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Abstract Lates calcarifer is one of the most commercial species in the world. Yet, phylogenetic
relationships among this cryptic species remain unclear despite its significance in the fishery sector.
The first report on bifurcation of captive Lates calcarifer in Peninsular Malaysia (PM) inferred from
complete mitochondrial genome was discussed in the present study. Two mitochondrial genomes
(mitogenomes) of Lates species were sequenced and assembled. The mitogenome length was 16,627
bp and 16,515 bp for K4 and S15, respectively. The majority of PCGs in both species exhibited the
common initiation marker ATG codon and ended with termination marker TAA codon. Also, the
incomplete termination codon T/TA was found in both species. Most AT-skew and GC-skew values
observed in the protein-coding genes (PCGs) across the two samples were negative. The phylogenetic
analysis based on 13 protein-coding genes by Maximum-Likelihood tree displayed two lineages from
different regions which were from Myanmar/Indian waters (K4) and Southeast Asia/ Australian waters
(S15). The striking genetic distance values between both specimens indicated 13 PCGs were suffering
purifying selection. This study offers significant information for future analyses of evolutionary
relationships among the numerous and taxonomically puzzling perciform fishes.
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Introduction

Ever since 1990s, L. calcarifer or commonly known as ‘Siakap’ (Figure 1) emerged as a prominent
species in Malaysia, constituting 50-90% of the overall annual cultured production. However, scientific
research pertaining to this species remained insufficient and constrained [1]. The absence of an
organized breeding program compelled local hatcheries to rely exclusively on wild and imported
broodstock that could potentially influence the population composition of L. calcarifer within the country.
Lates calcarifer or Asian seabass was locally known as ‘Siakap Putih’ in Malaysia. Since 90s,
Lates calcarifer had conquered 50-90% of the cultured marine fishes’ production in Malaysia.

Lates calcarifer was recognized as a notable species due to high demands for aquaculture products [2,3]
caused by the declining of natural fishery stocks which mainly came from human-induced environmental
pollutions, frequent and extreme climate change [4]. By being euryhaline species (can tolerate large
range of salinity) where culture condition can differ from tank, pond, or cage-farmed base [5], rapid
growth rates (2 kg weight in only 12 months on farm), high fecundity (females spawn an average of
300,000 eggs per kg of body weight) [6] and worthy market acceptance [7], it had merits in the
aquaculture sector.

Genomic resources for L. calcarifer was indeed available [8,9] compare to other species (Lates niloticus,
Lates japonicus and Psammoperca waigiensis) in the family, but the relationships of the family to other
Perciform groups was still ambiguous or vague, especially in the perspective of evolutionary and
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taxonomic [10]. Lates calcarifer also had a wide geographical range [11] that allow emergence of new
or cryptic species to occur. There was also the presence of considerable genetic variation between
populations of L. calcarifer [12].

Figure 1 Photograph of L. calcarifer

Based on the latest finding using partial analysis of COI gene, two distinct mitochondrial lineages of
Lates sp. were found representing the Australian/Southeast Asia and Indian/Myanmar groups [13]. Thus,
subsequent analysis of the two newly identified groups using the complete mitochondrial genome would
provide better information on their genomic characteristics and organizations as well as inferring their
phylogenetic relationships using highly longer sequences. This could be attributed to the highly
conserved and compacted nature of the encoded gene repertoire within the entire mitochondrial genome.
However, the data presented by mitogenome was idiosyncratic between different species [14].
Research/Previous studies of fish mitochondrial genomes were not deep enough because most of them
just simply defined the gene structure of single species without comprehensive comparisons [15,16]. So,
this study aims to compare and differentiate the two Lates specimens from two different clades using
complete mitochondrial genome.

