
INTRODUCTION

Classic and molecular cytogenetics provides
an integrated approach for a structural, func-
tional and evolutionary analysis of chromosomes.
Up to date, almost all studies concerning chro-
matin structure and organization have concen-
trated upon monocentric chromosomes, where-
as data concerning holocentric ones are scanty.

Aphids, because of the easiness with which
mitotic chromosomes can be obtained from
embryonic tissues, represent a useful model for a
better understanding of the architecture of holo-
centric chromosomes, in order to work out the
differences or similarities in respect to mono-
centric ones. The identification of chromosomal
markers in organisms possessing holocentric
chromosomes is extremely important since the
lack of a primary constriction, together with the

difficult in obtaining a clear-cut banding pat-
tern, have greatly hampered cytogenetic studies
in species possessing such a peculiar chromatin
organization (BLACKMAN 1987; HALES et al.
1997; MANICARDI et al. 2002). The interest of a
cytogenetic approach towards aphid chromo-
somes is emphasized by the consideration that
information regarding aphid genomes could be
important not only from a scientific, but also
from an economic point of view. Aphids are, in
fact, lymph-sucking insects and they have serious
implication for agriculture, not only in view of
their parasitic action against crops, but also
because they represent active vectors of crop
viruses.

In this paper we present data regarding a
cytogenetic analysis on Brevicoryne brassicae, a
sup-sucking aphid widely distributed in temper-
ate regions of the world where it may severely
damage brassicaceous field crops by feeding and
transmitting about 20 plant viruses (BLACKMAN

and EASTOP 1984).
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MATERIAL AND METHODS

Brevicoryne brassicae specimens were collected
from a field population living in a cabbage field near
Modena. The aphids were successively reared on Bras-
sicae oleracea plants in a controlled environment cham-
ber maintained at 18° ± 2° with a photoperiod L16:D8.

Chromosome preparations of parthenogenetic
females were made by spreading embryo cells, as pre-
viously described by MANICARDI et al. (1996).

C-banding treatment was performed according to
SUMNER’s technique (1972). After the treatments, some
slides were stained with 5% Giemsa solution in

Soerensen buffer pH 6.8, for 10 min. Chromomycin A3
(CMA3) staining was made in accordance to SCHWEIZ-
ER (1976), whereas 4’-6’-diamidino-2-phenylindole
(DAPI) treatment was carried out as described by
DONLON and MAGENIS (1983). Silver staining of nucle-
olar organizing regions (NORs) was performed fol-
lowing the technique of HOWELL and BLACK (1980).

DNA extraction from aphid embryos was carried
out as described in MANDRIOLI et al. (1999a). The 28S
rDNA probe was obtained by PCR amplification of B.
brassicae genomic DNA carried out using two primers,
F (5’-AACAAACAACCGATACGTTCCG) and R (5’-
CTCTGTCCGTTTACAACCGAGC), designed
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Fig. 1 – C-banded methaphase chromosomes of Brevicoryne brassicae females after DAPI (a), CMA3 (b) and Giemsa (c)
staining, the idiogram (d) summarises C-banding pattern. Arrows indicate X chromosomes. Bar 10 µm.



according to the coding 28S sequence of the aphid
Acyrthosiphon pisum (GenBank X66419) (AMAKO et
al. 1996). The amplification mix contained 100 ng
genomic DNA, 1 µM of each primer, 200 µM dNTPs
and 2 U of DyNAZyme II polymerase (Finnzymes
Oy). The amplification was performed with a ther-
mocycler Hybaid at an annealing temperature of 60°C
for 1 min and extension at 72°C for 1 min. Probe
labelling and fluorescent in situ hybridisation (FISH)
were performed according to BIZZARO et al. (1996).

RESULTS

B. brassicae metaphases, obtained from
parthenogenetic females, revealed a chromosome
number of 2n=16 (Fig. 1). C-banding technique
showed telomeric bands on both X chromosomes,
whereas, among autosomes, only the A1 couple
had two C-positive intercalary bands (Fig. 1c).

Staining of C-banded chromosomes with flu-
orochromes evidenced that most of the B. brassi-
cae heterochromatin was brightly fluorescent
after DAPI staining and therefore AT rich
(Fig. 1a), whereas only the smaller C-band locat-
ed at one telomere of each X chromosome con-
tained CMA3 positive, GC rich DNA (Fig. 1b).

The CMA3 positive X telomeres were also
argentophilic after staining with AgNO3 (Fig. 2b)
and intensely fluorescent after FISH experiments
carried out utilizing a 28S rDNA sequence as a
probe (Fig. 2a), demonstrating that these telom-
eres contained actively transcribed rDNA genes.
A slight difference between homologous NORs
was observed both after silver staining and FISH
(Fig. 2). In addition to the NORs, silver staining

also revealed the presence of axial structures, run-
ning parallel along the chromatid axes, without
point of intersection, as expected by the holocen-
tric nature of aphid chromosomes (Fig. 2 b).

