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ABSTRAK

Penelitian ini bertujuan untuk menganalisis dan membandingkan performa dua
algoritma multiple sequence alignment (MSA) yang populer, yaitu MAFFT dan
Clustal Omega, dalam menangani dataset protein. Fokus utama penelitian
mencakup pengukuran akurasi alignment terhadap ground truth menggunakan
benchmark dataset, evaluasi efisiensi komputasi dari sisi waktu proses dan
penggunaan sumber daya, serta penilaian relevansi biologis hasil alignment
terhadap domain fungsional protein berdasarkan data NCBI. Metode yang
digunakan adalah eksperimen komputasional dengan pendekatan terapan, di mana
kedua algoritma dijalankan pada dataset yang sama menggunakan parameter
standar dan hasilnya dianalisis berdasarkan metrik seperti SP Score, TC Score,
waktu eksekusi, dan relevansi biologis. Hasil penelitian menunjukkan bahwa
MAFFT dan Clustal Omega mampu menghasilkan alignment yang sangat akurat,
dengan nilai SP Score dan TC Score mencapai 100% terhadap ground truth. Clustal
Omega unggul dalam efisiensi komputasi, dengan runtime yang lebih cepat (0.04
detik) dibandingkan MAFFT (0.14 detik), sementara penggunaan memori puncak
relatif sama (sekitar 0.06 MB). Selain akurat secara matematis, hasil alignment dari
kedua algoritma juga relevan secara biologis karena mampu mempertahankan
domain konservatif protein. MAFFT dinilai lebih cocok untuk analisis eksploratif
yang membutuhkan fleksibilitas parameter, sedangkan Clustal Omega ideal untuk
kebutuhan efisiensi tinggi seperti layanan web dan analisis otomatis. Dengan
demikian, pemilihan algoritma MSA yang optimal sangat bergantung pada
karakteristik dataset dan tujuan analisis bioinformatika yang dilakukan.

Kata kunci: Multiple Sequence Alignment, MAFFT, Clustal Omega, Akurasi
Alignment, Efisiensi Komputasi, Bioinformatika
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ABSTRACT

This study aims to analyze and compare the performance of two widely used
multiple sequence alignment (MSA) algorithms MAFFT and Clustal Omega when
applied to protein datasets. The main objectives include assessing alignment
accuracy against ground truth using standardized benchmark datasets, evaluating
computational efficiency in terms of processing time and resource usage, and
examining the biological relevance of alignment results based on protein functional
domains registered in the NCBI database. The research employs a computational
experimental method with an applied research approach, where both algorithms
are tested on the same datasets using default or recommended parameters. The
resulting alignments are evaluated using metrics such as SP Score, TC Score,
execution time, and biological relevance. The findings indicate that both MAFFT
and Clustal Omega produce highly accurate alignments, achieving 100% SP Score
and TC Score when compared to ground truth. Clustal Omega demonstrates
superior computational efficiency, with a faster runtime (0.04 seconds) compared
to MAFFT (0.14 seconds), while both algorithms show similar Peak Memory Usage
(approximately 0.06 MB). In addition to their mathematical accuracy, the
alignment results are biologically relevant, successfully preserving conserved
domains in protein sequences. MAFFT is better suited for in-depth exploratory
analyses requiring fine-tuned parameter control, whereas Clustal Omega is more
appropriate for high-efficiency applications such as web services, batch processing,
and automated systems. Therefore, the optimal choice of MSA algorithm should be
guided by dataset characteristics and specific bioinformatics objectives.

Keywords: Multiple Sequence Alignment, MAFFT, Clustal Omega, Alignment
Accuracy, Computational Efficiency, Bioinformatics
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