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Abstract

Lutjanidae is a family of primarily marine and carnivorous fishes distributed in the Atlantic, Indian, 
and Pacific oceans, with enormous economic and ecological importance. In order to better clarify 
the conservative chromosomal evolution of Lutjanidae, we analyzed the evolutionary dynamics 
of 5 repetitive DNA classes in 5 Lutjanus and in 1 Ocyurus species from the Western Atlantic. The 
ribosomal 18S sites were generally located in a single chromosome pair, except for L. jocu and 
L. alexandrei where they are found in 2 pairs. In turn, the 5S rDNA sites are unique, terminal and 
nonsyntenic with the 18S rDNA sites. In 3 species analyzed, H3 hisDNA genes were found in 1 
chromosomal pair. However, while L. jocu presented 2 H3 sites, O. chrysurus showed a noteworthy 
dispersion of this gene in almost all chromosomes of the karyotype. Retrotransposons Rex1 and 
Rex3 do not exhibit any association with the explosive distribution of H3 sequences in O. chrysurus. 
The low compartmentalization of Rex elements, in addition to the general nondynamic distribution 
of ribosomal and H3 genes, corroborate the karyotype conservatism in Lutjanidae species, also 
at the microstructural level. However, some “disturbing evolutionary waves” can break down 
this conservative scenario, as evidenced by the massive random dispersion of H3 hisDNA in the 
genome of O. chrysurus. The implication of the genomic expansion of H3 histone genes and their 
functionality remain unknown, although suggesting that they have higher evolutionary dynamics 
than previously thought.
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The Lutjanidae family is composed of medium-sized to large 
predator fishes that play an important role in the marine eco-
system (España 2003). Its species are distributed throughout 

the Atlantic, Indian, and Pacific oceans (Nelson 2006), being 
primarily associated with reef environments (Resende et  al. 
2003). A  number of species have been significantly overfished, 
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prompting preservation efforts (Lorenzen et  al. 2010; Saillant 
et al. 2013).

This family is subdivided into 4 subfamilies and composes 17 
genera and around 120 species. Lutjaninae represents the most 
diverse subfamily, with 6 genera, with Lutjanus being the most spe-
ciose genus with more than 70 species (Gold et  al. 2011; Nelson 
2006). A number of Lutjaninae genera are monotypic and, among 
them, the Ocyurus genus has been questioned based on molecular 
data that strongly suggest its inclusion in the Lutjanus genus (Gold 
et al. 2011).

Chromosomal data of Lutjanidae have been reported for a few 
Indo-Pacific (Raghunath and Prasad 1980), Pacific (Ueno and Ojima 
1992), Caribbean (Nirchio et al. 2009), and South Atlantic species 
(Rocha and Molina 2008). In this family, a remarkable karyotype 
conservatism is found between various genera (Arai 2011), includ-
ing karyotypes with 2n  =  48 acrocentric chromosomes where the 
position and frequency of Ag-NORs are the main cytotaxonomic 
characteristics until now evidenced (Rocha and Molina 2008). Thus, 
the available data are basically focused on the karyotype structure, 
restricting further considerations regarding microstructural differ-
entiations of chromosomes and phylogenetic relationships among 
species. 

In such groups with structurally homogeneous karyotypes, the 
identification of chromosomal differences poses a challenge. In this 
sense, the analysis of the heterochromatin composition, through the 
chromosomal mapping of repetitive elements, represents an impor-
tant tool for clarifying the dynamic processes involved with their 
karytoype differentiation (Costa et al. 2013; Costa et al. 2014).

In fact, a number of repetitive sequences have been extensively 
analyzed in Atlantic marine fish chromosomes. Among these are 18S 
and 5S ribosomal genes and histones H1, H2B-H2A, and H3 (Motta 
Neto et al. 2011a; Motta Neto et al. 2011b; Lima-Filho et al. 2012; 
Silva et al. 2013; Calado et al. 2014). These multigenic families are 
vital for eukaryotes (Jordan et al. 2002; Roehrdanz et al. 2010), for 
which integrated genomic arrangements has been gathered (Andrews 
et al. 1987; Roehrdanz et al. 2010). Dynamic processes of karyotype 
evolution may include the intense participation of transposable ele-
ments (TEs) (Cioffi et  al. 2010), whose evolutionary role may be 
interconnected with different repetitive sequences and needs to be 
better investigated in fishes.

