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Cytogenetic Studies on Workers of the Neotropical Ant
Wasmannia auropunctata (Roger 1863) (Hymenoptera:
Formicidae: Myrmicinae)
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Cytogenetic studies with ants started in the 1960s
and led to the karyotype description of about 750
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Abstract. Wasmannia auropunctata is known as one of the worst invasive ants in the World. A
cytogenetic study was conducted on two native populations from southeastern Bahia, Brazil. The
analysis of the chromosomes observed in mitotic metaphases was made by a combination of methods:
Giemsa conventional staining, chromomycin A3 (CMA3) and 4-6-diamidino-2-phenylindole (DAPI)
fluorochrome staining, and acridine orange banding. The workers have all the karyotype 2n=32, with
ten pairs of metacentric and six pairs of acrocentric chromosomes. One chromosome arm of the pair
ten was positive for CMAS3 and acridine orange, suggesting the occurrence of a nucleolar organizing
region. This region is an interesting marker because is very conservative and seems to constitute
an interesting specific taxonomic character. The pericentromeric region of many chromosomes was
stained with DAPI, evidencing the occurrence of AT bases rich heterochromatin.

Résumé. Etudes Cytogénétiques sur les Ouvriéres de la Fourmi Néotropicale Wasmannia
auropunctata (Roger 1863) (Hymenoptera: Formicidae : Myrmicinae).  Wasmannia auropunctata
est connue comme étant I'une des fourmis les plus invasives du monde. Une étude cytogénétique a
été réalisée dans deux populations natives du sud-est de Bahia, Brésil. Lanalyse des chromosomes
en métaphases mitotiques a été effectuée selon diverses méthodes: coloration conventionnelle de
Giemsa, fluorochromes chromomycine A3 (CMA3) et 4-6-diamidino-2-phenylindole (DAPI), et mise
en evidence de bandes par I'acridine orange. Les ouvriéres ont toutes le caryotype 2n=32, avec
dix paires de chromosomes métacentriques et six acrocentriques. Un bras chromosomique de la
dixieme paire s'est montré positif pour le CMA3 et I'acridine orange, suggérant I'existence d'une
région organisatrice du nucléole. Cette région est un marqueur spécifique de choix car elle est tres
conservatrice et constitue ainsi un intéressant caractere taxonomique. La région péricentromérique
de beaucoup de chromosomes a été marquée par le DAPI, mettant en évidence l'existence d’une
hétérochromatine riche en bases AT.

Keywords: Karyotype, ant, DAPI and CMA bands, acridine orange, NORs.

1991 (sensu Bolton 2003), which includes both the
genera Blepharidatta Wheeler 1915 and Wasmannia

morpho-species (Lorite & Palomeque 2010), which
rendered extended discussions on karyotype phylogeny
and development in Formicidae (Imai ez a/. 1988; Lo-
rite & Palomeque 2010). However, according to Dela-
bie & Mariano (2005), the amount of information
about the chromosome structure in the Formicidae
remains small when compared to the number of spe-
cies described (up to 12,000). The studies about ants
from Neotropics are still incipient (see, for example,
Mariano ez al. 2001, 2011) and there is no cytogenetic
study in the tribe Blepharidattini Wheeler & Wheeler
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Forel 1893. The Attini Forel 1892 are considered as be-
ing the Blepharidattini sister-group (Schultz & Meier
1995; Diniz et al. 1998) and cytogenetic investigations
in this tribe concern around two dozen species in dif-
ferent genera (Barros ez al. 2010; Lorite & Palomeque
2010).

Fluorochrome staining of metaphasic chromosomes
is used to obtain information about chromatin
constitution (Guerra & Souza 2002). Chromosome
positives for CMA3 (chromomycin A3) and DAPI
(4’,6-diamidino-2-phenylindole) ~ were  evidenced
in several Hymenoptera, such as bees of the genera
Melipona lliger 1806, Partamona Schwarz 1939 and
Trigona Jurine 1807 (Rocha er al. 2002; Costa et al.
2004; Brito er al. 2005) and in the ants Zapinoma
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erraticum (Latreille 1798) [=T. nigerrima (Nylander
1856)] (Lorite ez al. 1996, 1997) and few species of
the genera Anochetus Mayr 1861 and Odontomachus
Latreille 1804 (Santos ez al. 2010). Acridine orange
is also used to provide the standard of chromosomal
banding (Verma ez al. 1977), and there is at least one
record of its use in ants with Dinoponera lucida Emery,
1901 (Barros et al. 2009).

