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Short Communication
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ABSTRACT. B chromosomes, also called supernumerary or accessory 
chromosomes, have been characterized as extra elements found in the 
karyotypes of different eukaryotic species. B chromosomes are nonvital and 
only occur in some individuals within a species. Moreover, the chromosomes 
contain silenced genes, and they exhibit heterochromatinization and the 
accumulation of repetitive DNA and transposons. In the present study, 
we describe an extra chromosome in the grasshopper Ommexecha 
virens for the first time, using conventional staining and fluorescent in 
situ hybridization techniques, and we discuss the possible origin of the B 
chromosome.
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INTRODUCTION

Supernumerary chromosomes (B chromosomes) are extra elements, not homologous 
to the standard complement and present in several species of plants and animals. In insects, 
occur mainly in Diptera, Coleoptera and Orthoptera (Loreto et al., 2008). They may have different 
origins, including the derivation of autosomal (Jamilena et al., 1995), sexual chromosomes (Lopez-
Leon et al., 1994) and resulting from interspecies crosses (Mcallister and Werren, 1997). The 
molecular mechanisms that drive the evolution of these segments resemble that of univalent sex 
chromosomes, as gene silencing and heterochromatinization processes (Camacho et al., 2000). 
B chromosomes are nonvital and only occur in some individuals within a species. Furthermore, 
they typically have accumulation mechanisms that increase their transmission prior to, during, 
or following gametogenesis (Nur, 1977). They are often heterochromatic, and do not pair and 
recombine with any of the A chromosomes during meiosis. Moreover, the chromosomes usually 
do not contain major genes, with the exception of ribosomal DNA (rDNA) sequences, which have 
been mapped on many plant and animal B chromosomes (Jones, 1995). About the grasshoppers 
species that present B chromosome, Eyprepocnemis plorans is among the most studied. This 
species has forty types of B variants along the populations found in the Mediterranean and 
Atlantic coasts of the Iberian Peninsula and North Africa (Cabrero et al., 1999). Loreto et al. (2008) 
investigated the possible origin of macro B chromosome in Rhammatocerus brasiliensis and Xyleus 
discoideus angulatus populations originated in Northeastern region of Brazil. In these species, the 
B chromosome proved very similar to the X chromosome in morphology. However, the FISH results 
show an autosomal origin of these chromosomes.

The Ommexecha genus presents the major geographical distribution among 
Ommexechidae, which is found from East of the Andes to the Caribbean and Northeastern Brazil. 
Of the six known species, only O. virens presents great phenotypic (morphologic and chromatic) 
variability (Mesa and Ferreira, 1977). The O. virens karyotype was characterized using conventional 
staining, C-banding, silver nitrate impregnation, base specific fluorochromes and fluorescent in situ 
hybridization (FISH) with 18S rDNA probe (Carvalho et al., 2011). A total of 2n = 23 chromosomes 
were found in this species, which exhibited predominantly acrocentric morphology, with the 
exception of submetacentric L1 and the X0:XX sexual mechanism. The karyotype is generally 
arranged as three pairs of large chromosomes (L1 to L3), five pairs of medium chromosomes (M4 
to M8), three pairs of small chromosomes (S9 to S11), and an X chromosome (considered medium-
sized). In this study, we present the first description of an extra chromosome in an Ommexechidae 
representative, and discuss the possible origin of the B chromosome in O. virens.

