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*Gaharu’ is a valuable fragrant resin produced by several Aquilaria spp., many of which
are considered threatened. The product is highly recognized for its vast medicinal
values as a digestive, sedative and antiemetic drug and also popular as perfumes and
incenses in the Middle East, South Asia, Japan and China. Additionally, ‘gaharu’
sculpturing for interior decoration is another important of its value which generates an
income in Asia. Phytochemical studies revealed that sesquiterpenes are one of the main
components in gaharu. Therefore, in this study, two genes, sesquiterpene synthase 1
and J-guaiene synthase 1 in the terpenoid biosynthesis pathway have been successfully
cloned from A. malaccensis. These encoding genes were successfully isolated by rapid
amplification of cDNA ends. They were designated as SesTPS! and GuaiSl,
respectively. In the course of obtaining high quality RNA for gene cloning experiments,
callus was successfully induced from leaf tissues of in vitro A. malaccensis on
Murashige & Skoog medium supplemented with 2.2 puM 6-Benzylaminopurine (BAP)
and 1.1 pM naphthaleneacetic acid (NAA). Cell line A2 and A4 developed into healthy
calli with cremish yellow color and the increased in diameter measurement. SesTPS]
and GuaiSI were cloned from callus RNA, using specific primers derived from
transcriptomic data, in a reverse transcription-PCR reaction. The results, the full-length
cDNA sequence of SesTPSI was 1632 bp encoding for 544 amino acids, while GuaiS1
was 1644 bp encoding for 547 amino acids. Sequence alignment analysis showed that
SesTPS1 shared between 99% to 100% identity with sesquiterpene synthase from
Aquilaria sinensis while GuaiS1 shared between 95% to 99% identity with &-guaiene
synthases from Agquilaria crassna and A. sinensis. The genes were functionally
characterized in a time-course wounding experiment using 3-year-old living trees. Two
types of wood samples were collected: 1) from wounded area (S1) and, 2) from 5 cm




below the wounded area (S2). SesTPSI was highly expressed after 6 hours post
wounding for both S1 and S2, at a level 3-to 6-folds higher than that of control (0 h).
The expression of SesTPSI was downregulated between 8 h to 24 h after which it
climbed to between 1-to 2-fold at 48 h. The pattern of expression of GuaiSI! was not
very different when compared to SesTPS!. GuaiS1 was drastically induced after just 2 h
of wounding to 2.8-folds. The expression levels fell back to lower levels (1-fold of
control) but increased to 2-folds at 24 h. The expression patterns of SesTPS/ and
GuaiSl1 prevealed that they both responded similarly to wounding. In conclusion, full-
length SesTPS1 and GuaiSI genes were successfully cloned from A. malaccensis. This
is the first report on sesquiterpene genes from this species. It can be deduced that
wounding triggers genes in the sesquiterpene synthesis pathway and that might lead to
‘gaharu’ formation.
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Gaharu adalah resin wangi yang bemnilai dihasilkan dari beberapa Aquilaria spp. di
mana ianya dianggap terancam. Produk ini telah dikenali dengan nilai perubatan yang
luas dalam pencernaan, sedatif dan ubat antimetik, juga terkenal dalam pembuatan
minyak wangi serta kemenyan di Timur Tengah, Selatan Asia Jepun dan China.
Tambahan pula, pengukiran kayu gaharu untuk hiasan dalaman adalah satu nilai yang
penting dalam menambah pendapatan di Asia. Kajian Fitokimia mendedahkan bahawa
sesquiterpenes adalah merupakan salah satu komponen dalam gaharu. Oleh kerana
demikian, dalam kajian ini, dua calon gen yang terlibat, sesquiterpene synthase I dan -
guaiene synthase 1 dalam laluan sintesis terpenoid telah berjaya diklonkan dari 4.
malaccensis. Gen yang mengkodkan gen ini telah berjaya diklonkan melalui ‘rapid
amplification of ¢cDNA ends’ yang masing-masing dinamakan sebagai SesTPS/ and
GuaiS1. Bagi mendapatkan RNA yang berkualiti tinggi untuk pengklonan gen, kalus
telah berjaya dihasilkan dari tisu daun in vitro A. malaccensis. Kalus rapuh telah
didorong dengan menggunakan medium Murashige & Skoog dengan penambahan 2.2
UM 6-Benzylaminopurine (BAP) dan 1.1 uM Naphthaleneacetic Acid (NAA). Selepas
lebih kurang 6 bulan, kalus yang terbentuk dikeluarkan dari eksplant dan dipindahkan
ke media baru. Setiap kalus memberikan satu garis sel yang spesifik. Garis sel ini telah
dilabelkan sebagai Al hingga A4. Hanya garis sel A2 dan A4 hidup dan menunjukkan
perkembangan kepada kalus sihat boleh diperhatikan dari warna krim kekuningan dan
juga pertambahan ukuran diameter. SesTPS! dan GuaiSI telah diklonkan dari RNA
kalus, menggunakan primer spesifik yang diperolehi daripada data transkriptom melalui
tindakbalas PCR transkripsi berbalik. Keputusannya, Jujukan penuh SesTPS! cDNA
ialah 1632 bp mengkodkan 544 amino asid manakala GuaiS] ialah 1644 bp
mengkodkan 547 asid amino. Analisis penyelarasan jujukan menunjukkan SesTPS/
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adalah di antara 99% hingga 100% identiti dengan sesquiterpene synthase dari
Aquilaria sinensis manakala GuaiSI adalah di antara 95% hingga 99% identiti dengan
8-guaiene synthases dari Aquilaria crassna dan A. sinensis. Pencirian pengelasan fungsi
gen dalam tempoh masa kecederaan telah dijalankan dengan menggunakan pokok
berusia 3 tahun. Dua jenis sampel kayu yang dikumpulkan: 1) dari kawasan cedera (S1)
dan, 2) dari 5 cm daripada kawasan cedera (S2). SesTPSI diekspres tinggi selepas 6
jam dicederakan untuk kedua-dua S1 dan S2, tahap 3 hingga 6 kali ganda lebih tinggi
dari kawalan (0 j). Di antara 8 jam hingga 24 jam, ekspresi SesTPSI/ menunjukkan
penurunan regulasi di mana ekspresi meningkat semula di antara 1 hingga 2 kali ganda
pada 48 jam. Corak ekspresi 8-guaiene synthase adalah tidak jauh berbeza apabila
dibandingkan kepada SesTPSI. GuaiS! teraruh secara drastik hanya selepas sclepas 2
jam kecederaan (2.8 kali ganda). Tahap ekspresi mengalami penurunan kepada tahap
rendah (1 kali ganda kawalan) tetapi meningkat semula kapada 2 kali ganda pada 24
jam. Corak ekspresi SesTPS! dan GuaiS1 mendedahkan bahawa kedua-duanya
bertindakbalas sama kepada kecederaan. Kesimpulannya, jujukan penuh SesTPSI and
GuaiS|1 telah berjaya diklonkan dari 4. malaccensis. Ini merupakan laporan pertama
gen sesquiterpene dari spesis ini. Boleh disimpulkan bahawa kecederaan merupakan
pencetus gen dalam aliran sintesis sesquiterpene dan ini membawa kepada
pembentukan gaharu. Kedua-dua gen yang bertindakbalas di awal kecederaan mungkin
mempunyai peranan dalam sintesis gaharu.
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CHAPTER 1

