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DNA Barcoding of Lates calcarifer (Bloch, 1970)
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Abstract: An effort to assess the utility of 650 bp Cytochrome oxidase subumt I (DNA barcode) gene in
delineating the members closely resembled marine fin fishes belonging to the family Latidae was made. To
address the issue, all 40 barcode sequences of fishes belonging to Latidae family available at NCBI (National
Centre for Biotechnological Information) along with the barcode data generated from commonly available fish
Asian sea bass (Lafes calcarifer) from Parangipettai coastal waters was used. The average GC content of
selected three fishes belongs to Latidae was found to be 48.87%. Lates niloticus from Tanzanian waters showed
less GC content (47.70%) whereas L. calcarifer from South China sea showed high GC content (49.61%) among
the Latidae species studied. Compare to Australian, Indian and Singapore (48.1-48.89%) water L. calcarifer,
Myanmar and South China species shows high average GC content (49.38-49.41%). The phylogenetic and
genetic distance data showed that the maximum genetic distance 1s present m 3rd codon position 1n all the
selected species. Tt is apparent from the genetic distance that the GD between L. calcarifer and L. niloticus was
observed to be higher than the GD between P. waigiensis and L. riloticus in all the codon positions. The
expected clustering of the species mn separate mternal branches was well observed m the constructed
phylogram with high bootstraps. We conclude that COI sequencing (barcoding) mn identifying the
morphologically similar species of the family Latidae.
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INTRODUCTION

About 31800 species of fin fishes have been
identified from the aquatic environments which constitute
=50% of all vertebrate species. The usefulness of DNA
level polymorphism as a tool in fisheries science has been
recogmzed for some time (Hallerman and Beckmann, 1988).
It has long been recogmized that DNA sequencing
technology can be used to identify organisms up to the
species (Tautz et al., 2002, 2003). DNA sequence analysis
has been used for 30 years to assist species identification
but different loci have been used for different taxonomic
groups and 1n different laboratories. It was proposed that
a single gene sequence would be sufficient to differentiate
all or at least the vast majority of animal species and
proposed the use of the mitochondrial DNA gene
cytochrome oxidase subumt I (coxI) as a global bio
identification system for animals (Hebert et al, 2003).
Empirical support for the barcoding concept ranges from
studies of invertebrates (e.g., spring tails and butterflies)
to birds (Hebert ef al., 2004a, b; Hogg and Hebert, 2004).
However, the approach is not without controversy
(Lipscomb et al., 2003; Moritz and Cicero, 2004). For the

barcoding approach to species identification to succeed
within species DNA sequence need to be more similar to
one another than to the different species. In fact, the
hybridization among species would create taxonomic
uncertainty and since, mitochondrial DNA 13 maternally
inherited any hybrid would have the maternal species
DNA only.

Lates calcarifer, one of the mine Lates species of the
family Latidae 1s widely distributed in the coastal and
freshwater of the tropical Indo-West pacific waters
(Nelson, 1994; Berra, 2001). Lates calcarifer (Order:
Perciformes; Family: Latidae), a diadromous fish is found
1n coastal waters, estuaries and lagoons in clear to turbid
waters of eastern edge of the Indo-West pacific region
from the Arabian gulf to China, Taiwan province of China,
Papua New Guinea and Northern Australia usually
occurring at the depth of 10-40 m. A very popular fish
with considerable economic importance is presently used
for aquaculture in India, Thailand, Indonesia and
Australia. This fish i1s becoming an important farmed
marine food fish species with global annual production of
nearly 400,000 metric ton according to Food and
Agriculture Organization of the United Nations statistics.
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They reach 1500-3000 g in one year in ponds under
optimum conditions. Tt is more commonly confused with
Psammoperca waigiensis in 1dentification due to many
overlapping morphological characters in both the fishes.
Accurate and unambiguous identification of fish and fish
products from eggs to adults is important in many areas.
A wide variety of methods meluding protein, DNA based
methods have been used for the generic identification of
fishes (Sotelo et al., 2001).

L. calcarifer consists of smallest genome (~700 Mb)
among marine food fish species (Wang ef af., 2007). Loss
of genetic diversity due to hatchery culture practice in
barramundi, L. calcarifer was also reported recently
(Frost et al., 2007). Chenowith et al. (1998) extensively
studied the effect of environment changes on the mtDNA
geneology and geography of L. calcarifer was evident. In
the present study, the efficiency of mitochondrial gene,
coxl in delineating closely resembling species belonging
to the family Latidae has been examined in addition to the
presence of geographical signals.

