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Abstract

Heteropteran chromosomes are holokinetic; during mitosis, sister chromatids segregate parallel to each
other but, during meiosis, kinetic activity is restricted to one pair of telomeric regions. This meiotic behavi-
our has been corroborated for all rod bivalents. For ring bivalents, we have previously proposed that one of
the two chiasmata releases ¢rst, and a telokinetic activity is also achieved.

In the present work we analyse the meiotic behaviour of ring bivalents in Pachylis argentinus (Coreidae)
and Nezara viridula (Pentatomidae) and we describe for the ¢rst time the chromosome complement and
male meiosis of the former (2n¼ 12þ 2mþX0, pre-reduction of the X). Both species possess a large
chromosome pair with a secondary constriction which is a nucleolus organizer region as revealed by in-situ
hybridization. Here we propose a new mode of segregation for ring bivalents: when the chromosome pair
bears a secondary constriction, it is not essential that one of the chiasmata releases ¢rst since these regions
or repetitive DNA sequences adjacent to them become functional as alternative sites for microtubule
attachment and they undertake chromosome segregation to the poles during anaphase I.

Introduction

All heteropteran species possess holokinetic
chromosomes (without a localized centromere);
during mitosis microtubules attach to the entire
length of the sister chromatids and at anaphase
they migrate parallel to each other and perpen-
dicular to the polar spindle. At the ultrastructural
level, kinetochore plates have been observed
covering almost all the surface of mitotic chro-
mosomes (Buck 1968, Comings & Okada 1972).

However, kinetic activity during meiosis is
restricted to the telomeric regions (chromosomes
are telokinetic (Motzko & Ruthmann 1984)). The
meiotic behaviour of autosomal bivalents, sex
chromosomes, m chromosomes or autosomal
univalents is slightly di¡erent (Ueshima 1979,
Manna 1984, Papeschi & Mola 1990, Gonza¤ lez-
Garcı́a et al. 1996, Suja et al. 2000). As a rule,
autosomal bivalents are chiasmatic (except for a
few species; see Nokkala & Grozeva 2000) and rod
bivalents orientate axially and segregate pre-

Chromosome Research 11: 725^733, 2003. 725
# 2003 Kluwer Academic Publishers. Printed in the Netherlands



reductionally. On the other hand, sex chromo-
somes are achiasmatic and behave as univalents in
male meiosis; they divide equationally at anaphase
I and associate forming a pseudo-bivalent at
meiosis II. Nevertheless, pre-reduction of the sex
chromosomes has been described in a few species
(Ueshima 1979, Grozeva & Nokkala 2001).
Finally, the m chromosomes (pair of minute ele-
ments present in some families) are also achias-
matic but associate at ¢rst meiotic division
segregating pre-reductionally.

Although bivalents in Heteroptera are supposed
to present as a rule only one chiasma, ring
bivalents have been increasingly reported lately
(Camacho et al. 1985, Mola & Papeschi 1993,
Bressa et al. 2001a, 2001b, Jacobs & Liebenberg
2001, Rebagliati et al. 2001, Jacobs & Groeneveld
2002, Rebagliati et al. 2003). As chromosomes are
telokinetic, ring-shaped bivalents should have
some di⁄culties in attaching to the spindle ¢bres.
In two heteropteran species, we described that one
of the two chiasmata releases ¢rst, leaving one pair
of telomeric regions free to attach to the spindle
¢bres (Mola & Papeschi 1993).

In the present work the chromosome comple-
ment and male meiosis of Pachylis argentinus is
described for the ¢rst time, and the meiotic behavi-
our of ring bivalents in P. argentinus (Coreidae)
and Nezara viridula (Pentatomidae) is described
and analysed. Both species possess a large bivalent
with a secondary constriction which frequently
shows two chiasmata. The meiotic behaviour of
this bivalent suggests that the secondary con-
strictions (or repetitive sequences closely asso-
ciated to it) can function as alternative sites for
spindle attachment.

Materials and methods

Adult individuals of Pachylis argentinus (28 males
and 10 females from Ciudad Aut�onoma de Buenos
Aires; 7 males and 5 females from La Plata,
Buenos Aires Province, Argentina) and Nezara
viridula (35 males from Rojas, Buenos Aires
Province, Argentina) were studied.

Some males were ¢xed in the ¢eld in (3 : 1)
ethanol : glacial acetic acid; gonads were dissected
out and kept in 70% ethanol and slides were
performed by the squash method in a drop of

acetic haematoxylin. Some other individuals were
brought alive to the laboratory and, once the
gonads were dissected out, they were ¢xed in (3 : 1)
ethanol : glacial acetic acid; slides were made in a
drop of 45% acetic acid for in-situ hybridization.
Females were kept at �70�C in liquid nitrogen for
DNA extraction.

