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Cytogenetic Trends in Two Families
of the Neotropical Catfishes:
Heptapteridae and Pseudopimelodidae (Siluriformes)

Juceli Gonzalez Gouveia,' Vivian Patricia Oliveira de Moraes-Manécolo, Ana Claudia Swarga?
Alberto Sergio Fenocchio® Lucia Giuliano-Caetano, and Ana Lucia Dias’

Abstract

Several neotropical Siluriformes groups suffered important taxonomic revisions based on the evaluation of
morphological and molecular characteristics that allow the construction of new phylogenetic hypothesis. In the
present study were cytogenetically analyzed six species belonging to Heptapteridae (Cetopsorhamdia iheringi,
Phenacorhamdia tenebrosa, Rhamdella eriarcha, Pimelodella meeki, Pimelodella australis, Heptapterus
mustelinus) and two to Pseudopimelodidae families (Microglanis cottoides and Microglanis cibelae) by means
of differential staining techniques to describe more precisely cytogenetic similarities and differences. The
diploid number of R. eriarcha with 2n=>58 and M. cibelae with 2n=56 were reported for the first time. Also,
the lowest chromosome number (2n =48) for P. tenebrosa was described. The chromosome-banding techniques
for to put in evidence nucleolar organizers impregnated by silver nitrate ([AgNORs], chromomycin A3z [CMA;],
and rDNA 18S) showed for all studied species conserved patterns, characteristic for each family. The rDNA 5S
showed high variability among species or populations of both families, these regions could be simple or
multiple, syntenic, or not with rDNA18S. The chromosome markers showed that both families are related not
only from a morphologic point of view but also by their karyotypic characteristics, however, some of the
present cytogenetic results evidence the importance of new morphologic, molecular, and phylogenetic studies to
improve the knowledge of these fish groups.

Keywords: Siluriformes, neotropical region, cytotaxonomy

Introduction diverse diploid numbers ranged from 2n=42 to 2n=>58.
However, species of the Pseudopimelodidae family are
I I ISTORICALLY PIMELODIDAE FAMILY was divided on characterized by stability in chromosome numbers showing

morphological analyses in three branches: Pimelodinae, ~almost all 2n=>54 chromosomes.’~'?

Pseudopimelodinae, and Heptapterinae, all of them having a
wide geographical distribution on neotropical freshwaters."
These groups have upgraded to families Pimelodidae, Hep-
tapteridae, and Pseudopimelodidae sharing several morpho-
logical characteristics that allow considering each of these as
monophyletic entities.”™ Based on molecular trait, Sullivan
et al.” joined these three families in a new clade, the super-
family Pimelodoidae, considering Pimelodidae as sister
group of Pseudopimelodidae and Heptapteridae as sister
group of Conorhynchus.

In areview and in several reports of cytogenetic data about
these families, it has been stated that Heptapteridae shows

Heptapteridae shows 218 species and 32 genera and
Pseudopimelodidae 50 species and 9 genera®; however, the
karyotypic data are relatively scarce, especially those related
with ribosomal DNAs, and only available for some genera
(Table 1).

Almost all Heptapteridae species show nucleolar orga-
nizers regions (NORs) on a single chromosome pair, situation
confirmed by means of in situ hybridization with rDNA 18S
probes in 24 species, only Heptapterus mustelinus®"® and
Pimelodella sp.'* show multiple NORs.

On the contrary, there was evidenced variation among the
genera and species that belongs to Heptapteridae, having
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some cases with one or more chromosome pairs carrying
rDNA 5S. Rhamdia shows the higher number of populations
with these regions studied (Table 1), being predominant
single pattern, except for Rhamdia quelen of Fortuna River
(Sao Paulo State).15 In this family, it was reported that IDNA
18S and 58S are located in the same chromosome pair in Im-
parfinis mirini, Imparfinis minutus,"" Imparfinis schubarti,'®
and Cetopsorhamdia iheringi.

