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ABSTRACT 
We report the complete mitogenome of Hasora vitta (Plain Banded Awl) sampled from Malaysia. The 
mitogenome is 15,289 bp long, comprising of 13 protein-coding genes (PCGs), 22 transfer RNAs 
(tRNAs), two ribosomal RNAs (rRNAs), and a control region. All PCGs were initiated by the typical ATN 
codon, except for COX1 with a CGA start codon. Two PCGs (COX1 and COX2) were terminated with an 
incomplete stop codon T. Phylogenetic analysis highly supported the placement of Hasora vitta from 
Malaysia within Coeliadinae and is clustered with two Hasora vitta samples from China.

ARTICLE HISTORY 
Received 12 September 2024 
Accepted 19 May 2025 

KEYWORDS 
Skipper; complete 
mitochondrial genome; 
Endau-Rompin; Johor 
National Park   

Introduction

Hasora vitta (Butler, 1870) or commonly known as the Plain 
Banded Awl skipper is a species from the subfamily Coeliadinae 
(Family Hesperiidae) and can be found across the Southeast 
Asian region (Sun et al. 2021). This species can be identified 
based on the yellow hyaline spot present on the forewing at 
space 6 and they are known as policemen skipper due to the 
shape of their labial palpi and fast-flying ability (Figure 1) (Chiba 
2009). To date, two complete mitogenome sequences of Hasora 
vitta were deposited in GenBank which originate from China, 
but none from Malaysia and this shows that the mitogenomic 
data for Hesperiidae species are still underrepresented for 
Malaysia. Therefore, in this study, we have sequenced and ana
lyzed the complete mitochondrial genome of Hasora vitta from 
Malaysia which can be used to support the phylogenetic rela
tionships analysis of this genus across a broader population 
through mitochondrial genomic research.

Materials and methods

The specimen was collected from Endau-Rompin Johor 
National Park, Malaysia specifically at the Sungai Kawal area 
(2.03 N 102.49 E) on 9 May 2023, and the hind legs were 

stored in a 95% ethanol for molecular analysis. The specimen 
was curated and deposited in Universiti Teknologi Malaysia 
(UTM) (https://www.utm.my/, Dr Faezah Mohd Salleh, faezah@ 
utm.my) with the voucher ID S14 (Figure 1). The genomic DNA 
was extracted from the hind legs using the Qiagen Blood and 
Tissue Kit (Qiagen, Valencia, CA) following the manufacturer’s 
instructions. As for the library preparation, NEBNextVR UltraTM II 
DNA Library Prep Kit for IlluminaVR was used before sequencing 
by Illumina NovaSeq 6000 system (PE150) similar to Miga et al. 
(2023). The raw reads obtained were pre-processed using 
FastQC (https://www.bioinformatics.babraham.ac.uk/projects/ 
fastqc/) and then trimmed using AdapterRemoval (Schubert et 
al., 2016) to remove sequencing adapters and low quality 
reads. The mitogenome was assembled using NOVOPlasty 
v.4.2 (Dierckxsens et al., 2017) and was ran through a 
PALEOMIX BAM pipeline (Schubert et al., 2014) with default 
parameters, to remove reads shorter than 15 bp after trimming 
(Miga et al., 2023). Then the mitochondrial contigs were anno
tated using MITOS2 web server (Bernt et al., 2013) available in 
the UseGalaxy platform (Afgan et al. 2022). To improve the 
annotation, the predicted proteins were further verified using 
ORFFinder (https://www.ncbi.nlm.nih.gov/orffinder/), by com
paring the alignments of each annotation produced by Mitos2 
and ORFFinder. Tablet (Milne et al., 2010) was also used to 
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visualize the assembled mitogenome for indels and sequence 
coverage. A circular mitogenome map of the sequenced 
Hasora vitta in this work was generated using Proksee web 
server (https://proksee.ca/), which is the updated version of 
the CGView web server (Grant et al., 2023) (Figure 2).

To investigate the phylogenetic relationships within this 
subfamily, 13 concatenated protein-coding genes (PCGs) 
PCGs from 28 Hesperiidae mitogenome sequences were used 
to reconstruct the maximum-likelihood (ML) tree (Figure 3). 

The outgroup used in the analysis was Papilio helenus 
(KM244656) (Papilionidae) and Macrosoma conifera 
(MT852025) (Hedylidae). Phylogenetic analysis was performed 
using IQ-Tree (Nguyen et al., 2015), under an edge-linked 
partition model with 5000 ultrafast bootstrap replicates. The 
best partitioning model was determined by ModelFinder 
(Kalyaanamoorthy et al. 2017).

Results

The complete mitochondrial genome (mitogenome) of 
Hasora vitta (GenBank Accession No. PP789054) is 15,289 bp 
in length, which encodes 13 PCGs, 22 transfer RNAs (tRNAs), 
two ribosomal RNAs (rRNAs), and a control region. The mito
genome is A þ T biased (79.91%) with the nucleotide com
position of A (39.56%), T (40.34%), C (12.26%), and G (7.83%). 
The mitogenome has a depth coverage of 169�, amounting 
to a total length of 11,281 bp for PCGs, 1472 bp for tRNAs, 
789 bp for 12S rRNA, and 1350 bp for 16S rRNA. As com
monly found across the Lepidoptera mitogenome, the COX1 
gene of Hasora vitta utilizes the CGA start codon, and the 
rest of the genes were initiated by the typical ATN start 
codon. In the analysis, out of the 13 PCGs, two PCGs (COX1 
and COX2) genes ended with an incomplete stop codon T, 
while the rest were terminated by the TAA stop codon.

Phylogenetic analysis showed that all subfamilies formed 
monophyletic clades. The result placed Hasora vitta reported 
here with the Hasora vitta sampled from China (KR076553) 

Figure 1. A reference image of the sequenced Hasora vitta collected from 
Endau-Rompin Johor National Park, Malaysia (collected and photographed by 
Marylin Miga from Universiti Technologi Malaysia, Johor, Malaysia).

Figure 2. Mitogenome map of Hasora vitta generated using Proksee web server.
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(Cao et al. 2016) and (MK238675) (unpublished) with a boot
strap support value of 100% and is closely related to Hasora 
schoenherr (MK502493) (Sun et al. 2021). Additionally, when 
both sequences were analyzed using BlastN, it shows a 
99.15% similarity with each other.

Discussion and conclusions

The newly sequenced Hasora vitta reported has similar gene 
characteristics with other genera within the subfamily 
Coeliadinae. The utilization of the CGA start codon is also 
common in Lepidoptera mitogenome and the phenomena of 
the incomplete stop codon are presumed to be associated 
with the polyadenylation processes (Chen et al., 2020). When 
a BlastN analysis was conducted between two sequences of 
H. vitta originating from China (KR076553) and Malaysia 
(PP789054), the analysis showed a 99.52% similarity. Upon 
closer inspection of their alignment using Jalview 
(Waterhouse et al. 2009), a number of base differences were 
observed across the gene sequence which could explain the 
percentage similarities between both sequences. Additionally, 
indels (deletions) were also observed which could contribute 
to the result of their percentage identity. Therefore, the 
sequenced mitogenome of Hasora vitta reported here pro
vides additional information that can be used to further ana
lyze their phylogeny across a broad range of populations.
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