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Abstract Animal DNA barcoding has been advanced as a promising tool to aid
species identification and discovery through the use of short, standardized mito-
chondrial gene COI targets in spite of extensive morphological taxonomic studies,
for a variety of reasons the identification of fishes can be problematic, time con-
suming, even for experts. To overcome in this content though DNA barcoding is
proving to be a useful tool. The present study use DNA barcoding to genetically
identify specimen were collected from Nallavadu Lagoon ecosystem in Puducherry
and morphologically identified. The COI was amplified and bi-directionally
sequenced from 45 specimens (5 specimens/species) belonging to 9 species, five
families. All studied specimens sequence were interrogated using analytical tools
developed by Barcode of Life Data System (BOLD). All specimen exhibited dis-
crete clusters of closely related haplogroups in NJ tree, which permitted the dis-
crimination of 96–100 % genetic similarity of all the studied species. These studies
represent a significant contribution to the worldwide barcode database from Indian
continental regional and demonstrated the utility of COI gene sequences for specific
regional species identification.
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1 Introduction

Coastal lagoon is a shallow coastal water body separated from the sea by a barrier,
connected at least sporadically to the ocean by one or more inlets and usually
oriented parallel to shore. Coastal lagoons constitute about 13 % of global coastline
(Farmworth and Golley 1974; Poyyamoli et al. 2011) and considered as a different
coastal environment from estuaries (Kjerfve 1994). In India, there are 17 note-
worthy lagoons are present on the east and west coast of India. Coastal lagoons
notably act on the control of freshwater inflow and connections with the ocean
(Crivelli and Ximenes 1992; Peja et al. 1996; Quinn et al. 1999), they are found to
be highly dynamic, productive and extremely unpredictable systems (Barnes 1980).
The fauna that occur in lagoons are of 3 groups, marine species, freshwater species
and lagoon species. The presence of this specialist fauna make the conservation of
lagoons important in maintaining the biodiversity. These ecosystem areas are
important for the marine fisheries, serving as they do as nurseries for many species
of fishes. Bouchet (2006) reported that 22, 9602 marine species had been described
but the total species living on Earth may exceed more than 10 million as estimated
by Grassle and Maciolek (1992). Traditionally taxonomy sciences are described
based on the morphological characters, which develop the taxonomy keys. The
conventional taxonomic sciences are very tedious to delineate species, in the last
250 years only 25 % of species were identified (Coyne and Orr 2004; Packer et al.
2009). The taxonomic scenario identification keys were initiated by Aristotle and
later organized by Linnaeus. The fin fishes have been catalogued to about thirty-two
thousand species from the aquatic environments, and it is divided into six classes,
62 orders, and 540 families (Eschmeyer 2010), which occupy >50 % of the all
vertebrate species in world wide. Indian waters fishes were listed and identified by
Day (1878) and Whitehead and Talwar (1976). Later, Talwar (1990) has reported
2546 fish species belongings to the 969 genera, 254 families and 40 order, among
them 57 % of marine fish genera are common to the Indo-Pacific and Atlantic and
Mediterranean regions. In Indian marine biodiversity studies are still untouched in
minor phyla, non-commercially important fishes, and in remote parts of the islands
and minor estuaries (Venkataraman and Wafar 2005). In current taxonomy sce-
nario, the shortage of trained personnel limits development of taxonomic knowl-
edge. The above factors have created a taxonomic impediment to biodiversity
studies (Hebert et al. 2003). Despite ongoing scientific debate concerning the role of
molecular methods in taxonomy DNA barcoding has emerged as a widely accepted
tool for species identification because of its enhanced focus on standardization and
data validation.

