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Abstract

This study aimed to investigate the quantitative
relationships between four fish species from three genera
based on molecular analyses (barcoding) of nine species
from five genera utilizing the mitochondrial COI gene.
Species within the same genus showed more transitional
incompatibilities than transversional mismatches.
The samples were divided into four main groups by
a phylogenetic tree built from the sequencing data
(cytochrome COI) of samples from the two populations
using the neighbour-joining method. As dissimilar species
were clustered under separate nodes and similar species
were clustered under the same nodes, the neighbour-
joining tree revealed various clusters corresponding to
the taxonomic status of the species. In conclusion, the
mitochondrial CO1 gene is a useful molecular marker for
DNA barcoding.
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Introduction

Fish is high in protein and micro- and macronutrient supplements,
as well as vitamins A, B, and D. Omega-3 fatty acids, which are vital
for the body and brain, are also abundant in it [1]. Fish are among the
healthiest foods on the earth and are consumed in a broad variety
due to their contribution to fitness and well-being [2]. In addition to
being consumed as food, fish is becoming more and more popular as
feed. [3].

Among the fishes in India, our study focuses on 9 species of fishes
belonging to 5 genera: Etroplus suratensis, Etroplus maculatus,
Nematalosa nausus, Sardinella longiceps Thunnus albacares, Auxis
rochei, Oreochromis niloticus, Oreochromis urolepis, and Oreochromis
mossambicus. Etroplus is the state fish of Kerala [4]. The largest
of the native cichlids is the Etroplus suratensis, often known as the
Banded Pearl spot. It is a euryhaline fish that is typically found in
riverine estuaries, coastal lagoons, and both natural and artificial
freshwater environments in peninsular India, mostly in Kerala and Sri
Lanka. [4] [5]. Orange chromide, or E. maculatus, is found in Kerala’s
backwaters. Kerala’s main fish, sardine, is much sought-after for the
state’s seafood food security and is said to be an inexpensive treat
that Keralites can add to their diets to increase their protein intake
[6]. One of the most significant and economically significant fisheries
on India’s west coast is the oil sardine, or Sardinella longiceps [7].
Nematalosa nausus is found in fresh, brackish, and marine along
Mumbai, Karnataka, and Kerala coasts [8]. Auxis rochei, known
as Bullet tuna, is found exclusively in tropical oceans, including the
Mediterranean Sea, and can grow up to 50cm [9]. Thunnus albacares
known as yellowfin tuna is a near-threatened, highly migratory
species, seen except in the Mediterranean [10]. Oreochromis species
(Oreochromis mossambicus (Tilapia), Oreochromis niloticus (Nile tilapia,
cultured since 2012) Oreochromis urolepis (Wami tilapia) are used in
aquaculture wherein utilizes their high adaptability, fecundity and
ability to attain enormous size in a short time to culture and feed the
rising population [11].

Numerous techniques exist for identifying species. Since fish are
thoughttobemore phenotypically variable than most other vertebrates
and have comparatively larger within-population coefficients of

134



Menon et al. DNA Barcoding of Fish Fauna Using Mitochondrial CO1 Gene

variation of phenotypic traits, identification by morphometric
measurement is frequently inconsistent [12]. In this work, an attempt
was made to identify these fish species using molecular taxonomy
since it seems to be the most effective tool for species identification
and has advantages over other taxonomy methods [9]. The portion of
the mitochondrial COI gene that is utilized as a "species barcode" is
excellentand has a high degree of species identification efficiency [13].
Thus, this tool is employed for quick commercial analysis, particularly
species confirmation [14]. Following the molecular taxonomy-based
identification of species, the evolutionary relationship between
organisms can be evaluated by the construction of a phylogenetic tree
[14]. The importance of understanding the phylogenetic relationship
existing within and between species in a population cannot be
overemphasized as it has become a handy method used in tracing
the origin and evolution of species from the sequences obtained from
organisms [15].

Materials and Methods

Fish Collection and Identification

9 fish were collected from fish markets in and around Kozhikode
district. A preliminary analysis of species of Etroplus, Sardinella,
Nematalosa, Thunnus, Auxis, and Oreochromis was done with the help
of fishermen and based on their taxonomic features such as length,
width, the structure of the body, the color of the body, fin structure,
etc, their morphological appearances were deeply studied.

Molecular Analysis

DNA Isolation, Amplification, Electrophoresis, And Gel
Elution

Total genomic DNA was extracted using a genomic DNA extraction
kit following the manufacturer’s protocol using 25 mg abdominal
muscle tissue from samples

The section of the mitochondrial DNA genome from the COI gene
was amplified using the following primers;

Forward primer, F1:5' TCAACCAACCACAAAGACATTGGCAC 3
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Reverse primer, R1:5 TAGACTTCTGGGTGGCCAAAGAATCA 3
The DNA samples were subjected to the PCR reaction.

The PCR product was confirmed by Agarose gel electrophoresis using
a 1.5% gel prepared in 1X TAE buffer and visualization of the bands
was observed under a UV trans-illuminator. The size of the product
can be estimated with the help of a 1kb base pair DNA ladder. Gel
elution is performed and stored the purified DNA at -20°C.

