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ABSTRACT

Aim: Molecular divergence between species or a group of species is efficient tool to trace the
relation between them and assist in their better phylogenetic positioning with good bootstrap
supports. The study has emphasised on a chosen group of siluriformes species available in the
nearest water resource which includes species from family Clariidae, Heteropneustidae, Bagridae,
and Siluridae. Materials and Methods: Standard barcoding protocol was followed where the
intraspecific and interspecific pair wise sequence divergences were calculated based on Kimura-2-
Parameter model, followed by phylogenetic tree clustering. Results: A considerable gap was found
in the divergence values between species which is sufficient to differentiate and delimit them. For
intraspecific divergence, the average was found less than 1% whilst the interspecific divergence
varied from 16 to 24%. When the comparison was made on an average basis, the divergence
between species (20.40%) was found approx. 25 times higher than intraspecific divergence
(0.811%). When the divergence was calculated separately at each codon position, the maximum
contribution was found from 3™ codon position (78.4%) to the combined divergence which was
followed by 15t codon position (6.87%) and the least contribution from 2" codon position (1.82%).
The clustering analysis with Neighbor-Joining and Maximum likelihood methods delimit the
species with parallel phylogenetic clustering supporting the divergence trends. Conclusion: The
work provides a thorough picture of the relationship between divergence values and how this gap
in divergence values plays a critical role in differentiating species while at the same time assisting
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in deciphering their taxonomic and phylogenetic positioning.
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INTRODUCTION

DNA barcoding aims to ease and speed up the process
of species identification and to develop a comprehensive
database with barcoding sequences from as many
faunas as possible."” This is to make the identification
of an organism accessible to the various ventures
dealing with animals in different forms at different life
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stages, whether it is an organisation involved in their
conservation or a food industry dealing with processed
animal products, the two of the most important fields
with an utmost requirement of identification. This
approach could even be applicable in cases of the
complete absence of morphology-based identification
keys, like identifying illegally traded animal parts.”! To
generate these barcodes, the 5° 650 bp segment of the
1545 bp long mitochondrial Cytochrome ¢ Oxidase 1
gene (COI) has been considered an efficient molecular
marker. Itis claimed that it provides deeper phylogenetic
insight in comparison to other mitochondtial markers!"
and also has the advantage of sets of primers which
has provided amplification across the enormous
datasets from different classes of vertebrates- Pisces,™”
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Amphibia, ' Reptilia,”! Aves® and mammalia."”! Hence,
COlI found quite relevant to conduct a huge experiment
encompassing hundreds of species. This method of
barcoding is based on the fact that no two species have
identical COI sequences and there is a permissible
divergence range which keeps the individuals of a
species together despite having minor divergence
variations among them, with the factual consideration
that the intraspecific divergence is always lower than the
interspecific divergence and there is, generally, a huge
gap between the two divergence ranges which is called
as the barcoding gap and thus separates one species
from other. "2

The catfishes are among the commercially important
group of freshwater species in the Indian subcontinent
with a contribution of 143 species from the Indian
freshwaters."”) They are widely consumed, especially in
the North Indian states which are penetrated with a vast
tributary network of the Ganges riverine system. Six
catfish species from different families as Clarias batrachus
and C. gariepinus trom the family Clariidae; Heteropneustes
fossilis from the family Heteropneustidae; Sperata seenghala
and Rita rita from the family Bagridae, and Wallago attn
from the family Siluridae were included in this study to
determine the intraspecific and interspecific divergence
ranges. While choosing these species, emphasis has been
given to cover the divergence at different taxonomic
levels. The rationale of choosing these species is that
no such study has been done before on these species
to decipher the trend of divergence range in catfishes.
Besides this, they are widely distributed, commonly
available and commercially important as well. So, in
quest to find the divergence trend from the barcoding
perspective alongside covering the higher taxonomic
level viz. family, such a combination of species was
chosen for this study. The sampling was done from
distant locations to consider population effect on the
divergence value, as the distant populations sometimes
show unexpected large divergences overlapping with
interspecific divergence range.’!