The “little fire ant” Wasmannia auropuncrata (Roger
1863) is currently widely distributed all over the tropics

(Wetterer & Porter 2003). It is an ant of considerable
economical and environmental importance (Errard
et al. 2005; Foucaud ez al. 2010) actually considered
among the World’s worst invasive species (Lowe er
al. 2000). This ant has called recently the attention
of scientific community due to its very original
reproductive mechanism that is a combination of three
different genetic systems: haplodiploidy, thelytoky,
and male clonality (Fournier ez /. 2005; Foucaud ez
al. 2007). This Myrmicinae ant deserves thus much
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Cytogenetic studies in workers (2n) Wasmannia auropunctata. (a) Karyotype, 2n=32. Chromosome metacentric pairs: 1 to 10 (M); acrocentric pairs: 11 to 16
(A). Bar = 5 pum. b-e: Brain cell metaphases: (b) CMA, positive reaction in an arm of the sister chromatid of the pair 10 (arrowheads), Bar = 2.2 pum. (c) Same
metaphase that (b) stained with Giemsa showing the chromosome pair 10 (arrowheads), Bar = 2.2 um. (d) Acridine orange positive reaction in an arm of the
sister chromatid in the pair 10 (arrowheads), Bar = 3 pm. (e) Pericentromeric regions of the chromosomes evidenced by DAPI (arrowheads), Bar = 3 pum.
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more studies in a range of perspectives, cytogenetics
being only one of them. The aim of this study was to
characterize the W awropunctata worker karyotype
focusing number, morphology and heterochromatic
chromosomal markings.

Materials and methods

Eight colonies of W auropunctata from southeast Bahia, Brazil,
were used for the cytogenetic studies: six colonies come from
experimental fields of CEPLAC (three from the Zoo-Botanical
Reserve and three from “G” area) at Ilhéus (14°45’S 39°13’W/)
and two from native forest remnants at Una (15°18’S 39°07°W).
The distance between the two localities is near 80 Km.

The metaphases were obtained from brain cells of 160 worker
larvae of last instars, at the beginning of metamorphose (Imai ez
al., 1988). Some were stained with Giemsa (Imai ez /., 1988);
others with fluorochromes chromomycin A (CMA3) and
DAPI (Schweizer, 1980), and a last series with acridine orange
(Verma et al., 1977). Metaphase pictures were captured with a
video-camera Q Color 3 connected to a microscope Olympus
BX 60 with an immersion lens (100 x). The epifluorescence
system (filters WB and WU) was used to observe metaphases
under fluorescence. Some pictures were taken with AGFA
films (conventional staining) and TMAX (fluorochromes).
The morphological classification of the chromosomes
followed Imai’s (1991) terminology based on the chromosome
heterochromatine localization.

Results

The number of chromosomes was 2n = 32 in all
the individuals and in the two localities, with ten pairs
metacentric and six pairs acrocentric (Fig. 1a). One of
the arms of the sister chromatids of the tenth pair was
positive for CMA3 (Fig. 1b) and acridine orange (Fig.
lc, d). The pericentromeric region of the majority of
the chromosomes was evidenced with DAPI (Fig. le).

Discussion

This study is the first cytogenetic description of a
species of the Blepharidattini tribe. The chromosome
number found in W auropunctata is 2n = 32, with the
karyotype formula (M: metacentric, A: acrocentric)
2K = 20M + 12A. Itis in the range of the chromosomal
numbers recorded for Attini species, the sister group
of Blepharidattini, with the extremes observed in the
genera Mycocepurus Forel 1893 (2n = 8) and Mycerarotes
Emery 1913 (2n = 54) (Barros ez al. 2010).

Hirai et al. (1994, 1996) described nucleolar
organizing regions (NORs) interspecific numeric
variation in ants of the genus Myrmecia Fabricius,
1804, while CMA3 staining, which shows G-C base
pairs, was also recorded in studies with hymenopterans.
The correlation between CMA3 positive bandings and
NORs is common among insects (Brito ez al. 2003).
Lorite ez al. (1997) detected CMA3 staining showing
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NOR in the proximal portion of the short arms of
chromosome 6 of the ant 77 nigerrimum. Brito et al.
(2003, 2005) evidenced DA/CMA3 positive reaction
interpreted as NORs in Partamona bees. The acridine
orange fluorochrome stained the same regions that
the CMA3 in the W auropunctata chromosomes and
it is the first time that this fluorochrome is used in
cytogenetic studies on ants. In agreements to these
results, it is assumed that the chromosomal regions
stained with CMA3 and acridine orange in W
auropunctata correspond to NORs. The detection of
NORs in W auropunctata chromosomes, evidenced
with fluorochrome CMA3, is especially interesting
because these regions are species-specific markers, since
they are considered as well preserved regions (Alberts
et al. 2004), making them useful for taxonomic and
phylogenetic purposes.