Amplification

Using the forward primer 5’3" and the reverse primer 5’3", the COI
gene-containing region of the mitochondrial DNA genome was
amplified. In a PCR tube, 25uL of Emerald Amp GT Master mix
(Takara), 2pL of COI forward and reverse primer, 20pL sterile water,
and 1pL DNA sample (50ng/ml) were combined to create a 50pl
reaction mixture under cold conditions. The PCR reaction was applied
to the DNA samples. There was a five-minute initial denaturation at
95°C, and then 35 cycles of denaturation at 95°C for ten seconds each.
The cycle was finished with primer annealing at 54°C for 45 seconds,
primer extension at 72°C for 45 seconds, and final elongation at 72°C
for three minutes. The temperature was maintained at 4°C.

Sequencing of the Gene, Analysis, and Construction of
Phylogenetic Tree

Sequences of the sample were done at using COI gene-specific
forward and reverse primers of fish. The ends of COI gene sequences
were trimmed and multiple sequence alignment is done using
MEGA 10 (Molecular Evolutionary Genetic Analysis) software. The
sequence was analyzed using the BLAST Bioinformatics tool for
comparing species. The sequences are applied to Mega 10 (Molecular
Evolutionary Genetic Analysis) software by trimming the ends for the
construction of a phylogenetic tree by the neighbour-joining method.

Results and Discussion

The present study was undertaken with 9 different species of 6 genera
of fishes (Fig 1)
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Fig 1- Morphological appearances of 9 different species of fishes

Table 1- Scientific nomenclature of the above-mentioned 9 different
species of fishes

1. Etroplus suratensis 2. Etroplus maculatus  |3. Nematalosa nausus
4. Sardinella longiceps 5. Thunnus albacares 6. Auxis rochei
7. Oreochromis niloticus |8. Oreochromis urolepis |9. Oreochromis mossambicus

Molecular Analysis

To verify the species identity, the sequences from the current
investigation were matched using BLAST to sequences published in
publicly accessible databases like GenBank. Table 2 lists the GenBank
Accession numbers for the COI sequences of the investigated species.

Table 2: Accession numbers for the CO1 sequences of samples

Denoted by | GenBank Accession number
Etroplus suratensis D3 MG923359
Etroplus maculatus D4 AP009505
Sardinella longiceps D1 MG251979
Thunnus albacares T4 KT719291
Auxis rochei T5 MH638691
Oreocliromis niloticus T1 LC487084
Oreochromis urolepis T2 MF509598
Oreochromis mossambicus T3 MK210574

The pairwise BLAST alignment of D3 Etroplus suratensis COl sequences
and with D4 Etroplus maculatus sequence shows 83 mismatches
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which include 53 transitions and 30 transversions present. The
pairwise BLAST alignment of D1 Sardinella longiceps CO I sequences
and with D2 Nematalosa nausus sequence shows dissimilarities
and there are 99 mismatches. There are 59 transitions and 40
transversions found among those mismatches. The pairwise
BLAST alignment of Thunnus albacores and Auxis rochei COlI sequences
shows 54 mismatches and include 35 Transition mismatches and 18
transversion mismatches. Sequences between T1 Oreochromis niloticus
COI sequences with T2 Oreochromis urolepis COI sequence gave 33
mismatches including 29 transitions and 4 transversions. Sequences
between T1 Oreochromis niloticus COI sequences with T3 Oreochromis
mossambicus COl sequence gave 31 mismatches and within them, there
were 25 Transitions and 6 transversions. The sequence between T2
Oreochromis urolepis COI sequences with T3 Oreochromis mossambicus
COI sequence had 25 mismatches and out of them 21 were transition
and 4 were transversion. So this pairwise alignment shows the
molecular discrimination of different species based on the COI gene.

Sequence Analysis

The amplified DNA was eluted using Gene JET elution kitand checked
using Agarose gel electrophoresis. The eluted DNA along with its
specific primers was send to SciGenome, Kakkanad for sequencing,.
The sequenced sample was then edited using MEGA 10 (Molecular
Evolutionary Genetic Analysis) software. The aligned sequence was
submitted to BLAST in order to authenticate the similar sequences in
the database.

CTTGAGEGG ATAG AGGHCT GCACTAAGOCT COTAAT TCOGGCAGAACT AAGC CAGOC COGC TCTCT TCTOGGHG L GACCAA TCT AT AAT GTAAT T GT TACAGCACATGC TTTCGT A
10 a 20 “ 0 & 7 ] e 100 10 120

Iy »;,mv‘»‘A-L-AAv..«_;.ﬁt-;v R L

AACATGAGCTTTTGACTT CTCOOCCOCTCATTICTTCTTCT
2 240 2% 260

AT TT T T TTATAGTAT ACCAAT TATG AT TGGAGAC TT TGG AL TGACTAGTACCCC TCATG ATTGGT GLACCAGACAT GGOCT TOOCT CGAAT:
130 - 1% 160 1 150 150 200 20 2