Although standard morphometric keys are available
for most of the catfish species,'¥ but these keys
are life stages dependent viz. the individuals of
Clarias batrachus and C. gariepinus are quite difficult to
distinguish at their young stages. So, to overcome such
drawback of life stage dependency and for aforesaid
application of barcoding, the COI based identification
system is taken into consideration for barcoding
these species, since one of the key advantages which
comes with barcoding is its life stage independency.
The process of barcoding any species is based on
a simple methodology of Neighbour-Joining (NJ)
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clustering of the species using Kimura 2-Parameter
(K2P), which differentiates them into separate cluster
without giving any emphasis on their phylogenetic
relationships. But as some previous studies claimed of
getting the phylogenetic signals in NJ tree,>!'*'51 the
clustering in the present study is further analysed for
the same using Maximum Likelihood (ML) analysis.
Hence, the objective of the present study emphasised
on deciphering the percent sequence divergence at
different taxonomic level in catfish species, and to look
for the phylogenetic information content in Neighbot-

Joining (NJ) clustering,.

MATERIALS AND METHODS
Collection sites

The sample collection sites were two distant locations
560 km away on northern riverine system of Ganges
i.e. Aligarh (27.88°N 78.08°E) and Varanasi (25°19'08"N
83°00'46"E) with the help of local fishermen using
hook and line, fishing net and from the nearby local
fish markets (Figure 1). Whenever possible specimens
were brought to laboratory for identification or
otherwise identified at the sampling spot using standard
identification features.!"!
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Figure 1: Specimen sampling was done from the districts of
Aligarh and Varanasi from the river Ganga in the northern
part of India.
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DNA extraction and sequencing

The specimens were anaesthetized using appropriate
dose of Tricaine Methanesulphonate (Sigma-Aldrich).
Approximately 0.3-0.5 ml. blood were taken via
heart/caudal vein in Ethylenediaminetetraacetic acid
(EDTA) coated vacutainer vial. The blood samples
were placed in -20°C for a short duration until before
they subjected to DNA extraction. The high Salt
Method!"" with minor changes was used for total DNA
extraction including both nuclear and organellar DNA.
The quantification of DNA samples was done using
Nanodrop (Implan, Germany). All the samples with
absorbance ratio (A*"*" near to 1.8 were selected for
PCR to avoid any kind of impurity and discrepancy in
the polymerase chain reactions. Partial ‘Cytochrome ¢
Oxidase I (COI) gene’ was amplified using the universal
primers: Forward- fishF1, fishF2 and Reverse- fishR1,
fishR2.” It has amplified a segment of approx. 650-
700 bps from all the catfish species in PCR reaction
mixture of 25 pul with 50-100 ng DNA template, 10X
PCR buffer, 2 mM MgCl, 0.5 ul. ANTPs mix, 0.25 ul.
each forward and reverse primer and 1 unit TagDNA
polymerase. PCR amplifications were done in Peqlab
thermal cycler (Model: PEQSTAR 2X), with initial
denaturation (95°C/5 min) trailed by 35 thermal cycles
of denaturation at 95°C, 60 sec; annealing at 55-62°C,
45 sec; extension at 72°C, 60 sec., with a single final
extension at 72°C, 5 min. Multiple replicates were
amplified for the individuals of each species to check the
reproducibility of results, and to avoid any experimental
error. This was followed by purification of all the PCR
amplicons which then finally subjected for the further
process of DNA sequencing with Sanger method
(sequencer: ABI 3730XL) with BigDye Terminator v3.1
Sequencing Kit (applied biosystems). The sequences
were deposited to GenBank sequence database with
accession no. MH047225-MHO047238.

DNA Sequence analysis

All the DNA sequences were observed individually for
low resolution 5’ and 3’ terminals and their subsequent
trimming using software BioEdit (version 7.2.5).'%
The multiple COI sequence alighment was done in
software MEGA 7" using default parameters. The
aligned set of 644 bp long COI was then examined
for the basic characteristic of a mitochondrial protein
coding gene like A+T richness, nucleotide frequency,
anti-guanine bias to further confirm the sequences’
natural identity and then proceeded for the intraspecific
and interspecific pairwise divergence using K2P. The
software DnaSP (Ver. 6.12.01)* was used to trace the site
polymorphism including monomorphic, polymorphic,

