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Abstract

The weakly electric fishes of the family Mormyridae are one of the dominant fish groups in Africa; they are
represented in all the major freshwater bodies in the tropical regions of the continent, except the Southernmost
Cape Provinces, the Sahara and the Northernmost Maghreb. The Mormyridae boasts 225 species in 22 genera,
making it the most speciose Osteoglossiformes family. Such great diversity requires many systematics
approaches for good comprehension; to this end, cytogenetics provides valuable data for a better definition of
this diversity. However, cytogenetics data on mormyrids are still scarce, thus limiting its usefulness in the
biodiversity study of the group. In this study, the chromosome composition of a mormyrid species, Marcusenius
brucii, was investigated to reveal its chromosome number and standard karyotype for the first time; to enhance
the understanding of the karyotype organization of the group. The fish was sourced from a local fisherman in
Asejire Reservoir, Osun River Basin, Nigeria. Metaphase chromosomes were prepared from the fish kidney after
in vivo injection with 0.05% colchicine solution. Slide preparation and karyotyping followed conventional
cytogenetics techniques. The study showed that M. brucii karyotype consists of a diploid number of 2n = 50
dominated by two-armed chromosomes. While the chromosome number is in harmony with the general
chromosome number in the order Osteoglossiformes and the hypothetical diploid number for the family
Mormyridae, it differed mainly in its possession of bi-armed elements. The phylogeny of Marcusenius is yet to
be resolved; this, coupled with the limited karyotyped individuals in the genus, makes the karyotype evolution of
the genus difficult to infer. This scenario will improve as the cytogenetics knowledge of the genus increases.
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Introduction

Mormyrids, also known as elephantfishes, is a large and highly diverse group of fish endemic to the tropical
African freshwaters; they are absent only in the Cape Provinces, the Sahara, and the Northernmost Maghreb
(Roberts, 1975). The family Mormyridae consists of about 225 species distributed in 22 genera, making it the
most speciose Osteoglossiformes family (Froese & Pauly, 2022; Fricke et al., 2022). Mormyrids provide a
means of livelihood and cheap, high-quality animal protein for many African Riverine dwellers; some others,
such as Gnathonemus, harbour species of global interest due to their value in the international aquarium trade
(Kutikova, 2015). Mormyrids and their relative; Gymnarchus niloticus, are also well-known for possessing
electrical organs that generate weak electrical discharges and perceive similar electrical signals from other fishes
(Lissmann & Machin, 1958; Hopkins et al., 2007; Lavoué et al., 2012). Most mormyrids are nocturnally active,
reside in dark, turbid waters, and possess small eyes; they rely on the electric organs to locate food and prey,
recognize mates, communicate among conspecifics, and for social interaction (Arnegard & Carlson, 2005;
Hopkins et al., 2007; Sullivan et al., 2016). In addition, the electric organ discharge system is species and sex-
specific and plays a vital role in discovering cryptic species, species identification, evolution, phylogeny, and
classification of the group (Hopkins et al., 2007; von der Emde et al., 2008; Kramer & Wink 2013; Sullivan et
al., 2016; Lamanna et al., 2016).

The genus Marcusenius is characterized by an elongate and laterally flattened body with a poorly developed
snout. Its superior mouth bears a few teeth and a slightly projected lower jaw to which a short cylindrical-like
fleshly appendix is attached (Bigorne, 2003). The genus exhibits a high variation in body size; some species,
such as M. greshoffii, M. cuangoanus, and M. angolensis, are less than 15 cm, while M. devosi reaches a length
of about 120 cm (Froese & Pauly, 2022). Boden et al. (1997) documented more diagnostic features of the genus.
Marcusenius and Petrocephalus are the largest Mormyridae genera, each constituting 46 species, with probably
more species yet to be discovered (Kramer & Wink 2013). In addition to their great diversity, Pollimyrus,
Brienomyrus, and Marcusenius have been recovered as polyphyletic (Lavoué et al., 2000; Hilton & Lavoué,
2018); this necessitates a robust approach to their systematics. To this end, morphological, osteological, and
analysis of their electric organ discharge system have played significant roles in the redefinition of the
phylogeny of the genera using improved morphological and other systematic procedures (Hopkins et al., 2007;
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Hilton, 2003; Sullivan et al., 2016; Hilton & Lavoué, 2018). Karyotype analysis provides an additional
systematic tool for discovering biodiversity, species characterization, and taxonomy. (reviewed in Cioffi et al.,
2018; Paula et al., 2022)

