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Abstract

A cytogenetic study was carried out on the chromosomes and nuclear DNA contents of the land snails Cantareus aspersus and C. mazzullii

(Gastropoda: Pulmonata). Chromosomes were studied using Giemsa staining, banding methods and fluorescent in situ hybridization (FISH)

with three repetitive DNA probes [18S rDNA, (GATA)n and (TTAGGG)n]. Results were very similar in the two species both showing (1) 54

bi-armed chromosomes [submetacentrics (SM) C metacentrics (M) C subtelocentrics (ST)]; (2) 10 terminal NORs after sequential

application of rDNA FISH and silver staining; (3) uniform DNA fluorescence with CMA3 and DAPI staining and (4) genomic composition

considerably enriched both in highly- and moderately-repeated DNAs. The telomeric (TTAGGG)n sequence hybridized with the termini of

all of the chromosomes in the two species. In spite of their apparent karyological uniformity, flow cytometry DNA assays showed that

C. aspersus and C. mazzullii are characterized by different nuclear DNA content (C values are 3.58 and 3.08 pg, respectively) and slightly

different base composition in their genomes. Present data on GS and AT% in C. mazzullii and C. aspersus confirm the trend toward high GS

values and GC percentages among land snails.

q 2005 Elsevier Ltd. All rights reserved.
1. Introduction

It is well known that banding techniques such as silver

impregnation (Ag-NOR banding), C-banding and fluoro-

chrome staining have been successfully used to obtain

knowledge on genomic DNA complexity and organization in

animals and plants (Sumner, 1990). An important contri-

bution in information has been provided by results obtained

by means of fluorescent in situ hybridization (FISH) that

enables a clear visualization of nucleic acid probes on target

chromosomes. For instance, the use of homologous or

heterologous ribosomal sequences (rDNA FISH) proved to
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be essential for conclusively mapping major (18S–28S)

ribosomal clusters, otherwise unidentifiable after silver

and/or chromomycin A3 staining, in the karyotype of several

vertebrate and invertebrate species (see for example:

Sánchez et al., 1995; Pendás et al., 1993; Lorite et al.,

1997; Colomba et al., 2000; Libertini et al., 2000).

Furthermore, the human telomeric (TTAGGG)n probe was

used to investigate the mechanisms underlying various types

of Robertsonian translocation (Slijepcevic, 1998), a chromo-

some rearrangement universally considered one of the most

frequent in karyotype evolution.

Land snails, freshwater snails and slugs (Mollusca:

Gastropoda: Pulmonata), include some 30,000–35,000

species (Solem, 1984). Evolutionary inter-relationships

within Pulmonates remain largely unresolved as proved by

several rearrangements of their systematics (Shileyko,

1979; Tillier, 1989; Nordsieck, 1993; Wade et al., 2001).

Cytogenetic studies may contribute additional characters
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but unfortunately, up-to-date karyological data are scarce

and include: (1) the chromosome number (haploid and/or

diploid) of 71 species; (2) silver staining of 12 species;

(3) C-banding of one species; and (4) genome size of

17 species (Thiriot-Quiévreux, 2003; Gregory, 2004 for

reviews). Two studies dealt with the physical mapping of

repeated DNA chromosomal sequences. In particular, these

studies included cloning, sequencing and mapping of the

telomere (TTAGGG)n repeat in the freshwater snail

Biwamelania habei (Nomoto et al., 2001) and the use of

single- and double colour FISH methods to specify the

relative position of three multigene families in the slug

Milax nigricans (Vitturi et al., 2004).

Helix aspersa (Müller, 1774) and Cantareus mazzullii

(De Cristofori and Jan, 1832) (Pulmonata: Stylommato-

phora: Helicidae) were for long time included into two

different genera. On the basis of the result of an accurate

anatomical comparison, Giusti et al. (1995) recently placed

both species in the same genus Cantareus. However, the two

snail species show pronounced differences in geographical

distribution and ecology. C. aspersus has a West European-

holomediterranean distribution and occurs from coastal

regions up to an altitude of about 1000 m in many different

biotopes including woods, rocky ground and antropized sites.

