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Agquilaria genus is an important source of agarwood and is widely used as incense, perfumery and ingredients
in traditional medicines. The study investigated the genes and pathways controlling the molecular mechanism
of A. malaccensis agarwood under controlled environment. Two transcriptome libraries were sequenced
from mRNAs of both healthy and infected stem samples of A. malaccensis using Illumina sequencing. Total
of 10,734,590 and 8,298,918 reads for both infected stems libraries and 6,274,184 reads for healthy stem
library were identified. A total of 370,707 unigenes were functionally annotated using the gene ontology
analysis. Infected white stem recorded higher reading of unigenes distribution in process related to plant
defence mechanism compared to healthy stem. The de novo assembly and the gene ontology annotation
data suggested that the infected white stem involved in plant defence response and produced agarwood
compound. This study provided promising and valuable sequence resources for future genomic studies
from stem of A. malaccensis as well as in depth study on molecular mechanism of agarwood formation and

plant related defence responses.
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INTRODUCTION

Agquilaria or karas trees is from the family
Thymelaeaceae. It is known as an important
source of agarwood production (Chong et al.
2015). Currently, 21 species were documented
and is well distributed in India, China, Papua New
Guinea and South East Asia (Huda et al. 2009).
Several species of Aquilaria such as Aquilaria
crassna, Aquilaria sinensis and Aquilaria malaccensis
are known as agarwood producing plants.
Among them, A. malaccensisis an industrial crop
in Malaysia and known as the major agarwood
producer from Agquilaria sp. (Elias et al. 2017).
Agarwood, the resinous wood of Aquilaria was
used since ancient times as incense, ingredient
for perfumes and as traditional medicines in
many cultures (Nor-Fazila & Ku-Halim 2012,
Selvan & Kaushik-Pawan 2014). High demand
of agarwood has led to uncontrolled harvesting
activity of wild agarwood trees in the forest.
This situation has caused the agarwood market
to experience shortage of resources. Thus
leading to greater efforts in conservation and
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further research on the formation of agarwood
by natural and artificial means (Saikia & Khan
2011). Aquilaria has been listed in Appendix 11
of the Convention on International Trade in
Endangered Species (CITES) due to serious
depletion in the agarwood resources.

The quality of agarwood is identified by
scientific analysis to determine the presence of
chemical constituents in agarwood. Agarwood
contains marker sesquiterpene compounds such
as agarospirol, kusunol and jinkoh-eremol. They
give agarwood its signature scent of woody and
sweet aroma (Tajuddin et al. 2008, Liu et al.
2017). The production of agarwood is unable
to meet the demand of the growing market.
Agarwood formation took at least 3 to 4 years
to meet the general quality standard while
high grade agarwood took more than 10 years
and limited in yield (Zhang et al. 2010, Wu et
al. 2017, Chhipa & Kaushik 2017). Agarwood
price is determined by its grade (Nor-Azah et
al. 2013).
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The formation of agarwood is also uncertain
and unpredictable. The natural formation
of agarwood involves microbial invasion
in several factors such as physical wound,
pathogenic attack and animal grazing, gnawing
of insects, lightning strikes and heavy winds
(Pojanagaroon & Kaewrak 2005, Zhang et al.
2014, Chhipa & Kaushik 2017). The internal
plant protection system secretes resin as
protection to the disturbances because resin
contains antimicrobial and antiinflammatory
properties (Chen etal. 2011, Wang etal. 2018).
The molecular mechanism of resin formation
and related defence responses in agarwood
remain largely unknown. Moreover, the defence
mechanism towards stress such as pathogenic
infection and mechanical injury is yet to be
identified.

Transcriptome sequencing is an effective
technique to unravel novel genes and molecular
markers (Han etal. 2013). Illumina sequencing
technology can be applied as a rapid method to
accelerate research towards de novo transcriptome
analysis of non-model plants with unavailable
genomic information. Currently, predicting the
number of genes and the potential functions of
the unigenes are important parameters in the
transcriptome sequencing technology (Han et
al. 2013). Quality short reads and read length
by paired-end sequencing can be effectively
assembled and also successfully developed for
plant based study with no genomic sequence
(Han et al. 2013). Prior to this research work,
limited A. malaccensis reference sequences were
reported in the public databases and sequence
data were insufficient.

