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Eels have always been a source of fascination because of their charismatic shape and size. They are
good source of animal protein and bear high food values. Dwindling population of eels has meanwhile
led certain species to IUCN threatened categories. In spite of these, scientific investigations on the only
species of this genus, Anguilla bengalensis, in this region have not been reported much. Many biological
questions of the catadromous fish are still unanswered. Quick but authentic identification of threatened
species is vital to unveil such query and frame out conservation and management strategies. DNA
barcodes utilising partial mitochondrial cytochrome c oxidase I gene and nuclear rhodopsin gene
were developed in this current study. Conventional taxonomic information has also been included
contemplating inevitable role of it in unambiguous species level discrimination. The study has generated
novel barcode of the species from this region to decipher implications on congeneric and conspecific

divergence.

Highlights
e Generation of mt-COI DNA barcode

¢ Generation of nuclear rhodopsin gene DNA barcode

e Taxonomic review of Anguilla bengalensis
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Fish is an integral part of socio economic fabric of
the state of Assam which is part of biodiversity
hot-spot. Anguillids and other eel shaped fish
species of Assam bear high market price and many
a times more compatible than carps. A few Anguilla
species are introduced in aquaculture in countries
like Japan (Leander et al. 2012). Ege (1939), Castle
and Williamson (1974) and Watanabe et al. (2009)

mentioned sixteen species of the genus Anguilla
(Aoyama 2009). Eels are found in the tropical,
subtropical and temperate parts of the globe and not
availableatSouth Atlanticand the west coasts of North
and South America (Aoyama 2009). At present FISH-
BOL has enlisted eighteen species of genus Anguilla,
viz., Anguilla anguilla, Anguilla australis, Anguilla
bengalensis, Anguilla bicolor, Anguilla borneensis,
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Anguilla celebesensis, Anguilla dieffenbachii, Anguilla
interioris, Anguilla japonica, Anguilla luzonensis,
Anguilla malgumora, Anguilla marmorata, Anguilla
megastoma, Anguilla mossambica, Anguilla nebulosa,
Anguilla obscura, Anguilla reinhardtii and Anguilla
rostrata. Among these, Anguilla bengalensis is the
only species of genus Anguilla in Assam. In addition
to its high market price, the species plays role in
traditional therapeutics in Assam and neighbouring
states in treatment of burn injury (Rahman et al.
2014). The mucous of Anguilla bengalensis is reported
to be used in arthritis in combination of rice or wheat
flour (Arunachalam, M. and Sankaranarayanan, A.
2000). Observation of intraspecific variation creates
two sub species of Anguilla bengalensis. The native
in this region is the Anguilla bengalensis bengalensis
(Indian Mot led Eel) and Anguilla bengalensis labiata
(Peter 1852) is the African Mot led Eel IUCN 2015).
The first systematic comprehensive study on genus
Anguilla was carried out by Ege (1939), followed by
Watanabe (2001).

Eels have always been a source for human interest
for their interesting shape and size (Leander et al.
2012). They are the source of good food values in
different part of the globe. Moreover, there are many
unanswered facts to be resolved on eels (Leander et
al. 2012). Tropical eels migrate shorter distances, in
contrast to European eels those show long distance
migration. Tropical eels with short migration
habits are considered to be the basal group that
gave rise to long distance migration of European
eels (Aoyama 2009). Facultative catadromy, i.e. eels
remain in estuary or move back and forth between
freshwater and estuary has also been observed in
many eels (Tsukamoto and Arai 2001). The only
species of this genus, Anguilla bengalensis in this
region has not obtained much atention towards
scientific exploration. In most of the classical works
on Anguillids in the world, position of Anguilla
bengalensis seems to be ambiguous due to either
non inclusion in the investigation or use of doubtful
synonyms. In addition mere use of morphology
will be insufficient in identification of eels at
different life stages (Aoyama 2009). Identification
through protein profiling in closely related species
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is difficult as their proteins contain similar kinds of
constituents (Bartlet and Davidson 1991), (Smith et
al. 1996). DNA based techniques independent of cell
type and age has grown as choice for researchers in
fish identification (Davidson 1998), (Bossier 1999),
(Lockley and Bardsley 2000).

