RESEARCH ARTICLE

Indian Journal of Animal Research, Volume 56 Issue 8: 933-940 (August 2022)

Character-based Diagnostic Keys, Molecular Identification and
Phylogenetic Relationships of Fishes based on Mitochondrial
Gene from Pulicat Lake, India: A Tool for Conservation and
Fishery Management Purposes

A. Rathipriya', A. Kathirvelpandian'?, S.A. Shanmugam’, A. Uma®, E. Suresh’, N. Felix* 10.18805/IJAR.B-4905

ABSTRACT

Background: Pulicat Lake is one of India’'s most valuable ecosystems. Correct species identification is essential for the conservation
and management of finite resources. Molecular signatures and character-based keys could be used for faster identification. This will
be a powerful tool to obtain a significant amount of accurate information quickly and conveniently and could be used for forensic
applications and the conservation of fish in Indian waters.

Methods: In addition to morphological identification, the species were identified using various approaches, such as Neighbour-
joining (NJ), Maximum Likelihood (ML) trees and the Character-based method. For each species, the LOGic (BLOG 2.0) DNA
Barcode analysis method was used to identify different positions of key diagnostic nucleotides in a given set.

Result: DNA barcodes were generated from twenty-nine species of fish representing seven orders, 26 genera and 21 families in this
study. The current study’s findings show that the 16S rRNA barcodes facilitated successful fish species identification and also
provided phylogenetic information to differentiate the fishes. The character-based molecular diagnostic keys for fishes were also
developed in-silico from the data set comprising 393 mitochondrial 16S rRNA sequences including the sequences generated in the

present study and other published resources.
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INTRODUCTION
Pulicat lake in India is the second-largest brackish-water
lake running almost parallel to the Bay of Bengal. Govindan
and Ravichandran (2016) identified 83 species in Pulicat
Lake, categorising them into 14 orders and 50 families. The
biodiversity details from this area have been reported by
several researchers. So far, no recent consolidated data is
available. DNA-based markers, particularly mitochondrial
DNA (mtDNA) markers, are commonly used to improve the
resolution of systematic connections between species.
According to Finizio et al. (2006), particular morphological
characteristics of fish are sufficient for identifying fish
species; however, there is an issue when processed food is
involved. Mitochondrial DNA is a useful tool for identifying
fish species (Teletchea, 2009) maintaining fish stocks and
monitoring seafood (Rubinoff et al., 2006). These genes are
non-coding and conserved and therefore played an
important part in determining phylogenetic relationships. In
several fishes, the mitochondrial 16S rRNA gene was
employed for molecular phylogenetic analysis (Li et al., 2013).
Species categorization with DNA Barcode is a technique
for assigning an unknown specimen to a recognised species
by evaluating its DNA Barcode sequence and it has been
shown to work on a variety of organisms (Schindel and Miller,
2005). A supervised machine learning method termed BLOG
(Barcoding with LOGic) is one of the ad-hoc DNA Barcodes
classification tools (Weitschek et al., 2013). It's a character-
based method for classifying specimens into species by
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using classification criteria that compactly identify species
in terms of DNA Barcode positions of essential diagnostic
nucleotides. This study will give a DNA barcode database
for fish species found in Pulicat lake, which will aid in the
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preservation of native diversity and ecological stability for
the long-term use of the country’s fish genetic resources.

MATERIALS AND METHODS

The study was conducted during March 2020-May 2021 at
the Institute of Fisheries Post Graduate Studies, TNJFU,
Chennai, Tamil Nadu. The tissue and voucher specimens
of twenty-nine species from 21 families were collected from
different locations of Pulicat Lake. All of the specimens
were morphologically identified using the FAO Fish
Identification taxonomy keys. Total DNA was isolated from
the muscle tissues that were preserved in 99% ethanol
using the salting-out procedure (Miller et al., 1988). The
PCR amplification of the partial segment of the gene was
carried out using primers 16S FP 5-CGC CTG TTT ATC
AAA AAC AT-3' 16S RP 5’-CCG GTC TGAACT CAG ATC
ACG T-3’ (Palumbi, 1996). Bidirectional sequencing of PCR
products was carried out using the Sanger sequencing
methodology in ABI 3730 DNA sequencer.