DNA barcoding is a method, based on short standardized gene sequences of
DNA (Hebert et al. 2003), used for species identification. It has been used inter alia
for identification of fish species (Hebert et al. 2004; Ward et al. 2005; Hubert et al.
2008; Persis et al. 2009; Steinke et al. 2009; Lakra et al. 2010; Sachithanandam
et al. 2011, 2012). The effectiveness of barcoding has been demonstrated in diverse
taxa, including butterflies (Hebert et al. 2003), birds (Hebert et al. 2004), fishes
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(Ward et al. 2005; Persis et al. 2009; Steinke et al. 2009; Lakra et al. 2010;
Sachithanandam et al. 2011, 2012), sponges, bivalves (Jarnegren et al. 2007) and
mammals (Clare et al. 2007). DNA barcoding is being applied in the field of fish
conservation (Holmes et al. 2009), fisheries managements aspects (Rasmussen et al.
2009) and food safety analysis, with mislabeling being revealed through COI
sequences (Wong and Hanner 2008).

In 2005 FISH-BOL (Fish Barcode of Life Initiative) was set up to establish a
library of COI gene sequences of all fish species, to enable global taxonomic
identification (Ward et al. 2009; Eschmeyer 2010). FISH-BOL’s primary work is
led by a research team with responsibility for collection of samples, traditional
identification using morphological keys, and COI gene sequencing of species in
their geographic regions. Current progress of DNA barcoding in the Arctic and
Antarctic regions is 74 and 50 %, respectively. Other regions from tropical to
subtropical show good progress, with 20 % coverage from Australia, Mesoamerica
continental and Oceania. However, species-rich regions of Asia, South America and
Africa show low progress (Becker et al. 2011). In India, 11,023 fish species have
been morphologically reported (Nelson 2006; Mecklenburg et al. 2010). Reports
suggest that only 1918 of these (17.4 %) have been barcoded (Becker et al. 2011).

The aim of this study is to extend barcode coverage to Nallavadu brackish water
fishes from Puducherry coastal area. We examined the patterns of barcode
sequences genetic divergences among the 45 specimens identified as belonging to 9
species consists of five families representing highly exploitation for commercially
values fishes from in this region.

2 Methods

2.1 Study Area

Puducherry located on the Coramandal coast 11° 52′ N, 79° 45′ E and 11° 59′ N
and between 79° 52′ E covers an area of 480 km2. Nallavadu village located at a
distance of about 14 km South from Puducherry main town. Nallavadu,
Poornankupam, Andiarpalayam, Pillaiarthittu and Panithittu villages are the
boundaries of Nallavadu lagoon (Fig. 1). The aerial length of the lagoon is 3.44 km
and maximum depth is 10 m in its broadest part (Padmavathy et al. 2010;
Poyyamoli et al. 2011). The climate is tropical dissymmetric with the bulk of the
rainfall during northeast monsoon from October to December and some amount of
rainfall during southwest monsoon from June–September. The lagoon is connected
to the sea in its south part by an artificial channel and receives freshwater primarily
from Penniar River in the north and east, respectively.
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2.2 Sampling and Taxonomic Coverage

A total of 45 specimens of fishes collected in Nallavadu lagoon near
Pooranankuppam village, representing 9 species, six genera, and 5 families were
analyzed. Traditional taxonomic analyses were carried out used available literature
to identify the specimen (FAO 1974; Rao 2003).

2.3 DNA Analysis

Total DNA was extracted from 0.25 g of tissue by using lysis buffer and followed
by standard proteinase-K/phenol-chloroform-isoamyl alcohol-ethanol precipitation
method (Sambrook et al. 1987) and fish DNA modified isolation protocol followed
as described by Sachithanandam et al. (2012). The concentration of DNA was
estimated using UV spectrophotometer method at 260/280 nm. Subsequently the
DNA was diluted to final concentration of 100 ng/µL for further use. The 650–
655 bp section of the mitochondrial (mt) DNA genome from the COI gene was
amplified using a published universal degenerated primer set (Ward et al. 2005)
synthesized by Sigma Aldrich Chemicals India Pvt. Ltd.

Fig. 1 Collection for specimens examined in this study
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The polymerase chain reaction (PCR) was carried out in 25 µL consisting of
100 ng/µL of DNA and PCR master mix details described in Table 1. PCR was
carried out in an Applied Bio systems AB-2720 Thermal cycler, and PCR thermal
condition was followed (Sachithanandam et al. 2014, 2012). PCR products were
resolved in 1 % agarose containing 0.5 mg/µL of ethidium bromide and viewed
under UV Transilluminator and documented. Nucleotide sequencing was performed
using the Sanger et al. (1977) method. Sequencing was performed using a BigDye
Terminator Cycle Sequencing kit, following manufacturer’s instructions (Applied
Biosystems, Foster City, CA, USA). The sequencing was done both in the forward
and reverse directions.

