Online journal  1SSN - 1676-5680 |

!‘ Il " Il || Il !i ||| 'I il I| ||

| I‘ !!I . |
n“ /rD Genetics and Molecular Rescarch

\_-" o e B

Meiosis, spermatogenesis and nucleolar
behavior in the seminiferous tubules of Alydidae,
Coreidae and Rhopalidae (Heteroptera) species

H.V. Souza, F.B. Souza, S.R.C. Maruyama, M.M.U. Castanhole and
M.M. Itoyama

Departamento de Biologia, Laboratdrio de Citogenética e Molecular de Insetos,
Instituto de Biociéncias, Letras e Ciéncias Exatas, Universidade Estadual
Paulista Julio de Mesquita Filho, Sdo José do Rio Preto, SP, Brasil

Corresponding author: M.M. Itoyama
E-mail: mary@ibilce.unesp.br

Genet. Mol. Res. 8 (4): 1383-1396 (2009)
Received August 12, 2009

Accepted September 21, 2009

Published November 17, 2009

ABSTRACT. We studied the karyotype, spermatogenesis and nucle-
olar activity at spermatogenesis in five species of Heteropera: Hy-
alymenus sp and Neomegalotomus pallescens, Alydidae; Catorhin-
tha guttula and Hypselonotus fulvus, Coreidae; and Niesthrea sidae,
Rhopalidae. They showed a red (Alydidae) or orange (Coreidae and
Rhopalidae) membrane covering the testes, which consisted of seven
testicular lobes, except in N. pallescens, which had only five. All the
species had m-chromosomes, an X0 sex chromosome system and 10
(Hyalymenus sp, N. pallescens, and N. sidae), 16 (H. fulvus) or 22 (C.
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guttula) autosomes. Similar to the other species described to date, all
these species showed holocentric chromosomes, interstitial chiasmata
in most autosomes, and autosomes dividing reductionally in the first
meiotic division and equationally in the second, while sex chromo-
somes, divided equationally and reductionally in the first and second
meiotic divisions, respectively. In addition, we observed that the sex
chromosome is heteropycnotic at prophase and that heteropycnotic
chromosomal material is found in the nuclei at spermatogenesis;
variation in size, shape and location of the nucleolar material occurs
during spermatogenesis, denoting a variable degree of activity in the
different stages.

Key words: Hemiptera; Testicular lobes; Spermatogenesis;
Spermiogenesis; Nucleolus

INTRODUCTION

The Heteroptera are the largest and most diverse group of insects with incom-
plete metamorphosis. They are generally treated as a suborder of Hemiptera. This group
includes approximately 75 families; most of them can be found in almost all the con-
tinents (except the Antarctic) and some islands. Its long evolutionary history and the
apparent adaptability of the Heteroptera have resulted in great biological and structural
diversity (Schuh and Slater, 1995).

The Heteroptera are characterized by holocentric chromosomes, in which the ki-
netochore structure is absent in meiotic cells (Motzko and Ruthmann, 1984; Rufas and
Giménez-Martin, 1986; Wolf, 1996) and kinetic activity is restricted to the chromosome
tips (Motzko and Ruthmann, 1984; Gonzalez-Garcia et al., 1996). According to Schaefer
and Panizzi (2000, apud Ventura and Panizzi, 2003), species of the family Alydidae usu-
ally have a chromosome number of 2n = 10A + 2m + X0 or 7A + 2m + X0. Sands (1982)
found an X0 sex chromosome system in six species of the Alydidae. In three of these spe-
cies (Riptortus linearis F., R. pedestris and Riptortus sp), the chromosome number was 2n
=13, X0, while in the other three (Leptocorisa acuta T., L. chinensis D. and L. oratoria),
it was 2n = 17, XO0.

The most common sex chromosome system in the Coreidae is X0/XX (male/fe-
male), though X X /X X X X, (male/female) is found as well (Parshad, 1957). Another
characteristic of this family is m-chromosomes. The diploid chromosome number in the
males of other species of this family range from 13 (10A + 2m + X0) to 28 (24A + 2m
+ X1X2) (Ueshima, 1979; Sands, 1982; Manna, 1984; Colombo and Bidau, 1985; Dey
and Wangdi, 1988; Satapathy and Patnaik, 1989; Cattani and Papeschi, 2004; Souza et
al., 2007a). Bressa et al. (2001) examined 24 Rhopalidae species and found a pair of m-
chromosomes, an X0 sex chromosome system and a chromosome complement of 2n = 13
(10A + 2m + XO0) in all of them.