The application of molecular cytogenetics techniques to the study of biodiversity is receiving considerable
attention and has enhanced the understanding of the phylogeny and evolution of many biological entities
(Krysanov & Demidova, 2018; Kretschmer et al., 2021; de Souza et al., 2022; Machado et al., 2022). However,
compared to its enormous diversity, cytogenetics information on Mormyridae is still scarce and available on less
than 10% of the 225 valid species (Simanovsky et al., 2021a). Furthermore, in the genera for which karyotype
data have been documented, few species have been studied, thus limiting intra-genetic comparison. For example,
out of the 46 Marcusenius species, karyotype data have been provided for only two species: M. moorii and M.
cyprinoides (Ozouf-Costaz et al., 2015; Simanovsky et al., 2020).

In Nigeria, Marcusenieus is represented by five species: M. abadii, M. brucii, M. cyprinoides, M. kanji, and
M. senegalensis (Bigorne, 2003; Froese & Pauly, 2022). M. brucii is meristically similar to M. senegalensis, but
the two species differ morphologically and in their distribution area. While M. brucii is restricted to the forest
region and occurs in River Mono in Togo and Ogun and Osun Rivers in Nigeria; M. senegalensis, on the other
hand, is not found in the forest zones; but is distributed in the Gambia, Senegal, Niger, Chad, Sassandra, Volta
basins and in the basins of all large Sudanian and North-Guinean zones (Roberts, 1975; Bigorne, 2003; Froese &
Pauly, 2022). This study provides the first report on the cytogenetics of M. brucii to increase the understanding
of Mormyridae chromosome organization.

Materials and methods

Sample Collection and Metaphase Chromosomes Preparation

Ten samples of Marcusenius brucii (Figure 1) were purchased from a fisherman in Asejire Reservoir, Osun
River Basin; the Osun River is about 270 km long and flows through the forest belt of western Nigeria to the
Lagos Lagoon complex (Anifowose et al., 2019). After collection, the fish was transported in an aerated plastic
container to a private facility for acclimatization; but the laboratory procedure was done at the Department of
Zoology, Obafemi Awolowo, University, Ile-Ife. At the expiration of the acclimatization period, the fish was
injected in vivo with a yeast suspension to stimulate mitosis (Bertolo et al., 2015); this was followed by another
in vivo injection with 0.05% colchicine solution at the rate of 0.01 mg™' fish mass. Then, the fish was, euthanized
24 hrs. later, the kidney was removed, teased out in a petri dish containing 5ml of 0.56% KCIl solution, and kept
for about 30 minutes at an ambient temperature of about 35° ¢ Potassium chloride solution is hypotonic and
causes cells to be turgid thus enhancing chromosome dispersal. Afterwards, the kidney tissue remnants were
discarded, and the suspension was homogenized and centrifuged to obtain cell precipitates. The precipitates were
washed thrice in 3: 1 methanol: acetic acid fixative; after the last centrifugation, the precipitated cells were re-
suspended in 1 ml of the fixative.

Slide Preparation and Karyotyping

Slide preparation followed Bertollo et al. (2015). One or two drops of the chromosome preparation were placed
on different parts of a pre-cleaned slide and dried on a slide warmer. Giemsa staining was in 6% Giemsa solution
for 20 minutes; excess stains were washed under a running tap and air-dried. The slides were examined under a
microscope to detect metaphases. Good ones were further examined at a magnification of 100 X under
immersion oil, and the images of metaphase chromosomes were captured with a GALEN™ professional
photomicroscope, Model BA 120. The chromosomes were arranged into metacentrics, submetacentrics, and
acrocentrics (Terminal point (T), Terminal region [t], and subterminal region [st] as acrocentrics [a]). Position of
the centromere, chromosome classification, and nomenclature was, according to Levan ef al. (1964). Within each
group, homologous chromosomes were paired according to the size and position of the centromere.
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Figure 1. Marcusenius brucii from Asejire Reservoir, Osun River Basin, Nigeria
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Results