This study aimed to elucidate the
transcriptomic data of A. malaccensis using
infected and healthy stem samples and to
compare the regulatory genes during the
activation of plant immunity in different sample
regions. A healthy stem and two types of infected
stems of A. malaccensis were analysed involving
dark and white parts collected from the same
wounded area. RNA sequencing technology
were used to generate profile transcriptomic
data of A. malaccensis using Illumina MiSeq
platform. The finding provided valuable
sequence resources for future genomic studies
on the stem of A. malaccensis and further
identified the potential agarwood compound
formation in infected stem of A. malaccensis.
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MATERIALS AND METHODS
Samples collection and preparation

Three different Aquilaria samples such as
healthy stem, infected black stem and infected
white stem were collected from the Karas Farm
of the Terengganu State Forestry Department at
Merchang, Malaysia. All samples were wrapped,
labelled in aluminium foil and stored in -196 °C
liquid nitrogen to avoid degradation of RNA
by RNAse reaction during transportation. The
samples were then maintained in the laboratory
freezer at -80 °C until further use.

Total RNA Extraction

Total RNA was successfully extracted from
infected black stems, infected white stems and
healthy stems of A. malaccensis using RNaqueous®
and Ribospin™ plant extraction kits with
some manual modifications. Total RNA was
subjected to quality control analysis by checking
their purity at wavelengths of A260/280 and
A230/280 and concentration using Nano-
drop spectrophotometer. The RNA band was
detected after running 1% agarose gel with 7 Volt
electrophoresis for 40 minutes. Total RNA was
purified using DNase free kit to remove excess
DNA presentin the extracted total RNA. Purified
total RNA was later analysed using a Bioanalyzer
to obtain the RNA integrity number which
corresponded to the purity of RNA (Schroeder
et al. 2006).

Preparation of cDNA Library

The master mix for cDNA Library preparation
which consisted of cDNA Synthesis PreMix, 100
mM DTT and StarScript Reverse Transcriptase
were prepared using ScriptSeq-V2 RNA-Seq
Library preparation kit, Illumina Library Index
and incubated at 85 °C for 5 minutes in the
thermocycle for fragmentation of RNA. The
mixture was later placed on ice to stop the
fragmentation. The mixture was incubated in
Real-Time PCR detection system at 25 °C for
5 minutes and 42 °C for 20 minutes for cDNA
synthesis. The mixture was incubated at 37 °C
for 10 minutes for the finishing solution reaction
and proceeded for inactivation of finishing
solution at 95 °C for 3 minutes. The master
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mix was prepared by mixing 7.5 pl of Terminal
Tagging Master Mix with 0.5 pl DNA polymerase.
The master mix was then added into the sample
and gently mixed by pipetting before the mixture
was incubated at 25 °C for 15 minutes for DNA
polymerase reaction and followed by 95 °C for
3 minutes for DNA polymerase inactivation.
The mixture was then placed on ice to stop the
reaction. The cDNA was now a di-tagged form
and proceeded for purification by using the
Agencourt RNAClean XP Kkit.

