALLUS CULTURE FROM
AQUILARIA MALACCENSIS LAM.

By

SIAH CHAI HAR

February 2015

Chair: Rozi Mohamed, PhD
Faculty: Forestry

Aquilaria malaccensis is a major source of agarwood, a rare and highly priced wood
product. Due to its high demand, it is endangered and listed in the Appendix Il of
Convention on International Trade in Endangered Species of Wild Fauna and Flora.
Because of insufficient genomic and transcriptomic data available in public database for
understanding the molecular basis of agarwood formation, the goal of this study was to
obtain A. malaccensis expressed gene sequences using the transcriptome sequencing by
next-generation sequencing (NGS). To obtain sufficient data from NGS sequencing, a
high quality RNA sample is required. The RNA vyield, purity, and integrity of six
different extraction methods were compared. Conventional methods yielded RNA with
good purity but the RNA integrity was poor. When using modified RNeasy Plant Mini
kit, the highest yield was obtained while maintaining the integrity of RNA. This method
was used to extract total RNA from callus samples and sent for transcriptome sequencing.
Callus tissues were treated under stress condition by nutrient shortage of 1.1 pm 1-
naphthaleneacetic acid (NAA), 2.2 jum 6-benzylaminopurine (BAP), and 15 g/L sucrose;
collected during death phase when it producing brownish exudates and agarwood scent.
Two cDNA libraries were constructed from mRNAs of untreated and treated callus
tissues and sequenced using paired-end libraries on an Illumina HiSeq2000 platform.
After filtering and trimming, a total of 200,062,275 and 166,544,202 clean reads were
obtained for untreated and treated callus libraries, respectively. De novo assembly was
carried out using SOAPdenovo-Trans and TGICL. A total of 231,594 unigenes were
generated from the assembly. Assembled sequences were annotated using BLASTX
against the NCBI non-redundant protein database where 41.5% unigenes showed
significant alignment. The differential gene expression value between untreated and
treated samples were calculated using DEGseq. A total of 14,029 genes were identified
as differentially expressed. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) annotations were reported using BLAST2GO software. Out of the
107,593 unigenes that showed significant alignment with non-redundant protein
database, 96,743 unigenes were successfully annotated with at least one GO term. The



annotations were classified into the three main GO categories: biological processes
(50.7%), molecular functions (24.0%) and cellular components (25.3%). A total of 144
KEGG pathways were identified from 46,076 unigenes. Enrichment analysis showed that
the genes were enriched in the stress responses and sesquiterpene biosynthesis activity.
This is the first comprehensive de novo transcriptome assembly and profiling for A.
malaccensis. These transcriptome libraries provide valuable transcriptomic reference
resource for future research.
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Aquilaria malaccensis merupakan sumber utama gaharu, hasil kayu yang jarang
dijumpai dan sangat berharga. Berikutan dengan permintaannya yang tinggi, ia telah
terancam dan disenaraikan dalam Lampiran Il Konyensyen Perdagangan Antarabangsa
Spesies Terancam Flora dan Fauna Liar. Oleh kerana kekurangan data genomik dan
transkriptomik yang sedia ada dalam pangkalan data awam untuk memahami asas
molecular pembentukan gaharu, matlamat kajian ini adalah untuk mendapatkan ekspresi
gen A. malaccensis menggunakan penjujukan transkriptom dengan “next-generation
sequencing” (NGS). Untuk mendapatkan data yang mencukupi daripada penjujukan
NGS, sampel RNA yang berkualiti tinggi diperlukan. Hasil RNA, ketulenan, dan integriti
dari enam kaedah pengekstrakan yang berbeza telah dibandingkan. Kaedah konvensional
menghasilkan RNA dengan ketulenan bagus tetapi integriti RNA yang rendah. Semasa
menggunakan RNeasy Plant Mini Kit yang telah diubahsuai, hasil yang paling tinggi
telah diperolehi di samping mengekalkan integriti RNA. Kaedah ini telah digunakan
untuk mengekstrak sampel RNA daripada sampel kalus dan dihantar untuk penjujukan
transkriptom. Tisu kalus dirawat di bawah keadaan tekanan kekurangan nutrien 1.1 pm
asid 1-naftalenaasetik (NAA), 2.2 um 6-benzilaminopurina (BAP), dan 15 g/L sukrosa;
dikumpul semasa fasa kematian apabila ia mengeluarkan eksudat keperangan dan bau
gaharu. Dua perpustakaan cDNA telah dibina daripada mRNA tisu kalus tidak dirawat
dan dirawat dan telah dijujuk menggunakan jujukan pasangan atas platform Illumina
HiSeq2000. Selepas menapis dan merapi, sejumlah 200,062,275 dan 166,544,202 bacaan
bersih telah diperolehi untuk perpustakaan kalus tidak dirawat dan dirawat, masing-
masing. Perhimpunan de novo telah dijalankan dengan menggunakan SOAPdenovo-
Trans dan TGICL. Sejumlah 231,594 unigen telah dijanakan daripada perhimpunan
tersebut. Jujukan terhimpun telah dianotasi menggunakan BLAST X terhadap pangkalan
data NCBI protein bukan berulangan, di mana 41.5% unigen menunjukkan penjajaran
yang bermakna. Nilai perbezaan gen antara sampel kalus tidak dirawat dan dirawat telah
dikira menggunakan DEGseq. Sejumlah 14,029 gen telah dikenal pasti sebagai
mempunyai ekspresi berbeza. Anotasi Ontologi Gen (GO) dan Ensiklopedia Kyoto Gen