singleton variable and parsimony informative sites. The
percent contribution of each nucleotide from all three
nucleotide codon positions was evaluated. Standard
barcoding protocol was followed where the intraspecific
and interspecific pair wise sequence divergence based
on K2P model was calculated first, followed by the
NJ tree based on the same model using Mega 7. The
NJ method is used because of its speed and strong
performance with low sequence divergence!! and
its dependence on the coalescence of conspecific
populations and the monophyly of species.? The NJ
tree was constructed with K2P. Since, NJ gives outcome
similar to that of likelihood or parsimony- based
phylogenetic methods,” ML analysis was also done to
checkif there is any phylogenetic signal in COI sequence
data and if it is there, then does NJ tree provide any
phylogenetic insight or just distinguishes the species,
irrespectively, into separate clade. For ML approach,
the best fit substitution model was assessed in “Find
Best DNA/Protein Models (ML)” option in MEGA
(Version7.0). According to Akaike information critetion
(AIC), K2P+G model was selected for the given data.
The K2P method was used since it takes transitional
and transversional bias into consideration. Since it is a
protein coding gene where the three codon positions
evolve at a different rate,” the gamma distribution was
used to characterize the nucleotide substitution rate
variation among sites."

The percent divergence values were also calculated
separately for all three nucleotide codon positions (1*
to 3% to trace the contribution of individual codon
position to the overall divergence.

RESULTS

The COI gene was found to be adenine and thymine
(A+T) rich with average percent nucleotide contribution
as A: 27.1%; T: 29.5%; G: 16.8%; and C: 26.6% with
lowest contribution from guanine (G) because of “anti-
guanine bias” at 3" and 2™ codon positions (Table 1).
The transition (ts) substitutions were higher than
transversion (tv) substitutions, and their ratio (ts/tv) was
found to be 2.30, the highest transitional substitution
were found at position 3™ followed by position 1 and
2 with ts/tv ratio on three codon positions were found
in the order of 3" (3.58) >1* (7.63) >2 (1.24) using
the method of Kimura.” Besides this, 436 nucleotide
sites were found to be monomorphic; parsimony
informative: 205; singleton variable: 03; 2-fold: 90 and 4
fold degenerate: 105. Sequences were found devoid of
any insertion/deletion or nonsense mutation.

Sequence divergence
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Table 1: Percent composition of Thymine(T), Cytosine(C), Adenine(A), Guanine(G) at three nucleotide codons,

calculated by MEGA(Version7.0).

Fish Species 1st Codon 2nd Codon 3rd Codon
T (03 A G T (o3 A G T (o3 A G
W. attu 18 26.5 251 30.2 41 294 16.4 13.1 27 28.4 35.3 €L}
H. fossilis 19 26.5 25.6 29.3 41 29.0 16.4 13.6 32 21.4 40.0 6.5
R. rita 19 251 26.5 29.3 41 29.0 15.9 14.0 30 24.7 395 5.6
C. batrachus 20 251 26.0 28.8 42 29.0 15.9 13.6 25 26.0 41.4 7.9
C. gariepinus 20 25.6 25.6 29.3 41 29.4 16.4 131 27 24.2 40.5 8.8
S. seenghala 20 251 25.6 29.8 41 29.0 15.9 14.0 28 25.6 40.5 6.0
Average 19 25.7 25.7 29.5 41 29.1 16.1 13.6 28 25.0 39.5 7.4

Table 2: Mean percent intraspecific divergence.

Species Divergence (%) Family
C. batrachus 0.16 Clariidae
C. gariepinus 2.22 Clariidae
S. seenghala 0.62 Bagridae
R. rita 0.62 Bagridae

H. fossilis 0.31 Heteropneustidae
W. attu 0.94 Siluridae

A trend of increasing K2P divergence was found
from conspecific individuals to species belonging

to different family (Table 2). The divergence in the
conspecific individuals found < 1% ranging from
0.16% to 0.9% except in C. gariepinus where it reaches
to 2.2%. The divergence between different families
(Tables 3 and 4) reaches maximum to 24.28% between
Clariidae (C. gariepinus) and Bagridae (S. seenghala). A
K2P divergence between confamilial genera found
equal to 21.14% between R. rita and S. seenghala from
the family Bagridae but the divergence between the
two congeneric species of genus Clarias found equal
to 15.82% between C. gariepinus and C. batrachus.
The divergence value between the non-congeneric

Table 3: Percent evolutionary divergence calculated over sequence pairs between species groups

(Model used: K2P+gamma distribution).