KAPA Library Quantification kit was used
to amplify the number of the library and
index barcode was added on each of samples
through quantification Real-Time PCR (qRT-
PCR) under the thermal cycler. The process
involved incubation at 95 °C for 1 minutes,
followed by 13 cycles of 95 °C for 30 seconds,
55 °C for 30 seconds, 68 °C for 3 minutes and
the final extension was at 72 °C for 5 minutes.
The library was tagged with Illumina adaptor
sequences barcode. The PCR premix consisted
of PCR PreMix E, forward PCR primer (2pM),
reverse PCR primer (2pM) and PCR enzyme
and cDNA was also prepared. Subsequently,
the prepared libraries were purified by using
Agencourt RNAClean XP kit. The library was
prepared with 4 dilutions at the ratio of 1:1000
and 1:2000. The buffer used in the library
dilution contained mixture of 10 mM Tris-HCl
(pH 8.0) + 0.05 % Tween® 20. The master mix
and pre-mix for the diluted library including the
fast master mix together with primer premix,
water and the diluted library/DNA standard
(pM) were also prepared. The diluted library
was amplified in real-time PCR at 95 °C for 5
minutes, followed by 95 °C for 30 seconds for
separation of nucleic acid double chain, 60 °C for
45 seconds for binding of the primer with DNA
template and the final extension was at 68 °C for
5 minutes. In order to facilitate polymerisation
by DNA polymerase, the protocol was repeated
for 35 cycles. The amplification of the cDNA
was calculated by increasing the Delta-delta Ct
method in the threshold cycle. The cDNA was
lastly sent for transcriptomic sequencing using
IIlumina platform.

Sequence analysis of transcriptome data of
infected and healthy A. malaccensis

Trinity de novo assembly programme was used
to assemble the next generation short reads
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sequence from raw data. Sequence assembly
analysis of transcriptome data of infected
black stems, infected white stems and healthy
stems of A. malaccensis was carried out using
the CLC Genomics Workbench software to
identify the contigs and the singletons. The
sequences were subjected to functional analysis
through BLASTX tool at NCBI database and
also protein prediction with the reference to
protein databases. Gene annotation was carried
out using BLAST2GO software together with
Gene Ontology database for biological function
and classification including biological process,
molecular function and cellular components.
The transcriptomic data was submitted to NCBI
and the accession numbers will be recorded once
available.

Comparison of chemical profile between
infected and healthy A. malaccensis using
Solid Phase Micro-Extraction mechanism

The infected black, infected white and healthy
stems were collected at the same growing period
as the samples collected for RNA extraction. The
stems were initially dried at 40 °C for 7 days to
remove moisture. An amount of 0.5 g of each
sample was cut into small pieces and transferred
into a 20 ml head-space vial. The sample and
control vials were heated at 50 °C for 30 minutes
and the volatiles were captured using Solid Phase
Micro-Extraction device containing silica fibre
coated with 100 pm polydimethylsiloxane for
30 minutes.

Comparison of chemical profile between
infected and healthy A. malaccensis using Gas
Chromatography-Flame Ion Detector

The infected black, infected white and healthy
stems samples were manually injected into Flame
Ionization Detector Gas Chromatography-Mass
Spectrometry and were separated using a 30 m
size capillary DB-1 column using helium as
carrier gas. The front inlet was run with the
splitless mode, the heater at 200 °C with pressure
of 12.537 psi and the septum purge flow at the
rate of 3 ml min. The oven initial temperature
was at 80 °C with the flow rate of 1 ml min™ and
the ramp rate of 5 °C min™ at 250 °C with holding
time of 5 minutes. The front detector heater
was set at 250 °C with the hydrogen flow rate of
35 ml min™! and air flow rate of 350 ml min. The
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collected volatility profiles for both infected and
healthy samples were compared with National
Institute of Standards and Technology Spectral
Library and standard commercial fragrance
compounds (Ismail et al. 2013, Ahmaed et al.
2017). The data from Gas Chromatography-
Flame Ion Detector were calculated to obtain
the Kovats retention index for each identified
compound.