C. mazzullii appears to be endemic of Sicily in the restricted

sense, never having been reported outside this island, and is

mainly found in stone screes and in rock cavities.

Chromosome analysis in the two land snails was carried

out by conventional staining, banding and molecular

methods. Moreover, genome sizes and AT-DNA nuclear

content were also investigated.
2. Material and methods

Analyses were carried out on the following material: 40

individuals of Cantareus (Helix) aspersus from the

meadows near Palermo (north-western Sicily, Italy) and

30 individuals of C. mazzullii from the Monte Pellegrino

promontory (Palermo district). Collections were made

during the years 2001 and 2002, but sexually mature

specimens only occurred from October 2001 to March 2002.

In order to increase the yield in mitotic metaphases,

specimens were immersed for 2 h in a freshwater colchicine

solution (0.01%) at room temperature. The male portion of

the gonad was dissected and treated following the air-drying

technique for molluscan species described elsewhere

(Vitturi, 1992).

Slides were processed for direct Giemsa staining,

C-banding (Sumner, 1990) and silver staining of NORs

(Howell and Black, 1980). For fluorescent pattern analysis,

chromosomes on different slides were stained separately

with the AT-specific dye DAPI or the GC-specific one

CMA3 (Sumner, 1990).
Chromosome morphology was described according to

the criteria proposed by Levan et al. (1964). Sub-telocentric

chromosomes were considered as bi-armed.

FISH was performed on fixed chromosomes from the

testis as described by Vitturi et al. (2000a) using three

different probes: a sea urchin (Paracentrotus lividus) 18S

rDNA probe; a (TTAGGG)n telomeric hexanucleotide,

and a (GATA)n sequence. The latter two probes were

obtained by PCR in the absence of template (Ijdo et al.,

1991) using as primers (TTAGGG)5 along with

(CCCTAA)5, and (GATA)7 along with (TATC)7, respect-

ively. The PCR products were DIG-labeled following the

random priming protocol (Roche). Nick translation

labeling with digoxigenin of the 18S rDNA was

performed according to manufacturer’s instructions

(Roche). Slides were mounted in an antifade solution

containing propidium iodide (5 mg/ml) and a Leica I3

filter set (BP 450-490, LP 515) allowed the simultaneous

visualization of fluorescein-labeled hybrid (yellow) and

chromosomal DNA (red).

Chromosomes were observed with a Leica microscope

and photographed with a 800 ASA film. GS and AT

base-pair DNA nuclear content were evaluated through

flow cytometric assay performed on cell suspensions of

C. aspersus (10 specimens) and C. mazzullii (20 speci-

mens) obtained from the foot muscle, by means of a

BRITE-HS cytometer (Bio-Rad Laboratories Inc.)

equipped with a xenon-mercury lamp. Peripheral blood

erythrocytes from chicken (GS (2C) Z2.54 pg, AT-DNA

(2C) Z1.39 pg; Ronchetti et al., 1995) were added to

sample cell suspensions as internal standard. Nuclei were

stained with propidium iodide and DAPI for GS and AT-

DNA evaluation, respectively. For each sample at least

2500 cells were examined, and the DNA index (mean

channel number of the G1/G0 peak of the land-snail cells

over the mean channel number of the G1/G0 peak of the

chicken cells) was evaluated after elaboration of the

fluorescence data by means of Modfit software (Verity

Software House). The average DNA indices among the

analyzed samples, multiplied by half of the DNA content

of the standard, gave the C-values assigned to the

investigated species (data are reported as meanGstandard

deviation).
3. Results
3.1. Nuclear DNA content

The mean C values of GS and AT-DNA of C. mazzullii

were determined as 3.08G0.06 pg and 1.62G0.02, respect-

ively; calculated AT percentage was 52.68% of the whole

genome weight. In C. aspersus GS was 3.58G0.09 pg,

AT-DNA 1.82G0.03 pg, and AT percentage 50.78%.