MATERIAL AND METHODS

A total of 115 O. virens individuals, collected in Pernambuco (PE) and Bahia (BA) states in 
Northeast Brazil (Table 1), were analyzed. The testes and ovaries were fixed in Carnoy’s solution (3:1 
ratio of ethanol and acetic acid), and the cytological preparations were obtained via the squashing 
follicles technique. For conventional analysis, the slides were stained with 1% lacto-acetic orcein. 
CMA3/DA/DAPI staining was accomplished following the methods specified by Schweizer et al. 
(1983). DNA extractions for fluorescent in situ hybridization (FISH) preparations were performed 
following the methods specified by Walsh et al. (1991). Approximately 1 to 2 testicular follicles 
were homogenized in 10% Chelex, and were subsequently subjected to 56° and 96°C water baths. 
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The material was then centrifuged at 13,000 rpm, and the supernatant was stored at -20°C prior 
to polymerase chain reaction (PCR) analysis. The 5S rDNA, 18S rDNA, and H3 histone gene 
probes were obtained using PCR. To amplify the genes of interest, we used the following primers: 
5'-AACGACCATACCACGCTGAA-3' and 5'-AAGCGGTCCCCCATCTAAGT-3' for the 5S rDNA 
gene; 5'-CCCCGTAATCGGAATGAGTA-3' and 5'-GAGGTTTCCCGTGTTGAGTC-3' for the 18S 
rDNA gene; 5'-ATATCCTTRGGCATRATRGTGAC-3' and 5'-ATGGCTCGTACCAAGCAGACVGC-3' 
for the H3 histone gene. The FISH analysis was done according to the methods of Moscone et 
al. (1996); using the 18S and 5S rDNA and H3 histone probes. A stringency level of 72% was 
determined after three washes in 2X SSC at 42°C, two washes in 0.1X SSC at 42°C, and one 
wash in 2X SSC at 25°C (5 min each). The FISH and fluorochrome procedures were conducted 
using materials from two specimens with B chromosomes (1B) and two specimens without B 
chromosomes (0B). Photographs were obtained by Leica CW4000 FISH capture system coupled 
to a Leica DMLB fluorescent microscope. The figures were mounted with the use of the Adobe 
Photoshop CS5 Extended software.

RESULTS AND DISCUSSION

The karyotypes of analyzed O. virens populations were described by Carvalho et al. 
(2011), but the presence of B chromosomes in the Sobradinho (BA) population was not included 
(Table 1). In this population, a small B chromosome, which was similar to the S9 pair both in size 
and acrocentric morphology, was visualized in 16% of the individuals studied. In other grasshopper 
populations, such as Melanoplus femur-rubrum (Nur, 1977), Eyprepocnemis plorans (Henriques-Gil 
et al., 1984), and Rhammatocerus brasiliensis (Loreto et al., 2008), B chromosome prevalence was 
similar (10%, 10 to 15%, and 6.5 to 17.9%, respectively). In populations where the B chromosome 
recently emerged, the frequency was usually high (>25%) (Araújo et al., 2001). On the other hand, 
in the case of B chromosome stability or extinction, this number was relatively low (Riera et al., 
2004). The 16% frequency in the Sobradinho population may be an indication that the origin of this 
B chromosome is not recent.

The small B chromosome of O. virens exhibits picnosis similar to that of the chromosomal 
complement pairs, with the exception of X (Figure 1a). The other analyzed populations did not 
exhibit B chromosomes (Table 1).

Localities Coordinates Number of individuals analyzed Number of 1B individuals

Sobradinho - BA 9°27'19''S; 40°49'24''W 25 4
Buíque - PE 8°37'23''S; 37°9'12''W 24 0
Rio de Contas - BA 13°34'44''S; 41°48'41''W 21 0
Andaraí - BA 12°48'26''S; 41°19'53''W 23 0
Mucugê - BA 13°0'19''S; 41°22'45''W 22 0

Table 1. Localities of collections with geographical coordinates in the States of Pernambuco (PE) and Bahia (BA) in 
the Northeastern region of Brazil, and the number of individuals analyzed and 1B individuals of Ommexecha virens 
populations studied.