DAPI staining allows the detection of chromosomal
regions rich in AT base-pairs. Cytogenetic studies
involving some hymenopterans show that DAPI
stains mainly chromosomal parts different from the
centromeric region. Brito ez a/. (2003) and Rocha ez
al. (2002, 2003) found DAPI-positive reactions in
different parts of the chromosomes of bees of the genera
Frieseomelitta Thering 1912, Melipona or Partamona.
However, in W awuropunctata, the fluorescence
obtained with DAPI only marked the pericentromeric
regions of great part of the chromosomes. This result
was rather related with those of Rocha ez 4/. (2003) for
Frieseomelitta varia (Lepeletier 1830).

Due to the fact that the three kinds of individuals
living in W auropunctata nests (males, reproductive
females, workers) are depending of a different genetic
mechanism for their perpetuation, cytogenetic studies
with chromosomal markers on other W auropunctata
colonies and Wasmannia species from other habitats
and localities need to be carried out in order to provide
additional information about evolutionary mechanisms
in these ants.

Acknowledgements. Thank are due to Lucio A. O. Campos,
Marie-Claire Cammaerts and an anonymous reader for
suggestions and comments on an earlier version of the
manuscript, José Raimundo M. Santos, José Crispim S. Carmo
and Jailson B. Souza for field assistance, Luisa Ant6nia C. Barros
for technical assistance. This study was supported by CNPq,

UESB, FAPEMIG and the projects PRONEX/FAPESB/CNPq
048/2003 and PNX0011/2009.

References
Barros L.A.C., Aguiar H.J.A.C., Mariano C.S.E, Delabie J.H.C.,
Pompolo S. G. 2010. Cytogenetic characterization of the lower-Attine

Mycocepurus goeldii (Formicidae: Myrmicinae: Attini). Sociobiology 56:
57-66.



Downloaded by [132.160.194.10] at 16:52 18 February 2015

Cytogenetics of Wasmannia auropunctata

Barros L.A.C., Mariano C.S.F, Pompolo S.G., Delabie J.H.C.
2009. Hsc-FA and NOR bandings on chromosomes of the giant
ant Dinoponera lucida Emery, 1901 (Hymenoptera: Formicidae).
Comparative Cytogenetics 3: 97-102.

Bolton B. 2003. Synopsis and Classification of Formicidae. Memoirs of the
American Entomological Institute, Volume 71, Gainesville, FL, 370 p.

Brito R.M., Caixeiro A.P.A., Pompolo S.G., Azevedo G.G. 2003.
Cytogenetic data of Partamona peckolti (Hymenoptera, Apidae,
Meliponini) by C banding and fluorochrome staining with DA/CMA3
and DA/DAPL. Genetics and Molecular Biology 26: 53-57.

Brito R.M., Pompolo S.G., Magalhies M.E. M., Barros E.G., Saka-
moto-Hojo E.T. 2005. Cytogenetic characterization of two Partamona
species (Hymenoptera, Apinae, Meliponini) by fluorochrome staining
and localization of 18S rDNA clusters by Fish. Cyrologia 70: 373-380.

Costa K.F, Brito R.M., Miyazawa C.S. 2004. Karyotypic description
of tour species of Trigona (Jurine, 1807) (Hymenoptera, Apidae,
Melipopinae) from the State of Mato Grosso, Brazil. Genetics and
Molecular Biology 27: 187-190.

Delabie J.H.C., Mariano C.S.F. 2005. Diversidade, citogenética e in-
flacio taxondmica em Formicidae, p. 29-34 in: Ulloa-Chacon P,
Chaves M. C. (eds.), Memorias do V Coloquio de Insectos Sociales, Ed.
Universidad del Valle: Colombia.

Diniz J. L.M., Brandao C.R., Yamamoto C.I. 1998. Biology of Blephari-
datta ants, the sister group of the Attini: a possible origin of fungus-ant
symbiosis. Naturwissenschften 85: 270-274.

Errard C., Delabie J., Jourdan H., Hefetz A. 2005. Intercontinental
chemical variation in the invasive ant Wasmannia auropunctata (Roger)
(Hymenoptera, Formicidae): A key to the invasive success of a tramp
species. Naturwissenschaften 92: 319-323.

Foucaud J., Fournier D., Orivel J., Delabie J.H.C., Loiseau A., Le
Breton J., Kergoat G., Estoup A. 2007. Sex and clonality in the little
fire ant. Molecular Biology and Fvolution 24: 2465-2473.