Fish species Wa Hf Rr Ch Cg Ss
W. attu (Wa) - - - - - -
H. fossilis (Hf) 21.63 - - - - -
R. rita (Rr) 19.03 19.49 - - = =
C. batrachus (Cb) 20.75 18.85 21.12 - - -
C. gariepinus (Cg) 22.60 16.12 19.42 15.82 - -
S. seenghala (Ss) 22.00 21.23 21.14 22.60 24.28 -

Table 4: Mean percent divergence within and between families (range given in parenthesis, where applicable).
Within family divergence values are marked with asterisk (*) and paragraph (f]) marks to indicate reason
behind the difference between corresponding values. Asterisk (*) is indicating the ‘within family divergence’

from the same genus (Clarias) of the family Clariidae. Paragraph (1)) mark is indicating the ‘within family
divergence’ from the two genera (Sperata and Rita) of same family Bagridae.
No marks are placed on between families divergence values.

Divergence -Within and between families

family Clariidae Bagridae Heteropneustidae Siluridae
Clariidae 15.82* - - -
Bagridae 21.85 21.147 - -
(19.42-24.28)
Heteropneustidae 17.48 20.36 - -
(16.12-18.85) (19.49-21.23)
Siluridae 21.67 20.51 21.63 -

(20.75-22.60)

(19.03-22.00)
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r C. batrachus 1

l C. batrachus 2

Clariidae
— C. gariepinus 1
— C. gariepinus 2
[H. Sossilis 1
Heteropneustidae
L fossilis 2

|—R. rita 1
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- W. attu 1
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0.020

:| outgroup

L O. niloticus 2

Figure 2: Evolutionary relationships of species using the Neighbour-joining method.??"!
Gamma distribution was used to characterize the rate variation among sites.

H. fossilis and C. gariepinus (16.12%) found closer to
the congeneric divergence found within genus Clarias
and the possible reason is the relationship between
Clariidae and Heteropneustidae as they are revealed
as member of the same clade in the mitogenomic
study by Kappas ez al.*)

Finally, the NJ-K2P clustering analysis has successfully
separated all six species into separate clade (Figure 2). When

the comparison was made on the average basis, the K2P
divergence between species (20.40%) was found approx.
25 times higher to intraspecific divergence (0.811%).
When the divergence was calculated separately at each
codon position (Table 5), the maximum contribution was
found from 3" codon position (78.4%) to the combined
divergence followed by first codon position (6.87%) and
the least contribution form 2™ codon position (1.82%).

Table 5: Percent evolutionary divergence between species groups at three codon positions using K2P+gamma
distribution. Table 5(a) representing divergence at 1st codon position; Table 5(b) representing divergence at

2nd codon position; Table 5(c) representing divergence at 3rd codon position.
Table 5(a): Divergence at 1st codon position.

Codon Position 1st

Fish species Wa Hf Rr Cbh Cg Ss
W. attu (Wa)
H. fossilis (Hf) 0.0539
R. rita (Rr) 0.0467 0.0673
C. batrachus (Ch) 0.0592 0.0541 0.0697
C. gariepinus (Cg) 0.0536 0.0487 0.0748 0.0515
S. seenghala (Ss) 0.0794 0.0781 0.1083 0.0893 0.0971

Average divergence=0.0687=6.87%

Asian Journal of Biological and Life Sciences, Vol 12, Issue 3, Sep-Dec, 2023
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Table 5: Cont'd.

Table 5(b): Divergence at 2nd codon position.
Codon Position 2nd

Wa Hf Rr Cb Cg Ss
W. attu (Wa)
H. fossilis (Hf) 0.02142
R. rita (Rr) 0.02142 0.0166°
C. batrachus (Cb) 0.0239° 0.0094¢ 0.0166°
C. gariepinus (Cg) 0.0239° 0.0142 0.0094¢ 0.0118
S. seenghala (Ss) 0.0166° 0.0154 0.0166° 0.0227 0.0238°

Average divergence=0.0182=1.82%

(a, b, cand d are indicating identical divergence values).

Table 5(c): Divergence at 3rd codon position.

Codon Position 3rd

Wa Hf Rr Cb Cg Ss
W. attu (Wa)
H. fossilis (Hf) 0.9164
R. rita (Rr) 0.7730 0.6928
C. batrachus (Cb) 0.8210 0.7257 0.8194
C. gariepinus (Cg) 1.0556 0.5553 0.7135 0.5504
S. seenghala (Ss) 0.8699 0.7915 0.7070 0.8387 0.9446

Average divergence=0.7849=78.49%.

