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ABSTRACT. Few cytogenetic studies have been undertaken using 
aquatic heteropterans and the nucleolar behavior of these insects 
has been described in only four species, Limnogonus aduncus, 
Brachymetra albinerva, Halobatopsis platensis, and Cylindrostethus 
palmaris. The nucleolus is a cellular structure related to biosynthetic 
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activity and it exhibits a peculiar behavior in the heteropterans of 
the Triatominae subfamily; it persists during all stages of meiosis. 
Thus, this study aims to analyze spermatogenesis in Martarega 
brasiliensis, with an emphasis on nucleolar behavior. Twenty M. 
brasiliensis adult males were used and collected from the Municipal 
reservoir in the city of São José do Rio Preto, São Paulo, Brazil. The 
species were fixed in methanol:acetic acid (3:1), then dissected, and 
the testicles were extracted, torn apart, and impregnated with silver 
ions. During prophase, the nuclei of M. brasiliensis were composed 
of the nucleolus and nucleolar corpuscles, which varied in number 
from one to four, emphasizing that this insect has great synthetic 
activity during meiosis. The analysis of cells in metaphase I showed 
that M. brasiliensis presents a nucleolar organizing region in at least 
one autosome. Furthermore, the phenomenon of nucleolar persistence 
was not observed. All spermatids presented nucleolar markings that 
varied in number and position according to the stage of elongation. 
Moreover, it was also possible to highlight the presence of a vesicle 
in spermatids. Thus, this paper describes the nucleolar behavior 
of M. brasiliensis and highlights important characteristics during 
spermatogenesis, thus, increasing the knowledge about the biology of 
these aquatic heteropterans.
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INTRODUCTION

The order Hemiptera is composed of three suborders: Auchenorrhyncha, Heterop-
tera, and Sternorrhyncha (Cryan and Urban, 2012). The suborder Heteroptera has seven infra-
orders with approximately 80 families, the majority of which occur on all continents (except 
Antarctica) and some islands.

The heteropterans exhibit great variation in their occupancy of habitats and they can 
be found in terrestrial, aquatic, or semi-aquatic environments, and they also exhibit great vari-
ation in their method of feeding, being phytophagous, hematophagous, or predators (Gullan 
and Cranston, 2007). Aquatic and semi-aquatic heteropterans are widely distributed and have 
an extraordinary ability to inhabit a variety of ecosystems, being found in freshwater and 
marine habitats, at a variety of altitudes ranging from 0 to 4700 m (Melo, 2009). Thus, these 
insects have great economic and epidemiological importance as agricultural pests and vectors 
of Chagas disease, respectively. Moreover, these insects are important models for cellular 
studies because they present some peculiarities in their holocentric chromosomes and undergo 
inverted meiosis in their sex chromosomes (Ueshima, 1979).

There have been few cytogenetic studies of aquatic heteropterans (Castanhole et 
al., 2008, 2010). Of these insects, the nucleolar behavior is only known for the species 
Limnogonus aduncus, Brachymetra albinerva, Halobatopsis platensis, and Cylindrostethus 
palmaris (Castanhole et al., 2008, 2010). The nucleolus is a cellular structure related to 
biosynthetic activity, therefore, the size and number of nucleoli and nucleolar corpuscles 
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present in the nucleus depends on the functional characteristics of the cells, which may then 
reflect on metabolic and functional differences (Tavares and Azevedo-Oliveira, 1997; Souza 
et al., 2007a,b; Alevi et al., 2013).

During spermatogenesis in eukaryotes, the nucleolus dissociates at the end of pro-
phase and reorganizes during telophase (González-Garcia et al., 1995). However, in the 
heteropterans of the Triatominae subfamily, reports exist of the persistence of the nucleolus 
or nucleolar corpuscles during the whole process of meiosis, a phenomenon termed nucleo-
lar persistence (Tartarotti and Azeredo-Oliveira, 1999; Alevi et al., 2013, 2014a). Thus, 
this study aims to analyze spermatogenesis in Martarega brasiliensis, with an emphasis on 
nucleolar behavior.

