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Abstract In the present study three species of mackerel,

Rastrelliger present in Indian waters were taken for genetic

identification using cytochrome c oxidase subunit I and 16s

rRNA sequences. Accurate identification of these species is

important for fishery management as its morphological

characters are very similar. In this study, the sequences of

COI and 16S rRNA were determined from 19 individuals

of three Rastrelliger species, Rastrelliger kanagurta, Ra-

strelliger brachysoma and Rastrelliger faughni from

Andamans and Indian mainland to study the phylogenetic

relationship. The intraspecies and interspecies genetic

distance ranged from 0.000 to 0.002 and 0.007 to 0.015

respectively based on 16S rRNA sequences. Using COI

data analysis, the intraspecies genetic distance ranged from

0.000 to 0.012, while it varied from 0.039 to 0.086 for

interspecies. The present study clearly demarcates three

species of mackerel based on the mitochondrial genetic

sequences and also showed a non-descriptive genetic dis-

tance of R. kanagurta from mainland and Andaman

Islands.
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Introduction

The scombrid fish genus Rastrelliger comprises three

species: short mackerel (Rastrelliger brachysoma Bleeker,

1851), Indian mackerel (Rastrelliger kanagurta Cuvier,

1817) and Island mackerel (Rastrelliger faughni Matsui,

1967) which inhabits the tropical waters of Indo Pacific

regions. These three closely related species are found in

Indian waters. The chub mackerel, Rastrelliger is consid-

ered to be highly variable with a reported number of ten

species but which have now been reduced to synonyms of

three species: Rastrelliger kanagurta, Rastrelliger

brachysoma and Rastrelliger faughni [3]. They are

important food items for the Southeast Asian region. Indian

mackerel is the chief target species for both industrial and

small-scale fisheries along the Andaman Sea coast [9].

Conventionally, scombrid fishes are identified using

morphomeristic characters. Still, significant doubts exist

due to morphological resemblance. Correct identification

of morphologically similar species is important for fisher-

ies management and population studies.

The application of molecular genetics contributed sig-

nificantly in species and strain identification. Mitochondrial

DNA (mtDNA) is widely used for phylogenetic studies

because its evolution is faster than nuclear DNA, and it can

be used for differentiating closely related species [16].

Partial sequences of mitochondrial genes especially 16S

rRNA and cytochrome-c oxidase subunit I are suitable than

other gene sequences to resolve species ambiguity and are

used as a ‘‘molecular clock’’ to estimate the chronology of

different taxa [7]. Molecular identification tools provide a
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useful alternative for species identification, especially in

cases where conventional methods may result in ambigui-

ties. Hebert et al. [7] demonstrated the utility of mito-

chondrial COI gene in species delineation. CO1 gene

sequence is appropriate for this role because its mutation

rate is often fast enough to differentiate closely related

species and also because its sequence is conserved among

congenerers. The mitochondrial 16S rRNA gene can also

be used to explore the phylogenetic relationships of fishes

at the generic level [12]; and the species level [2].

In this study, the sequences of COI and 16S were

determined from 19 individuals of three Rastrelliger spe-

cies, R. kanagurta, R. brachysoma and R. faughni from

Indian waters to study the phylogenetic relationship.

Materials and methods

Sample collection

Samples of R. kanagurta, R. brachysoma and R. faughni

fishes were collected from local fish landings at Andamans

(five numbers of each species). R. kanagurta samples were

also collected from Indian mainland (four numbers). The

fishes were identified up to species level following FAO

[1]. A piece of muscle tissue was taken from all the

specimens and stored in 95 % ethyl alcohol and stored at

4 �C in a refrigerator.

DNA isolation

DNA extraction was done from tissue samples (muscle)

preserved in 95 % alcohol. DNA extraction for all samples

followed the protocol of Miller et al. [11]. The extracted

DNA was checked through 0.8 % agarose gel electropho-

resis with ethidium bromide (5 lg/ml) incorporated in 19

TBE buffer. Final DNA concentration was detected by

optical density (OD) reading using a spectrophotometer

(SPECORD 205) set at 260 nm.

Amplification and sequencing

Amplification of 16S rRNA region

The mitochondrial 16S rRNA gene was amplified in a

25 ll reactions volume containing 19 assay buffer

(100 mM Tris, 500 mM KCl, 0.1 % gelatin, pH 9.0) with

1.5 mM MgCl2 (Genei, Bangalore, India), 5 pmol of each

primer, 200 lM of each dNTP (Genei, Bangalore, India),

1.5 U Taq DNA polymerase and 50 ng of template DNA.

The primer used for the amplification of the partial 16S

rRNA gene were 16SAR (50-CGCCTGTTTATCAAAAA-

CAT-30) and 16SBR (50-CCGGTCTGAACTCAGATCA

CGT-30) [13]. The amplification conditions were 95 �C for

7 min followed by 30 cycles at 94 �C for 1 min, annealing

53 �C for 1 min and 72 �C for 1 min, with a final extension

of 72 �C for 10 min.

