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Karyotypes and meiosis of Glomeris hexasticha and G. connexa (Diplopoda: Glomeridae)
from Poland were described using C-heterochromatin distribution and observations of the
location of NORs. These species were characterized by 2n>=16 and the XY sex determination
system. Differences were found in the amount of C-heterochromatin in X and Y chromosomes
between the studied species. In G. hexasticha, supernumerary B chromosomes were
described.
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Millipedes (Diplopoda), constitute one of the
largest classes within the Arthropoda, comprising
about 10 000 species described in the world fauna
(HOPKIN & READ 1992). Pill millipedes of the ge-
nus Glomeris, family Glomeridae, are represented
by 8 species in Poland (WYTWER 1997) and 15
species in Central Europe (HOESS 2000). The two
species studied in this paper, Glomeris hexasticha
and G. connexa, live in the litter of mixed, leafty
and coniferous forests in lowlands and mountains
(STOJALOWSKA & STAREGA 1974).

A description of karyotype variation, particu-
larly in differences in chromosome number and
morphology, allows for a description of the rate
and mode of karyotype evolution. Karyotypes of
some species belonging to various families have
been described from Asia (ACHAR 1983, 1984,
1986, 1987; ACHAR & CHOWDAIAH 1979, 1980;
CHOWDAIAH 1966 a,b,c, 1967, 1969; CHOWDAIAH
& KANAKA 1974, 1979; TANABE 1992), Brazil
(FONTANETTI 1987, 1990, 1991, 1996 a,b,c 1998,
2000; FONTANETTI ef al. 2002), and Europe
(VITTURI et al. 1997). The karyotype Glomeris an-
nulata and Glomeris marginata, has been described
for the Glomeridae family (BESSIERE 1948).

This paper provides information on the chromo-
some number, the C-banding pattern in meiotic

and mitotic chromosomes, the behavior of the nu-
cleolus and NORs during spermatogenesis as well
as notes on B chromosomes in Glomeris hexasti-
cha Brandt, 1833 and Glomeris connexa C. L. Koch,
1847.

Material and Methods

Specimens of G. hexasticha were collected in
2000 and 2001 from Zemborzyce in the Lublin
area, and G. connexa was collected in 2002 near
Rogozno in the Leczna-Wlodawa Lake District.

Cytological analysis of two species from Poland
was performed for twenty five adult males and
four females of G. hexasticha as well as ten males
of G. connexa.

The testes and ovarioles were excised, incubated
in hypotonic solution (0.9% sodium citrate for 20
min), fixed in ethanol:acetic acid (3:1), and
squashed. Air dried preparations were then stained
with C-banding by treatment with 0.2.N HCL for
20 min, immersed in a saturated solution of
Ba(OH), at 60°C for 5 min, rinsed in water, im-
mersed in 2xSSC at 60°C for 60 min., rinsed, air
dried, and stained with 2% Giemsa. A general
spermatogenetic analysis was carried out using sil-
ver staining methods which permitted observation
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of the nucleolar organizer regions (NORs). Usu-
ally, 3-4 day slides were treated with silver nitrate
solution with gelatine and incubated at 60°C for
about 10 minutes.

Results

The two analyzed species have a chromosome
complement consisting of 2n=16 and the XY (in
the male) and XX (in the female) sex determina-
tion mechanism. Among seven pairs of autosomes,
all chromosomes are meta- or submetacentric. In
spermatogonial metaphase, it is apparent that in
G. hexasticha the X chromosome is metacentric
and larger than the medium sized metacentric Y
(Fig. 1). However, in G. connexa, chromosomes X
and Y are similar in size. The X chromosome is
metacentric, whereas the Y is submeta- or subac-
rocentric (Fig. 2).

C-heterochromatin in both species is character-
ised by the presence of only paracentromeric C-bands
in all chromosomes (Figs 1 & 2).

The first two pairs of autosomes and the X chro-
mosome of G. hexasticha show thick paracentro-
meric C-bands. These bands are doubled. Thin para-
centromeric C-bands were found in five me-
dium/small pairs of autosomes and also in the Y
chromosome. Differences in amount of C-bands in one
of the small pairs in most males were observed (Fig. 2).

The C-bands of G. connexa are characterised by
the presence of blocks similar in size in all auto-
somes. The X chromosome has double C-bands,
whereas the Y shows only a single C-band in the
paracentromeric region (Fig. 2).

The meiotic behavior of chromosomes in males
of both species is similar. The diffuse stage during
the early first meiotic prophase, extending to early
diplotene, is clearly visible. The heterochromatin
detected by C-banding is highly condensed, and
the number of C-bands agrees with the chromo-
some number in the karyotype (Figs 3 & 4). During
diplotene, chromosomes remain partially dis-
persed, while positively heterochromatic elements
with highly condensed heterochromatin are placed
in the central parts of autosomes and sex chromo-
somes (Figs 5 & 6). One, two, or three nucleoli are
attached to the X and Y, and two (or sometimes
one) small autosomes are observed in both species.
Spermatocyte diakinesis and metaphase 1 (MI)
(Figs 7 & 8) include seven autosomal bivalents and
the XY pair. Bivalents show one or two chiasmata
in terminal or subterminal positions. In diakinesis
of G. hexasticha, size differences in C-bands of X
and Y chromosomes are present (Fig. 7).