RESULTS AND DISCUSSIONS
De novo assembly and analysis

A total number of 29,635,188 raw reads were
generated with 12,530,734 reads represented
the infected black region stem, 9,734,678 reads
for the infected white region stem and 7,369,776
reads for the. The total reads were later filtered
for high quality data with quality score of Q > 30
and in the absence of ambiguous N region. As a
result, the high quality reads for infected black
region stem was 10,734,590 reads (85.67% of
raw data reads), infected white region stem at
8,298,918 reads (85.25% of raw data reads) and
healthy stem with 6,274,184 reads (85.13% of raw
data reads) (Table 1)

Only high quality reads were subjected to de
novo transcriptome assembly. After the removal
of adaptor sequences, contaminated and
short reads, the 25,307,692 high quality reads
were assembled into 412,138 contigs. Trinity
de novo assembly program generated 177,356,
97,735 and 95,616 unigenes for infected black,
infected white and healthy stems respectively.
A total of 370,707 unigenes were obtained
after combining all reads. The total reads
generated from the Illumina Sequencing were
promising and acceptable as compared to the
transcriptome data of A. sinensis which reported
the raw reads data collected were lower than
the present data (Xu et al. 2013). The results
recorded were only 565,008 and 562,060 reads
for infected and healthy samples respectively
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with high quality reads for infected stems at
543,031 reads (96.11% of the raw data) and
healthy stems at 530,438 reads (94.37% of the
raw data) (Xu et al. 2013).

Annotation of the assembled unigenes

Gene ontology for each sample was conducted
using BLAST2GO software to classify and to
arrange the particular functions on the assembled
transcripts. The total of 370,707 unigenes of
infected black, infected white and healthy stems
that showed significant BLAST alignments with
non-redundant protein database were assigned
for gene ontology annotation. In this study,
the gene ontology annotation was classified
into three different categories such as cellular
components, molecular functions and biological
process. The annotated data represented
approximately 180,453 unigenes in cellular
components, 90,999 unigenes in molecular
functions and 99,255 in biological process.
When compared with previous transcriptomic
data from the callus tissue of A. malaccensis
using the same platform, the total number of
unigenes detected was 231,594 which was lower
than the result obtained from this finding.
The percentage of gene ontology categories
for callus tissue of A. malaccensis showed 50.7%
for biological processes, 24.0% for molecular
functions and 25.3% for cellular components
(Siah et al. 2016). The unigenes distribution
in biological processes was higher at 50.7%
than the data for the current study at 48.68%,
probably due to the callus condition in culture
medium had responded to the abiotic stress and
consequently activated the immune response
(Siah etal. 2016). Figure 1 showed the respective
percentage of gene ontology categories for
whole samples collected representing 26.77%
in cellular components, 24.55% in molecular
functions and 48.68% in biological process
prior to their relatively conserved functions. The
distribution of gene functions was assigned based

Table 1  Total of sequence reads in A. malaccensis cDNA library
Sample RAW reads High quality reads % High quality reads
Infected black 12,530,734 10,734,590 85.67
Infected white 9,734,678 8,298,918 85.25
Healthy 7,369,776 6,274,184 85.13
Total 29,635,188 25,307,692 85.40
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Figure 1 = Gene ontology classification of

the assembled transcripts

on three main gene ontology categories for
better assessment of gene ontology annotation.

The number of A. malaccensis unigenes
involved in biological process showed metabolic
process and cellular process were highly
represented in this category (Figure 2). Based
on the distribution of unigenes, infected black
stem recorded the highest distribution numbers
followed by infected white stem and the least was
healthy stem. The number of unigenes for all
the processes involved in biological process was
highly regulated in the infected black stem which
was at 47.6% compare to infected white stem and
healthy stem at 26.4% and 25.8% respectively.
The highly regulated unigenes in both infected
samples were similar with the previous finding
of A. malaccensis transcriptomic data from callus
tissue with the percentage value of unigenes
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recorded at 28.6% compared to healthy sample
at 21.3%. Based on the distribution of unigenes,
infected black stem recorded the highest
distribution numbers followed by infected white
stem and the least was healthy stem. In biological
process, both infected samples showed large
number of unigenes responsible for the response
to stimulus due to the reaction of plant defence
and fungi infection. The defence mechanism
triggered by plant stress in turn initiated the
secondary metabolite biosynthesis in the form of
agarwood resin accumulation (Tan et al. 2019).
The molecular function component in the gene
ontology category recorded high binding and
catalytic activity in infected black stem which
dominated in the most distributed genes,
followed by infected white and healthy stems
(Figure 3). The high amount of unigenes
involved in the binding and the catalytic activity
indicated the presence of diverse types of
secondary metabolites and composite regulation
mechanism in agarwood production (Ye et al.
2016). The observed infected black stem was
the part affected by certain infection or fungal
reaction. The highly regulated plant processes
indicated that infection had stimulated the
plant defence mechanism to trigger the plant
mevalonate pathway and to discharge resin as a
reaction against the particular fungi (Nagajothi
& Parthiban 2016).

