
©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 11 (3): 2432-2440 (2012)

Cytogenetics of the darkling beetles 
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ABSTRACT. Males of Zophobas aff. confusus and Nyctobates gigas 
(Tenebrionidae) collected in the State of Pernambuco, Brazil, were 
studied through conventional staining, C-banding, silver nitrate im-
pregnation (AgNO3), and the base specific fluorochromes CMA3 and 
DAPI. Z. aff. confusus was found to have 2n = 20 (9+Xyp) while N. 
gigas exhibited 2n = 18 (8+neoXY). Large pericentromeric blocks of 
constitutive heterochromatin (CH) were detected throughout the auto-
somal complement of the two species, except in one autosomal pair 
of N. gigas in which no heterochromatic block was observed. The sex 
chromosomes of both species were almost totally heterochromatic. 
Double staining with CMA3/DA (distamycin) and DAPI/DA marked 
CH in Z. aff. confusus. However, DAPI staining was more intense. 
N. gigas was found to possess blocks of CH-positive CMA3 and ho-
mogeneous DAPI. AgNO3 staining also revealed differences between 
the two species. In Z. confusus an NOR was observed in the sexual 
bivalent Xyp and N. gigas was found to have an autosomal NOR.
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INTRODUCTION

The order Coleoptera, the largest order of the animal kingdom, comprises about 
25,368 genera and 357,899 species. The Tenebrionidae family (suborder: Polyphaga) in-
cludes about 20,000 species that are distributed worldwide. Thus far, approximately 478 
genera and 4624 species belonging to the Tenebrionidae family, of which 147 genera and 
1234 species have been registered in Brazil, have been reported in the neotropical region 
(Costa, 2000).

Thus far, more than 1% of tenebrionids have been cytogenetically studied. The dip-
loid number of tenebrionids ranges from 2n = 14 (Diaperis boleti and Scotobius miliaris) to 
2n = 38 (Blaps gibba), with a modal karyotype containing 20 chromosomes (2n = 20). Al-
though this species is frequently characterized by the Xyp sex system, other simple systems 
(XY, X0, and Xyr) and multiple (X1X2Y, X1 X2X3Y, X1X2X3X4Y, and X1X2X3X4Y1Y2) sex 
chromosomes have also been found (Juan and Petitpierre, 1991; Vitturi et al., 1996; Pons, 
2004). The chromosomal morphology is generally metacentric and submetacentric, with 
chromosomes having similar sizes, which renders the identification of individual species 
difficult (Petitpierre, 1996). Some studies have focused on the distribution and base pair 
composition of the constitutive heterochromatin in the karyotypes of Tenebrionidae spe-
cies (Juan and Petitpierre, 1989; Almeida et al., 2000; Pons, 2004). In general, the hetero-
chromatin has a pericentromeric location and accounts for about 50% of the genome and 
constitutes monomeric sequences with varying sizes of 100-360 base pairs (Mestrovic et 
al., 2000). These sequences are primarily AT rich (Pons et al., 1993; Juan et al., 1993; Plohl 
et al., 1993; Ugarkovic et al., 1994). Studies on the nuclear organizing regions (NORs) and 
chromosome mapping studies are still quite scarse in this group (Juan et al., 1993; Vitturi 
et al., 1996).

In this study, the mitotic and meiotic chromosomes of Nyctobates gigas and Zo-
phobas aff. confusus were analyzed using conventional staining, C-banding, base-specific 
fluorochrome staining, and silver nitrate impregnation. The results might contribute to the 
understanding of chromosomal diversification patterns in the family Tenebrionidae.