Materials and Methods

Sampling Collection and Sequencing

Specimens of L. calcarifer specimens in this study were collected from commercial hatcheries located in
the east coast (Kelantan; K4: 5.789504, 102.598868) and west coast (Selangor; S15: 2.809926,
101.417420) of PM as described elsewhere [13]. DNA extraction was extracted from the fish tissue
(muscle) following the standard extraction protocol of ReliaPrep gDNA Tissue Miniprep System
(Promega Corp, Madison, USA). The specimen was kept in the Depository Museum, Department of
Aquaculture, Faculty of Agriculture, University Putra Malaysia (Dr. Zafri Hassan, +6039769432,
mzafri@upm.edu.my). The specimen has a voucher number of JAQ/LC/00002. The relevant
mitogenome sequence was submitted to the NCBI database (https://www.ncbi.nim.nih.gov/) (OP359071;
K4 and OP373725; S15). A DNA library was prepared using the NEB Ultra Il library preparation (NEB,
Ipswich, MA) according to the manufacturer’s instructions. The extracted DNA was sequenced on a
NovaSEQ6000 (lllumina, San Diego, CA) with 150 paired-end modes.

Mitogenome Assembly, Annotation and Sequence Analysis

Low-quality bases and lllumina adapter sequences were removed by trimming raw reads using fastp
v0.21 [17] followed by de novo assembly in MegaHIT [18]. Identification and circularization of the
mitochondrial-derived contings were performed with MitoZ. The assembled mitogenome sequences
were then annotated and re-orientated using MitoAnnotator [19]. MEGA 11 was applied to determine the
nucleotide composition of the mitogenome [20]. Nucleotide bias of AT/GC skew were computed using
the formulas: AT-skew = (A —T)/(A + T) and GC-skew = (G — C)/(G + C).

Codon frequency denotes the frequency at which codons appear in all protein-coding genes (PCGs),
while relative synonymous codon usage (RSCU) signifies the probability that a specific codon is used in
the synonymous codon for a corresponding amino acid. The frequencies of codons and RSCU values
were computed using MEGA 11, and both metrics reflect the utilization of codons [17]. The RSCU values
were unaffected by the usage of amino acids, while the abundance of codons directly indicated the level
of preference for codon usage [18]. In the absence of any bias towards codon usage, the RSCU value
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of a codon equaled one. A codon with an RSCU value greater than one indicated its relatively frequent
usage, while a value lower than one indicated the opposite.

Phylogenetic Analysis

The phylogenetic tree was constructed using concatenated sequences of 13 PCGs. The MASCE [21]
algorithm in PhyloSuite 1.2.2 [22] was utilized to align the PCGs with vertebrate mitochondrial genetic
code. The alignments of each individual gene were concatenated as different dataset with five
mitogenomes retrieved from the GenBank database. The multiple alignments of the concatenated
nucleotide sequences of the 13 PCGs were conducted using MEGA v. 11 program [20]. The bootstrap
confidence of 1000 replicates were applied to evaluate the result in Maximum-Likelihood tree [23]. To
determine the evolutionary connections between the specimen, the entire mitochondrial genome
sequences of other closely related species were obtained from the GenBank database. The tree was
rooted by using the GenBank entry of other Perciforms (Lates niloticus, Istiompax indica and Istiophorus
platypterus) as outgroup.

Results and Discussion

Genome Organization and Base Composition

Two sequences from different origin were sent for mitogenome sequencing namely K4 and S15 with
GenBank accession number OP359071 and OP373725 respectively. The mitochondrial genome of K4
and S15 were 16,627 bp and 16,515 bp in length, correspondingly (Figure 2 and Figure 3). The 37 genes
followed the typical vertebrate canonical organization with 13 protein-coding genes (PCGs), two
ribosomal RNA (rRNA) genes, 22 transfer RNA (tRNA) genes, and a control region or D-loop. Table 1
showed that genes were mostly encoded on the heavy(H) strand, excluding ND6 genes and eight tRNA
genes (GIn, Ala, Asn, Cys, Tyr, Ser, Glu, Pro) which were encoded by light (L) strand. Like other
vertebrates such as Acanthopagrus schlegelii [24] and Seriola lalandi [25], the D-loop was situated
between tRNA- Pro and tRNA-Phe gene.

