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ABSTRACT

The common name of Rita rita fish is Rita that is a commercially important catfish, valued for its
good taste and rich protein content. However, there is a lack of sufficient local data on its molecular
identification and phylogenetic analysis. R. rita specimens were sampled from four distinct
geographical sites in Punjab province, along the Indus and Chenab rivers in Pakistan. Morphometric
measurements and molecular techniques were employed to assess intraspecific variations among
populations of R. rita. Mitochondrial DNA was extracted from R. rita tissue, and the COI gene was
utilized for molecular identification. Principal Component Analysis (PCA) was used to estimate
variation levels. Morphometric data clearly segregated R. rita from different locations into two
distinct categories, accounting for 99.7% of cumulative variability. Non-significance (P < 0.05)
among R. rita indicated a unique control haplotype localized within the sub-population. Intraspecific
distances ranged from 0.000 to 0.068 across the four populations, while sequences retrieved from the
NCBI database spanned 0.000 to 0.059, with sequence diversity ranging from 0.000 to 0.0071 in this
intraspecific comparison. A cladogram was constructed to visualize the phylogenetic relationships
among R. rita from different geographical locations. The phylogenetic analysis of R. rita populations
in this study provides valuable insights into genetic variations within the species, essential for
devising effective conservation strategies in Pakistan's fisheries management programs. The study
identified significant intraspecific genetic variations in R. rita across different locations in Punjab,
Pakistan, using morphometric and molecular techniques, providing crucial insights for effective
conservation strategies.
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INTRODUCTION

The rapidly increasing global aquaculture industry is a major source of high-quality food products,
animal protein, job opportunities, health status, and economic benefits (Boyd et al., 2022; Manzoor
etal., 2023a). Aquaculture contributions to aquatic products reached 122.6 million metric tons, valued
at 281.5 billion US dollars, with an annual growth rate of 6.7% (Emeish et al., 2023; Prakoso et al.,
2023). The current worldwide per capita fish consumption is 20.5 kg (Kazmi et al., 2023; Mahmood

Vol.31 No. 7 (2024) JPTCP (1372 - 1382) Page | 1372


https://jptcp.com/index.php/jptcp/issue/view/79

Morphometric And Population Genetic Analysis Of Endagered Catfish Rita Rita From River Indus And Chenab Punjab,
Pakistan

et al., 2024; Ullah et al., 2023a). Fish is a cost-effective and second-ranked protein source (Manzoor
et al., 2023b; Ullah et al., 2023b), accounting for 60% of protein intake (Mansoor et al., 2023; Saad
et al., 2023). Approximately 225 Bagrid catfish species across 19 genera belong to the family
Bagridae, which is widely distributed in Africa and Asia (Mitra et al., 2017). R. rita, a member of the
Bagridae family within the Siluriformes order, is commonly known as catfish. R. rita is primarily a
riverine fish species and is found in rivers and streams across South Asia, Bangladesh, Afghanistan,
Pakistan, India, Nepal, and Myanmar (Khondker et al., 2023; Froese and Pauly, 2007). This species
inhabits freshwater environments, as well as estuaries and coastal waters (Yashpal et al., 2006;
Khondker et al., 2023). Notably, it is esteemed for its taste, nutritional value, and medicinal
properties. R. rita muscles are protein-rich (17.2-19.5%), low in fat (1.01-2.70%), abundant in
minerals (0.89-1.07%), and a source of vitamin A, contributing to its high market demand and price
(Khondker et al., 2023; Bengtsson et al., 2012).

The identification of fish species was done by measuring different body characteristics (Hubert et al.,
2015; Lashari et al., 2004). In Indonesia, the Bagridae family comprises 60 freshwater fish species
found exclusively in Java, Sumatra, and Kalimantan, with some species also present in Thailand and
India (Supiwong et al., 2013; Punhal et al., 2018). Despite its significance, R. rita remains reliant on
wild sources for reproduction, as attempts at domestication have been unsuccessful. Historical data
indicate that human-induced factors, such as overfishing, habitat degradation, pollution, and other
anthropogenic influences, have significantly reduced its native population (Parveen and Faisal, 2002;
IUCN, 2015). Presently, the conservation status of R. rita varies: it is endangered in Bangladesh, near
threatened in India, and least concern globally (IUCN, 2015; Gupta, 2015).