MATERIAL AND METHODS

The meiotic and mitotic chromosomes of 5 male individuals of N. gigas and 15 male 
individuals of Z. aff. confusus (Tenebrionidae) were analyzed. The individuals were collected 
from Tapacurá Biological Reserve in São Lourenço da Mata (8°02′24 S: 35°11′45 W) and 
Vila Velha (7°48′34 S: 34°51′26 W), Itamaracá, Pernambuco State, Brazil. The individuals 
were anesthetized with ether for the dissection of the testicular follicles; some individuals 
were treated with 0.2% colchicine for 6-9 h. The testicles were fixed in ethanol:acetic acid 
(3:1). The cytological preparations were obtained by squashing the testicular follicles. For 
conventional staining, 2% lacto-acetic orcein was used. The C-banding and double staining 
with CMA3/DA (distamycin) and DAPI/DA were performed according to Sumner (1972) 
and Schweizer et al. (1983), respectively, with minor modifications. For C-banding, the 
slides were treated with 0.2 N HCl for 30 min at room temperature and 5% barium hydrox-
ide for 30 s and 2X SSC for 45 min at 60°C. For CMA3/DA double staining, the slides were 
stained with CMA3 for 1 h and DA for 40 min. For DAPI/DA staining, the slides were treated 
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for 20 min with DAPI and 40 min with DA. Silver nitrate impregnation was performed as 
described by Rufas et al. (1987). In brief, the slides were pre-treated with 2X SSC at 60°C 
for 10 min and stained with silver nitrate (1 g/mL) at 70°-80°C.

The cells were analyzed and photographed using a Leica DMLB microscope. For 
conventional staining, Kodak Imagelink Wing 25 film was used for C-banded and silver 
nitrate-stained slides, and Kodak T-MAX WING 400 film was used for cells stained 
with CMA3/DA and DAPI/DA. The cell images were printed using Kodak Kodabrome 
Print F3.

RESULTS

The 2 species studied had differences in the diploid number and sex chromosome 
bivalent. Spermatogonial metaphase analysis allowed the identification of the number and 
precise chromosomal morphology of both the species. Z. aff. confusus had a diploid number 
of 2n = 20 (Figure 1a), with meioformula 9 + Xyp (Figure 1c), while N. gigas had 2n = 18 
(Figure 1b), with meioformula 8 + neoXY (Figure 1d). The karyotype of Z. aff. confusus 
consisted of metacentric and submetacentric chromosomes having discrete size differences. 
In Z. aff. confusus, the X chromosome is metacentric, while the y chromosome is puntiform 
(Figure 1a, c). This pattern is independent of the occurrence of NORs in Xyp, and it can 
result in the presence of argyrophilic substances in the lumen of that sex bivalent. The ar-
gyrophilic substances are important for the parachute configuration and segregation of the 
Xyp chromosomes. N. gigas had a karyotype comprising chromosomes decreasing gradu-
ally in size: 3 metacentric pairs, 3 submetacentric pairs, and 2 acrocentric pairs. In N. gigas, 
the neoX is submetacentric, while the neoY is acrocentric (Figure 1b and d). The metaphase 
I of Z. aff. confusus showed a parachute type sex-determining system, with a metacen-
tric X chromosome and diminute y chromosome (Figure 1c). In N. gigas, heteromorphism 
was observed in the sex chromosome neoXY, because these elements were unpaired due to 
the presence of only one chromosomal arm (Figure 1d). C-banding revealed constitutive 
heterochromatic distribution pattern, with large blocks of heterochromatin located in the 
pericentromeric region of all the chromosomes of Z. aff. confusus (Figure 2a and b) and 
N. gigas (Figure 3a and b).The sex chromosomes of the 2 species were almost completely 
heterochromatic, except the yp of Z. aff. confusus.

Double staining with CMA3/DA and DAPI/DA revealed different patterns for the 
CH base pair composition in Z. aff. confusus and N. gigas. In Z. aff. confusus, CMA3 and 
DAPI stained the same regions of CH as those stained by C-banding (Figure 2e and f). 
N. gigas exhibited strong positive CMA3 markers in all chromosomes of the complement, 
except in 1 autosomal pair, indicating a CG-rich CH (Figure 3e and f). DAPI staining was 
homogeneous in all the chromosomes of N. gigas (Figure 3g).

Silver nitrate impregnation also revealed distinct patterns for the 2 studied species. 
In Z. aff. confusus, an amorphous mass, corresponding to the nucleolus, associated with the 
Xyp bivalent was noted (Figure 2c). In metaphase I, the sex bivalent showed AgNO3-stained 
parachute lumen (Figure 2d). In N. gigas, a strong impregnation was observed in an autoso-
mal bivalent (Figure 3c). In both the species, AgNO3 also stained the regions corresponding 
to the CH (Figures 2c and d, 3c and d).
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Figure 1. Spermatogonial metaphases and cells in metaphase I stained conventionally in Zophobas aff. confusus (a, 
c) and Nyctobates gigas (b, d). Bar = 3 µm.

