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Abstract

Loricariidae is a diverse group of fish from the neotropical region, occupying a wide variety of freshwater
environments. Cytogenetic data have brought important insights into Loricariidae diversity because they help
validate undescribed species as well as our understanding of inter- and intraspecific diversity. However, con-
ventional cytogenetic approaches are limited in their ability to detect variability in some lineages, as seen in the
Peckoltia clade, owing to their apparent conserved karyotype. Thus, the aim of this work was to map 5S and
18S ribosomal (rDNA) sites in five species of Peckoltia and one species of Ancistomus from the Amazon basin,
and discusses the mechanisms of organization and diversification of these clusters. The species analyzed were found
to have 2n=52 and share KF=38 m-sm +14st-a chromosomes, except Peckoltia vittata with KF=34m-sm +
18st-a. Extensive variations in the number and location of 5S and 18S rDNA sites were observed among
species. These data indicate that inversions are not the most important events in karyotype evolution in this
group, and should prove useful in identifying the species studied here. In addition to inversions, transpositions
are important evolutionary events that are involved at least in rDNA clusters spreading in Peckoltia and

probably in other species of Hypostominae.
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Introduction

L ORICARIIDAE IS A DIVERSE GROUP of fish (951 valid species)
from the neotropical re%ion, occupying a wide variety of
freshwater environments.' This family is composed of six
subfamilies, with Hypostominae being the most species-rich
and harboring the largest number of karyotyped species.*
Hypostominae, in turn, is composed of seven clades (Chae-
tostoma, Pseudancistrus, Lithoxus, Pseudancistrus, Acanthi-
cus, Hemiancistrus, and Pekoltia) and two tribes (Ancistrini
and Hypostomini).> Data for Hypostomini and Ancistrini, the
most studied in cytogenetic terms, indicate a wide divergence
of karyotype among Hypostomini (2n=64-80) and Ancistrini
(2n=34-54).°

Cytogenetic data have provided important insights into
Loricariidae diversity because they validate undescribed
species and aid understanding of inter- and intraspecific

diversity.'®'* However, among Peckoltia species, the de-
termination of number of chromosomes alone is not useful for
resolving these issues, because most species exhibit a stable
2n karyotype.'®"® Thus, the use of other chromosomal
markers is necessary to clarify the genomic organization of
these species and understand their diversity.

The physical mapping of repetitive DNAs has been widely
used as an important tool in the study of taxonomic and
evolutionary problems in fish, as well as to understand the
processes of genomic organization and diversification.'*~'®
According to Kidwell,'” such sequences may also be involved
in chromosomal rearrangements, such as deletions, duplica-
tions, inversions, and translocations, being responsible for
karyotypic variations observed in many groups. In this way, the
repetitive DNAs constitute an important chromosomal marker,
being useful for cytogenetic studies. Cytogenetic studies in
Loricariidae have been performed with probes of 18S and 5S
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TABLE 1. COMPILATION OF CHROMOSOME DATA
OF PECKOLTIA SPECIES

Species 2n KF Reference

Peckoltia vittata 52 36m+sm, 14st, 2a Souza et al.*’
Peckoltia sp.1 52 44m+sm, 6st, Souza et al.

2a; +1B

Peckoltia sp. 2 52 32m+sm, 18st, 2a Souza ef al.”’
Peckoltia cavatica 52 38m+sm, 14st Present work
Peckoltia feldbergae 52 38m+sm, 14st Present work
Peckoltia multispinis 52 28m-+sm, 24st Present work
Peckoltia oligospila 52 38m+sm, 14st Present work
Peckoltia sabaji 52 38m+sm, 14st Present work
Peckoltia vittata 52 32m+sm, 18st, 2a Present work

rDNAs in several Loricariidae genera: Ancistrus,%° Harttia,'*°

Hypancistrus,'"'? Hypostomus,” >~ among others. Such stud-
ies have shown great variation both in the number of these sites
and in their locations.

Peckoltia is a genus of the Peckoltia clade with 18 rec-
ognized species distributed in the Amazon and Orinoco ba-
sins and Guiana shield, several of which are exploited in the
ornamental trade.?*® Classical cytogenetic data are only
available for Peckoltia vittata from the Xingu River and
Peckoltia sp. 1 and Peckoltia sp. 2 from the Jari River, both
with 52 chromosomes and divergences in karyotype for-
mula (Table l).27 The genus Peckoltia itself is a historically
problematic taxon that is often confused with Hemian-
cistrus.>** According to Lujan et al.,” Ancistomus is a valid
genus for the Peckoltia clade, including ‘‘Peckoltia” feld-
bergae in this genus. Therefore, it is necessary to identify
other species and use other chromosomal markers to under-
stand the process of karyotype diversification in this genus.
Thus, the aims of this work were to map the minor and major
rDNA sites in the karyotypes of five species of Peckoltia plus
one species of Ancistomus from the Amazon basin and dis-
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cuss the mechanisms of organization and diversification of
these clusters.