OP359071(K4)
(L. calcarifer)
16,627 bp
Indian/Myanmar
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Figure 2. The mitogenome map structure of Lates calcarifer, S15 collected from Selangor's hatchery. The inner genes of the circular
map were L-strand while the outer genes were H-strand
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Figure 3. The mitogenome map structure of Lates calcarifer, K4 collected from Kelantan’s hatchery. The inner genes of the circular
map were L-strand while the outer genes were H-strand

The lowest GC content was found in tRNA-Arg (30.43 %) and the highest in tRNA-Cys (58.21%) of S15.
Meanwhile, tRNA- Gly in K4 and tRNA-Arg in S15 were detected as the richest AT content regions in
each mitogenome (Table 2). In the same table, slight differences of the entire AT composition were
detected for both K4 (54.2%) and S15 (54.0%). Besides, low G content represents the obvious
antiguanine bias in PCGs just like as discovered in another teleost [26,27]. At the third codon position,
high values of A and C content show the preference of codon usage for A and C nucleotides at this
position. The highest T content was in the second codon position.
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Table 1. Gene features of the mitochondrial genome of Lates calcarifer

K4 s15 K4 S15 K4 s15 K4 s15 K4 s15
tRNA-Phe + 1/68 1/68 68 68 41.18 4412 0 0
12SrRNA + 69/1035 69/1035 97 967 48.29 47.77 0 0
tRNA-Val + 1036/1108  1034/1106 7371 49.32 4384 0 0
16SIRNA * 1100/2857  1107/2860 1749 1754 44.65 44 87 0 0
tRNA-Leu + 2858/2932  2861/2935 75 75 49.33 50.67 0 0
ND1 + 2933/3907  2936/3910 975 975 ATGITAA  ATG/TAA 48.21 4769 3 3
tRNA-le + 3911/3981  3914/3984 74 74 49.3 47.89 1 1
tRNA-GIn . 3983/4053  3986/4056 72 72 47.89 47.89 -1 -1
tRNA-Met + 4053/4122  4056/4125 69 69 40 4143 0 0
ND2 + 4123/5169  4126/5172 1047 1047  ATGTAA  ATG/TAA 47.47 48.42 0 0
tRNA-Tp + 5170/5241  5173/5244 72 72 51.39 51.39 2 1
tRNA-Ala . 5244/5312  5246/5314 71 70 42.03 43.48 1 1
tRNA-Asn . 5314/5386  5316/5388 74 74 47.95 47.95 34 34
tRNA-Cys . 5421/5487  5423/5489 67 67 58.21 49.25 0 0
tRNA-Tyr . 5488/5557  5490/5559 70 70 48,57 50 1 1
col + 5559/7109  5561/7111 1552 1552  GTGITAA GTGITAA 48.03 48.1 0 0
tRNA-Ser - 71107180  7112/7182 71 71 46.48 47.89 2 2
tRNA-Asp  + 71837251  7185/7253 71 71 40.58 42.03 8 8
Coll + 7260/7953  7262/7955 702 702 ATG/T ATG/T 44.24 46.25 0 0
tRNA-Lys + 7954/8029  7956/8031 76 76 47.37 4868 2 2
ATPase-8 + 8032/8199  8034/8201 170 170 ATG/TAA  ATG/TAA 50 47.62 -14 -14
ATPase 6 + 8184/8872  8186/8874 673 673 GTG/TA  GTG/TA 463 46.3 0 0
colll + 8873/9657  8875/9659 785 785 ATG/TA  ATG/TA 48.41 48.66 0 0
tRNA-Gly + 9658/9729  9660/9731 72 72 33.33 31.94 0 0
ND3 + 973010078 973210080 349 349 ATG/T ATG/T 44.99 46.99 0 0
tRNA-Arg + 10079/10147  10081/10149 69 69 36.23 3043 1 1
ND4L + 10149110445 10151/10447 298 298 ATG/TAA  GTG/TAA 5152 51.18 -5 -5
ND4 + 10439/11819  10441/11821 1374 1374 ATG/T ATGIT 46.05 46.92 0 0