AT CACAACCATT AT TAACATGAAACOCCC TGCCATC TCOCAATATCAL
rr 4%

Fig.2- The chromatogram of CO1 forward sequence of T1 Oreochromis
niloticus
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>T1_Forward_23024-1_P3205, Trimmed Sequence (643 bp)
TGAGCCGGATAGTAGGAACTGCACTAAGCCTCCTAATTCGGGCAGAACTAAGCCAGCCCG
GCTCTCTTCTCGGAGACGACCAAATCTATAATGTAATTGTTACAGCACATGCTTTCGTAA
TAATTTTCTTTATAGTAATACCAATTATGATTGGAGGCTTTGGAAACTGACTAGTACCCC
TCATGATTGGTGCACCAGACATGGCCTTCCCTCGAATAAATAACATGAGCTTTTGACTTC
TCCCCCCCTCATTTCTTCTTCTTCTCGCCTCATCTGGAGTCGAAGCAGGTGCCGGCACAG
GATGGACTGTTTATCCCCCGCTCGCAGGCAATCTTGCCCACGCTGGACCTTCTGTTGACT
TAACCATCTTCTCCCTCCACTTGGCCGGAGTGTCATCTATTTTAGGTGCAATTAATTTTA
TCACAACCATTATTAACATGAAACCCCCTGCCATCTCCCAATATCAAACACCCCTATTIG
TGTGATCCGTCCTAATTACCGCAGTACTACTCCTTCTATCCCTGCCCGTTCTTGCCGCCG
GCATCACAATACTTCTAACAGACCGAAACCTAAACACAACCTTCTTTGACCCTGCCGGAG
GAGGAGACCCCATCCTATACCAACACTTATICTGATICTICGG

Fig.3 - Consensus sequence of CO1 forward sequence of T1 Oreochromis

niloticus
LC487084.1:27-669 Oreochromis Onils ial COIl gene for cytochrome c oxidase subunit 1, partial cds
sequence ID: Query_12689 Length: 643 Number of Matches: 1

Range 1: 1 to 643 Graghics

Score Expect  Identities Gaps Strand
1188 bits(643) 0.0 643/643(100%) 0/643(0%) Plus/Plus
Query 1 GAGCCGGATAGTAGGAACTGCACTAAGCCTCCTA GCAGAACTAAGCCAGCCCG 6@
IIIIIIIIIlIIIIIIIIIIIIIlIIIIIIIIllIIIlIlIIIIIIIIII[IIIIIHII
sbjct 1 GAGCCGGATAGTAGGAACTGCACTAAGCCTCCTAATTCGGGCAGAACTAAGCCAGCCCG 60
Query 61  GCTCTCTTCTCGGAGACGACCAAATCTATAATGTAATTGTTACAGCACATGCTTTCGTAA 120
x IIIIIIIIIlIlIIHIIIlIIIlIII!IIII!lllllllIIIIIlIIIIIHIIIHII
sbjct 61  GCTCTCTTCTCGGAGACGACC AATGTAATTGTTACAGCACATGCTTTCGTAA 120
Query 121 TAATTTTCTTTATAGTAATACCAATTATGATT TTGGAAACTGACTAGTACCCC 180
. I1IlIIIIIIIIIIlIIIllIIIIIIIlIIIIlIlIIllIIIIIIIIIIIlIIIII[III
sbjct 121 TAATTTTCTTTATAGTAATACCAATTATGA ARACTGACTAGTACCCC  13@
Query 181 TCATGATTGGTGCACCAGACATGGCCTTCCCTCGAA ATGAGCTTTTGACTTC 240
x IIIIIlIIIIIIIIIIIIIIIIIIIIIlIIIIlIII[llIIIIIIIIIlIIIIIIIlIII
Sbjct 181 TCATGATTGETGCACCAGACATGGCCTTCCCTCGAA AACATGAGCTTTTGACTTC 24@
Query 241 TccccccCTCATTTCTTCTTCTTCTCGCCTCATCTGGAGT cenacm‘rsccesca 200

LECCRLERLELLEELCERLEEL R R EEntiintll IIIIIlIIIHII
GTGCCGGCAC

Sbjct 241 TCCCCCCCTCATTTCTTCTTCTTCTCGCCTCATCTGGAGT CGAAGCAG 300

Query 301 GATGGACTGTTTATCCCCCGCTCGCAGGCAATCTTGCCCACGCTGGACCTTCTGTTGACT 360
LECLCEELLELELL R PR EELECEL R LR L EELE LR TR EENEei

sbjct 3e1 GAGGALTGYYTAYCCCCCGCYCGCAGGCAATCTTG(CCACG(YGGACCTTCTGTTG CT 360

Query 361 A—\(CA’!CTTCTCC(TCCACTTGGCCGGAGTGTCAT(TATTTTAGGTGCAAT\I'[1IHI[ 420

LCCLELECEEEREEEERCEE LR E R EEERE R e iill
sbjct 361 TAACCATCTTCTCCCTCCACTTGGCCGGAGTGTCATCTATTTTAGGTGCAATTAATTTTA 420

Query 421 ACAACCATTATTAACATGAAACCCCCTGCCATCTCCCAATATCAAACACCCCTATTTG 480

C
LEELCRLEEECEL R LR LR LR EEE L R EEELRER il
sbjct 421 TCACAACCATTATTAACATGAAACCCCCTGCCATCTCCCAATATCARACACCCCTATTTG  4ge