In most arthropod species, the nucleolus disorganizes in the diplotene stage or
diakinesis. Because of this, small silver-impregnated bodies usually cannot be visualized
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in metaphase until telophase II. When spermatids are being formed, the nucleolus initiates
its reorganization, indicating recommencement of rRNA transcription. The nucleolus then
finally reorganizes at the end of spermatid development (Bressa et al., 2003). However,
some exceptions have been reported. In Asellus aquaticus (Isopoda), silver nitrate-nucle-
olus organizer region (NOR) bodies were visualized in every spermatogenesis (Di Castro
et al., 1983). In Callicrania seoanei (Orthoptera), not only were NORs observed during
both divisions, but also nucleolar bodies were found dispersed among the chromosomes
during interkinesis and in pro-metaphase Il (Santos et al., 1987). In Triatoma infestans
and T sordida (Heteroptera, Reduviidae), Ag-NOR bodies were observed until metaphase
I (Tavares and Azeredo-Oliveira, 1997). In Carlisis wahlbergi (Heteroptera, Coreidae),
nucleolar semi-persistence (presence of nucleolar bodies in metaphase) has been reported
until metaphase II (Fossey and Liebenberg, 1995), while in Acanthocoris sordidus (Heter-
optera, Coreidae) and Coptosoma punctissimum (Heteroptera, Plataspidae), nucleoli were
observed at the metaphase plate in both primary and secondary spermatocytes (Bressa et
al., 2003). Among other Heteroptera, exceptions to this behavior have been described,
such as in Nysius californicus (Lygaeidae; Souza et al., 2007b) and Antiteuchus tripterus
(Pentatomidae; Souza et al., 2007¢). In both cases, material impregnated with silver was
observed around the periphery of the chromosome in metaphase 1.

Especially due to the diverse diploid chromosome numbers, different sex chromo-
some systems, and variations in the morphology and positioning of the nucleolar material
during spermatogenesis, we examined the cytogenetic and nucleolar characteristics, as
well as modifications that occur during spermatogenesis in Hyalymenus sp and Neomega-
lotomus pallescens (Alydidae), Catorhintha guttula and Hypselonotus fulvus (Coreidae),
and Niesthrea sidae (Rhopalidae).

MATERIAL AND METHODS

The insects were collected in Sdo José do Rio Preto (20°47°32” S, 49°21°37” W),
SP, Brazil, from Paspalum sp (Poaceae) (Alydidae), Lycopersicon sculentum L. (Solanaceae)
(Coreidae) and Parthenium hysterophorus L. (Asteraceae) (Rhopalidae). An average of 10
individuals per species (Hyalymenus sp and N. pallescens, Alydidae; C. guttula and H. ful-
vus, Coreidae; N. sidae, Rhopalidae) were analyzed. Seminiferous tubules were obtained by
dissecting adult males, and slides were prepared with the squash technique and stained with
lacto-acetic orcein dye and silver nitrate, using a specific technique (Howell and Black, 1980)
for staining the NORs. All images were obtained with a Zeiss microscope and were processed
with the AXIO VISION software.

RESULTS
Chromosome observations in meiotic cells stained with lacto-acetic orcein
The cytogenetic characteristics of spermatogenesis in Hyalymenus sp and N. pallescens

(Alydidae), C. guttula and H. fulvus (Coreidae) and N. sidae (Rhopalidae) after staining with
lacto-acetic orcein are summarized in the Table 1.
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Alydidae

In both species of Alydidae, Hyalymenus sp and N. pallescens, the testes are covered
by a red membrane, which encloses seven testicular lobes in Hyalymenus sp and five in N.
pallescens. The polyploid nucleus possesses several heteropycnotic bodies (Figure 1a). As in
other species of Heteroptera, spermatogenesis is cystic and the cells are contained in an enve-
lope formed by a single layer of cells (Figure 1b).