MATERIALS AND METHODS

Sampling, DNA extraction, amplification and
sequencing: Lates calcarifer from Parangipettai coastal
waters was colleted alive and transported to the
laboratory where the right side of the fish was
photographed and a cube of lateral muscle (5-7 mm) from
left side of the fish was exercised for DNA isolation. The
fish was preserved in 95% ethanol. Salting out protocol
was adopted for precise and quick DNA 1solation from the
fish tissue (Miller ef al., 1988).

The tissue was placed in 1.5 mL eppendorf tube and
500 pL of solution I (50 mM Tris-HCl pH 8, 20 mM EDTA
pHR and 2% SDS) was added. The tissue was
homogemzed with sterile homogenizer and 5 uL of
Proteinase K (20 mg mL.™") was added and quick vortexed.
The sample was incubated at 55°C in water bath for
2 h with occasional mixing. Followmg mcubation, the
sample was chilled over ice for 10 min and 250 pL of
solution TT (6M NaCl) was added and inverted several
times for thorough mixing.

The tube was chilled on ice for 5 min and centrifuged
at 8000 rpm for 15 min. About 500 pL of supernatant was
carefully collected in to new labeled 1.5 mI. tube and twice
the volume (i.e., 1 mL) of 100% AR grade ethanol was
added to precipitate the DNA. The precipitate was pellet
down at 8000 rpm for 5 min and the supernatant was
removed without touching the pellet. The DNA pellet was
rinsed with 500 pl. of cold ethanol and centrifuged at
11000 rpm for 5 mm. The supernatant was carefully
removed and the excess liquid was drained using pipette.
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The pellet was partially dried (devoid of ethanol)
with lid off at 35°C on heating block. The pellet was
re-suspended with 50-200 pL of fresh sterile H,0O
depending on size of pellet (100 pL. average) by gently
pipetting sample with wide-bore filter tip until dissolved.
This dissolved DNA acted as a template for Polymerase
Cham Reaction (PCR). The fragment of COI was amplified
by GeneAmp PCR system 9700. PCR was carried out in 25
pL volumes (2.5 pl. of 10X PCR buffer, 1.5 pl. of
MgClL 2mM uL ™)1 pl of DNA template, 1 pl. of each
primer (10 pmoles uL ™), 2 dNTPs (1 mM pL ™, 10 Uof 1
pL of Taq polymerase (Bioserve Biotechnologies Pvt.,
Ltd., Hyderabad, India) and 15 pL of sterile Mill Q water).

Fish F1 [5- TCAACCAACCACAAAGACATTGGC
AC-3]and FishR1 [5’-TAGACTTCTGGGTGGCCAAAGA
ATCA-3"] primers were employed for COI amplification.
The thermocyclic conditions for PCR included the initial
denaturation at 94°C for 1 min, 5 cycles of 94°C for 30 sec,
amealing at 45°C for 40 sec and extension at 72°C for
1 min with a final extension at 72°C for 10 min followed by
indefinite hold at 4°C.

Following PCR, about 10 ul. of PCR product with 2 ul.
of bromoe thymol blue were added to 2% agarose gel,
prepared with 2.5 pl of 1% etludium bromide and
electrophorized at 90 V until the dye moved for 6 cm in the
gel. The gel was moved to gel doc system for viewing the
amplicons with the aid of UV trans-illuminator.
Sequencing PCR was carried out using dye terminator mix
(v3.1) and quantified in Furo bio-agarose gel. The samples
were loaded onto MegaBace sequencer at Bioserve
Biotechnologies, Pvt. Ltd. Hyderabad, India.

Sequence data anmalysis: The electrophenerogram
generated by automated DNA sequencer was read by
Chromas Pro (v1.42) and the sequences were carefully
checked for mis-calls and base spacing. About 31 barcode
sequences of Lates calcarifer, 5 sequences of
Psammoperca waigiensis and same number of sequences
of Lates niloticus were extracted via FASTA format from
NCBL

ClustalX 2.0.6 was used to align the nucleotide
sequences (Thomson, 1997). The GC content of all
41 barcodes was estimated by BioEdit sequence alignment
editor (Hall, 1999). MEGA 4.1 B 3 was used to construct
phylogenetic trees via Neighbourhood joining method
using Kimura 2 parameter and to calculate genetic
distance of the given set of sequences mn each codon
position.

Barcode sequence of Terapon jarbua (FI384681)
sampled from Parangipettai coastal waters was used as
an out group m Phylogenetic tree construction
(Tamura et al., 2007).
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RESULTS AND DISCUSSION

Sequence features: Totally 41 sequences (collected from
NCBI) of Lates calcarifer, Psammoperca waigiensis and
L. niloticus belonging to the family Latidae (Table 1)
distributed from Tanzania to Northern Australian waters
were collected from NCBL

These along with the barcode data of L. calcarifer
(540 bp) generated from this process were considered for
the analysis (Fig. 1). Simultaneously, GC content in the

barcode region (5 cytochrome oxidase C subunit I) of

the selected fishes was noted. It ranged between 47.7 and
49.61%.

