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ABSTRACT 
The Chilean jack mackerel (Trachurus murphyi, Nichols, 1920) is a pelagic fish of high fishery interest, 
with a global capture of 828,358 mt in 2021. We report the complete mitochondrial genome of T. mur
phyi (Teleostei, Carangidae), collected in Bahia de Zapallar, Chile (32�33’02.59’’ S, 71�27’55.38’’ W). The 
size of the mitogenome is 16,561 bp (H-strand composition: 25.9% A, 16.7% C, 29.8% G, and 27.5% T). 
The mitogenome has the classic vertebrate gene content of 13 protein-coding, two rRNA, and 22 tRNA 
genes, as found in Carangidae and other Teleostei families. Phylogenetic analysis using mitochondrial 
genomes of 22 related species revealed that T. murphyi formed a well-supported monophyletic group 
with the other Trachurus species, being T. simmetricus its closest relative. Sequencing the mitochondrial 
genome from T. murphyi is the first step in developing traceability tools based on DNA analysis to 
enforce fishing quotas and trace the processed food and foodstuff containing Chilean jack mackerel 
following the objective of the South Pacific Regional Fisheries Management Organization (SPRFMO).
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Introduction

The Chilean jack mackerel (Trachurus murphyi, Nichols, 1920) 
belongs to the Carangidae family (jacks and pompanos) com
prised of 32 genera, one of which is Trachurus (Froese and 
Pauly 2024). This genus contains 14 species: T. capensis, T. 
declives, T. delagoa, T. indicus, T. japonicus, T. lathami, T. longi
manus, T. mediterraneus, T. murphyi, T. novaezelandiae, T. pic
turatus, T. symmetricus, T. trachurus, and T. trecae (Froese and 
Pauly 2024). Trachurus murphyi is a pelagic fishery resource 
of high interest (FAO 2024). It is distributed in the 
Southeastern Pacific from Ecuador to Chile (FAO fishery area 
87) and in the Southwestern Pacific, New Zealand, and 
Tasmania (FAO fishery area 81) (Ferrada Fuentes et al. 2023). 
Due to its history life traits and marine pelagic life, T. murphyi 
shows a single reproductive population in the South-eastern 
Pacific when it was analyzed with mtDNA (C�ardenas et al. 
2009) and microsatellite markers (C�ardenas et al. 2009; 
Galleguillos et al. 2012; Canales-Aguirre et al. 2024). The max
imum global fishery landing was 4,955,186 mt reached in 
1995, nevertheless it decreased to 354,898 mt in 2013 (FAO 
2024), probably due to overfishing. Nowadays, the global 
capture quota is regulated by the South Pacific Regional 

Fisheries Management Organization (SPRFMO), leading to a 
steady recovery of the species abundance. Global capture 
was 828,358 mt in 2021 (FAO 2024; SPRFMO 2022). T. murphyi 
is a very nutritious fish; it is a good source of proteins of 
high biological value, PUFAs (polyunsaturated fatty acid), vita
mins, and minerals (Bast�ıas et al. 2017). In Chile, 69.5% of this 
resource is intended for direct human consumption: refriger
ated (0.7%), frozen (57.0%), canned (10.6%), and oil (13.2%). 
The other 30.5% is processed to produce fish meal 
(SERNAPESCA 2022).

The mitogenomes of Carangidae fishes are similar to that 
of the rest of the vertebrates. Their number and type of 
genes are highly conserved: 13 protein-coding, two rRNA, 
and 22 tRNA genes (Satoh et al. 2016). The order in which 
those genes are located is also preserved: F,12S, V,16S, L1, 
ND1, I, Q, M, ND2, W, A, N, C, Y, COI, S1, D, COII, K, ATP8, 
ATP6, COIII, G, ND3, R, NAD4L, ND4, H, S2, L2, ND5, ND6, E, 
CYTb, T and P (Satoh et al. 2016). The total length of the 
Carangidae mitogenomes ranges between 16 and 17 Kbp.

We are developing traceability tools for T. murphyi using 
mitochondrial barcode genes to enforce fishing quotas, trace 
the processed derived product, and check the truthfulness of 
the labeling information. The first step in this process is to 
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obtain the complete mitochondrial genome of Chilean Jack 
Mackerel, Trachurus murphyi, Nichols, 1920 (Teleostei, 
Carangidae).

Materials and methods

One Trachurus murphyi specimen (Figure 1) was collected (21 
February 2024) in the Zapallar Bay, Chile (32�33’02.590’ S, 
71�27’55.380’ W). According to the manufacturer’s protocol, 
total DNA was extracted from fin clips using the E.Z.N.A.VR 

Tissue DNA Kit (Omega BIO-TEK). The library was prepared 
using the Illumina DNA Prep Kit (Illumina Inc.#) following the 
manufacturer’s instructions. The next-generation sequencing 
was performed in an Illumina iSeq100 system (Illumina Inc.#) 
at the Food Quality Research Center facilities, Universidad de 
Chile. 4,061.984 paired end reads (2� 150 bp) were obtained 
and processed in Geneious Prime 2024.0.3 (https://www. 
geneious.com). Trimmed reads with BBDuk v. 38.84 were 
assembled de novo with Geneious assembler obtaining the 
mitogenome contig. We edited the overlapping ends and 
obtained the circularized mitogenome. The trimmed reads 
were mapped again to check the assembly and generate the 
final version. Genes were annotated by manually adjusting 
Trachurus symmetricus annotations (NC082545.1) to the con
sensus sequence. Annotations were confirmed with the other 
three Trachurus species mitogenomes available in GenBank: 
T. japonicus (NC002813.1), T. lathami (OP057107.2), and T. tra
churus (NC006818.1).