A total of 99,255 unigenes of A. malaccensis
were involved in the cellular components category
where the regulated genes were abundance in the
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infected black stem as compared to infected white  macromolecular complex. The parallel results for
and healthy stems (Figure 4). The distribution all three gene ontology categories indicated that
accounted for the most unigenes and were highly most of the sequenced genes were responsible
expressed in cell, organelle, membrane and for essential plant metabolism and regulation
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Figure 4  Distribution of unigenes assembly in cellular components
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(Han et al. 2013). In cellular component
category, the infected stems recorded higher
distributed unigenes compared to the healthy
stem indicated. The higher distributed unigenes
indicated that the whole plant mechanism and
processes were interrelated as each of the cell
reaction was upregulated when under stress
condition.

Cell and organelle also showed the highest
gene regulation in infected black stem with
16,023 and 11,893 reads respectively compared
to infected white and healthy stems. It was
suggested that the cellular components played
major role in protecting the plant system from
further harmful factors (Ye et al. 2016). Prior to
agarwood formation, the abundant secondary
metabolite constituents in agarwood such
as sesquiterpenoids were produced during
secretion of resin as plant defence products.
The metabolites in agarwood acted as protective
compound with antimicrobial and disease
prevention properties (Chen et al. 2011, Xu et
al. 2017).

Regulated gene in A. malaccensis

The number of regulated unigenes involved
in the plant defence mechanism in response
to stimulus, immune system process, enzyme
regulator activity and to stress for each sample of
A. malaccensis which were summarized in Table
2. The infected black and white stems indicated
higher readings for all molecular functions which
was closely related to the agarwood formation
pathways, as compared to the lower readings of
the healthy stems. However, enzyme regulator
activity values appeared to be contradictory to
the findings as the infected white stems had lower
reads compared to healthy stems at 242 and 249
respectively.

This study found that the activation of cell
death phase in the infected white stem was
probably due to the hypersensitive response in

Table 2
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the host pathogen interaction which promoted
the infected tissue to progress to cell death. It was
verified by the higher immunity system process
readings in the infected white stems as compared
to healthy stems (Thakur & Sohal 2013). Similar
result was observed from previous A. malaccensis
transcriptomic data of leaf samples where the
number of genes involved in enzymatic pathways
of agarwood formation was lower in senescing
tissue compared to healthy tissue (Siah et al.
2016). From the recorded data, it was assumed
that there was cell-to-cell relationship through
the activation of nervous interfering components
which acted in the form of chemical transmitters
(Mazid et al. 2011). Protein-mediated cell
communication functioned through the systemic
to signal the quick release immunity responses in
infected region of the plant (Siah et al. 2016).
The unaffected wood was relatively light in
colour because healthy wood of Aquilaria trees
lack oleoresins (Chong et al. 2015, Nagajothi
& Parthiban 2016). In most agarwood studies,
the main focus was on the dark region of the
infected wood while the light colour region
of the infected wood of Aquilaria was almost
neglected. In natural conditions, oleoresin was
only produce by natural wounding such as injury
by lightning or animals and was typically found
around the wounded or rotting parts of the trunk
(Pojanagaroon & Kaewrak 2005, Chong et al.
2015). Based on the transcriptome analysis, the
infected white stems recorded higher reading
of unigenes distribution in all gene ontology
data categories such as biological processes,
molecular function and cellular components as
compared to healthy stems. The observations
suggested that the infected white region was also
involved in plant defence response to produce
agarwood compound. In the formation of
agarwood, the resin secreted after plant defence
response was triggered by fungal infection at
both dark and white infected regions (Mohamed
et al. 2010). Resin continued to accumulate in

