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The chromosomes of three species from the genus Leuciscus (the ide L. idus, the European
chub L. cephalus and the common dace L. leuciscus) were examined with the FISH technique
for 5S and 28S rDNA probes. The analysis showed that among the three examined species, 5S
rDNA signals were located on two large and four small subtelocentric chromosomes in L.
leuciscus, on one large and five small subtelocentric chromosomes in L. idus, while in L.
cephalus the probe signals were found on two metacentric chromosomes and one large and
one small subtelocentric chromosome pairs. In all analysed species, the 28S rDNA probe
signals were placed on only one chromosome pair, subtelocentric in the common dace and the
European chub, and submetacentric in the ide. The three species differed in the number of
sites in which both probe signals were present. In conclusion, the co-location of the 5S and
28S rDNA proved to be a useful cytogenetic marker among the studied fishes. Moreover, this
marker could be adapted to other cyprinids.
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The species of the sub-family Leuciscinae, in-
cluding the fishes mentioned above, have many
karyological similarities. Most are characterized by
2n = 50 chromosomes with a relatively low number
of uniarmed elements (RÁB & COLLARES-PEREIRA
1995). Proper identification of the chromosome
set for each of these species is problematic using
classic karyological methods. However, recent re-
sults based on cytogenetic molecular markers have
revealed that the karyotypes of the species from
some genera could be easily identified (GROMI-
CHO & COLLARES-PEREIRA 2006; BOROÑ et al.
2008). Despite this, there is no useful method for
karyotypic identification of Leuciscus species. On

the other hand, there is a need of having such a tool
for distinguishing chromosome sets in this group
of species and their putative hybrids.

Three species from the genus Leuciscus (the ide
L. idus, the common dace L. leuciscus and the Euro-
pean chub L. cephalus) are broadly distributed in
Europe (BANARESCU 1992). L. leuciscus is used
as a bio-indicator in degraded rivers with an al-
tered composition of their ichthyofauna (WOJDA
et al. 1993), while L. idus is also bred in poly-
culture with other cyprinids used in freshwater
aqua-culture (WITKOWSKI & B£ACHUTA 1989).
Moreover, the ide and the European chub are of in-
terest to anglers. Proper identification of the spe-
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Molecular taxonomy seemed to be a highly effi-
cient tool for providing species-specific markers
especially among species that are difficult to dis-
tinguish based solely on morphology. However,
these methods cannot be applied to investigations
at the chromosome level. Thus, the possibility of
karyotype identification could support both
chromosome research and species identification.
Moreover, the comprehensive use of cytogenetic
and molecular methods should increase the level
of certainty in proper identification.

We decided to use the FISH (fluorescence in situ
hybridization) technique for mapping known se-
quences on chromosomes (PHILLIPS 2006) to look
for species-specific markers for the karyotypes of
these three Leuciscus species. Ribosomal genes in
fishes occur in multiple copies in the genome and
are divided into two classes: major (18S, 5,8S and
28S) and minor (5S). These two gene families of-
ten have separate locations on the chromosomes.
The mapping of the 5S rDNA sequence on a single
chromosome pair appears to be common in verte-
brates (MARTINS & GALETTI 2001), but this pat-
tern of 5S rDNA distribution may correspond to
the ancestral rDNA gene organization among Te-
leostei (SOLA et al. 2003). The distribution of 5S
ribosomal gene sequences on two or more chromo-
some pairs is considered to be a derived condition
(INAFUKU et al. 2000; MARTINS & WASCO 2004;
BOROÑ et al. 2006; GROMICHO et al. 2006). More
practically, ribosomal RNA genes have an alter-
nating occurrence of highly conserved and more
variable regions (SONNENBERG et al. 2007),
where the most conserved regions can be used as
probes across a wide range of species. The high
number of copies also ensures easier visualisation
by the FISH techniques. The loci of major rDNA
are located on different chromosomes than those
bearing 5S rDNA clusters in the genomes of most
fishes (non-syntenic location). Such a distribution
would represent the primitive condition in chro-
mosomal evolution (MARTINEZ et al. 1996) and,
contrary to the syntenic location, could participate
in preventing undesirable translocation among
major and minor rDNA sequences (MARTINS &
GALLETI-Jr 1999). Some major rDNA locations in
fish could correspond to the Ag-NORs sites (re-
gions with silver-positive signals previously
thought to correspond to nucleolar ribosomal re-
gions) on chromosomes, but it is not a solid cyto-
genetic rule (GROMICHO et al. 2005).