tRNAHis * 11820/11888  11822/11890 69 69 36.23 36.23 0 0
tRNA-Ser + 11889/11956  11891/11958 68 68 5441 58.82 4 4
tRNA-Leu + 11961/12033 1196312035 77 77 411 4247 0 0
ND5 * 12034/13869  12036/13871 1836 1836  ATG/TAA  ATG/ITAA 4537 45.26 -2 -2
ND6 - 13866/14387  13868/14389 518 518 ATGITAG ATGITAG 4655 454 0 0
tRNA-Glu - 14388/14456  14390/14458 69 69 39.13 37.68 5 4
Cytb + 14462/15602  14463/15603 1146 1145 ATG/T ATG/T 44,61 45.14 0 0
tRNA-Thr * 15603/15674  15604/15675 72 72 54.17 54.17 0 0
tRNA-Pro - 15675/15745  15676/15746 71 71 338 338 0 0
D-oop 15746/16627 15747/16515 882 769 347 35 0 0

Table 2. Base composition for protein-coding, tRNA, rRNA genes, and D-loop region of the mitogenomes of K4 and S15

A T G C A+T A T G C A+T
Complete 28.8 254 15.7 30.1 54.2 16627 28.7 25.3 16.1 30.0 54.0 16515
genome
Protein-coding
genes
First 26.1 20.7 25.0 28.2 46.8 3815 26.0 40.0 134 27.9 66.0 3815
Second 18.2 40.6 134 27.8 58.8 3811 18.3 40.0 134 27.9 58.3 3811
Third 33.6 20.9 7.8 37.8 54.5 3809 33.2 21.0 8.4 37.8 54.2 3809
Total 25.96 27.40 15.39 31.25 53.36 11435 25.83 27.23 15.65 31.28 53.06 11435
tRNA 28.3 26.8 24.0 20.9 55.1 1558 27.9 26.8 24.2 21.1 54.7 1558
rRNA 33.0 21.0 19.6 26.4 54.0 2716 325 21.6 19.9 26.0 54.1 2719

D-loop 345 30.8 13.8 20.9 653 882 34.9 30.2 16.3 18.7 65.1 769
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The average base composition for K4 and S15 whole mitochondrial genome in ascending order were
G%,25.36 T%,28.75 A%,30.01 C% (Table 2). This depicted the higher content of C and Athan Gand T.
This discovery was consistent with the previous result reported for the same species which also had
negative AT-skew and positive GC-skew values [8], displaying significant chain asymmetry bias or chain-
specific. Asymmetrical directional mutation stress was often related to the chain bias mechanism [28]. C
nucleotide was most often found in the first and third codon position of PCGs while the second position
was dominated by T like in other bony fishes [29]. The tRNA- Ser (58.82-54.41%) and tRNA-Thr (54.17%)
were observed as the genes with highest GC content (Table 1).

The length of 13 PCGs was 11435 bp for both samples, but account differently in the whole mitogenome
where K4 and S15 were 16,627 bp (68.78%) and 16,515 bp (69.24%) respectively (Table 2). In the H-
strand of K4 and S15, G and T bases were dominating while A and C bases were discovered more in L-
strand. Other than the first codon position of K4, all PCGs expressed obviously low G content same as
other bony fish like Acheilognathus barbatulus and Oliotius oligolepis [30]. ND6 harbored the highest
GC-skew value with the lowest AT-skew, and the only gene that had positive GC-skew, which was
consistent to other studies [31,32]. Out of the two initiation codons (ATG, GTG) detected, ATG was the
frequent initiation codon of both specimens. COIl (K4 and S15), ATP6 (K4 and S15), and ND4L (S15)
were the only genes which started with GTG codon. K4 and S15 both got seven termination codons and
five incomplete termination codons (Table 1). For TA-, the genes include COIll and ATP6 while COIl,
ND3, ND4 and Cytb were ended by T--.