The raw sequences were edited and aligned using
BIOEDIT sequence alignment version 7.0.5.2 (Hall, 1999).
Firstly, BLAST searches were conducted for each sample
to identify highly similar sequences on GenBank. The highly
similar sequences were then used to generate a Neighbour-
Joining (NJ) and Maximum Likelihood (ML) tree for each of
the studied species separately using based on Kimura two-
parameter distance model (K2P) as implemented in MEGA
version 6.0 (Tamura et al., 2013). Sequences of Litopenaeus
vannamei were selected as the out-group for phylogenetic
tree construction. BLOG 2.0 (Weitschek et al., 2013) applies
a supervised machine learning approach, which involves
the usage of test and training data sets. mtDNA 16S rRNA
gene sequences of fishes were obtained directly from the
Fish Barcode Information system and GenBank Nucleotide
Database. For this purpose, the datasets of 393 sequences
were divided into a training set (314 sequences, 80% of total)
and test set (79 sequences, 20% of total) for the
identification of nucleotide positions and classification of
species with the help of character-based identification keys.
The probe sequences were identified using Gene Runner
version 6.2.07.

RESULTS AND DISCUSSION
Nucleotide sequence and genetic divergence analysis

The study represented 29 species of 26 genera, 21 families
and 7 orders. The species list and the GenBank accession
numbers are provided in Table 1. According to the current
study, many researchers utilised the BLASTn similarity
approach to check sequences (Rathipriya et al., 2019; Lee
and Kim, 2020; Das and Choudhury, 2021; Saravanan et al.,
2021). They studied 16 rRNA gene sequences showed both
conserved and variable regions. This could be responsible
for the differences in sequence length generated. This
may also enable the identification of appropriate taxon-
specific primers for phylogenetic applications. The
average GC content was (48.1%) similar to the one reported
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by Ward et al. (2005) in teleost (47.10%). The 16S rRNA
sequences of fishes were aligned to yield a final size of
523 bp. A total of 260 sites were constant (Fig 1), 263 sites
exhibited variable, of which 210 were parsimony informative
and 53 were singletons. The estimated transition/
transversion bias (R) was 1.297. The sequence analysis
revealed average nucleotide frequencies as 28.85% (A),
21.82% (T/U), 25.18% (C) and 24.15% (G). The average
overall mean distance was 0.103. The highest distance was
observed between Cynoglossus arel and Stolephorus
commersonnii (0.184) and the lowest distance was observed
between Lutjanus fulvifiamma and L. johnii (0.020). In this
study, K2P% was used to assign an unknown specimen to

Table 1: GenBank accession numbers of 16S rRNA gene for the fishes

Name of the species GenBank accession no.

Gerres filamentosus MW534557
Terapon puta MW578372
Upeneus sulphureus MW578527
Karalla dussmieri MW785183
Secutor insidiator MW785215
Drepane punctata MW785201
Siganus javus MW785838
Sillago vincenti MW785839
Scomberoides tol MW578517
Alepes kleinii MW785213
Etroplus suratensis MW785757
Pomadasys maculatus MW785204
Lutjanus fulvus MW785214
Lutjanus johnii MW 888468
Lutjanus fulviflamma MW959196
Ostorhinchus pleuron MW785848
Nematalosa nasus MW534558
Escualosa thoracata MW785189
Stolephorus commersonnii MW534695
Encrasicholina heteroloba MW 888466
Opisthopterus tardoore MW785852
Cynoglossus arel MW563939
Hippoglossina oblonga MW945438
Hyporhamphus quoyi MW578374
Triacanthus biaculeatus MW578519
Moolgarda perusii MW578526
Planiliza macrolepis MW785218
Planiliza subviridis MW785205
Synodus kaianus MW785209

Table 2: Summary of 16S rRNA gene sequences genetic divergences
(K2P per cent) between various taxonomic levels.

Comparisons Distance

between Minimum Maximum
Species 2.0% 18.4%
Genera 3.4% 21.4%
Families 5.4% 23.2%
Orders 7.0% 25.6%
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Fig 2: Summary form of Neighbour joining tree of 16S rRNA gene sequences derived from 29 fish species using K2P distances,
out-group Litopenaeus vannamei sequence.
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Fig 3: Summary form of maximum likelihood tree of 16S rRNA gene sequences derived from 29 fish species using K2P distances,
out-group Litopenaeus vannamei sequence.
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Table 3: Species formula for fishes of pulicat lake using BLOG2.0.

