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ABSTRACT. Polynemidae, commonly known as threadfins, are 
important fishing and aquaculture species. This is a peculiar fish 

group that is morphologically characterized by long tactile filaments 
of the pectoral fins. Although inserted in the Percomorpha, its 
relationships with other groups of this clade are uncertain. 

Cytogenetic investigations have helped clarify various evolutionary 
aspects of marine fish groups, including stock delimitation, 
speciation, taxonomy, hybridization, phylogenetic relationship, sex 

chromosomes, and genome changes. However, the chromosomal 
characteristics of threadfins are still unknown. We investigated the 
chromosomal features of two cryptic species, Polydactylus virginicus 

and P. oligodon found in Northeast Brazilian coastal waters (Tropical 
Southwestern Atlantic region). Cytogenetic data were obtained by 

conventional staining (Giemsa and fluorochrome staining, C-banding 
and Ag-NORs techniques) and molecular cytogenetic analyses 
through fluorescent in situ hybridization using rDNA probes (18S 

and 5S rDNA). The two species have similar karyotypes at the macro 
and microstructural levels. An unexpected high diploid number was 
found, with 2n=58 acrocentric chromosomes, including four 

mailto:%20lab.biomol.cirurgia@fmrp.usp.br
http://dx.doi.org/10.4238/gmr185


©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 20 (1): gmr18701 

 
 

 

 

 
 

 

 

W.F. Molina
 
et al.                                                                          2 

 

microchromosome pairs. The expanded karyotypes are a 
synapomorphy for these species, likely resulting from sharing at least 
five chromosome fissions from a basal karyotype with 2n=48. 

Besides the macrostructural karyotype similarities, the Ag-NOR/GC-
rich/18S rDNA (chromosome 19) and 5S rDNA (chromosome 20) 
loci have an identical organization in apparently homeolog 

chromosomes of these species, suggesting the conservation of large 
syntenic chromosomal regions. We conclude that although 
chromosome fissions are very rare events among other Carangaria 

fish, they played an important disruptive role in  the evolution of 
some species of Polynemidae. 

 
Key words: Karyotype evolution; Chromosome fission; Threadfins; rDNA; 

Microchromosomes 

INTRODUCTION 
 

The Polynemidae family comprises species commonly known as threadfins, due to 
peculiar tactile filaments in their pectoral fins. They are typically found at sand and 
mudflats, where they feed on benthic invertebrates, in the subtropical waters of oceans 

worldwide, mainly in coastal and estuarine regions, being important resources for fishing 
and aquaculture in some countries (Motomura, 2004; Nelson et al., 2016). This family 

includes eight genera and 42 species, of which 21 belong to the Polydactylus genus (Fricke 
et al., 2020; Froese and Pauly, 2020). 

Three Polydactylus species occur in the western Atlantic Ocean and in the Brazilian 

coast, among them P. oligodon and P. virginicus are largely distributed along the Brazilian 
coast, while P. octonemus is restricted to the North coast (Menezes and Figueiredo, 1985; 
Carpenter, 2002; Motomura, 2004). Morphologically, P. oligodon and P. virginicus are very 

similar to each other, their distinction only possible based on specific serial characters (such 
as lateral-line scales) (Motomura, 2004). 

Threadfins are included in the large Percomorpha clade, composed of 30 orders 

(Betancur-R et al., 2013a), encompassing most of the extant fish diversity (> 17,000 
species). Till now, the phylogenetic relationships of the Polynemidae are very controversial 

and uncertain, and this family has been found to be related to numerous distinct fish groups. 
Morphological traits associate this family with the Sphyraenidae, Mugilidae and 
Atherinidae (Gosline, 1968), and Sciaenidae (Johnson, 1993; Kang et al., 2017; Presti et al., 

2020). On the contrary, molecular data suggest its relatedness to the Menidae and 
Lactariidae (Betancur-R et al., 2013a; Sanciangco et al., 2015), and Pleuronectiformes and 
Carangiformes (Harrington et al., 2016; Hughes et al., 2018). 

