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Abstract

The Sanjika, Opsaridium microcephalum is among the fish species that serve as a major
source of proteins and income to people along Lake Nyasa. However, the information on its
genetic diversity and structure particularly in the Tanzania part of the Lake is limited.
Therefore, the assessment of the genetic diversity and structure of O.microcephalum along the
Lake Nyasa part of Tanzania was conducted in the current study using a fragment of the
mitochondrial COI gene from 92 individuals of O. microcephalum. The findings showed that
an average haplotype diversity and average nucleotide diversity were 0.8065 +0.0314 and
0.002380 £ 0.001640, respectively. The molecular Variance (AMOVA) indicated significant
genetic variations among the subpopulations studied (Overall ®s = 0.31560, p < 0.001). The
lowest haplotype diversity was recorded at Manda and the highest haplotype diversity was
recorded at Buloma. The lowest nucleotide diversity was recorded at Manda and the highest
was recorded at Lupingu. The differences in genetic diversity can be a possible indicator of
different localised evolutionary forces that require attention to conservationists for the
sustainable management of O. microcephalum.
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Introduction

The Opsaridium microcephalum is one of
the three endemic species of Opsaridium
(Cyprinidae) which is riverine,
potamodromous  and  lake  spawning
populations occurring in Lake Nyasa and its
tributaries. The other members of Cyprinidae
which are endemic to Lake Nyasa catchments
are the kabyabya (Opsaridium tweddleorum)
which is a small species restricted to
inflowing rivers and streams and the mpasa
(Opsaridium microlepis) which is a large
lake-dwelling species that ascends to the
lower and reaches of inflowing rivers during
the rains to spawn (Tweddle and Turner
2014). While Opsaridium microcephalum

and Opsaridium microlepis are large-bodied
species which is endemic to the catchment
and migrate from the lake to rivers to breed,
the Opsaridium tweddleorum is small-bodied
that is only found in streams and rivers
(Sungani et al. 2017).

The Opsaridium microcephalum species
has been observed to grow to more than
30cm in total length (TL) and is
commercially important around Lake Nyasa
(Morioka and Matsumoto 2003). Despite its
importance, the population trend has been
reported by The IUCN Red List of
Threatened Species to decrease (Morioka and
Matsumoto 2003, Tweddle 2019). The
previous study conducted in Lake Nyasa in
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Malawi reported the existence of some
genetic structure in this species (Sungani et
al. 2016). However, no genetic study has
been conducted on the Opsaridium
microcephalum in Lake Nyasa in Tanzania.
This study sought to assess the current
genetic diversity and structure of Opsaridium
microcephalum along Lake Nyasa in
Tanzania using partial  mitochondrial
cytochrome oxidase subunit 1 (COI)
sequences. The study also aimed at assessing
the demographic history of and estimation of
the effective population size of this species
along Lake Nyasa in Tanzania. Assessment
of the genetic variation of fish species is
important because it helps the researchers to
understand the abilities of the fish species to
adjust to changing environment which is
important for their survival (Mahboob et al.
2019). Estimation of genetic diversity in COI
is useful in predicting declines in fish species
by fishing pressures because the decline in
populations might result in a decrease in
genetic diversity important for the adaptive
potential to face current and future
environmental changes (Petit-Marty et al.
2022). Determining the effective population
size (Ne) is an important parameter in the
conservation of genetic diversity (Nikolic et
al. 2010). It is essential to ascertain a given
species' status or population size to conserve

and manage them effectively. However,
examining past population size changes in
particular ~ provides an  evolutionary
perspective on the dynamics of the current
population (Faulks et al. 2022). Itis
alsocrucial to evaluate fish species'
population structures because ignoring them
in fisheries management could result in
unexpected dangers of overexploitation (Ying
et al. 2011). The COI barcode region can give
important insights into a species' evolutionary
processes, demographic history, structure
connectivity, and population genetic diversity
(Bucklin et al. 2021)

