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ARIS TJAHJOLEKSONO dan ANDRI FADILLAH MARTIN. 

 

Aquilaria malaccensis Lamk adalah salah satu spesies tanaman penghasil 

gaharu yang tersebar di sejumlah pulau di Indonesia. Spesies ini termasuk ke dalam 

Apendiks II CITES sebagai spesies rentan punah. Di sisi lain, produksi yang rendah 

dan permintaan yang tinggi di pasar global membuat gaharu dihargai dengan nilai 

tinggi. Oleh karena itu, teknik produksi resin gaharu yang cepat dan berkelanjutan 

penting untuk dikembangkan.  

Gaharu terbentuk sebagai respons pertahanan terhadap cekaman biotik atau 

abiotik. Resin gaharu tersusun atas beragam senyawa, terutama dari golongan 

seskuiterpen dan kromon. Resin gaharu disintesis dalam jumlah kecil, gaharu 

dengan kandungan resin tinggi terbentuk dalam waktu hingga puluhan tahun. 

Sejumlah teknologi induksi gaharu telah diterapkan pada tanaman budidaya. 

Namun demikian, prosesnya tetap membutuhkan waktu relatif lama. 

Produksi metabolit sekunder melalui teknik kultur in vitro dapat menjadi cara 

alternatif untuk memproduksi resin gaharu. Teknik kultur suspensi sel dan suspensi 

kalus telah digunakan untuk memproduksi metabolit sekunder penting, namun 

penerapan teknik ini untuk produksi minyak esensial masih menghadapi banyak 

tantangan, terutama rendemen yang rendah. Elisitasi kultur menggunakan hormon 

pertahanan seperti asam salisilat (SA) dan metil jasmonat (MeJA), atau komponen 

sel patogen berpotensi menginduksi produksi seskuiterpen terkait resin gaharu.  

Penelitian ini terdiri atas beberapa tahap, yaitu 1) induksi kalus dan induksi 

kultur suspensi kalus, 2) analisis kinetika pertumbuhan dan analisis metabolomik 

pada kultur suspensi kalus, 3) analisis profil metabolomik pada kultur suspensi 

kalus pada 3 tingkat konsentrasi metil jasmonat (MeJA) dan asam salisilat (SA), 

serta 1 konsentrasi ekstrak kasar Fusarium oxysporum (CeFo), dan 4) analisis 

ekspresi gen HMGR, FPS, dan SesTPS1 pada 6 dan 12 jam setelah perlakuan 

elisitor. Induksi kalus dari eksplan daun dilakukan pada media dasar MS yang 

ditambah auksin dan sitokinin berdasarkan penelitian terdahulu. Kalus yang 

diperoleh digunakan sebagai inokulum untuk induksi kultur suspensi kalus. 

Komposisi media suspensi sama dengan media induksi kalus tanpa pemadat. Kalus 

hasil induksi kultur suspensi kalus selama 2 minggu digunakan sebagai inokulum 

untuk kultur suspensi kalus pada pengamatan kurva pertumbuhan dan perlakuan 

elisitor. Analisis kinetika pertumbuhan pada kultur suspensi dilakukan selama 28 

hari. Kalus dipanen setiap 4 hari, berat basah ditimbang, dikeringkan, kemudian 

berat kering ditimbang. Biomassa kering halus diekstrak menggunakan n-heksana, 

dikering angin, dielusi menggunakan diklorometan, disaring, kemudian dianalisis 

menggunakan GC-MS untuk mengkarakterisasi struktur profil metabolomik. 

Waktu dan durasi elisitasi ditentukan berdasarkan kurva pertumbuhan yang 

diperoleh pada penelitian dan studi literatur. Untuk analisis ekspresi gen, sampel 

dipanen pada 6 dan 12 jam setelah perlakuan elisitor dari batch berbeda. Analisis 

ekspresi gen dilakukan dengan teknik qPCR menggunakan tiga ulangan biologis 

dan dua ulangan teknik. 



 

 

Pada penelitian ini dihasilkan kalus dengan karakteristik kalus agak meremah, 

berwarna krem, dan sedikit berair. Analisis kinetika pertumbuhan menunjukkan 

bahwa kurva pertumbuhan kalus pada kultur suspensi membentuk pola sigmoid. 