In addition to morphological and molecular data, cytogenetics has also provided 
useful approaches to better understand the evolutionary history of several freshwater and 

marine fishes (Cioffi et al., 2018; Motta-Neto et al., 2019). However, only one Polynemidae 
species has some chromosomal information currently available (Khuda-Bukhsh and Barat, 
1987). Consequently, we used conventional cytogenetic analyses (Giemsa staining and Ag-

NOR, fluorochrome and heterochromatin banding), and in situ hybridization (ISH) 
procedures with ribosomal gene probes on two species of the genus Polydactylus from the 
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Southwestern Atlantic. This study was intended to help understand the chromosomal 
characteristics and evolution of the threadfins and their relationships with other fish groups. 

MATERIAL AND METHODS 

Specimens, mitotic preparation, and chromosome banding  
 
Adult individuals of Polydactylus virginicus (n = 11, six males and five females) 

and Polydactylus oligodon (n = 5, three males and two females) were caught with a hook 
and line on the coast of the State of Rio Grande do Norte (Touros Municipality; 05º11'56"S, 
35º27'39"W), in the Northeast region of Brazil. All field and laboratory protocols used in 

this study, including specimen sampling, were approved by the Ethics Committee on the use 
of animals at the Federal University of Rio Grande do Norte (Proc. # 44-15). Collections 

were authorized by the Chico Mendes Institute for Biodiversity Conservation (ICMBio), 
System of Authorization, and Information about Biodiversity (SISBIO-Licenses No. 19135-
1, 131360-1 and 27027-2). 

The specimens were kept in aquaria and submitted to mitotic stimulation through 
intramuscular injection of bacterial and fungal antigens complexes, for a period of 24 to 48 
h (Molina et al., 2010). Mitotic chromosomes were obtained from renal tissue cells, 

according to in vitro short-term culture technique (Gold et al., 1990). Cell suspensions were 
dropped onto slides covered with a thin film of heated water (60

o
C), and air-dried. The 

nucleolus organizer regions (NORs) and the heterochromatin content were identified 
according to Howell and Black (1980) and Sumner (1972) protocols, respectively. 
Sequential staining with Chromomycin A3 (CMA3) and DAPI (4', 6-diamidino-2-

phenylindol) fluorochromes (Schweizer, 1976) were also performed. 

Fluorescence in situ hybridization – FISH 

DNA probes  
 

5S rDNA (~200 pb) and 18S rDNA (1400 pb) probes were obtained by PCR from 
nuclear DNA of Rachycentron canadum (Teleostei), using primers A 5’-TAC GCC CGA 
TCT CGT CCG ATC-3’ and B 5’-CAG GCT GGT ATG GCC GTA AGC-3’ (Pendás et al., 

1994), and NS1 5’-GTA GTC ATA TGC TTG TCT C-3’ and NS8 5’-TCC GCA GGT TCA 
CCT ACG GA-3’ (White et al., 1990), respectively. The 5S rDNA probe was labeled with 
biotin-14-dATP and the 18S rDNA with digoxigenin-11-dUTP (Roche, Mannheim, 

Germany), by nick translation, following manufacturer’s recommendations. 

Hybridization  
 
FISH followed the procedure described by Pinkel et al. (1986). Metaphase 

chromosomes were treated with RNAse (20µg/mL in 2xSSC) at 37°C for 1 h and with 
pepsin (0.005% in 10mM HCl) at 37°C for 10 min, fixed with 1% formaldehyde for 10 min 
and then dehydrated in an alcohol series (70%/85%/100%) for 5 min each. The slides with 

metaphase chromosomes were incubated in 70% formamide/2xSSC at 72°C, for 5 min. The 
hybridization step was performed using the hybridization solution (50% formamide, 2xSSC, 
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and 10% dextran sulfate) and the denatured probe (5ng/µL), with a final volume of 30µL, 
for 16h at 37°C.  

Post-hybridization washes were performed with 15% formamide/0.2xSSC at 42°C, 

for 20 min, plus 0.1xSSC at 60°C for 15 min and in 0.5%/4xSSC Tween 20 for 5 min, at 
room temperature. The hybridization signals were detected using rhodamine-conjugated 
anti-digoxigenin for the 18S rDNA, and FITC-conjugated streptavidin (Vector, Burlingame, 

USA) for the 5S rDNA, and the chromosomes were counterstained with Vectashield/DAPI 
(1,5µg/ml) (Vector, Burlingame, USA).  