The maximum GC content was observed in fishes
collected from the South China sea and minimum among
the fishes of Tanzanian waters. The average GC content
of Lates calcarifer, Psammoperca waigiensis and
L.niloticus was 49.18, 48.03 and 47.70%, respectively. The
GC content of Lates calcarifer from South China sea and
Myanmar was found to be higher (49.41 and 49.38%,
respectively) than the same species from other waters

Table 1: Sequences of Lates calcarifer, Psammoperca waigiensis and L.
niloticus from different countries used in the present study

No. of Sequence
Species Countries sequences used length
Lates calcarifer South China 16 654
Myanmar 5 657
India 1 540
Australia 9 612
Singapore 1 1503
Psammoperca waigiensis India 5 657
Lates miloticus Tanzama 5 654
Terapon jarbua India 1 516

(Out group)

(Australia, India and Singapore). The average GC content
of selected fishes was found to be 48.87%.

Phylogenetic analysis: A phylogenetic tree was
constructed to verify the efficiency of coxI gene in
delineating closely related species. Barcode sequence of
Terapon jarbua from Parangipettai coastal waters was
used as an out group and this has been clearly
distinguished as an out group in the phylogenetic tree
(Fig. 2). The constructed phylogram showed two distinct
Clads (A and B).

Genetic distance: The genetic distance within and
between the species and genera of family Latidae was
calculated using pair-wise distance analysis via Kimura
2 parameter (Table 2). The intra species genetic distance
within the members of L. calcarifer in 1-3rd codon
position was found to be very low (0.01, 0.018, 0.082,
respectively). The intra species variation of genus
P.waigiensis in 1-3rd codon position was found to be
negligible (0, 0.0040, respectively). The genetic distance
within the genus Laftes was found to be higher than
between the same species.

L. calearifer from South China sea showed more
genetic relatedness with the same species from Singapore
and Australia as these sequences were in Clad A. In the
second internal, branch of Clad A, L. calcarifer (FI384689
or IOBML45) from Parangipettai water showed more
genetic relatedness with same species of Myanmar waters
as these areas are present in the Indian ocean basin. That
way Clad A showed significant phylogeographical cues.
Clad B consisting of the members of P. waigiensis and

Fig. 1: Map showing the different geographical region around the world for which the barcode data are available in NCBI.
The sequences in the database were largely contributed by countries like China, Australia and Myanmar
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E 595182 L calcarfer South Chima Sea
EUS251282 L calcanfer South Chima Sea
E 595178 L calcarfer South Chima Sea
FJ238000 L calcarifer South China Sea
E 595180 L calcarfer South Chima Sea
E 595179 L calcarfer South Chima Sea
FJ238005 L calcarifer South China Sea
FJ238002 L calcarifer South China Sea

5 |F 1238001 L calcarifer South China Sea

E 595184 L calcarfer South Chima Sea
F J238004 L calcarifer South China Sea
E 595185 L calcarfer South Chima Sea
F 237999 | calcarifer South China Sea
M 007439 Lcalcanfer Singapore
FJ238002 | calcarifer South China Sea
E 595186 L calcarfer South China Sea
E 505181 L calcarfer South Chima Sea
D2108027 L .calcanfer Australia
D108 2 L calcarifer Australia
02108026 L .calcanfer Australia

ELUM 20376 L. calcarifer Australia

EIM 23378 L. calcanter Australia
D081 4 L calcarifer Australia

100

19

ELUM 29277 L calcarifer Australia
D108 3 L calcarifer Australia
ELN20270 | cal carifer Australia

EFG08381 L.calcarifer M yanm a
EFG08379 L .calecarifer M yanm
EFE023282 L .calcarifer M yanm a
4 F 324689 L.cacarfer India
EF@02380 L .cdcari®er Myanmar
&8 |EF G837 L.cdcanfr Myanmar

72 FJ2575758 P waigiensis India

21 IFJ23757T P waigiensis India

2HFU237ETE P e giensis India
100 |F 1237574 P veigiensis India

FJ237576 P .weigensis India

D1 08016 Loniloticus Tanzania
DM 028019 Loniloticus Tanzania
D108017 Lniloticus Tanzania
D1 02012 Lniloticus Tanzania
Da108015 Loniloticus Tanzania