Materials and Methods

In this study, we analyzed samples from one species of the
genus Ancistomus and five species of the genus Peckoltia
(Figs. 1 and 2). Sample collection was authorized by Instituto
Chico Mendes de Conservagao da Biodiversidade (ICMBio)
and Secretaria de Estado de Meio Ambiente do Para (SEMA-
PA); permit 020/2005. Animals were anesthetized with euge-
nol and chromosomes were obtained as described by Bertollo
et al.*® Nucleolar organizer regions (NORs) were detected us-
ing AgNO; as described by Howell and Black,? and fluores-
cent in situ hybridization (FISH) was conducted following the
method of Martins and Galetti*® using probes for 5S and 18S
rDNA, labeled with biotin or digoxigenin using nick translation
and detected using avidin-Cy3 or antidigoxigenin-FITC, re-
spectively. The karyotypes were classified as described by
Levan ef al.”!

Results

The six species analyzed in this study were found to have a
diploid number (2n) of 52 chromosomes. Moreover, most
species possessed 38 meta-submetacentric and 14 sub-
teloacrocentric chromosomes, except P. vittata, which had 34
meta-submetacentric and 18 subteloacrocentric chromo-
somes (Fig. 2).

Impregnation of NORs with AgNOj; indicated a single
NOR in A. feldbergae in the terminal region of 20q, in
Peckoltia cavatica in the terminal region of 9q, in Peckoltia
multispinis in the terminal region of the 5q homologue, and in
P. vittata in the terminal region of 10q, whereas multiple
NORs were indicated in Peckoltia oligospila for each ho-
mologous terminal region in 10q and 20q, and in Peckoltia
sabaji in the terminal regions of 7q and 20q (Fig. 2).
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FIG. 1. Localities of the samples analyzed in this study.
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FIG. 2. Species of Ancistomus and Peckoltia analyzed in this work (left, scale bar=1cm) and their, respectively,
karyotypes (right, scale bar =10 um). AFE, A. feldbergae; PMU, P. multispinis; POL, P. oligospila; PCA, P. cavatica; PVI,
P. vittata; PSA, P. sabaji. Color images available online at www.liebertpub.com/zeb
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FIG. 3. Chromosomal mapping of 18S (green) and 5S (red) rtDNA in Ancistomus and Peckoltia species. Scale bar=10
um. AFE, A. feldbergae; PMU, P. multispinis; POL, P. oligospila; PCA, P. cavatica; PV, P. vittata; PSA, P. sabaji. Color

images available online at www.liebertpub.com/zeb

The location of 18S and 5S rDNA sites was divergent
among the six species (Fig. 3). In P. multispinis, 18S and 5S
rDNA were colocalized in 5q; in A. feldbergae, 18S rtDNA
sites were in 20q and 5S rDNA sites were in 1q and 15q; in P.
oligospila, 18S rDNA sites were in 10q and 20q and 5S rDNA
sites were in 11q; in P. cavativa, 18S rDNA sites were in 9q
and 11q and 5S rDNA sites were in 9q and 21q; in P. vitatta,
18S rDNA sites were in 10q and 5S rDNA sites were in 10q
and 21q; in P. sabaji, 18S rDNA sites were in 7q, 14q, and
20q, and 5S rDNA sites were in 7q, 9q, and 20q. Most rDNA
sites had a terminal location, except one 5S rDNA site, which
was in the proximal region in P. cavatica and P. vitatta.
Moreover, the sites of the two classes of rDNA were in dif-
ferent chromosomes in A. feldbergae and P. oligospila.
However, there were also 18S and 5S rDNA sites in the same
chromosome, such as in P. cavatica and P. vitatta, and some
were even colocalized, as was the case in P. multispinis and
P. sabaji. In addition, intraspecific heteromorphisms in the
size of rDNA clusters were observed in the six species.

Discussion

The six species analyzed in this study exhibited a 2n=52
karyotyge, which is purported to be a synapomorphy of An-
cistrini®? and is shared with congeneric species (Table 1).%
However, there are some divergences in chromosome
morphologies, which must result from inversions, mainly
pericentric, that are inversions that have been identified as the
main source of karyotype evolution in Ancistrini.>> However,
inversions are not the only events involved in chromosome
reorganization in Ancistrini, Robertsonian fusion events and
diploid reduction are sources of diversification in the chro-
mosome evolution of the clade species (Fig. 4).5910-13:34-36
Centromeric reposition could also explain this variation,
since this mechanism can change chromosome morphology
without modifying number of chromosomes.***"

A small difference in karyotype formula was also detected
among the P. vittata analyzed in this study and those described

by Souza et al.,”’ despite both samples being from Xingu River.
It is possible that a chromosome inversion occurred during
sympatric divergence of the two karyomorphs. However, the
combination of gametes in chromosomes of polymorphic pop-
ulations may lead to a difference in the karyotype.