MATERIAL AND METHODS

A total of 20 adult males of M. brasiliensis were collected from the Municipal res-
ervoir in the city of São José do Rio Preto, São Paulo, Brazil, with the aid of nets, and trans-
ported in pots to Laboratório de Citogenética e Molecular de Insetos of UNESP/IBILCE. 
The species were fixed in methanol:acetic acid (3:1), then dissected, and the testicles were 
extracted, torn apart, and impregnated with silver ions, as described in the protocol by Howell 
and Black (1980). The best images were captured using a ZEISS Axio Scope A1 microscope 
and analyzed using the AXIO VISION LE version 4.8 software.

RESULTS

Nucleolar behavior was observed during meiosis using the cytochemical technique 
of impregnation of silver ions (Figures 1a-f and 2a-h). During prophase I, beyond the nucle-
olus with a rounded morphology (Figure 1a-e), between one and four nucleolar corpuscles 
were observed in the cell nuclei (Figure 1b-e). Cells in metaphase I presented markings 
of the nucleolar organizer regions (NOR) in the telomeric region of one of the autosomes 
(Figure 1f). During anaphase I, various corpuscles with different sizes and shapes were ob-
served within the cells (Figure 2a), along with late migration of the sex chromosome (Figure 
2a). Cells in telophase I presented up to two marks (Figure 2b). Regarding spermiogenesis, 
early stage spermatids were rounded and presented nucleolar markings only in the region 
where the tail was beginning to form (Figure 2c). During the elongation of spermatids, the 
nucleolus and nucleolar corpuscles were observed (Figure 2d). Furthermore, the presence 
of a large vesicle and rounding at the anterior region of the head of early spermatids was 
observed (Figure 2c-e). Rod-shaped spermatids presented two corpuscles (Figure 2f), dis-
crete impregnations in the head (Figure 2f), and a tag dividing the spermatid longitudinally 
(Figure 2f). In the final phase, elongated rod-shaped spermatids with persistent nucleolar 
corpuscles were observed (Figure 2g) and elongated spermatids with markings in the ante-
rior region of the head were recorded (Figure 2h).

DISCUSSION

Species of the Martarega genus, belonging to the family Notonectidae, are popularly 
known as backswimmers because they have rear legs adapted for swimming (Ueshima, 1979).
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Figure 1. Cells of the seminiferous tubules of Martarega brasiliensis, impregnated with silver ions. a.-e. Prophase 
I. Note the presence of the rounded nucleolus (arrowhead) and nucleolar corpuscles (arrow) that varied in number: 
a. Absence of nucleolar corpuscles; b. one nucleolar corpuscle; c. two nucleolar corpuscles; d. three nucleolar 
corpuscles, and e. four nucleolar corpuscles; f. metaphase I. Note the presence of the nucleolar organizer regions 
(arrow) in the telomeric region of one autosome. Scale bar = 10 μm.

Figure 2. Cells of the seminiferous tubules of Martarega brasiliensis, impregnated with silver ions. a. Anaphase 
I with various corpuscles of different sizes and shapes (arrows) and late migration of the sex chromosome 
(arrowhead). b. Telophase with up to two marks (arrows). c. Early spermatids with marking in the posterior region 
(arrows) and vesicles in the anterior region of the head (arrowheads). d. Initial round spermatid with a nucleolus 
(arrow) and four nucleolar corpuscles (asterisks). Note the presence of large, rounded vesicles (arrowhead). e. 
Elongating spermatid with marking in the posterior region (arrow) and vesicles in the anterior head (arrowhead). f. 
Rod-shaped spermatid presenting two corpuscles (asterisks), discrete impregnations in the head (arrow), and a tag 
dividing the spermatid longitudinally (arrowhead). g. Elongated rodshaped spermatids with persistence of positive 
silver corpuscles (arrows). h. Elongated spermatids with marking in the head region (arrows). Scale bar = 10 μm.
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During meiosis of M. brasiliensis, we observed nucleologenesis, with nuclei in pro-
phase I composed of the nucleolus and nucleolar corpuscles that varied in number from one to 
four. This variation in the number of nucleolar corpuscles is related to the synthetic activity of 
the cells (Tavares and Azeredo-Oliveira, 1997; Bressa et al., 2002). Alevi et al. (2013) analyzed 
the nucleolar markings of two species of triatomine bugs (Triatoma lenti and Triatoma mela-
nocephala) and found that the species with the highest number of markings showed the great-
est synthetic activity. Thus, the results presented here indicate that M. brasiliensis has great 
synthetic activity during meiosis. However, we emphasize that this variation in the number of 
nucleolar corpuscles may be related to the transcriptional needs of the cell during cell division.