The lengths of PCGs, tRNAs, rRNAs, and control regions for both mitogenomes were compared in Figure
4. D-loop was detected as the most diversified which responsible for variation in length of the complete
genome [15]. The differences were almost 100 bp in length between both samples where K4 and S15
were 882 bp and 769bp, respectively. Further research was needed to discover information about the
rapid variation of D-loop in relation to species revolution. Like other typical mtDNA vertebrates, 22 tRNA
genes of Lates calcarifer were scattered between PCGs and rRNA that correspond to the previous record
of this species [8]. Most of the tRNA genes ranged from 67 to 75 in size that enough to fold into cloverleaf
secondary structures (Table 1). Meanwhile, both K4 and S15 produced 967 bp for small subunit of rRNA
(12S rRNA) whereas 1749 and 1754 bp for large subunit of rRNA (16S rRNA) in K4 and S15,
respectively. Both rRNA’s positions in the genome were the same as those of other teleost; they were
situated between the tRNA-Phe and tRNA-Leu genes, separated by the tRNA-Val gene.

—

500 1000 1500 2000 2500 3000 3500 4000
Size (bp)

LIS15 wK4

Figure 4. The length of protein-coding genes (PCGs), tRNAs, rRNAs, and control regions among two Lates mitogenome
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Intergenic Spacer and Overlapping

Compared to gene regions, short spacer with rapidly changing ratio of animal mitochondrial genes were
more effective for evolutionary studies. Ten small intergenic spacers (IGS) regions were identified in K4
and S15 with 64 and 62 bp in length, respectively (Table 1). The length variation in mitogenome was
also influenced by the size and number of IGSs [33]. The IGS between tRNA-Asn and tRNA-Cys
(WANCY region) in the length of 34 bp was the putative origin of L-strand replication (OL). This non-
coding region was often found between two conserved genes [34] where it was discovered in both
samples. Other than IGS, 4 overlap sites were found in these mitogenomes with 20 bp in length for both
K4 and S15. Overlapped PCGs were usually related to the partial sharing of transcript between adjacent
regions. Overlap of reading-frames were detected in the ATP8-ATP6 region, followed by ATP6- COXIII,
ND4L-ND4, and ND5-ND6.2.3.

Strand Specific Bias

Bias of strand-specific nucleotide composition was the notable characteristic of complete mitochondrial
genome for metazoan [35,36]. It was measured using GC-skew (G%-C%)/(G%+C%) and AT-skew (A%-
T%)/(A%+T%), respectively. The patterns of nucleotide composition and strand asymmetry in DNA
sequences could be determined by analyzing AT-skew and GC-skew [31]. GC-skew of ND6 gene were
drastically different from the other H-strand PCGs, but it was still common in vertebrates. Overall, GC-
skew and AT-skew of the H-strand were -0.31 and 0.06 respectively, showing a compositional bias on
the strand depicted from the excess nucleotide preference of C over G and slight excess of A over T
nucleotides [37].

Table 4. The composition and skewness between Lates calcarifer from Australian clade (S15) and Indian clade (K4)

AT-skew GC-skew AT-skew GC-skew
PCGs -0.03 -0.33 -0.03 -0.34
ND1 0.01 -0.39 0.03 -0.42
ND2 0.09 -0.54 0.09 -0.55
col -0.09 -0.22 -0.08 -0.23
coll 0.05 -0.27 0.03 -0.26
colil 0.01 -0.29 0.00 -0.30
ATPase-8 0.05 -0.55 0.10 -0.57
ATPase 6 -0.03 -0.41 -0.03 -0.43
ND3 -0.19 -0.31 -0.18 -0.35
ND4L -0.24 -0.41 -0.21 -0.41
ND4 0.03 -0.40 0.01 -0.39
ND5 0.07 -0.42 0.07 -0.43
ND6 -0.47 0.48 -0.48 0.46
Cytb -0.07 -0.37 -0.08 -0.37
tRNA 0.03 -0.06 0.03 0.07
rRNA 0.2 -0.13 0.22 -0.15
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Usage of Mitogenome Codon