Chromosome analyses 
 
At least 30 metaphases of each individual were analyzed and the best spreads were 

photographed in an Olympus™ BX51 epifluorescence microscope coupled to the digital 
image capture system Olympus DP73 (Olympus Corporation, Ishikawa, Japan), using the 

cellSens software (Version 1.9 Digital, Tokyo, Kanto, Japan). Chromosomes were classified 
as metacentric (m), submetacentric (sm), subtelocentric (st), or acrocentric (a), according to 
their arms ratio (Levan et al., 1964). 

RESULTS 

 
Polydactylus virginicus and P. oligodon present similar karyotypes,  composed by 

2n=58 acrocentric chromosomes, the four smallest pairs consisting of microchromosomes 

(<1µm)  with conspicuous differences in size in respect to the other ones (Figure 1). Besides 
both species also show similar organization patterns of the chromosomal regions analyzed. 
The Ag-NORs coincide with GC-rich secondary constrictions in the pericentromeric 

position of the long arm of the chromosome pair 24. The heterochromatin is mainly 
distributed in the centromeric regions, but also occupying an interstitial position in some 
chromosome pairs (Figure 1). 

 

 
Figure 1. Karyotypes of Polydactylus virginicus and Polydactylus oligodon, after Giemsa staining, C-banding 

and fluorescence in situ hybridization with 18S rDNA (red signals, pairs 24) and 5S rDNA (green signals, pairs 
20) probes. Ag-NORs sites and CMA3+/DAPI- regions are highlighted in the boxes, evidencing size 

heteromorphism. Scale bar = 5 µm. 
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The 18S and 5S rDNA sequences were mapped also at the same position in 
identical chromosomes in both species. The 18S rDNA sites are coincident with the Ag-
NORs/CMA3+/DAPI- signals (pair 24), while the 5S rDNA sites are located in the 

pericentromeric region of pair 20. 

DISCUSSION 
 
Among Carangaria several families, like Centropomidae, Carangidae, 

Sphyraenidae, Coryphaenidae, Toxotidae, and Rachycentridae, have karyotypes mainly 
composed of 2n=48 chromosomes (Accioly et al., 2012; Costa et al., 2015; Soares et al., 

2017; Supiwong et al., 2017; Borges et al., 2019; Motta-Neto et al., 2019), while 
Pleuronectiformes (mainly Pleuronectodei), have chromosome numbers ranging from 
2n=26 to 2n=48 (Azevedo et al., 2007; Arai, 2011). Most of the karyotype variations are 

due to pericentric inversions and Robertsonian translocations, which promote an increase of 
the NF (number of chromosome arms) and reduction of the diploid number, as well as 
increasing polymorphisms in a species, providing variation for natural selection and can 

even lead to speciation.  
However, Polynemidae species still lacks cytogenetic data as a whole. 

Eleutheronema tetradactylum is the only species of this family with some cytogenetic 
information so far, revealing 2n=48 acrocentric chromosomes (Khuda-Bukhsh and Barat, 
1987). This is a frequent condition considered as basal in the Percomorpha (Galetti et al., 

2000; Arai, 2011; Motta-Neto et al., 2019), thus suggesting that it may also represent the 
ancestral state of Polynemidae. Regardless, the two species now analyzed have an 
unexpected 2n=58 chromosome number; in fact, this is the highest diploid value ever 

reported for a Carangaria group (Arai, 2011), thus constituting a likely autapomorphy for 
the family. 

Multiple fissions have already been reported as impactful rearrangements in the 

karyotypic evolution of some fish species (Feldberg et al., 1993), but a very uncommon 
feature among Carangaria groups. As expected, such events lead to an increase in the 

diploid number and linkage groups. Assuming 2n=48 chromosomes as the basal condition 
for Polynemidae, we can estimate that at least five fission events have occurred during the 
karyotype evolution of P. virginicus and P. oligodon, thus resulting in their peculiar high 

diploid number and four microchromosome pairs. These small kind of chromosomes are 
also very uncommon in Carangaria species, which usually present a symmetrical 
arrangement, showing a gradual variation in size between the largest and the smallest 