Although technical impregnation by silver ions is applied extensively to studies of 
NORs (Howell and Black, 1980), the holocentric nature of the chromosomes of hemipterans 
makes it difficult to mark the NORs. Using the technique of silver ions to mark the NORs that 
were active in the previous interphase, thus analyzing the cells in metaphase I, we observed 
that M. brasiliensis presents NOR in at least one autosome. This feature was also observed in 
the chromosomes of L. aduncus (Castanhole et al., 2008).

The phenomenon of nucleolar persistence is characterized by the presence of the nu-
cleolus or nucleolar corpuscles during metaphase (Alevi et al., 2014a). M. brasiliensis showed 
no nucleolar persistence because the presence of a NOR was only observed during metaphase 
I. This same feature was also observed for L. aduncus (Castanhole et al., 2008). The presence 
of nucleolar corpuscles during the phases of meiosis have been characterized in other insects 
of the order Hemiptera: Carlisis wahlbergi (Fossey and Liebenberg, 1995) Acanthocoris sor-
didus, and Coptosoma punctissimum (Yoshida, 1950), and 21 species of the Triatominae sub-
family (Alevi et al., 2014a). Alevi et al. (2014a) proposed that nucleolar persistence may be a 
synapomorphy of the subfamily Triatominae.

During spermiogenesis, all spermatids presented nucleolar marks that varied in num-
ber and location in accordance with the phase of elongation. The presence of nucleolar cor-
puscles during all stages of spermatogenesis has already been observed in aquatic Heteroptera 
(Castanhole et al., 2008). In B. albinerva, H. platensis, and C. palmaris, cells with one or more 
corpuscles were observed to turn around the perichromosomal sheath during disorganization. 
The round spermatids presented two close corpuscles and during stretching, one corpuscle 
remained in the head and the other migrated to the initial part of the tail. At the end of the 
spermiogenesis process, these markings were not visualized (Castanhole et al., 2010).

Although nucleolar marks were observed in spermatids of M. brasiliensis, recently 
Alevi et al. (2014b) suggested that the cells of hemipterans do not have transcriptional ac-
tivity during spermiogenesis. The authors highlight the relationship of nucleolar markings 
with regions of constitutive heterochromatin and suggest that the nucleolus is inactivated by 
epigenetic factors and that the organelle chromatoid body supplies all transcriptional activity 
during cell differentiation. Thus, we emphasize the importance of further studies using specific 
epigenetic markers to investigate whether the nucleolar material observed in M. brasiliensis 
has transcriptional activity.

A peculiarity observed during spermiogenesis of M. brasiliensis was the presence of a 
vesicle in the spermatids, which has not been observed in the terrestrial (Souza et al., 2007a,b, 
2008, 2009) and aquatic species (Castanhole et al., 2008, 2010) studied. Thus, we emphasize 
that ultrastructural studies are required to describe this structure in more detail in order to 
clarify its relationship with the formation of sperm.
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In conclusion, this paper describes the nucleolar behavior of M. brasiliensis and high-
lights important characteristics observed during spermatogenesis, increasing the knowledge 
about the biology of these aquatic heteropterans.
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