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ABSTRACT. In Heteroptera, the division of sex chromosomes is well
defined as post-reductional for most of species, i.e., the first meiotic
division is equational and the second is reductional. However, in some
species pre-reductional division has been observed, whereby the first
meiotic divisionisreductional and the second is equational. These include
Anisops fieberi (Notonectidae), Ectrychotes disparate (Reduviidae),
Dictyonota tricornis (Tingidae), and Archimerus alternatus (Coreidae),
as well as other species of the genus Pachylis, in the family Coreidae.
Thus, this study aimed to characterize the meiotic behavior of Pachylis
laticornis, in order to consider whether this species also undergoes pre-
reduction division for the sex chromosomes. Cytogenetic analysis of
meiosis in P. laticornis made it possible to characterize the holocentric
nature of the chromosomes, the chromosome number of this species [2n
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=15 (2m + 12A + X0)], the chromosomal system of sex X0 type, and
the presence of m-chromosomes. Furthermore, the analysis of anaphase
I, telophase I and II allowed pre-reductional meiotic behavior to be
observed for this sex chromosome. Thus, this meiotic behavior was
confirmed for another species of Heteroptera, stressing the importance
of more cytogenetic studies of meiosis to increase our understanding of
variation in the behavior of sex chromosomes during spermatogenesis in
heteropterans. Therefore, the present study describes the chromosomal
number, the system of sex determination, and meiotic behavior of P
laticornis, corroborating the relationship of this species with others of
the same genus.

Key words: Cytogenetics; Holocentric chromosomes; Coreoidea
INTRODUCTION

The suborder Heteroptera comprises the largest and most diverse group of insects that
undergo hemimetabolous development. It consists of seven infraorders (Leptopodomorpha,
Gerromorpha, Nepomorpha, Pentatomomorpha, Cimicomorpha, Dipsocoromorpha, and
Enicocephalomorpha), with approximately 80 families (Schuh and Slater, 1995) and more
than 40,000 species that have been described (Weirauch and Schuh, 2011).

Insects in this suborder have holocentric chromosomes and undergo post-reductional
meiosis, which is restricted to the sex chromosomes and presents great diversity in the
karyotype, ranging from 2n = 4 to 2n = 80 (Ueshima, 1979). In addition, micro-chromosomes
have also been reported for many heteropteran species (Ueshima, 1979).

Members of the family Coreidae (Coreoidea, Pentatomomorpha, and Heteroptera)
are known as leaf-footed bugs, and represent the family containing the largest number of
species within the group, with approximately 2000 species distributed in 252 genres. They are
cosmopolitan, however, being more concentrated in tropical regions. In the literature, ~82 of
these species have been suggested to be potentially harmful to crops, and therefore, are of great
economic importance. Among the crops that these insects can attack are rice, tomato, legumes,
cassava, and pumpkin (Schaefer and Panizzi, 2000). Furthermore, some species in this family
have been described as vectors of disease in some plants, and can transmit, by penetration of
the stylets, microorganisms such as fungi, bacteria, and viruses (Boher et al., 1983).

This family includes species of bright colors and large sizes, which highlights that the
genus Pachylis is the main representative of Coreoidea in Brazil, and insects are 35 mm in
length (Lima, 1940). This family has a X0/XX sex chromosome system for males and females,
a pair of m-chromosomes, and a diploid chromosome number ranging from 2n=13 (10A +2m
+ X0) to 2n =27 (24A + 2m + XO0), with 2n = 21 (18A + 2m + X0) being the most common
(Bressa et al., 2008).

In Heteroptera, although the division of sex chromosomes is well defined as post-
reductional for most of its representatives, i.e., the first meiotic division is equational and
the second reductional to the sex chromosomes, it has been found that some species undergo
pre-reduction division. That is, the first meiotic division is reductional and the second is
equational for the sex chromosomes. These species include Archimerus alternatus (Coreidae),
Anisops fieberi (Notonectidae), Ectrychotes disparate (Reduviidae), and Dictyonota tricornis
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(Tingidae), as well as some species of the genus Pachylis (Ueshima, 1979; Papeschi et al.,
2003). Thus, this study aimed to characterize the meiotic behavior of P. laticornis, in order to
consider whether this species also features pre-reduction division for the sex chromosomes.

MATERIAL AND METHODS

Three P, laticornis adult males were collected from Sdo José do Rio Preto, Sdo Paulo,
Brazil (20°46'48.2"S, 49 21'18.3"W) and taken to the Laboratory of Cytogenetics and Molecular
of Insects, where they were fixed in a 3:1 methanol/acetic acid solution. Subsequently, the
testicles were removed and placed in saline, according to Demerec and Kaufmann (1945).
Slides were prepared using the testicles obtained, and were stained with lacto-acetic orcein
(De Vaio et al., 1985). Images were acquired using light microscopy under a ZEISS AXIO
SCOPE Al with AXION VISION LE 4.8 software for image analysis. The images were
magnified by a factor of 1000X.

