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Abstract

The Astyanax genus is composed of approximately 154 species, abundant in most of the Brazilian watersheds. In this sense, 
studies have revealed the presence of B chromosomes in populations of at least 12 species, which have different number, 
shape and size. B chromosomes are defined as additional elements, with particular evolution, transmission and maintenance, 
in addition to not following the Mendelian transmission laws. Thus, species of the Astyanax genus are presented as excellent 
models of evolutionary studies, maintenance and behavior of B chromosomes in fish; however, this information in this genre is 
often disconnected. In addition, several B-specific probes were isolated from B chromosomes of fish over the last decade, which 
together with genomic sequencing, have allowed for very detailed analyzes and results on its molecular structure. However 
for the Astyanax group there is no bibliographic survey relating the species or the populations carrying B chromosomes, 
nor the described morphologies, heterochromatic pattern, mitotic behavior, gene mapping, presence of functional genes, 
among others. Thus, this review compiles information aimed at the knowledge of supernumeraries in neotropical fish, more 
specifically those that comprise the genus Astyanax.

Keywords:  B Chromosomes; Mitotic Instability; Morphotypes; Neotropical Fish; Supernumerary Chromosomes

Abbreviations: FISH: Fluorescent in Situ Hybridization; 
BM: Macro B Metacentric; Ba: Acrocentric B; BST: Macro 
Subtelocentric B; Phase S: Synthesis Phase; NGS: New 
Generation Sequences; SatDNA: Satellite DNA families.

General Aspects of the Astyanax Genus

The Characiformes consist of 18 families, 270 genera and 
approximately 1674 species [1], with the family Characidae 
considered one of the most complex and numerous, with more 
than 1100 valid species [2]. The Astyanax genus is reported 
as the most diversified among the Neotropical Characidae 
[3], totaling 177 species [4]. Species that make up this genus 
are abundant along most of the headwaters of small rivers, 

streams and Brazilian watersheds [5-7], distributing from 
the border Mexico-United States to the south Argentine [8], 
exposing diversities regarding the diploid number, since 2n = 
36 chromosomes in A. schubarti [9] to 2n = 50 chromosomes 
in A. bockmanni.

In addition, one can notice a variation in the karyotype 
pattern, supernumerary chromosomes, natural triploidy, 
heterochromatin polymorphisms, NORs, ribosomal genes, 
among others [7,10-15]. These variations can be related 
to altitude, sexual differentiation or even environmental 
pollution [16]. Thus, with the advent of molecular 
cytogenetics in the mid-1980s, more detailed information 
about unrelated information among Astyanax species began 
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to emerge, mainly related to fluorescent in situ hybridization 
(FISH). Thus, the association between probes from different 
segments of DNA allowed for more robust studies related to 
the composition, evolution and structure of genetic material 
in fish [14,17,18]. It was precisely with this informative 
impulse that the term “species complexes” could be 
proposed in at least five major groups in the Astyanax genus: 
A. scabripinnis [19], A. altiparanae [20], A. fasciatus [21], A. 
bimaculatus [22] and A. hastatus [7].

Species complexes are closely related groups, difficult 
to differentiate by morphological characters, that is, the 
existence of species complexes is characterized when two or 
more species are classified under the name of only one [23]. 
This term was first mentioned in the species A. scabripinnis by 
Filho MO, et al. [19], based on cytogenetic and morphometric 
analyzes between populations of A. scabripinnis separately, 
where the morphological characteristics of the specimens 
were similar, however the presence of several cytotypes 
was observed for the different populations studied. The 
association of these cytogenetic characteristics with the 
geographic isolation of the studied populations led the 
authors to propose the existence of a “species complex”, 
today popularly known as “scabripinnis complex”.

In addition, studies with several species of the Astyanax 
genus have shown particular population dynamisms, which 
can lead to the formation of genetically highly variable 
populations from each other [7]. Moreover furthermore, 
cases of natural triploidy have been reported in populations 
comprised by the “scabripinnis complex” [24] and “fasciatus 
complex” [25].

Therefore, considering the intense karyotype variability 
in representatives of the Astyanax genus [17], wide 
geographical distribution [26], high phenotypic plasticity, 
great capacity to adapt to the most diverse environments 
[27], rapid ecological speciation and morphological 
differentiation [28], cytogenetic and cytogenetic-molecular 
studies still represent excellent tools in the search for better 
knowledge of the representatives of this group of fish.