It's imperative to conserve and manage the genetic diversity and structure of R. rita, considering the
potential effects of population decline on genetic health. Small, fragmented populations face risks
such as loss of genetic diversity, harmful allele fixation, inbreeding, and reduced fitness (Frankham
et al., 2009), which can hinder their ability to adapt to ecological changes and heighten the risk of
extinction (Frankham, 2005). R. rita holds commercial importance in catfish farming and fishing,
particularly in the rivers of South Asia, where it is appreciated for its taste and high protein content.
Recently, it has even gained recognition as an ornamental fish. However, its status as a critically
endangered species in Bangladesh highlights the decline due to overexploitation and ecosystem
changes (Jafri et al., 1998; ICUN, 2003).

Hence, this study aims to assess the genetic diversity and population structure of the endangered
catfish R. rita in the Indus and Chenab rivers. This analysis will contribute to a broader understanding
of the species' conservation needs and strategies.

MATERIALS AND METHODS

Samples collection and transportation

A total of 200 samples of R. rita were collected from four different geographical locations within the
Indus riverine system of Pakistan: the River Indus (Taunsa Barrage and Chashma Barrage) and the
River Chenab (Trimmu Barrage and Head Panjnad). These locations are situated in different
geographic areas of Punjab, Pakistan, as shown in Fig. 1. The collected samples were transported in
an ice box to the Department of Fisheries and Aquaculture, University of Veterinary and Animal
Sciences, Lahore, for further analysis.

Morphometric analysis

The morphometric parameters such as fish body weight, fork length, total length, head length, paired
pectoral fin length, paired pelvic fin length, and caudal fin length were recorded for each individual
sample collected from different sites (Rasool et al., 2013).

DNA extraction
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DNA was extracted using the phenol-chloroform protocol (Sambrook and Russell, 2001). The DNA
was diluted to a final concentration of 100 ng/mL. The COI gene from R. rita fish samples was
amplified wusing a combination of forward and reverse primers; LCO 1490 5'-
GGTCAACAAATCATAAAGATATTGG-3'HCO 1298 5'- TAAACTTCAGGGTGACCAAAA
AATCA-3' (Pramono et al., 2019).

PCR amplification

A PCR reaction with a total volume of 25 pl was prepared, containing 5 pl of genomic DNA, 2 pl of
forward and reverse primers each, 12 pl of DreamTaq Green PCR Master Mix (2X) (Catalog number:
K1081, ThermoFisher Scientific, USA), and 4 pl of deionized water. The COI barcode region of 724
bp was amplified in a thermal cycler (Bio-Rad, USA, Model 1861096) under the following thermal
conditions: The PCR program consisted of 35 cycles of pre-denaturation incubation at 95°C for 3
minutes, denaturation at 98°C for 10 seconds, annealing at 50°C for 30 seconds, and extension at
68°C for 1 minute; followed by holding the mixture at 40°C (Pramono et al. 2019).

Gel-electrophoresis and sequencing

The 1% agarose gel (Invitrogen), stained with 5 pl of ethidium bromide, was visualized using a Gel
Documentation System (Bio-Rad, USA). The COI gene was detected and subsequently sequenced
using the Sanger sequencing method (BGI Hong Kong Co. Ltd., China).

Morphometric and molecular data analysis

Regression analysis was used to estimate the length-weight relationship, while analysis of variance
(ANOVA) was performed to compare four populations from sampling sites based on morphometric
parameters using XLSTAT version 21.1.1 (Rasool et al., 2013). Alignment of the sequenced data was
performed with sequences from NCBI using ClustalW (Thompson et al., 1997). The sequences were
submitted to NCBI GenBank for accession numbers. Furthermore, the extent of sequence variation
between species was calculated by averaging pairwise comparisons, and the number of haplotypes
was tested using DnaSp 5.10 (Librado and Rozas, 2009). Based on the Kimura 2-parameter (K2P)
model, neighbor-joining (NJ) trees were constructed using MEGA 11 (Kimura, 1980; Tamura et al.,
2013).