Fluorescence in situ hybridization (FISH) cytogenetic
analyses with rDNA probes in Pseudopimelodidae are re-
stricted to three species, Lophiosilurus alexandri and Mi-
croglanis cottoides that show one pair carrying genes IDNA
18S and other different chromosomes with rDNA 5S.'%'8 In
time, Pseudopimelodus pulcher has rtDNA 18S located on
two pairs.

In view that species of these families are closely related
and considered as sister groups from a phylogenetic® ap-
proach, they represent an interesting model for studies in
cytotaxonomy and karyotypic evolution.

They were characterized with different cytogenetic
markers in some species of fishes of Heptapteridae and
Pseudopimelodidae families, comparing them with available
data in the literature to suggest karyotypic trends in the group.

Materials and Methods
Collection sites and species analyzed

Thirty-three specimens of six heptapterid species were
cytogenetically analyzed: C. iheringi and Phenacorhamdia
tenebrosa from rivers of Paranapanema basin (Parana state/
Brazil), Pimelodella meeki from a tributary of the Ivai river
(Parana state/Brazil), H. mustelinus and Rhamdella eriarcha
from Laguna dos Patos basin (Rio Grande do Sul state/Bra-
zil), and Pimelodella australis from Tramandai basin (Rio
Grande do Sul state/Brazil) (Table 2 and Fig. 1).

GOUVEIA ET AL.

Twenty-five specimens of two species of Pseudopimelo-
didae family were cytogenetically analyzed: M. cottoides
from Ribeira do Iguape river basin (Sao Paulo state/Brazil)
and Tagacaba river basin (Parana state/Brazil) and Micro-
glanis cibelae from Tramandai basin (Rio Grande do Sul
state/Brazil) (Table 2 and Fig. 1). All specimens were col-
lected with the permission of Instituto Brasileiro do Meio
Ambiente e dos Recursos Naturais Renovaveis (IBAMA),
with license number 11399-1. The specimens were deposited
in the Museu de Zoologia da Universidade Estadual de
Londrina (MZUEL), Parand, Brazil, with voucher numbers:
C. iheringi (MZUEL14125), H. mustelinus (MZUEL5350),
P. meeki (MZUEL14132); P. tenebrosa (MZUEL14126);
M. cottoides: Batatal river (MZUEL8020); Iporanga river
(MZUELS8021); Antas river (MZUEL7953), and M. cibelae
(MZUEL7452).

Preparation of chromosomes, conventional staining,
and chromosome banding

The metaphase chromosomes were obtained through the
air-drying technique using kidney tissue in direct chromo-
some preparations.'® After 30 metaphases counted 1 each
specimen, the diploid number and karyotype were determined,
and the chromosomes were classified as metacentric (m), sub-
metacentric (sm), subtelocentric (st), and acrocentric (a).20 To
determine the fundamental number (FN) metacentric, sub-
metacentric, and subtelocentric chromosomes were considered
biarmed, and acrocentric chromosomes were considered uni-
armed. The nucleolar organizer regions (AgNORs) were de-
tected by silver nitrate impregnation.”' The guanine-cytosine
(GC) bands were detected with chromomycin A3 (CMA3).22

Fluorescence in situ hybridization

FISH was performed according to Pinkel et al.”> with mod-
ifications. The 18S rDNA probe was isolated from genome of

TABLE 2. SPECIES ANALYZED, COLLECTION SITES, AND HYDROGRAPHIC BASINS

Family/species Number of individuals Collection sites Basin
Heptapteridae
C. iheringi 3 females and 2 males Trés Bocas stream/PR Paranapanema

H. mustelinus 1 females and 2 unidentified sex

P. tenebrosa 5 females and 1 male
P. australis 1 female and 4 unidentified sex
P. meeki 4 females and 6 males

R. eriarcha

Pseudopimelodidae
M. cottoides 2 females and 4 males

M. cottoides 7 females and 1 male

M. cottoides 5 females

M. cibelae 6 females

1 female, 2 males and 1 unidentified sex

(23°23°06.6”S 51°04'35.8”"W)
Arroyo Colombo/RS
(30°06°02.0”S 51°41’42.0"W)

