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Abstract – Cytogenetic data on stingless bees outside the Neotropical region are still scarce, with chromo-
some numbers known for only a handful of species, without any further cytogenetic investigations. Our goal 
was to broaden the cytogenetic characterization of Austroplebeia australis from Australia to contribute to the 
cytogenetic knowledge of the Meliponini tribe. The following techniques were performed: Giemsa-staining, 
C-banding, DAPI/CMA3, and fluorescence in situ hybridization (FISH) with 18S rDNA,  GA(15), GAG (10), CAA 
(10), CGG (10), and TTAGG (6) probes. Austroplebeia australis has 2n = 36 chromosomes and high heterochromatin 
content.  DAPI+ coincided with euchromatic regions, whereas  CMA3

+ marked the heterochromatin. 18S rDNA 
clusters were identified in four chromosome pairs, and microsatellites were mainly present in the euchromatin. 
It has been hypothesized that 2n = 36 is the ancestral karyotype of the Meliponini tribe, and A. australis retains 
this plesiomorphic number. A large amount of heterochromatin is a common pattern observed in other stingless 
bees although it evolved independently in each genus. Interestingly,  CMA3

+ heterochromatin trait is shared with 
solitary bee species of the Euglossini and Emphorini tribes, whereas the Neotropical Meliponini species have 
heterochromatin  DAPI+. The predominance of microsatellite sequences in euchromatin is a trend observed in 
Neotropical Meliponini, whereas TTAGG represents the telomeric sequence of bees and ants. This is the first 
study to investigate the cytogenetic patterns of a stingless bee outside the Neotropical region using different 
banding techniques. This body of work broadens Meliponini cytogenetic data and contributes to the identifica-
tion of general evolutionary trends in this tribe.

Base-specific fluorochromes / Euchromatin / Karyotype evolution / Fluorescence in situ hybridization / 
Heterochromatin / Microsatellite probe

1. INTRODUCTION

The Meliponini tribe, commonly known as 
stingless bees, contains more than 500 described 
species with great morphological and behavioral 
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diversity (Camargo and Pedro 2013; Michener 
2007). Distributed over the tropical and subtropi-
cal regions, it represents a monophyletic group in 
which the species of the Neotropical lineage form a 
sister clade with the species of the Afrotropical and 
Indo–Malay/Australasia lineages (Rasmussen and 
Cameron 2010). Interestingly, the Indo–Malay/
Australasia clade is polyphyletic because of two 
genera—Austroplebeia (Australia) and Lisotrigona 
(Asia)—that group together inside the Afrotropical 
clade (Rasmussen and Cameron 2010).

The species diversity of the Indo–Malay and 
Australasia regions reaches almost 100 species 
divided into 15 genera, of which only two are 
found in Australia: Tetragonula and Austrople-
beia (Dollin and Dollin 1997; Michener 2007; 
Rasmussen 2008). The Austroplebeia genus is 
endemic to Australia and New Guinea and is rep-
resented by five species: Austroplebeia assing-
toni (Cockerell, 1905), Austroplebeia australis 
(Friese, 1898), Austroplebeia cincta (Mocsary, 
1898), Austroplebeia cassiae (Cockerell, 1910), 
and Austroplebeia magna (Michener, 2007) 
(Dollin et al. 2015; Halcroft et al. 2016).

Majority of the cytogenetic data on stingless 
bees is available for the Neotropical region, in 
which the diploid number varies from 2n = 16 to 
2n = 34. The scarce data on the other Meliponini 
branches indicates a variation of 2n = 28–36 in 
the Afrotropical region and 2n = 36–40 in the 
Indo–Malay/Australasia region (reviewed in Cunha 
et al. 2021a). The latter records are restricted to 
description of the diploid number of Tetragonula 
minangkabau (2n = 40) (Hoshiba and Imai 1993) 
and A. australis (2n = 36) (Pereira et al. 2020).

Therefore, the goal of the present study was 
to broaden the cytogenetic characterization 
of Austroplebeia australis using classical and 
molecular techniques in order to contribute to 
the cytogenetic knowledge of the Meliponini 
tribe. The use of new cytogenetic tools has ena-
bled more detailed and accurate descriptions of 
Meliponini karyotypes and has contributed to the 
understanding of the underlying mechanisms that 
lead to chromosomal diversification in this group 
of bees (Andrade-Souza et al. 2018; Piccoli et al. 
2018; Travenzoli et al. 2019a; Cunha et al. 2020; 
Pereira et al. 2020, 2021; Novaes et al. 2021a, b).