Figure 1. Cells of the seminiferous tubules of adult males of Hyalymenus sp (a, b, d, e, h, 1, n) and Neomegalotomus
pallescens (c, 1, g, 1, j, k, m, 0) (Alydidae) stained with lacto-acetic orcein. a. Polyploid nucleus. b. Spermatogonial
cyst. ¢. Spermatogonial metaphase. d. Prophase I (leptotene), arrow: heteropycnotic sex chromosome. e. Prophase
I (zygote), arrow: m-chromosomes. f. Prophase I (diplotene), arrow: autosome with an interstitial chiasma. g.
Diplotene/diakinesis, with m-chromosomes at the center of the ring. h. Metaphase 1. i. Metaphase II. j. Anaphase
II with the lagging migration of the sex chromosome (arrow). k. Telophase II, arrow shows the heteropycnotic
material. I. Round spermatids. m-o. Spermatids in elongation. Bar: 10 um.

As is generally reported for Heteroptera, we found holocentric chromosomes, the
sex chromosomes segregated equally in the first division and reductionally in the second,
with the inverse occurring in the autosomes; there was lagging migration of the sex chro-
mosome. Autosomes showed one or two chiasmata, which were terminal or interstitial.
They also showed achiasmatic m-chromosomes.

The mitotic metaphase in the males of these two species showed 11 larger chromosomes
(which included 10 autosomes plus the sex chromosome) and two m-chromosomes (Figure 1c).
The karyotype of Hyalymenus sp and N. pallescens males was 2n = 10A + 2m + X0. The sex
chromosome system in both species was X0. Meiotic behavior of these two species was very
similar. The sex chromosome and the m-chromosomes both condense earlier than autosomes,
which could be seen from initial prophase through the subsequent phases. In both species, the
meiotic cells in prophase I (from leptotene until diplotene) stained with lacto-acetic orcein exhib-
ited a heteropycnotic body that was probably the X chromosome, which is observed in the nucle-
ar periphery (Figure 1d-f). During diplotene/diakinesis, an interstitial chiasma was observed in
one or two autosomes (Figure 1f,g). In polar view, the autosomes in metaphase I were arranged
in a circular manner, with the m-chromosomes lying in the circle and the sex chromosome gener-
ally located outside (Figure 1g). In a lateral view, the chromosomes were arranged side by side
(Figure 1h). Metaphase 11 can be observed in Figure 1i. The migration of the sex chromosomes
in anaphase II was lagging, as shown in Figure 1j. In telophase, heteropycnotic material can be
observed (Figure 1k). At the beginning of spermiogenesis, heteropycnotic material was seen in-
side the round spermatid nucleus (Figure 11). Later, when the nucleus was beginning to elongate
to form the spermatozoon, the heteropycnotic material was not seen (Figure 1m-o).

Genetics and Molecular Research 8 (4): 1383-1396 (2009) ©FUNPEC-RP www.funpecrp.com.br
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Coreidae

The testes of C. guttula and H. fulvus are formed by seven testicular lobes and are covered
by an orange membrane, only differing in coloration intensity. In H. fulvus, staining of the basal
region was more intense than in the apical region. Since spermatogenesis in these two species
had similar characteristics, the results are shown together. The polyploid nucleus was large and
possessed several small heteropycnotic regions (Figure 2a). At the beginning of spermatogenesis
(leptotene-pachytene) (Figure 2b-¢), the chromosome condensation process was observed, as well
as a round and very evident heteropycnotic body that persisted almost until the end of prophase
(Figure 2f). These species possess evident interstitial chiasmata, which could be visualized in the
chromosomes with cross morphology (Figure 2f). The chromosome complement of H. fulvus was
2n=16A+2m + X0 (Figure 2g) and C. guttula showed 2n =22A + 2m + X0 (Figure 2h). In polar
view, the autosomes formed a ring, with the m-chromosomes in the center and the sex chromo-
some outside the ring formed by the autosomes (Figure 2g). During anaphase and telophase, lag-
ging migration of the chromosomes was sometimes evident (Figure 2i-k).
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Figure 2. Cells of the seminiferous tubules of adult males of Catorhintha guttula (h) and Hypselonotus fulvus (a,
b, ¢, d, e, f, g) (Coreidae) stained with lacto-acetic orcein. a. Polyploid nucleus with several heteropycnotic bodies
(arrows). b-e. Cells in prophase I (leptotene/pachytene) with one heteropycnotic region (arrows). f. Diplotene/
diakinesis showing an interstitial chiasma (arrows). g. Metaphase I shows 2n = 16A + 2m + X0 (arrows). h.
Metaphase [ shows 2n=22A + 2m + X0 (arrows). i, j. Anaphase with or without lagging migration of chromosomes
(arrow). k. Telophase. 1, m. Round spermatids with round heteropycnotic material (arrows). n, 0. Spermatid in
elongation with elongated heteropycnotic material (arrows). p. Elongated spermatids. Bar: 10 um.

