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Abstract. A  cytogenetic  study  was  carried  out  on  the chromosomes  and  the nuclear

DNA  contents  of  a  North-Western Mediterranean population of  the common  sole,

Solea solea  (Pisces, Pleuronectiformes, Soleidae). The chromosomes  were  studied

using  Giemsa-staining, C-banding, silver-staining  and  fluorescent in situ hybridization
with  28S rDNA  and  5S rDNA  probes. The karyotype consisted  of  nine  bi-armed
(m, sm  and  st) and  12 mono-armed  chromosome  pairs (2n =:42,  NF=58).  Hetero-
chromatin  blocks were  located in the pericentromeric region  of  almost  all of  the

chromosomes  and  along  the entire  short-arm  of  one  sm-st  pair, corresponding  to the

NOR  site. The NORs  showed  size  variation  at individual level. Major  (28S) and

minor  (5S) rDNA  genes were  located on  different chromosome  pairs, The  diploid
(2C) nuclear  DNA  content  was  1.48± O,03 pg and  the AT  DNA  corresponded  to 59.
22 %  of  the whole  genome,
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Introduction

  Thus  far six species  of  the family Soleidae (Pleur-
onectiformes)  have been cytogenetically  studied,  Chro-
mosome  number  (2n) and  fundamental number  (NF)
were  reported  fbr all  of  them  (Klinkardt et aL, 1995;
Vitturi et aL, 1993; Pardo et aL, 2oo1), Conventional
banding techniques were  attempted  for three species

(Vitturi et aL, 1993; Pardo  et aL, 2001), and  fluoro-

chrome  banding and  the detection of  major  (18S and

28S) ribosomal  genes (rDNAs) by in situ hybridization
(ISH) were  applied  to only  two  species. In the litera-
ture there is no  data on  the nuclear  DNA  content  in
Soleidae (Gregory, 2oo2).

  In regards  to the common  sole, Sblea solea  (L.), the

chromosome  number  42 was  previously reportod  by
Barker (1972) and  Pardo et aL  (2001). The  latter
investigated the karyotype and  the location of  major

CbrTesponclence : Angelo Libertini.
email  : angelo.libertini@ismar.cnr.it

rDNAs  by Giemsa, silver nitrate and  CMA3  staining,

and  ISH  with  a  18S rDNA  probe in a  North-Eastern
Atlantic population (6alicia, Spain) of  this species

(Pardo, personal communication).

  This paper  reports  the results  of  a  cytogenetic  study  on

a  North-Western Mediterranean population of  S  solea,

Chromosomes were  analyzed  by Giemsa- and  Ag-
staining,  C-banding, and  fiuorescence in situ hybridiza-
tion (FISH) with  28S and  5S rDNAs  as probes. The

genome  size and  the AT  nuclear  DNA  content  was

deterrnined by flow cytometry,

Materials and  methods

  Twenty-seven sexua]ly  mature  spocimens  (ten males

and  17 females) of  S  solea  (Pleuronectiformes: Soleidae)
collected  in the  Gulf of  Venice (North Adrtatic Sea,
North-Wostern Mcditerranean) were  used  for this study.

  Mitotic chromosome  preparations were  obtained  from
cephalic  kidney ce11  suspension  by means  ofthe  standard

air-dryingtochnique(Vitturi  et aL, 1984). Thechromo-
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Figure l-6. Metaphase chromosomes,

l. Giemsa  stained  karyotype of  Solea solea.  m=metacentric;  smfst=submetacentriclsubtelocentric;  tfT=

acrocentricltelocentric.

2. The  arrows  indicate a  large block of  heterochromatin in the short  arm  of  a  chromosome  pair after

C-banding,
3. NOR-bearing  chromosome  pairs after  staining  with  silver  nitrate  from plates of four difi'erent individuals.
4-5. FISH  with  28S rDNA  probe indicutes polymorphic  28S rDNA  signals  (arrows),
6a. FISH  with  5S rDNA  probe indicates chromosomes  with  5S rDNA  signals  (arrows),
6b. Sequential staining  with  silver  nitrate  indicates NOR-bear{ng  chromosomes  (arrows) of  the  same  plate as
in 6a.
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sorne  classification  and  abbreviations  used  were  accord-

ing to  Levan et  aZ  (1964), in that subtelooentrics  were

considered  bi-armed.
  Heterochromatin was  revealed  by C-banding accord-

ing to Sumner (1972).
  The  active  nucleolus  organizer  regions  (NORs were
detected by silver staining  (Ag-NORs), fo11owing the
method  of  Howell and  Black (1980),
  In order  to map  the 28S and  5S rDNA  loci,
homologous  rDNA  probes were  obtained  by PCR
amplification  according  to Mandrioli et  aL  (2000).
  Probes were  DIG-labeled aocording  to the protocol of
the manufacturer.  FISH-treated slides were  mounted  in
an  antifade  solution  containing  propidium iodide (5
"m/ml)  and  viewed  under  a Leica I3 filter set (BP 450-
490, LP  515).