Metaphases were obtained from three specimens of M. brucii. The modal chromosome number from 29
metaphases was 2n = 50 (Figure 2). Chromosomes 1 to 13 were metacentrics showing slight gradation in size.
The largest chromosomes (14 to 16) were submetacentrics, while the acrocentrics were represented by
chromosomes 17 to 25, of which chromosomes 17 to 19 were large, 20 to 23, and 24 and 25 were medium and

small chromosomes, respectively (Figure 3). Details of chromosome arm measurements and chromosome
nomenclature are presented in Table 1
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Figure 2. Metaphase Chromosome of Marcusenius brucii in Asejire Rsevoir, Osun River Basin, Nigeria. 2n = 50,
Bar=5p
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Figure 3. Karyogram of Marcusenius brucii in Asejire Reservoir, Osun River Basin, Nigeria. Karyotype formula
=2n 50 (26m+6sm+18st/a), FN = 82. Bar = 5p
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Table 1. Chromosome arm measurements, centromeric positions, and chromosome nomenclature of
Marcuseinus brucii from Asejire Reservoir, Osun River Basin, Nigeria.

Sn. p(px) q (px) cl r d ci tep cn
1 13.25 14.46 27.71 1.09 0.44 47.82 2.30 m
2 12.06 14.62 26.68 1.21 0.96 45.20 2.21 m
3 12.01 12.58 24.59 1.05 0.23 48.84 2.04 m
4 10.35 12.79 23.14 1.24 1.05 44.73 1.92 m
5 9.49 13.53 23.02 1.43 1.75 41.23 1.91 m
6 10.28 12.50 22.78 1.22 0.97 45.13 1.89 m
7 10.53 11.35 21.88 1.08 0.37 48.13 1.81 m
8 9.89 11.44 21.33 1.16 0.73 46.37 1.77 m
9 9.41 11.82 21.23 1.26 1.14 4432 1.76 m
10 9.99 10.94 20.93 1.10 0.45 47.73 1.73 m
11 9.59 11.19 20.78 1.17 0.77 46.15 1.72 m
12 8.84 11.20 20.04 1.27 1.18 44.11 1.66 m
13 9.56 10.04 19.60 1.05 0.24 48.78 1.63 m
14 14.26 26.84 41.10 1.88 3.06 34.70 3.41 sm
15 13.82 24.93 38.75 1.80 2.87 35.66 3.22 sm
16 11.08 23.11 34.19 2.09 3.52 32.41 2.83 sm
17 5.03 23.35 28.38 4.64 6.46 17.72 2.35 a
18 3.56 24.43 27.99 6.86 7.46 12.72 2.32 a
19 3.39 23.11 26.50 6.82 7.44 12.79 2.20 a

20 4.72 15.63 20.35 3.31 5.36 23.19 1.68 a

21 0.00 20.25 20.25 0 10.00 0.00 1.68 a

22 4.43 15.35 19.78 3.47 5.52 22.40 1.64 a

23 1.96 17.76 19.72 9.06 8.01 9.94 1.64 a

24 0.83 16.76 17.59 20.19 9.06 4.72 1.46 a

25 1.67 1541 17.08 9.23 8.04 9.78 1.42 a

*p = short arm length, q = long arm length, cl = p+q,d = (% _%) 10, r = q/p, ci = (p/cl)100 , tcp = total
chromosome percent (cl/778.92)100, cn = centromeric nomenclature, m = metacentric, sm = submetacentric, a

= acrocentric, px = pixels.

Discussion

The diploid chromosome number of M. brucii is 2n = 50; the number is in harmony with 2n = 48-50, postulated
as the ancestral chromosome number for the order Osteoglosiformes; being recorded in its largest three families:
Osteoglossidae, Notopteridae and Mormyridae (Canitz et al., 2017; Barby et al., 2018; Cioffi ef al., 2019). The
mormyrids, in particular, are dominated by a 2n = 50 chromosomes; this scenario is shown in 9 genera and 21
species out of the 15 genera, and 21 species for which karyotypes record is available (Simanovsky ef al., 2021a;
Table 2). Although most mormyrids exhibit a conserved diploid number of 2n = 48-50 chromosomes (except,
Pollimyrus, Hyperopisus [40] and Mormyrops [52] species), there is a high variation in the distribution of their
one and two-armed constituents; this variation is reflected in their fundamental number; FN = 42-84
(Simanovsky et al., 2021a; Table 2).