DNA barcoding has been proved to be a successful
mode in error free identification specially in case of
animals utilising mitochondrial partial cytochrome
¢ oxidase subunit I gene (COI), nearer to its 5' end
(Hebert et al. 2003). In popular term ‘barcode’ is
known as some codes in the form of bars to give a
unique identity to a product. The cardinal objective
of barcode is the easy and quick investigation of
any product in the midst of lot. In simple term, it
is the nucleotide differences between sequences,
whereby, a gap of difference is always found
functional between individuals of different species
in comparison to individuals of the same species. The
gap is referred as ‘barcode gap” and is considered as
‘threshold value” for species discrimination. DNA
barcoding is not to wipe out traditional methods. On
the contrary, DNA barcoding is a complementary
approach to conventional taxonomy for providing
indications towards phylogenetics and population
genetics (Hajibabaei ef al. 2007). Mitochondrial genes
are considered as good choice (Kochzius 2009),
(Teletchea 2009) for fish identification due to high
copy numbers of mtDNA in cells and consequently
high probability of DN A recovery (Hubert et al. 2008),
maternally inherited nature giving rise to rare or no
recombination (Sangthong and Jondeung 2003). The
advantage over selecting COI gene is the universal
primers for this gene are very robust, enabling
recovery of its 5'end from the representatives, mostly
in case of animals. Moreover, COI appears to possess
a greater range of phylogenetic signal than any other
mitochondrial genes. Its third position nucleotide
shows a high incidence of base substitutions, leading
to a rate of molecular evolution that is about three
times greater than that of 12S or 16 rDNA (Ghosh
2012). However, simultaneous use of two genes has
also been advocated by researchers to make good
use of DNA barcoding in fish (Sevilla et al. 2007).
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Fig. 1: Anguilla bengalensis

Materials and Methods

Fish samples were collected from various locations
of Assam and Assam-Meghalaya border zones with
the aid of fishermen. The sampling stations with their
coordinates are given in Table: 1. Diagnostic keys
(Vishwanath et al. 2007) were used in identifying
the fish and morphometric measurements were
considered following Ege (1939). Radiographicimage
of the fish were taken for vertebrae reckoning. Before
preservation of the specimen, small amount of tissue
(white muscle) was kept in -20°C for short period of
time or in 100% ethanol for long term preservation.

Table 1. Sampling stations with coordinates

SL.

Coordinat
No. oordinates

Sampling Stations

Near Palashbari, Kamrup,

26°12'17" North 91°53'58" East
Assam

26°01'44" North 91°35'46" East
25°50°34"North 91°20°41”E East

2 Near Rani, Kamrup, Assam
3 North Guwahati, Assam

Ukium, Assam-Megha-laya
transition zone

5 Maligaon, Guwahati

26°12'17" North 91°53'58" East

26°10"18" North 91°41'12" East

Sl
HD= Head Lengrir

ADI= Ans-Dorsal Length
Sul= Sugut Length

-Pre Dursal Length AN —

Jr
| HD Fre Anal Langth

Total Length

Fig. 2: Schematic representation of important body
measurements used in Anguilla bengalensis

ANGUILLA BENGALENSIS

Fig. 3: Radiographic image of Anguilla bengalensis

Total genomic DNA was isolated from white muscle
tissue following the procedure developed by Miller
et al. (1988) with minor aterations. Genomic DNA,
so obtained, was passed through quantitative and
qualitative checking using 0.8% agarose gel in horizontal
electrophoresis.  Partial  mitochondrial  cytochrome
¢ oxidase | (COI) and nuclear rhodopsin gene were
amplified using genomic DNA as template in polymerase
chain reactions (PCR). Sets of universal primers, viz. Fish
F1: 5'-TCAACCAACCACAAAGACATTGGCAC-3"and
FishR1: 5-TAGACTTCTGGGTGGCCAAAGAATCA-
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3', were used in amplification of 669bp COI gene (Ward
et al. 2004) and RodF2W: 5'-AGCAACTTCCGC
TTCGGTGAGAA-3'and Rod4Rn:5'-GGAACTGCTTGT
TCATGCAGATGTAGAT-3" were used in amplification of
447 bpnuclear rhodopsingene(Sevillaet al. 2007). Boththe
genes were amplified in 25 i reaction mixture containing
1X PCR buffer, 2mM MgCl,, 10 pmol each primer, 1ImM
dNTPs and 1U Tag polymerase (New England Biolabs)
in case of COI amplification and 1X PCR buffer, 2.5 mM
MgCl,, 0.4 mM dNTPs and 1 U Taq DNA polymerase.
1m DNA was used as template with concentration at 50-
100 ng/m for COI and 20-30 ng/m for rhodopsin. The
thermal conditions for polymerase chain reactions were as
follows: an initial denaturation at 95°C for 2 minutes, 35
cyclesat denaturation temperature of 95°C for 30 seconds,
annealing temperature of 55°C for 30 seconds and
extension temperature of 68°C for 1 minute and concluded
with a final extension step at 68°C for 10 minutes followed
by a hold a 4°C for COIl and an initial denaturation at
95°C for 4 minutes, 40 cycles at denaturation temperature
of 95°C for 30 seconds, annealing temperature of 60°C
for 30 seconds and extension temperature of 72°C for 45
seconds and concluded with a final extension step at 72°C
for 8 minutes for rhodopsin.