Summary of regulated genes toward processes occurred in plant defence system

Molecular function

Number of unigenes

Infected black Infected white Healthy
Response to stimulus 5756 3840 3772
Response to stress 3024 2155 2093
Enzyme regulator activity 541 242 249
Immune system process 377 293 269
© Forest Research Institute Malaysia 467
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wood tissue as the injury prolonged with the
pathogenic infection (Tajuddin etal. 2008). The
records suggested that agarwood formation in
A. malaccensis stem samples was the result of
plant defence mechanism towards fungal attacks
by secreting resinous compounds as secondary
metabolite (Mohamed et al. 2010, Nagajothi &
Parthiban 2016). The finding by Mohamed et
al. (2010) supported this outcome by which they
successfully isolated Fusarium sp. and Lasiodiplodia
sp. from both dark and white infected wood
regions. Physical wounds on plant regulated
a number of genes unique to plants which
played important roles in pathogen response
for instance proteinase inhibitors, secondary
metabolites, transcription factors such as DNA
binding proteins with WRKY domains and
defence genes such as pathogenesis-related genes
(Wong & Siah 2013).

Plants reacted to pathogen attack by activating
the pathogenesis-related proteins such as
B-1,3-glucanases which was known to be induced
during fungal infection together with chitinase.
The natural response inhibited fungal growth
by dissolving the germ tube tips and fungal
hyphae to enhance resistance toward fungi
attack (Van-Loon et al. 2006, Liu et al. 2010,
Wong & Siah 2013). Some components of fungi
triggered the host cell to generate a signal
transduction network leading to the activation
of transcription factors. It then regulated the
expression of biosynthetic genes which catalysed
the biosynthesis of target secondary metabolites
(Zhao et al. 2005, Cui et al. 2013, Wang et
al. 2018). Fungi could act as elicitors which
stimulated the accumulation of plant secondary
metabolites, enhanced the host plant defence
and promoted the host plant growth (Selosse
et al. 2004, Chen et al. 2010, Koffi et al. 2012,
Cui et al. 2013). The role of fungi in eliciting
resin production was eminent as more than a
dozen varieties or genetic strains of fungi such as
Phomopsis sp., Botryosphaeria sp., Cylindrocladium
sp. and Colletotrichum gloeosporioides were isolated
from the infected Aquilaria tree (Tabata et al.
2003, Mohamed et al. 2010, Tian et al. 2013,
Chhipa & Kaushik 2017).

Fungal infection on Aquilariatree had activated
biochemical reactions and subsequently oleoresin
was secreted until the agarwood formation was
complete and ready to be harvested. As a natural
defence mechanism response to these fungal
outbreaks, normal heartwood was also found to
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be converted into dark agarwood (Akter et al.
2013). This suggested that the infected samples
were light in colour at the early stages and slowly
grew darker due to the accumulation of thick
resin layers forming over time in order to protect
against fungal infection. The resin increased the
density and changed the wood colour from pale
beige to dark brown or black. The deposition
of resin had transformed the healthy wood into
dense and dark wood (Naef 2011, Cui et al. 2013,
Yusof et al. 2018). The two different colours in
the infected sample region were correlated to the
amount of accumulated resin during secretion by
which the darker part displayed abundance resin
accumulation (Chong etal. 2015). Furthermore,
the dark region of the infected sample comprised
agarwood resin and some dead parts of the tree
due to the activation of cell death mechanism
which also caused the dead regions to become
dark in colour. Thus, it was suggested that the
white region of infected samples may contain
oleoresin accumulation without any dead tree
parts which would the focus for the isolation of
potential genes responsible towards biosynthesis
of agarwood components.