2.4 Sequence Analysis

The DNA sequences were aligned both in forward and reverse directions for each
individual fish and assembled using the SeqMan II version 5.03 (DNASTAR) and
ChromaxSeq Version 3.1. The obtained studied species COI sequences analysis
was done along with high similarity genetic identity reference sequences retrieved
from the National Centre for Biotechnology Information (NCBI) GenBank. Studied
species COI sequences used multiple and pairwise alignment was done using the
ClustalW tool, and phylogenetic molecular evolutionary analyses were conducted
through MEGA (Molecular Evolutionary Genetics Analysis) version 4.1. Sequence
divergences were calculated using the Kimura two parameter (K2P) distance model
and unrooted NJ phenograms based on K2P distances were created using MEGA
4.1 and were bootstrapped 1000 times to provide percentage bootstrap values for
branch points (Tamura et al. 2007; Saitou and Nei 1987).

Table 1 Master mix preparation

Reagent Volume (µL)

10X buffer 5.0

dNTP (5 mM) 1.50

COI gene forward Primer F1 (0.5 mM)
5′TCAACCAACCACAAAGACATTGGCAC3

1.0

COI gene reverse primer R1 (0.5 mM)
5′TAGACTTCTGGGTGGCCAAAGAATCA3′

1.0

Taq polymerase (3 U) 1.0

MgCl2 0.25

RNase free water 10.25

Total volume 20

5 µL DNA was mixed with 20 µL reaction mix
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3 Results and Discussion

A total of 45 fish specimens belonging to 9 species, 6 genera, and 5 families were
barcoded from Pooranankuppam brackish water in Nallavadu lagoon at
Puducherry. The present study generated a total of 45 COI sequences for 9 species
(No stop codon, insertions or deletions were found in any of the amplified
sequences). All the amplified COI sequences were mean length 600 bp. Average
nucleotide frequency were C (26.50 %), T (30.25 %), A (25.04 %) and G
(18.21 %). The studied species were exhibited unique barcode haplotypes cluster of
very closely related reference sequences, which permitted the discrimination of 96–
98 % identity of species. All sequences were submitted to the NCBI GenBank.

3.1 COI Sequence Divergence Analysis

Out of the 9 species, 8 species belonging to perciformes and remaining one is
belonging to Anguilla species were well discriminated though COI barcoding with
average intraspecific genetic variability in the range of 0.005–0.020 compared with
0.203–0.354 for species within genera. The K2P genetic distances averaged 0.10 %
within species, averaged 6.38 % within genera, 18.25 % within families, 21.55 %
within orders and 23.18 % within classes, respectively were also obtained. Hence,
overall taxonomic level increasing values, there was a 15 fold more pronounced
difference among congeneric species than among conspecific individuals, and this
value also produces a high level of resolution between clusters in the NJ tree to
group the species to their corresponding genera and families with bootstrap values
(Fig. 2).

3.2 Comments on Individual Genera

3.2.1 Ambassis spp.

The studied six genera, 9 species were obtained unrooted NJ tree shows that
Ambassis spp. had separate cluster with three species. Among the three species
Ambassis ambassis close genetic distance with Ambassis dussummieri. These
species have clear external morphological features that allow differentiating each
other; however A. commersoni are synonyms of A. ambassis through morphological
taxonomy described but COI gene sequences had distinct genetic divergences
obtained within A. commersoni and A. ambassis (K2P = 0.204). Moreover, genetic
distance between this genus is 6.38 %, well above typical within genera values.
Therefore, the lack of discrimination feature at morphological taxonomy level
between these two species is likely misidentification. On the other hand, a reference
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sequence which was retrieved from NCBI data from Indian water and South Africa
region also supports our data and shown in NJ tree (Fig. 3).