Fase pertumbuhan eksponensial terjadi antara 0 dan 8 HSI, diikuti oleh fase puncak 

pada 12 HSI. Fase stasioner terjadi antara 16 dan 20 HSI, diikuti oleh fase kematian 

pada 24 HSI. Pada 0 dan 16 HSI, metabolomik didominasi oleh asam lemak. Pada 

20 hingga 28 HSI, kultur cenderung memproduksi fitosterol, hidrokarbon, dan 

aldehid. Kromon terdeteksi secara fluktuatif pada konsentrasi rendah.  

Perlakuan 3 tingkat konsentrasi elisitor MeJA dan SA, maupun ekstrak kasar 

F. oxysporum masing-masing tidak memicu akumulasi seskuiterpen, namun 

perlakuan elisitor (termasuk kontrol) memicu perubahan profil metabolomik. 

Senyawa 6-methoxy-2-phenethyl-4H-chromen-4-one terdeteksi pada kultur dengan 

atau tanpa elisitor, sedangkan 6-methoxy-2-(4-methoxyphenethyl)-4H-chromen-4-

one) terdeteksi di hampir semua sampel dengan perlakuan elisitor dan 2-phenethyl-

4H-chromen-4-one hanya terdeteksi pada perlakuan 50 µM MeJA.  

Perlakuan elisitor meningkatkan ekspresi HMGR setelah 6 jam, kecuali pada 

perlakuan 75 µM SA. Hanya perlakuan CeFo yang meningkatkan ekspresi gen 

HMGR secara signifikan 6 jam setelah elisitasi. Pada elisitor MeJA dan SA, 

ekspresi gen HMGR tertinggi dihasilkan pada perlakuan 50 µM MeJA (5,5 kali) 

dan 50 µM SA (3,5 kali). Setelah 12 jam, perlakuan elisitor tidak meningkatkan 

ekspresi gen HMGR secara nyata. Perlakuan elisitor MeJA dan SA tidak 

meningkatkan ekspresi FPS secara nyata, baik pada 6 maupun 12 jam setelah 

perlakuan. Ekspresi gen FPS meningkat secara signifikan setelah 6 jam pada 

perlakuan CeFo, kemudian menurun drastis setelah 12 jam. Ekspresi gen SesTPS1 

meningkat antara 1,65 hingga 6,36 kali lipat dibandingkan dengan kontrol pada 6 

jam setelah elisitasi. Ekspresi gen SesTPS1 tertinggi pada masing-masing jenis 

elisitor diperoleh pada perlakuan 12,5 µM MeJA (6,36 kali) dan 50 µM SA (5,6 

kali), serta 3,8 kali lipat pada perlakuan CeFo. Setelah 12 jam, ekspresi SesTPS1 

pada semua perlakuan lebih rendah dari kontrol, terutama pada konsentrasi SA yang 

lebih tinggi. 

 

Kata kunci: asam salisilat, ekspresi gen, gaharu, metil jasmonat, profil metabolomik 

 



 

 

 

 

SUMMARY 

 

FAUZAN AHSAN HAFIZHIN. Induction of Sesquiterpene Production in Callus 

Suspension Cultures of Aquilaria malaccensis Lamk. with Elicitors. Supervised by 

ARIS TJAHJOLEKSONO and ANDRI FADILLAH MARTIN. 

 

Aquilaria malaccensis Lamk. is a species of agarwood-producing plant found 

across several islands in Indonesia. This species is listed as vulnerable to extinction 

in Appendix II CITES. However, low production and high demand in the global 

market make agarwood highly valued. Therefore, rapid and sustainable agarwood 

resin production techniques are crucial. 

Agarwood is formed as a defense response to biotic or abiotic stresses. 

Agarwood resin is composed of various compounds, primarily sesquiterpenes and 

chromones. Agarwood resin is synthesized in small quantities, with agarwood with 

a high resin content developing over decades. Several agarwood induction 

technologies have been applied to cultivated plants. However, the process remains 

relatively time-consuming. 