Phylogenetic analysis

Some phylogenetic Signal seems appeared in the NJ method (Figure 3) Dependlng upon the data, I(ZP was
tree with K2P. To confirm this, phylogenetic analysis  used as a statistical test since it takes into consideration

was done with the character state approach based ML

100 [ C. batrachus 1

g \C. batrachus 2
Clariidae
| C. gariepinus 1
% 10— C. gariepinus 2
|H. fossilis 1
Heteropneustidae
35 w00l g fossilis 2
100 IR rita 1
L R rita 2
Bagridae
— 26 rs. seenghala 1
100l g seenghala 2
| W. attu 1 Siurid
lluridae
100 w7 artu 2
| O. niloticus 1 .
outgroup
100 L O, niloticus 2
0.050

Figure 3: Maximum likelihood evolutionary tree based on the Kimura 2-parameter model.[*!
Gamma distribution was used to characterize the rate variation among sites.
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the ts/tv bias at different codon positions which
varies considerably. Oreochromis niloticus was taken as
an outgroup and bootstrapping was performed with
100 replicates. The ML analysis clearly confirmed the
phylogenetic signals which appeared in the NJ tree with
bootstrap support of 81 between the two species of
Clarias and a very high bootstrap support of 95 between
the family Clariidae and Heteropneustidae. The clade
consisting of R. 7ta and S. seenghala although showing
low bootstrap support but the clustering is true since
the species belong to the same family Bagridae. This
shows that phylogenetic signals appeared in the NJ tree
were true.

DISCUSSION

This study has characterized a distinct trend of
molecular divergence at different taxonomic level
from conspecific individuals to species belonging to
different families (Tables 2 and 3). We found a very low
permissible limit of <1% of intraspecific divergence
similar to that reported in numerous other fish species
viz. 207 Chondrichthyes,* 391 ornamental fish
species,” 09 Bagrid species.” Not just in fish species, a
diverse number of species from other vertebrate group
have shown the similar trends of <1% in intraspecific
divergence viz, in amphibians-several species of
frogs;P'7% several species of reptiles including species
of snakes, Geckos, Chameleon, Lizard;?** in North
American bird species, an intraspecific
divergence of 0.27% was reported,!'” similarly, 0.24%
intraspecific distance reported in Scandinavian bird
species.”) Even among the invertebrate a huge number
of insects species i.e. 28,619 species have shown a value
in the range of <1% intraspecific divergence.” In the
present study, this intraspecific value ranges from 0.16%

average

to 0.9% except in C. gariepinus where it reaches to a
value of 2.2%. The wide geographical distance between
the sampling sites poses an increasing effect on the
intraspecific divergence range.”” Since the intraspecific
divergence is usually not more than 2%,°" a higher
value indicates geographically isolated populations!' or
it could be the case of taxonomic uncertainty involving
cryptic sibling species as discovered in Collembolans-
Sminthurides malmgreni and  Folsomia quadrioculata with
a higher intraspecific divergence of 5% and 13%,
respectively, against the well-noted <1% divergence.P
So, the probable reason behind this exceptionally high
divergence may be the different populations haven’t
been intermixed or hybridized for a long time or having
a very low population mixing i.e. geographical effect.
The similar kind of high divergence has also been

Asian Journal of Biological and Life Sciences, Vol 12, Issue 3, Sep-Dec, 2023

previously reported in Indo-pacific fish species,'! in
amphibians like salamander species, toads and frogs.?*+"
The extensive analysis of COI sequences from the
individuals of both populations will contribute some
interesting results to the concept of DNA barcoding
where the divergence value from different populations
sometimes raises questions about the authenticity of its
general consideration.*!)