The amino acid encoded by six codons each were Serine and Leucine and the rest were encoded by 2
to 4 codons. The highest used amino acids for both mitogenomes was Leucine while Aspartic was the
least used in PCGs (Figure 5a). Synonymous codon usage bias was usually assessed by calculating
relative synonymous codon usage (RSCU) values [38]. RSCU was defined as the observed frequency
of codons to the expected frequency ratio where all the synonymous codons for the same amino acids
were used equally. Like other fish mitogenome (Neoepinnula minetomai and Thyrsites atun) [39], the
RSCU for the present study also shows preference towards A and C-ending compared to G and T-
ending codon. The frequency of codon used was like other degenerate codons when the RSCU value=1
and codon was often used when RSCU value > 1. Only Arginie (CGU) had RSU value = 1, indicating the
variety levels of codon usage bias in each amino acid (Figure 5b). Both samples got different codon
fondness but contained the same type of codon encoded for the highest (CCU) and lowest (GCG) codon
usage.

a)
FREQUENCY (%) BY AMINO ACID (K4)
16 UUU =UUG ®UUC
14 UUA ®UGU ®UGG
= UGC ~UGA =UCU
12 = UCG =UCC =UCA
= =UAU EUAC EGUU
S 10 =EGUG EGUC EGUA
Fry GGU =GGG ®GGC
g 8 GGA ®GCU GCG
S EGCC ®GCA EGAU
g 6 EGAG HEGAC EGAA
w - = _ CUU =CUG =CUC
4 =i E E CUA ®CGU =CGG
) E E - = E E = g =CGC ®mCGA ®CCU
B E B ﬁ E | | I E BESEE =CCG ®CCC ®mCCA
g . E E = | = = CAU =CAG ®=CAC
0 CAA ®AUU ®AUC
QK\Q’ \/0‘) W @‘?} 4‘?} %Q} Qﬁo &\\k ?@ ) SSEON ?g‘\ \/{’ ‘?959 0\° O\Q’ R ?gQ’ Q}* EAUA EAGU EAGC
EACU ®ACG ®BACC
Amino acid ACA BAAU ®EAAG
AAC EAAA EAUG
b)
RSCU (%) BY AMINO ACID (K4)
7 UUU ®=UUG =UUC
UUA ®UGU ®=UGG
6 =] UGC ~UGA =UCU
| UCG =UCC =UCA
5 EUAU HEUAC EGUU
< =GUG ®GUC =mGUA
< 4 = GGU GGG =GGC
=) % § % % GGA =GCU GCG
83 s E EGCC ®GCA ®GAU
& = E é . EGAG BEGAC EGAA
) - = = g _ - _ CUU =CUG =CUC
= E = g = CUA =CGU =CGG
1 B | g g % E = | = =CGC  mCGA =CCU
= = = g g = =CCG ®CCC ®=CCA
0 B E 8 B B B CAU CAG =CAC
CAA ®AUU =AUC
Phe Leu Ile Met Val Ser Pro Thr Ala Tyr His Gln Asn Lys Asp Glu Cys Trp Arg Gly =AUA ®AGU ®=AGC

EACU BEACG EACC
ACA ®EAAU EAAG
AAC EAAA =EAUG

Amino acid
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FREQEUNCY (%) BY AMINO ACID (S15)

14

12

10

Frequency (%)

