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Abstract. This study reports the first cytogenetic characterization of the Amazonian
catfish Leiarius marmoratus (“jandid”) and its F, (first generation) hybrid “cachandid”
with Pseudoplatystoma reticulatum (“cachara”). A diploid number of 56 chromosomes
and a single argyrophilic nucleolus organizer region (Ag-NOR) in the short arm of two
sub-telocentric chromosomes were observed for both L. marmoratus and P. reticula-
tum, but with differences in the karyotype formula and the size of the chromosome
pair with NORs. The hybrid showed 2n = 56 chromosomes with an intermediate kary-
otype when compared to the parental species. A single Ag-NOR was maintained in the
hybrid but located in two chromosomes with marked differences in size and presenting
intraindividual variation in NOR activity (nucleolar dominance). For L. marmoratus
and the hybrid, heterochromatic bands were predominately distributed in the termi-
nal, centromeric, and sub-centromeric regions of some chromosomes and 5S rDNA
sites located in two distinct sub-telocentric chromosomes, similar to the previously
described for P. reticulatum. The data suggested that the hybrid karyotype might be
insufficient for a precise discrimination of hybrids, however, Ag-NOR can be used as
a chromosome marker to differentiate “cachandid” from L. marmoratus and P. reticula-
tum. The current study also provides insights into the chromosomal features of L. mar-
moratus and contributes with novel cytogenetic information of this native Amazonian
catfish included in the Pimelodidae family.

Keywords: Pimelodidae, Hybrid karyotype, Cachandia, Pintado da Amazonia, Yaque,
Ag-NOR.
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INTRODUCTION

The long-whiskered catfish Leiarius marmoratus
belongs to the Pimelodidae family, (Teleostei: Silu-
riformes) (Lundberg and Littmann 2003) and is an
endemic species that naturally occurs along the Amazon
and Orinoco River basins. This fish is commonly known
as “jandid”, “jundia amazonico”, “peixe-onga” in Brazil
(Porto-Foresti et al. 2013), and “yaque” in other Andine
countries (Mateo et al. 2008). Widely used in aquariums
and local fisheries, L. marmoratus is also cultivated in
Brazilian aquaculture to produce interspecific hybrids
with the “cachara” catfish (Campos 2010, Hashimoto
et al. 2012; Hashimoto et al. 2016). The “cachara” cor-
respond to other native South American Pimelodidae
fish classified as Pseudoplatystoma fasciatum (sensu latu)
in the Amazon area or P. reticulatum (sensu strictu) in
southern regions of South America as the Paraguay and
Parana River basins (Buitrago-Suarez and Burr 2007).

The hybrids between L. marmoratus and P. reticu-
latum are usually named as “cachandia”, “cachadia” or
“jundiara” (Kubitza et al. 2011, Porto-Foresti et al. 2013)
and are commercialized in the Southern regions of Bra-
zil as “pintado da Amazdnia”, “pintado amazonico” or
simply “pintado” (Kubitza et al. 2011). Morphological
data indicated that, spite with intermediate character-
istics, these hybrids can externally resemble more to P.
reticulatum (Coelho et al. 2021). Although the hybridi-
zation practice can provide economic advantages dur-
ing the production as low cannibalism and fast growth
rates, accidental escapes or intentional releases of
hybrids in the wild environment represents a serious
problem, since they can present partial or total fertility
and cause genetic introgression with native populations
(Yabu et al. 2018).

Despite the large biodiversity of fish found in the
tropics, information is still lacking for several spe-
cies and there is no cytogenetic data for any species of
Leiarius including L. marmoratus. In this study, we per-
formed the first cytogenetic characterization of L. mar-
moratus and its hybrid “cachandid” with P. reticulatum,
and thereby provide new biological information of this
important group of fishes.

MATERIAL AND METHODS

Seven juveniles of L. marmoratus previously breeded
in captivity in CEPTA (Centro Nacional de Pesquisa e
Conservagdo de Peixes Continentais, Pirassununga, SP,
Brazil) and eight juveniles of the“cachandia”hybrid (@
P. reticulatum x & L. marmoratus) were cytogenetical-
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ly analyzed in this study. Hybrids were artificially pro-
duced through hormonal induction of parental species
with carp pituitary extract. Mitosis was stimulated as
described by Oliveira et al. (1988), fishes were anesthe-
tized with benzocaine and then euthanized and depos-
ited in the fish collection at Laboratério de Genética de
Peixes UNESP (Universidade Estadual Paulista Julio de
Mesquita Filho) (Bauru, SP, Brazil). Chromosome prepa-
ration and cytogenetic analysis were performed based
on kidney cell suspensions basically according to Foresti
et al. (1993). All fishes were previously identified with
nuclear and mitochondrial species-specific molecular
markers (Porto-Foresti et al. 2013) confirming them as
pure L. marmoratus and the hybrid “cachandia”. Chro-
mosomal preparations of P. reticulatum were obtained
from Prado et al. (2012) and new metaphases were used
for the study of the karyotype formulae and Argyroph-
ilic nucleolus organizer regions (Ag-NORs)