Amplification of COI region

The partial sequence of COI gene was amplified using

primers Fish F1 (50-TCA ACC AAC CAC AAA GAC ATT

GGC AC-30) and Fish R1 (50-TAG ACT TCT GGG TGG

CCA AAG AAT CA-30) [17] in 25 ll reactions volume

containing 19 assay buffer (100 mM Tris, 500 mM KCl,

0.1 % gelatin, pH 9.0) with 1.5 mM MgCl2 (Genei, Ban-

galore, India), 5 pmol of each primer, 200 lM of each

dNTP (Genei, Bangalore, India), 1.5 U Taq DNA poly-

merase and 20 ng of template DNA. The thermal condition

consisted of initial preheat at 95 �C for 3 min, followed by

denaturation at 94 �C for 30 s, annealing at 50 �C for 30 s,

extension at 72 �C for 35 s, repeated for 29 cycles, fol-

lowed by a final extension for 3 min at 72 �C.

For each sample, 3 ll of PCR product were electropho-

resed through 1.5 % agarose gels following ethidium bro-

mide staining, and visualized under UV illumination in the

Gel-Doc system (BIO-RAD, Molecular Imager, Gel DocTM

XR). Products were labelled using the Big DyeTerminator

V.3.1 Cycle sequencing kit (Applied Biosystems Inc) and

sequenced bidirectionally using ABI 3730 capillary

sequencer following the manufacturer’s instructions.

Sequence analysis

The raw DNA sequences were edited and aligned using

BioEdit sequence alignment editor version 7.0.5.2 [6]. The

16S rRNA sequences of the individuals of each species

were aligned to yield a final alignment of 590 bp. The COI

sequences of the individuals of each species were aligned

to yield a final alignment of 655 bp. The edited sequences

were submitted to GenBank (KJ590045–KJ590062,

KJ590064–KJ590082). The sequence divergence values

within and between species were calculated using Kimura

2 Parameter (K2P) distance model implemented in MEGA

V.5.0, molecular evolutionary genetic analysis [15] soft-

ware. The number of polymorphic sites and nucleotide

diversity (Pi), nucleotide composition and number of

transition and transversion between species were

Table 1 Mean genetic distance between all the three Rastrelliger

species using mitochondrial 16S rRNA gene

R. kanagurta (Indian mainland)

R. brachysoma (Andamans) 0.010

R. faughni (Andamans) 0.018 0.010

R. kanagurta (Andamans) 0.006 0.005 0.013
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determined by DnaSpver 3 [14]. UPGMA trees of K2P

distance were created to provide graphic representation of

divergence with 1,000 replications.

Results

A total of 19 individuals from three species of mackerel (R.

kanagurta, R. brachysoma and R. faughni) were used for

sequence analysis of partial 16S rRNA and COI genes,

which yielded 38 sequences.

Genetic analysis based on 16S rRNA gene

A total of 590 base pairs of aligned sequences of 16S rRNA

gene were studied in all the three Rastrelliger species. In

this, 575 sites were constant and 15 sites were variable or

polymorphic sites (two singleton variable sites and 13

Table 2 Pair-wise genetic distances (Kimura 2 Parameter) of three Rastrelliger species based on 16S rRNA sequences from RKM, RKG, RKK

and RKP: Rastrelliger kanagurta (Indian mainland), RB1–RB5: R.brachysoma (Andamans), RF1–RF5: R.faughni (Andamans) and RK1–RK5:

R.kanagurta (Andamans)

RKM Rastrelliger kanagurta

RKG Rastrelliger kanagurta 0.0034

RKK Rastrelliger kanagurta 0.0051 0.0017

RKP Rastrelliger kanagurta 0.0000 0.0034 0.0051

RB1 Rastrelliger brachysoma 0.0086 0.0120 0.0138 0.0086

RB2 Rastrelliger brachysoma 0.0068 0.0103 0.0120 0.0068 0.0017

RB3 Rastrelliger brachysoma 0.0068 0.0103 0.0120 0.0068 0.0017 0.0000

RB4 Rastrelliger brachysoma 0.0068 0.0103 0.0120 0.0068 0.0017 0.0000 0.0000

RB5 Rastrelliger brachysoma 0.0086 0.0120 0.0138 0.0086 0.0000 0.0017 0.0017 0.0017