Query 481 TGTGATCCGTCCTAATTACCGCAGTACTACTCCTTCTATCCCTGCCCGTTCTTGCCGCCG 540
. LECLCERLEEREEL R ELEEE L R L R EEEEEEECEE R LRLTLinl
sbjct 481 TGTGATCCGTCCTAATTACCGCAGTACTACTCCTTCTATCCCTGCCCGTTCTTGCCGECG 4@

Query 541 GCATCACAATACTTCTAACAGA AAACACAACCTTCTTTGACCCTGCCGGAG 600

s IIIIIlIII!IIIIIII|IlIlIlllI!IIIIIlllIIIIIIIIIIIIIIIIEIIIIIII
sbjct 541 GCATCACAATACTTCTAACA AACCTTCTTTGACCCTGCCGGAG 600
Query 681 GAGGAGACCCCATCCTATACCAACACTTATTCTGATTCTTCGG 643

2 DELLLLCLCELEL R EEELELE LR LR L EELTELT]
sbict 61 GAGGAGACCCCATCCTATACCAACACTTATTCTGATTCTTCGE 643

Fig.4- BLAST alignment of Oreochromis niloticus with database sequences
LC487084
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AGAT TTATAIT GTAATTGT TTCG
] 100 1

AT ACTTCTAACAGAT CGCACCT AAACACAACCT TCTT 066 GG GGG TTACCAACACTTATTCTGAT TCTTCGG
550 36 0 380 3% 20 60 )

Fig.5- The chromatogram of COI forward sequence of T2 Oreochromis
urolepis

>T2_Forward_23024-4_P3205, Trimmed Sequence (645 bp)