In this study, we analyzed the chromosomal distribution of 
5S and 18S ribosomal DNA sequences, H3 histone and the ret-
rotransposable elements Rex1 and Rex3 in 5 Lutjaninae species 
(L. analis, L. synagris, L. jocu, L. alexandrei, and Ocyurus chrysu-
rus). We aimed to highlight their karyotype differentiation at the 
microstructural level.

Material and Methods

Specimens, Chromosomal Preparations, and 
Banding Procedures
Cytogenetic analyses used juvenile specimens from the species 
L. analis (Cuvier in Cuvier and Valenciennes, 1828) (4 males and 6 
immature), L. synagris (Linnaeus, 1758) (5 females, 1 male, and 3 
immatures), L. jocu (Bloch and Schneider, 1801) (2 females, 2 males, 
and 2 immature), collected in Natal (5°45′37.08″S; 35°12′19.61″W), 
and L. alexandrei (Moura and Lindeman 2007) (7 females, 2 males) 
and Ocyurus chrysurus (Bloch, 1791) (5 females, 3 males), collected 
in Touros (5°12′49.53″S; 35°26′2.58″W), both in Rio Grande do 
Norte state on the northeast coast of Brazil.

Specimens were submitted to in vivo mitotic stimulation by 
intramuscular application of Munolan, an attenuated association of 
bacterial and fungal antigens, for 24 h (Molina 2001; Molina et al. 
2010). After this period, the animals were anesthetized with clove 
oil and sacrificed to remove kidney tissue. Metaphase chromosomes 
were obtained from cell suspensions, using in vivo interruption of 
the mitotic cycle, according to methodology proposed by Gold et al. 
(1990). A volume of 80 µl of cell suspension was dripped onto a slide 
covered with a film of distilled water heated to 60 °C. Chromosomes 
were stained with a solution of 5% Giemsa, and diluted in phos-
phate buffer (pH 6.8) for 8 min to determine the diploid chromo-
some number (2n) and the composition of the karyotype.

Hybridization with Chromosome Probes
5S and 18S rDNA probes were obtained by PCR from nuclear DNA 
of Ocyurus chrysurus, 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. One probe contained a copy of 5S DNAr of 
approximately 200 pb and the second 18S DNAr of around 1400 pb. 
The 5S DNAr probe was marked with biotin-14-dATP and the 18S 
DNAr with digoxigenin-1-dUTP, both by nick translation, following 
manufacturer’s recommendations (Roche, Mannheim, Germany).

Probe amplification of the H3 histone gene was obtained from 
the genomic DNA of O. chrysurus, using primers H3F 5′-ATG GCT 
CGT ACC AAG CAG ACV GC-3′ and H3R 5′-ATA TCC TTR 
GGC ATR ATR GTG AC-3′, designated from the histone genes of 
the mollusc Mytilus edulis (Albig et al. 2003), amplified according 
to Giribert and Distel (2003). The H3 probes were marked with 
digoxigenin-11-dUTP by nick translation, following manufacturer’s 
recommendations (Roche, Mannheim, Germany). Sequences of ret-
rotranspons Rex1 and Rex3 were amplified from the DNA mold 
of O.  chrysurus, using primers Rex1 F 5′-TTC TTC AGT GCC 
TTC AAC ACC -3′ and Rex1 R (Nirchio et al. 2009), designated to 
amplify Rex1 segments corresponding to encoding domains 3–7 of 
the reverse transcriptase (RT) gene. Primers Rex3 F 5′- CGG TGA 
YAA AGG GCA GCC CTG - 3′ and Rex3 R 5′- TGG CAG ACN 
GGG GTG GTG GT-3′, for Rex3, were used to amplify encoding 
domains 1, 2, 2A, A, and B of the RT gene, both designated from 
Xiphophorus genes (Volff et al. 1999; Volff et al. 2000) and ampli-
fied according to Valente et al. (2011).

Fluorescence In Situ Hybridization
Fluorescence in situ hybridization (FISH) was performed following 
the procedure described by Pinkel et al. (1986). Metaphase chromo-
somes were treated with RNAse (20 µg/ml in 2× SSC) at 37 °C for 
1 h and with pepsin (0.005% in 10 mM 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/2× SSC 
at 72  °C, for 5 min. The hybridization solution (50% formamide, 
2×SSC and 10% dextran sulfate) and the denatured probe (5 ng/µl), 
with a final volume of 30 µl, were deposited on the slide and hybridi-
zation performed for 16 h at 37 °C.

