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sentatives of this insect group to confirm this statement. The 
presence of such an association of 5S rDNA and H3 histone 
in mussels and arthropods (beetles, grasshoppers and crus-
taceans) suggests that this linked configuration could repre-
sent an ancestral pattern for invertebrates. These results pro-
vide new insights into the understanding of the genome
organization and the evolution of multigene families in 
grasshoppers and in insects as a whole. 

 Copyright © 2010 S. Karger AG, Basel 

 Repetitive DNA elements constitute a large portion of 
eukaryotic genomes, including tandem arrays and dis-
persed repeats. Tandem array repeats comprise mainly 
satellite DNAs and multigene families [Charlesworth et 
al., 1994]. The ribosomal RNA (rRNA) and the histone 
protein gene families include a variable number of copies 
and locations across the genomes. The use of fluorescence 
in situ hybridization (FISH) for rRNA and histone genes 
has provided useful chromosomal markers for compara-
tive analysis, elucidation of genome organization and 
identification of chromosomal rearrangements in many 
organisms. Among invertebrates, for instance, mapping 
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 Abstract 

 This paper reports on the chromosomal location of 18S 
rRNA, 5S rRNA and H3 histone multigene families in 4 species 
of a relatively ancient and diversified group of grasshoppers 
belonging to the family Proscopiidae. The 5S rRNA and H3 
histone genes were highly conserved in the number of sites 
and chromosomal position in the 4th chromosome pair in all 
species analyzed, whereas the 18S rRNA genes showed 
slightly more variation because they were present on one or 
2 chromosome pairs, depending on the species. The 5S and 
18S rRNA gene families occurred in different chromosomes; 
in contrast, H3 histone and 5S rRNA genes co-localized in
the same chromosomal position, with an apparently inter-
spersed organization. Considering that the Proscopiidae 
family is a relatively ancient group compared with the Acri-
didae family, the association of the H3 histone and 5S rRNA 
multigene families can represent a basal condition for grass-
hoppers, although more research is needed on other repre-
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of rRNA genes has been performed in many groups, such 
as worms, insects, mollusks, echinoderms and others 
[Vitturi et al., 2002; Wang and Guo, 2004; Caradonna et 
al., 2007; Cabrero and Camacho, 2008]. On the other 
hand, mapping of histone genes has been restricted to 19 
chironomid midges [Hankeln et al., 1993], 11 fruit flies 
[Schienman et al., 1998; Ranz et al., 2003], 5 mollusks 
[Eirín-López et al., 2004; Zhang et al., 2007], 35 acridid 
grasshoppers [Cabrero et al., 2009] and one beetle species 
[Cabral-de-Mello et al., 2010].

  The family Proscopiidae comprises about 266 species 
that have been arranged into 3 subfamilies: Hybusinae, 
Xeniinae and Proscopiinae, all of which are distributed 
exclusively throughout Central and South America [Lia-
na, 1980; Otte et al., 2003]. The taxonomic status and the 
phylogenetic position of this family remain controversial, 
although it represents a relatively ancient and diversified 
group if compared with the acridids, forming a quite old 
Acridomorpha group [Descamps, 1973; Matt et al., 2008]. 
Proscopiidae are characterized by diploid chromosome 
numbers (2n -  = 15, 17, 19) lower than those observed in 
the Acrididae grasshoppers (most species with 2n -  = 23), 
although both families coincide in sharing the XO/XX 
sex chromosome system and acrocentric chromosomes 
in most species [Mesa and Ferreira, 1981; Moura et al., 
1996; Souza and Moura, 2000]. According to Mesa and 
Ferreira [1981], fusions, fissions and inversions are re-
sponsible for the chromosomal diversity observed in the 
Proscopiidae family. Other aspects of the chromosomal 
organization, e.g., the location of repetitive DNA, have 
scarcely been studied, with only 4 species analyzed for 
heterochromatin and nucleolus organizer region loca-
tion, through classical cytogenetic methods [Moura et al., 
1996; Souza and Moura, 2000]. 