GCTTGAGCCGGATAGTAGGAACCGCACTAAGCCTCCTAATTCGGGCAGAACTAAGCCAGC

CCGGCTCTCTCCTCGGAGACGACCAGATTITATAATGTAATTGTTACAGCACATGCTTTICG

TAATAATTTTCTTTATAGTAATACCAATTATAATTGGAGGTITTGGAAACTGACTAGTAC

CACTTATGATTGGTGCACCAGACATGGCCTTCCCTCGAATGAACAACATGAGTTITTTGAC

TCCTTCCCCCCTCATTTCTCCTCCTCCTCGCCTCATCCGGAGTCGAAGCAGGGGCCGGTA

CAGGATGAACTGTTTACCCCCCACTCGCAGGCAATCTCGCCCACGCTGGGCCTTCTGTTG

ACTTAACCATCTTTTCCCTCCACTTGGCCGGGGTGTCATCCATTTTAGGTGCAATTAATT

TTATCACAACCATTATTAACATAAAACCCCCTGCCATCTCTCAATATCAAACACCCCTAT

TTGTGTGATCCGTTCTAATTACCGCAGTGCTGCTCCTACTATCCCTGCCCGTTCTTGCCG

CCGGCATCACAATACTTCTAACAGATCGCAACCTAAACACAACCTTCTTTGACCCTGCCG

GAGGAGGAGACCCCATCCTTTACCAACACTTATICTGATTCTICG

Fig. 6- consensus sequence of COI sequence from T2 Oreochroniis urolepis

JeliRed0d

P
Sequence ID: Query_13537 Length: 646 Number of Matches: 1

Range 1: 1 to 646 Graphics

Saore & iGentites Gaps San
1186 bits(642) 0.0 £45/646(39%) 1/646(0%) Plus/Minus
Query 1 GCTTGAGCC (GCCTCCTAATTCGGACAGAAC: 59
LILILITTTL IIIllIIHIIHHII|I|||IIIIIIIIIIIIIIIIIHII|1II|
sbict 646 GCTTGAGCCGGHRTAGTAGGAACCGCACTAAGCCTCCTAATTCGGGCAGAACTARGECAG 587
Query 6o TCTTTC 119
I||[IIIIII1|III|[IIl!IIIIIIIIIIII!IllI|l|||l|||||1||||||l||l
sbjct 586 CCCGGCTCTCT TC 527
Query 120 GTAATAATTTTCTTTATAGTAATACCAA GACTAGTA 179
|IIlI|Il|IHIIIIllII!IHIIIII||I|1IIIIIIII|l|||||l||HI|lIIl
Sbjct 526 GTAATAATTTICTTTATAGTAATACCAATTATAATTGGAGGTTTTGGARACTGACTAGTA 467
Query 188 CCACTTATGATTGGTGCACCAGACATGGCCTTCCCTCGAATGAACARCATGAGTTTTTGA 239
“ LULTLCLEUELEEEELEEEELEEELEE LR TR TR T LT i
Sbjct 466 CCACTTATGAT TTTTGA 407
Query 240 cTCC 299
1 IllII!IIIIIlllllIIIIIIIIII|||IIIIIIIIIlIIIIIIIIIIIIIIII
sbjct 4e6 CrCCT 7
Query 3ee T TCTGTT 359
- IIHIIIIII!IIIIII ALLLEULLERCEEREE LR EEEEELELTLERLEEL L]
Sbjct 346 ACAGGATGAACTGTTTACCCCCCACTCGCAGGCAATCTCGCCCACGCTGGGCCTTCTGTT 287
Query 368 TCTTTTCCCTCCACT CATCCATTTTAGGTGCARTTAAT 419
I||HIHIIHIIIIIIIllIIIIIHI|I||1I|||I11|I[|I|I|l| L]
sbict 286 TCTTTTCCCTCCACT TTTAGGTGCAATTAAT 227
Query 420 TT TATTAACATAA 479
IIIHIIIIIIIIIIIIIII!II!IIIIIIIIHII)I|||III|I|I|!|I|||IIIII
sbict 226 TT TAA TATCAAACACC 167
Query 488 TTTGTGTGATCCGTTCTAATTACCGCAGTGCTGCTCCTACTATCCCTGCCCGTTCTTGEC 539
II| |IIIHIII|IIIHII1IHIIIIIHII)IIIIIIIII]IIIIIIIII!IH
sbjct 166 TTTGTGTGATCCGTTCTARTTACCGCAGTGCTGCTCCTACTATCCCTGCCCTICTTGEC 107
Query 540 GCCGGCAT( CCTTCTTTGACCCTGEC 599
s 111 l III[III]IIIII!I|||IH|I1||III|lIII|III|lI||1II|
sbjct 106 GCCGGCA SO U BI T HIRIL &
Query 660 GGAGGAGGAGACCCCATCCTTTACCAACACTTATTCTGATICTTCG 645
IIHIIHIIIIIIIIKIIIIII!IHIIIIIHII LI
sbict 46 TTACCAACACTTATICTGATTCTTCG 1

Fig. 7- BLAST alignment of Oreochromis urolepis
with database sequence of MF509598
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TOCTTGAGL GG A TAGTAGG AT GCAT TAAGCCT CCTAAT TCGGGCAG L CTAAGC CAGCCOGGC TCT CTOCTOGGAG OG- CCAG T TTAT AT GT AT TGT TACAGCACATGCTTTCG
10 20 » ® b 6 © 0 S0 100 110 120

Fig.8-The chromatogram of COI forward sequence of T3 Oreochromis
mossambicus

>T3_Forward_23024-6_P3205, Trimmed Sequence (646 bp)
GCTTGAGCCGGATAGTAGGAACTGCATTAAGCCTCCTAATTCGGGCAGAACTAAGCCAGC
CCGGCTCTCTCCTCGGAGACGACCAGATTTATAATGTAATTGTTACAGCACATGCTTTCG
TAATAATTTTCTTTATAGTAATGCCAATTATAATTGGAGGTTITTGGAAACTGACTAGTGC
CACTAATGATTGGTGCACCAGACATGGCCITCCCTCGAATAAATAACATGAGTTITITGAC
TCCTCCCCCCCTCATTTCTCCTTCTCCTCGCCTCATCCGGGGTCGAAGCAGGGGCCGGTA
CAGGATGGACTGTTTATCCCCCACTCGCAGGCAATCTCGCCCATGCTGGGCCTTCCGTTG
ACTTAACCATCTTCTCCCTCCACTTGGCCGGGGTGTCATCTATTTTAGGTGCAATTAATT
TTATTACAACCATTATTAACATAAAACCCCCTGCCATCTCCCAATATCAAACACCCCICT
TTGTATGATCCGTTCTAATTACCGCAGTACTACTCCTACTATCCCTACCCGTTCTTGCCG
CCGGCATCACAATACTTCTAACAGACCGAAACCTAAACACAACCTTCTTTGACCCTGCCG
GAGGAGGAGACCCCATCCTTTACCAACACTTATICTGATICTTICGG

Fig.9- Consensus sequence of COI sequence from T3 Oreochromis
mossambicus
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.1:5-647 i voucher ANU OM1 cytochrome c oxidase subunit | (CO1) gene, partial cds; mitochondrial
Sequence ID: Query_3905 Length: 643 Number of Matches: 1

Range 1: 1 to 643 Graghics

Score Bped  Tdeniies Gaps Strand

1188 bas(643 0.0 643/643(100%) 0/643(0%) Plus/Plus
Query 1 GC
shjct 1 GC

AAGCCTCC TAAT TCGGGCAGAAC TAAGCS

é(IIIIIIIIEH‘I‘“‘IIIIIIIIIIIIIIHIIII
Query 61
Shjct 61
Query 121
shjct 121
Query 181 CAC
Shjct 181 AM
Query 241
Sbjct 241

TCC6660 wawm GGTA 308
mlllm mm«« GGTA 308
Query 301 CAGGATGGACTG
Shjct 301 CAGGATGGAC
Query 361 AC
Shjct 361 L(I
Query 421
Shjct 421
Query 481
Shict 481
Query 541
Shjct 541
Query 601 GAGGAGGAGACCCCATC
shict 661 Wuméc

