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RINGKASAN 

RAVA RAISHA PUTRA. Dinamika Pangenomik Streptomyces sp. BTA 1-131 

Sebagai Eksplorasi Gen Klaster Biosintetik. Dibimbing oleh RAHADIAN 

PRATAMA dan LINDA SUKMARINI. 

 

Streptomyces dikenal sebagai penghasil metabolit sekunder yang melimpah, 

termasuk antibiotik, antikanker, dan antifungi. Metabolit tersebut disintesis melalui 

biosynthetic gene cluster (BGC) di dalam genomnya. Banyak BGC pada genus ini 

bersifat tersamarkan (cryptic), sehingga genome mining menjadi metode utama 

untuk mengeksplorasi potensi biosintetiknya. Streptomyces sp. BTA 1-131, yang 

diisolasi dari spons laut Melophlus sarasinorum di Selat Lembeh, Sulawesi Utara, 

diduga sebagai spesies baru berdasarkan kemiripannya dengan Streptomyces 

kunmingensis. Meskipun genomnya telah dirakit dalam penelitian sebelumnya, 

keragaman gen terhadap kerabat terdekat dan potensi BGC-nya belum terungkap. 

Penelitian ini bertujuan mengungkap keragaman gen dan potensi BGC dari 

Streptomyces sp. BTA 1-131 melalui pendekatan pangenomik komparatif terhadap 

sepuluh genom (BTA 1-131 dan sembilan spesies pembanding satu subklade). Gen 

dikelompokkan ke dalam kategori inti, aksesori, dan unik untuk menentukan sifat 

keterbukaan pangenom, sedangkan BGC diidentifikasi dan dikelompokkan ke 

dalam gene cluster family (GCF) berdasarkan kemiripan domain protein, organisasi 

gen, dan identitas sekuens, mengacu pada basis data referensi tervalidasi. 

Analisis pangenom menghasilkan puluhan ribu gen dengan proporsi genom 

inti jauh lebih kecil dibandingkan dengan genom aksesori dan unik, mengonfirmasi 

sifat pangenom terbuka, dengan kapasitas biosintesis metabolit sekunder yang 

meningkat secara progresif dari genom inti menuju aksesori dan unik—

mengindikasikan kapasitas biosintetik yang sangat spesifik terhadap strain. 

Streptomyces sp. BTA 1-131 memiliki 27 BGC, urutan kelima terbanyak di antara 

sepuluh strain, dengan dominasi kuat pada fraksi GCF singleton yang eksklusif per 

strain, sementara GCF inti hanya berkaitan dengan fungsi adaptasi lingkungan. 

Temuan terpenting adalah tiga BGC singleton berkepercayaan tinggi yang eksklusif 

dimiliki BTA 1-131: antimycin A1B (depsipeptida berpotensi insektisida, 

antijamur, dan antikanker), paenibactin (siderofor katekolat berpotensi 

antimikroba), dan keywimysin (lassopeptida berstruktur unik dan tahan degradasi 

enzimatik). Temuan ini menjadi landasan genomik bahwa BTA 1-131, sebagai 

strain asli perairan Indonesia, menyimpan potensi biosintetik signifikan sebagai 

kandidat sumber senyawa bioaktif baru, sehingga konfirmasi eksperimental melalui 

aktivasi klaster gen dan karakterisasi struktural diperlukan untuk memvalidasi 

temuan ini. 

 

Kata kunci: genome mining, klaster gen biosintetik, metabolit sekunder, pangenom, 

Streptomyces sp. BTA 1-131   



 

SUMMARY 

RAVA RAISHA PUTRA. Pangenomic Dynamics of Streptomyces sp. BTA 1-131 

as an Exploration of Biosynthetic Gene Clusters. Supervised by RAHADIAN 

PRATAMA and LINDA SUKMARINI. 

 
Streptomyces is well known as a prolific producer of secondary metabolites, 

including antibiotics, anticancer, and antifungal compounds. Those compounds are 

synthesized through biosynthetic gene clusters (BGCs) within its genome. Many BGCs 

in this genus remain cryptic, making genome mining an essential approach for 

exploring this hidden potential. Streptomyces sp. BTA 1-131, isolated from the marine 

sponge Melophlus sarasinorum in the Lembeh Strait, North Sulawesi, is suspected to 

represent a novel species based on its similarity to Streptomyces kunmingensis. 

Although its genome has been assembled in a previous study, its gene diversity relative 

to close relatives and its BGC potential remain unexplored. This study aimed to reveal 

the gene diversity and BGC potential of Streptomyces sp. BTA 1-131 through a 

comparative pangenomic approach on ten genomes (BTA 1-131 and nine reference 

species from the same subclade). Genes were classified into core, accessory, and unique 

categories to determine pangenome openness, while BGCs were identified and grouped 

into gene cluster families (GCFs) based on similarity in protein domain content, gene 

organization, and sequence identity, referencing a validated reference database. 

Pangenome analysis yielded tens of thousands of genes with a core genome 

proportion considerably smaller than the accessory and unique fractions, confirming an 

open pangenome, with secondary metabolite biosynthesis capacity increasing 

progressively from the core toward the accessory and unique genomes—indicating 

highly strain-specific biosynthetic capacity. Streptomyces sp. BTA 1-131 possesses 27 

BGCs, ranking fifth in abundance among the ten strains, with a strong dominance of 

singleton GCFs exclusive to individual strains, while core GCFs were associated only 

with environmental adaptation functions. The most important finding is three high-

confidence singleton BGCs exclusive to BTA 1-131: antimycin A1B (a depsipeptide 

with potential insecticidal, antifungal, and anticancer activities), paenibactin (a 

catecholate siderophore with potential antimicrobial applications), and keywimycin (a 

lasso peptide with a unique structure resistant to enzymatic degradation). These 

findings provide genomic evidence that BTA 1-131, as a strain native to Indonesian 

waters, harbors significant biosynthetic potential as a candidate source of novel 

bioactive compounds, warranting experimental confirmation through gene cluster 

activation and structural characterization. 
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