  With the aim of contributing to the knowledge of 
grasshopper genomes, we investigated the chromosome 
location of 3 multigene families (5S rRNA, 18S rRNA and 
H3 histone genes) in 4 Proscopiidae species, using single 
and double FISH. Our results revealed the colocalization 
of 5S rRNA and the H3 histone genes as well as the inde-
pendent location of the 18S rDNA. These data contribute 
to a better understanding of the genome organization of 
multigene families in grasshoppers and in insects as a 
whole.

  Materials and Methods 

 Adult males of 4 species of Proscopiidae grasshoppers, i.e., 
 Scleratoscopia protopeirae  (7),  S. spinosa  (8),  Stiphra robusta  (12) 
and  Tetanorhynchus   silvai  (6), were collected from countryside 

regions in the Pernambuco State, Northeast Brazil. The testes 
were fixed in Carnoy (3:   1 ethanol:acetic acid), and the chromo-
some preparations were made by squashing in a drop of 45% ace-
tic acid and subsequently removing the coverslip with a razor-
blade after immersion in liquid nitrogen.

  DNA probes of the 5S rRNA, 18S rRNA and H3 histone genes 
were obtained from the genome of the beetle  Dichotomius gemi-
natus  [Cabral-de-Mello et al., 2010]. The 18S rRNA and H3 his-
tone gene probes were labeled by nick translation using biotin-
11-dATP (Invitrogen, San Diego, CA, USA), whereas the 5S 
rRNA gene was labeled with digoxigenin-11-dUTP (Roche, 
Mannheim, Germany). The FISH procedures were performed 
according to the method described by Cabral-de-Mello et al. 
[2010]. Preparations were counterstained with 4,6-diamidino-2-
phenylindole (DAPI) and mounted in Vectashield (Vector, Bur-
lingame, CA, USA). Images were captured with the Olympus 
DP71 digital camera coupled to a BX61 Olympus microscope and 
were optimized for brightness and contrast using Adobe Photo-
shop CS2.

  Results 

 The 4 species studied showed 2n -  = 19 chromosomes, 
with an XO sex-chromosome system. Acrocentric chro-
mosomes were observed in  Stiphra robusta  and  Tetano-
rhynchus silvai , whereas the 2  Scleratoscopia  species 
showed 2 submetacentric autosomal pairs (the first and 
3rd, in order of decreasing size) and a submetacentric X 
chromosome. The karyotypes of  Scleratoscopia  species 
consist of 3 pairs of large chromosomes (L1–L3), 3 pairs 
of medium chromosomes (M4–M6) and 4 pairs of small 
chromosomes (S6–S10), the X is a medium element (M5). 
In  S. robusta  and  T. silvai  the chromosomes showed grad-
ual decreasing size, and were not classified in distinct 
groups. These results for conventional analysis are in 
agreement with previous studies [Moura et al., 1996; Sou-
za and Moura, 2000].

  FISH with the 18S rDNA probe revealed the presence 
of sites in the 6th and 7th chromosome pairs of  Stiphra 
robusta  and  Tetanorhynchus   silvai , whereas it was re-
stricted to the 7th pair in the 2  Scleratoscopia  species 
( fig. 1 ). Furthermore, the chromosome location of the 18S 
rDNA showed some differences among species because it 
was interstitial in  S. robusta  (see insets in  fig. 1 c), but it 
was pericentromeric in the other 3 species ( fig. 1 ). In ad-
dition, the 7th chromosome pair in  S. robusta  showed a 
heteromorphism for the size of the 18S rDNA cluster (see 
 fig. 1 c).

  All 4 species showed a similar organization pattern for 
the 5S rRNA and H3 histone genes. Both types of DNA 
sequences colocalized in the 4th chromosome pair in the 
4 species, but they were located in the pericentromeric 
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region in  Scleratoscopia protopeirae ,  S. spinosa  and  Stiph-
ra robusta  and they were slightly further from the centro-
mere in  T. silvai  ( fig. 2 ).

