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Abstract

Clarias anguillaris is a wild species found in River basins in Mali. It is the species most commonly used in fish farming in
community stockings. However, it excites little study on the genetic diversity of this species in the natural environment
in Mali. The present study focused on the genetic diversity of Clarias anguillaris from the Bakoye River, a tributary of
the Senegal River in Mali. A total of (8) microsatellite markers were applied to 47 samples taken at random from the
River. The markers were Cga02, Cga03, Cga06, Cgal0, Cball, Cbal9, Cba20 and Cmal2. The number of alleles, the
number of genotype, genetic diversity, Polymorphism Information content (PIC), observed and expected heterozygosity
were determined. The results showed that the number of alleles ranged from 1 to 7, with an average of 4.25 per locus.
The mean rate of observed heterozygosity was 0.34 lower than that of expected heterozygosity which was 0.48
indicating nonconformity of the Hardy-Weinberg equilibrium. The allele frequency ranged from 0.35 at the Cba19 locus
to 1 at the Cbal1 locus, with a mean of 0.62. Genetic diversity ranged from 0 for Cbal1 to 0.75 for Cbal9. The markers
Cga02, Cga03, Cga06, Cbal9, Cba20 and Cmal2 were polymorphic with an average peak of 0.42. The phylogenetic tree
presented two groups of genotypes showing diversity within the species. Group I comprised 60.42% of individuals and
group II presented 39.58% with 3 subgroups (A, B and C). The genetic distance (0.05) indicates little differentiation
between individuals.
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1. Introduction

The River basins of Mali made up of the Niger, Senegal and Volta Rivers contain two species of Clarias [1]. These are
Clarias anguillaris and Clarias gariepinus. The controlled landings of catches of these species show 4,873 tonnes out of
the 98,332 tonnes of fish caught in Mali in 2017 [2]. This indicates the importance of these species for fishing but also
for fish farming [3]. The fisheries and aquaculture sector must therefore respond to priorities such as food security and
the fight against poverty while ensuring the conservation of biodiversity [3]. This is only possible with a good knowledge
of the biology and genetics of fish of economic interest including species of the genus Clarias in Mali [4].

The Clarias have been the subject of numerous studies in West Africa [5, 6]. In Mali, genetic studies focused on Clarias
reared in Clarias anguillaris fish farming [7]. In view of the importance of Clarias anguillaris for village fish farming in
the context of community stocking and the uncontrolled introduction of allochthonous strains by fish farmers, the
present study was initiated with a view to the genetic characterization of the species for its conservation.

* Corresponding author: Ramata Diop
Faculty of Sciences and Techniques, University of Sciences, Techniques and Technologies of Bamako, BP E. 3206 Bamako, Mali..

Copyright © 2021 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0.


http://creativecommons.org/licenses/by/4.0/deed.en_US
https://www.ijbpsa.com/
https://doi.org/10.30574/ijbpsa.2021.1.2.0039
https://crossmark.crossref.org/dialog/?doi=10.30574/ijbpsa.2021.1.2.0039&domain=pdf

International Journal of Biological and Pharmaceutical Sciences Archive, 2021, 01(02), 145-152

The objective was to determine the genetic makeup of the populations of Clarias anguillaris from the Bakoye River, a
tributary of the Senegal River in Mali with a view to better management of these genetic resources to be used in
conservation programs and selection of wild strains. For this purpose, genetic markers were used for the preliminary
genetic characterization of two species of catfish in Nigeria [8].

Genetic markers offer great advantages by allowing the direct assessment of genetic diversity [9]. They are powerful
instruments for detecting the genetic uniqueness of individuals, populations or species [10, 11]. Their use concerns the
conservation, the management of natural resources in relation to the impact of domestic populations on wild
populations and the impact of the introductions of exotic species or on the improvement of stocks through selection
assisted by markers [12 - 17].

2. Material and methods

The fish were collected from the landing stages along the Bakoye River, a tributary of the Senegal River in Mali, having
its source in Guinea (Figure 1). The sampling area is located in the Sudanian zone.
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Figure 1 Localization of study area and fish Clarias anguillaris sampled in Bakoye River.

A total of 47 fish samples were collected then stored in coolers and transported to the laboratory for genetic analysis.
Deoxyribonucleic acid (DNA) extraction was performed on each fish from a piece of fin collected and stored at -20°C.
The tissues were digested in a mixture composed of 250 pl of lysis solution (CTAB), 20 pl of proteinase K solution and

incubated at 56°C for two hours in a water bath. Total DNA was extracted using the Promega Purification Kit, according

to the manufacturer's recommendations. The DNA samples thus extracted were stored at 4°C.

DNA extracts were amplified using 8 pairs of microsatellite primers. A reaction mixture with a total volume of 15 pl was
prepared from the ingredients of the promega kit. The mixture consisted of 4.2 pl of water, 7.5 pl of master green, 0.6 pl
of the round trip primers and 1.5 or 2 pl of the DNA. The reaction mixture was then distributed among the Polymerase
Chain Reaction (PCR) micro tubes, then homogenized using the vortex. The micro tubes were then introduced into the
Thermocycler (Alpha unit TM Block Assembly for PTC DNA Engine TM Systems) for amplification by adopting the
following program shown in Table 1.