DISCUSSION

Currently, more than 4,000 aphid species has
been described, but the chromosome number
has only been reported for about 20% of these
(GAUTAM et al. 1993).

The main objective of our study was to per-
form a cytogenetic analysis of B. brassicae
genome, which could improve the knowledge of
this pest crop species.

All the observed metaphase plates evidenced
a chromosome number of 2n=16 which repre-
sents the typical diploid chromosome number of
the species reported in the literature (COLLING

1955; PAGLIAI 1962).
C-banding treatment allows a definitive iden-

tification of at least a portion of the homologues
and this improves the construction of non-
ambiguous karyotype. Indeed, holocentric chro-
mosomes lack primary conscription whereas
attempts to identify homologous chromosomes
only on the basis on their length can be mislead-
ing due to the phenomenon of allocyclia.

C-banding carried out on B. brassicae mitotic
chromosomes revealed that heterochromatin was
not equilocated on each chromosome. This pat-
tern, observed in all the aphid species cytogenet-
ically studied to date (for a review see MANICAR-
DI et al. 2002), could be considered typical of
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Fig. 2 – Localization of rDNA genes on B. brassicae mitotic chromosomes after FISH with a rDNA probe (a) and silver stain-
ing (b). Arrows indicate X chromosomes. Bar 10 µm.



holocentric chromosomes and it differs from that
observed on monocentric chromosomes, where
the heterochromatic regions typically occupy spe-
cific zones of all chromosomes, corresponding to
centromeres or sometimes telomeres (SCHWEIZER

and LOIDL 1987).
The different response to CMA3 and DAPI

staining after C-banding points out the hetero-
geneity of heterochomatic DNA composition in
B. brassicae genome. In fact, GC-rich NOR-asso-
ciated heterochromatin differs from all other het-
erochromatic bands that are characterised by AT-
rich DNAs. This pattern of heterochromatin het-
erogeneity seems to be a general characteristic
of aphid chromatin since it has been described in
all species investigated so far at a cytogenetic lev-
el (MANICARDI et al. 2002 and references within).

Silver staining of B. brassicae mitotic metaphas-
es revealed two dots located on one telomere of
each sex chromosome. This seems to be a highly
conservative characteristic of aphid chromosomes,
since the same NOR location has been described
in almost all the species of aphids studied to date
(KUZNETSOVA and GANDRABUR 1991; BLACKMAN

and SPENCE 1996; MANICARDI et al. 1998, 2002).
Since male sex determination appears to be

dependent on the capability of the X chromo-
somes to associate through the NOR bearing
telomeres (ORLANDO 1974, 1983; BLACKMAN and
HALES 1986), the necessity of maintaining the
NORs in a well defined single site, could have
fixed their location in the whole taxon.

Chromomycin A3 is a fluorochrome that pref-
erentially forms stable complexes with double
helix DNA rich in G-C sequences (BEHR et al.
1969). The overlapping between CMA3 and
AgNO3 positive regions in B. brassicae chromo-
somes can be attributed to a high G-C content
which characterise rDNA genes (RITOSSA and
SPIEGELMAN 1965; WALLACE and BIRNSTIEL

1969). However, we should point out that, given
the specificity of the silver nitrate stain for acid
proteins associated with newly transcribed rRNA
and not for rDNA, only the NORs that have been
transcriptionally active in the preceding inter-
phase are stained with AgNO3 (HOWELL 1977;
SCHWARZACHER et al. 1978). Instead, CMA3,
determines a positive fluorescence that is inde-
pendent of the activity of the nucleolar organizing
region (SCHMID and GUTTENBACH 1988). Since
all the mitoses observed in B. brassicae were pos-
itive to both CMA3 and silver staining, we can
conclude that all the NORs had undergone syn-

thetic activity in the preceding interphase.
Indeed, these treatments were carried out in
rapidly proliferation embryonal cells. Moreover,
since an appreciable level of heteromorphism
between homologous NORs has been observed
after both CMA3 and AgNO3 staining it is possi-
ble to hypothesise that the observed heteromor-
phism may be due to different distributions of
rDNA genes between homologues and not to dif-
ferent levels of trascriptional activity. Hetero-
morphism at NORs, occasionally described in
several organisms (SCHMID 1982, SANCHEZ et al.
1989; SUZUKI et al. 1990; ZURITA et al. 1997), has
been repeatedly described in different aphid
species (BLACKMAN and SPENCE 1996, MANDRI-
OLI et al. 1998, 1999b, 2002).
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