Secondary metabolite production through in vitro culture techniques could be 

an alternative method for agarwood resin production. Cell suspension and callus 

suspension culture techniques have been used to produce important secondary 

metabolites, but applying these techniques to essential oil production still faces 

many challenges, particularly low yields. Culture elicitation using defense 

hormones such as salicylic acid (SA) and methyl jasmonate (MeJA), or pathogen 

cell components, has the potential to induce the production of sesquiterpenes 

associated with agarwood resin. 

This study consisted of several stages, namely 1) callus induction and callus 

suspension culture induction, 2) growth kinetics analysis and metabolomic analysis 

of callus suspension culture, 3) metabolomic profile analysis of callus suspension 

culture at 3 concentration levels of methyl jasmonate (MeJA) and salicylic acid 

(SA), and 1 concentration of Fusarium oxysporum crude extract (CeFo), and 4) 

analysis of HMGR, FPS, and SesTPS1 gene expression at 6 and 12 hours after 

elicitor treatment. Callus induction from leaf explants was carried out on MS base 

media supplemented with auxin and cytokinin based on previous studies. The callus 

obtained was used as an inoculum for callus suspension culture induction. The 

composition of the suspension media was the same as the callus induction media 

without compactor. Callus resulting from callus suspension culture induction for 2 

weeks was used as an inoculum for callus suspension culture in the observation of 

growth curves and elicitor treatment. Growth kinetics analysis in suspension 

cultures was carried out for 28 days. Calli were harvested every 4 days, their fresh 

weight was weighed, dried, and then their dry weight was reweighed. The fine dry 

biomass was extracted using n-hexane, air-dried, eluted using dichloromethane, 

filtered, and then analyzed using GC-MS to characterize the metabolomic profile 

structure. The elicitation time and duration were determined based on growth curves 

obtained in research and literature studies. For gene expression analysis, samples 

were harvested at 6 and 12 hours after elicitor treatment from different batches. 

Gene expression analysis was performed using qPCR techniques using three 

biological replicates and two technical replicates. 



 

 

This study produced callus with characteristics of slightly crumbly, cream-

colored, and slightly watery callus. Growth kinetics analysis revealed that the callus 

growth curve in suspension culture formed a sigmoidal pattern. The exponential 

growth phase occurred between 0 and 8 days after planting, followed by a peak 

phase at 12 days after planting. The stationary phase occurred between 16 and 20 

days after planting, followed by the death phase at 24 days after planting. At 0 and 

16 days after planting, the metabolomics were dominated by fatty acids. At 20 to 

28 days after planting, the culture tended to produce phytosterols, hydrocarbons, 

and aldehydes. Chromones were detected fluctuatingly at low concentrations. 

All elicitor concentrations of MeJA or SA, as well as crude extract of F. 

oxysporum did not trigger sesquiterpene accumulation, but elicitor treatments 

(including control) triggered changes in the metabolomic profile. The compound 6-

methoxy-2-phenethyl-4H-chromen-4-one was detected in cultures with or without 

elicitor, while 6-methoxy-2-(4-methoxyphenethyl)-4H-chromen-4-one) was 

detected in almost all samples with elicitor treatment and 2-phenethyl-4H-chromen-

4-one was only detected in the 50 µM MeJA treatment. 

Elicitor treatment increased HMGR expression after 6 hours, except for the 

75 µM SA treatment. Only the CeFo treatment significantly increased HMGR gene 

expression 6 hours after elicitation. In the MeJA and SA elicitors, the highest 

HMGR gene expression was achieved with 50 µM MeJA (5.5-fold) and 50 µM SA 

(3.5-fold). After 12 hours, neither elicitor treatment significantly increased HMGR 

gene expression. MeJA and SA elicitor treatments did not significantly increase 

FPS expression at either 6 or 12 hours after treatment. FPS gene expression 

increased significantly after 6 hours in the CeFo treatment, then decreased 

drastically after 12 hours. The highest SesTPS1 gene expression in each elicitor type 

was obtained in the 12.5 µM MeJA (6.36-fold) and 50 µM SA (5.6-fold) treatments, 

and 3.8-fold in the CeFo treatment. After 12 hours, SesTPS1 expression in all 

treatments was lower than the control, especially at higher SA concentrations. 

 

Keywords: agarwood, gene expression, metabolomic profile, methyl jasmonate,  

         salicylic acid 
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