Post-hybridization rinses were performed with 15% 
formamide/0.2×SSC at 42 °C, for 20 min, followed by washings in 
0.1× SSC at 60  °C for 15 min and in 0.5%/4× SSC Tween 20 for 
5 min at room temperature. The hybridization signs of the probes 
were detected using rhodamine-conjugated antidigoxigenin (Vector, 
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Burlingame) for 18S rDNA, H3 hisDNA, and Rex3 probes and 
FITC-conjugated streptavidin (Vector, Burlingame) for 5S rDNA 
and Rex1 probes. The chromosomes were counterstained with 
Vectashield/DAPI (1.5 µg/ml) (Vector, Burlingame).

Karyotypic Analyses
Chromosome types were identified according to the position of the 
centromere (Levan et  al. 1964) and they were organized in order 
of decreasing size. An ideogram of the chromosome pairs bearing 
ribosomal sequences (18S and 5S rDNA) and histones H3 was per-
formed using Photoshop CS5 software.

Cytogenetic data were interpreted based on the phylogenetic pro-
posal put forth by Gold et al. (2011) for Atlantic snappers, whose 
clades A, B, and C were summarized, highlighting the species ana-
lyzed in this study. Inclusion of L. alexandrei in clade C in the present 
study is due to the reinterpretation of the taxonomic status of the 
specimen cited as L. cf. apodus by Gold et al. (2011). Lutjanus apo-
dus and L. griseus have no confirmed distribution on the Brazilian 
coast, where most of their descriptions were defined as belonging 
to the endemic species L. alexandrei (Moura and Lindeman 2007). 
Information on the position of ribosomal cistrons in L. sebae (Guo 
et al. 2011), L. russelli (Ueno and Ojima 1992), L. griseus (Nirchio 
et al. 2008), and R. aurorubens (Nirchio et al. 2009) were included, 
in order to conduct a more thorough analysis of the phylogenetic 
diversity of the main ribosomal genes in the subfamily Lutjaninae.

Data Archiving
In fulfillment of data archiving guidelines (Baker 2013), we have 
deposited the micrographs of Figures 1, 2, and 3 underlying these 
analyses in Dryad.

Results

All the 5 species exhibited the same karyotype, with 2n = 48 and 
composed of exclusively acrocentric chromosomes, corroborating 
earlier data obtained for species from the Brazilian coast (Rocha and 
Molina 2008).

18S rDNA sequences were located in the terminal region of the 
short arms of chromosomal pairs 5, 23, and 2 in L. analis, L. syna-
gris, and O.  chrysurus, respectively. In L.  alexandrei and L.  jocu 
these sites were identified in the terminal regions of pairs 2 and 5 
(Figure 1). Concerning the sites of pair 2, they are both present in 
the short arms. However, in respect to pair 5, this gene is located in 
the short arms in L. alexandrei and in the long arms in L. jocu. 5S 
ribosomal DNA sequences were observed in only one locus in all 
species analyzed, being mapped in the terminal position of the short 
arm of pair 14 in L. alexandrei and L. jocu, and in the same position 
in the pair 21 in L. analis, L. synagris, and O. chrysurus (Figure 1).

Histone H3 sequences were mapped in a single chromosome 
pair in L. analis (short arm of pair 17), L. synagris (short arm of 
pair 24), and L. alexandrei (short arm of pair 1), and in 2 pairs in 
L. jocu (short arm of pair 3 and long arm of pair 13). However, in 
O. chrysurus, the hisDNA H3 sites notably occur in the centromeric 
and pericentromeric regions of 22 chromosome pairs, except in pairs 
11 and 24 (Figure 1), and colocated with the 18S rDNA in pair 2 and 
with the 5S rDNA sites in pair 21.

Retrotransposons Rex1 and Rex3 were preferentially dispersed 
in the chromosomes of all species but with notably accumulation in 
some specific chromosomal regions (Figure 2). These sites are coin-
cident with some previously characterized chromosomal heterochro-
matic regions (Rocha and Molina 2008).

Discussion

Phylogenetic and Temporal Distribution Patterns of 
rDNA Genes in Lutjanidae
Cytogenetic traits are significantly more informative when analyzed 
under a phylogenetic context. In this respect, we analyzed the chro-
mosomal patterns of the studied snappers species in relation to the 
phylogenetic hypothesis for Atlantic Lutjaninae proposed by Gold 
et al. (2011), where the 5 species analyzed are included in the clade 
A and their subclades B and C. Clade B, with an age of approxi-
mately 7 myr, includes the species L. synagris, L. analis, O. chrysu-
rus and in a more basal condition, Rhomboplites aurorubens. Clade 
C, with an age of approximately 4.5 myr includes the species L. alex-
andrei, L. jocu, and L. griseus (Figure 3). The inclusion of Ocyurus 
among the species of Lutjanus reinforces the need for synonymiza-
tion of these genera (Gold et al. 2011). This condition is supported 
by molecular (Sarver et al. 1996; Gold et al. 2011) and interspecific 
hybridization data, as well as comparisons between larval phases 
(Domeier and Clarke 1992; Loftus 1992; Clarke et al. 1997).