RF1 Rastrelliger faughni 0.0155 0.0190 0.0207 0.0155 0.0102 0.0085 0.0085 0.0085 0.0102

RF2 Rastrelliger faughni 0.0172 0.0207 0.0225 0.0172 0.0120 0.0102 0.0102 0.0102 0.0120

RF3 Rastrelliger faughni 0.0155 0.0190 0.0207 0.0155 0.0102 0.0085 0.0085 0.0085 0.0102

RF4 Rastrelliger faughni 0.0155 0.0190 0.0207 0.0155 0.0102 0.0085 0.0085 0.0085 0.0102

RF5 Rastrelliger faughni 0.0155 0.0190 0.0207 0.0155 0.0102 0.0085 0.0085 0.0085 0.0102

RK1 Rastrelliger kanagurta 0.0051 0.0086 0.0103 0.0051 0.0068 0.0051 0.0051 0.0051 0.0068

RK2 Rastrelliger kanagurta 0.0034 0.0068 0.0086 0.0034 0.0051 0.0034 0.0034 0.0034 0.0051

RK3 Rastrelliger kanagurta 0.0034 0.0068 0.0086 0.0034 0.0051 0.0034 0.0034 0.0034 0.0051

RK4 Rastrelliger kanagurta 0.0034 0.0068 0.0086 0.0034 0.0051 0.0034 0.0034 0.0034 0.0051

RK5 Rastrelliger kanagurta 0.0051 0.0086 0.0103 0.0051 0.0068 0.0051 0.0051 0.0051 0.0068

RKM Rastrelliger kanagurta

RKG Rastrelliger kanagurta

RKK Rastrelliger kanagurta

RKP Rastrelliger kanagurta

RB1 Rastrelliger brachysoma

RB2 Rastrelliger brachysoma

RB3 Rastrelliger brachysoma

RB4 Rastrelliger brachysoma

RB5 Rastrelliger brachysoma

RF1 Rastrelliger faughni

RF2 Rastrelliger faughni 0.0017

RF3 Rastrelliger faughni 0.0000 0.0017

RF4 Rastrelliger faughni 0.0000 0.0017 0.0000

RF5 Rastrelliger faughni 0.0000 0.0017 0.0000 0.0000

RK1 Rastrelliger kanagurta 0.0137 0.0154 0.0137 0.0137 0.0137

RK2 Rastrelliger kanagurta 0.0120 0.0137 0.0120 0.0120 0.0120 0.0017

RK3 Rastrelliger kanagurta 0.0120 0.0137 0.0120 0.0120 0.0120 0.0017 0.0000

RK4 Rastrelliger kanagurta 0.0120 0.0137 0.0120 0.0120 0.0120 0.0017 0.0000 0.0000

RK5 Rastrelliger kanagurta 0.0137 0.0154 0.0137 0.0137 0.0137 0.0000 0.0017 0.0017 0.0017
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parsimony informative sites). The nucleotide frequencies

were found to be A = 30.0 %, T = 22.4 %, G = 23.1 %

and C = 24.4 %. The transition/transversion rate ratios are

k1 = 6.197 (purines) and k2 = 12.072 (pyrimidines). The

overall transition/transversion bias is R = 4.384. The mean

genetic divergence value based on 16S rRNA sequences

between all these three species was 0.82 %. The mean

genetic distance between R. kanagurta (from Andamans,

Indian mainland), R. brachysoma and R. faughni was cal-

culated (Table 1). The highest interspecies distance was

found between R. kanagurta (Indian mainland) and R.

faughni (1.8 %) and the lowest was found between R.

kanagurta (Andamans) and R. brachysoma (0.5 %). Pair-

wise genetic distance values (K2P) based on 16S rRNA

using MEGA V 5.0 are given in Table 2. All the species

under Rastrelliger genera were clearly separated by dif-

ferent clusters in the UPGMA tree with a bootstrap value

ranging from 96 to 100 % (Fig. 1). All five sequences for

each species were incorporated in the phylogenetic ana-

lysis. The UPGMA and MP trees provide similar phylo-

genetic relationship among the species. The haplotype

diversity and nucleotide diversity was found to be 0.9123

and 0.00815 respectively.