146



International Journal of Biological and Pharmaceutical Sciences Archive, 2021, 01(02), 145-152

Table 1 Amplification program

Steps Temperature[°C] Time
Initial denaturation 94 5 min
Denaturation 94 1 min
Hybridization Based on Simple Sequence Repeats (SSRs) 45 sec
Elongation 72 1min
Final elongation 72 10 min
Conservation 4 o0

The cycle (denaturation, hybridization, and elongation) was repeated 35 times.

Table 2 The primers with their sequence and their hybridization temperature in the present study

Primer | Sequence Temperature[°C]

Cga02 F:-TACAGCGTCGATAAGCCAGG 57.3
R:ACCTCTGAGATAAAACACAGC

Cga03 F: CACTTCTTACATTTGTGCCC 54.3
R: ACCTGTATTGATTTCTTGCC

Cgal6 F:CAGCTCGTGTTTAATTTGGC 58.3
R:TTGTACGAGAACCGTGCCAGG

Cgal0 F:GCTGTAGCAAAAATGCAGATG 57.8

R:TCTCCAGAGATCTAGGCTGTC
Cball F: CACCGCGCTCGTCATTCCATAGA 64.0
R:CTGCGCGGGTTTCAGAATGTTAGG
Cbal9 F: CAGGGCTAAATTACCCATAATCA 58.0
R: GGCATGTGTTATAACATGTGAGG
Cba20 F: GAAACACGCCATCATGCCTAATA 57.0
R: CCAAACGGAGCGGACAGG

F-5'-ATG ACC CTG TAA ATC TCC-3’
Cm12 R-5’-CTA CAT TCT CTC CGT CTCT-3" | 53.0

2.1. Data analysis

The size of the alleles of each microsatellite marker was determined in base pair using the E-Capt software version
15.06. The diversity of each locus was analyzed on the basis of the following five statistical parameters: number of
alleles, frequency of alleles, and number of genotypes, genetic diversity and PIC (Polymorphism Information Content).
The genetic distance matrix was calculated with Power Marker software version 3.25 [18]. The phylogenetic tree was
constructed by the UPGMA method (Unweighted Pair Group Method with Arithmetic Mean) and edited with MEGA 7.0
software.
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3. Results

3.1. Polymorphism of microsatellite loci analyzed

The Cga microsatellite markers isolated for the characterization of Clarias gariepinus [19] and the Cba markers on
Clarias battracus [20] were applied to the Clarias anguillaris of the Bakoye River (Table 2). The statistics of the
parameters, as well as the number of alleles identified, the observed and expected heterozygosity and the Hardy-
Weinberg equilibrium are presented in (Table 3).

In total, 34 alleles were identified for a set of eight (8) microsatellite markers analyzed, with an average number of 4.25.
The variation in allele size was small for the Cbal1 locus. Genetic diversity ranged from 0.00 for Cbal1l to 0.75 for the
Cba19 marker. The information content polymorphism (PIC) ranged from 0.00 to 0.67 with a mean value of 0.42. The
observed heterozygosity ranged from 0.00 to 0.95.
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Figure 2 Migration profiles of DNA samples from Clarias anguillaris, amplified with the Cbal9 marker on 3%
metaphor gel. M: Marker, 28-41: samples of Clarias anguillaris; C: negative control

Figure 3 Migration profiles of DNA samples from Clarias anguillaris, amplified with the Cga03 marker on 3%
metaphor gel. M: Marker, 40-55: sample of Clarias anguillaris; C: negative control
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Table 3 Allele frequencies, observed and heard heterozygosity genetic diversity, PIC obtained with the two microsatellite markers Table 3:
heterozygous genetic diversity observed and heard, PIC obtained with the two microsatellite markers
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allele frequencies,

Marker | Number of allele | Allele size | Allelic frequency | Genetic diversity | PIC I Ho He uHe F HWE
CGAO02 4 100-110 0.58 0.57 0.51 0.689 | 0.8 0.496 0.504 -0.612 ok
CGAO3 3 200-150 0.58 0.5 0.4 0.692 | 0.95 0.499 0.512 -0.905 ok
CGAO06 7 200-124 0.48 0.7 0.67 1.12 0.32 0.647 0.66 0.506 *x
CGA10 6 142-105 0.81 0.33 0.32 1.089 | 0.556 0.66 0.699 0.159 ns
Cm12 3 126-120 0.6 0.51 0.41 0.659 | 0 0.466 0.471 1 ok
Cba011 1 250 1 0 0 0 0 0 0 #N/A

Cba20 3 120-110 0.6 0.49 0.39 0.667 | 0.021 0.474 0.479 0.956 ok
Cbal9 7 250-220 0.35 0.75 0.7 1.12 0.053 0.636 0.645 0.917 ok
Moy 4.25 0.625 0.481 0.42 0.76 0.34 0.48475 | 0.49625 | #N/A

PIC = Information polymorphismecontent; I = Shannon Information Index; Ho = Observed heterozygosity; He = Expected heterozygosity;

uHe = Impartial expected heterozygosity; F = Fixation index; HWE = Hardy Weinberg equilibrium
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3.2. Phylogenic relationship

Analysis of the PCR-SSR data with Darwin version 6 software according to the UPGMA method allowed the genotypes
to be grouped into two groups (I, II). Group 1 consisted of 60.42% individuals and group II with 39.58% individuals. .
This last group is divided into three sub-groups (A, B and C). The genetic distance was equal to 0.05.