B Chromosomes

B chromosomes (or supernumeraries) are defined by 
Douglas RN, et al. [29] as additional elements to the standard 
chromosome set. They do not follow Mendelian inheritance 
laws, and have been widely described in several species of 
fungi, plants and animals, however, there are still doubts 
regarding their evolutionary role since their discovery 

more than a century ago. They can be found only in some 
individuals of certain populations [30], and may vary in 
number and morphology between individuals [31-33].

Initially, B chromosomes were considered expendable 
non-functional elements and do not carry essential genes, 
thus not conferring any advantage on the organisms that 
maintain them [34]. Thus, they are thought of as parasitic 
or selfish elements, persisting in populations [35], doing 
use of the cellular machinery necessary for its maintenance, 
transmission and fixation [36]. When present in small 
numbers, they generally have little or no impact on carriers, 
however, on larger scales they can cause considerable 
phenotypic differences, and may even reduce fertility 
[29,37]. The largest number of B chromosomes reported in a 
single individual was observed in a kind of corn. In this case, 
34 B chromosomes were reported and even surpassing the 
number of autosomes of the species [37].

Several hypotheses are raised regarding the origin of B 
chromosomes in their most diverse shapes and sizes among 
species. In this sense [38] propose two general hypotheses 
well accepted academically: a) B chromosomes would 
be products of structural rearrangements, evolutionary 
fruits of a common ancestor; b) supernumerary originated 
from chromosomal non-disjunction followed by genetic 
inactivation. There is another hypothesis proposed by 
Foresti PF, et al. [16] which suggests that these chromosomes 
could originate from construction processes and breakdown 
of genomic segments in normal cellular physiological 
processes, called again? In a nutshell, B chromosomes have 
aroused more and more interest in the most varied areas of 
knowledge aiming at information that allows understanding 
a little more of the mechanisms involved in their particular 
genetics.

Supernumerary Chromosomes in Astyanax: 
Origin, Maintenance and Gene Organization

In fish, B chromosomes are reported in 113 species [39], 
and reported for the first time in the Astyanax genus by 
Salvador LB, et al. [40] in which the presence of an additional 
chromosome present in the species A. scabripinnis is reported. 
In the Astyanax group, research indicates the occurrence 
of these additional elements in at least 11 other species: 
A. scabripinnis paranae [41], A. fasciatus [10], A. schubarti 
[10], A. sp.B [42], A. mexicanus [43], A. altiparanae [11], A. 
eigenmanniorum [44], A. bockmanni [17], A. goyacensis [45], 
A. paranae [46] and A. jordani [47], arranged and distributed 
in various shapes, sizes and populations, as shown in Table 1.
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Species N/Size B Municipality/State Reference
Astyanax Altiparanae 1 Ba Bauru, SP Hashimoto DT, et al. [11]

A. Altiparanae 1Ba Bauru, SP Daniel SN, et al. [48]
Astyanax Bockmanni 1BM Botucatu, SP Silva DMZA, et al.[15]

A. Bockmanni 1 Ba Bauru, SP Hashimoto, et al.[17]
A. Bockmanni 1-2 Ba Paulistânia, SP Daniel SN, et al. [48]
A. Bockmanni 1 BM / 1 Bm / 2 Ba Bauru, SP Daniel SN, et al. [12]

Astyanax Goyacensis 1-9 Bm / Ba Monte do Carmo, TO Santos LPD, et al.[44]
Astyanax Eigenmanniorum 1-2 BM Uberlândia. MG Mariano AR, et al.[43]

Astyanax fasciatus 1 BM / 1 BSM / 1BST Botucatu, SP Silva DM, et al.[47]
A. Fasciatus 1 BM Botucatu, SP  Neto F 
A. Fasciatus 1 BM Mogi Guaçú, SP Silva DM, et al.[47]
A. Fasciatus 1-2 BA Bauru, SP Daniel SN, et al. [48]
A. Fasciatus 1BA Bauru, SP Hashimoto DT, et al. [17]
A. Fasciatus 1 BM Três Marias, MG Filho MO, et al. [10]
A. Fasciatus 1-2 BST Bauru, SP Daniel SN, et al. [48]