Fluorescent in-situ hybridization

DNA extraction was performed as described by
Marchant (1988) with slight modi¢cations. The
808-bp 18s rDNA probe was obtained by PCR
ampli¢cation using the primers, Het 62218s F
(50-TTGCGGTTAAAAAGCTCG-30) and Het
143018s R (50-TCGGAATTAACCAGACAA-
ATC-30), with P. argentinus genomic DNA as
template. The probe was labelled by nick trans-
lation with biotin 14-dUTP (Bionick Labelling
System, GIBCO BRL).

For hybridization experiments, the hybridi-
zation mixture was denatured for 15min at 70�C.
The slides were placed on a thermocycler for 7min
at 81�C (denaturation), 10min at 45�C and 10min
at 38�C. The slides were then incubated at 37�C
overnight for hybridization. Slides were washed in
high-stringency conditions. To detect biotin-
labelled probes, they were treated with conjugate
Streptavidine-Cy3 (red). Slides were counter-
stained with 406-diamidino-2-phenylindole (DAPI)
(1 mg/ml in McIlvaine’s, citrate bu¡er, pH¼ 7),
for 10min at room temperature and then mounted
in antifade solution. Slides were examined with a
Leica epi£uorescence microscope with appropriate
¢ltres. Photographswere takenusingKodak colour
Supra print ¢lm 400 ASA.

Results

Pachylis argentinus possesses 2n ¼ 15 ¼ 12þ
2mþX0 (male; Figure 1a). Two large, two
medium-sized and two small autosomal pairs are
distinguished; the X chromosome is similar in size
to the smallest autosome and the m pair is
noticeably smaller. One of the two largest auto-
somal pairs presents a secondary constriction in a
medial position (Figure 1e, g).

The X chromosome is positively heteropycnotic
from leptotene to late diakinesis (Figure 1b^g).
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Figure 1. Male meiosis in Pachylis argentinus (2n¼ 12Aþ 2mþX0). (a) Spermatogonial prometaphase. (b) Leptotene-zygotene. (c)
Pachytene. (d) Diffuse stage. (e, f) Diplotene. (g) Diakinesis. (h) Metaphase I. (i) Anaphase I; arrow points to the lagging segregating
bivalent. (j) Telophase I. (k, l) Metaphase II without (k) and with (l) X chromosome. (m) Telophase II nuclei with X chromosome.
Bar¼ 10 mm. Arrows point to the bivalent with the secondary constriction; arrowheads show the X chromosome. N¼ nucleolus;
m= chromosomes.
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The m chromosomes are achiasmatic and nega-
tively heteropycnotic until the end of meiosis; at
diplotene they lie separated (Figure 1e, f), and, at
late diakinesis, they associate forming a pseudo-
bivalent. The nucleolus is detected from early
meiotic prophase until late diplotene associated to
one large bivalent (Figure 1c^f). This bivalent can
show one or two terminal chiasmata and, gen-
erally, the secondary constriction of one of the
homologues is more conspicuous than the other
(Figure 1e, f). At metaphase I, the rod bivalents
orientate axially (Figure 4a) and arrange with the
X chromosome in a circle. At the centre of the
hollow spindle, the m pseudo-bivalent orientates
axially. On the other hand, ring bivalents orientate
equatorially (Figures 1h & 4b). When the bivalent
without the secondary constriction has two
chiasmata, one of them releases ¢rst and the
bivalent ¢nally reaches an axial orientation
(Figure 4b, Type I). Nevertheless, when the NOR
bivalent presents two chiasmata, no chiasma
releases precociously (Figure 1h & Figure 4b, Type
II). The secondary constrictions lead the migration

to the poles at anaphase I; this bivalent lags but it
¢nally segregates correctly to opposite poles
(Figure 1i).

At anaphase I, the autosomes and the X
chromosome divide reductionally (Figure 1i, j).
Consequently, metaphase II cells with and
without the X chromosome are observed (Figure
1k, l). At metaphase II, the autosomes and the X
arrange in a circle with the m chromosome at
its centre. At anaphase II, the sex chromosome
divides equationally and decondenses later
(Figure 1m).

Chiasma frequency and distribution were ana-
lysed in 13 individuals in cells at diakinesis and
metaphase I. The presence of one ring bivalent (of
any of the two largest autosomal pairs) was fre-
quently observed. Besides, a few cells with both of
these pairs with two chiasmata and occasionally
cells with three ring bivalents were seen. In 15.2%
of the cells at diakinesis^metaphase I (n ¼ 1049),
the NOR bivalent presented two chiasmata with a
highly variable frequency among individuals
(Table 1).