As we moved towards the higher taxonomic level,
the divergence value increases as expected, in terms
of correlation with the morphological taxonomy
where differences in morphological identification
keys increases from lower to higher taxonomic level.
04 A similar increasing trend in COI divergence along
with hierarchical ranks from species onwards is also
reported in the reptilian order Testudines.*? The
divergence between different families (Table 4) reach
maximum to 24.28% between Clariidae (C. gariepinus)
and Bagridae (. seenghala). A K2P divergence between
confamilial genera found equal to 21.14% between K.
rita and S. seenghala from the family Bagridae which is
close to the 20.8% reported in bagrid catfish species
and 22.6% reported in other catfish species*’ but the
divergence between the two congeneric species of
genus Clarias from the same family Clariidae found
equal to 15.82% between C. gariepinus and C. batrachus.
The divergence value between the non-congeneric
H. fossilis and C. gariepinus (16.12%) was found to be
closer to the congeneric divergence found within the
genus Clarias and the possible reason could be the
relationship between Clariidaec and Heteropneustidae
as they are revealed as member of the same clade in
the mitogenomic study by Kappas e# a/” The reptilian
species have also shown the similar divergence trend
between species within the same families where it
ranges over 13.4% to 29.8% in different families of
Madagascar reptilian lineages.”? When the comparison
was made on the average basis, the K2P divergence
between species (20.40%) was found to be approx.
25 times higher to intraspecific divergence (0.811%)
which is found similar to the values reported in marine
fish species® and birds!""! where divergence between
species was found 26 times and 24 times higher than
intraspecific divergence, respectively. Since the data
represents a combination of different families, we
found an increasing divergence as we move up from
intraspecific divergence to between family divergence
as: within species<between species (within congeneric
species<within familial genera<between species from
different families). In this comparison of divergence, we
found that the sequence divergence between different
species which belongs to different families varies over
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a range of 16-24% as discussed earlier. This divergence
could be an important indication of the family level
divergence range. But setting a divergence limit for the
resolution of higher taxonomic level such as family will
only be possible when an extensive sampling is done
encompassing the maximum possible families from an
order and comparing their divergence values. While
doing this, the sampling uniformity should be kept in
mind; the pattern of sampling should be similar from
all the families, means, the count of congeneric, non-
congeneric species should be similar in order to have a
proper divergence range because the random sampling
is not sufficient/ ideal for having a better understanding
of divergence range.* Likewise for the order level, in a
similar manner, the best way would be to take different
possible families, keeping the specimens from confamilial
genera similar in proportion in terms of congeneric
and non-congeneric specimens, since the uniformity in
sampling is the key to have a better understanding of
the permissible divergence range at different taxonomic
level. The same way, permissible divergence range
could possibly be deduced for the generic level with
exploiting the maximum possible confamilial genera
and comparing its divergence with the divergence range
of the similar data/other confamilial genera. Such
basic comparison could possibly give the inference of
“reliability of COI” at higher taxonomic levels. In our
analysis, although with deviations, we have also found
an increasing order of divergence values, where within
species divergence is just below 1%, at the same time the
congeneric divergence and divergence between families
ranged as 15.8% and 16.12-24.28%, respectively. Such
a huge difference between the divergence values at
different taxonomic level clearly shows that there exists
a divergence gap which was considered as the barcoding
gap differentiating the intraspecific divergence from
interspecific divergence. Such mitochondrial COI based
barcoding gap are also well reported in other vertebrate
species other than fish species viz. avians, anuran
and caudata species.””! The concept of barcoding
gap is not just limited to vertebrates only, numerous
species especially arthropod  species
complies with the barcoding gap in their difference

between intraspecific and interspecific divergences, for
46

invertebrate

example, numerous genera of true bugs,*! dragonflies
and damselflies."” But one thing is confirmed, extensive
sampling encompassing different geographical location
is not just necessary for genetic variability studies or
determining the population dynamic of a species, but
also is essential for performing barcoding studies.*)

The phylogenetic signals in NJ tree were found true

when confirmed with the ML analysis where the

clustering was found supported with high bootstrap
values and as per the morphologically established
relationships. The clustering of Clarias spp. in one
clade, family clariidae and heteropneustidae as sister
clade, and family bagridae as a separate clade with its
both species. The low bootstrap support to the family
bagridae consisting of R. 7ita and S. seenghala probably
because of limited number of taxa as this family consist
of a total 221 species and limiting the no. of species
could affect the bootstrap support but this clustering
of confamilial R. 7ita and . seenghala is true since they
belong to the same family. This shows that all the
phylogenetic signals appeared in the NJ tree were true
irrespective of the low bootstrap support in one clade,
hence suggesting that NJ method not just resolves the
taxa but at the same time also places them according to
their phylogeny.