chromosomes in karyotypes (Molina et al., 2014; Costa et al., 2016; Borges et al., 2019).  
Studies on the dynamics and genomics of microchromosomes have identified many 

unique characteristics compared with those of macrochromosomes; these include their being 
guanine and cytosine (GC)-rich in most species. The high frequency of crossing over 
(recombination rates)  has been attributed to the higher GC content and recombination hot 

spots, which ultimately provide stability during cell division, particularly during meiosis 
(Ezaz and Young, 2013). Although previous studies have characterized microchromosomes 
as inert heterochromatic elements, it is now well established that microchromosomes are 

functional chromosomes. As in sex and autosomal chromosomes, the presence of telomeres 
and a centromere is responsible for the stable inheritance of a microchromosome during cell 

division and can be inherited for many generations (Ezaz and Young, 2013). 
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Similar to the Polynemidae, most Carangaria representatives exhibit unique 

rDNA regions with an independent arrangement of the 18S and 5S sites (Azevedo et al., 

2005; Costa et al., 2015, 2016; Soares et al., 2014, 2017; Supiwong et al., 2017; Borges 

et al., 2019), a basal condition among teleost fishes (Gornung, 2013). It was already 

demonstrated that in several marine species the rDNA regions are implicated in 

chromosomal changes (Molina et al., 2002; Getlekha et al., 2018). Indeed, in some 

species for which the rDNA was further investigated, it was showed that it has a 

complex association with microsatellites, transposition elements, and histones (Costa et 

al., 2015). It is likely that these repetitive DNA arrays could support evolutionary 

instabilities (Coghlan et al., 2005), thus favoring chromosomal rearrangements. In fact, 

in some fish species with high diploid values (Morescalchi et al., 1992), transposable 

elements have had a significant role (Auvinet et al., 2018). However, this is still an 

open question to be later investigated in Polydactylus.  

Another karyotypic feature that deserves additional comment in P. virginicus 

and P. oligodon refers to the polymorphism in the size of the nucleolar organizer 

regions. Numerical and size polymorphisms of the 18S and 5S rDNA sites are relatively 

frequent in marine percomorphs (e.g., Pisano and Ghigliotti, 2009), and, in some cases, 

the amplification of these sequences can even result in chromosomal fissions (Hall and 

Parker, 1995; Rousselet et al., 2000). However, the widespread occurrence of 2n≤48 

chromosomes suggests that such a correlation does not occur in Carangaria and, in this 

sense, strengthening the exceptionality of the evolutionary pathway that has occurred in 

Polydactylus.  

In addition to macro and microstructural chromosome congruences, the 2n=48 

acrocentric chromosomes of the threadfin E. tetradactylum (Khuda-Bukhsh and Barat, 

1987), brings the karyotype pattern of Polynemidae closer to that of most Carangaria 

groups, except flatfishes Pleuronectiformes. Indeed, the available cytogenetic data for 

some of the 15 families that make up the flatfish clade (Campbell et al., 2019), indicate 

a marked trend to reduce the 2n (28-48) and to increase the NF values (Arai, 2011), a 

peculiar attribute of this group assigned to Robertsonian fusions and pericentric 

inversions (Azevedo et al., 2005, 2007). Moreover, its single chromosome pair carrying 

rDNA sequences have undergone conspicuous reorganizations, as shown by the low 

inter- and intra-genera homology its presents (Azevedo et al., 2005). These contrasting 

chromosome patterns between Polynemidae and flatfishes indicate that since their 

remote ancestry (Alfaro et al., 2018), a larger set of chromosome changes have 

differentially modulated the evolutionary history of the later ones.  

In conclusion, the similar karyotype organization between both Polydactylus 

species now investigated, as well as its absence in their co-familiar species and also 

other probable related groups, can be explained as a byproduct of recent evolutionary 

divergence among lineages. In fact, as a whole, the karyotypes of Polynemidae species 

reveal a remarkable mosaic of characteristics within the Carangaria group. Some of 

these features are preserved and shared with close relatives, as found in E. 

tetradactylum. Besides other derived features, as the highest diploid number and the 

occurrence of microchromosomes appear, at this time, as exclusive ones of P. 

virginicus and P. oligodon. 
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