RESULTS

Cytogenetic analysis of P. laticornis meiosis made it possible to determine that
during prophase I, the X sex chromosome is heteropycnotic (Figure 1a), and is represented
by a single corpuscle. In diplotene/diakinesis, (Figure 1b), beyond the presence of the X
sex chromosome and the m-chromosomes, it was also possible to observe the presence of
chiasmus between the autosomes, the absence of pairing, and concomitantly, of chiasmus
between the m-chromosomes. The cells in metaphase I were observed in both lateral (Figure
Ic, d) and polar view (Figure le), which made it possible to characterize the holocentric
nature of the chromosomes and the karyotype of the species: 2n = 15 (2m + 12A + XO0).
Note that all autosomes and the m-chromosome were bivalent and the X sex chromosome
was pseudobivalent. By analyzing the final stage of anaphase I (Figure 1f), the X sex
chromosome was observed to migrate late to one of the cellular poles with both sister
chromatids characterizing pre-reductional meiotic division.

Analysis of telophase I revealed one cell with, and on cell without a sex chromosome
(Figure 1g), which characterizes the pre-reductional meiotic division of the X sex chromosome.
During telophase 11, the absence (Figure 1h) or presence (Figure 11, j) of the X sex chromosome
can be viewed in both cells. The pre-reductional behavior of the X sex chromosome after
meiosis results in the development of spermatids with X sex chromosomes, and chromosomes
without sexual spermatids, as represented by the scheme in Figure 2.

DISCUSSION

The description of heteropteran meiosis has contributed substantially to the taxonomic
and evolutionary knowledge of these species (Ueshima, 1966; Ueshima, 1979). All species
of the order Hemiptera have holocentric chromosomes (Ueshima, 1979), as observed for P
laticornis. These chromosomes are characterized by the absence of a centromeric region, since
the kinetochore is diffuse throughout the chromosome (Ueshima, 1966; Ueshima, 1979).

Besides the holocentric nature of chromosomes, the meiotic metaphase allowed the
chromosomal number of P. /aticornis to be classified as 2n = 15 (12A + 2m + XO0). This
karyotype followed the pattern described for species of the family Coreidae (a pair of
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Figure 1. Pachylis laticornis meiosis. a. Prophase I, with heteropycnotic sex chromosome; b. diplotene/diakinesis,
showing the presence of the m-chromosomes and the sex chromosome; ¢. d. metaphase I in side view, showing
the m-chromosomes, the sex chromosome, and autosomes with telomeric association; e. polar view, showing the
X chromosome and m-chromosomes in the center of the autosomes ring; f. end of anaphase I, showing the X
chromosome with late migration; g. telophase I, showing the sex chromosome X; h. telophase II, with the absence
of a sex chromosome; i. j. telophase 11, demonstrating the presence of the sex chromosome in both cells. Arrow =
X chromosome; arrowhead = m-chromosomes. Bar = 10 mm.
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Figure 2. Scheme showing the formation of spermatids with the presence and the absence of the X sex chromosome.
P1) Prophase I; M1) metaphase I; A1) anaphase I; T1) telophase I; P2) prophase II; M2) metaphase II; A2) anaphase
1L, T2) telophase II, S) spermatids.
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m-chromosomes and sex chromosomal system of the type X0) (Ueshima, 1979; Grozeva and
Nokkala, 1996; Bressa et al., 2008).

The m-chromosomes of P. laticornis followed the default behavior described during
meiosis, because they presented themselves as monovalent during prophase and bivalent
during metaphase. Owing to this behavior, it is suggested that the m-chromosomes do not
perform genetic recombination during pachytene (Ueshima, 1979). Ueshima (1979) suggests
that the m-chromosomes are present in the first meiotic reduction division and equational
division in the second division, following the meiotic behavior observed for the autosomes, as
was observed in P. laticornis.

P. laticornis showed pre-reduction division for the X chromosome and the autosomes.
This type of division, although common for organisms with monocentric chromosomes
(Ueshima, 1979), is relatively uncommon for heteropterans, which usually present the first
meiotic division as equational for the sex chromosomes (Ueshima, 1979), as showed by Ueshima
(1979), Papeschi et al. (2003), Bressa et al. (2005), Souza (2009), Souza et al. (2007a,b, 2011),
and Castanhole et al.(2008; 2010; 2012). However, pre-reduction division was also reported
for species of the genus Pachylis (P. aff pharaonis, P. argentinus, P. lateralis), Archimerus
(A. alternatus e A. calcarator) (Coreidae), the genus Anisops (A. fieberi, A. niveae, and A.
sardea) (Notonectidae), Ectrychote dispar (Reduviidae), as well as for all species of the family
Tingidae, prior to cytogenetic study (Ueshima, 1979; Papeschi et al, 2003, Ramos, 2009).

During anaphase and telophase I, the X chromosome underwent late migration. This
phenomenon is relatively common in the suborder Heteroptera (Mendonga, 2010; Succi et
al., 2014; Vicente Pereira, 2015; Pereira et al., 2015), and according to Morielle and Azeredo-
Oliveira (2004), it is associated with the equational division of the sex chromosomes.
However, P. laticornis presented pre-reductional meiotic behavior of the sex chromosome in
the first division, thus excluding the possibility of this phenomenon being associated with the
equational division of the sex chromosomes.

At the end of the second meiotic division, specifically in telophase 11, P. laticornis
presented the absence or presence of the X sex chromosome in both cells, confirming pre-
reductional meiosis of the X chromosome in that species.

The findings of the present study describe the number of chromosomes, the system
of sex determination, and the meiotic behavior of P. laticornis, corroborating the relationship
of this species with others of the same genus. Furthermore, with this analysis, we can confirm
the presence of pre-reductional meiotic behavior for another species of the Heteroptera,
stressing the importance of cytogenetic studies for increasing our understanding of variation
in spermatogenesis of heteropterans.
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