Laguna dos Patos

Vermelho river/PR Paranapanema
(23°13°0.95”S 51°20°0.88"W)
Quadros Lagoon/RS Tramandai

(29°44'42.8” S 50°06"54.3"W)
Quexada river/PR Ivai

(23°5679.65”S 51°39"26.08"W)
Forquetinha river/RS

(29°28°0.17”S 54°24’59.89”W)

Laguna dos Patos

Antas river/PR

(25°13’35.2”S 48°34'03.9”W)
Iporanga river/SP

(24°34°49”S 48°35”30.2"W)
Batatal river/SP

(24°36'34.7”S 48°17°14.2"W)
Maquiné river/RS

(29°39710.4”S 50°12'31.8"W)

Tagacgaba
Ribeira do Iguape
Ribeira do Iguape

Tramandai
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FIG. 1. Collection sites. Map of Brazil indicating, in the right side, Sao Paulo State, Parana State and Rio Grande do Sul
State: Paranapanema basin: (1) Vermelho river; (2) Tré€s Bocas stream; Ivai basin: (3) Queixada river; Ribeira do Iguape
basin: (4) Batatal river; (5) Iporanga river; Tagacaba basin: (6) Antas river; Tramandai basin: (7) Maquine river; (8)
Quadros lagoon; Laguna dos Patos basin: (9) Forquetinha river; and (10) Arroyo Colombo.

Prochilodus argenteus™ and 5S rDNA of I. schubarti was
isolated as described by Gouveia et al.>> Probes were labeled
with DIG-Nick Translation Kit (Roche Applied Science,
Mannheim, Germany) cat number 11745816910 or BioNick™
Labeling System Kit (Invitrogen Life Technology, Carlsbad) cat
number 18247015. Preparations were covered with 50 uL. of
hybridization mixture containing 100ng of labelled probe
(7.5 uL), 50% formamide (30uL), dextran sulphate 50%
(12 uL) and 20xsaline-sodium citrate (SSC) (10.5 uL.). The
preparations were denatured at 80°C for 10 min and hybridized
overnight at 37°C in a humidified chamber. Posthybridization
washes were carried out in 2 X SSC for 5 min., in 1 X phosphate-
buffered saline, and 1 X (20 x SSC, Triton 100, nonfat milk, and
distilled water, pH 7) all at 45°C. The probe was detected with
Sul. of avidin conjugated with fluorescein isothiocyanate
(1:100) and anti-digoxigenin with thodamine conjugate +45 uL.
of bovine serum albumin (5%) as appropriate. To amplify the
signal, 40 uLL of amplification solution (1 uL antiavidin-biotin
conjugate and 39 uLL of 1x[20x SSC, Triton 100, nonfat milk,
and distilled water, pH 7]) was used. The slides were mounted
with 25 pLL of a medium composed of 23 ul. of DABCO solu-
tion [1,4-diaza-bicyclo (2.2.2)-octane (2-3%), 20 mM Tris HCI,
pH 8.0, and glycerol (100%), in distilled water], 1 uL. of MgCl,
50mM, and 1 uL. of DAPI solution (20 ug/mL). Images were
acquired with a Leica DM 4500 B microscope equipped with a
DFC 300FX camera and Leica IM50 4.0 software of Nikon
E800. Images were overlaid and processed in Adobe Photoshop
using only cropping and functions affecting the whole image
equally.

Results
Heptapteridae family

C. iheringi had 2n=58 and a karyotypic formula of 30m,
24sm, 4st, and FN=116. The pair 16 submetacentric pre-
sented a secondary constriction located interstitially on the
short arms (Fig. 2a), which coincided with the AgNORs,
CMA; signals (Fig. 2a, box), and 18S rDNA (Fig. 4a, ar-
rows). The 5S rDNA sites were also evidenced in the 16 pair
in interstitial region, but in the long arm (Fig 4a, arrowhead).