Astyanax Paranae 1 BM / 1 BSM Botucatu, SP Silva DM, et al. [47]
A. Paranae 1 BM Maringa, PR Abelini E, et al. [46]

Astyanax Scabripinnis 1 BM Maringa, PR Abelini E, et al. [46]
A. Scabripinnis 1 BSM Itirapina, SP Souza 
A. Scabripinnis 1 BM Pindamonhangaba, SP Castro JP, et al. [49]
A. Scabripinnis 1 BM / 1 BSM / 1 BST / 1 BA Maringa, PR Fernandes CA, et al.[20]
A. Scabripinnis 1-2 BM Campos do Jordão,SP Filho MO, et. al.[39]
A. Scabripinnis 2 BM / 1 BSM Campos do Jordão,SP Neo DM, et al. [50]
A. Scabripinnis 1 BM Campos do Jordão,SP Mestriner CA, et al. [51]
A. Scabripinnis 1 BM / 1-2 BSM Campos do Jordão,SP Ferro DAM, et al. [52]
A. Scabripinnis 1 Bm Paranavaí, PR Santos M
A. Scabripinnis 1 BM Pindamonhangaba, SP Castro JP, et al. [49]
A. Scabripinnis 1 BM Maringa, PR Castro JP, et al. [49]
A. Scabripinnis 1 BM Pindamonhangaba, SP Barbosa P, et al. [53]
A. Scabripinnis 1-2 BM Botucatu, SP Machado
A. Scabripinnis 1 BM Botucatu, SP Maistro EL, et al. [54]

A. Scabripinnis 1-2 Ba Cerqueira César, SP Mizoguchi

A. Scabripinnis 1 BM Floresta, PR Mizoguchi 
Astyanax Scabripinnis 

Paranae 1 BM Botucatu, SP Foresti PF, et al. [16]

A. Scabripinnis Paranae 1 BM Botucatu, SP Maistro EL, et al.[41]
Astyanax Schubarti 1 BM Missiones, Ar Mestriner CA, et al. [51]

Astyanax sp. B 1 BM / 1 BSM / 1 Ba Capitao Leonidas Marques, PR Fazoli LC, et al.[41]
Astyanax Jordani 1Bm Aquariofilia Silva DM, et al.[47]

Astyanax Mexicanus 1 Ba Aquariofilia Toledo LF, et al.[42]
Table 1: Relation of all populations and variants of B chromosomes reported in the Astyanax genus.
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Among the several supernumeraries reported for A. 
scabripinnis, the BM variant (macro B metacentric) is the 
one that has the highest occurrence in natural populations. 
This variant is also observed in several other species and 
populations of the group and probably corresponds to 
a morphotype of B chromosome ancestral in the genus, 
according to Filho MO, et al. [55]. In addition, studies suggest 
that this BM is an isochromosome, with functional and 
structural homology between its two arms, a hypothesis 
initially raised by Vicente VE, et al. [56] and corroborated 
later by Vicari MR, et al. [57]. The other variants would 
probably derive from structural rearrangements of the 
BM chromosome [20], where most of them are totally 
heterochromatic [49-52].

B chromosomes restricted to a specific sex are 
also reported in populations of A. scabripinnis, both 
macrochromosomes B restricted to females only [40] 
regarding B microchromosomes restricted to males [58], 
or even associated with distortion in the sex ratio in some 
populations [16,56]. In addition, studied through the use 
of microsatellites, a population of A. scabripinnis from the 
region of Serra da Mantiqueira (Brazil), reporting the recent 
occurrence of a bottleneck event, resulting in the presence of 
excess heterozygotes. According to the authors, this excess 
was driven by individuals with B chromosomes.

There are rarely records of two simultaneous 
supernumerary chromosomes in their genomes, and for 
some species, only one population has such elements 
[41]. In this sense, from cytogenetic characterization in A. 
goyacensis, Santos LPD, et al. [44] observed between 1 and 9 
microchromosomes B (acrocentric and metacentric), which 
presented intra and interindividual polymorphisms, as well 
as a completely heterochromatic pattern in their majority. 
In addition, the authors isolated and produced a B-specific 
probe from one of the nine B microchromosomes, observing 
associations of this probe in eight of the nine B-microscopes, 
in addition to consistent markings on some autosome 
chromosomes, suggesting, therefore, that the B chromosomes 
of this species may have originated from fragments of 
standard chromosomes, with two acrocentric pairs being 
the most parsimonious candidates. This is the first and only 
mention of B chromosomes in this species, and still the largest 
record in number of B chromosomes among the entire group.