Phylogenetic comparisons of ribosomal sites in more Lutjaninae 
basal clades suggest that a single rDNA locus is an ancestral condi-
tion. Indeed, a single large chromosome pair bearing these sequences 
is an ancient trait found in some more basal species, such as L. sebae 
(Guo et al. 2011) and L. russelli (Ueno and Ojima 1992), belong-
ing to clade A  with divergence estimated at more than 20.7 myr 
(Gold et al. 2011). Accordingly, single 18S and 5S rDNA sites are 
conserved in species of clade B, where they are not syntenic and 
localized among large or small chromosome pairs, with exception 
of R. aurorubens that exhibits a variant condition, with the colo-
calization of 18S and 5S rDNA sites in a single chromosome pair 
(Figure 3). Thus, the evolutionary dynamics of 18S and 5S rDNA 
sites among the species of the clade B is characterized by a num-
ber conservatism, but with some changes in their distribution in the 
chromosomes.

On the contrary, species from Clade C demonstrate a derived 
condition, with multiple 18S rDNA sites in their karyotype, thus 
diverging from the basal pattern of Lutjanidae. Given the estimate 
of this clade’s origin, this synapomorphy may be at least 4.5 myr. 
However, the presence of 18S rDNA sites in 2 large chromosome 
pairs in L. cyanopterus (Costa, unpublished data), whose divergence 
precedes clade C, suggests that this condition may be even more 
ancient. A compared analysis between the number of active nucleo-
lar organizing regions (Ag-NORs) and 18S rDNA sites evidence that 
not all of the rDNA mapped by FISH have a functional activity. 
So, whereas in L. jocu the 18S rDNA bearing pairs are coincident 
with the Ag-NORs ones (Rocha and Molina 2008), the other 2 spe-
cies, L. alexandrei and L. griseus (Nirchio et al. 2008; Rocha and 
Molina 2008; present study) show a higher number of 18S rDNA 
sites than Ag-NORs, suggesting some level of gene regulation or evo-
lutionary transitions to extra sites. The increase of the 18S ribosomal 
genes in L. jocu, L. alexandrei, and L. griseus represents important 
features considering the small chromosomal diversification of this 
species. Indeed, the different numbers and positions of rDNA sites 
in the karyotypes make them effective cytotaxonomic markers for 
Lutjanidae species (Rocha and Molina 2008).

Concerning 5S rDNA sequences, they are unique and phyloge-
netically conserved among species of clades A, B, and C (Figure 3). 
In L. analis, L. synagris, and O. chrysurus, they are located in small 
chromosome pairs (pairs 14, 21, and 21, respectively), and so being 
homeologous between the last 2 species. On the other hand, in 
L. alexandrei and L. jocu, these sites are located in a medium-sized 
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chromosome pair, with also a homeologous condition putatively 
reported to pair 14.

It has been accumulated evidence on the role of repetitive DNAs 
in the structural and functional organization of the genome (Liu et al. 
2001; Li et  al. 2002; Parise-Maltempi et  al. 2007), as well as chro-
mosomal rearrangements and karyotypic variations in many organ-
isms (Kidwell 2002), including fish (Jacobina et al. 2012; Molina and 
Galetti 2002). In Lutjanidae, 5S and 18S rDNAs display non-syntenic 
arrangements, which is also the most common condition in vertebrates, 
indicating independent evolution of these loci (Lucchini et al. 1993; 
Suzuki et al. 1996; Martins and Wasko 2004). Collinear or equilocal 
arrangements of 5S and 45S rDNA loci are infrequent in fishes (Pendás 

et al. 1994; Fujiwara et al. 1998; Calado et al. 2014), although occur-
ring in Lutjanidae, Rhomboplites aurorubens (Nirchio et  al. 2009). 
The syntenic association of 18S and 5S sites in species of Perciformes 
that exhibit conserved karyotypes, such as Lutjanidae and Gerreidae 
(Calado et al. 2014), suggests that these regions may represent the main 
source for karyotype diversification in some species.