H. mustelinus had 2n=>54 and a karyotypic formula of
32m, 10sm, 10st, 2a, and FN =106 (Fig. 2b). The AgNORs
were evidenced in the short arm of the metacentric pair 5 and
the long arm of the subtelocentric pair 23, both in the terminal
region coincident with CMA; (Fig. 2b, box) and 18S rDNA
sites (Fig. 4b, arrows). 5S rDNA sites were located on a pair
of subtelocentric chromosomes in the short-arm terminal
region, showing no synteny with 18S rDNA site (Fig. 4b,
arrowhead).

P. tenebrosa had 2n =48 and a karyotypic formula of 14m,
10sm, 16st, 8a, and FN =90 (Fig. 2c). The pair 12 presented a
secondary constriction located terminally on the short arms,
which coincided with the AgNORs and CMA; (Fig. 2¢, box)
and 18S rDNA (Fig. 4c, arrows). The 5S rDNA sites were
also evidenced in the pair 12 in the interstitial region on the
short arm, near the centromere. There was synteny between
the 18S and 5S rDNAs (Fig. 4c, arrowheads).

P. australis had 2n =58 and a karyotypic formula of 34m,
10sm, 8st, 6a, and NF=110 (Fig. 2d). The AgNORs were
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FIG. 2. Karyotype of Heptapteridae species: (a) Cetopsorhamdia iheringi; (b) Heptapterus mustelinus; (¢) Phena-
corhamdia tenebrosa; (d) Pimelodella australis; (e) Pimelodella meeki; and (f) Rhamdella eriarcha. Inset box shows
location of AgNOR and CMA; staining. AgNOR, nucleolar organizer region with silver nitrate staining; CMA;, chro-

momycin Aj.

observed terminally on the short arms of the pair 27 (acro-
centric pair), which coincided with the CMA; signals
(Fig. 2d, box) and 18S rDNA sites (Fig. 4d, arrows). 5SS rDNA
sites were located on a pair of acrocentric chromosomes in
the interstitial region on the long arm, showing no synteny
with 18S rDNA sites (Fig. 4d, arrowheads).

P. meeki had 2n=46 and a karyotypic formula of 26m,
14sm, 6st, and FN=92 (Fig. 2e). The AgNORs were evi-
denced terminally on the short arm of the pair 21 (subtelo-
centric) (Fig. 2e, box), which coincided with the CMAj3
signals (Fig. 2e, box) and 18S rDNA sites (Fig. 4e, arrows).
5S rDNA sites were observed on a pair of subtelocentric
chromosomes in the terminal region on the short arm,
showing no synteny with 18S rDNA sites (Fig. 4e, arrow-
heads).

R. eriarcha had 2n=>58 and a karyotypic formula of 36m,
10sm, 8st, 4a, and FN=112 (Fig. 2f). The AgNORs were
evidenced terminally on the long arm of the pair 6 (meta-
centric pair), which coincided with the CMA; signals (Fig. 2f,
box) and 18S rDNA sites (Fig. 4f, arrows). 5S rDNA sites
were observed in the interstitial region on the short arm of one
metacentric pair, showing no synteny with 18S rDNA sites
(Fig. 4f, arrowheads).

Pseudopimelodidae family

M. cibelae had 2n=54 and a karyotypic formula of 22m,
16sm, 12st, 4a, and FN =104, with a secondary constriction
located terminally on the short arm of the pair 26 (acrocentric
pair) (Fig. 3a), which coincided with the AGNORs and CMA;3
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signals (Fig. 3a, box) and 18S rDNA sites (Fig. 4g, arrows).
5S rDNA sites were observed in the interstitial regions on the
short arms of one subtelocentric pair, near the centromere
(Fig. 4g, arrowheads).

All the population of M. cottoides had 2n=54 and a kar-
yotypic formula of 30m, 14sm, 6st, 4a, and FN=104
(Fig. 3b), however, each population showed variation in the
location of AgNORs, CMA;, and 18S rDNA.