The T. murphyi mitochondrial genome was aligned with 
four other species of Trachurus and 18 representatives from 
genera of the Carangidae family as outgroups, obtained from 
GenBank, using the MAFFT v7.490 plugin with default set
tings (Katoh and Standley 2013). The maximum-likelihood 

phylogenetic reconstruction was obtained using the plugin 
PhyML 3.3.20180621 with the following settings: substitution 
model¼GTR, bootstrap ¼ 1000, the proportion of invariable 
sites¼ estimated, gamma distribution parameter¼ estimate, 
optimize¼ Topology/length/rate (Guindon et al. 2010).

Results

The complete mitochondrial genome of T. murphyi was 
assembled with 5507 reads (mean coverage 35.1, min 5, max 
79, supplemental Figure S1), yielding a circular sequence of 
16,561 bp (GenBank accession no. PP533446). Gene compos
ition and structure were like other fish mitogenomes and 
comprised 13 protein-coding genes, two ribosomal RNA 
units, 22 tRNA genes, and the control region (Figure 2). The 
overall base composition was 25.9% A, 16.7% C, 29.8% G, 
and 27.5% T. The tRNA genes showed lengths ranging from 
67 to 75 bp. The 16S rRNA genes (1,719 bp) and 12S rRNA 
(955 bp) were located between tRNAVal and tRNALeu and 
between tRNAPhe and tRNAVal, respectively. The protein-cod
ing genes started with ATG, except for COI, which started 
with GTG. The stop codons of the protein-coding genes were 
TAA (ND1, COI, ATP8, ATP6, ND4L, ND5, and ND6), T—(ND2, 
COII, ND3, ND4, and Cytb), TA– (COIII) and TAG (ATP8). The 
control region (861 bp) was located between tRNAPro and 
tRNAPhe

All analyzed Trachurus species form a well-defined clade 
with two branches, the first including T. murphyi and T. sym
metricus and the second grouping the other three species 
(Figure 3). T. murphyi showed 115 bp of difference (0.7%) 
with T. symmetricus, while with other Trachurus species, the 
difference percentages ranged between 1.4% and 2%. The 

Figure 1. Representative photograph of a specimen of Chilean jack mackerel, Trachurus murphyi (photo credit: Cristian Araneda).
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differences with other genera within Carangidae were greater 
than 10%.

Discussion and conclusion

The arrangement and number of genes in the mitochondrial 
genome of T. murphyi was like that of most other fish, as 
does the use of ATG as a start codon for most protein-coding 
genes (Satoh et al. 2016). The stop codons of most of the 
protein-coding genes also correspond to the majority of 
those found in fish, except for ND6 where the codon is TAA 
and not TAG (Satoh et al. 2016). The number of bases of the 

protein-coding genes was also within the most frequent 
ranges found in fish, except for ND3 and COII, which were 
longer (351 and 699 bp, respectively) (Satoh et al. 2016).

The phylogenetic analysis using the complete mitochon
drial genome agrees with the analysis carried out with the 
control region and cytochrome oxidase b (C�ardenas et al. 
2005; Tianfeng and Shigui 2011), as well as with the phylo
genetic analysis carried out with the meristic characters 
(Shaboneyev 1981). We obtained the highest bootstrap sup
port between T. murphyi and T. symmetricus; this clade also 
shows a 100% bootstrap value that separates it from the rest 
of the Trachurus species (Figure 3). Our results lend further 
evidence that T. murphyi is a sibling species of T. symmetricus 

Figure 2. Mitochondrial genome map of Trachurus murphyi. Genes oriented in the reverse direction are indicated in the outermost concentric ring and genes in the 
forward orientation are in the second outermost ring. The innermost rings of the image represent %GC per every 5 bp of the mitogenome; longer lines indicate 
higher %GC.
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(Shaboneyev 1981; C�ardenas et al. 2005; Tianfeng and Shigui 
2011). Both species and T. pictoratus form a mackerel group 
that is morphologically characterized by having low body 
depth, many scutes, and inhabiting areas beyond the contin
ental shelf (Shaboneyev 1981). The five Trachurus species 
form a monophyletic group separated from its closest genus, 
Decapterus, with 100% bootstrap support (Figure 3). 
Sequencing the complete mitogenome of T. murphyi also 
represents a first step for developing traceability tools investi
gating the authenticity of food products containing Chilean 
Jack mackerel (e.g. Canned food and fishmeal).

In summary, T. murphyi mitochondrial genome has the 
classical characteristics of one belonging to fish, and its 
phylogenetic reconstruction confirmed T. symmetricus as its 
closest relative.
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