
EVOLUTIONARY GENETICS IN Salacca SPECIES BASED ON 

CHLOROPLAST GENOME, GENES AND INTERGENIC  

SEQUENCE DIVERSITIES 

ARSLAN ARSHAD 

PLANT BREEDING AND BIOTECHNOLOGY STUDY PROGRAM  

FACULTY OF AGRICULTURE  

INSTITUT PERTANIAN BOGOR 

BOGOR 

2024 



  



STATEMENT REGARDING THE THESIS AND SOURCES OF 

INFORMATION AND ASSIGNMENT OF COPYRIGHT 

 
I hereby declare that the research proposal entitled "Evolutionary Genetics 

in Salacca Species Based on Chloroplast Genome, Genes and Intergenic 

Sequence Diversities" is my work with the direction of the supervisory 

commission and has not been submitted in any form to any university. Sources of 

information originating or quoted from published or unpublished works of other 

authors have been mentioned in the text and included in the Bibliography at the 

end of this thesis. 

I hereby assign the copyright of my written work to the Bogor Agricultural 

Institute. 
 

 

Bogor, July 2024 

 

Arslan Arshad 

A2503222801 
 

  



  



RINGKASAN 

Arslan Arshad. Genetika Evolusioner pada Spesies Salacca Berdasarkan Genom 

Kloroplas, Gen, dan Keanekaragaman Urutan Intergenik Supervised by Prof. Dr. 

Ir. Sudarsono, M.Sc., Dr. Megayani Sri Rahayu, M.S. and Dr. Azis Natawijaya, 

SP., M.Sc. 

  Tesis ini mengeksplorasi genom kloroplas (Cp) dan keragaman urutan di 

wilayah genomik utama pada tujuh spesies Salacca, yang dikenal sebagai buah 

salak. Analisis awal melibatkan konstruksi dan pemeriksaan genom Cp 

menggunakan data dari platform BGISeq-500 dan assembler GetOrganelle, yang 

mengungkapkan struktur yang konsisten di seluruh genom dengan panjang 

bervariasi antara 157.047 dan 158.182 pasang kilobase. Analisis genomik 

komparatif yang mendetail mengidentifikasi gen ycf1 sebagai gen dengan jumlah 

polimorfisme nukleotida tunggal (SNP) tertinggi, dengan temuan signifikan 

seperti asam amino yang hilang pada Salacca affinis dan prevalensi motif SSR 

mononukleotida. Selain itu, terdapat variasi pada pertemuan wilayah salinan 

tunggal besar (LSC), pengulangan terbalik (IR), dan salinan tunggal kecil (SSC), 

terutama pada S. wallichiana.Studi ini juga menyelidiki keragaman urutan pada 

wilayah rbcL, matK, ITS, trnL-F, dan atpH-F, menggunakan sekuensing Sanger 

dan primer khusus gen untuk mengatasi tantangan identifikasi spesies akibat 

kesamaan morfologis dan taksonomi yang kompleks. Pengembangan 26 primer 

Single Nucleotide Amplified Polymorphism (SNAP) menunjukkan spesifisitas 

dan efisiensi yang tinggi, memfasilitasi identifikasi spesies secara tepat. Analisis 

filogenetik mengungkapkan bahwa spesies Salacca membentuk klad yang 

berbeda dengan nenek moyang bersama yang baru-baru ini, menekankan 

hubungan evolusioner yang dekat.Penelitian ini menyoroti kegunaan informasi 

genom kloroplas dan wilayah genomik spesifik dalam meningkatkan pemahaman 

kita tentang keragaman genetik, identifikasi spesies, biologi evolusioner, dan 

upaya konservasi dalam genus Salacca. Temuan ini menegaskan adanya 

hubungan genetik antara Salacca dan Cocos nucifera serta menyoroti perbedaan 

dengan Phoenix dactylifera, memberikan wawasan penting untuk studi dan 

program pemuliaan di masa depan. 

 

Kata Kunci: Analisis filogenetik, anotasi genom, DNA Barcoding, GetOrganelle, 

identifikasi spesies, SNPs 

 

  



SUMMARY 

Arslan Arshad. "Evolutionary Genetics in Salacca Species Based on Chloroplast 

Genome, Genes and Intergenic Sequence Diversities" Supervised by Prof. Dr. Ir. 

Sudarsono, M.Sc., Dr. Megayani Sri Rahayu, M.S. and Dr. Azis Natawijaya, SP., 

M.Sc. 

This thesis explores the chloroplast genomes (Cp) and sequence diversity 

of key genomic regions in seven Salacca species, commonly known as snake 

fruit. The initial analysis involves constructing and examining Cp genomes using 

data from the BGISeq-500 platform and GetOrganelle assemblers, revealing a 

consistent structure across genomes with lengths varying between 157,047 and 

158,182 kilobase pairs. A detailed comparative genomics analysis identifies the 

ycf1 gene as having the highest number of single nucleotide polymorphisms 

(SNPs), with significant findings such as missing amino acids in Salacca affinis 

and a prevalence of mononucleotide SSR motifs. Additionally, variability in the 

junctions of large single copy (LSC), inverted repeat (IR), and small single copy 

(SSC) regions is noted, particularly in S. wallichiana. The study further 

investigates the sequence diversity of the rbcL, matK, ITS, trnL-F, and atpH-F 

regions, employing Sanger sequencing and gene-specific primers to address 

species identification challenges due to morphological similarities and complex 

taxonomy. The development of 26 Single Nucleotide Amplified Polymorphism 

(SNAP) primers shows high specificity and efficiency, facilitating precise species 

identification. Phylogenetic analysis reveals that the Salacca species form distinct 

clades with a recent common ancestor, emphasizing their close evolutionary 

relationships. This research highlights the utility of Cp genome information and 

specific genomic regions in advancing our understanding of genetic diversity, 

species identification, evolutionary biology, and conservation efforts within the 

Salacca genus. The findings establish a genetic connection between Salacca and 

Cocos nucifera and highlight the contrast with Phoenix dactylifera, providing 

crucial insights for future studies and breeding programs. 

 

Kyewords: Analisis Filogenetik, Anotasi Genom, DNA Barcoding, GetOrganelle, 

Identifikasi Spesies, SNPs  
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