  Discussion 

 These first data on the chromosome location of the 
multigene families in Proscopiidae, an ancient family of 
grasshoppers, indicate a general conservatism within this 
group because 18S rDNA is restricted in these 4 species 
from 3 different genera to one or 2 chromosome pairs, 
and 5S rRNA and H3 histone genes are colocalized at a 
single chromosome pair. Although more Proscopiidae 
species need to be analyzed, this family of grasshoppers 
seems to show less variation than Acrididae grasshop-
pers, at least for the 2 classes of rDNA analyzed in this 
investigation.

  The location of 18S rDNA sites in the 7th chromosome 
pair, in order of decreasing size, observed in the 4 species 
analyzed in this research indicates that this was probably 
a consensus location in this group and thus suggests that 
this might be an ancient placement for these genes. The 
site located in the 6th pair of  Stiphra robusta  and  T. silvai , 
however, might represent a derived pattern. In addition, 
structural rearrangements, e.g., a small paracentric in-
version, might have been involved in changing the 18S 
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  Fig. 1.  Fluorescent in situ hybridization of 
18S rDNA in the chromosomes of 4 Pro-
scopiidae species. Karyotype ( a ) and meta-
phase I ( b ) of  Tetanorhynchus   silvai ; meta-
phases I of  Stiphra robusta  ( c ),  Scleratosco-
pia spinosa  ( d ) and  S. protopeirae  ( e ). The 
inserts ( c ) show the precise position of the 
18S rDNA cluster in chromosomes 6 and 7 
in initial anaphase I and the heteromor-
phism of 18S rDNA clusters between ho-
mologues of pair 7. Bar = 5  � m. 

  Fig. 2.  Double FISH using 5S rRNA (red) and H3 histone (green) 
genes in metaphase I ( a ,  c ) and metaphase II ( b ,  d ) cells of the spe-
cies studied in this work.  Tetanorhynchus silvai  ( a ),  Stiphra ro-
busta  ( b ),  Scleratoscopia spinosa  ( c ) and  S. protopeirae  ( d ). Note in 
the inserts the labeled chromosomes with separated probes.
Bar = 5  � m. 
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rDNA location toward an interstitial position in  S. ro-
busta , with no modification in the chromosome mor-
phology. Moreover, the size heteromorphism observed 
for the 18S rDNA in the 7th chromosome pair in this last 
species suggests that this DNA seems to be currently sub-
jected to mechanisms changing the amount of repeats
between homologous chromosomes. Souza and Moura 
[2000], studying the same  S. robusta  populations, report-
ed the presence of 3 nucleolar organizer regions, detected 
by silver nitrate staining that suggests the existence of 
polymorphism for rDNA site number and location. 

  The 5S rRNA and H3 histone gene clusters were high-
ly conserved in the 4 Proscopiidae species analyzed and 
were restricted to a single chromosome pair, i.e., the 4th 
in order of decreasing size. The chromosomal position of 
the H3 histone genes is also very conserved in representa-
tives in the Acrididae family, with most species showing 
a single cluster in the 8th chromosome pair in species 
with 2n -  = 23. On the other hand, the H3 histone genes 
changed position to chromosome 3 as a result of one of 
the centric fusions that decreased the chromosome num-
ber to 2n -  = 17 in many genera of the Gomphocerinae 
subfamily [Cabrero et al., 2009]. This conservatism in the 
number of clusters for H3 histone could be ancient in 
grasshoppers and there have been no changes occurring 
since the divergence of the Proscopiidae and Acrididae 
families, more than 100 million years ago [see Hewitt, 
1979]. The presence of a single cluster for histone genes 
was also reported in 3 mollusk species [Zhang et al., 
2007], 35 grasshopper species [Cabrero et al., 2009] and 3 
fish species [Pendás et al., 1994]. On the other hand, more 
than one histone site was observed in 2 mollusk species 
[Eirín-López et al., 2004; Zhang et al., 2007] and some 
dipteran species [Hankeln et al., 1993; Schienman et al., 
1998; Ranz et al., 2003].