Multiple supernumerary chromosome records are also 
applied to A. sp. B: between 1 and 3 B chromosomes, of BM, 
Bst and Ba, A. eigenmanniorum morphologies: between one 
and two BM [43]; A. altiparanae: a small acrocentric B (Ba) 
[11]; A. mexicanus: between one and two Ba [42], A. jordani: 
between one and two Bm [47] and A. schubart: a metacentric 
B macro (BM) [10]. Excepting to A. jordani and A. sp. B, which 
do not have heterochromatic grade records, the other B 

chromosomes demonstrate a totally heterochromatic pattern. 
Specifically in A. mexicanus, one of the Ba showed subtle 
microsatellite marking (CA)15 and (GATA)8, in addition to 
stronger markings of (GA)15. None of these species showed 
associations of functional genes to B chromosomes, and little 
is known about the origin of these extra elements in these 
cases, since studies aimed at this purpose are still scarce and 
need to be carried out.

For A. fasciatus the first record of B chromosomes is 
credited to the Filho MO, et al. [10]. A metacentric B macro (BM) 
totally heterochromatic. Subsequently, other occurrences 
were reported: macro subtelocentric B (BST) [17] and 
subtelocentric mean B (Bst) [15]. In all B morphotypes of 
this species, there is the presence of microsatellite sequences 
(AC) 15, however, the As51 satDNA is observed only in the 
BM. H1 sequences are restricted to Bst. This is the species 
that has the largest variety of morphologies described, 
as well as a greater number of supernumeraries carrying 
functional genes (18S and H1). As there are a large number 
of populations that present intraspecific and inter-specific 
cytotypes (from 2n = 45 to 2n = 50 chromosomes) [59], 
associations linking hybridization processes to the origin of 
supernumeraries in this species are being raised [60].

In relation to A. scabripinnis paranae Foresti PF, et al. 
[16] analyzed the frequency of the B chromosomes associated 
with population density in a stream used along three 
locations. In the first point, the authors inferred a population 
composed of approximately 212 individuals, of which 35 
were analyzed, and of these, 23 presented BM. In the second, 
the population was estimated to be about 650 individuals, 20 
were karyotypes, and only two had a BM. In the third point, 
the population was estimated at 107 individuals, 10 were 
analyzed, and only one had BM, conferring no relationship 
between the frequency of the BM and the population density; 
however the presence of adaptive effects provided by the B 
chromosomes to the living specimens of the first sampled 
point is not fully discarded. According to Maistro EL, et al. 
[41], most of the supernumeraries reported for this species 
are entirely heterochromatic, also showing a late replication 
pattern, evidenced by the incorporation of BrdU, a derivative 
of Uridine analogous to Thymidine, which gives it the ability 
to be incorporated into DNA during the synthesis phase 
(phase S).

Regarding its origin in Astyanax, Maistro EL, et al. [54] 
suggest that the A. scabripinnis BM chromosome would 
have arisen due to the non-disjunction of the first pair of 
metacentric chromosomes, forming a trisomic element, 
which would later have followed its own evolutionary path 
[51] analyzing meiotic cells of A. scabripinnis found that 
the B chromosome does not follow a pattern of Mendelian 
inheritance, forming univalent self-matched arms. In 

https://medwinpublishers.com/GGTIJ/


Genomics & Gene Therapy International Journal5

Daniel SN, et al. Diversity of B Chromosomes in the Genus Astyanax. Genom & Gene Ther 
Int  2021, 5(1): 000119.