Silver staining of the NOR was obtained follow-
ing the technique of Howell and Black (1980). C-band-
ing technique was applied according to Sumner (1972).
Fluorescent in situ hybridization (FISH) was performed
using 5S rDNA probes based on genomic DNA of
another Pimelodidae species, Pseudoplatystoma corrus-
cans. The probe was obtained by PCR using the primers
5SA (5-TCAACCAACCACAAAGACATTGGCAC-"3)
and 5SB (5-TAGACTTCTGGGTGGCCAAAGGAAT-
CA-'3) (Pendas et al. 1994). The PCR was performed in
a total volume of 25 uL and contained 150 uM of dTTP,
dGTP, and dCTP; 100 pM of dATP; 1.5 mM MgCl,; 1x
Taq buffer (20 mM Tris-HCI, pH 8.4 and 50 mM KCl);
0.5 unit (U) of Taq Polymerase (Invitrogen); 0.2 uM
of each primer; and 10-50 ng of genomic DNA. Meta-
phases were hybridized as described by Pinkel et al.
(1986). The probe was digoxigenin-11-dUTP labelled
and hybridization signals were developed using anti-
digoxigenin-rhodamine. Cells in metaphase were pos-
teriorly stained with 4’,6-diamidino-2-phenylindole
(DAPI). Karyotype images were captured digitally with
a fluorescence microscope (Olympus BX50) and pro-
cessed for contrast and luminosity using Adobe Photo-
shop CS5 software.

Chromosomal morphology was determined based
on arm ratio, according to Levan et al. (1964), chromo-
somes were classified as metacentric (m), sub-metacen-
tric (sm), sub-telocentric (st) and acrocentric (a), and
arranged in decreasing size order for the karyotype
organization. For the hybrid, chromosomes were not
organized by pairs, but named with individual numbers
(from 1 to 56) according to the morphology and also
arranged in decreasing size order.
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RESULTS

L. marmoratus showed a diploid number of 56 chro-
mosomes organized as 20 m + 12 sm + 10 st + 14 a (fun-
damental number = 98) (Fig. 1A). Ag-NORs were located
in the terminal region of the short arm of the sub-telo-
centric chromosome pair number 20 (Fig. 1A). P. reticu-
latum presented 2n= 56 chromosomes distributed in a
karyotype of 20 m + 12 sm + 12 st + 12 a (fundamental
number = 112) (Fig. 1C) and a single Ag-NOR stained
in the short arm of the sub-telocentric pair number

mE -B8-RE-AR-T1-EX-UE-AR-BR-2R—

10

i [t R R T
11- -16

NOR

TR LR ELIE e

21

08 A0 o0 D& E8 88 AS
A 22- -28 5pm

N R R iR R mIE I R I RIETR
AT HE NG BB R —
I Oy b

AN NA 0% na 60 00 &

56

5um

B

m AR AR R —

=i 1;_!-&!1!1 l—x—x—_gﬁa—

o STy (e LT,
STHY A0 AN A NN AV
23-

-28 5 pm

C

18 (Fig. 1C). For both species, the Ag-NOR region was
heteromorphic (Fig. 1A, 1C) and corresponding with a
conspicuous secondary constriction when stained with
Giemsa (Fig. 1A, 1C).

The hybrid presented a diploid number of 56 chro-
mosomes, organized in a karyotype formula intermedi-
ate to the parental species, with 20 m + 12 sm + 11 st
+ 13 a (NF = 99) (Fig. 1B). Two non-homologous sub-
telocentric chromosomes (39 and 42) of different sizes
possessed Ag-NOR signals in the terminal region of the
short arm (Fig. 1B). Nucleolar dominance was verified
for all hybrid individuals (Table 1), counting a total of
154 metaphases presenting one active NOR (Fig. 2B) in
contrast with 39 metaphases presenting Ag-NOR signals
in two chromosomes (Fig. 2A). Results of nucleus analy-
sis (Table 1) also showed a majority of cells presenting
only one active Ag-NOR (115) (Fig. 3B) versus 37 nuclei

Figure 2. Metaphases of the hybrid “cachandid” after Ag-NOR
staining. In (A), a metaphase presenting two chromosomes of dif-
ferent sizes with Ag-NORs and (B) a metaphase with nucleolar
dominance and only one Ag-NOR. Arrows indicates the NOR-
bearing chromosomes.
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Figure 1. Karyotype of Leiarius marmoratus (A), the hybrid
“cachandid” (B) and Pseudoplatystoma reticulatum (C) after Giemsa
staining. In the box, the NOR-bearing chromosomes.

