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Abstract: Specimens of Arapaima gigas from Jamari River (RO) were cytogenetically analyzed. A diploid number of 

2n=56 chromosomes was found (28m-sm + 28st-a). Secondary constrictions were observed on the short arms of 

chromosome 3. Nucleolar Organizer Regions (NORs) were detected at the subterminal region on short arms of the third 

chromosomal pair by both silver nitrate staining and FISH with 45S rDNA probe, being equivalent to secondary 

constrictions. The ribosomal sites were also characterized by size heteromorphism and presence of CMA3
+
/DAPI

- 
blocks. 

The constitutive heterochromatin was located at pericentromeric region of some chromosomes. After sequential C-

banding and base-specific fluorochromes staining, most of the heterochromatins proved to be neutral, i.e., with similar 

amounts of AT and GC bases. Nonetheless, some heterochromatic regions were marked by GC-specific fluorochromes in 

one chromosomal pair and by AT-specific fluorochrome staining on two pairs. The present data are in agreement with 

previous reports in populations from Araguaya River, indicating that conserved cytogenetic features are present in this 

important fish species. 
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INTRODUCTION 

 The order Osteoglossiformes comprises of four families, 
28 genera, and nearly 218 heavy-bodied tropical fish species 
widespread at different regions in Africa, Asia, Oceania, and 
South America [1]. The family Arapaimidae is composed of 
two species, Heterotis niloticus from Africa, and Arapaima 
gigas from the Neotropical region [2]. These fishes present 
some primitive features, displaying a bony tongue and a 
body shape ranging from cylindrical at the anterior portion to 
laterally compress at the posterior portion [3]. 

 The Amazonian arapaima, Arapaima gigas (Schinz 
1822), locally known as “pirarucu” in Brazil, is found 
throughout the Amazon basin. Fossil evidence indicates that 
a similar species was formerly found in Colombia's 
Magdalena River basin as well and suggests that the 
Arapaima lineage originated before the Cretaceous Afro-
South American drift/vicariance event [4]. A. gigas is a car-
nivore species and one of the largest freshwater fishes in the  
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world, able to reach up to 390 cm in length. It presents a 
territorialist behaviour, inhabiting lakes and performing 
short-range migrations. Another remarkable feature of this 
species is the presence of a mandatory aerial respiratory 
system [2,3]. 

 Despite the large number of studies on conservation and 
management [5-7], cytogenetic data are scarce in A. gigas. 
Marques et al. [8] carried out cytogenetic studies in a 
population of this species collected in Middle Araguaya 
River, municipality of Araguaiana (MT, Brazil). These 
authors reported a diploid number of 2n= 56 chromosomes 
for both males and females, single NORs, and small hetero-
chromatic blocks at the centromeric region. 

 Therefore, the goal of the present work is to analyze, 
cytogenetically, specimens of Arapaima gigas from Jamari 
River, Amazonian basin – Ariquemes city – RO, in order to 
increase the information about number, organization, and 
structure of chromosomes in this species. 

MATERIAL AND METHODS 

 Four specimens of Arapaima gigas were collected in the 
Jamari River, Ariquemes city, Rondônia, Brazil, and trans-
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ported to tanks in the Fish Culture Facility at Universidade 
Estadual de Londrina. 

 Mitotic metaphases were obtained through lymphocyte 
culture using blood samples from the caudal vein [9]. We 
analyzed one hundred metaphases per specimen. The chro-
mosomes were measured using the computer applicative 
MicroMeasure version 3.3 [10] and classified as metacentric 
(m), submetacentric (sm), subtelocentric (st) and acrocentric 
(a) according to the arm ratio [11] with slight modifications. 
Subtelocentric (st), and acrocentric (a) chromosomes were 
grouped in the same category (st-a). To calculate the funda-
mental number (FN), both m and sm chromosomes were 
regarded as bi-armed elements, while st-a chromosomes 
were supposed to bear one arm. Nucleolar Organizer 
Regions (NORs) were detected by silver nitrate staining (Ag-
NOR) [12] and fluorescent in situ hybridization (FISH), 
performed according to Heslop-Harrison et al. [13] and 
Cuadrado and Jouve [14], respectively, using a 45S rDNA 
probe (pTa71) obtained from Triticum aestivum [15]. The 
GC- and AT-rich segments were identified by fluorochrome 

staining with Chromomycin A3 and DAPI, respectively [16]. 
The pattern of heterochromatin distribution was detected by 
C-banding [17]. The chemical nature of C-bands was 
determined by DAPI and CMA3 staining after the C-banding 
procedure.  

RESULTS 

 All specimens presented a diploid number of 2n=56. The 
karyotype was composed of 28 m-sm+28st-a chromosomes 
(FN=84). The third chromosomal pair presented secondary 
constrictions on short arms (Fig. 1). 

 Ag-NORs were detected at the subterminal region on 
short arms of the pair 3, equivalent to the secondary constric-
tions. Two individuals presented both homologous from such 
pair 3 bearing subterminal NORs, sometimes displaying a 
discrete size heteromorphism (Fig. 2a), while the others 
presented silver nitrate marks on just a single chromosome 
from the third pair (Fig. 2b).  

 

Fig. (1). Karyotype of Arapaima gigas from Jamari River. The secondary constriction (arrow) is evident on pair 3 (in square). Bar = 5 m. 