Fig.10- BLAST alignment of T3 Oreochiromis mossambicus sequence
MK210574

2_T6Forward_23024-4_P3205,Trimmed Sequence(645 bp)
Sequence ID: Query_7503 Length: 645 Number of Matches: 1

Range 1: 4 to 645 Graphics

Score Expect Identities Gaps Strand

3987 bits(534) 0.0 £06/642(94%) 0/642(0%) Plus/Plus

Query 1 TGAGCCGGATAGTAGG! AAGCCTCCTAATTCGGGCAGAACTAAGCCAGCCCG 69
IIIIIIIIIIIIIIIIII ||IIIIIIIIIIIIlIII|II|I|l|IIlI|IIlIIII|I

sbjct 4 CTAAGCCTCCTAATTCGGGCAGAACTAAGCCAGCCCG 62

Query 61  GCTCTCTTETCGGAGACGACCARRTCTATAATGTAATTGTTACAGCACATGCTTTCGTAA 120
TELLLEUEETETTEIriny lll_‘lk_lrll}hl_lllj[llllllllllllIIIIIIIlII

sbjct 64 CAGCACATGCTTTCGTAA 123

Query 121 TAATTTTCTTTATAGTAATACCAATTA GGAAACTGACTAGTACCRE 180
IIIIIlIIIlIIlIIIIIIIIIIIIII IIIII lIIlllIIllIlIIIIIIII

Sbjct 124 TAATTTTCTTTATAGTAATACCAA GACTAGTACCHC 182

Query 181 CCAGACATGGCCTTCCCTCGAATARATAACATGAGCTTTTGA( 240
| IIIIII|II|IIIIIIlIIIIlIIIIIIIIIIIl LI IIIlIII

sbjct 184 TGATTGETGCACCAGACATGGCCTTCCCTCGAATERACAACATGAGT TTTTGAC 243

Query 241 CCCCCTCATTTC TCGCCTCAT AGTCGAA 3ee
NSRS IIIllIIIIIII II IIl
Sbjct 244 CCCCCTCATTTCTEET) TCGCCTCAT! 303

Query 3e1 c‘rsn'r CCCCRKTCGCAGECAATCTMGCCCACGCTGARECTTCTGTTGACT 360
III I|I|II LLCOCLEECEEEEE T T R WELitiiiiiiti
CCCC TCGCAGGCAATCTIIGCCCACGCT

sbjct 3e4 CTTCTGTTGACT 363

Query 361 TAACCATCT ccc CCACTTGGCCGGRETGTCATATRTTTTAGGTGCAATTAATTTTA 420
LT IlIIIIIIIIIIlIII 1T IlIlIIIlIlIIIIlIIIIII

sbjct 364 TAACCATCTTTCCCTCCACTTGECCGG) AGGTGCAATTAATTTTA 423

Query 421 ATCAAACACCCCTATTTG 480
lIIIIII|I|lIlIIIlII 111 |I|lI|IIIII IIIIIlIIHIIIIIIIIIH
Sbjct 424 TCACAACCATTATTAACA CCCCCTGCCA rcr ATCAAACACCCCTATTTG 483
Query 481 TGTGATCCGTCKTAATTACCGCAG ccTl TATCCCTGCCCGTTCTTGCCGCCG s4e
IELTILLLT IIIlIIIIIIIII | N A NNy a Ay uuy|
Sbjct 484 TGTGATCCGTTICTAATTAC CCTRETATCCCTGCCCGTTCTTGCCGCCG 543
Query 541 GCATCACAATACTTCTAA CACAACCTTCTTTGACCCTGCCGGAG 600
IIIIIIIIIHIHIIIIII IIIIIIIIIIIIIIIIIIIIHIIIIIIIIIII
sbjct 544 GCATCACAATACTTCTAA CTAAACACAACCTTCTTTGACCCTGCCGGAG 602

Query 6@1 GAGGAGACCCCATCCTR) TTATTCTGATTCTTCG
. it IIIIIIIIIIIIIIIIIIIIIIII
Sbjct 684 GAGGAGACCCCATCCTTITACCAACACTTATTCTGATTCTTCG 645

Fig.11- The pairwise BLAST alignment of Oreochromis niloticus COI
sequences with Oreochromis urolepis

142



Menon et al. DNA Barcoding of Fish Fauna Using Mitochondrial CO1 Gene

3_T6Forward_23024-6_P3205,Trimmed Sequence(646 bp)
sequence ID: Query_40385 Length: 646 Number of Matches: 1