Figure 2. Meiotic cells of Zophobas aff. confusus after C-banding (a, b), silver nitrate impregnation (c, d), CMA3 
(e), and DAPI (f). Pachytene cells (a, c, e, f) and cells in metaphase I (b, d). The arrows indicate Xyp. The 
arrowhead in c indicates NOR. Bar = 3 µm.
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DISCUSSION

In general, the species belonging to the order Coleoptera have a high degree of con-
servation with regard to the diploid number (2n = 20), chromosomal sex system (Xyp), and 
meta-submetacentric chromosomes. However, numeric and morphologic variation in chro-
mosomes of different taxa, for example, in families and subfamilies, have been described in 
the literature. Different structural rearrangements such as Robertsonian rearrangements and in 
tandem fusions and fissions can be responsible for such variations (Smith and Virkki, 1978; 
Vidal and Nocera, 1984; Petitpierre et al., 1991; Schneider et al., 2006; Moura et al., 2008; 
Cabral-de-Mello et al., 2008).

Figure 3. Meiotic and mitotic cells of Nyctobates gigas after C-banding (a, b), silver nitrate impregnation (c, d), 
CMA3 (e, f), and DAPI (g). Pachytene cells (a, c, d, e, f, g) and spermatogonial metaphase (b). The arrows in a and 
c indicate the bivalent neoXY. The arrowheads in c and d point to nuclear organizing region. The bar in g serves for 
all figures except figure b. Bar = 3 µm.
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The 2 species described herein differed with regard to the diploid number, chromo-
somal morphology, and sex chromosome bivalent. The karyotype of Z. aff. confusus consisted 
of 20 meta-submetacentric chromosomes that were similar in size and an Xyp sex system, with 
a small yp. This was similar to the modal karyotype for the Coleoptera order (Smith and Virk-
ki, 1978), which has been reported in 63% of the Tenebrionidae species studied thus far (Juan 
and Petitpierre, 1991). N. gigas had a distinct karyotype unlike the modal and primitive karyo-
types for Coleoptera; it had a diploid number of 2n = 18 and a derived sex system-neoXY, 
along with 2 pairs of acrocentric chromosomes. The smaller diploid number could possibly 
result from an X-autosome fusion, responsible for the origin of the neoXY sex system. The 
neoXY sex system has been frequently reported in the representatives of the tribe Akidini. The 
presence of this sex system in the Tenebrionidae family might be an exceptional case since all 
the Tenebrionidae species studied have a 7 + neoXY sex system (Juan and Petitpierre, 1991). 
Reduction in the diploid number has been reported in N. gigas and representatives of tribe 
Akidini (genus Pimelia (Pimeliini)), although this process did not involve sex chromosomes, 
and the ancestral Xyp sex system was maintained. The ancestral species belonging to genus 
Pimelia have a reduced diploid number of 8 + Xyp (Pons, 2004).

In Coleoptera, the neoXY sex system originated by chromosomal rearrangements 
among the ancient Xyp or XO sex system and autosomal elements. In this group, the presence 
of the neoXY system is more common in representatives of families such as Carabidae and 
Passalidae that have a higher prevalence of the XO system (Smith and Virkki, 1978). There-
fore, the origin of the neoXY system in the tenebrionid Pimelia sparsa sparsa (8 + neoXY) 
has been thought to result from a rearrangement involving the ancient Xyp with loss of most of 
the existent heterochromatin in the X chromosome (Pons, 2004). Schneider et al. (2006) also 
suggested that the fusion of autosomal/Xy chromosome might be responsible for the origin of 
the 7 + neoXY karyotype in Conoderus stigmosus (Elateridae).

Z. aff. confusus and N. gigas showed a similar pattern of CH distribution in the peri-
centromeric regions of the autosomes. In addition, the neoX and neoY chromosomes of N. 
gigas and the X chromosome of Z. aff. confusus were almost completely heterochromatic. A 
similar pattern of heterochromatic X chromosome has been described in most beetles such as 
Gonocephalum patruele (Tenebrionidae) and Harpalus affinis (Carabidae) and in some spe-
cies belonging to the family Scarabaeidae (Juan and Petitpierre, 1989; Rozek and Maryanska-
Nadachowska, 1991; Moura et al., 2003; Bione et al., 2005a,b). However, some species of the 
order Coleoptera have been described to have a euchromatic X chromosome, such Trechus 
latus (Carabidae) (Rozek, 1998). In addition, as observed in Z. aff. confusus, the presence of 
euchromatic y has been described in Gymnopleurus sturmi (Scarabaeidae), Palembus der-
mestoides (Tenebrionidae), Epicauta atomaria (Meloidae), and in 23 of the 25 studied species 
of Pimelia (Tenebrionidae) (Almeida et al., 2000; Colomba et al., 2000; Pons, 2004). In these 
species, the lack of labeling can be due to the minuscule size of the CH blocks in the yp. Juan 
et al. (1993) conducted FISH studies and showed the presence of repetitive DNA in the yp 
chromosome of some species of Coleoptera.