Materials and methods
Sampling

Samples of Opsaridium microcephalum
were collected from fishermen in six landing
sites located along Lake Nyasa (Figure 1),
between February and November 2020.
Twenty samples of O. microcephalum were
collected from each sampling sites, stored in
absolute ethanol (99.9%) and transported to
the Sokoine University of Agriculture for
molecular analysis. Other fish species that
were also found in the sampling sites were
Oreochromis Karongae and Opsaridium
microlepis.
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Figure 1. A map showing sampling sites of the Opsaridium microcephulum along Lake

Nyasa: the white circles indicates sampling sites

DNA extraction

About 30 mg of sample tissue of
Opsaridium microcephulum preserved in
99.9% ethanol was used for the extraction of
DNA following instructions provided by the
protocol of Quick-DNA™ Miniprep Plus Kit
(ZYMO Research) and 2% TBE agarose gels
were used to visualize the extracted DNA.

Mitochondrial DNA (mtDNA) analysis

The primers FishF1: 5'-
TCAACCAACCACAAAGACAT
TGGCAC-3' and  FishR2:  5-ACTT

CAGGGTGACCGAAGAATCAGAA-3'

(Ward et al. 2005), were used to amplify a
segment of the COI gene containing 578 base
pairs using a T100™ Thermal cycler device
(Bio-Lab Inc, GA, USA). Polymerase chain
reactions (PCR) were performed in a total
volume of 35 pL, which included 2 pL of
DNA template, 1x Multiplex PCR Master
Mix, 0.4mg of BSA, 0.3 M of each primer,
and 11.7 upL of RNAse-free water. The
temperature profile that was applied to the

reaction mixture involved an initial
temperature of 94°C for 5min, followed by
35 cycles of 94°C for 40sec, 54°C for 45sec,
and 72°C for 1min, with a final extension of
72°C for 15min. The success of sample
amplification was visualized using a 1%
agarose gel. The PCR products were
sequenced at the Macrogen Europe company
using an automated sequencer (AB 3730XL;
Applied Biosystems, Foster City, USA) using
the FishF1 and FishR2 primers. Sequences
from Opsaridium microcephulum were edited
using the software MEGA 11. The editing
involved removing sequences with bad
quality and trimming the ends. The final
sequences consisted of the final length of
578bp and are deposited in GenBank with the
accession numbers 0Q991382-0Q991473.
The software MEGA 11 software was also
used to inspect the presence of stop codons
which might be indicating sequencing errors
or false genes. The online program BLAST
was then used for species identity (Wheeler
and Bhagwat 2007). The program CLUSTAL
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W (Tamura et al. 2013) implemented in the
software MEGA 11 was used for multiple
alignments of the sequences and the online
FaBox 1.41 (Villesen 2007) was used to
collapse haplotypes. The software Pop Art
v.1.7 (Leigh and Bryant 2015) was used for
the haplotype network analysis. The software
Arlequin v. 3.5.2.2(Excoffier and Lischer
2010) was used for assessing genetic
diversity, historical demography, and
neutrality parameters. Analysis of molecular
variance (AMOVA) implemented in Arlequin
v. 3.5.2.2 was used for analysing genetic
differentiations among the populations.
Hierarchical AMOVA was carried out to test
if there is a population genetic structure for
subpopulations collected along the Lake in
the part of Tanzania and Malawi.

Figure 2:

Results
Haplotypes and nucleotide diversities

The overall haplotype and nucleotide
diversity ~ were  0.8065+0.0314  and
0.002380 + 0.001640,  respectively.  The
highest haplotype diversity was observed at
Buloma and the lowest was recorded at
Manda. The highest nucleotide diversity was
recorded at Lupingu and Buloma while the
lowest at Manda (Table 1). The haplotype
numbers are 38 with private haplotypes
accounting for 73.68%. The haplotype
network consists of three star-like structures
with most of the rare haplotypes in the
minimum spanning network having only one
mutational step from the central haplotype
(Figure 2). The haplotype number varied
from 5 to 10, with Buloma recording the
highest number (Table 2).
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Haplotype network of partial mitochondrial cytochrome oxidase subunit I (COI)

sequences from the Opsaridium microcephulum in Tanzania, Lake Nyasa.