dan Genom (KEGG) telah dilaporkan menggunakan perisian BLAST2GO. Daripada
107,593 unigen yang menunjukkan penjajaran yang bermakna dengan pangkalan data
protein bukan berulangan, 96,743 unigen telah berjaya dianotasikan dengan sekurang-
kurangnya satu sebutan GO. Anotasi telah diklasifikasikan kepada tiga kategori GO
utama: proses biologi (50.7%), fungsi molekular (24.0%) dan komponen selular (25.3%).
Sejumlah 144 laluan KEGG telah dikenal pasti dari 46,076 unigen. Analisis pengkayaan
menunjukkan bahawa gen telah diperkaya dalam tindak balas tekanan dan aktiviti
biosintesis seskuiterpena. Ini adalah perhimpunan komprehensif de novo transkriptom
dan pemprofilan pertama untuk A. malaccensis. Perpustakaan transkriptom ini
menyediakan sumber rujukan transkriptomik yang bernilai untuk penyelidikan masa
depan.
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CHAPTER 1

INTRODUCTION

Aquilaria malaccensis, locally known as karas, is a tropical tree belonging to the family
Thymelaeaceae. It has been listed on the Appendix Il of the Convention on International
Trade in Endangered Species of Wild Fauna and Flora (CITES, 2014). Karas is one of
the principle sources of agarwood, a highly commercial resinous wood and one of the
valuable non-timber products in Asian tropical forest. Agarwood (also called gaharu,
jinko, eaglewood, aloes wood or kalamabak, depending on the region) is the trade name
for fragrant wood, which is used for perfume, incense, traditional medicines and other
products (Chakrabarty et al., 1994).

Agarwood is formed as a result of pathological processes in response to wounding and
fungal infection (Persoon, 2008; Ng et al., 1997). This involves plant defense mechanism
and induction of different defense genes (Nath et al., 2005). For better understanding of
agarwood formation, it is important to study the molecular mechanism of A. malaccensis
in response to stresses.

Karas is a timber species which takes a considerable long time to grow and form the
resinous wood. Since the study using fresh plants is time consuming and difficult, in vitro
plant tissue culture has provided an alternative to study the agarwood formation
mechanism. The major compounds of agarwood are mostly identified as
sesquiterpenoids and phenylethyl chromone derivatives (Naef, 2011; Yagura et al.,
2003). These agarwood fragrant constituents are reported being produced in Aquilaria
calli and cell suspension cultures (Okudera and Ito, 2009). Therefore, study of agarwood
formation mechanism under controlled environment using Aquilaria callus culture has
become possible.

During the last decades, DNA/RNA sequencing has completely changed the vision of
biology and particularly in plant biology. It has been possible to characterize a large
number of genes by their nucleotide sequences, thus providing an alternative shortcut to
study corresponding protein sequences and their functions (Delseny et al., 2010;
Morozova and Marra, 2008). As next-generation sequencing (NGS) technologies
become increasingly mature and cost-effective, they are now being applied to the study
of gene expression (Fox et al., 2009).

Gene expression or RNA analysis has been an important part in an increasingly large
number of studies. Extraction of total RNA from eukaryotic cells has been a basic and
crucial stage in molecular biology studies. Obtaining intact, high quality RNA is an
essential step to ensure accuracy in analyzing gene expression. Thus it is essential to use
the most appropriate method that maximizes the yield and maintains the integrity of
extracted RNA. It has been difficult to extract good quality total RNA from woody plants
such as Aquilaria because they often contain high levels of phenolic compounds,



carbohydrates and other secondary metabolites that bind and/or co-precipitate with RNA
(Kansal et al., 2008; MacRae, 2007).

Currently, there is no commercial kit available, specifically for the extraction of high-
quality RNA from woody plants. Furthermore, because of the large amounts of
polysaccharides, the common protocols for RNA extraction usually result in poor yields
when applied to woody plants. Thus, it is crucial to optimize RNA extraction protocol
for A. malaccensis for downstream application.

Although agarwood is in high demand and highly valuable, the molecular mechanism of
agarwood formation and related defense response in A. malaccensis still remains poorly
understood. Currently, there is no complete transcriptomic database available for A.
malaccensis.

The main objectives of this study were:

1. Tocompare six RNA extraction methods and determine the optimal efficient method
to extract RNA from wood tissues of A. malaccensis

2. To analyze the transcriptome from two libraries namely untreated and treated callus
cultures

3. Tocompare the expression profiles of untreated and treated callus cultures, annotate
their functions and assign their enzymatic pathways
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