The amplified PCR products were analysed in 1% agarose
gel containing ethidium bromide (10mg/ml) and single
band was obtained without non specific amplification.
PCR products were purified using HiMedia PCR product
purification kit and sequenced commercially on both
direction.

All the COI PCR products and their subsequent
sequences are more than 600 bp and this indicates
that there is no NUMT sequence; because vertebrates
NUMTs are typically smaller than 600 bp. Raw
sequences were edited by trimming noisy terminals
and contig was obtained from bi directional
sequences in sof ware BIOEDIT (Hall, 1999). No
insertion/deletion (indel) was observed either in
sequence replications or in BLASTN use of National
Centre for Biotechnology Information (NCBI).
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Fig. 4. Schematic map of mtDNA in fish showing COl in
corresponding to Hrbek and Farias, 2008
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Fig. 5: Schematic representation of targeted portion of
rhodopsin gene with primer location in corresponding to
Yokoyamaet al. 1995

NCBI ORF (open reading frame) finder was utilised
in translating the sequences and sequences were
aligned in BLASTP (Altschul et al. 1990) and these
were in consonance with the functional partial
amino acid codes of fish mitochondrial COI gene
and nuclear rhodopsin gene. COI barcodes of
another Anguilliformes fish (Family Ophichthidae)
Pisodonophis boro (BIN: BOLD: ACP1605) and four
Synbranchiformes fishes found in Assam and of en
regarded as eel shaped fish species, Macrognathus
aral (NCBI accession: KJ946382), Macrognathus
pancalus, Mastacembelus armatus (NCBI accession:
KJ946383) and Monopterus chuchia (NCBI accession:
KJ946384) were also developed to get an indication
of best suited interrelation. Furthermore, secondary
data available on COI/ Rhodopsin sequences were
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obtained from National Centre for Biotechnological
Information (NCBI) and Barcode of Life Database
(BOLD). These primary and secondary information
have been utilised in determination of congeneric
and conspecific genetic divergences using Kimura
2-parameter distance model with Anguilla bengalensis
(NCBI accession: KP982886) and Neighbor Joining
trees were created using sof ware MEGA version 6

(Tamura et al. 2013)
Results and Discussion

Taxonomic Review
Muraena bengalensis Gray, 1831

Anguilla nebulosa nebulosa McClelland, 1844: unclear
synonym (Ege, 1939)

Anguilla anguilla Kulkarni and Ranade, 1974
Anguilla bengalensis Day, 1878

Current Valid Scientific Name: Anguilla bengalensis

(A)

Fig. 6. 1% Agarose gel image of PCR products. A: M-100bp DNA ladder, 1-5 COl, 6 negative control.
B: M-100 bp DNA ladder, 1-4 Rhodopsin, 5 negative control.

Gray, 1831

Vernacular: Nadal Bami, in Assamese

Fin formula: D 250-305; A 220-250; P 18
Phylum: Chordata

Class: Actinopterygii

Order: Anguilliformes

Family: Anguillidae

Genus: Anguilla

Species: bengalensis

Diagnosis (Vishwanath, 2007) (Jayaram, 2010)

Body elongated, cylindrical, abdomen rounded,
head long and compressed, dorsal and anal fin
continuous around tail, lips thick, villiform teeth on
jaws and palate, dorsal fin inserted nearer anus than
gill opening, body colour variegated yellow-olive
over brown markings, vertebrae 106-112.

(B)
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Table 2: Average body measurementsin terms of percentage
of Total Length with standard deviations

M easur ements Mean (% of Total Length) with SD
Standard Length 97.25 +0.77 témliasaiias i
Head Length 12.92 +0.53
Body Depth 7.64+1.39 s
Pre Dorsal Length 31.05+1.39
PreAna Length 44,19 +2.58
Ano-dorsal length 13.11+£1.48

Genetic divergence analysis wusing Kimura2-
parameter model based on COI gene sequence
showed less conspecific divergence (0.024) in
comparison to other Anguillliformes (0.164) and
Synbranchiformes  (0.212  with  Macrognathus
pancalus, 0.144 with Monopterus cuchia, 0.247 with
Mastacembelus armatus and 0.252 with Macrognathus
aral). The neighbour joining tree prepared on the basis
of developed COI barcodes and barcodes available
on BOLD database revealed close conspecific cluster
of Anguilla bengalensis with congeners viz. Anguilla
nebulosa (0.012 K2P genetic divergence).