Analysis of captured samples through Solid
Phase Micro Extraction and Gas Chromatography-
Flame Ion Detector data revealed that the
A. malaccensis samples contained a complex
mixture of chemical compounds including
several sesquiterpene compounds (Figure 5).
Analysis of sesquiterpene compounds that has
been detected in infected white stems, infected
black stems and healthy stems were recorded in
Table 3. Based on the analysis, infected black
stems recorded the most abundant sesquiterpene
compounds among all samples. The infected
white stems were considered the potential
agarwood formation region as sesquiterpene
compounds detected in infected white stems
were higher than healthy stems. Analysis among
the infected samples showed a-bulnesene had
high reading in infected black stems and highest
reading in infected white stems at 6.03 and
7.92 respectively. The results corroborated the
previous findings where high quality agarwood
from A. malaccensis recorded the presence of
a-bulnesene as the highest percentage compound
in wounded sample by artificial inoculant
(Tajuddin et al. 2008).

There were distinct compounds detected in
each collected samples regardless of agarwood
origin and from different Aquilaria plants and
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Table 3  List of sesquiterpene compounds detected in each of agarwood samples
Kovat’s index Compounds Area (%)
Infected black Infected white Healthy

1210 4-phenyl-2-butanone 0.47 - -
1414 B-maaline - 7.24 0.82
1443 Aromadendrene 0.14 7.36 0.9
1472 Y-gurjunene - 0.82
1486 B-selinene 0.35 - 1.58
1496 a-muurolene 0.42 0.63 -
1503 a-bulnesene 6.03 7.92 -
1530 a-elemol 1.05 - -
1553 -agarofuran - 1.25
1557 Norketoagarofuran 0.26 - -
1572 Epoxybulnesene 0.17 1.16 1.17
1600 Caryophellene oxide - - 0.75
1603 Guaiol 1.44 - -
1608 Y-eudesmol 1.28 - -
1619 10-epi-Y-eudesmol 6.94 0.99 -
1631 Agarospirol 0.13 -
1640 Epi-o-cadinol 4.89 0.8
1643 Jinkoh-eremol 0.81 - -
1650 Kusunol - 5.15
1652 a-eudesmol 0.33 - -
1664 Bulnesol 0.72 - -
1695 Pentadecanal 0.28 - 0.6
1728 Selina-4,11-dien-14-oic acid - - 1.28
1740 9,11-eremophiladien-8-one - - 3.66
1750 Selina-3,11-dien-14-ol - 0.86
1770 Guaia-1(10),11-dien-15-ol - 1.48
1782 2-hexadecanone 0.9 - 24.15
1806 Guaia-1(10),11-dien-15-al - - 0.91

shared some common general compounds.
(Azah & Ali 2012, Wang et al. 2018). The
current findings revealed several potential
sesquiterpene compounds which were related to
high quality agarwood. High quality agarwood
was believed to be enriched with aromatic and
terpene compounds especially sesquiterpenes
such as o-guaiene, B-selinene, aromadendrene,
a-bulnesene and agarospirol (Yusof et al. 2018).
The chemical components of agarwood were
diverse and demonstrated different bioactivities
and pharmacological properties (Wang et al.
2018). Revealing these valuable compounds had
provided good information for more detailed
future research on sesquiterpenes in agarwood.

© Forest Research Institute Malaysia

Specific target study of the discovered agarwood
sesquiterpenes may enhance the elucidation
of new important metabolic synthases, thus
contributing to the better scientific understanding
of agarwood production.

CONCLUSIONS

A complete transcriptome analysis was conducted
for three different region of stem samples of A.
malaccensis including healthy, infected white and
infected black stems. A total of 370,707 unigenes
were functionally annotated. Chemical analysis
showed both infected region of stem samples
contained high readings of sesquiterpene
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compounds. The findings also highlighted the
potential of the infected white stem region
in promoting agarwood formation and the
detection of high readings of sesquiterpene
compounds. Further research on the infected
white stems of A. malaccensiswill facilitate deeper
understanding in gene cloning, functional
analysis of A. malaccensis as well as to detect the
potential marker genes involved in the agarwood
biosynthesis pathway.
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