Figure 3. Nucleous of the hybrid “cachandid” after Ag-NOR stain-
ing. In (A), nucleous presenting two Ag-NORs and (B) nucleous
with only one Ag-NOR.
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Table 1. Number of metaphases and nucleus presenting one or two
Ag-NORs for the hybrid “cachandid”

Ag-NORs Number
1 154
Metaphases
2 39
115
Nucleus
2 37
ey
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Figure 4. Metaphases of Leiarius marmoratus (A) and the hybrid
“cachandid” (B) after C-banding. Arrows indicate the putative NOR-
bearing chromosomes.

Figure 5 Metaphases of Leiarius marmoratus (A) and the hybrid
“cachandid” (B) after hybridization in situ with 5S rDNA. Arrows
indicates the 5S rDNA sites (red).

with two marks (Fig. 3A). Nucleolar dominance varied
intraindividually, i.e., each individual presented both
metaphases or nucleous with one or two active NORs.
Heterochromatic bands of L. marmoratus were
located in the pericentromeric and terminal areas of
some chromosomes and the Ag-NOR sites (Fig. 4A). For
this species, 55 rDNA sites were located at the pericen-
tromeric region of the short arm of two sub-telocentric
chromosomes, distinct from the Ag-NOR chromosome
pairs that were identified by a secondary constriction
(Fig. 5A). For the hybrid, C-bands marked the termi-
nal and pericentromeric areas of some chromosomes as
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well as the NOR sites (Fig. 4B) and 5S rDNA hybridiza-
tion signals were located in the terminal regions of two
sub-telocentric chromosomes and were distinct from the
NOR pair (Fig. 5B).

DISCUSSION

Conventional cytogenetics remains a powerful tool
to characterize ichthyofauna biodiversity and to eluci-
date features of populations and species at the chromo-
somal level (Cioffi et al. 2018). The Neotropical region
presents one of the most diverse ichthyofauna in the
world (Reis et al. 2016), and the Amazonian Basin in
special, harbors a rich variety of endemic fishes. In this
region, Pimelodidae catfishes are very diverse, with spe-
cies presenting the most diverse variations on body size,
colours and ecological roles in the aquatic environment
(Lundberg and Littmann, 2003). Despite that, a great
amount of fish species has never been biologically or
genetically studied. Recent findings showed efforts to
cytogenetically characterize Pimelodidae species in the
Amazonian region, providing important data for this
group of fishes, as the described for Pimelodus (Fonseca
et al 2018) and the giant catfishes Phractocephalus hemi-
oliopterus (Swarca et al. 2017) and Brachyplatystoma fila-
mentosum (Gongalvez et al. 2014).

The present study describes the first cytogenetic
description of L. marmoratus and contributes to charac-
terize the rich biodiversity of Amazonian fishes. L. mar-
moratus shared cytogenetic characteristics commonly
observed in Pimelodidae fishes as a diploid number of
56 chromosomes, a global pattern of heterochromatic
bands distributed in terminal, peri and centromeric areas
of the chromosomes, single Ag-NOR and 5S rDNA sites
(Swarca et al. 2007, Nirchio et al. 2013; Swarca et al. 2017,
Girardi et al. 2018). P. reticulatum presented the same
chromosomal characteristics than previously described
by Prado et al. (2012) and similar to other Pseudo-
platystoma species as P. corruscans (Prado et al. 2012),
P.metaense and P. orinocoense (Nirchio et al. 2013). The
same conserved pattern of 2n=56 chromosomes, single
Ag-NOR and 5S rDNA sites was verified, supporting the
close relationships within this group of fishes.