In M. cottoides of the Antas River, the AgNORs are limited
to the distal region of long arm of a single chromosome of the
pair 23 (Fig. 3b, box). CMA; and 18S rDNA signals were
evidenced at the terminal region on the long arm of the same
pair (Figs. 3b, box and 4h, arrows). 5S rDNA sites were ob-
served in the terminal regions of one subtelocentric pair,
showing no synteny with 18S rDNA sites (Fig. 4h, arrowheads).

M. cottoides of the Batatal river presented AgNORs in the
terminal region either, on the long arm of only one subtelo-
centric chromosome (pair 23) and in the terminal region of
the short arm of one chromosome of the pair 24 (Fig. 3b, box).
Coincidence among CMA; and 18S rDNA signals were ob-
served in pair 24 (Figs. 3b, box and 4i, arrows). 5S rDNAs
sites were evidenced in four chromosomes: a pair of acro-
centric with interstitial bands on the long arm and a pair of

subtelocentric chromosomes with interstitial bands on the
short arm (Fig. 41, arrowhead).

M. cottoides of the Iporanga river presented AgNORs in
the terminal region on the short arm of one subtelocentric pair
(pair 24) (Fig. 3b, box), which are coincident with CMA;
signals (Fig. 3b, box) and 18S rDNA sites (Fig. 4j, arrows).
5S rDNA presented multiple sites, with two chromosome
pairs in the interstitial region, being one acrocentric pair on
the short arms and one subtelocentric pair on the long arms
(Fig. 4j, arrowhead).

Discussion
Heptapteridae family

Present data constitute the first karyotypic description for
R. eriarcha (2n=58) and P. tenebrosa (2n=48) confirming
previous reports showing karyotypic variability within this
family (Table 1).

Among Hepta%pteridae, most species show diploid numbers
higher than 50”* chromosomes being considered 21 =58 the
basal one for the family?® and the higher number of biarmed
chromosomes (m, sm, st) reflects in a high FN. Meanwhile,
new findings show interspecific variability and population



Downloaded by UNIV OF LIVERPOOL from www.liebertpub.com at 09/10/18. For personal use only.

10

Heptapteridae

f

Pseudopimelodidae

polymorphism (Table 1). The most heterogeneous genus is
Imparfinis that shows 2n ranging from 42 to 58 chromosomes
and Pimelodella with 2n ranging from 46 to 58 chromosomes
(Table 1). On the contrary, Rhamdia and Cetopsorhamdia
have a karyotype practically invariable with 58 chromosomes
(Table 1). However, several species and populations of
Rhamdia show numerical variation due to the presence of
polymorphic B chromosomes.'>?’

P. tenebrosa described in this article interestingly shows
2n=48, a chromosome number highly different (2n=58),
which was reported previously by Borba et al.® for the same
species. Both populations belong to the higher Parana River
basin.?® In this case, it is difficult to explain what chromo-
somal rearrangements may have occurred to lead to this
difference; however, probably a mistake might have occurred
in the species identification. Thus, chromosomal analysis
could be important for cytotaxonomy and identification of
cryptic species. H. mustelinus from Arroyo Colombo (La-
guna dos Patos basin) have 2n =54 chromosomes (present
article) such as H. mustelinus from Pindorama stream of the
upper Parand River basin (Brazil).” The same species from
Laguna Patos hydrographic system, of the Forquetinha river,
has been characterized by Moraes'? showing 58 chromo-
somes. These numerical karyotypic differences could be
explained by diverse chromosome rearrangements as fusions

GOUVEIA ET AL.

FIG. 4. Somatic metaphases of the Heptapteridae and Pseudopimelodidae species with 5S rDNA sites (arrowheads) and
18S rDNA sites (arrows): (a) C. iheringi; (b) H. mustelinus; (¢) P. tenebrosa; (d) P. australis; (e) P. meeki; (f) R. eriarcha,
(g) M. cibelae; (h) M. cottoides (Antas river); (i) M. cottoides (Batatal river); (j) M. cottoides (Iporanga river).

and translocationslo’”’zg; however, clear efforts in taxonomy
and systematic classification are necessary.