Spermiogenesis begins with round spermatids containing a heteropycnotic region that
is rounded as well as long, to form the spermatozoon (Figure 21-p). The heteropycnotic region
accompanies spermatid morphology, at least at the beginning of development.

Rhopalidae

The testes of N. sidae are formed by seven testicular lobes enclosed in an orange membrane.

Genetics and Molecular Research 8 (4): 1383-1396 (2009) ©FUNPEC-RP www.funpecrp.com.br
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The polyploid nucleus possessed several heteropycnotic bodies distributed in every nucleus (Figure
3a). The meiotic cells, at the beginning of their development (leptotene/zygotene), possess decon-
densed chromatin and one to four round heteropycnotic bodies of different sizes (Figure 3b-¢). This
species has interstitial or terminal chiasmata and the m-chromosomes are separated or near each
other (Figure 3f,g). Metaphase I was visualized in polar (Figure 3h,1,k) and lateral views (Figure 3j).
In polar view, the autosomes form a ring, with the m-chromosomes in the center forming a pseudo-
bivalent. The sex chromosome was generally located outside the ring of autosomes and appeared
heteropycnotic. The chromosome complement of this species is 2n = 10A + 2m + XO0. In anaphase |
(Figure 31), sister chromatids were observed in each of the recently formed chromosome groups. In
anaphase II (Figure 3n), the sex chromosome was observed in only one of the daughter cells. One
cell was observed at the end of the meiotic division (telophase, Figure 3m). Spermiogenesis begins
with round spermatids, with a round heteropycnotic region located in the periphery of the nucleus
(Figure 30,p). In a more advanced stage of development, the heteropycnotic region migrates to
near the nuclear membrane (Figure 3q). When spermatids elongated, a heteropycnotic region was
observed in the anterior region of the head, remaining until the end of spermatogenesis (Figure 3r-t).

Figure 3. Cells of the seminiferous tubules of adult males of Niesthrea sidae (Rhopalidae) stained with lacto-
acetic orcein. a. Polyploid nucleus with several heteropycnotic regions (arrows). b-e. Initial prophase I shows a
variable number of heteropycnotic regions (arrows). f, g. Diplotene showing the m-chromosomes (arrows) and
chromosomes with chiasmata. h, i. Metaphase I, in polar view. j. Metaphase I in lateral view showing 10A + 2m
+ X0. k. Metaphase I in polar view. In 4, i, j, and £, the arrows indicate the m-chromosomes and the arrowheads
indicate the sex chromosome. 1. Anaphase I with the heteropycnotic sex chromosomes (arrowheads). m. Telophase.
n. Anaphase I, with the sex chromosome (arrowhead). o, p. Round spermatids with heteropycnotic material at
the center (arrows). q. Round spermatid with heteropycnotic material distributed along the spermatid (arrow). r-t.
Spermatid in elongation with heteropycnotic material in the posterior region of the head (arrows). Bar: 10 um.

Nucleolar organizer activity observed in silver-impregnated cells

The cytogenetic characteristics of spermatogenesis of Hyalymenus sp and N. pallescens
(Alydidae), C. guttula and H. fulvus (Coreidae) and Niesthrea sidae (Rhopalidae) after silver-
impregnation are shown in Table 2.
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Alydidae

The polyploid nucleus of N. pallescens and Hyalymenus sp impregnated with silver
contained one and one to three nucleolar bodies, respectively (Figure 4a-c). In prophase I of
meiotic cells (leptotene/zygotene) of both species, one or two nucleolar bodies were visual-
ized, one being larger than the other in N. pallescens (Figure 4d,e). At the end of prophase/
metaphase in Hyalymenus sp, the nucleolar bodies are disorganized, but could be observed as
silver-impregnated material present around the periphery of the chromosomes until anaphase
(Figure 4f). Conversely, no silver-impregnated material was observed in N. pallescens (Figure
4g). However, in both species, silver-stained bodies were seen in telophase in meiotic cells
(Figure 4h); at the beginning of spermiogenesis (while spermatids were round) only a round
silver-impregnated body was visualized at the center of the spermatid and around the nuclear
membrane. However, this silver-stained material was only observed in the posterior region of
the head of the spermatid (Figure 4i-k).