RESULTS

Morphometric parameters

The results from the Principal Component Analysis (PCA) clearly illustrated a relationship between
the increasing number of factors or components and the corresponding decrease in eigenvalues. This
trend was most pronounced at the second factor, as depicted in Table 1. Transformation analysis
highlighted that the first two factors (F1 and F2) significantly contributed to the variance, as indicated
by their bold values in Table 1. Applying the Kaiser criterion, which was based on eigenvalues
exceeding one, the PCA for the morphometric analysis of R. rita populations showed that despite
limited distinctiveness among the four populations, 99.7% of the fish were correctly classified into
their respective species clusters.

The first factor (F1), comprising parameters such as fish body weight, total length, dorsal fin length,
caudal fin length, anal fin length, average length of paired pectoral fins, and average length of paired
pelvic fins, collectively explains 94.6% of the total variability. The second distinct factor (F2),
primarily represented by the fork length of the fish body, contributes 5.1% to the cumulative
variability, as detailed in Table 1. Positive correlations observed between fish body weight and fork
length, total length, head length, anal fin length, and caudal fin length are shown in Table 2.

The graphs derived from PCA-processed data illustrated relationships among variables
(morphometric parameters), observations (samples from four sites), and a bi-plot that represents both.
These visualizations assessed the similarities among individuals from diverse populations across four
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geographical locations. Through PCA transformation, the graph based on F1 and F2 factors showed
that these factors collectively explain 99.7% of the variability, with F1 contributing 94.6% and F2
contributing 5.1%. In this variable plot, all populations exhibited minor differences within the range
of 0 to +1.0 (Fig. 2).

The graphs derived from PCA-processed data illustrated relationships among variables
(morphometric parameters), observations (samples from four sites), and a bi-plot that represents both.
These visualizations assessed the similarities among individuals from diverse populations across four
geographical locations. Through PCA transformation, the graph based on F1 and F2 factors showed
that these factors collectively explained 99.7% of the variability, with F1 contributing 94.6% and F2
contributing 5.1%. In this variable plot, all populations exhibited minor differences within the range
of 0 to +1.0 (Fig. 2).

Genetic diversity and population dynamic of R. rita

In this study, a total of four sequences were acquired and subsequently submitted to the GenBank
database, where they had been assigned unique accession numbers ON1920187, ON920188,
ON920189, and ON920190. Additionally, the current study identified five distinct haplotypes (h)
based on the COI gene of R. rita. The overall haplotype diversity (Hd) was calculated at 0.59048,
with an average of 11.79048 nucleotide differences (Kt), and a recorded nucleotide diversity (PiT) of
0.02005. An exceptional control haplotype was found within a specific sub-population of R. rita,
despite the insignificance of the documented P value. The computed Kimura 2-parameter (K2P)
genetic distance values, based on COI sequences, are presented in Table 4. These computations were
executed using the MEGA X software. The Transition/Transversion bias (R) was estimated at 1.02.
The substitution pattern and rates were assessed using the Kimura 2-parameter model. The nucleotide
frequencies were documented as follows: A = 26.63%, T/U = 30.05%, C = 25.99%, and G = 16.87%.
Intra-species comparisons within R. rita from four distinct geographic locations exhibited a range of
distances from 0.000 to 0.068. In contrast, when compared with sequences from the NCBI database,
the distances ranged from 0.000 to 0.059. The pairwise sequence divergence findings are presented
in Table 4. The intra-species sequence diversity demonstrated variability, with the highest diversity
recorded as 0.071 and the lowest as 0.000. Using the Kimura 2-parameter (K2P) model, a Neighbor-
Joining (NJ) tree was constructed based on both the gene sequences of R. rita from the present study
and additional sequences retrieved from the database. The resulting NJ tree is depicted in Figure 5.

DISCUSSION

The results of the current study are consistent with those of Rabbani et al. (2024), who used principal
component analysis to reveal that the first two factors (F1 and F2) significantly contribute to the
variability. Applying the Kaiser criterion, which is based on eigenvalues greater than one, the PCA
conducted for morphometric character analysis indicated that although the four populations of R. rita
did not display high distinctiveness, 97.6% of the fish were correctly classified into their respective
species clusters.