Tajima's D values were negative for
samples collected from all sites and
significant for samples from Songwe,
Buloma and Manda. Negative significant Fu's
Fs test values were also observed for samples

from all sites. The Rogers test and mismatch
distribution analysis supported the theory of
recent sudden population expansion (Table
1). The mismatch distribution frequency is a
unimodal graph (Figure 3).
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Table 1: Nucleotide and haplotype diversity, demographic and neutrality parameters based on
cytochrome oxidase | (COI) sequences from the Opsaridium microcephulum from Tanzania,
Lake Nyasa. m: nucleotide diversity, h: haplotype diversity, SSD: sum of squared deviations,

HRI: Harpending’s raggedness index, D: Tajima’s D and Fs: Fu’s Fs

Sampling Codes 7 (%) h SSD HRI D Fs
sites
Songwe SN 0.1269 | 0.5333 | 0.006 0.100 | -1.69167* | -2.23705*
Buloma BL 0.2216 | 0.8105 | 0.022 0.160 | -1.80873* -
7.62407**
Lupingu LP 0.2358 | 0.7692 | 0.022 0.250 -1.40568 -
4.90411**
Manda MD 0.1153 | 0.4762 | 0.013 0.135 - -
1.91084** | 2.59631**
Ruhuhu RH 0.1749 | 0.7033 | 0.017 0.161 -1.23596 -1.60596
Liuli LU 0.1516 | 0.6286 | 0.008 0.131 -1.45121 | -1.86416*

*  Indicates p<0.05 and ** p< 0.001
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Figure 3: The observed (bars) and expected (line) frequency of pairwise differences of the
cytochrome oxidase subunit | sequence from the Opsaridium microcephulum in

Tanzania, Lake Nyasa.
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Table 2: The haplotype distribution of Opsaridium microcephulum cytochrome oxidase subunit I (COI) along Lake Nyasa in Tanzania; N is the
number of samples, and Nh is the total number of haplotypes at each site. For site codes see Table 1.

Haplotype

Codes N 10 12 13 18 19 20 21 22 Nh
SN 16 1 2 5
BL 18 2 1 1 10
LP 14 1 1 1 1 1 8
MD 15 1 5
RU 14 1 1 1 5
LU 15 5

Total 92 5 4 2 1 1 1 1 1 38
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The highest mean mutational-scaled
effective population sizes was recorded at
Buloma (0.037) and lowest at Songwe
(0.0037). The mean mutational-scaled
effective population sizes were 0.029 at
Lupingu, 0.0056 at Manda, 0.0039 at Liuli
and 0.0043 at Ruhuhu.
and

Genetic  population  structure

demographic history

The analysis of molecular variances
(AMOVA) of the COI sequences revealed
population genetic differentiation among the
population (Overall @ = 0.31560, p< 0.001).
However, the pairwise ®gvalues revealed the
genetic differences between all the samples
from Manda with samples from other sites.
The same trend is also observed for all
samples from Liuli (Table 3).

Table 3. Pairwise ®g-values for cytochrome oxidase subunit I (COI) sequence data in the
Opsaridium microcephulum from Tanzania, Lake Nyasa. For site codes see Table 1.

CODE | SN BL LP MD RU LU
SN -

BL -0.01596 -

LP -0.02727 0.00915 | -

MD 0.51678* 0.46351 | 0.38426* -

RU 0.03461 -0.02572 | 0.04666 0.51820* -

LU 0.52977* 0.48402* | 0.40264* -0.00914 0.52894* -

* indicate significance value after bonferroni correction

Discussion

The overall haplotype diversity of
Opsaridium microcephulum recorded in this
study was higher than the one recorded in the
same lake in Malawi but the nucleotide
diversity is lower than the one recorded in
Malawi. However, the genetic diversity
obtained in this study is higher than
previously reported genetic diversity of O.
microlepis and O. tweddleorum (Sungani et
al. 2016). The difference in genetic diversity
observed by the author of the study
conducted in Malawi was suggested to be due
to divergent life-history evolution (Sungani et
al. 2016).