Genetic analysis based on COI gene

Sequencing of the COI gene created 655 nucleotide base

pairs. Insertions, deletions or stop codons were absent in all

sequences. Of the 655 sites, 582, 73, 67 and 6 were

monomorphic, polymorphic, parsimony informative and

singleton respectively. All variable changes within species

were third codon position transitional substitutions. The

nucleotide frequencies are 22.51 % (A), 27.82 % (T),

30.26 % (C), and 19.41 % (G). The transition/transversion

rate ratios are k1 = 18.499 (purines) and k2 = 18.01

(pyrimidines). The overall transition/transversion bias is

R = 9.547. The mean genetic divergence value calculated

on the basis of COI sequences between all these three

species was 4.65 %. The mean genetic distance between R.

kanagurta (from Andamans, Indian mainland), R. brachy-

soma and R. faughniwas calculated (Table 3). Pair-wise

genetic distance values (K2P) based on COI using MEGA

V 5.0 are given in Table 4. The genetic distance of R.

kanagurta from Indian mainland and Andamans was found

to be 1.24 %. The UPGMA tree based on K2P genetic

distances were created to provide a graphic representation

of the patterns of divergences (Fig. 2). The haplotype

Fig. 1 Summary from of

UPGMA tree of 16s rRNA gene

sequences derived from three

fish species using K2P distances

Table 3 Mean genetic distance between all three Rastrelliger species

using mitochondrial COI gene

R. kanagurta (Indian mainland)

R. kanagurta (Andamans) 0.0074

R. brachysoma (Andamans) 0.0360 0.0407

R. faughni (Andamans) 0.0842 0.0846 0.0858
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diversity and nucleotide diversity was found to be 0.9590

and 0.04360 respectively.

Discussion

In traditional taxonomy, it is sometimes complicated to

identify species due to lack of criteria for character selec-

tion or coding, and sometimes morphomeristic data sets

may be quite arbitrary. In these cases, genetic analysis can

be used as a complementary tool to establish taxonomic

identity. The COI gene has been shown to be useful in

species identification and resolve taxonomic ambiguity [7].

Species level identification will be useful in creating pre-

cise fishery data and can be used for developing stock

structure; this will be helpful in stock specific management

measures for conservation and sustainable exploitation of

these species.

Table 4 Pair-wise genetic distances (Kimura 2 Parameter) of three Indian sciaenids based on COI sequences from RKM, RKG, RKK and RKP:

Rastrelliger kanagurta (Indian mainland), RB1–RB5: R.brachysoma (Andamans), RF1–RF5: R.faughni (Andamans) and RK1–RK5: R.kana-

gurta (Andamans)

RB1 Rastrelliger brachysoma

RB2 Rastrelliger brachysoma 0.0031

RB3 Rastrelliger brachysoma 0.0061 0.0061

RB4 Rastrelliger brachysoma 0.0077 0.0077 0.0015

RB5 Rastrelliger brachysoma 0.0046 0.0046 0.0046 0.0031

RF1 Rastrelliger faughni 0.0839 0.0875 0.0876 0.0895 0.0894

RF5 Rastrelliger faughni 0.0822 0.0857 0.0858 0.0878 0.0876 0.0015

RF2 Rastrelliger faughni 0.0823 0.0858 0.0860 0.0879 0.0878 0.0031 0.0015

RF3 Rastrelliger faughni 0.0822 0.0857 0.0858 0.0878 0.0876 0.0015 0.0000 0.0015

RF4 Rastrelliger faughni 0.0804 0.0839 0.0840 0.0860 0.0858 0.0031 0.0015 0.0031 0.0015

RKI Rastrelliger kanagurta 0.0363 0.0396 0.0429 0.0446 0.0413 0.0856 0.0839 0.0858 0.0839

RK2 Rastrelliger kanagurta 0.0347 0.0379 0.0413 0.0430 0.0396 0.0839 0.0821 0.0840 0.0821

RK3 Rastrelliger kanagurta 0.0331 0.0363 0.0396 0.0413 0.0380 0.0856 0.0839 0.0858 0.0839

RK4 Rastrelliger kanagurta 0.0347 0.0380 0.0413 0.0431 0.0397 0.0840 0.0822 0.0841 0.0822

RK5 Rastrelliger kanagurta 0.0413 0.0446 0.0480 0.0498 0.0464 0.0877 0.0895 0.0914 0.0895

RKP Rastrelliger kanagurta 0.0314 0.0347 0.0380 0.0397 0.0364 0.0856 0.0839 0.0858 0.0839

RKM Rastrelliger kanagurta 0.0314 0.0347 0.0380 0.0397 0.0364 0.0856 0.0839 0.0858 0.0839

RKK Rastrelliger kanagurta 0.0314 0.0347 0.0380 0.0397 0.0364 0.0856 0.0839 0.0858 0.0839