Factor one (F1) encompassed parameters such as fish body weight, total length, dorsal fin length,
caudal fin length, anal fin length, the average length of paired pectoral fins, and the average length of
paired pelvic fins, accounting for 94.6% of the cumulative variability. The second distinct group,
represented by the fork length of the fish body and denoted as factor two (F2), contributed 3% to the
cumulative variability.

Moreover, our findings are consistent with the study conducted by Kashyap et al. (2016) on the
morphometric variation of C. punctatus. This research identified significant differences in
multivariate morphometric analysis among sub-populations of the freshwater murrel, C. punctatus,
inhabiting diverse habitats characterized by varying environmental conditions. The study revealed
linear correlations between various body measurements and the overall length of the fish across these
habitats. Among the seventeen morphometric parameters and five meristic parameters analyzed using
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univariate (one-way ANOVA) analysis, fourteen and three parameters, respectively, showed
statistically significant differences. These significant parameters were subsequently subjected to
multivariate analysis, including principal component analysis and discriminant function analysis.

In the principal component analysis, the first component explained 57% of the total variance, while
the second and third components contributed 13% and 6%, respectively, cumulatively explaining
76% of the total variance across the two sub-populations. Kamran et al. (2020) and Zhou et al. (2022)
documented morphological distinctions among five Channa species, with their principal component
analysis revealing that the first five principal components collectively accounted for 78.93% of the
variance.

Moreover, our findings are consistent with the study conducted by Kashyap et al. (2016), on the
morphometric variation of C. punctatus. This research identified significant differences in
multivariate morphometric analysis among sub-populations of the freshwater murrel, C. punctatus,
inhabiting diverse habitats with varying environmental conditions. The study revealed linear
correlations between various body measurements and the overall length of the fish across these
habitats. Among the seventeen morphometric parameters and five meristic parameters analyzed using
univariate (one-way ANOVA) analysis, fourteen and three parameters, respectively, showed
statistically significant differences. These significant parameters were subsequently subjected to
multivariate analysis, including principal component and discriminant function analyses.

These results aligned with an earlier investigation (Zhu et al., 2013) that utilized partial cytochrome
c oxidase subunit I (COI) to identify Channa species. Importantly, the genetic distance (K2P) between
different species exceeded that within species. Among the species examined, the smallest genetic
distance between species was observed between C. argus and C. maculata (0.091), while the largest
was between C. argus and C. striata (0.219). Clear distinctions in genetic barcodes were evident
between interspecific and intraspecific distances for each species.

In a similar way, Zou et al. (2020) utilized DNA barcoding and phylogenetic analysis to study catfish.
Their findings revealed intraspecific genetic distances among 14 species ranging from 0 to 0.0368,
with an average of 0.0063. Notably, the widest intraspecific genetic gap was observed within
Pseudobagrus eupogon. Interspecific genetic distances varied from 0.0069 to 0.2088, averaging
0.1170 across distinct Bagridae species. The most significant interspecific genetic divergence
occurred between Mystus wyckioides and Pelteobagrus intermedius (0.2088).

Similar findings were reported in a study conducted by Kamran et al. (2020), which focused on
identifying and analyzing Channa species from Pakistan's riverine system using the COI gene as a
DNA barcoding marker. According to their results using the K2P model, intraspecific divergence
across the three species ranged from 0.00 to 0.023, while interspecific divergence varied from 0.182
to 0.195. The most notable genetic distance was observed between C. striata and C. marulius,
whereas the smallest distance occurred between C. punctata and C. marulius. The Neighbor Joining
(NJ) tree, constructed based on the K2P model for twenty-seven specimens within the Channidae
family, revealed three distinct clades, confirming the presence of distinct species. These findings
provide additional support for a consistent phylogenetic relationship among the species investigated.
Similar findings were observed in a study by Rabbani et al. (2024) on the morphometric and
molecular characterization of Channa marulius from the riverine system of Punjab, Pakistan. Their
research revealed that intra-species genetic distances for C. marulius across four different geographic
locations ranged from 0.000 to 0.001. When compared with sequences from the NCBI database, intra-
species genetic distances ranged from 0.000 to 0.003. The diversity of intra-species sequences varied
from 0.006 to 0.000. Additionally, the study identified five haplotypes (h) based on the COI gene of
C. marulius. Overall, haplotype diversity (Hd) was calculated as 0.42647, with an average number of
nucleotide differences (Kt) of 1.01471, and nucleotide diversity (PiT) recorded at 0.00182.