Table 1. Percentage of cells at diakinesis^metaphase I in which the NOR bivalent presents two chiasmata.

Pachylis argentinus Nezara viridula

Individual % No. of cells Individual % No. of cells

1 38.5 43 1 28.3 35
2 28.7 126 2 15.5 67
3 5.8 54 3 36.6 76
4 12.0 64 4 27.5 134
5 23.6 88 5 22.8 46
6 34.7 48 6 10.1 60
7 21.9 68 7 21.8 64
8 13.6 106 8 36.8 76
9 6.0 104 9 20.1 54

10 6.8 87 10 2.2 91
11 10.8 112 11 42.3 145
12 10.3 71 12 12.7 62
13 9.8 78 13 39.6 58

14 42.5 60
15 26.1 71
16 40.6 73
17 54.4 40
18 32.4 88
19 14.6 90
20 18.2 79
21 26.7 33
22 36.4 84
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Nezara viridula possesses 2n ¼ 14 ¼ 12þXY
(male). A larger autosomal pair is recognized,
while the other autosomes decrease gradually in
size. The X chromosome is medium sized while the
Y is the smallest of the complement. The largest
autosomal pair presents a secondary constriction
at a subterminal position.

Sex chromosomes are positively heteropycnotic
from early prophase until diakinesis, when they
turn isopycnotic (Figure 2a, b). The X and Y
chromosomes generally lie close to one another. At
the di¡use stage the autosomes decondense
completely while the XY pair remains condensed.
At diplotene and diakinesis, the secondary con-
striction of the NOR bivalent is clearly distin-
guished, and this bivalent can show either one or
two chiasmata (Figure 2a, b). At metaphase I the

autosomes arrange in a circle with the X and Y
univalents lying a little apart (Figure 2e). Rod
bivalents orientate axially while the NOR bivalent
orientates axially when it has only one chiasma
(Figure 2c) or equatorially when it has two
chiasmata (Figure 2d). In a few cells, the NOR
bivalent presents a V shape (Figure 2e). At ana-
phase I, autosomes divide reductionally and the
sex chromosomes, equationally. At metaphase II,
the autosomes dispose in a ring con¢guration with
the XY pseudobivalent located at its centre.

Chiasma frequency and distribution were ana-
lysed in 22 individuals in cells at diakinesis^
metaphase I. Only the NOR bivalent presented
two chiasmata and the ring bivalent was observed
in 27.6% of the cells (n ¼ 1589). Its frequency was
also highly variable among individuals (Table 1).

Figure 2. Male meiosis in Nezara viridula (2n¼ 12þXY). (a, b) Diakinesis. (c, d) Metaphase I. The NOR bivalent can show one (a, c)
or two (b, d) chiasmata. (e) Metaphase I with the NOR bivalent adopting a V shape. Bar¼ 10 mm. Arrows point to the bivalent with the
secondary constriction; arrowheads show the sex chromosomes. Asterisks indicate the secondary constrictions. N¼ nucleolus.
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Fluorescent in-situ hybridization

Fluorescent signals were constantly observed
on both sister chromatids of each homologue of
the NOR bivalent in both Pachylis argentinus
(Figure 3a^c) and Nezara viridula (Figure 3d^f).

When the NOR bivalent of P. argentinus pre-
sents only one chiasma, the £uorescent signals are
observed in a medial position (Figure 3a). In this
species, hybridization signals di¡er in size and
intensity between homologues. On the other hand,
in N. viridula, signals of nearly identical intensity
are observed at a subterminal position in both
homologues (Figure 3d). In both species, at
metaphase I, the hybridization signals in the ring
bivalents are detected facing the poles (Figure 3b
& Figure 4b, Type II). Depending on the position
adopted by the ring bivalent, four or only two
signals are observed (Figure 3e & Figure 4b, Type
II). At anaphase I, the signals are observed on the
chromosome regions that lead the movement of

the homologues to the poles (Figure 3f & Figure
4b, Type II). At metaphase II, the signals are
observed in both chromatids of the chromosome
(Figure 3c).

Discussion

Bivalents with two chiasmata have been recently
reported in many species of Heteroptera but it is
uncertain where the spindle ¢bres attach (Jacobs &
Liebenberg 2001, Jacobs & Groeneveld 2002). In
a cytogenetic study in Nezara viridula, Camacho
et al. (1985) stated that ring bivalents should
separate as half rings at anaphase I and kinetic
activity probably involved other sites than chro-
mosome ends.