FISH mapping and Ag-NOR analysis revealed the oc-
currence of inactive sites of 18S rDNA in P. cavatica,
P. multispinis, and P. sabaji. Similarly, the mapping of 5S
rDNA sequences revealed a dynamic organization of these
sequences among species: whereas P. multispinis and
P. oligospila had a single site, the other species had two or
three sites. 13343 Moreover, we identified cases wherein the
minor (5S) and major (18S) sites of IDNA were in different
chromosome pairs and cases wherein these two classes of
rDNA were syntenic and even colocalized, as observed in
Neopleocostominae, Hypoptopomatinae,® Loricarininae,*
Hypostominae,®**"** and the Trichomycteridae family.*”
This type of arrangement of these sequences is not common
in fish species, since it tends to favor unequal crossing over
events and gene conversion.*® Despite this, colocalization of
5S and 18S rDNA was observed in some species of Lor-
icariidae, including Ancistrini.®*3> However, nonsyntenic
organization of minor and major rDNA clusters is the most
frequently observed organization in species of this tribe.
According to Zienmiczak,*® the synteny between the two
classes of rDNA on a single chromosome pair is a plesio-
morphic condition for Loricariidae. As proposed by Mariotto,®
the ancestral karyotype in the Ancistrus genus is similar to that
presented by Ancistrus claro (Fig. 4), which has 2n=54
chromosomes, a high fundamental number, and one chromo-
some pair with syntenic 5S and 18S rDNA sites. For the same
characteristics, except for 2n, we can observe in P. cavatica
and P. vittata the presence of a 5S rDNA site in the interstitial
region in the same chromosome with the single NOR, which
may be a primitive remnant condition for the Peckoltia clade,
as found in Hypancistrus cf. debilittera'* and Panagqolus sp., 13
belonging to the same clade, and in the Ancistrus®®~>* genus
that is of the same subfamily Hypostominae.’



"SUOISAI JAZIUBSIO TR[0S[ONU ‘SYON "dHAYUAS 9IS VNI S§ PUE YON [SUIS [HM UONIPUOD [NSAIUY 4y o]0 12 ONOLIEJN WIOI} PAUTLIQO
BIR(J4 "AUSIUAS UI YBaIq B I s3r0adg () "UONIPUOD JTUIIUAS [B1ISIOUR YY) paurejurew jey) sa1o0adg (V) "9pe[o pij]oy2a 9U) Ul SOIRUAP SWOSOWOIYD 10] SIsoylodAH  *p *OIA

0000000 B0000000ag B8asseqnt

PALA0N0) SHRRIATAIA St

000000 JUg00nn000N GR4GRT | 230000000 AA0TNATK BaBARARAT
00000000000 §900R0R00 Gatn | 209903 JRGNONN0NGA BsaRARY

© o6 o8oua oW $oM £ 2 n oo s L ¥ 5 v £ T 1

TTTgTRGEaaa] oo

$g=ug GUDJD STUISIOUY o

"Auo asn [euossed 104 "6T/0T/90 e W0 'gNALBCR I MMM WO.} £9'9€2"/ T2 '98T Aq papeojumod

267



Downloaded by 186.217.236.64 from www.liebertpub.com at 06/10/19. For personal use only.

268

Data relating to organization of rDNA clusters indicate
that other types of chromosome rearrangements in addition to
inversions should have occurred during karyotype diver-
gence of these species. Chromosome translocations, for ex-
ample, could explain the difference in chromosome location
of rDNA sites. These events were presumably mediated
by transposition mechanisms, which have been documented
to apply to these types of sequences owing to the com-
mon presence of transposable elements in association with
rDNAs.*!"*? Retroposition events, for example, could explain
the difference in the number of rDNA sites among species,
since these mechanisms can produce new copies.* In con-
trast, it is possible that degeneration of rDNA sites took place
in species with a reduced number of these sites. Moreover,
intraspecific size heteromorphisms of rDNA clusters were
observed among the six species. These could be explained by
duplication events mediated by unequal crossing over, events
that are commonly described in vertebrate species.**

The present data on 2n, KF, and location of rDNA clusters
suggest that the karyotype of Peckoltia, as well as that of
other Hypostominae species, is not stable. Thus, inversions
may not be the most important mechanism of karyotype re-
arrangement in this group, as previously supposed. In turn,
transpositions and duplications also seem to be important
evolutionary events, involved at least in rDNA clusters
spreading in this group. Moreover, the data set generated here
could provide taxonomic markers and thus should prove very
useful in identifying Peckoltia species. They could also
provide evidence for a postzygotic reproductive isolation
mechanism among sympatric species from the Xingu River,
as suggested for Scobinancistrus aureatus and Scobinancis-
trus pariolispos.'®
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