Fig. 1. Giemsa karyotype obtained from stained spermatogonial metaphase chromosomes of C. aspersus (A) and C. mazzullii (B).
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3.2. Chromosome analyses

With respect to all chromosome techniques here

employed, individuals of the two species show very similar

results. For this reason, the two species are not further

distinguished in this section. Chromosome images referring

to C. aspersus and C. mazzullii are designated as (A) and

(B), respectively.
3.2.1. Untreated chromosomes and karyotyping

Karyotype consisted of 2nZ54 bi-armed chromosomes

(SMCMCST) (Fig. 1(A) and (B)). Chromosome pairs

could not be divided into size classes, since their lengths

gradually varied.
Fig. 2. CMA3 stained spermatogonial chromosom
3.2.2. Fluorochrome staining

CMA3 (Fig. 2(A) and (B)) and DAPI (Fig. 3(A) and (B))

staining showed that all chromosomes fluoresced with

uniform intensity. Therefore, the two fluorochromes were

uninformative for detecting any repeated and/or compart-

mentalized DNA sequence, including the nucleolus organi-

zer regions.
3.2.3. rDNA FISH and silver staining

18S rDNA probe labeled the terminal region of 10

chromosomes (Fig. 4(A) and (B)). Silver impregnation

carried out on the same metaphases produced NOR-banding

patterns always corresponding to the hybridization ones

(Fig. 5(A) and (B)).
es of C. aspersus (A) and C. mazzullii (B).



Fig. 3. DAPI stained spermatogonial chromosomes of C. aspersus (A) and C. mazzullii (B).

Fig. 4. Spermatogonial chromosomes of C. aspersus after FISH with 18S rDNA probe (A); spermatogonial chromosomes of C. mazzullii after FISH with 18S

rDNA probe (B).
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3.2.4. CBG-banding and GATA-FISH

Pachytene bivalents were C-positive and all displayed

heterochromatic bands in the median/submedian centro-

meric region. Moreover, several bivalents showed

additional bands which were terminally and/or interstitially

located (Fig. 6(A) and (B)). The GATA probe hybridized

with small regions dispersed along the chromosomal body
Fig. 5. Silver staining of spermatogonial chromosomes of C. aspersus (A) (same

mazzullii (B) (same plate as in Fig. 4B).
(Fig. 7(A) and (B)). No preferential concentration of GATA

labeling signals was observed.
3.2.5. (TTAGGG)n FISH

Images obtained by standard FISH showed typical

hybridization signals with the (TTAGGG)n probe at the

chromosomal ends (Fig. 8(A) and (B)).
plate as in Fig. 4A); silver staining of spermatogonial chromosomes of C.



Fig. 6. C-banded pachytene chromosomes of C. aspersus (A) and C. mazzullii (B).
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4. Discussion

Despite their pronounced geographical and ecological

diversity, C. aspersus and C. mazzullii displayed a high

similarity in karyotype gross morphology. In fact, the two

species exhibit a complement of 54 bi-armed (SMCMC
ST) chromosomes. Moreover, the same level of karyotypi-

cal uniformity was observed in rDNA location (NORs) and

in fluorescent GC- or AT-specific staining pattern. Sequen-

tial application of silver staining and 18S rDNA FISH

invariably localized NORs on the terminal region of 10

chromosomes per cell, whereas CMA3 and DAPI dyes both

yielded uniform fluorescence of chromatin. Taking into

account these observations the following general remarks

may be advanced: (1) the complete matching between silver

impregnation and 18S rDNA FISH indicates that all

ribosomal genes are transcriptionally active; (2) the

homogeneous DAPI- and CMA3-staining of genomic

DNA suggests that in the two Cantareus species chromatin

is not compartmentalized, but rather AT and GC base pairs

are equally interspersed in both eu- and heterochromatin;

(3) the finding that NORs are not enhanced by CMA3
Fig. 7. Spermatogonial chromosomes of C. aspersus (A) and pachyten
demonstrates that these regions do not contain GC-rich

DNA and, at the same time, provides further evidence for

the inadequacy of CMA3 staining for a proper identification

of NORs in Gastropoda (Vitturi et al., 1997, 2002).