Species Diagnostic nucleotide or species formula

Chanos chanos pos50=G pos51=T pos55=A pos97=C orpos97=A pos175=T pos195=C
Chirocentrus nudus pos158=G pos174=A pos175=G

Clarias batrachus pos158=T pos175=C pos178=G

Diagramma picta pos84=T pos92=C pos174=C

Diodon hystrix pos46=T pos130=C pos173=A

Epinephelus lanceolatus pos11=A pos46=C pos60=C pos97=A

Euthynnus affinis pos17=A pos69=A pos175=A

Glyptocephalus cynoglossus pos12=C pos158=C pos175=G

Gymnothorax reticularis pos68=C pos174=C pos195=T

Kyphosus vaigiensis pos11=C pos18=T pos60=A pos92=T pos141=T
Eubleekeria splendens pos12=A pos110=T pos173=G

Mugil cephalus pos46=T pos68=G pos92=G pos173=C pos195=T or pos60=G pos110=T
Muraenesox cinereus pos69=A pos97=T pos141=G pos158=C pos178=C
Myoxocephalus octodecemspinosus pos17=G pos18=A pos92=G

Platycephalus indicus pos22=A pos24=G pos84=T

Psettodes erumei pos11=C pos175=C pos178=A

Rachycentron canadum pos68=T pos175=G pos41=A pos12=C
Scatophagus argus pos178=A pos84=C pos23=G pos25=T pos51=T pos55=C
Terapon jarbua pos12=C pos41=C pos51=A pos195=C pos69=G
Valamugil cunnesius pos12=A pos18=T pos69=G pos175=C

Valamugil seheli pos23=C pos141=G pos195=C

*Etroplus suratensis pos11=T pos68=T pos84=G

*Pomadasys maculatus pos18=T pos24=T pos92=G

*Secutor insidiator pos22=T pos68=T pos175=G

*Siganus javus pos17=A pos174=A pos195=T

*Drepane punctata pos193=G pos250=T

*Encrasicholina heteroloba pos293=G pos302=A

*Gerres filamentosus pos193=T pos219=A pos302=C pos355=C
*Lutjanus fulvus pos38=G pos355=C

*Moolgarda perusii pos247=A

*Planiliza macrolepis p0s229=G pos249=A

*Sillago vincenti pos193=A pos338=G

*Lutjanus fulviflamma pos62=A

*Opisthopterus tardoore Pos72=G

*Indicates the species of the present study.

Table 4: Species-specific probes for the fishes of pulicat lake identified through CBIS (16S rRNA).

Species name Position Species-specific probes Tm Ta
Chanos chanos pos195=C AGACATCCATGCAAGTTGGATCAC 57.9 52.9
pos175=T ACAGTTAAGCATCTCCCTTACACCGA 59.9 54.9
Chirocentrus nudus pos158=G GTAGAGGTGAAATGCCTACCGAGTCA 60.2 55.2
Pos174=A TACCGAGTCAGGTTATAGCTGGTTAC 57.9 52.9
Clarias batrachus Pos158=T CCCCCTTCAAGTCAATGAAATTGATCTG 58.7 53.7
pos175=C AAAAGTGCCTGAAGGTGGATTTAGTAGT 58.7 53.7
Diagramma picta pos84=T GTCTCTTAAATGGGGACCCGTATGAAT 58.6 53.6
pos92=C AATGGGGACCCGTATGAATGGCATA 60.3 55.3
Diodon hystrix pos46=T GCCCTGTGACTATATGTTTAACGGCC 60.1 55.1
pos130=C ATGGCACAACGAGGGCTTAACT 59.2 54.2
pos173=A AATGAAATTGATCTCTCCGTGCAGAAG 58.2 53.2
Epinephelus lanceolatus pos60=C ATATGTTTAACGGCCGCGGTATTTTG 59.2 54.2
Euthynnus affinis pos17=A CTTGCAAAATCAAAGAATAAGAGGTCCAG 57.4 52.4
pos69=A CGGCCGCGGTATTTTAACCGT 60.9 55.9

Table 4: Continue.......
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Table 4: Continue.......