Foucaud J., Orivel J., Loiseau A., Delabie J.H.C., Jourdan H.,
Konghouleux D., Vonshak M., Tindo M. Mercier J.-L., Fresneau
D., Mikissa J.-B., Mcglynn T., Mikheyev A.S., Oettler J., Estoup A.
2010. Worldwide invasion by the little fire ant: routes of introduction
and eco-evolutionary pathways. Evolutionary Applications 3: 363-374.

Fournier D., Estoup A., Orivel J., Foucaud J., Jourdan H., Le Breton J.,
Keller L. 2005. Clonal reproduction by males and females in the little
fire ant. Nature 435:1230-1235.

Guerra M., Souza M.]J. 2002. Como Observar Cromossomos: Guia de
Técnicas em  Citogenética, Vegetal, Animal ¢ Humana. FUNPEC,
Ribeirdo Preto, 131 p.

Hirai H., Yamamoto M., Ogura K. 1994. Multiplication of 28S and
NOR activity in chromosome evolution among ants of the Myrmecia
pilosula species complex. Chromosoma 103: 171-178.

Hirai H., Yamamoto M., Taylor R.W. 1996. Genomic dispersion of
the 285 rDNA during karyotypic evolution in the genus Myrmecia
(Formicidae). Chromosoma 105: 190-196.

Imai H.T. 1991. Mutability of constitutive heterochromatin (C-bands)
during eukaryotic chromosomal evolution and their cytological
meaning. Japanese Journal of Genetics 66: 635-661.

Imai H.T., Taylor R.W., Crosland M.W.]., Crozier R. H. 1988. Modes
of spontaneous evolution in ants with reference to the minimum
interaction hypothesis. Japanese Journal of Genetics 63: 159-185.

Lorite P, Ardnega A.E., Luque E, Palomeque T. 1997. Analysis of
the nucleolar organizing regions in the ant Tapinoma nigerrimum
(Hymenoptera, Formicidae). Heredizy 78: 578-582.

Lorite P, Chica E., Palomeque T. 1996. G-banding and chromosome
condensation in the ant Tapinoma nigerrimum. Chromosome Research
4:77-79.

Lorite P, Palomeque T. 2010. Karyotype evolution in ants (Hymenoptera:
Formicidae), with a review of the known ant chromosome numbers.
Myrmecological News 13: 89-102.

Lowe S., Browne M., Boudjelas S. 2000. 100 of the world’s worst invasive
alien species. Aliens 128: 1-12.

Mariano C.S.FE, Pompolo S. G., Delabie J. H. C., Campos L. A. O. 2001.
Estudos cariotipicos de algumas espécies neotropicais de Camponotus
Mayr (Hymenoptera, Formicidae). Revista Brasileira de Entomologia
45: 267-274.

Mariano C.S.E, Santos LS., Groc S., Leroy C., Male P-J., Ruiz-
Gonzalez M.X., Cerdan P, Dejean A., Delabie J.H. C. 2011. The
karyotypes of Gigantiops destructor (Fabricius) and other ants from
French Guiana (Formicidae). Annales de la Société Entomologique de
France (N.S.) 47: 140-146.

Rocha M.P, Pompolo S.G., Campos L.A. O. 2003. Citogenética da
tribo Meliponini (Hymenoptera, Apidae), p. 311-320 in: Melo G.A.
R., Santos L. A. (eds.), Apoidea Neotropica: homenagem aos 90 anos de
Jesus Santiago Moure, Ed. UNESC, Cricitima, SC, Brazil.

Rocha M. P, Pompolo S.G., Dergam J. A., Fernandes A., Campos L. A.
0. 2002. DNA characterization and karyotypic evolution in the bee
genus Melipona (Hymenoptera, Meliponini). Hereditas 136: 19-27.

Santos L.S., Costa M.A., Mariano C.S.FE, Delabie J.H.C., Andrade-
Souza V., Silva J.G. 2010. A cytogenetic approach to the study
of Neotropical Odontomachus and Anochetus ants (Hymenoptera:
Formicidae). Annals of the Entomological Society of America 103:
424-429.

SchultzT. R., Meier R. 1995. A phylogenetic analysis of the fungus-growing
ants (Hymenoptera: Formicidae: Attini) based on morphological
characters of the larvae. Systematic Entomology 20: 337-370.

Schweizer D. 1980. Simultaneous fluorescent staining of R bands in a
specific heterochromatin regions (DA/DAPI — bands) in human
chromosomes. Cytogenetics and Cell Genetics 27: 190-193.

Verma R.S., Dosik H., Lubs H.A. 1977. Demonstration of color and
size polymorphisms in human acrocentric chromosomes by acridine
orange reverse banding. Journal of Heredity 68: 262-263.

Wetterer J.K., Porter S.D. 2003. The little fire ant, Wasmannia
auropunctata: distribution, impact, and control. Sociobiology 42:1-41.

513