The larger amount of CH found in the species studied herein represents an important 
characteristic of Tenebrionidae species. In most of the species in which the heterochromatin 
was quantified, the values reached almost 50% of the genome content (Juan and Petitpierre, 
1989; Plohl et al., 1993; Pons et al., 1997; Pons, 2004; Mravinac et al., 2004). Such a CH dis-
tribution pattern has rendered these organisms to be used as model systems for studying the 
structure, function, and evolution of CH and their components.
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The use of base-specific fluorochromes revealed interspecific variation in the base pair 
composition of the CH of the 2 species studied here. Although the CH blocks were stained 
by both the fluorochromes in Z. aff. confusus, the DAPI labeling was stronger (DAPI++) than 
CMA3 labeling (CMA3

+), indicating a predominance of AT. Study of the composition of CH by 
using fluorochromes and analysis of tandemly repeated DNA sequences this CH has revealed 
the presence of AT-rich blocks in all the analyzed species of Tenebrionidae (Juan et al., 1993; 
Plohl et al., 1993; Pons et al., 1993; Ugarkovic et al., 1994; Pons et al., 1997; Mestrovic et 
al., 2000). However, in N. gigas, a distinct pattern with CMA3+ heterochromatic blocks was 
observed, indicating the prevalence of GC base pairs. A similar pattern has been reported in 
other species such as Thorectes intermedius (Geotrupidae), Phyllophaga (Phyllophaga) aff. 
Capillata, and G. sturmi (Scarabaeidae) (Vitturi et al., 1999; Colomba et al., 2000; Moura et 
al., 2003).

Previous studies have suggested that nucleolus organization by 1 autosomal pair is 
responsible for the pattern of NOR location in Coleoptera (Drets et al., 1983; Virkki, 1983; 
Postiglioni and Brum-Zorrilla, 1988; Rozek, 1998; Colomba et al., 2000; Moura et al., 2003; 
Bione et al., 2005a). This pattern was also observed in N. gigas. However, Z. aff. confusus 
showed an active NOR associated with the Xyp bivalent. These NOR regions, also positive for 
C-banding, stained brilliantly with CMA3, indicating that the whole heterochromatin stained 
with silver nitrate is rich in GC base pairs. In Z. aff. confusus, the nucleolar remnant is pres-
ent until the end of pachytene, while Xyp remains positive for silver nitrate staining until 
metaphase I. Such a pattern has also been observed in some coleopteran species independent 
of NOR, irrespective of whether it is associated with Xyp (Postiglioni and Brum-Zorrilla, 
1988; Moura et al., 2003; Bione et al., 2005b). This pattern is independent of the occurrence 
of NORs in the Xyp and can result in the presence of argyrophilic substances in the lumen of 
that sex bivalent. The argyrophilic substances are important in the parachute configuration and 
segregation of the Xyp chromosomes (Virkki et al., 1990, 1991).

Although the 2 species studied here belonged to the same family, subfamily, and tribe, 
their karyotypes had distinct features with regard to the chromosomal number, sexual system, 
CH composition, and NOR location. The results obtained in Z. aff. confusus are in agreement 
with those obtained for other species belonging to Tenebrionidae. However, the karyotype of 
N. gigas differed distinctly from the most common chromosomal patterns reported for Tene-
brionidae, such as the diploid number, sex chromosome bivalents (18, neoXY), and base pair 
richness of the heterochromatin. Despite a conserved chromosomal pattern, Tenebrionidae 
possesses some tribes and genera that have derived chromosomal characteristics, indicating 
distinct chromosomal evolution trends in this group. Moreover, our results warrant the need 
of studies involving a larger number of Tenebrionidae representatives for better understanding 
the evolution karyotype of this group.
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