Figure 4. Cells of the seminiferous tubules of adult males of Hyalymenus sp (a, b, ¢, d, e, f, h, 1) and Neomegalotomus
pallescens (g, j, k), silver-impregnated. a-c. Polyploid nucleus with up to three nucleoli. d, e. Prophase with one or
two nucleoli (arrows). f. Diakinesis with silver impregnation around the chromosomes (arrows). g. Metaphase 1. h.
Telophase; arrow shows a nucleolar body. i-k. Spermatids; arrows show a nucleolar body. Bar: 10 um.

Coreidae

The polyploid nucleus of C. guttula and H. fulvus possesses several silver-impregnated
bodies with very variable morphology and degree of staining (Figure 5a). At the beginning of
spermatogenesis, the cells have one or two bodies, one being larger than the another (Figure 5b-
d), which begin their disorganization at the end of prophase; they could be seen in some specific
regions of the chromosomes (Figure Se,f). During metaphase, anaphase and telophase of both spe-
cies, the nucleolar material was observed around the periphery of some autosomes (Figure 5g-k).

Round spermatids showed two or three very strongly stained bodies and others less
intensely impregnated (Figure 51). During the spermatid elongation process, silver impregnation
was restricted to the posterior region of the head, being more evident in C. guttula (Figure Sm-p).

Genetics and Molecular Research 8 (4): 1383-1396 (2009) ©FUNPEC-RP www.funpecrp.com.br
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Figure 5. Cells of the seminiferous tubules of adult males of Catorhintha guttula (i,0,p) and Hypselonotus fulvus (a,
b,c,d, e, f, g, h,j, k, I, m, n) (Coreidae), silver-impregnated. a. Polyploid nucleus with several silver-impregnated
regions (arrows). b-d. Cells in initial prophase with one or two silver-impregnated regions (arrows), which in
subsequent phases of development begin their disorganization. e-h. Diakinesis/initial metaphase I with some
silver-impregnated chromosome regions (arrows). i. Metaphase I with silver impregnation in the periphery of some
chromosomes. j, k. Anaphases with some silver-impregnated chromosomes. 1. Round spermatid with several silver-
impregnated bodies, three with intense impregnation (arrows). m-p. Elongation spermatids with silver-impregnated
posterior region of the head (arrows). Bar: 10 pm.

Rhopalidae

We observed several agglomerations of silver-impregnated material with variable
morphology and size in the polyploid nucleus of N. sidae (Figure 6a). At the beginning of
prophase, there was only one silver-impregnated body (Figure 6b). At advanced prophase, this
body possessed a more region and another less impregnated region (Figure 6¢); it remained
disorganized until the end of this phase. During metaphase and anaphase, there were some
silver-impregnated chromosomes around the periphery of the chromosomes (Figure 6d-f).
The process of the reorganization of nucleolar components was initiated during telophase
(Figure 6g). Round spermatids possessed only one rounded body (Figure 6h,i), which began
to migrate to the periphery of the spermatid membrane. At the beginning of spermatid elonga-
tion, silver-impregnated areas were observed in the posterior region of the head and around the
nuclear membrane; subsequently, this silver-stained material was visualized along the entire
length of the spermatid (Figure 6j-1).

Genetics and Molecular Research 8 (4): 1383-1396 (2009) ©FUNPEC-RP www.funpecrp.com.br
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Figure 6. Silver-impregnated cells of the seminiferous tubules of the adult males of Niesthrea sidae (Rhopalidae).
a. Polyploid nucleus with several silver-impregnated regions (arrows). b. Initial prophase with a large nucleolar
body that is beginning its disorganization (arrows). ¢. Diplotene with silver impregnation in a region that probably
is a nucleolus organizer region (arrow). d. Diplotene/diakinesis evidencing some silver impregnations in the
chromosomes. e. Metaphase with silver impregnations of the nucleolus organizer regions (arrow). f. Anaphase
with some silver-impregnated chromosomes. g. Telophase with several silver impregnations (arrows). h, i. Round
spermatid with a large nucleolar body that migrates to the periphery of the head in j (arrows). k. Spermatid in
elongation with silver-impregnated material along the head of the spermatid with an evident silver-impregnated
body in the posterior region (arrow). l. Spermatid at the end of development. Bar: 10 pm.