 

Fig. (2). Comparison of the pair 3 in distinct specimens of Arapaima gigas: a) secondary constrictions on both chromosomes; b) presence of 

heteromorphism of ribosomal sites (secondary constriction in one homologous). The ribosomal sites are evidenced by staining with: Giemsa, 

silver nitrate (Ag-NOR), fluorescent in situ hybridization (FISH), Chromomycin A3 (CMA3), DAPI and overlapping of CMA3 and DAPI 

fluorochromes (CMA3/DAPI). 
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 The NOR-bearing chromosomes were intensively stained 
by CMA3 and negatively marked by DAPI at major rDNA 
sites. When both images were overlapped, it was possible to 
confirm that these regions were equivalent to NORs, 
revealing a typical GC-rich composition (Fig. 2). 

 The C-banding revealed small amounts of heterochro-
matin on many chromosomes, mainly at pericentromeric 
regions (Fig. 3a). No heterochromatic blocks associated with 
NORs were detected (Fig. 3a). Besides conventional C-
banding staining, the heterochromatic regions were sequen-
tially stained by both CMA3 and DAPI. A neutral distri-
bution of bases, i.e., similar amounts of AT and GC bases 
was observed in three chromosomes. One chromosomal pair 
showed GC-rich heterochromatin and two other pairs were 
marked by AT-specific fluorochromes staining (Fig. 3b and 
c).  

DISCUSSION 

 Because of its great commercial importance and overexp-
loitation, populations of Arapaima gigas have been depleted 
and this species has become extinct in some Amazonian 
areas [18]. The present results showed similar karyotype 
features with previous reports in A. gigas. A diploid number 
of 56 chromosomes were also reported in specimens from 
Araguaya River, Amazon region, by Marques et al. [8].  

 In the specimens of A. gigas from Rondônia, the sub-
terminal secondary constrictions were located on the third 
chromosomal pair, coincidently to the active single NORs, 
just like reported in the populations from Araguaya River 
[19, 8]. Indeed, most of the Neotropical fish species present 
single NORs, such as reported in Curimatidae [20], Paro-
dontidae [21, 22], Salminae, and Bryconinae [23], among 
others.  

 Besides carrying single NORs, both Araguaya and 
Rondônia populations presented a size heteromorphism in 
ribosomal sites, as revealed by the number of detectable 
secondary constrictions. In the present work, two specimens 
carried secondary constrictions and active NORs on both 
homologous, while the others presented marks on a single 
chromosome after silver nitrate staining (Fig. 2).  

 The NOR size heteromorphism was more evident after 
FISH, since a conspicuous block was observed in one chro-
mosome, probably the same was observed by silver nitrate 
staining, while its homologous bearing a smaller segment 
remained undetected or unexpressed. Such heteromorphism 
is likely to be related to unequal crossovers (Fig. 2b).  

 The GC-rich blocks, as revealed by CMA3 staining, were 
located at subterminal position on chromosomes from the 
pair 3, equivalent to NORs. This result is the first report 
about the application of fluorochromes in A. gigas. As 
expected, the application of AT-specific fluorochromes 
showed that NORs are negatively stained, i.e., they present 
few amounts of AT bases. When both images were 
overlapped, it was possible to highlight the GC-rich regions, 
while the rest of chromosomal arms remained neutral, 
thereby, confirming that NORs in A. gigas are GC-rich. 

 The pattern of heterochromatin distribution in specimens 
of A. gigas analyzed in the present work comprised small 
blocks of C-bands at the pericentromeric region of most 
chromosomes. Marques [19] also found reduced heterochro-
matic blocks, weakly stained at the centromeric region of 
chromosomes of A. gigas, and referred to its chromosomes 
as poor in heterochromatin. In both populations of A. gigas 
studied so far, the ribosomal sites at NOR-bearing chromo-
somes lacked heterochromatin segments. 

 The application of base-specific fluorochromes allowed 
us to evaluate the chemical nature of distinct heterochro-
matic regions. Therefore, the apparently homogeneous C-
bands after Giemsa staining were classified as GC- or AT-
rich, or else as neutral. 

 When C-bands were stained sequentially with fluoro-
chrome CMA3 and DAPI, the heterochromatic blocks at 
pericentromeric regions of three chromosomes were CMA3 
positive and DAPI positive, since they must carry both GC- 
and AT-rich segments (Fig. 3b and c). Cytogenetic analyses 
in Harttia loricariformis [24] also revealed chromosomal 
regions positive to either CMA3 or DAPI staining. According 
to these authors, the presence of neutral chromosomal 
regions should be regarded as a rare feature in fish. On the 
other hand, other chromosomes presented only DAPI

+
 C-

bands, demonstrating they are AT-rich. As previously com-

 

Fig. (3). Sequential staining of C-bands in Arapaima gigas: a) Giemsa staining; b) CMA3 staining; and c) DAPI staining. The black arrows 

indicate the secondary constriction; the white arrows indicate the neutral bands, the arrows with (*) indicate the GC-rich bands; and the 

arrowheads indicate only the AT-rich bands. Bar = 5 m. 
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mented, the GC-rich segments (CMA3
+
) were restricted to 

NORs (Fig. 3b).  

 Based on RAPD data, Marques [19] showed a remar-
kable genetic homogeneity among individuals of A. gigas 
from Araguaya River, which might suggests the occurrence 
of a single population within the sampled area. Moreover, 
microsatellite and mtDNA studies in specimens collected at 
seven distinct sites in the Amazon basin revealed a high gene 
flow among localities, indicating that A. gigas composes a 
single connected population, where the gene flow becomes 
restricted only over long distances, higher than 2500 km [7]. 

 Although there is little cytogenetic information about A. 
gigas, the available data support a karyotypic constancy of 
this species. This is reinforced by molecular studies carried 
out other distinct population [19]. Such conserved genetic 
and cytogenetic patterns are detected throughout the Amazon 
territory, and probably, climate features should constrain the 
distribution of this species. Our data corroborate previous 
studies in A. gigas and allow a better understanding about 
the population dynamics of a potentially threatened species.  
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