The distribution of individuals into two groups shows diversity within the Clarias anguillaris of the Bakoye River.
Individuals who were in the same group have alleles in common. Those in the same subgroup were genetically identical.

2 &
- & o
SIS ST o
o
oSS %‘3‘, s
<,
o O
&Y F L
S5 e
= 0‘2'4@
s
(o} Ka
< -
y S ¥ i
Ooc,‘“'t,,
c"(,k;\.‘xa‘
Cren
%q?ih
Caqgr
cA33
= 8 CAS5D
O Ca
- Oc‘f-/}j
ka*‘\\q,. S CAss
s>
Cr.
DN N A 0(3}'-\27
e O CAZ9
<0
(& = Eaot
%é"}qru
&
CcCasg
@Q‘L;A( 5
O::h;‘f:?
S,
Q’G 2
ODC“’QJ
o s
O R
Q'Dc- G
-
SN
~

Figure 4 Phylogenic tree of Clarias anguillaris from the Bakoye River (Source: this study)

4. Discussion

A set of 8 microsatellite markers were used to study the genetic diversity of Clarias anguillaris from the Bakoye River, a
tributary of the Senegal River in Mali. Only the Cball marker was monomorphic, the others being polymorphic. The
information content polymorphism (PIC) ranged from 0.00 to 0.67 with a mean value of 0.42. This means that the
markers were not very polymorphic. This ICP value is less than 0.45 and 0.49 observed in Clarias gariepinus in Nigeria
[21].

The variation in allele size was small for the Cbal1 locus, indicating that there is no difference between individuals in
the population at the locus specified by this marker. The number of alleles varies from one marker to another and for
the same marker from one species to another [20]. In Clarias anguillaris, autors obtained 6 alleles with Cga02, 8 alleles
with Cga03, 5 alleles with Cga06 and 9 alleles with Cgal0. In the present study, with the same markers, 4, 3, 7 and 6
alleles were observed [19]. This difference could be explained by the genetic constitutions specific to the populations of
Clarias anguillaris concerned.

The heterozygosity for the eight microsatellite markers ranged from 0.00 to 0.95 with a mean value of 0.34. Some
markers exhibited a deficit of heterozygosity, which means that the observed heterozygosity was less than that expected
at Hardy Weinberg equilibrium. An excess of heterozygosity to certain microsatellite markers has been observed. Thus,
the observed heterozygote frequency (Ho) was higher than that expected at Hardy Weinberg's equilibrium with the

150



International Journal of Biological and Pharmaceutical Sciences Archive, 2021, 01(02), 145-152

heard heterozygosity (He) between 0.00 and 0.66. This situation can generate a flow of foreign genes in populations.
But also by community stocking and the uncontrolled introduction of allochthonous strains by fish farmers.

The deviation of the Hardy-Weinberg equilibrium can occur due to the mixing of heterogeneous gene pools [22]. The
reduction in the size of a population is considered to be one of the rare factors which may be responsible for a deviation
from the equilibrium of Hardy Weinberg [23].

The heterozygosity value found in this study was lower than that found in individuals of Clarias anguillaris in
Sangkuriang (0.43) and Paiton (0.602) in Indonesia [24]. This value is also lower in other species of the Clariidae family
[8] in individuals of Clarias gariepinus (0.45) and Heterobranchus bidorsalis (0.44). On the other hand, it is higher than
that observed in populations of Clarias gariepinus from Lokoja (0.12) and Asejire (0.40) in Nigeria [21]. The difference
could be explained by the number of markers used and the level of diversity within the fish samples collected. . The
heterozygosity value is also lower than the value observed by d’autres auteurs who obtained 0.52 with the markers
(Cga01, Cga02, Cga03; Cga06 Cga09; Cga010) applied to individuals of Clarias gariepinus [25].

5. Conclusion

The study distinguished two genetic groups of Clarias anguillaris in the Bakoye River in Mali. The number of allele
ranged from 1 to 7 with an average of 4.25 for a total of 34, with a diversity of 0.481 and an average information content
polymorphism (ICP) of 0.42. The average rate of heterozygosity is lower than the heard heterozygosity of the Hardy-
Weinberg equilibrium.

The results obtained give indications on the genetic diversity of Clarias anguillaris in the Bakoye River in Mali. They will
serve as references for genetic conservation actions in order to minimize the genetic losses of this species of fish in its
natural environment.

The study should be extended to populations of Clarias anguillaris from other Rivers in Mali to establish overall genetic
diversity.
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