WL AR
F s
{18 FELTE ERIER Ee g b ]

LI8 FELTE PR T e b i)
Pher RV B

Fig. 7: Neighbour-joining (NJ) tree developed using K2P
distance among primary (marked) and secondary COI gene

sequences

55— Q1672357 811|qbKJ462752.1] Anguilla marmorata rod opsin (Rh1F) mRMA partial cds
4 EAngLiIIa bangalensis 1 thodopsin SRGU B

gil131°519]qbIL73007 1JANG=ROD Anguilla angulla Teshwater rhodops n mRMA partial cds
cil3531795)embl|AJ249202 1| Anguilla japoniza mRNA for fresh water type rad ops n (fwa gere)
915931797 |emk|AJ245203 1| Anguilla jzpanica mRNA for cezp-sea tvpe rod opsin [dso gene)
I gi[131°517]qb|L73008.1JANSDSROD Anguilla anguilla deep-s2a thadopsin m3NA parial cds
B1 L qil672351809gk|K.J46273° 1| Anguilla marmcrata rod opsin (Rh10) mRNA partial cds

102

Fig. 8: Neighbour-joining (NJ) tree devel oped using K2P distance among primary (marked) and secondary Rodopsin gene sequences
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On the other hand distinct grouping has been
observed with other cogeners. The genetic divergence
analysis on the basis of rhodopsin gene sequence was
found limited because of the paucity of sequence
information in public databases.

There is plethora of fish species from India’s
Northeast declining from Earth even before their
proper scientific documentation. In case of Anguilla
bengalensis, being no exception, the research scenario
is in nascent stage, specially in terms of molecular
characterization. More number of sequence
information from this region would reveal newer
information to the scientific community. In this
study, novel DNA barcodes from this region are
developed in Anguilla bengalensis in complementary
to conventional taxonomy realising inevitable role
of traditional taxonomy in resolving species level
discrimination. Ano-dorasal length in relation to
total length (ADL%TL) had played an important role
in species differentiation across the genus Anguilla.
ADL%TL obtained in this study (13.11%) showed
obvious distinction with congeners; 10.03% in
Anguilla japonica, 0.43% in Anguilla bicolour pacifica,
15.57% in Anguilla marmorata and 10.30% in Anguilla
celebesensis (Leander et al. 2012).

COlI barcode of Anguilla bengalensis from this part of
the world would complement earlier mitochondria
based studies on genus Anguilla (Tagliavini et
al. 1995). Close cluster with A. nebulosa provides
an indication of use of synonyms in consonance
with A. bengalensis in past records (Aoyama 2009).
Lesser genetic divergence between A. bengalensis
and A. nebulosa in comparison to conspecific
genetic divergence of A. bengalensis asserts the
said statement. Moreover, less genetic divergence
between A. bengalensis bengalensis and A. bengalensis
labiata (0.016) and between A. bengalensis labiata
and A. nebulosa nebulosa (0.004) advocates need of
taxonomic review of these Anguillids incorporating
newly generated sequences. Authentic identification
of freshwater eels and their phylogenetic analysis
would remain inconclusive till morphological and
molecular characterisations are put together across
the Anguillids all over the globe. Generation of

DNA barcodes through this study would plug the
voids of database to hammer out interrelations
among the species. Development of rhodopsin
gene based barcode in Anguilla bengalensis would
broaden the use of multigene to make results more
conclusive. This also generates information such
as nucleotide frequencies (A= 25.9%, G= 18.1%, C=
26.9%, T= 29.1% for COI) and (A= 18.6%, 23.7%, C=
32&, T= 25.7% for rhodopsin). Different organisms
show different pat ern of nucleotide composition,
GC content and substitutions bias. Mitochondrial
genomes show profound shif in nucleotide usage
and GC content and can have serious impact
on phylogenetic analysis. Therefore, it is indeed
important to analyse GC content and substitutional
bias for reference in evolutionary history (Tamura
et al. 2013). Through sequence characterisation, it
would be possible to follow gene frequency changes
in course of time using both old museum specimens
and current representatives of a population (Kocher
et al. 1989). Besides the inherent benefit of DNA
barcoding in tagging species, this would create
baseline information on molecular characterization
to decipher some indication on phylogenetic
significance of this species. The outcome of the study
may be of good use for conservationists and field
biologists as a whole.
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