3.2.2 Anguilla sp.

Tropical eels are widely distributed about four species or subspecies in the Indian
Ocean. In India two species of Anguilla (A. bicolor bicolor and A. nebulosa)
reported. Based on the morphological characters study suggested that A. bicolor
historically has been described as two subspecies, A. bicolor bicolor in the Indian
Ocean and A. bicolor pacifica in the western Pacific Ocean and the seas around the
northern parts of Indonesia (Ege 1939), but is apparently genetically homogeneous
in the Indian Ocean (Minegishi et al. 2011). However, A. bicolor bicolor and A.
bicolor pacifica COI genetic divergences study have been never investigated in
details. The present study was to reveal the COI genetic divergency between A.
bicolor bicolor collected from study site with close genetic identity reference
sequences retrieved from GenBank and compared for further confirmation.

Collected specimen was identified as A. bicolor bicolor based on the morpho-
logical identification keys. Studied species COI gene sequence with nine reference
sequence from GenBank used to constructed NJ phylogram formed 4 distinct clades
(Fig. 4). The clade 1 in the top of the NJ phylogram contained Anguilla marmorata
reference sequences JQ665825, HM345929, DQ521000 from different part had a
cluster with 100 % identity. Clade 2 consists of (KF182302, KF182302) Anguilla

 Anguilla bicolor-DOSMB

 Liza macrolepis-DOSMB

 Channa punctata-DOSMB

 Oreochromis mossambicus-DOSMB

 Puntius sophore-DOSMB

 Etroplus suratensiS-DOSMB

 Ambassis commersoni-DOSMB

 Ambassis ambassis-DOSMB

 Ambassis dussumieri-DOSMB52

94

44

28

25

67

0.02

Fig. 2 Neighbour-joining tree for studied species of the mtDNA COI sequences of 9 nominal
species of fish in Nallavadu braicksh water. Bootstrap support for NJ probability based on the K2P
parameter test is shown above or near the branch. Scale bar represents is 0.02 substitutions per
nucleotide position
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 Ambassis dussumieri-DOSMB

 KF918316 Ambassis dussumieri//India

 KF781349 Ambassis dussumieri//India

 JF492813 Ambassis dussumieri//South Afri

 Ambassis commersoni-DOSMB

 KJ614388 Ambassis commersoni//India

 Ambassis ambassis-DOSMB

 JF492812 Ambassis ambassis//South Africa

 JF492810 Ambassis ambassis//South Africa

 FJ347898-Mugil cephalus//India

 HQ654721-Liza subviridis//Philippines

 FJ347967-Liza macrolepis//India

 FJ347967-Liza macrolepis //India

 EF609544-Liza macrolepis//India

 Liza macrolepis-DOSMB

 EF609546-Liza macrolepis//India: Kerala

 Puntius sophore-DOSMB

 HM057185 Puntius sophore//India

 FJ237544-Etroplus suratensis//India

 GU566028-Etroplus suratensis//India

 Etroplus suratensiS-DOSMB

 FJ347966-Etroplus suratensis//India

 Channa punctata-DOSMB

 FJ459408 Channa punctata//India

 HM117200 Channa punctata//India

 EU417795 Channa punctata//India

 JX260844 Channa punctata//India

 HQ654752-Parachromis managuensis

 Oreochromis mossambicus-DOSMB

 HQ219156 Oreochromis mossambicus//India

 HQ219155 Oreochromis mossambicus//India

 AY263864 Oreochromis mossambicus//USA

35

21

31

100

100

100

100

88

24

100

55

50

100

100

100

100

100

71

61

28

36

64

47

63

100

65

0.05

Fig. 3 Neighbour-joining tree of studied species COI gene sequences showing similarities with
reference sequences retrieved from GenBank
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bengalensis from Indonesian water, which showed 100 % similarity with same
species from same region. Clade 3 contains studied species A. bicolor bicolor along
with reference sequence of same species KF182304 (A. bicolor bicolor) from
Malaysia with 100 % genetic similarity observed in NJ tree (Fig. 4). The studied
species sequences with reference sequences retrieved from GenBank database to
form clustered in NJ tree. From this analysis observed that COI gene sequences
clearly proving the reliability of in identification of Anguilla spp.