T

L

uuu =UUG =UUC
=UUA =UGU = UGG
uGC UGA ucu
UCG ucc UCA
=UAU = UAC =GUU
=GUG EGUC EGUA
GGU GGG =GGC
GGA =GCU =GCG
=GCC =GCA =GAU
EGAG EGAC EGAA
cuu CUG cuc
CUA CGU CGG
= CGC =CGA =CCU
= CCG = CCC =CCA
CAU = CAG =CAC
CAA =AUU =AUC

LI

L

LTINS

PheLeu Ile Met Val Ser Pro Thr Ala Tyr His GIn Asn Lys Asp Glu Cys Trp Arg Gly EAUA EAGU ®AGC

d)

RSCU

LI

= ACU = ACG = ACC
ACA = AAU = AAG
= AAC EAAA EAUG

Amino acid

RSCU BY AMINO ACID (S15)

UUU =UUG =UUC
“UUA ®=UGU =UGG
uGC UGA ucu
ucG ucc UCA
EUAU =UAC =EGUU
EGUG ®GUC =GUA
GGU GGG  =GGC
GGA =mGCU =GCG
EGCC EGCA EGAU
EGAG =mGAC =GAA
CuU CUG cuc
CUA CGU CGG
=CGC ECGA =ECCU
= CCG =CCC =CCA
CAU =CAG =CAC
CAA ®=AUU =AUC

A

T
I

i

T
i

Phe Leu Ile Met Val Ser Pro Thr Ala Tyr His GIn Asn Lys Asp Glu Cys Trp Arg Gly EAUA EAGU EAGC

= ACU = ACG = ACC
ACA =AAU E AAG
= AAC = AAA = AUG

Amino acid

Figure 5. Codon frequency (a and c¢) and Relative Synonymous Codon Usage (b and d) of mitochondrial genome for Lates calcarifer

(S4 and S15)

Phylogenetic Tree and Genetic Distance

Evolutionary relationships among Lates and related species were established by adding other
Perciformes’ complete mitogenomes sequences from GenBank entry. GenBank entry of closely related
family, Istiompax indica (KJ510417) and Istiophorus platypterus (KU315124) were used as outgroups to
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root the phylogenetic tree. As displayed in Figure 6, Lates calcarifer were divided into two parts where
K4 was excluded from the Australian lineage even though it was from the same species. GenBank
exposed that the closest match ( > 99% similarity) was between the newly sequenced mitogenomes of
S15 (OP373725) from Australian clade and the mitogenomes of Lates calcarifer (KY213962) from
Australia. Meanwhile, the K4 mitogenome was the first complete mitochondrial genome deposited to
GenBank as the representative of Indian clade when compare to a single gene sequences (not showed
in the figure). The tree based on the single gene can be referred elsewhere [13].

r KY213962 1 Lates calcarifer (Australia)

l KR349919 1 Lates calcarifer (Australia)

* 515 (Australian clade)

K4 (Indian clade)

KY213963 1 Lates nifoticus (Australia)

— KJ510417 1Istiompax indica (Australia)

KU3 15124 1 Istiophorus platypterus (Australia)

0.0z

Figure 6. A Maximum likelihood tree of two captive Lates calcarifer (K4 and S15) in Malaysia with outgroup species and subspecies
based on 13 protein-coding genes were created. Scale bars indicate the relative evolutionary distance

The sequences of PCGs’ divergence and conservation among Lates sp. were shown by the pairwise
genetic distances, p-distance (Figure 7). The obvious difference in genetic distance between the third
and sum of the first and second position depicted the occurrence of rapid evolution in third position
compared to the first and second. In the third nucleotide position, ND4L was found to have the longest
p-distance while ND4 was on the first and second position. The lowest p-distance value was ATP8 for
the third and CO1 for first + second analysis. Among the two samples, ND4L and ND4 might contain
high evolutionary rates which was in contrast with ATP8 and COI.
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Figure 7. The pair genetic distance of 13 PCGs between K4 and S15. The calculated values were based on the first and second
nucleotide position, and on third nucleotide position, respectively