Ten NOR-bearing chromosomes were invariably found in

C. aspersus and C. mazzullii karyotypes. A similar value has

never before been observed in molluscs. In gastropods, most

of the species showed two NORs, whereas the dogwhelk

Nucella lapillus (Pascoe et al., 1996) and the Mediterranean

tulip shell Fasciolaria lignaria (Vitturi et al., 2000a) had a

maximum number of four and eight NOR sites, respectively.

In bivalves from two to six NOR-bearing chromosomes for

karyotype were found (Thiriot-Quievreux, 2002 and refer-

ences therein). Following the assumption suggested by

several authors that a single pair of NORs per cell is primitive

(plesiomorphic) in most vertebrates (Schmid, 1978) and

invertebrates including molluscs (Pascoe et al., 1996;

Thiriot-Quievreux, 2002), an increase in the number of the

NOR sites could have occurred in a common ancestor of the

two Cantareus species. Concessing the mechanism generat-

ing such a numerical change, the literature suggests different

possibilities, including the translocation of ribosomal
e bivalents of C. mazzullii (B) after FISH with (GATA)n probe.



Fig. 8. Spermatogonial chromosomes of C. aspersus (A) and pachytene bivalents of C. mazzullii (B) after FISH with the telomeric probe (TTAGGG)n.
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cistrons by unequal crossing over. As in other species with

multiple NORs (Vitturi et al., 1996), in both C. aspersus and

C. mazzullii, the terminal chromosome position of the 18S

rDNA clusters suggests the possibility of involvement of

telomeric sequences in favouring these rearrangements

of NORs.

C. aspersus and C. mazzullii were also screened with

FISH for the presence of the human telomere repeat

(TTAGGG)n. Its occurrence in both species brings the

number of pulmonates with this type of telomeric sequence

to a total of seven, one freshwater snail (Nomoto et al.,

2001), four slugs (Vitturi et al., 2004; personal unpublished

data) and two land snails (present paper). However, to

authors’ knowledge, the same sequence is absent in two

other gastropod species, the opisthobranch Oxynoe olivacea

(Vitturi et al., 2000b) and the caenogastropod Crepidula

unguiformis (personal data), thus demonstrating that,

although common, it is not the only telomere ‘motif’ in

this class.

The GS values found in C. aspersus (3.58 pg) and

C. mazzullii (3.08 pg) differ from one another and, although

among the highest in the subclass Pulmonata (range 0.95–

4.00 pg in Gregory, 2004), they are intermediate with those

ones already determined in other two species of Helicidae:

Helix vulgaris (4.00 pg) (Vinogradov, 2000) and Arianta

arbustorum (2.84 pg) (Vinogradov, 1998). Since the land

snails of this study showed a similar 2nZ54 chromosomes

karyotype, most or all of the genome size changes ought to

have occurred within chromosomes. Surprisingly, in the two

species very similar patterns were obtained after C-banding

and GATA FISH, therefore these techniques did not provide

any direct indication of the qualitative nature of the DNA

involved in GS variation. However, it is likely that GS

variation may reflect changes of repeated DNA, since the

experiments on C-heterochromatin and the microsatellite

(GATA)n showed that the genome in the two land snails is

considerably enriched in both highly- and moderately-

repeated DNAs. This assumption is consistent with the

results reported for congeneric species of other animals such
as the North American minnows (Cyprinidae) (Gold and

Price, 1985) and the grasshoppers of the genus Pamphagus

(Vitturi et al., 1993).

A question arises about whether repeated DNA

sequences in the two land snails were accumulated or lost

during their karyotypical evolution. However, since avail-

able data on GS and genome base composition in

stylommatophoran pulmonates are not enough, no hypo-

thesis can be advanced.

In a previous study on the DNA content in pulmonate

gastropods (Vinogradov, 2000), significantly higher GS and

GC percentages (more than 40%, i.e. corresponding to an

AT percentage less than 60%) were found in terrestrial

species as compared to the aquatic ones. The enrichment of

GC percentage in the genome was argued to increase the

DNA physical stability, which would be secured by the

triple H-bonds in a GC pair. This condition, therefore, was

considered as an adaptive trait for terrestrial life. Present

data on GS and AT% in C. mazzullii and C. aspersus

confirm the trend toward high GS values and GC

percentages among land snails.
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