DISCUSSION

Heteroptera testes are formed by variable numbers of testicular lobes and covered by
a membrane with different colorations. Antiteuchus tripterus (Pentatomidae, Discocephalinae,
Discocephalini) possess testicles covered by a red membrane and constituted of six elongated
testicular lobes, among which the sixth is internal to the fifth (Souza et al., 2007¢). Mormidea
quinqueluteum, Oebalus poecilus and O. ypsilongriseus (Pentatomidae, Pentatominae, Car-
pocorini) also possess a red membrane covering the testicular lobes, but the number of lobes
found was three, four and four, respectively (Souza et al., 2007b). Nine species of Coreidae
have seven (4nasa bellator, Athaumastus haematicus, Dallacoris obscura, D. Pictus, Lepto-
glossus gonagra, L. zonatus, and Sphictyrtus fasciatus) or four testicular lobes (Chariesterus
armatus and Zicca annulata), and all of them have a red membrane covering the testicles, ex-
cept in Z. annulata, in which the membrane is yellow and C. armatus, which has a translucent
membrane (Souza et al., 2007a).

We found seven testicular lobes in all six species, except N. pallescens, which had
five. All species were found to have orange membranes surrounding the testes, except for the
Alydidae, which had red membranes. The function or origin of this membrane is unknown.
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The reason and relationship for this color and lobe number variation is also unknown. Most of
these species were found to have seven testicular lobes, which is apparently ancestral to this
group, as proposed by Grozeva and Kusnetsova (1992).

As found in previous reports (Schaefer and Panizzi, 2000, apud Ventura and Panizzi,
2003; Bressa et al., (2001), we confirm the chromosome number of 2n = 13 for Alydidae and
Rhopalidae. Based on the presence of m-chromosomes, the X0 sex determination chromo-
some system and the same diploid chromosome number, we conclude that Alydidae and Rho-
palidae are closely related, when compared with the Coreidae, which have a modal number of
21 chromosomes, ranging from 13 to 28 (Ueshima, 1979).

It is difficult to establish the ancestral number of chromosomes due to their holoki-
netic characteristics. Fragmentations and fusions could have occurred (Ueshima and Ashlock,
1980; Jacobs, 2004). Other (molecular) methods will be needed to verify the ancestral chro-
mosome number, especially for the Coreidae.

Our findings on the sex chromosome system, m-chromosomes and karyotype for the
Alydidae are similar to previous reports (Manna, 1951; Ueshima, 1979). Only one species in
this family, Akbaratus fasciatus, has a karyotype with 2n = 14, X X 0, with two extra pairs
of autosomes and two different X chromosomes, but without m-chromosomes (Parshad, 1957,
apud Ueshima, 1979). According to Sands (1982), the prevalence of individuals possessing 2n =
13 chromosomes in most of the genera of Alydidae indicates that this is the ancestral karyotype.

The number and size of the nucleoli are supposedly related to the biosynthetic activity
of the cell (Nanya and Bicudo, 1995; Tavares and Azeredo-Oliveira, 1997; Abdo-Banhos et
al., 2004). Consequently, differences in the size and number of nucleoli should reflect differ-
ences in metabolic activities of the cells.

Bressa et al. (2003), in their study of Dysdercus imitator (Heteroptera; Pyrrhocori-
dae), suggested that the nucleolus and pre-nucleolar bodies persist in meiosis due to strong
demand for rRNA synthesis during spermatogenesis. However, nucleolar proteins continue to
be associated with the NORs at metaphase; they are found at the edge of chromosomes dur-
ing prophase until the beginning of telophase, and are evenly distributed along with RNAs in
the cytoplasm during prophase until telophase (Fischer et al., 1991; Wachtler and Stahl, 1993;
Schwarzacher and Wachtler, 1993; Gonzalez-Garcia et al., 1995; Dundr et al., 1997).

We only observed nucleolar proteins around the periphery of the chromosomes in
Hyalymenus sp. The physiological meaning for these differences is not clear, as these species
are expected to produce similar proteins for spermatogenesis.
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