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Karyotype, constitutive heterochromatin and nucleolar organizer regions (NORS)
in Belosacris coccineipes (Acrididae-L eptysminae)

Vilma Loreto and Maria José de Souza

Abstract

Several techniquesincluding C-banding, fluorochromes and silver staining were used to obtain information about heterochromatin pat-
ternsin the grasshopper B. coccineipes. Conventional staining showed akaryotypewith 2n =23 chromosomesin malesand 2n=24in
females, aswell as X O:X X sex determination and acrotel ocentric chromosomes. The medium-sized X chromosome was heteropycnotic
positive at the beginning of prophase | and negativein metaphase . C-banding reveal ed heterochromatic blocksin the pericentromeric
regionsof all chromosomes. Silver nitrate staining in this species showed three small bivalents (Se-Si1) asnucleolar organizerswith NORs
located in the pericentromeric regions. CM As-positive blocks were seen in pericentromeric regions of pairs Me, Se, S10 and Su. Sequen-
tial staining with CMA3/AgNO;s reveal ed homol ogy between the CM As-positive bandsand NORs of the bivalents So, Sy and Syi1. The
CMA;-positive block of the bivalent Ms could represent alatent secondary NOR. The results obtained permit usto distinguish two

categories of the constitutive heterochromatinin B. coccineipes.

INTRODUCTION

Although thefamily Acrididae hasaworldwidedis-
tribution, some subfamilies are exclusively neotropical,
asisthe casefor Leptysminae (Carbonell, 1977). Belosa-
crisis agenus of restricted occurrence, being found in
Mexico, Paraguay, Brazil and Argentina. In Brazil, two spe-
cies have been described: B. coccineipes, distributed from
Parato Séo Paulo and Mato Grosso, and B. stali, found in
Mato Grosso and Goiés (Roberts, 1978).

Therearefew cytogenetic studiesof the L eptysminae,
most of them being limited to conventiona anaysis(Mesa
et al., 1982; Colombo, 1989b). Mesa et al. (1982) made
an extensiverevision of thekaryology of neotropical grass-
hoppersinwhich 15 of the 17 speciesof L eptysminaeana:
lyzed had karyotypes with 2n = 23/24 chromosomes,
XO:XX sex determination and acrotel ocentric chromo-
somes. However, a karyotype of 2n = 21 was found in
Senopola pallida males, whereas Tetrataenia surinama
had 2n = 19, with two pairs of metacentric and two of
submetacentric chromosomes. Leptysma argentina pos-
sesses ahighly polymorphic karyotype, with centric fu-
sionsinvolving pairs 3 and 6. In this species, polymor-
phism of the B chromosome and acomplex of transloca-
tionsinvolving autosomesare particularly frequent (Bidau
and Hasson, 1984; Colombo, 1989a, 1990).

The use of specia techniques such assilver nitrate
staining, for the identification of nucleolar organizer re-
gions(NORs), and C-banding, for the detection of consti-
tutive heterochromatin, allowsfor better karyotypic analy-
sis. These techniques have been extensively used to char-

acterize several species of grasshoppers of the family
Acrididae (King and John, 1980; Rufaset al., 1985). Differ-
ent fluorochromes capable of detecting specific segments
of DNA base pairs have been used to analyze the composi-
tion of heterochromatic segmentswith ahomogeneous ap-
pearance. DAPI (4 -6-diamidino-2-phenylindol) is specific
for AT-rich regions, whereas CMA; (chromomycin Aj) is
specific for GC-rich regions (Schweizer, 1980).

In the present study, we examined the karyotype of
Belosacris coccinel pes, and identified the NORs and the C-
banding pattern. The composition of the constitutive hetero-
chromatin was a so analyzed using thefluorochromesCM A,
DAPI and acridineorange.

MATERIAL AND METHODS

Adult males and females of Belosacris coccineipes
were collected from natural populations in the cities of
Cabo and Recife, State of Pernambuco, Brazil. Fifteen
specimens (11 malesand 4 females) from thefirst popula-
tion and five males from the second were analyzed. The
cytological preparationswere obtained from testes or ova
rioles. The latter were pretreated with colchicine (0.1%)
for 6 h. The material wasfixed in 3:1 ethanol-acetic acid.
Slides were prepared by the classic squashing technique
followed by staining with 2% lacto-acetic orcein for the
conventional chromosomal analysis.

C-banding was done as described by Sumner (1972).
Themateriad wastreated with 0.2 N HCI, 5% barium hydrox-
ide and 2 x SSC. The temperature of the last two solutions
was 60°C. Some dlides pretreated for C-banding were also
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stained for 30 swith acridine orange (Bella et al., 1986).
Thesilver nitrate staining was done by the method of Rufas
etal. (1987), thedidesbeing pretreated with 2 x SSC (60°C)
for 10 min and followed by staining with silver nitrate (1 ¢/
ml) at 70-80°C. For triple staining with CMA/DA/DAPI
(Schweizer et al., 1983), the dideswere aged for three days
and stained with CM A3 (0.5 mg/ml in Mcllvaine buffer, pH
7.0, containing 10 nM MgCl,) for 60 min, washed with dis-
tilled water, stained with distamycin A (0.1 mg/ml) for 40
min, washed again and stained with DAPI (0.5 pug/ml) for
20 min. Sequential staining with CMA/AgNO; was also
used to characterizethe NORSs.