Inter and Intraspecific Cytogenetic Divergences 
Among Populations of Atlantic Snappers
Given the symmetrical karyotypes of Lutjanidae species, interpopu-
lation comparisons must emphasize only conspicuous chromosomal 
divergences and minimize minor variations due to technical artifacts. 

Figure 1. Fluorescence in situ hybridization (FISH) in the metaphase chromosomes of snappers species highlighting the chromosomal location of 18S rDNA 
(red) and 5S rDNA (green) sites (left column) and of hisDNA H3 (red) sites (right column). Chromosomes were counterstained with DAPI (blue). Bar = 5 µm. 
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Comparisons of 18S and 5S rDNA sites distribution between 
Brazilian and Caribbean L.  analis populations do not indicate 
karyotypic variation, both in the number or location of these genes 
(Nirchio et al. 2008; Rocha and Molina 2008). On the other hand, 
chromosomal polymorphism due to centric fusion (2n = 48/46) in 
a number of L. synagris individuals from Venezuela (Nirchio et al. 
2008) was not identified in individuals from Brazilian coast (Rocha 
and Molina 2008; this study), suggesting some degree of genetic 
structuring between these populations.

The impossibility in identifying the chromosome pairs in all-
acrocentric karyotypes hinders precise population comparisons. 
However, the marked difference in size between the 5S rDNA-bear-
ing pair in O. chrysurus and L. synagris individuals from Brazilian 

(this study) and Venezuelan (Nirchio et  al. 2008, 2009)  popu-
lations indicate real divergences between them. Indeed, phylo-
geographic analyses have demonstrated that both species show 
significant population structuring in Caribbean region (Karlsson 
et  al. 2009; Saillant et  al. 2012), and that O.  chrysurus exhibits 
high population substructuring between this region and Brazilian 
coast (Vasconcellos et al. 2008). In this case, the cytogenetic diver-
gences can be attributed to Amazon barrier (≈10 m.a), that restricts 
gene flow among individuals from these regions. In fact, this bio-
geographic barrier has been related to the cytogenetic divergences 
between Haemulidae populations (Motta Neto et al. 2012) and sis-
ter species of Grammatidae (Molina et al. 2012), also belonging to 
these 2 Atlantic regions.

HisDNA H3 Distribution in Lutjanidae
Functionally, hisDNA (H1, H2A, H2B, H3, and H4) encodes a family 
of highly conserved small basic proteins that exhibit heterogeneity in 
the pattern of genome organization (Sellos et al. 1990; Cabrero et al. 
2009; Eirín-López et al. 2009). These proteins play an important role 
in the structural organization of chromatin, in DNA packaging in the 
cell nucleus, as well as in the regulation of gene expression (Sellos 
et al. 1990; Csink and Henikoff 1998; Chioda et al. 2002). Although 
the distribution of this family in fish chromosomes is still little known, 
their presence in 1 chromosomal pair seems to be an ancestral condi-
tion for these genes, in spite of growing evidence of their evolutionary 
flexibility. Although primary hisDNA has a single locus in salmo-
nids, some other genes exhibit greater diversity (Connor et al. 1984). 
Likewise, hisDNA H1 may occupy a single or 2 loci in some fish spe-
cies (Hashimoto et al. 2011; Lima-Filho et al. 2012).

H3 genes have been more extensively analyzed than other his-
tone genes, and are conservatively distributed in a single locus in 
chromosomes of L. analis, L. synagris, and L. alexandrei. However, 
despite being numerically conserved, these genes are apparently 
located in non-homeologous chromosome pairs, indicating their 
genomic reorganization. The diversified distribution of H3 hisDNA 
in 2 loci in L. jocu and in 22 loci in O. chrysurus indicates a derived 
condition of these genes. The presence of multiple H3 loci in species 
from clades B and C suggests that the dispersion of these genes were 
stochastic and independent. The occurrence of multiple H3 loci is 
compatible with duplication mechanisms in the genome, allowing 
the diversification, inactivation or even the elimination of gene cop-
ies (González-Romero et  al. 2008; Eirín-López et  al. 2009; Costa 
et al. 2014). A similar evolutionary process also seems to be involved 
in the diversification of H2B–H2A histones in the fish Rachycentron 
canadum (Costa et al. 2014).