Material and Methods

All specimens of L. idus, L. cephalus and L. leu-
ciscus were caught with nets in the Bug and Odra

Rivers (Poland). Two females and two males (20
metaphases from each individuals at least) of the
three species were examined. Metaphase chromo-
some preparations were made according to the
method described by RÁB and ROTH (1988) with
modification (BOROÑ 2006).

The FISH protocol with 5S and 28S rDNA probes
was used as proposed by ALMEIDA-TOLEDO et al.
(2002) with modifications. Briefly, chromosomes
were denatured for 1 min. in a mixture of 70% for-
mamide and 2xSSC at 70°C. Both probes were
mixed together in a hybridization buffer and dena-
tured 5 min at 74°C. The probes were obtained by
PCR from two reference clones in our collection.
Sequence-specific amplifications were performed
by PCR in a final 25Fl volume with 0.3FM of Taq
DNA Pol (QBioGen), 2.5 Fl of buffer (QBioGen),
0.001 Fg of DNA, 5% DMSO, 300 FM of each
dNTP and 1.7 pM of each of the two standard
primers M13R and M13 l. After denaturation for
2 min, the PCR ran for 30 cycles of (30 s, 94 C°; 30 s,
54 C°; 1 min, 72 C°), with a terminal elongation of
3 min. The result was visualized on ethidium
bromide-stained agarose gels, and marked with the
Nick translation Mix and Digoxigenin 11 dUTP or
Biotin 16 dUTP from Roche Diagnostics accord-
ing to the instructions of the manufacturer. The
marked probe mixture (15 Fl on each slide) was
hybridized overnight at 37°C. Post-hybridization
washes were performed with 5 min wash in
2XSSC, 70°C and one 2 min wash in phosphate
buffer detergent. Slides were mounted with
DAPI/Antifade solution and analysed using a
Zeiss Axioplan fluorescence microscope equipped
with the FISH imaging ‘Genus’ software from Ap-
plied Imaging.

Results

The chromosome number in all analysed species
is 2n=50. The results of FISH using the two rDNA
probes are presented in Fig. 1. 5S rDNA signals
presented some small variation within and among
individuals of some of the species. 5S rDNA sig-
nals were located on two large and four to six small
subtelocentric chromosomes (numbers of hybridi-
zation signals ranged from 6 to 8, mode: 6) in
L. leuciscus, on one large and five small subtelo-
centric chromosomes (ranged from 5 to 6, mode:
6) in L. idus, while in L. cephalus the probe signals
were found on two metacentric chromosomes and
one large and one small subtelocentric chromo-
some pairs (Fig. 1a, b, c). In all the species and
specimens, the 28S rDNA probe was always lo-
cated on a single chromosome pair, subtelocentric
in the common dace and the European chub, and
submetacentric in the ide (Fig.1d, e, f), and pre-
sented no variability. Two biarmed chromosomes
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Fig 1 a-i. Distribution of 5S and 28S rDNA on the chromosomes of Leuciscus leuciscus (a, d accordingly; g – another variant of
5S rDNA distribution), L. idus (b, e accordingly; h – another variant of 5S rDNA distribution) and L. cephalus (c, f accordingly)
(arrows indicate rDNA sites after hybridization with probes); schematic diagrams (i). Bar = 10 Fm.



in L. cephalus and one uniarmed chromosome in
L. leuciscus had signals for both rDNA probes,
whereas no co-location was detectable on the chro-
mosomes of L. idus (Fig. 1i). There was no vari-
ability in the co-location of the signals.