Range 1: 4 to 646 Graphics Next Match

Score Expect Tdentities Gaps Strand
1011 bits(547) 0.0 611/643(95%) 0/6432(0%) Plus/Plus
Query 1 AAGCCTCCTAATTCGGGCAGAACTAAGCCAGCCCG 60
IllIIIIIlllIIIIlIIlIIII IIIllllllIHlIIIIIIHHIIIIHIIHIII
sbjct 4 CGGATAGTAGGAACTG CTAATTCGGGCAGAACTAAGCCAGCCCG 63
Query 61  GCTCTCTTETCGGAGACGACCARKTCTATAATGTAATTGTTACAGCACATGCTTTCGTAA 120
) LELLERICHEET e irntifyl IIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIII
sbjct 64 C GGA CAGRTTTATAATGTAATTGTTACAGCACATGCTTTCGTAA 123
Query 121 TAATTTTICTTTATAGTAA CAATTA T TGGA TTGGAAACTGACTAG 180
NSRRI NI R RR AR Raniay
Sbjct 124 TAATTTTCTTTATAGTAATCCAATTATRATTGGA TTGGAAACTGACTAG 183
Query 181 TGATTGGTGCACCAGACATGGCCTTCCCTCGAATAAA ARCAT 230
- | IIIIIIIIIIIIIIIlIIIIIlIIIIIIIIIlIIIIlIIIIllIII IIIIIIII
sbjct 182 TGAT TGGTGCACCAGACATGGCCTTCCCTCGAATAAATAACA 243
Query 241 TCCCCCCCTCATTT TCGCCTCA TCGAAGC CCGH 300
X IIIIIIIIIIIIIII HII IIIIIIIIII IIIIIIHIII 111 IIII
Sbjct 244 TCCCCCCCTCATTTC TCGAAGCAGGGFCCGETACAG 303
Query 3@1 GATGGACTGTTTATCCCCHACTCGCAGGCAATC ccackeTedpbcTTcfTTeAacT 360
RN NN R N Ay A RN
sbjct 3e4 GATGGACTGTTTATCCCCQACTCGCAGGCAATC cC TGEELCTTCLRTTGACT 363
Query 361 TAACCATCTTCTCCCTCCACT TGTCATCTATTTTAGGTGCAATTAATTTTA 420
IIHIIIIIIHIIIIIIllIIlHII Il|llIIIIIIIIIIIIIIIIIIIIHIII
Sbjct 364 TAACCATCTTCTCCCTCCACTTGGCC GTCATCTATTTTAGGTGCAATTAATTTTA 423
Query 421 AACCATTATTAACA (CCCCCTGCCATCTCCCAATATCAAACACC! TG 480
WESNARSANNRNNA N HIIIIIIIIIIIIIIIIIIIIIIIIIIIII (]
sbjct 424 CAACCATTATTAACA CTGCCATCTCCCAATATCAAACACCCCTCITTG 483
Query 481 TACCGCAGTACTACTCC ccencneccsccs 540
IIIIIII IIHIIIHIIIHIIIIHII I IIIIIIIIIIIIHI
sbjct 484 TAATTACCGCAGTACTACTCC ccc CCGTTCTTGCCGCCG 543

Query 541 GCATCACAATACTTCTAACAGACCGAAACCTAAACACAACCTTCTTTGACCCTGCCGGAG 600
IIIIIIlIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIII
Sbjct 544 GCATCACAATACTTCTAACAGA AAACACAACCTTCTTTGACCCTGCCGGAG 603
Query 6@1 GAGGAGACCCCATCCTRTACCAACACTTATTCTGATTCTTCGG 643
; LIDLLERLEERLNLE] lIIIlllIIIIHlIIIIlIIIIII
Sbjct 684 GAGGAGACCCCATCC CACTTATTCTGATTCTTCGG

Fig.12- The pairwise BLAST alignment of Oreochromis niloticus COI
sequences with Oreochromis mossambiciis

3_T6Forward_23024-6_P3205,Trimmed Sequence(646 bp)
Sequence ID: Query_18067 Length: 646 Number of Matches: 1

Range 1: 1 to 645 Graphics

Score Tdenticies Gaps Stran
1053 bits(570) 0.0 620/645(96%) 0/645(0%) Plus/Plus
Query 1 GCTTGAGCCGGATAG AAGCCTCCTAATTCGGGCAGAACTAAGCCAGE 60
lIIIIIlIIllIIIIIII|II O] L LR e iRttt
sbjct 1 GCTTGAGCCGRA’ CATIT AAGCCTCCTAATTCGGGCAGAACTAAGCCAGC 68
Query 61 CCGGCTCTCTCCTCH CACATGCTTTC 120
lIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIHHIHIIIIIIIIIIIIIIIIIIII
sbjct 61 120
Query 121 CAATTATAATTGGAGGT TTTGGAAACTGACTAG 1se
. IIIIIIIIIIIIIIIIIIIIII TERRLLRR R R R i R e L rnin
Sbjct 121 TAATAATTTTCTTTA CAATTATAATTGGAGGT TTTGGAAACTGACTAG 1se
Query 181 CACTTATGATTGGTGCACCAGACATGGCCTTCCCTCGAA' ATGAGTTTTTGAC 240
RN A RSN R RN NS NANRNRayayy ||l||||ll|||||l
Sbjct 181 CACTHATGATTGETGCACCAGACATGECCTTCCCTCGAA TGAGTTTTTG: 242