Copyright©  Daniel SN, et al.

addition, they mapped a type of satellite DNA on the B 
chromosome of A. scabripinnis obtained from the restriction 
enzyme KpnI, called As-51. The symmetrical position of 
this satDNA in both arms of the B chromosome, added to its 
self-pairing in meiosis, allowed the authors to propose that 
this B chromosome would be an isochromosome, formed, 
even, from the incorrect division and non-disjunction of the 
chromosome pair 24 , rich in sequences As-51. Then Neo 
DM, et al. [50] observed similar patterns, corroborating the 
hypotheses suggested by Mestriner CA, et al. [51]. A few 
years later Vicari MR, et al. [57] strengthened the hypothesis 
of intraspecific origin of the BM of A. scabripinnis from the 
formation of an isochromosome based on results obtained 
by chromosomal painting with a B-specific probe and FISH 
with satDNA probes As-51 and Cot-1. More recently, Barbosa 
P, et al. [53] there were accumulations of microsatellites CA, 
CAC e GA in the telomeric and interstitial region of the B 
chromosome of this species.

In a natural population of A. bockmanni Daniel SN, et 
al. [12] observed three morphotypes of B chromosomes: 
A macrochromosome BM and two microchromosomes: 
Ba and Bm, These variants showed significant 
intraindividual numerical variation, with records of two B 
microchromosomes in the same cell. In this population, cells 
carrying a macrochromosome B and a microchromosome 
B were not observed simultaneously, leading the authors 
to propose that the B chromosomes of this specie could 
have originated by isochromosome. High rates of mitotic 
instability were also recorded among the specimens 
analyzed. The authors also report that the observed 
microchromosomes B reveal a partial pattern of constitutive 
heterochromatin, and macrochromosome B outlines a 
totally heterochromatic pattern. Previously, Hashimoto 
DT, et al. [17] also reported the occurrence of Bm for this 
species, however, they did not verify mitotic instability or 
the presence of B macrochromosomes among the analyzed 
individuals. Additionally, the B microchromosomes of this 
species indicate a high incidence of transposable elements, 
more specifically those of the Rex family (Rex1, Rex3 and 
Rex6). Microsatellites (AC) 15 are also reported on the Bm 
and BM chromosomes of this species [15].

To investigate the origin of the B chromosomes of A. 
paranae, [15] used B-specific DNA probes obtained by 
chromosomal microdissection of only one arm of the BM 
chromosome. The application of FISH indicated signs 
of hybridization throughout the BM chromosome, that 
is, complete homology between the two arms of this 
supernumerary, indicating that the B chromosome of A. 
paranae has characteristics of an isochromosome. The 
authors also observed signs of histone H1 and 18S rDNA 
symmetrically in both arms of the BM chromosome, in 
addition to synthetic markings in pairs two and 23, which 

could behave as possible chromosomes predecessors of the B 
chromosome, further supporting the hypothesis this element 
in A. paranae is an isochromosome. Based on sat DNA 
analysis Silva DMZA, et al. [61] corroborated this hypothesis. 
In addition, with some exceptions, this chromosome class 
is frequently observed in females, and rarely in males, as 
previously reported by Maistro EL, et al. [41], Foresti PF, et al. 
[16], Filho MO, et al. [10], Abelini E, et al. [46], suggesting that 
supernumeraries could play an important role in the sexual 
determination of this species. However, further studies are 
necessary in order to corroborate or refute this hypothesis.

Astyanax bockmanni - BM/Bm (macro/micro)
A. schubarti - BM (macro)
A. fasciatus - BM (macro)
A. paranae - BM (macro)

A. scabripinnis - BM/Bm (macro/ middle/micro)
A. eigenmanniorum - BM (macro)

A. jordani – Bm (micro)
A. sp. B – BM (macro)

A. fasciatus - Bsm (middle)

A. paranae - BSM (macro)

A. scabripinnis - BSM/Bsm (macro/ middle)

A. sp. B – BSM (macro)

A. fasciatus - Bst (middle)

A. scabripinnis - BST (macro)

A. bockmanni - Ba (micro)
A. altiparanae - Ba (micro)

A. goyacensis -BA/Ba (macro/ middle/micro)
A. fasciatus - Ba (middle)

A. scabripinnis - BA/Ba (macro/micro)
A.mexicanus - Ba (micro)

A. sp. B - Ba (acro)

Table 2: Morphologies and size of B chromosomes reported 
among species of the genus Astyanax.