All genes excluding D-loop for the recent sequenced mitogenome samples were nearly similar in size,
but both samples were grouped in different clade when focused directly on phylogenetic kinship and
genetic distance. Besides, the codons usage also distributed differently which was related to nucleotide
composition event [40]. The 37 genes were following the same genes arrangement of another teleost
[41]. The K4 mitogenome was longer than S15 and had a lower AT content (first codon position) than
those in S15, AT percentage played a vital role to indicate how far the two closely related species were.
Because the GC pairs have three hydrogen bonds and the AT pairs only have two, the low AT content
was more stable than the high AT concentration. Hence, a structure with a high AT composition was less
stable and might have a stronger evolutionary adaptation. Regarding mitochondrial DNA variations and
evolutionary adaptation, the decreasing of AT content might be a significant adaptive trait [42].
Phylogenetic, phylogeographic, and evolutionary research frequently involved mitochondrial genes
[43,44]. Constructed trees from complete mitogenomes got the best phylogenetic branch supports with
the strongest taxonomic resolution [44]. Evolutionary among the two samples were portrayed through
phylogenetic analysis.

In this study, the monophyly for the former Australian group and polyphyly for the newly established
Indian group were well supported through Maximum Likelihood tree. Lates calcarifer were parted into
two parts where K4 was excluded from the Australian lineage although it was the same species. The
previous study on COI also depicted the same phylogenetic tree which indicated that these newly
published mitogenome sequences could help in resolving some of the evolution issues. The partition of
all phylogenetic trees into two clades were supported by the Pairwise Genetic distance that show big
differences between the nucleotide in third position. Even samples between Australia and Southeast
Asia got some differences when compared using deeper mechanisms such as analysis of B-related
fragments [45], re- sequenced genomes [46] and SNP analysis [47]. It was common to find the truncated
stop codon in metazoans’ mitochondrial gene where mitochondrial gene translation or transcription was
not affected due to the possibility that post-transcriptional polyadenylation produces the entire stop codon
[48]. Incomplete termination codons would also occur during RNA processing when poly A tail was added
[49].

The RSCU value of most amino acids in both species were not equal to one, implying that the usage of
each amino acid had varying degrees of bias. The gene function in Latidae family might share similar
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traits as the RSCU values in both samples were almost the same. Codon usage bias in the mitochondrial
genomes of various species was significant, and it might predict the gene’s function when distinct
selection was pressured onto each gene [50]. Quantity of NNA and NNC were displayed more which
correspond to the preference towards A and C at the third nucleotide position. Codon bias was influenced
by natural selection, genetic drift, and mutation pressure. In addition, codon bias also influenced GC
contents at the third codon position, gene expression levels and gene length. In animals, high content of
either A + T or G + C was the primary evolutionary force, and third codon position would be easier to
methylate and caused mutations when the GC content was high [51]. The gene overlap that was found
in the same area might indicate recent common ancestry and a pattern that was specific to a particular
taxon [52]. Mitochondrial genome compact could occur due to the gene overlap and genome info often
passed down to offspring by the smaller mitochondrial [53]. But genome size variation selection always
involved the adaptation ability to the new location [54]. The Lates sp. (K4 and S15) showed similar
overlapping zones, suggesting they might have a unique defense mechanism against the environment
[55].

Conclusions

In conclusion, sequencing mitogenome research gave a wider information and picture about the
bifurcation of Lafes resources in Malaysia. The mitogenome length of Lates sp. (K4) was longer
compared to other Lafes sp. mainly due to variations in the D-loop region Upcoming research on L.
calcarifer should also include the specimens from Sabah and Sarawak as well as samples solely from
Indian/Myanmar to have a better comparation with our specimens. Other than that, hypervariable
markers, either microsatellites or single nucleotide polymorphisms (SNPs) should be applied for the
better findings at the broader geographical region.
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