2.  MATERIAL AND METHODS

Larvae of two colonies (total of 68 individu-
als, 36 from one colony and 32 from the second) 
of A. australis were sampled at the University of 
Western Sydney, Australia. Adult specimens of 
queens, males, and workers were deposited in the 
scientific collection of the Entomology Museum 
at Universidade Federal de Viçosa, Minas Ger-
ais, Brazil. The cerebral ganglia of the larvae 
at the end of the last instar stage were used to 
obtain mitotic chromosomes (Imai et al. 1988). 
The C-banding technique was used to determine 
heterochromatic regions (Sumner 1972). Sequen-
tial staining with fluorochromes DAPI/CMA3 
(4′-6-diamidino-2-phenylindole/chromomycin 
 A3) was performed following Schweizer (1980). 
Images were obtained using an Olympus BX60 
epifluorescence microscope with the Q-Color3 
 Olympus®image software.

The 18S ribosomal DNA and five microsat-
ellites were used as probes in the fluorescence 
in situ hybridization (FISH) (Pinkel et al. 1986). 
The 18S rDNA probe was amplified using prim-
ers 18SF1 (5′-GTC ATA TGT TGT CTC AAA 
GA-3′) and 18SR1.1 (3′-TCT AAT TTT TTC 
AAA GTA AACGC-5′). This probe was labeled 
with digoxigenin-11-dUTP (Roche Applied 
Science) and the signal was detected with anti-
digoxigenin-rhodamine (Roche Applied Sci-
ence). Repetitive DNA probes  GA(15), GAG (10), 
CAA (10), CGG (10), and TTAGG (6) were marked 
directly with Cy3 during synthesis (Sigma). The 
metaphases were photographed using an Olym-
pus BX53 microscope with an Olympus DP73F 
camera using the CellSens Imaging software. An 
average of 10 metaphases was analyzed to deter-
mine the cytogenetic patterns.

3.  RESULTS

Austroplebeia australis has 2n = 36 (Fig. 1a) 
and a large amount of heterochromatin in its 
karyotype (Fig. 1b). The centromeres are not 
well defined; therefore, it was not possible to 
determine the karyotypic formula. Fourteen 
chromosome pairs are composed of a major 
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part of heterochromatin and a small portion of 
euchromatin, whereas four pairs are completely 
euchromatic (Fig. 1b). The first pair has a size 
polymorphism between the homologous chromo-
somes (Fig. 1) that was observed in individuals 
of both colonies, 20 individuals from one colony 
and 14 from the second. Fluorochrome staining 
indicated the richness of AT bases in the euchro-
matic regions  (DAPI+) (Fig. 1c) and CG bases in 
the heterochromatin  (CMA3

+) (Fig. 1d–e).
FISH analysis using the 18S rDNA probe 

revealed four pairs of chromosomes bearers 
of ribosomal clusters in the terminal region 
(Fig. 2a). Microsatellite  GA(15), GAG (10), CAA 
(10), and CGG (10) probes were identified in 
the euchromatic region of the chromosomes 
(Fig. 2b–e). The microsatellite TTAGG (6) probe 
corresponds to the telomeric sequence of A. aus-
tralis (Fig. 2f).

4.  DISCUSSION

To date, majority of the cytogenetic studies 
on stingless bees have focused on the Neotropi-
cal region (Cunha et al. 2021a). Our work on 
the cytogenetic banding patterns of an Australian 
species showed not only some shared chromo-
somal features but also a few differences with 
species of the New World.

The 2n = 36 chromosome number found in A. 
australis has been hypothesized to be the ances-
tral chromosome number of the Meliponini tribe 
(Travenzoli et al. 2019b). The genus Austrople-
beia shares some morphological traits with the 
African genus Plebeina (Michener 2007), which 
may reflect its close phylogenetic relationship 
with the Afrotropical clade, emerging as the 
result of a dispersal event from the Afrotropi-
cal region to the Indo–Malay and Australasia 
regions (Rasmussen and Cameron 2010). We 
also observed a resemblance of the diploid 
number with some Afrotropical genera, such 
as Plebeina (2n = 36), Cleptotrigona (2n = 36), 
and Meliponula (2n = 34–36) (Kerr and Araújo 
1957; Kerr 1972). On the other hand, the chro-
mosome number decreased in other African 

genera, Dactylurina (2n = 34) and Hypotrigona 
(2n = 28–30) (Kerr 1972), as well as in the Neo-
tropical Meliponini clade (2n = 16–34) (reviewed 
in Cunha et al. 2021a), whereas the number of 
chromosomes increased in the Australasia genus 
Tetragonula (2n = 40) (Hoshiba and Imai 1993), 
which requires the cytogenetic characterization 
of other Indo–Malay/Australasia bees to deter-
mine the apomorphic condition of the fission 
events that occurred in this genus.