There is still no summary formula that expresses the 
origin of all morphotypes and sizes of B chromosomes in the 
12 Astyanax species carrying these elements, however, Filo 
MO, et al. [10] defends the hypothesis of a common origin of 
the supernumeraries of type BM reported in A. fascsiatus, A. 
schubart and A. scabripinnis. Similarly, Silva DMZA, et al. [15] 
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based on cyto-molecular analyzes, also proposed a common 
origin of the supernumeraries BM of A. bockmanni, A. fasciatus 
and A. paranae, however, more robust analyzes involving 
new generation sequencing and gene expression tests are 
necessary to verify the content of these B chromosomes at the 
sequence level, and thus corroborate or refute a hypothesis of 
common origin of BM among these species. The relationship 
between the shapes and size of the B chromosomes described 
in the Astyanax genus is shown in Table 2.

Perspectives on the Knowledge of 
Supernumerary Chromosomes: Emphasis on 
Astyanax

Since its discovery, more than a century ago, studies 
involving supernumeraries have been the stage of research 
among several scholars worldwide. Such studies were 
conducted by classical cytogenetics throughout much of the 
20th century, where, from the 1990s, molecular cytogenetics 
was added, which reached its peak throughout the 2000s 
through the insertion of chromosomal painting, a technique 
that was and is still recognized as an important ally in the 
search for information about sharing sequences between 
chromosomes of the same species or between related species 
[15,57,62-64]. This practice has since been improved, and 
isolation of specific chromosomal regions has become 
possible [65].

Currently, studies of this nature are more focused on 
the construction of band-specific libraries and physical 
mapping of chromosomes of interest in the form of 
chromosomal painting or cross-hybridization, when the 
genetic material of a species is used in the form of a probe 
to map sites or chromosomes of interest in another species, 
a process also called Zoo-FISH. In this sense, supernumerary 
chromosomes have gained studies [15,62,63,66]. Although 
these methodologies have provided relevant findings over 
the years, conclusive limits are found at the molecular level. 
Thus, genomic analysis and bioinformatics tools come as a 
complement in order to leverage massive investigations 
regarding the structures and functionalities related to B 
chromosomes [67].

In order to generate more and more knowledge about 
this chromosome class, massive new generation sequences 
(NGS) have provided a series of markers in organisms 
considered non-models [32,68]. Therefore, the combination 
of NGS and bioinformatics allows new ways to identify 
specific sequences present in B chromosomes, revealing a 
wealth of molecular data relevant to studies about its origin, 
maintenance and evolution review in Ruban A, et al. [64]. 
Conversely, both classic cytogenetic and cyto-molecular or 
molecular methodologies, obviously have their advantages 
and disadvantages, where the use of these markers together 

can provide interesting information and answers according 
to the biological problem raised [69].

In this sense, Ruano RFJ, et al. [70] described the locust 
satellitoma Locusta migratoria, that certainly opened up 
new perspectives on the distribution of this class of DNA in 
animals. Subsequently, through high-performance analyzes, 
Ruano RFJ, et al. [70] showed an ancestry of a morphological 
type of B chromosome in the grasshopper Eumigus 
monticola, proving that B chromosomes of intraspecific 
origin can harbor several B-specific satDNA sequences. In 
another manuscript, Vozdova M, et al. [71] discovered an 
extensive heterogeneity of satellite sequences between 
Canidae, indicating close evolutionary relationships between 
red and arctic foxes. In fish, the greater focus on satDNAs has 
been used to better understand the origin and behavior of B 
chromosomes. In this sense, one of the first isolated satDNAs 
is the so-called As-51, isolated from the B chromosome of 
A. scabripinnis, which was symmetrical in both arms of this 
supernumerary [51]. Combining Sanger and NGS sequencing 
with PCR and FISH, Utsunomia R, et al. [32] analyzed the 
variation and abundance of MsaSat01-177 sequences in ten 
species of Characidae, reporting extensive variation of this 
marker among them, in addition to a wide knowledge of this 
satDNA family in the analyzed species. Therefore, studying 
these sequences means advancing the knowledge of genomic 
organization and the dynamics with which these sequences 
have evolved in the most varied organisms.