The 5S rDNA sites were preferentiality present in the pericentromeric/proximal region of 
the four largest autosomal pairs (L1, L2, L3, and M4). However, a 5S rDNA site was also identified 
in the L3 terminal region. In L2, the 5S rDNA site collocated with the 18S rDNA site. The 1B 
individuals did not have the 5S rDNA site in the extra chromosome, and the 5S rDNA localization 
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pattern was the same as that in 0B individuals. The results indicated variation in the number of 
5S rDNA sites in both individuals (Figure 1b, c), and this was observed in other grasshopper 
species both with and without B chromosomes (Cabral-de-Mello et al., 2011). The O. virens 18S 
rDNA analysis was previously performed by Carvalho et al. (2011) in 0B individuals, and it was 
conducted in the present study to compare the possible 18S sites in 1B individuals. The 18S rDNA 
sites were observed in the pericentromeric/proximal regions of the L2, S9, and S10 chromosomes 
(Figure 1b, c), and the pattern of 18S rDNA sites was the same in 0B and 1B individuals. The H3 
histone site was only seen at the proximal location of the S9 chromosomes of both 0B and 1B 
specimens (Figure 1d, e), but the B chromosome did not present rDNA or histone sites (Figure 
1h). The chromosome location of the H3-H4 histone gene clusters exhibited high regularity in 
grasshopper families. Thirty-five Acrididae species analyzed by Cabrero et al., 2009 exhibited a 
single H3-H4 cluster in an autosome only, which in most cases is the third chromosomal pair. In 
four Proscopiidae grasshopper species, the number and location of the H3 histone genes were 
highly conserved, and only one site was present on the fourth chromosome (Cabral-de-Mello et al., 
2011). In Romaleidae, the H3 histone gene distribution pattern in four species was observed for the 
first time. The H3 histone site was restricted to the second autosomal pair in all species examined 
(Neto et al., 2013).

Figure 1. Characterization of B chromosomes in Ommexecha virens. (a) Conventional staining of metaphase I from 
an individual bearing 1B. Locations of 5S and 18S rDNA in (b) 1B and (c) 0B individuals. The 5S rDNA sites (green) 
are in the L1, L2, L3, and M4 pairs, and the 18S rDNA sites (red) are in L2, S9, and S10 pairs. H3 histone sites in S9 
are shown in (d) and (e). CMA3-positive blocks are shown in (f) 1B and (g) 0B. Note a similar pattern between S9 and 
B. (h) Idiogram showing 5S/18S rDNA, H3 histone, and CMA3-positive block distribution patterns in the chromosomal 
complement. Bar = 10 µm.

Regarding CMA3/DA/DAPI staining, CMA3 positive blocks were observed in the 
pericentromeric regions of the L2, S9, and S10 chromosomal pairs in 0B and 1B individuals. The 
small B chromosome showed a CMA3 pattern that was similar to that of the S9 chromosome 
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(Figure 1f, g). However, the presence of the 18S/H3 sites observed in the S9 pair was not indicated. 
Based on the data obtained (Figure 1h), if the small B chromosome observed in O. virens originated 
from the S9 chromosome, it suffered some rearrangements that led to the loss of the 18S rDNA and 
H3 histone sites present in S9. According to Camacho et al. (2000), B chromosomes may originate 
from sex chromosomes. In the grasshopper Xyleus discoideus angulatus (Romaleidae), the B X 
chromosomes have highly similar morphology, size, and picnosis, but they differed when examined 
using other techniques (e.g., C-banding and FISH using 5S rDNA) (Loreto et al., 2008). In the case 
of X. d. angulatus, L3 and X chromosomes were excluded as probable B ancestors. In O. virens, a 
probable autosomal origin of the B chromosome was supported, since there was no correspondence 
in the morphological aspects, FISH, and fluorochrome sites between B and X chromosomes. 
Therefore, the most likely origin of the O. virens B chromosome is the S9 chromosome. If this is the 
case, the lack of similar repetitive DNA sites indicates that this origin of the B chromosome could be 
more ancient than indicated by its frequency and genomic disequilibrium. However, we did not entirely 
reject the possibility of the B chromosome originating from another chromosome. The circumscription 
to a unique population may be the result of limited migration of individuals among populations. This is 
the first report of a B chromosome in the Ommexechidae family, but it will be necessary to use other 
markers in order to more precisely establish the origin of the B chromosome in O. virens.
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