  The presence of a single site for 5S rDNA observed in 
the 4 Proscopiidae species analyzed here is relatively 
common in eukaryotes and has been reported in verte-
brates and some mollusks [Mandrioli, 2000; Sola et al., 
2000; Martins and Galetti, 2001; López-Piñón et al., 2005; 
Insua et al., 2006; Huang et al., 2007]. In grasshoppers, 
the 5S rDNA sequences have been previously mapped in 
only 2 species,  Eyprepocnemis plorans  from 3 populations 
[Cabrero et al., 2003] and  Rammathocerus brasiliensis  
[Loreto et al., 2008]. Both species showed several clusters 
of 5S rDNA. Therefore, in grasshoppers, the 5S rRNA 
multigene family appeared to show a more dynamic evo-
lution compared to H3 histone genes. But the Proscopi-
idae species analyzed here also showed a conservative 
pattern for the 5S rRNA genes, which might result from 

their ancient association with the histone genes and their 
submission to the same constraints that have conserved 
the chromosomal location of histone genes in grasshop-
pers in general. Although the 5S rDNA can present high 
evolutionary dynamics in some genomes, this statement 
seems to not be applicable in the Proscopiidae family be-
cause the 5S rRNA genes are restricted to a single chro-
mosome locus.

  The association of 5S rRNA and H3 histone genes has 
previously been reported in 4 other invertebrate species. 
In insects, Cabral-de-Mello et al. [2010] described, for the 
first time, the association of 5S rRNA and H3 genes in the 
beetle  Dichotomius geminatus . Likewise, this association 
has also been reported in 2 crustacean species and one 
mussel species [Drouin and Moniz de Sá, 1995; Barzotti 
et al., 2000; Eirín-López et al., 2004]. In the Proscopiidae 
family, the H3 histone and 5S rRNA genes form a con-
spicuous cluster, with both multigene families apparently 
interspersed among each other. However, additional 
studies by means of fiber-FISH, Southern blot and DNA 
sequencing are necessary to clarify this statement. Avail-
able evidence on the interspersed arrangement of 5S 
rRNA and histone genes suggests the possibility that it 
may represent the ancestral condition for arthropods, 
considering that this arrangement occurs in beetles, 
grasshoppers and crustaceans. Alternatively, bearing in 
mind that the 5S rDNA shows the capability to move 
within the genome, the 5S rDNA repeats could have in-
vaded the histone clusters several times during the evolu-
tion of these groups.

  The absence of an association among major and 5S 
rRNA genes is a widespread condition among eukary-
otes. The 5S and the major rRNA genes are organized in 
a linked configuration in fungi but in distinct genomic 
arrays in higher eukaryotes [Drouin and Moniz de Sá, 
1995]. According to Martins and Galetti [2001], the sepa-
ration of 18S and 5S rRNA genes in distinct genomic ar-
rays could represent a functional advantage, considering 
that the 18S rRNA is transcribed by the RNA polymerase 
I and 5S rRNA by the RNA polymerase III. In contrast, 
the specific association of 5S rRNA and H3 histone genes 
cannot be explained by an advantage in the co-transcrip-
tion process since these sequences are also transcribed by 
different RNA polymerases, RNA polymerase III and II, 
respectively.

  Considering that Proscopiidae is an ancient group of 
grasshoppers, the condition of association of 5S rDNA 
and H3 histone genes can represent a basal condition be-
fore the diversification of grasshoppers. Further chromo-
somal studies using these sequences in other representa-
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tives of Proscopiidae family and in other grasshopper 
families, such as Acrididae and Romaleidae, are neces-
sary. Although the molecular organization of the asso-
ciation of 5S and H3 genes is still to be elucidated, our 
data reinforce the previous findings concerning the pos-
sible association of these genes and contribute to under-
standing the dynamics of multigene families in inverte-
brate genomes.
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