Query 241 TCCTTECCCCCTCATTTCTCCCETCCTCGCCTCATCCG: CGAAGCAGGGGCCGETA 208
“‘I:I TLERLITLINITEL] IIéIIIIlIlIIIIlI IllIIIIIIlIIIlllll

sbjct 241 CCCCCTCATTTCTCC TCGCCTCA' ‘GAAGCAGGGGCCGGTA 30

Query 3@1 CAGGATJARCTGTTTAKECCCCACTCGCAGGCAATCTCG cm«sccnc 260
JUSRRNTI A YRYRELY IIIIlIIIIIlIlIIHHHI!II ||Illl|l| IIII
CAGGATGERCTGTTT) GGC

sbjct 3e1 CCCCACTCGCAGGCAATCTCGT CTC| 360
Query 361 ACTTAACCATC CCCTCCACTTGGCCH 220
< IIIIlIlIIIlI IIIIIIIIIIIII[IIIIlIIlIII IlIIIlIIlIIIIIIIIII
Sbjct 361 ACTTAACCATCT AGGTGCAATTAATT 420
Query 421 TTATC AACCCCCTECCA AATATCAAACACCEC ase
lIII IIIIHIIIIlIIIIIIlIIIIIlIlIIIIIIII LELELEEEELILILLED
sbjct 421 TTATTACAA TATCAAACACCCC 250

Query 481 TTGHGGATCCGTTCTAATTACCGCAG TecTacTaTcccTRECCGTTCTTGECG 540
11 IIIIlIIIlIIIIIIIIIIII IIIIIIIIIIIII PLLLITINRLTL
sbjct 481 TTIGUATGATCCGTTCTAATTACCGC TCCTACTATCCCTRECCGTTCTTGCCG 540
Query 541 CCGGCATCACAATACTTCTAAC cAcAAccncnYmcc(rscca see
lIlIlIII||IIII|IIIIIIIIII l FLLLELLERLLERRRLEnt ittt
Sbjct 541 CCGGCATCACAATACTTCTAACAG TAAAC ACAACCTTCTTTGACCCTGCCG 600
Query se1 GAGGAGACCCCATCCTTTACCAACACTTATTCTGATTCTTCS 645

GAG
IIIIIIIIIIlIIIIIIIIIIIIIIIlIIIIIIllIIIIIIIIII
Sbjct 681 GAGGAGGAGACCCCATCCTTTACCAACACTTATTCTGATTCTTCS 645

Fig.13- The pairwise BLAST alignment of Oreochromis urolepis COI
sequences with Oreochromis mossambiciis

143



Mapana - Journal of Sciences, Vol. 23, No.1 ISSN 0975-3303

Construction of Phylogenetic Tree

—351:Oreochromis urolepis
100 Oreochromis mossambicus
Oreochromis niloticus

Etroplus suratensis
67 I

Etroplus maculatus

82 Sardinella longiceps

Nematalosa nausus

98 [ Thunnus albacares

100 L Auxis rochei

—_
0.020

Fig 14 - Phylogenetic tree constructed using the neighbour-joining method.

The samples in this study were divided into four main groups
according to population using the phylogenetic tree created from the
sequence data (cytochrome COI) of samples from the two populations.

The phylogenetic tree constructed is un-rooted. From a distant
common ancestor, four branches formed represent two descendant
groups; Oreochromis species (Clade 1) Etroplus species (clade 2)
Sardinella, Nematalosa species (Clade 3), and Auxis, Thannus species
(Clade 4). Clade 1 is further branched suggesting that Oreochromis
niloticus has diverged from the sister taxa Oreochromis urolepis and
Oreochromis mossambicus. Similar species were clustered under the
same nodes in the phylogenetic tree, whereas dissimilar species were
clustered under distinct nodes, revealing an identical evolutionary
link among the species.

Conclusion

The current study analyzed the molecular and phylogenetic
relationship between 9 different species of fishes which can be classified
into Etroplus, Sardinella, Nematalosa, Thunnus, Auxis, and Oreochromis.
Our result revealed that these 9 species can be differentiated by
their external appearance which can be verified using mitochondrial
COI sequence analysis and the relationship can be suggested by the
construction of a phylogenetic tree. From the results obtained, the
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mitochondrial COI gene can be named as an ideal region for “species
barcode” and it has high efficiency in species identification [13]. So,
this tool is used for rapid analysis for commercial purposes especially
confirmation for the particular species

The knowledge of the biochemical composition of any edible
organism is extremely important since the nutritive value is reflected
in its biochemical contents [16]. In these experimental studies, we
measured protein; carbohydrates, and lipids content in our sample.
This analysis is required as the demand for protein-rich food is
increasing, especially in developing countries [17]. This study it’s
revealed that Sardinella longiceps have higher protein, carbohydrate,
and lipid compared with the other 3 species of Etroplus suratensis,
Etroplus maculatus, and Nematalosa nausus.

The cooked or raw products, pickles, and sausages are readily
available in tins, cans, etc. So, knowing the quality of the by-products
is very important. To analyze the quality of the by-products we can
design the internal primer from the already analyzed sequences.
Thus, this study can be used as a tool for the identification of
inferior adulteration in fish by-products.

In addition to identifying fish species, DNA barcoding using the
CO1 gene can also provide valuable information about evolutionary
relationships between fish species and populations, as well as
biogeographical patterns of fish distribution.
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