CONCLUSION
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The study identified significant intraspecific genetic variations in R. rita across different locations in
Punjab, Pakistan, using morphometric and molecular techniques, providing crucial insights for

effective conservation strategies.
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Fig 1. Sampling locations and geographical coordinates of sampled sites

Table 1. Eigen values for morphometric parameters of Rita rita

Eigenvalue  7.5695 0.4073 0.0138 0.0056 0.0023 0.0013 0.0002 0
Proportion 0.946 0.051 0.002 0.001 0 0 0 0
Cumulative  0.946 0.997 0.999 1 1 1 1 1
Loading Plot of WT, ..., CFL
1.0 PFL
0.8
t
2 06
2
E
3 0.4
=
=
0.0
———— _j
00 01 02 03 0.4
First Component
Fig 2. Morphometric variable plot
Vol.31 No. 7 (2024) JPTCP (1372 - 1382) Page | 1377


https://jptcp.com/index.php/jptcp/issue/view/79

Morphometric And Population Genetic Analysis Of Endagered Catfish Rita Rita From River Indus And Chenab Punjab,

Pakistan

10

05

00

Second Component

10

05

00

Second Component

Score Plot of WT, ..., CFL

™ ™
] * .
™
° o e %°
s v
™ oo .:.
oy X eel g "0
*» * 28 __9
»
A
™
L
™
25 0.0 25 £0

First Component

Fig 3. Samples observations Score-Plot

Biplot of WT, ..., CFL

L] » b
.
ol ® L] .d:'f-! ®
™
/'F'
g se® s W
» “." e, __9 ¢
.
.
L
™
25 0.0 25 50

First Component

Fig 4. Variables and observations Bi-Plot

15

15

Vol.31 No. 7 (2024) JPTCP (1372 - 1382)

Page | 1378


https://jptcp.com/index.php/jptcp/issue/view/79

Morphometric And Population Genetic Analysis Of Endagered Catfish Rita Rita From River Indus And Chenab Punjab,

Pakistan

73

MTE70302 Rita rita isolate | cytochrome c oxidase subunit | (COX1) gene

MH165300 Rita rita voucher COE-AS-353 cytochrome ¢ oxidase subunit | (COIl) gene(2)
MKST2552 Rita rita from Bangladesh cytochrome oxidase subunit 1 (COl) gene
MKST2551 Rita rita from Bangladesh cytochrome oxidase subunit 1 (COl) gene
MHOBT043 Rita rita voucher DUZM124 4 cytochrome oxidase subunit | (COl) gene
MHO87033 Rita rita voucher DUZM124.3 cytochrome oxidase subunit | (COIl) gene
MH165300 Rita rita voucher COE-AS-353 cytochrome ¢ oxidase subunit | {COIl) gene
KT762374 Rita rita voucher DUZM124.1 cytochrome oxidase subunit | (COl) gene
KT364781 Rita rita voucher DUZM124 cytochrome oxidase subunit | {COI) gene

OMN920190 Rita rita voucher Pak-RR4 cytochrome c oxidase subunit | (COX1) gene

1oo | ©OMN920188 Rita rita voucher Pak-RR2 cytochrome ¢ oxidase subunit | (COX1) gene

100) ON920189 Rita rita voucher Pak-RR3 cytochrome c oxidase subunit | {COX1) gene

1001 A T6T0304 Rita rita isclate K cytochrome ¢ oxidase subunit | (COX1) gene

ON920187 Rita rita voucher Pak-RR1 cytochrome c oxidase subunit | (COX1) gene
100

MK480372 Rita rita voucher NMHS FES26 cytochrome c oxidase subunit 1 gene

—
001
Fig 5. NJ Tree constructed for R. rita of different Sites
Table 2. Correlation Matrix of R. rita
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WT
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