Pimelodidae family is characterized by a majority
of species with conservative karyotypes which can be
explained by the hypothesis that more dispersive and
migratory species usually presents more stable karyo-
types (Bertollo et al. 2017). This information corrobo-
rates the observed in this study for L. marmoratus and
P. reticulatum, two large size catfishes presenting long
distance reproductive migratory habits.
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Despite the conserved chromosomal characteristics,
L. marmoratus and P. reticulatum showed variation in
the karyotypic formula, with differences in the number
of sub-telocentric and acrocentric chromosomes and the
NOR-bearing chromosomes with a remarkable differ-
ence in size between the species. Variability in the kary-
otype formula without changes on the diploid number is
a common feature in the Pimelodidae family, also veri-
fied for other Pseudoplatystoma species (Porto-Foresti et
al. 2000; Nirchio et al. 2003) and among the Pimelodi-
dae family (Swarga et al 2000), which can be explained
by structural chromosomal rearrangements as pericen-
tric inversions during their evolution and speciation
events (Swarca et al. 2000; 2000)

A polymorphism of Ag-NOR marks between the
homologous chromosomes were detected for L. marmo-
ratus and P. reticulatum in this study (Fig. 1A, 1C - box-
es), which is a relatively common feature observed for
several groups of fishes including Characiformes (Vicari
et al. 2006), Cypriniformes (Supiwong et al. 2012), Silu-
riformes (Swarga et al. 2005; Prado et al. 2012) and oth-
ers fishes (Kasiroek et al. 2017). Differences in NOR size
have been attributed to structural events such as chro-
mosomal breaks, duplications of the ribosomal DNA
clusters or differences in NOR activity. Association of
NORs with secondary constrictions in the same chro-
mosome region is also a common feature in fishes (For-
esti et al. 1981, Feldberg and Bertollo 2014), also detected
in this work for L. marmoratus and P. reticulatum. Data
for other Pimelodidae species also related NOR poly-
morphisms as verified for P. metaense and P. orinocoense
(Nirchio et al. 2013) with the NOR-bearing chromosome
heteromorphic in size and correspondent with Ag-posi-
tive signals on the short arms of the chromosomes.

The “cachandia” hybrid presented the same diploid
number, similar 5S rDNA bands and similar patterns
of heterochromatin than the verified for L. marmoratus
and P. reticulatum. This chromosomal pattern followed
the previously observed for the parental species, which
were apparently maintained in the hybrid. However,
different karyotype formulae and chromosomes with
Ag-NOR were observed for the hybrid. Hybrid chromo-
somes were organized in a karyotype intermediate to the
parental species, formed by non-homologous chromo-
somes. The lack of homology could be clearly visualized
by the chromosome number 11 (sub-telocentric) and the
chromosome number 13 (acrocentric) (Fig. 1B), without
their respective homologous pair, and the presence of
Ag-NORs in two non-homologous chromosomes with a
marked difference in size (39 and 42).

Cytogenetic is an important tool to discriminate
hybrids from theirs parental species (Hashimoto et al.

2009) with applications for aquaculture and conser-
vation. Chromosome morphology visualized by the
karyotype, Ag-NORs, hibridization of rDNA genes
or C-bands can be used as chromosome markers to
identify species and hybrids and to elucidate chromo-
somal heritage in hybrids (Hashimoto et al. 2009). In
this study, the intermediate karyotype of the hybrid
“cachandia” is probable insufficient to establish a pre-
cise chromosomal diagnosis since the differences
between the chromosome types were very subtle and
might vary in classifications according to chromosom-
al condensation. Conventional cytogenetic techniques
as chromosomal morphology were also not sufficient
to differentiate hybrids of P. reticulatum and P. corrus-
cans (Prado et al. 2012). Otherwise, Ag-NORs were very
specific for the hybrid, located in two non-homologous
chromosomes different in size, allowing an accurate
diagnosis of the hybrid. The presence of NORs in chro-
mosomes with distinct morphology have been previous-
ly detected for hybrids of Pimelodus (Hashimoto et al.
2009) and a similar situation was observed for species
of Cobitiis and their hybrids (Grabowska et al. 2019). A
considerable number of metaphases or nucleolus with
only one active NOR indicated dominant rDNA expres-
sion of one parental species in the hybrid, fact already
described for other hybrid of fishes (Hashimoto et al.,
2012; Prado et al., 2012).

Data obtained in this study may be valuable for
hybrid identification in Brazilian aquaculture and sug-
gested that Ag-NOR is a marker to identify the “cachan-
dia” hybrid by a simple and low-cost cytogenetic tech-
nique. Chromosomal data also contributes with novel
information for the Amazonian catfish L. marmoratus to
be future included in evolutionary and cytogenetic stud-
ies of Pimelodidae fishes.
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