In a previous report, we described the behaviour
of the ring bivalents in Largus ru¢pennis (Largi-
dae) and Belostoma oxyurum (Belostomatidae)
(Mola & Papeschi 1993). In these species, three

Figure 3. Hybridization signals of rDNA on Pachylis argentinus (a^c) and Nezara viridula (d^f) cells. The NOR bivalent can show
only one chiasma (a, d) or two chiasmata (b, e). (c) Metaphase II. (f) Anaphase I; the hybridization signals are observed leading
the migration to the poles. Bar¼ 10 mm.
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kinds of bivalents were observed at metaphase I:
rod, ring and V-shaped bivalents (Figure 4b,
Type I). Rod bivalents orientated axially and were
¢rmly attached to the spindle ¢bres, while ring
bivalents were equatorially orientated and seemed
to be weakly attached. We proposed that, when

one of the two chiasmata releases, one pair of
telomeric regions becomes free to attach to the
spindle, the bivalent adopts a V shape reaching
¢nally a rod shape (Figure 4b, Type I). The large
autosomal pair (devoid of a secondary constric-
tion) of Pachylis argentinus follows this pattern.

Figure 4. Diagrams illustrating the meiotic behaviour of bivalents with only one chiasma (a) or two chiasmata (b) from prometaphase
I (left) to anaphase I (right). Dark dots represent the hybridization signals. (a) Rod bivalents orientate axially and one pair of telomeric
regions leads the migration to the poles. (b) Ring bivalents orientate equatorially and can show two different modes of behaviour
depending on the presence of a secondary constriction. Type I: one chiasma releases precociously, and the bivalent acquires a V
shape. One pair of telomeric regions is free to attach to the spindle ¢bres and the bivalent ¢nally reaches an axial orientation. Type
II: when the bivalent presents a secondary constriction, the spindle ¢bres can attach to the nucleolus organizer regions and it is
not essential that one of the chiasmata releases precociously. The diagrams at metaphase I illustrate different views of the NOR
bivalent as shown in Figures 3b & e. At anaphase I, the NOR regions lead the chromosome migration to the poles. *The image
is rotated around the Y-axis.
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The in-situ hybridization with the rDNA probe
corroborated that the secondary constrictions of
P. argentinus and N. viridula are nucleolus
organizer regions. In the former, FISH as well as
the conventional staining revealed a NOR hetero-
morphism. This could be due to a di¡erent number
of copies of rDNA genes in both homologues.
Intra- and interindividual heteromorphisms, both
in size and number of NORs, have been frequently
reported in many aphid and coleopteran species
(Bizzaro et al. 1999, Mandrioli et al. 1999, Vitturi
et al. 1999, Sanchez-Gea et al. 2000).

The meiotic behaviour of the NOR bivalent
when it has two chiasmata is di¡erent from that
previously described. The ring bivalents orientate
equatorially at the metaphase plate with the NORs
facing opposite poles. We propose that it is not
essential that one of the chiasmata releases ¢rst
since the NOR bivalent is able to stabilize at the
metaphase plate through the attachment of the
spindle ¢bres at or near the NORs. At anaphase I,
the NORs lead the chromosome migration to
the poles (Figure 3f & Figure 4b, Type II).
Although this behaviour is the most common for
the NOR ring-shaped bivalents, in less than 1% of
the cells of N. viridula, this bivalent presented a V
shape, suggesting that one of the chiasmata had
released. However, even in these cells, spindle
¢bres had probably attached ¢rst to the NORs (see
Figure 2e).

Alternative sites of kinetic activity have been
described in rye and maize monocentric chro-
mosomes, in which neocentromeres are functional
during meiosis but not in mitosis (Manzanero et al.
2000, Manzanero & Puertas 2003). Manzanero &
Puertas (2003) concluded that the presence of the
neocentromeres is not associated with a speci¢c
DNA centromeric sequence but with repeti-
tive DNA that adopts a particular chromatin
structure.

In the present work, we propose that, in
P. argentinus and N. viridula, the chromatin
packaging of meiotic chromosomes at or next to
the nucleolus organizer regions is di¡erent from
the bulk chromatin. This particular chromatin
organization allows the attachment of micro-
tubules to the secondary constrictions or repetitive
DNA sequences adjacent to them.

Summarizing, in organisms with holokinetic
chromosomes and a prereductional type of

meiosis, as is the case in Heteroptera, not only
telomeric regions but also secondary constrictions
or sites next to them are capable of attaching to
spindle ¢bres. It cannot be discarded that these
alternative sites for microtubule attachment are
also functional in rod bivalents, in which a com-
petition for spindle attachment would take place.
In these bivalents, the interaction between the
NORs and the microtubules would be weaker and
surpassed by the telomeres.
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