The dideswere photographed with AgfaCopex Pan
film. Fluorescence photomicrographs were taken with a
Leitz Orthoplan microscope using Kodak T-MA X 400 film.
Copieswere made using Kodak K odabrome Print F3 paper.
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RESULTS

Thekaryotype of B. coccineipes, stained with lacto-
acetic orcein, consisted of 11 autosomal pairsand asimple
X chromosomeinmales (2n =23, XO). Thefemales had
a karyotype of 2n = 24, XX. The autosomes were
acrotel ocentrics and could be arranged according to their
sizeaslarge (Li-L,), medium (Ms-Mg) and small (Se-S11)
chromosomes. The X chromosome was of medium size,
also acrotel ocentric and had variabl e heteropycnotic be-
havior during meiosis|. At the beginning of prophasel,
the X chromosome was heteropycnotic positive and was
more condensed than the autosomes. However, in meta-
phase| thiscondition reversed and the X chromosomewas
heteropycnotic negative (Figure 1A-D).

C-banded preparations of B. coccineipes showed
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Figure1 - Conventional staining with lacto-acetic orcein of meiotic cellsof Belosacriscoccineipes. A) Diplotene, B) metaphase|, C) anaphase
| and D) anaphase Il with 12 chromosomes. Note the X chromosome which is heteropycnotic positivein A and negativein B.
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positive staining in the pericentromeric regionsof al chro-
mosomes (Figure 2A,B). When acridine orange was used
after C-banding, the chromosomes showed the same pat-
tern seen with C-bands stained with Giemsa. Silver stain-
ing was used to locate active NORs and three nucleolar
remnantswereidentified in zygotene and pachytenecells.
These remnantswere|located in pericentromeric regions
of the small bivalent autosomes (So-Sy,) (Figure 2C,D).

Thetriplestain CMA/DA/DAPI reveded four CMA-
positive blockslocated in the pericentromeric regionsof a
medium-size chromosome (M) and inthree small ones (S
Su) (Figure 3A-B). Thislabel was seen better in pachytene
cells. DAPI produced essentially homogeneous staining with
no particular positive or negative blocks. Sequentia stain-
ing with CMA3/AgNO; showed that the CMA; positive
blocksin the small chromosomes (Ss-S,;) corresponded to
the NORs (datanot shown).

DISCUSSION

According to Amedegnato (1974), the subfamily
Leptysminaeis represented in the neotropical regions by
22 genera. On the other hand, the L eptysmini tribe possesses
eight genera (including Belosacris) and 42 species, about
nine of them have been studied chromosomically. Thefam-
ily Acrididae has avery uniform karyotype with 2n = 23,
X0Oand2n=24, XX. Thesubfamily Leptysminae (Mesaet
al., 1982; Bidau and Hasson, 1984) isa so characterized by
thisuniformity in chromosome complement.

The C-banding patternsin several species of grass-
hoppers provideimportant clues on the changesthat have
occurred in the patterns of constitutive heterochromatin
during the evolution of the group. King and John (1980)
and Santos et al. (1983) observed numerous variations of
the C-banding patterns of representatives of the Acrididae.

Figure2- A,B) Cellsin diplotene showing the C-banding pattern of B. coccineipes. A) Initia diploteneand B) final diplotene. C,D) Nucleolar
organizer regions (NORs) stained with silver nitrate in meiotic chromosomes, C) zygotene and D) initial diplotene. The nucleolar remnants
associated with the bivalents S, S, and S, are indicated by arrows. X represents the X chromosome.
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Figure3- CMA /DA stainingin meiotic cellsof B. coccineipes. A) Zygotene and B) pachytene. CMA ,-positiveblocksarevisiblein
the pericentromeric regionsof M, S;, S, and S ,, asindicated by the arrowsin B.
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Polymorphismsfor extrasegments (Camacho and Cabrero,
1982; Navas-Castillo et al., 1987) and B chromosomes
(Henriques-Gil et al., 1984) area so frequent. The Leptys-
minae Cylindrotettix obscurus, C. santaroseae and Lep-
tysma argentina have B chromosomes and, in the latter
species, C-banding shows heterochromatin blocksin the
centromeric regionsof all chromosomesand in theinter-
stitial regions of three medium pairs (Bidau and Hasson,
1984). Although C-banding has been used in several spe-
ciesof Acrididae, only afew speciesof the subfamily Lep-
tysminae (endemic to the neotropics) have been investi-
gated with this approach. The C-banding pattern we ob-
served in B. coccineipeswasvery uniform, with pericen-
tromeric blocksin the entire chromosomal set.