Spermatogonial prometaphase shows two nucle-
oli attached to three or four chromosomes. Ag-

stained areas of NORs are present in early sper-
matogonial metaphase and in the meiotic prophase
up to the pachytene (early diplotene) stage. In
diplotene the X, the Y, and one or two chromo-
somes of the small pair contain nucleolar remnants
attached near the centromeric region. From ana-
phase I up to metaphase II, no Ag-positive NOR
was observed. The silver pattern of G. hexasticha
sometimes includes an unpaired autosome, a NOR
polymorphism may occur. This is connected with
C-band polymorphism in one of the small bivalents
sometimes observed in this species (Fig. 9 a-d).

Three (out of twenty five) males of G. hexasticha
show supernumerary Bs. They are biarmed and
represent the smallest elements in the karyotype.
They are mitotically and meiotically unstable as
their numbers vary from 1 to 3 among cells within
individuals. When two Bs are present, they remain
as two univalents (25%) or as a bivalent (37%),
when three Bs are observed they form either a bi-
valent and one univalent (7%) or three univalents
(7%) in metaphase I, respectively (Fig. 10 a-c).

Discussion

Published data show that only 0.1% of Diplo-
poda species have been cytogenetically studied
(FONTANETTI et al. 2002). In Diplopoda, chromo-
some numbers range from 2n=12 to 30, and the XY
(males) and XX (females) type of sex determina-
tion occurs in the majority of species studied
(ACHAR 1987; FONTANETTI et al. 2002; WHITE
1979). The 2n=16 and the XY sex chromosome
mechanism, observed in two species of Glomeris
described in this paper, has been found in eight
other milipede species belonging to five families
(ACHAR 1987; CHOWDAIAH & KANAKA 1979;
FONTANETTI 1996a, 1998, 2000; SOKOLOFF 1914;
TANABE 1992).

The majority of the analysed species of Diplo-
poda are characterized by little or no heteromor-
phism in chromosomes of the sex pair after
standard staining (ACHAR 1983; FONTANETTI
1991, 1996a,b, 1998, 2000; TANABE 1992). How-
ever, the use of C-banding techniques in G. con-
nexa, having X and Y chromosomes of the same
size, provided a possibility for identification of
both sex chromosomes.

Formerly, the C-banding and Ag-staining tech-
niques, fluorochromes, and FISH methods, allow-
ing precise identification of particular chromo-
somes in Diplopoda, were used only in one Indian
species (ACHAR & CHOWDAIAH 1980) and two
species from Italy (VITTURI ef al. 1997). The pat-
terns of C-heterochromatin distribution in G. hex-
asticha and G. connexa were similar and restricted
only to the centromeric region. However, the size
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Figs 1-8. Figs 1,3, 5, 7 G. hexasticha. Figs 2, 4, 6, 8 G. connexa; Figs 1-2. C-banded karyotype of mitotic metaphase of male.
Differences in size between the homologue C-bands in one of small pair were observed (Fig. 1 — arrows); Figs 3-4. Diffuse
stage; the number of C-bands are connected with chromosome numbers. The differences in size of C-banding between two
species are visible; Figs 5-6. Diplotene, chromosome undergo partial dispersion. Nucleolus containing X, Y chromosomes
and one or two chromosomes from small bivalent are visible (arrows). Figs 7-8. Metaphase I with seven bivalents and XY

chromosomes. Bar = 10 xm.
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Figs 9-10. Fig. 9 a-d. G. connexa: a — pachytene, b — diplotene, ¢ — metaphase spermatogonial, d — metaphase I with NORs
(arrows). Fig. 10 a-c. G. connexa — B chromosomes (arrows). Bar = 10 ym.
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and shape of C-blocks were different in these spe-
cies. In G. connexa, centromeric bands were al-
most identical in all autosomes. This corresponds
with the observation of ACHAR & CHOWDAIAH
(1980) on Carlogonus acifer.

The post-pachytene diffuse stage observed in
prophase of Glomeris and other species of Diplo-
poda (ACHAR 1984, 1985, 1986; ACHAR &
CHOWDAIAH 1979; CHOWDAIAH & KANAKA
1979; FONTANETTI 1990, 1996 a,b,c; SHARMA &
HANDA 1974) is also common in beetles and coin-
cides with the diplotene growth period (SMITH &
VIRKI 1978; ROZEK 1988).

Supernumerary chromosomes were observed in
Diplopoda for the first time in the Brazilian species
Plusioporus setiger from the order Spirostrepida
(FONTANETTI 1998), however, its size and mor-
phology were not described. The B chromosome,
observed in G. hexasticha, was mitotically and
meiotically unstable. This leads to the production
of gametes with different numbers of Bs in the
same individual. The origin of the B is not clear in
Glomeris. The B was a little smaller in size than the
smallest autosomes and had the same condensa-
tion after diffuse stage as in autosomes and sex
chromosomes. Numerous hypotheses on the origin
of B chromosomes based on cytological analysis
of morphology, C-heterochromatin distribution,
and natural polymorphism have been suggested
(for a review see CAMACHO et al. 2000).

The cytological data presented in this paper for
the genus Glomeris contribute to the knowledge of
the evolution and cytotaxonomy of the family
Glomeridae and create a basis for further studies of
other species of this European genus.
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