As expected, CMAj; staining and FISH with 18S rDNA
exhibited fluorescent signals that correspond to the AGNOR
sites. This correspondence has already been observed in al-
most species of Heptapteridae, frequently associated to ter-
minal regions of one chromosome pair.”® The exceptions
were found in three genera Cetopsorhamdia, Imparfinis, and
Taunaya with interstitial NORs (Table 1), feature considered
synapomorphy.

Only H. mustelinus presented multiple sites with terminal
NORs as observed in another population of H. mustelinus,” in
Imparfinis borodini*’; Rhamdia sp., and R. quelen,’' but are
not being confirmed by FISH.

The location and number of the rDNA 5S are relatively
variable occupying preferentially interstitial regions on one
chromosome pair or two chromosome pairs (Table 1), in
some cases syntenic with regions rDNA 18S, as already de-
scribed by other authors.'!+16-2532-34

Gouveia er al.*>3* isolated 55 rDNA sequences and
transposon (Tcl-mariner) from I. schubarti genome and
found that transposable elements may be acting along these
sequences, showing hybridization in some species of Hep-
tapteridae and Pseudopimelodidae, and seem to be related to
the movement of 5S rDNA genes in these fish genomes.
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Pseudopimelodidae family

Present data represent the first karyotypic description for
M. cibelae, showing a conservative diploid number 2n=>54 in
this family.

Recently, Souza-Shibatta et al.®® reevaluated M. cottoides
systematics, using morphological and molecular data, with
sequence analysis of the COI (cytochrome oxidase I) gene.
The authors analyzed different populations of M. cottoides
from the South Atlantic and Uruguay basins and species that
lived in sympatry, among them is M. cibelae. Phylogenetic
analysis suggests that M. cottoides currently forms a non-
monophyletic group, which includes endemic populations of
the Uruguay River basin closer to Microglanis malabarbai,
excluding M. cibelae that was grouped within the M. cot-
toides samples. Based on these results, the authors proposed
M. cibelae as a junior synonym of M. cottoides.

Despite this, karyotypic data show differences among
these two species being clear that M. cottoides presents a
great number of metacentric chromosomes. Some of these
cytogenetic differences were previously reported by other
authors and could be attributed to inversions or translocations
with consequences in the karyotypic formula.'**%*® The di-
verse karyotypic characterization could be related more to
technical artifacts than real differences. However, these
variations should also be considered to show the importance
of a more detailed analysis of the characterization of these
species by taxonomic studies, besides the fact that M. cibelae
of the present work was collected in the type-locality of the
description of this species.

Probably, the most likely NOR phenotype in M. cottoides
is the short-arm (par 24) terminal region that is shared in the
analyzed populations of this species.'**° Inversion and
translocation events may explain NOR in the terminal region
of the long arm in M. cottoides of the Antas river.

Among the Pseudopimelodidae also have been described
species with multiple AgNORs as Microglanis aff. cot-
toides,36 Pseudopimelodus bufonius,36 P. pulcher,12 and M.
cottoides (present study). This condition of multiple NORs
was confirmed by FISH only for P. pulcher (Table 1).

The location and number of the DNAr 5S are relatively
variable occupying terminal or interstitial regions on one
chromosome pair or multiple chromosome pairs, as observed
in other species of this family (Table 1).

Final Remarks

Present and available data confirm some cytogenetic fea-
tures shared and other exclusive for two families, that is, both
families show a great number of biarmed chromosomes,
nucleolar organizer regions frequently in one pair, staining
always bright CMA; and 18S rDNAr and 5S rDNA not
syntenic. As an exclusive trait Pseudopimelodidae has a
conserved diploid number of 54 chromosomes in all analyzed
species, however, Heptapteridae shows a highly variable
chromosome number.

When 58S ribosomal genes are analyzed, it is not possible to
establish an exclusive pattern to families, but these sites are
located preferentially in interstitial regions. The difficulty in
establishing karyotypic comparisons or cytossystematic re-
lationships more accurate among the fish of these families is
due to the scarcity of chromosome and non-homogeneous
data, as well as to mistakes in the taxonomic identification.
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