Compared to the genus Mormyrus which touts FN = 84 for all the four species karyotyped till now,
Marcusenius show a high variation in their fundamental chromosome number (FN = 54-82; Table 2). The
phylogenetic studies of Lavoué et al. (2000) recovered three Mormyridae genera: Pollimyrus, Brienomyrus and
Marcusenius; as polyphyletic, the non-monophyly of Marcusenius may be adduced for the high karyotype
variation in the genus. Simanovsky ef al. (2020) hypothesized a 2n = 50 composed entirely of acrocentrics as the
basal karyotype condition of the Mormyridae, but the karyotype of M. brucii did not support this position by
possessing majorly bi-armed chromosomes. However, the karyotype of Petrocephalus microphthalmus and
Stomatorhinus species (2n = 50 [2sm+48a]; Table 2) is close to the proposed basal karyotype condition. Since
the sister relationship of the genus, Petrocephalus (subfamily Petrocephalinae) and all other mormyrids
(subfamily Mormyrinae) are well-supported phylogenetically; the basal chromosome number; 2n = 50, all
acrocentrics may be harboured within Petrocephalus or any of the basal mormyrids’ genera.

The polyphyly, the limited number of karyotyped individuals and the lack of chromosome banding data for
Marcusenius species makes it difficult to infer the mechanisms of chromosomal re-arrangements involved in M.
brucii karyotype organization. However, large metacentrics and submetacentric are usually products of centric
fusion leading to a reduction in chromosome number without a corresponding reduction in FN; therefore, to
derive the karyotype of M. brucii; 2n = 50 (26m+6sm+18a), FN = 82 from that of M. moorii; 2n = 50 (4sm+46a),
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FN = 54 will also involve some fission events. Therefore, the wide variation in the FN observed was due to the
non-monophyly of the genus or otherwise could not be ascertained.
Table 2: Available karyotypes of Mormyridae species that exhibit a diploid number of 2n = 50

Genus/Species Karyotype FN Place of collection Reference
Mormyrus
M. rume 24m+10sm+16a 84  Asejire Reservoir, Osun River basin, Jegede, 2022 (In press)
Nigeria
M. caschive 20m+14sm+16a 84  Alvero River, Nile basin, Ethiopia Simanovsky et al.,
2021b
M. hasselquistii 20m+14sm+16a 84  Alvero River, Nile basin, Ethiopia Simanovsky et al.,
2021b
M. kannume 20m+14sm+16a 84  Gibe River, Omo-Turkana basin, Simanovsky ef al.,
Ethiopia 2021b
Marcusenius
M. moorii 4sm+46a 54 Ntem River, Gabon. Ozouf-Costaz et al.,
2015
M. cyprinoides 22m+4sm+24a 76  Alvero River, Nile basin, Ethiopia Simanovsky et al.,
2020
M. brucii 26m+6sm+18 82  Asejire Reservoir, Osun River basin, Present study
Nigeria
Brienomyrus
B. species 2m+6sm+42a 58  Woleu River, Gabon Ozouf-Costaz et al.,
2015
Ivindomyrus
opdenboschi 10m+2sm+38a 62 Ntem River, Gabon Ozouf-Costaz et al.,
2015
Stomatorhinus
S. walker 2sm+48a 52 Lambaréné, Ozouf-Costaz et al.,
Ogooué Basin, Gabon 2015
Petrocephalus
P. 2sm+48a 52  Lambaréné, Ozouf-Costaz et al.,
microphthalmus Ogooué, Basin, Gabon 2015
Hippopotamyrus
H. pictus 24m+4sm+22a 78  Alvero River, Nile basin, Ethiopia Simanovsky ef al.,
2020
Cyphomyrus
C. petherici 18m+4sm+28a 72 Alvero River, Nile Basin, Ethiopia Simanovsky et al. 2020
Brienomyrus
B. species 2m+6sm+42a 58  Woleu River, Gabon Ozouf-Costaz et al.
2015
Conclusion

This study presents the chromosome composition of Marcusenius brucii as 2n = 50 (26m+6sm+18a), FN = 82,
making it the third karyotyped species in the genus. However, more Marcusenius species karyotypes, including
molecular cytogenetics and phylogenetic data, are needed to better understand karyotype evolution in the genus
and the family Mormyridae.
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