RKG Rastrelliger kanagurta 0.0314 0.0347 0.0380 0.0397 0.0364 0.0856 0.0839 0.0858 0.0839

RB1 Rastrelliger brachysoma

RB2 Rastrelliger brachysoma

RB3 Rastrelliger brachysoma

RB4 Rastrelliger brachysoma

RB5 Rastrelliger brachysoma

RF1 Rastrelliger faughni

RF5 Rastrelliger faughni

RF2 Rastrelliger faughni

RF3 Rastrelliger faughni

RF4 Rastrelliger faughni

RKI Rastrelliger kanagurta 0.0821

RK2 Rastrelliger kanagurta 0.0803 0.0046

RK3 Rastrelliger kanagurta 0.0821 0.0061 0.0046

RK4 Rastrelliger kanagurta 0.0805 0.0046 0.0031 0.0046

RK5 Rastrelliger kanagurta 0.0877 0.0046 0.0093 0.0108 0.0093

RKP Rastrelliger kanagurta 0.0821 0.0077 0.0061 0.0046 0.0061 0.0124

RKM Rastrelliger kanagurta 0.0821 0.0077 0.0061 0.0046 0.0061 0.0124 0.0000

RKK Rastrelliger kanagurta 0.0821 0.0077 0.0061 0.0046 0.0061 0.0124 0.0000 0.0000

RKG Rastrelliger kanagurta 0.0821 0.0077 0.0061 0.0046 0.0061 0.0124 0.0000 0.0000 0.0000
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In the current study, three species of Rastrelliger char-

acterized for generation of COI and 16s rRNA for delin-

eating the taxonomic status of the species. The three

species of Rastrelliger from the Indian waters were found

genetically discrete from each other and clustered into

three groups without any haplotypes sharing. The universal

primers amplified the target region in all three species

(n = 19), generated 19 sequence of COI gene (655 bp) and

19 sequences of 16s rRNA (590 bp). The primer pairs for

amplifying partial sequences of COI used in the present

study was developed mainly for invertebrates [17], which

could be successfully amplifying an approximately 655

base pair segment in all Rastrelliger species. There was no

insertion, deletion or stop codons were observed in the

sequences, so it is assumed that all the amplified sequences

are derived from a functional mitochondrial COI sequences

only. The average length of COI gene (655 bp) and lack of

stop codons in amplified sequences clearly indicates that

NUMTs (nuclear mitochondrial DNA) were not sequenced.

The present result is in accordance with previous studies on

COI sequencing of marine fishes [10, 17].

The high degree of K2P nucleotide divergence was

found with the analysis of 16S rRNA gene, indicating its

ability to adequately describe interrelationship of Rastrel-

liger species [12] and high genetic divergence among the

sciaenid species in the Indian waters was reported [10]

using 16S rRNA gene sequences. Because of its slowest

mutation and lower substitution rates compared with other

mtDNA genes, it has been reported to be useful for ana-

lysing families, species and population [5]. The mean

genetic divergence value based on 16S rRNA sequences

between the Rastrelliger individuals was 0.8 % which can

be compared with many other Perciformes [4]. Transitions

were more than transversions in the present study in

accordance with the preceding studies of mtDNA in fishes

[4] which indicates the lower level of divergence. This

transition transversion ratio will improve estimates of

divergence and phylogenetic relationships and also work as

an indirect measure of saturation (loss of phylogenetic

information). In COI sequences, the Ti/Tv ratio is nearly

1:1, so that in the present study the Ti/Tv ratio is enough

for the phylogenetic study of the species.

The mitochondrial Cyt b gene was used to distinguish

the three species of Rastrelliger from Malaysian waters [8].

We examined the utility of the mitochondrial 16s rRNA

and COI genes in resolving specific identities in the genus.

Estimation of genetic distances based on the 16s rRNA

gene placed the population of R. kanagurta from the

Andamans closer to R. brachysoma than to R. kanagurta

from the mainland. Genetic distances based on the COI

gene are closer to what would be expected based on species

identity. The results of our study also indicate that R.

kanagurta in the Andaman sea possibly represents a sub-

species, needing further study. This will be having impli-

cation in fishery management and conservation of this

species. The genetic information generated from this study

Fig. 2 UPGMA tree of COI

gene sequences derived from

three fish species using K2P

distances
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can be used to identify larval stages which are difficult to

identify morphologically and this will help to reveal the

spawning habitat of the candidate species. DNA barcodes

developed in the present study can also be utilized for the

identification of samples when whole specimens are

unavailable.
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