4 Genetic Distance

A. bicolor bicolor Four specimen COI gene sequences Intraspecific mean genetic
pair-wise distance was calculated and in the range of 0.03 from 0.02 to 0.050 and
same species reference sequence (KF182304) from Malaysia also same values.
Morphologically subspecies of A. bicolor pacifica reference sequence from
Philippines water with studied species (A. bicolor bicolour) genetic diversity had
0.025. Interspecies genetic diversity analysis between studied species and
A. marmorata (HM345929; JQ665825; JQ431413) showed 0.050 K2P values.
Based on the A. bicolor bicolour species COI gene sequences are new reports from
India for NCBI GenBank and BOLD system.

DNA barcoding is a well accepted taxonomic method which uses a short genetic
marker to facilitate identification of a particular species even by non-specialist. CO1

 DQ521000 Anguilla marmorata//Hawaiian Is

 HM345929 Anguilla marmorata//Indonesia

 JQ431413 Anguilla marmorata//French Poly

 JQ665825 Anguilla marmorata//Indonesia

 KF182303 Anguilla bengalensis//Malaysia

 KF182302 Anguilla bengalensis//Malaysia

 Anguilla bicolor-DOSMB

 KF182304 Anguilla bicolor/Malaysia

 KC970322 Anguilla bicolor pacifica//Phil

 KC970305 Anguilla bicolor//Philippines

100

100

100

100

100

41

59

0.005

Fig. 4 Neighbour-joining phylogram of COI gene sequences showing similarities between DNA
barcodes studied species (Anguilla bicolor bicolor) with reference sequences retrieved from
GenBank
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has been accepted as universal barcode to delineate animal life. Hebert et al. (2004)
proposed DNA barcoding works under the principle that interspecies variations are
greater than the intra-species variations allowing one to distinguish the species
using nucleotide sequences. Marine fish interspecific genetic distance well docu-
mented in different family in Indian water (Persis et al. 2009; Lakra et al. 2010;
Ajmal Khan et al. 2011; Sachithanandam et al. 2012, 2014). Based on multiple
studies Hebert et al. (2003) suggested an approximately 650 bp of the CO1 gene
which is relatively easy to amplify with standard primers and is sufficient enough to
obtain resolution on all levels between species and phylum for majority of the
groups albeit with some exceptions (Ward et al. 2009). In the present study, earlier
works in different animals are compared with the results of the pairwise compar-
isons within the genera 0.30 for perciformes spp., and Angullia sp. 0.022, the
following results have been revealed: intraspecific variation in marine fishes has the
value of 0.30 (Ward et al. 2005), Indian carangids has 0.24 (Persis et al. 2009),
Indian Ocean marine fishes has 0.30 (Lakra et al. 2010), North American birds have
0.24, 0.23 and 0.27 (Hebert et al. 2004), Guyanese bats has 0.60 (Clare et al. 2011)
and 0.46 for Lepidoptera (Hajibabaei et al. 2006). Atlantic and Brazilian cuzk eels
species were discriminated 5.8 % genetic divergence observed (Mabragana et al.
2011). It is evident that congeneric distances are higher than the conspecific dis-
tances. In addition to the species identification, DNA barcoding has been used for
identification of processed food products (Smith et al. 2008).

5 Conclusion

DNA barcoding is taking great endeavours of biological research genomics, phy-
logenetics and providing a comprehensive view into the biology, used to screen the
large-scale genes, assign unknown individuals and discovery of new species. The
present work concluded that studied species DNA barcode tool clearly discrimi-
nated in inter and intraspecific level without any ambiguity in genetic divergence of
fish; these results support the utility of DNA barcodes for regional species identi-
fication of fishes. In future, Indian water need more groups of aquatic species for
biodiversity assessment though COI gene sequence approach, will contribute
increase biodiversity database. Moreover, COI gene based identification species
enabled differentiation of species beyond doubt.
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