pos175=A AGTGAAATTGATCTCCCCGTGCAGAA 60.8 55.8
Glyptocephalus cynoglossus pos158=C GTCAATGAAATTGATCTCCCCGTGCA 60.2 55.2
pos175=G TGCAGAAGCGGGGATTAAACCATAA 59.2 54.2
Gymnothorax reticularis pos68=C TGCCCTGTGACAGCAGTGTTTAA 59.4 54.4
pos174=C TTTACTGTCTCCTCCCCCCAGTCA 60.7 55.7
pos195=T TCAATGAAATTGATCTCCCCGTGCAGA 60.8 55.8
Kyphosus vaigiensis pos11=C CATCGCCTCTTGCAAAACTGAGG 59.2 54.2
Eubleekeria splendens pos12=A CTTGAAAACCAAAAAATAAGAGGTCCCA 56.9 51.9
pos110=T GTCCTTTAAATGAGGACCCGTATGAA 57.1 52.1
pos173=G CAATGAAATTGATCCCCCCGTGCA 60.4 55.4
Mugil cephalus pos46=T ATATACCGCCGTCGTCAGCC 59.2 54.2
pos92=G ATGAGAACCAGTATGAATGGCTAGACGAG 60.1 55.1
pos173=C CCACAAGCCTCGCCTGTTTAC 58.7 53.7
Muraenesox cinereus pos178=C CTGTCTCCCGCACCCAGTC 59.5 54.5
Myoxocephalus octodecemspinosus pos17=G TCCCTTACACTGAGAAGTCACCC 57.9 52.9
pos18=A CCCTTACACTGAGAAGTCACCCG 59.1 54.1
pos92=G ACAAGCCCCTGTAAATACCCCCTAAATA 59.4 54.4
Platycephalus indicus pos22=A TAAAGAATTACGGATGATGCACTGAAA 55.8 50.8
pos84=T AAGCGGGAAATAGAGCGTCCC 59.4 54.4
Psettodes erumei pos11=C CACTTGTCTTTTAAATGGAGACCTGTAT 55.9 50.9
pos175=C ACACCCCAAGCTAAAGGAATAAACTGAT 58.7 53.7
pos178=A CCCCAAGCTAAAGGAATAAACTGATTG 56.8 51.8
Rachycentron canadum pos41=A AACAATACACAATTTATAACCCCTAATAC 56.0 51.0
Scatophagus argus pos178=A TTCGGAGCAACAGAGAAAGTACC 57.2 52.2
pos23=G ACTGAGAAAGCATCCGTGCAAATC 58.7 53.7
pos51=T TGCGGTATCCTGACCGTACGAA 60.2 55.2
Terapon jarbua pos51=A GACCGTGCGAAGGTAGCGTAAT 59.8 54.8
pos69=G GTGCGAAGGTAGCGTAATCACTTGTC 60.5 55.5
Valamugil cunnesius pos175=C AAATAACCCAGTAAAGCCAAAAAAAGCAG 57.9 52.9
Valamugil seheli pos23=C CCTGTGACCCCCAGTTTAACG 57.8 52.8
pos141=G CCCGGTCAATGAAATTGATCTTCC 56.7 51.7
*Etroplus suratensis pos11=T CTGCCTGTGACCATGAGTTTAACGG 60.4 55.4
pos68=T AGCGCAATCACTTGTCTTTTAAATGAAGA 58.6 53.6
pos84=G TTTAAATGAAGACCCGTATGAATGGCATA 57.4 52.4
*Pomadasys maculatus pos18=T CCGCCTGCCCTGTGACTTG 60.8 55.8
pos24=T GCCCTGTGACTTGTATGTTTAACG 56.9 51.9
pos92=G TTTAAATGAGGACCCGTATGAATGGC 57.9 52.9
*Secutor insidiator pos22=T GCATCATGATTTAGCCAGCAATTT 55.5 50.5
pos68=T AGCCCCGAAACTAGACGAGCTA 59.6 54.6
pos175=G TTTAGTTATAGCTGGTTGCCTAAGAAA 55.0 50.0
*Siganus javus pos17=A CACCGTCGTCAGCTTACCCT 58.9 53.9
pos174=A AGGATTTAGCAGTAAGCAGAAAATAGAG 55.9 50.9
pos195=T TAAAGGAGGATTTAGCAGTAAGCAGA 56.0 51.0
*Drepane punctata pos193=G TCTGAAGGAGGATTTAGCAGTAAGCAG 58.6 53.6
*Encrasicholina heteroloba p0s293=G GTCTTAGGTTGGGGCGACCA 58.8 53.8
pos302=A CTAACAACCGATTAACGAACCAAGT 56.2 51.2
*Gerres filamentosus pos193=T TATGGAGCTTTAGACTATTAAGACAGACTAT 55.4 50.4
*Lutjanus fulvus pos38=G GTTTAACGGCCGCGGTATTTTGA 59.2 54.2
pos355=C CAAGAGCTCCCGCTCTACTAAACA 58.7 53.7
*Moolgarda perusii pos247=A TTTCAACTACTCCCGCTAAATGAAG 55.8 50.8
*Planiliza macrolepis pos229=G TGGAGCTTTAGACGTCAGAACAGA 58.0 53.0
pos249=A CAGACCATGTAAGCTACCTCCATGA 58.2 53.2
*Sillago vincenti pos193=A TGTCTCCTTTTTCAGGTCAATGAAATT 56.1 51.1
pos338=G AATGTCTTTGGTTGGGGCGACC 60.3 55.3
*Lutjanus fulviflamma pos62=A GTGCGAAGGTAGCGCAATCACTTGT 62.6 57.6
*Opisthopterus tardoore Pos72=G TTGAAACCCCGAAACCTCCGACG 61.9 56.9