Ocyurus chrysurus exhibits an exclusive and surprisingly diver-
gent evolutionary dynamics related to H3 hisDNA. In contrast to the 
other species, it displays these sequences spread in almost all chro-
mosomes of the karyotype (Figure 1), being colocalized with large 
centromeric heterochromatic blocks (Rocha and Molina 2008). In 
these heterochromatin-rich regions, the H3 sequences seem to have 
undergone an exclusive evolutionary mechanism. Detection of this 
level of sequence dispersion is rare in fishes, and could be promoted 
by the action of TEs (Costa et al. 2013; 2014).

In fact, TEs account for a large portion of the eukaryote genome 
and are considered a dynamic reservoir of sequences responsible for 
the structural and functional evolution of many genes, acting in epi-
genetic regulation, recruitment of chromatin remodeling factors, and 
chromosome structure (Aparicio et al. 2002; Volff et al. 2003; Böhne 
et al. 2008). Indeed, a number of sequences with noteworthy genomic 

Figure  2. Fluorescence in situ hybridization (FISH) in the metaphase 
chromosomes of snappers species, hybridized with Rex1 and Rex3 probes. 
Chromosomes were counterstained with DAPI. Bar = 5µm.
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expansion may be associated with TEs (Costa et al. 2015). However, 
the reduced colocalization of Rex elements in multiple domains of 
H3 hisDNA does not support the role of these retrotransposons in 
the spreading of the hisDNA sites in O. chrysurus. Nevertheless, the 
action of other TEs in this process cannot be ruled out.

Colocalization of rDNA and hisDNA Sequences
Ribosomal sites associated with heterochromatic regions are well 
known in fishes, and have been identified in many Perciformes spe-
cies with conserved karyotypes, such as Haemulidae (Motta Neto 
et al. 2011a; Motta Neto et al. 2011b) and Lutjanidae (Rocha and 
Molina 2008; Nirchio et  al. 2009). Even though the evolutionary 
pattern and phylogenetic distribution of ribosomal genes are rela-
tively well known in fishes (Gornung 2013), their colocalization and 
interaction with other genes is still under study (Costa et al. 2014). 
In the species analyzed, the mapping of hisDNA H3 sequences and 
18S and 5S ribosomal genes indicates a preferably nonsintenic con-
dition among them. However, in O. chrysurus, the expansion of H3 
sequences promoted the overlapping of the 18S and 5S rDNA with 
H3 sequences. In this species, the presence of single, and therefore 
functional ribosomal sites, clearly demonstrates that this association 
does not interfere in their functionality. In several animal groups, 
including fishes, regular interspersions of histone and rDNA genes 
have been identified (Costa et al. 2015). It has been suggested that 
the association between the quintet of histones and rRNA genes may 
represent the largest group of associated repeated genes (Roehrdanz 
et al. 2010), representing potential regions of chromosomal diver-
sification. Thus, disruptive expansions of repetitive sequences in 

chromosomes of species that share conserved karyotypes may have 
significant evolutionary importance. Extending these analyses to 
other phylogenetic constructions can clarify the selective or neutral 
role of hisDNA/rDNA associations.

Final Considerations
Extensively conserved karyotypes in some fish groups contrasts 
with the phyletic diversification in several Perciformes families 
(Molina 2007). As now evidenced for Lutjanidae, this karyotype 
conservation (2n = 48 acrocentric chromosomes) can also be sig-
nificantly maintained at the microstructural level, concerning the 
ribosomal and histone genes and heterochromatin distribution, 
even after long periods of diversification (>20 myr). However, 
some “disturbing evolutionary waves” can break down this “calm 
sea of karyotypic conservation”. Indeed, evolutionary escapes 
can randomly occur, such as the dispersion of H3 sequences in 
O. chrysurus (clade B), or be phylogenetically shared, such as mul-
tiple 18S sites in Lutjanus species from clade C. In such a case, it is 
being evidenced good chromosomal markers reinforcing the close 
relationship between these species. The implication of the huge 
genomic expansion of H3 histone sequences and their functionality 
in O. chrysurus remain unknown, although showing their poten-
tial dynamism in stochastic evolutionary processes. The cytoge-
netic mapping of new repetitive sequences and functional genes in 
Atlantic snappers will be important to understand the functional 
interactions of H3/18S rDNA and H3/5S rDNA sequences, the dis-
ruptive role of complex heterochromatins and their implication in 
karyotype evolution.

Figure 3. Phylogenetic distribution of ribosomal and hisDNA H3 sites in Lutjanidae species. The phylogeny and molecular clock of the divergent clades A, B, and 
C were modified from Gold et al. (2011).
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