Discussion

The location of the 5S rDNA sequence exclu-
sively on several uniarmed chromosomes shows
that the size of this rDNA fragment and its distri-
bution is similar in L. idus and L. leuciscus (Fig. 1a,
b). However, there are some differences regarding
the big subtelocentric chromosomes, on which the
5S rDNA probe hybridized with only one in L.
idus, but with two in L. leuciscus. One way to ex-
plain this situation is that the number of ribosomal
gene copies on ide chromosomes is sometimes too
low to be detected with cytogenetic techniques
(ALMEIDA-TOLEDO et al. 2002). On the other
hand, a lack of probe signal may be a direct conse-
quence of sequence elimination, which is often as-
sociated with the activities of repetitive DNA
fragments or transposon elements (MA & GUS-
TAFSON 2005). These also explain the variability
of hybridization signals observed for the 5S rDNA
probe (Fig.1a, b, g, h). In the case of the European
chub, the 5S rDNA sequence was found on uni-
armed and on bi-armed chromosomes. Signals in
the pericentromeric regions of meta- submetacen-
tric chromosomes seem to be species-specific
(Fig.1c), but the within and between individual
variability observed here makes their use for
karyotype identification difficult.

The location of the 28S rDNA, contrary to the
above-mentioned similarities of 5S rDNA distri-
bution, shows different patterns in L.idus and
L.leuciscus. In all the specimens we found at most
one pair of chromosomes with hybridization sig-
nals after FISH with 28S rDNA probe (Fig. 1d-f).
The signals were observed in the distal part of “q”
arms of the submetacentric chromosomes in the
ide, and small “p” arms of the subtelocentric chro-
mosomes in the common dace and the European
chub. Generally, we have not seen any variation in
the number of chromosomes bearing 28S rDNA
sites. BOROÑ et al. (2009) have described two
more 28S rDNA sites located on the metacentric
chromosomes in L. leuciscus. We could not detect
these loci in the present study, but these extra sig-
nals of 28S rDNA would not change the pattern of
co-location regarding 5S and 28S rDNA in that
species.

Most of the previous cytogenetic data published
on these three species presented classical analyses
and discussed features such as diploid chromo-
some number (2n), arm number (NF), C-band and

NOR location (COLLARES-PEREIRA et al. 1998).
The two papers on molecular chromosome analy-
sis of Leuciscus species (BIANCO et al. 2004;
BOROÑ et al. 2009) did not present any data on the
co-location of 5S and 28S rDNA sequences. The
location of the 5S rDNA revealed some polymor-
phism, and its pattern was very similar only for L.
idus and L. leuciscus (different in L. cephalus).
The 28S rDNA distribution pattern is stable within
species, but cannot be distinguished between L.
leuciscus and L. cephalus even if L.idus presents
some differences. Neither the 5S nor the 28S
rDNA probe used separately allows for the identi-
fication of the chromosome sets of all three spe-
cies. Moreover, the chromosomes in sub-family
Leuciscinae (as in the whole cyprinid group) are
small and have a high level of chromatin density.
This is an important problem in describing their
morphology, particularly in uni-armed chromo-
somes. The character of the co-location described
in this paper is different for each species, and could
be relatively easy to observe and analyse in micro-
scopic photographs. The observer only has to
count the number of chromosomes with 5S and
28S rDNA overlapping hybridization signals (zero
in L. idus, two in L. cephalus and one in L. leucis-
cus) (Fig. 1i); (the term “signal number” means the
number of chromosomes on which the rDNA se-
quence was mapped). Nonetheless, this remains to
be tested by a wider sampling.

In conclusion, FISH using simultaneously 5S
and 28S rDNA probes allows the detection of
overlapping hybridization signals. The number of
these signals seems to be species-specific for these
three Leuciscus species. This cytotaxonomical
method could represent a useful and accurate tool
for karyotype identification and also for tracking
chromosome re-arrangements regarding some
rDNA fragments within the species and their inter-
specific hybrids. Moreover, the described method
could be applied for supporting the process of spe-
cies determination in this fish group.
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