*Indicates the species of the present study.
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a known species, to detect novel sequences and to
determine whether an unknown specimen is a distinct new
species. The average genetic distances between species,
genera, families and orders were 18.4%, 21.4%, 23.2% and
25.6%, respectively (Table 2), which was comparable with
patterns observed in several fish barcoding studies
(Bingpeng et al. 2018; Wang et al. 2018).

Phylogenetic tree analysis

The species phylogenetic relationships were established,
with comparable genera clustered under the same nodes
and different genera clustered under separate nodes. High
bootstrap values (90-99%) supported the nodes. Basheer
et al. (2015), Bineesh et al. (2015) and Lakra et al. (2011)
all found similar findings in marine fish species in Indian
waters. Several researchers have employed 16S rRNA gene
sequences to investigate the phylogeny of various groups,
including fish. With a revised classification of the Epinepelini
using 12S and 16S rRNA sequences, Craig and Hastings
(2007) explained the molecular phylogeny of groupers of
the subfamily Epinephelinae (Serranidae). Sparks and Smith
(2004) on cichlid fishes, Vinson et al. (2004) on Sciaenid
fishes, Wiley et al., (1998) on lampridiform fishes and llves
and Taylor (2009) on Osmeridae are some other examples
of phylogenetic studies. The summary form of the NJ tree
and ML tree is given in Fig 2 and Fig 3.

Character-based species classification of species

In terms of DNA barcode sites, the character-based method
aims to identify specimens of essential diagnostic
nucleotides for species. In this study, we developed 112
positions of character-based keys using 16S rRNA gene
sequences (Table 3). After the species formula was
identified, the Primer 3.0 tool was used to check the possible
secondary structures to finalise the species-specific probes
for each species under study (Table 4). The melting
temperature (Tm) of primers in the 55-60°C range and 5°C
below the annealing Temperature give the best results, the
primers were selected within the range. Paine et al. (2007)
developed a character-based key for identifying the 17
members of the Scombridae family which is common to the
western Atlantic Ocean. Lowenstein et al. (2009) described
40 distinguishing locations for blue-fin tuna. Puncher et al.
(2015) developed a character-based key for identifying
Atlantic blue fin tuna larvae (Thunnas thynnus). Vargheese
et al. (2019) utilised BLOG 2.0 to distinguish 82 species of
elasmobranchs and found 214 diagnostic nucleotides, which
is similar to Rathipriya et al. (2021). Mahapatra et al. (2020)
developed 25 positions of character-based keys for scombrid
identification in Indian waters. These diagnostic molecular
keys could be translated into a customised DNA chip for
precise species identification.

CONCLUSION

Incorrect identification could result in inaccurate estimates
of spawning stock biomass and management. Genetic
markers are a valid tool for unambiguous identification that
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is both reliable and rapid and they play a significant role in
fisheries management. The probes created could be used
to detect substitution in fish and fish products not only for
complete specimens but also for products and damaged
specimens for fish authenticity.

Conflict of interest: None.
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