FJ384681 Cutgroup Tjarbs

0os

Clad A

Clad B

Fig. 2: Kimura 2 parameter distance neighbour joining tree of 42 barcode sequences from 3 species belonging to family
Latidae. COT sequence of Terapon jarbua collected from Parangipettai coastal waters was used as an out group.
Specimen number denote the accession number of NCBI database and L. calearifer India* represents the
specimens collected from Parangipettai coastal waters and the barcode sequences submitted at Barcode of Life

Database (BOLD, www barcodinglife.org)

Table 2:  Awerage generic variations encoded in COI of selected fishes in
different codon positions

Lates Psammoperca Lates
Species calcarifer wdigiensis Hiloticus
Les calearifer
(1st +2nd +3rd +Non coding ) 0.034 0.244 0.210
(1st codon position) 0.010 0.096 0.091
(2nd codon position) 0.018 0.051 0.041
(3rd codon position) 0.082 0.916 0.707

L. niloticus. P. waigiensis (from India) showed close
relatedness with L. calcarifer from India and Myanmar.
This 1s probably due to the recent divergence of
P. waigiensis from L. calcarifer. L. niloticus showed
distant relatedness with L. calearifer since, it was from

West African Tanzanian coast. Species from different
geographical locations occupied distinet  internal
branches n the phylogram and ultimately formed 2
distinet clads clearly showing the phylogeographical
signals. The observed pattern in hologram mirrors that
obtained by Hebert ez al. (2003) using 1520 base pairs of
data from portions of various mitochondrial genes. The
higher bootstrap values in all the interior branches of the
phylogram mdicated the efficiency of coxl gene in
delineating closely related fishes from the same family The
negligible mtra species variation of genus P. waigiensis
in 1-3rd codon position might be due to very limited
haplotype diversity existing within the species since all
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the species of P. waigiensis used in this analysis was
from the same geographical area in the Indian waters. The
same thing was observed in L. niloticus where the genetic
distance 1n all the codon position was the same (0.000).
This clearly explamed that on a regional scale, genetic
variation at COlL was low for the selected taxa.

Similar, findings were also observed in Australian
and South African fish population (Ward ef af., 2005).
Tt was observed that the genetic distance between
L. calcarifer and L. niloticus in 1-3rd codon position was
0.091, 0.041 and 0.707, respectively. The genetic distance
between L. calcarifer and P. waigiensis in 1-3rd codon
position was observed to be 0.096, 0.051 and 0.916,
respectively. That way, it was quite clear that within
species, DNA sequence was more similar to one another
than to the different species (Zemlak et al., 2009).

It was also observed that the genetic distance
between P. waigiensis and L. niloticus in 1-3rd codon
position was 0.067, 0.049 and 0.662, respectively which is
comparatively lower than the genetic distance between
L. calecarifer and L. niloticus. So, there are more
possibilities that P. waigiensis emerged from L. niloticus
than from L. calcarifer. This exact ancestry can be further
confirmed by constructing the phylogram with all the 17
representatives of Latidae family.

The low genetic divergences between L. calcarifer
from Indian and Myanmar water would reflect gene flow
mediated through short distance dispersal events and this
hypothesis could be validated through studies along the
coastal arc connecting these two geographical areas.
Similar results with other inshore/offshore overlooked
marine fishes were observed {rom Australia and South
African coast (Simmons ef al., 2006). None of the selected
species showed markedly deeper COT variation above the
divergence threshold value (3.5%). This metric was based
on the recommendation by Hebert et al. (2004b) that an
appropriate screening threshold for flagging provisional
species 13 10X that of the average mtra species variation
for a focus group.

Since, this study was conducted using only three
different species of Latidae family, further study 1s needed
to find the minimum and conservative genetic divergence
threshold value of fishes belonging to Latidae family.
Another interesting observation made from the genetic
distance calculation was higher genetic distance in 3rd
codon position than its corresponding 1st and 2nd codon
positions.

Similar observation was made by Ward et al. (2005)
while barcoding of fishes from Awustralian waters.
Simmoens et al (2006) also observed that greater
phylogenetic signal is often found in parsimony based
analyses of 3rd codon positions of protein coding genes
relative to their corresponding first and second codon
positions even for early-derived basal clads.
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CONCLUSION

The COI sequence in the phylogram constructed
clearly clustered the selected species m individual group,
proving the efficacy of COI gene in delineating the
members of Ladidae to their species level. Hence, we
conclude that COI sequence (DNA barcode) could be
potentially used to identify the individual members of
family Ladidae. Intra species genetic variations of species
from same geographical area will be low compared to the
inter species genetic distance. We could also conclude
that the greater phylogenetic signal 1s often found m 3rd
codon position relative to their corresponding first and
second codon positions as reported by previous studies
(Ward et al., 2005; Zemlak et al., 2009, Simmons ef al.,
2006).
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