  The genome  size (GS) and  Adenine-Thymine base-

pair DNA  content  (AT-DNA) of  the nuclei  of  disrupted
kidney was  measured  by fiow cytometry,  Peripheral
blood erythrocytes  from chicken  (GS=2.54pg, AT-

DNA  [l.39  pg  ; Ronchetti et aL,  1995) were  added  to

the kidney oe11 suspensions  as an  internal standard.

The  Nuclei  were  stained  with  propidium iodide (27
samples)  and  DAPI  (ten samples)  fbr GS  and  AT-DNA
evaluation,  respectively,  For each  sample  at least 5,OOO
cells were  analyzed,  and  the DNA  index (mean channel
number  of  the Gl/GO  peak of  the sole  ce11s over  the

mean  channel  number  ofthe  G1/GO  peak ofthe  chicken

cells) was  evaluated  after elaboration  ofthe  fluoreseence
data by means  of  the Modfit software  (Verity Software
House). The  average  DNA  indioes among  the analyzed

samples, multiplied  by the DNA  content  ofthe  standard,

gave the  values  assigned  to the investigated species  (data
are  reported  as mean ± standard  deviation).

Results and  discussion

  All 27 specimens  of  S  solea  from the Gulf of  Venice
had a  diploid chromosome  number  of  2n=42.  Their
karyotype consisted  of  21 chromosome  pairs with  four

pairs of  metacentrics  (pairs ml-m4,  in Fig. r), five pairs
of  submeta-subtelocentrics  (pairs sm/stl-sm/st5,  in Fig.

 1), and  12 pairs of  acro-telocentric  (pairs tlTl-t/T12,  in
Fig. 1). Therefore, the fundamental number  ofchromo-

some  arms  (NF) was  58. The  present results were  in
agreement  with  those reported  by Pardo et aZ  (2oo1) for
a  Western Atlantic population of  the same  species.

  After C-banding (Fig,2), heterochromatin was

identified in the pericentromeric region  of  almost  all of

,the chromosomes  and  along  the entire  short  arms  of  a

sm-st  pair (Fig. 2, arrows),

  Staining with  silver nitrate  localized the NOR  on  the
whole  short  arm  of  a  single  chromosome  pair (Fig. 3).
Ag-NORs  were  characterized  by length polymorphism
and,  therefore,  the centromere  position of  the NOR

bearing chromosomes  could  vary  from sub-median  to

sub-terminal  in the metaphase  plates from different
individuals (Fig. 3).

  NOR  localization and  NOR  polyrnorphism was

confirmed  by FISH  with  the  28S rDNA  probe.
Among  the five specimens  examined,  two showed  nearly

identical siie and  intensity of  hybridization signals  (Fig,
4), while  the  signals  difiered in size (Fig.5) in the
remaining  three specimens.  FISH with  the 5S rDNA

probe was  also  carried  out  on  five specimens,  and

revealed  two  positive sites per diploid genome, termi-
nally  located on  a medium-sized  chromosome  pair (Fig.
6a), Silver-staining sequentially  applied  on  the same

metaphase  plate (Figs. 6a and  6b) clearly  indicated that
5S and  28S rDNA  loci were  located on  different chro-

mosomepairs.  Differentlocalizationof18S-28SrDNA
and  5S rDNA  has typically  been shown  by the  most  of

the  fish species  investigated thus far (Inafuku et aL,

2ooO).
  In S  solea,  the NOR  was  a heterochromatic segment
rich  in GC  base pairs, oocupying  the entire  short-arm  of

a single  chromosome  pair, as revealed  by in situ hybridi-
zation  with  major  rDNA  probes (18S and  21S), Ag-
staining,  C-banding and  CMA,-staining (Pardo et aZ,

2oo1 ; present paper), The NORs  are  most  likely struc-
turally polymorph because of  the differing numbers  of

repeated  copies  of  the major  rDNA  gene cluster.  Two

distinct geographical  populations of  the common  sole

showed  similar  level of  NOR  polymorphism (Pardo et
aZ, 2001; present paper).
  The  mean  (2C) value  ofGS  and  AT-DNA  ofS  solea

were  1.48± O.03pg and  O.86± O.Ol, respectively,  This

paper appears  to be the first report  of  nuclear  DNA
contents  within  the family Soleidae (Gregory, 2oo2). In
comparison  with  other  species  of  Pleuronectiformes

(Hinegardner and  Rosen, 1972), the  GS  value  of  the

common  sole  is intermediate within  the  range  of  values

so  far determined (1,30-2,20 pg). The genome  of  the
comrnon  sole  is richer  in AT  than  in GC  nucleotides

and  the percentage of  AT-DNA  (59.22 %  ofthe  whole

genome) is consistent  with  the value  found in Limancla
aspertx (59.0%), the only  other  flatfish analyzed  for this

parameter so  far (Hudson et aZ, 1980),
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