For the species that make up the Astyanax group, the 
joint use of these methodologies has generated interesting 
knowledge of the mechanisms related to evolutionary 
processes, origin, rearrangements and differentiation of 
B chromosomes. Like this, Silva DMZA, et al. [61] isolated 
and validated 45 satellite DNA families (satDNA) obtained 
from the Astyanax paranae genome by Illumina sequencing. 
Simultaneous analysis of the chromosomal location of 
35 (out of 45) satDNAs in A. paranae, A. fasciatus and 
A. bockmanni revealed that most of these satellites are 
shared among the three species, even with highly similar 
patterns of chromosomal distribution. The isochromosomic 
nature of the B chromosomes in these species has been 
corroborated by the symmetrical location of many satDNAs 
in both arms of the supernumeraries. In addition, the 
authors also verified a lower symmetry observed on the A. 
chromosome of A. fasciatus, suggesting that the metacentric 
B chromosome of this species is older than the other B 
chromosomes of the same morphology reported in A. 
paranae and A. bockmanni, reinforcing the hypothesis that 
these B chromosomes descended from an ancestor common 
to the three species. Also according to the authors, these 
results raise new questions about the different hypotheses 
previously suggested about the origin of the B chromosomes 
in Astyanax: the B chromosomes found in different species of 
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this genus may indeed have been derived from an ancestral 
B chromosome, but they may have evolved at different rates 
between these species, that is, more quickly in A. fasciatus 
than in the others.

Therefore, in this animal group, the hypothesis those B 
chromosomes may originate from hybridization processes 
has been recurrent, as already confirmed in bees Tosta VC, et 
al, [72] and even suggested for Astyanax [15]. Hybridization 
is conceptualized as the union of distinct genetic heritage, 
resulting in offspring with intermediate characteristics 
of both parents [73]. In fish, evidence of the appearance 
of supernumeraries by this mechanism was observed in 
Poecilia formosa, a hybrid involving Poecilia mexicana and 
Poecilia latipinna species [74].

In this sense, aiming to analyze the hypothesis that 
hybridization processes occur between close species and 
genera Goes CAG, et al. [4] analyzed cytogenetically hybrid 
strains between A. altiparanae (2n=50) x A. fasciatus 
(2n=46), resulting in individuals with 2n = 48 chromosomes; 
A. altiparanae (2n=50) x A. schubarti (2n=36), resulting 
in individuals with 2n = 43 chromosomes; A. altiparanae 
(2n=50) x A. mexicanus (2n=50), with individuals carrying 
2n = 50 chromosomes, and A. altiparanae (2n=50) x 
Hyphessobrycon anisitsi (2n=50), resulting in offspring 
with 2n = 50 and 51 chromosomes, associating their cyto-
chromosomal patterns with species complexes. In addition, 
in recent paper, hybrid products involving species of Astyanax 
and species of close genera developed by Piva LH, et al. [75] 
proved to be sexually viable.

Therefore, hybrid products from Astyanax species with 
different diploid numbers would be a completely viable 
process, presenting gonads capable of producing gametes, 
and in this way, they could cause the accumulation of 
additional chromosomes, which could be transmitted to the 
later generation, and in a hypothetical situation, settle in 
the population in the form of B chromosomes. Added to that, 
recently Gavazzoni M, et al. [76] reported the presence of 
natural hybrids using cytogenetic and molecular techniques.

In short, techniques until recently applied and focused 
only on other areas of study (such as niche modeling, 
massive sequencing of B chromosomes, qPCR markers and 
targeted crosses) today have gained more space in building 
knowledge about additional chromosomes, mainly in 
species of the genus Astyanax due to the wide geographical 
distribution, presence and polymorphisms of shape and 
size of B chromosomes in different species and different 
populations. Certainly, the applicability of these modern 
sequencing methods associated with bioinformatics will 
launch a new perspective on B chromosomes, significantly 
increasing our knowledge of their genomic and evolutionary 

dynamics, providing subsidies for more complete inferences 
about this chromosomal class in Astyanax and other species 
of neotropical fish, since several factors involving this 
chromosomal class still remain a mystery, among them, its 
physiological importance to the host, what has already been 
evidenced in works developed by Castro JP, et al. [77], Castro 
JP, et al. [78], to ascertain the presence of B chromosomes 
associated with the expression of certain genes, mainly 
regarding the influence of the B chromosomes on sexual 
differentiation in Astyanax species [79,80].
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