Silver nitrate staining has been used to study nucle-
olar activity and the distribution and position of NORsin
different species of grasshoppers. Rufas et al. (1985)
showed that the most common location of NORs was at
proximal sites in medium and small chromosomes, dis-
tributed in pairs throughout the genome of most of the
species. However, in B. coccineipes, the NORs were re-
stricted to autosomes, located in pericentromeric areas
of the small chromosomes (S;-S;;). Other speciessuch as
Ramburiella hispanica, Chortippus apicalis (Rufas et
al., 1985) and Xyleus angulatus (Souzaet al., 1998) have
NORs distributed both in the autosomes and in the sex
chromosomes. In Radacridiummariajoseae (Rochaet al.,
1997), the NOR isrestricted to the X chromosome. Onthe
other hand, Rufaset al. (1985) suggested that the presence
of NORsinthe X chromosome would bean ancestral con-
dition for thefamily Acrididae. A similar situation hasalso
been found inthe Romaleidae (Rochaet al., 1997).

In B. coccineipes, the CM A;-positive blocks and the
homogeneous DAPI staining could mean theabsence of AT-
rich regions. Ininsects, especially grasshoppers, chromo-
somal regions with differential fluorescence may berich
in GC base pairs. Thispattern has been foundin Chorthippus
parallelus parallelus and C. p. erythropus (Bella et al.,
1993), Podisma pedestrisand P. ignatii (Bellaet al., 1990)
and Xyleus angulatus (Souza et al., 1998). However, in
other species such as Arcyptera fusca, A. tornosi (Bella
and Gosdlvez, 1991) and Dociostaurusgenei (Rodriguez-
Ifiigo et al., 1993), AT-rich regions have been identified.
Theaffinity of CMA; for chromosomeregionsthat contain
rDNA in someorganismsisattributable to the high GC con-
tent of these regions (Schwei zer et al., 1983). The use of
CMAtoidentify rDNA regionshasan advantage over sil-
ver staining inthat CMA; binds preferentially to GC-rich
DNA independent of whether itisactiveor notinthe pre-
ceding interphase.

Of thefour CM As-positivelabelsseenin B. coccinei-
pes, only three corresponded to NORSs (pericentromeric
regionsof S, S;pand Sy,) after silver staining, whileinthe
Me chromosome no NOR was seen with silver nitrate.
Teixeiraet al. (1997) showed that in Schistocerca pallens
(Acrididae - Cyrtachantacridinae) small CMAs-positive
blocks were located at the interstitial position on L; and
Mg and at a proximal position on M- after triple staining
with CMAJ/DA/DAPI. Silver staining confirmed the ho-
mology between CM A;-positive bandsand thelabel inthe
bivaentsL;and Ms. The CM A s-positivelabel of the biva-
lent M, could represent alatent secondary NOR. A similar
phenomenon can also explain the CMAs-positivelabel in
bivalent Mg of B. coccineipes. Other studiesusinginsitu
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hybridization with rDNA probes could el ucidate whether
the CM A ;-positive block in chromosome Mg isindeed a
latent secondary NOR that may be expressed, or whether
itisa GC-rich region that bears no relationship with an
NOR. In conclusion, we can distinguish two categories of
constitutive heterochromatin in B. coccineipes: the con-
stitutive heterochromatin positivefor CMA;, restricted to
the NORSs, and constitutive heterochromatin that has no
specificity to AT or GC base pairs. Thisinformation could
hel p elucidatethe evol ution of thistype of chromatinwithin
the Leptysminae.
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RESUMO

Algumastécnicasincluindo bandeamento C, fluorocromos
ecoloragdo com nitrato de prataforam utilizadas visando obter
informac6es sobre os padrfes de heterocromatinano gafanhoto
B. coccineipes. A andlise convencional mostrou um cariétipo com
2n = 23 cromossomos nos machos e 2n = 24 nasfémess, sistema
X O dedeterminac&o do sexo e cromossomos acro-tel océntricos.
O cromossomo X de tamanho médio mostrou-se heteropicnético
positivo no inicio da profase | e negativo em metéfase I. O
bandeamento C revel ou blocos positivos nasregi 6es pericentromé-
ricas detodos oscromossomos. A coloragdo com nitrato de prata
nesta espéci e evidenciou 3 bival entes pequenos (Ss-S11) porta-
dores de nucléolos com as NORs localizadas nas regides
pericentroméricas. Blocos CM As-positivosforam visuaizadosnas
regides pericentroméricas dos pares Ms, Ss, Sio € Su. Pela
coloracdo sequencial CMAs/AgNOs observamos homologiaen-
tre asbandas CM As-positivas e as NORs dos bivalentes Sg, Sio
eSu. A marcagdo CM As-positivado bivalente Ms poderiarepre-
sentar umaNOR secundarialatente. Osresultados obtidos permi-
tiram distinguir duas categorias de heterocromatina constitutiva
em B. coccineipes.
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