The divergence contribution from each
position showed that the codon position 3™ (Table 5c¢)
contributing the maximum with an average contribution
of 78.49% to the combined divergence followed by 1%
position (6.87%) (Table 5a), and then the 2™ position
(Table 5b) which is contributing the least (1.82%).
The reason behind the least contribution by 2™ codon
position is its functional relevance which makes it most
conserved among the three positions while the position
3" is a wobble position which is liable to change.
Besides, contributing the least, the 2™ codon position
has also shown a peculiar feature of identical divergence
between different species which are represented by the
superscripts a, b, ¢ and d (Table 5b). These identical
divergence values between different species have again
emphasized on the least contribution of 2™ codon
position in the overall divergence, at the same time,
when positions 1% and 3" showing high variability, thus
depicting its functional importance. The maximum
contribution of codon position 3* in the divergence
values again depicts its significance that most of the
information for identification is coming from this
wobble position, and the same is reported by Ward and
Holmes™! where they did an extensive examination of
COI nucleotide sequences and corresponding amino
acid variabilities in fishes.

codon

The COl is claimed as barcoding marker not just for the
fish species or other vertebrate groups but it has been
explored as barcoding marker in the invertebrate species
as well. Since COI provided barcoding application from
diverse set of species from invertebrate to vertebrates,
it is claimed as the universal barcoding marker, although
other mitochondrial markers have also shown this
capability of species identification viz. mitochondrial
16s tRNA genel” but unlike tRNA gene, insertion and
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deletion are not prevalentin protein coding COI gene and
that also add to its advantage and ease the comparative
analysis between diverse species. The advancement
of next generation sequencing has further made the
COI barcoding more applicable where the concept of
metabarcoding involves sequencing of short fragment
of less than 150bp called as mini-barcode, instead of
650 bp in sanger sequencing, which is sufficient to
characterize the wide no. of species from environmental
DNA (eDNA) samples,’!! thus overcoming the
limitation associated with the sanger sequencing based
COlI barcoding and making the barcoding method more
economical and widely applicable.

The findings in the study which explore the role of
intraspecific and interspecific divergence distribution in
differentiating species gives a clear cut picture of how
the molecular divergence is relevant in barcoding species
with the applicability of the concept of barcoding gap
at different hierarchical level from species onward, thus
further strengthening the concept of barcoding gap
and its utilization in delimiting the catfish species. The
findings of increase in molecular divergence with the
rise in taxonomic rank from species onward shows
the reliability of the COI marker not just to barcode a
species alone but also classify interspecific relationship
as well which are obvious with the NJ clustering. The
findings could be of huge relevance in further exploring
the molecular divergence over a broad range of catfish
species to get a further in-depth picturization of their
divergence dynamics in light of establishing the standard
divergence limit for the characterization of catfishes, in
general.

CONCLUSION

The sole purpose of barcoding is to ease and speed up
the process of species identification. This identification
is not just important from the taxonomic point of view
but also is essential in various sectors which utilize any
organism in any form and need a symbol for its identity
whether it is trade, food, medicine, recreation and
above everything its conservation due to the imposing
risk of extinction. The study has successtully revealed
the importance of deciphering the intraspecific and
interspecific divergence in species differentiation among
the catfish species, and at the same time have also
brought to the notice the appearance of phylogenetic
relationships in NJ tree with support from ML clustering.
Additionally, emphasising on the sampling strategy, a
proper and organized sampling should be taken into
account while performing such studies in order to get
accurate results which comes with the simplicity of the

method. In this manner a more comprehensive picture
could be obtained about the utility of COI divergence
at different taxonomic levels.

ACKNOWLEDGEMENT

The Author sincerely acknowledges Prof. Mohammad
Afzal, Human Genetics and Toxicology Laboratory,
Section of Genetics, Department of Zoology, Aligarh
Muslim University (AMU) for his noble insights into this
work. The author also acknowledges the Department
of Zoology, AMU, for providing necessary facility. The
Council of Scientific and Industrial Research (CSIR),
New Delhi is also gratefully acknowledged for providing
funding support.

FUNDING SOURCE

The research was funded by Council of Scientific and
Industrial Research (CSIR), New Delhi, India.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

ABBREVIATIONS

mtDNA: Mitochondrial DNA; COI: Cytochrome ¢
oxidase subunit I; K2P: Kimura-2-Parameter; ML:
Maximum Likelithood; NJ: Neighbor Joining; MEGAT:
Molecular Evolutionary Genetic Analysis (version 7.0).

SUMMARY

The molecular identification has been seen as an
alternative, fast and more economical system in
comparison to the morphological identification, where
mitochondrial COI gene is hailed as the universal
barcoding marker based on a simple approach of
divergence calculation accompanied with clustering
analysis. Using this approach, the study has shown the
divergence pattern between species and within species
where a trend of increasing K2P divergence is found
from conspecific individuals to species belong to
different families, which is also reflected in the NJ and
ML phylogenetic clustering analysis.
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