Effective population size (Ne) is an
important parameter in the conservation of
genetic diversity (Nikolic et al. 2010).
Genetic diversity is one of three levels of
biological diversity requiring conservation.
Genetic theory predicts that levels of genetic
variation should increase with effective

population size (Frankham 1996). However,
the theory can be violated when dealing with
an open population (Palstra and Ruzzante
2008). The lack of a positive relationship
between effective population size and genetic
diversity in the present study may be partly
explained by the same reason. Since the O.
microcephalum is assigned as Least Concern
by the IUCN RedList (Tweddle 2019) the
populations are not threatened and therefore
are open populations with extensive gene
flow in the region. However, the difference
between the global test observed in this
species with other species found in the same
area may be due to contrasting migration life
histories among these species (Sungani et al.
2016).

The analysis of molecular variances
(AMOVA) demonstrated higher population
genetic differentiation among the population
with pairwise Fst values indicating genetic
differences between Manda samples and with
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most other samples.The same pattern was
observed for Liuli samples, which also
showed pairwise Fst values that suggested
genetic differences with most other samples.
A global testwith Fsr results greater than
0.15 suggests greater genetic differentiation
(Wright 1978). The results of this study
demonstrated greater genetic differentiation
than previously reported in Malawi.
However, the global test achieved in this
study is higher than that reported for this
species and O. microlepis, but lower than that
recorded for O. tweddleorum in the same
study area (Sungani et al. 2016).
Connectivity is vital in maintaining and
restoring natural ecological processes, and
genetic diversity contributes to the adaptation
and persistence of any species in the face of
global perturbations (Sahyoun et al. 2016).
The higher Fst value recorded in this species
reveals the presence of factors that may be
limiting gene flow among the populations.
Environmental conditions and habitat quality
can mediate gene flow by providing different
levels of resistance to inter-population
dispersal (Chiu et al. 2023). The study
previously conducted in the study area
demonstrated the presence of human
activities that were likely to degrade some
catchments that acts as a spawning area for
fish species (Nindi 2007). Differences in
habitat quality among the sampling sites may
be one of the factors that have contributed to
the observed higher Fsr value in this species.

The Tajima's D values were negatively
significant for samples from Songwe,
Buloma and Manda, indicating the presence
of evolutionary forces, such as a recent
increase in population size following the
bottleneck event, that produce deviations
from the genetic marker's neutrality.
However, the negative non-significant
Tajima's D values obtained in samples from
other populations may indicate an excess of
rare nucleotide site variants compared to
what would be expected under a neutral
evolution model (Joshi et al. 2013).
Negatively significant Fu's Fs results, which
are based on the distribution of haplotypes
recorded for samples from all sites, also

suggest the presence of recent population
expansion in this species.

The non-significant sum of square
deviations (SSD) discovered was in favour of
the rapid population growth scenario (Rogers
1995). The raggedness index supports the
theory of the recent population expansion
model for all populations (Rogers and
Harpending 1992). We did, however,
discover a star-like pattern in the haplotype
network, which could imply recent
population growth following a bottleneck.

Conclusion

The results obtained in this study
demonstrated that the genetic diversity of
Opsaridium microcephulum from
Tanzania differs from that of Malawi in the
same Lake. Genetic diversity and effective
population size were found to differ among
the sampling locations, with certain sites
having the lowest, indicating the presence of
factors that may be driving genetic erosion at
some sampling sites. The genetic diversity
was shown to have a negative association
with effective population size, indicating that
the area had open populations with
considerable gene flow. The increased
population genetic differentiation indicated
by analysis of molecular variances
(AMOVA) may suggest the presence of
processes that cause genetic erosion and, as a
result, contribute to the difference in genetic
variations observed among the sampling
sites. This could be a call to conservationists
to improve fishing management and promote
the conservation of fish habitats in the area.
However, more research with a large number
of samples and sensitive molecular markers
like microsatellites is needed to confirm the
patterns of genetic diversity and effective
population sizes found in this study.
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