INTRODUCTION

Aquilaria is a genus of tropical evergreen tree distributed mainly in Asia. It is precious
for producing highly valued ‘gaharu’ which is broadly used in traditional medicine as a
digestive, sedative, and antiemetic, and also in incense and perfume across Asia,
Middle East, and Europe (Persoon 2008; Takemoto et al., 2008; Kakino et al., 2010; Ito
and Honda, 2008). The most important species for producing ‘gaharu’ are Aquilaria
malaccensis, Aquilaria crassna, Aquilaria sinensis and Aquilaria rugosa (Santisuk,
2007).

As a result of the defense mechanism to deter off pathogens, Aquilaria species produce
‘gaharu’” known as agarwood, aloeswood, eaglewood, jinkoh and agalloch. ‘Gaharu’
has been used in traditional medicines over many generation and recently has been
included in pharmaceutical products to treat many illnesses, including coughs,
acroparalysis, asthma and as an anti-histamine (Bhuiyan ef al., 2009). The price of
‘gaharu’ ranges from a few US$ per kilo for the lowest quality, to over US$30,000 (RM
104,000) per kilo for top quality oil and resinous wood (Reekruelee, 2008). In attempt
to find the resin ‘gaharu’, Aquilaria trees are indiscriminately cut in the natural forest.
Due to the extensive harvesting, Aquilaria trees have become very rare in the wild and
for this reason, Aquilaria spp. are now protected in most countries and listed in the
Appendix II of the Convention on International Trade in Endangered Species of Wild
Fauna and Flora (CITES).

Biosynthesis of the resin ‘gaharu’ in Aquilaria is commonly associated with the tree’s
defense system against injury and attacks by biological agents such as fungi and insects.
Other factors such as the age of the tree, differences in the tree caused by seasonal
variation, environment variation and genetic variation of Aquilaria spp may also play
important roles in ‘gaharw’ formation. In the wild, ‘gaharu’ production happens
naturally in old trees. In other trees like spruce, fir and poplar, resin production has
been successfully induced via wounding, fungal inoculation, insects attack and
treatment with methyl jasmonate (MeJA)(Martin ef al., 2002; Nagy et al., 2000). The
formation of resin is a result of massive response at the site of damage, which forms a
“barrier zone’ to seal off the wound or the infective agent and to protect new cells from
decay. In Aquilaria, ‘gaharu’ is composed of many chemical substances, most
importantly the group known as sesquiterpene and phenylgthyl chrgmone (Chen et al.,
2012), Thus, it is critically important to understaqd the biosynthesis and regulation of
sesquiterpenes in determination of ‘gaharu’ formation.



The goal of this study was to examine the biosynthesis mechanism of sesquiterpene in
A. malaccensis, a major ‘gaharu’ producer, by isolating several candidate genes in resin
synthesis pathway and by determining their expression patterns in woody tissues after
wounding.

The main objectives of this research were:

1. To isolate and characterize the sesquiterpene synthase 1 and d-guaiene
synthase 1 genes

2. To determine the expression of the two genes based on time-course of
wounding

3. To determine the interaction of these two genes on time-course of
wounding
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