The karyotypic formula of A. australis could 
not be determined due to the uncertainty of the 
centromere position. While the karyotypic struc-
ture of the Afrotropical species is not known 
(reviewed in Cunha et al. 2021a), the Australasia 
Tetragonula karyotype is composed of metacen-
tric and acrocentric chromosomes (Hoshiba and 
Imai 1993). Therefore, more data will be needed 
to infer the ancestral chromosome structure of the 
Meliponini tribe. On the other hand, in the Neo-
tropical clade, hindered centromeres have also 
been observed in the genus Melipona, which can 
be cytogenetically subdivided into two groups: 
“low heterochromatin content” and “high hetero-
chromatin content” (Rocha and Pompolo 1998; 
Rocha et al. 2002). In the Melipona “high hetero-
chromatin” group, the heterochromatin growth is 
believed to have hindered the centromeres of all 
chromosomes (Cunha et al. 2020; Pereira et al. 
2021). The same explanation cannot be applied 
to A. australis because its euchromatic chro-
mosomes also do not have visible centromeres 
(Fig.  1). Immunolabeling of centromere pro-
teins would help to elucidate this puzzle in both 
genera.

Although Austroplebeia and Melipona share 
the presence of high heterochromatin content 
in the karyotype, the sequences that compose 
each heterochromatin are exclusive and are 
thought to have evolved independently in each 
genus (Pereira et al. 2020; Cunha et al. 2021b). 
The presence of completely euchromatic chro-
mosomes is also observed in other stingless 
bees, such as Scaptotrigona barrocoloradensis 
(Hoshiba and Imai 1993), Trigona spp. (Costa 
et al. 2004), and Schwarziana quadripunctata 
(Cunha et al. 2021b), and could be associated 
with rearrangements, such as chromosome 
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translocations, that do not alter chromosome 
number; hence, the most commonly observed 
pattern in Meliponini is the presence of one 
heterochromatic and one euchromatic chromo-
some arm (Costa et al. 2004; Godoy et al. 2013; 
Miranda et al. 2013; Cunha et al. 2021b; Elizeu 
et al. 2021). The presence of a polymorphic pair 
is another trait shared with some Melipona spe-
cies (Andrade-Souza et al. 2018; Piccoli et al. 
2018; Travenzoli et al. 2019a), but also with S. 
quadripunctata (Cunha et al. 2021b), and could 
have been generated through heterochromatin 
amplification due to unequal crossing over.

The fluorochrome  CMA3 usually corresponds 
to the nucleolus organizing region in Neotropical 
stingless bees (Duarte et al. 2009; Godoy et al. 
2013; Martins et al. 2014; Silva et al. 2018), dif-
fering only in the genus Melipona, where the 
“high heterochromatin content” species have 
all the euchromatin  CMA3

+ (Lopes et al. 2008, 
2011; Cunha et al. 2018). Contrary to Melipona, 
A. australis has heterochromatin  CMA3

+ 
(Fig. 1), the same pattern that is observed in the 
solitary species Euglossa carolina (Euglossini) 
(Fernandes et al. 2013) and Melitoma segmen-
taria (Emphorini) (Cristiano et al. 2014). Inter-
estingly, this trait was thought to differentiate 
these solitary species from social stingless bees 
(Meliponini) (Cristiano et al. 2014).

To date, only the Neotropical genera Friesella 
(Elizeu et al. 2021), Melipona (Andrade-Souza 
et al. 2018; Cunha et al. 2018; Silva et al. 2018; 
Pereira et al. 2021), Partamona (Martins et al. 
2014; Gonçalves et al. 2021; Lopes et al. 2020; 
Novaes et al. 2021a, b), and Trigona (Barboza 
and Costa 2021; Tavares et al. 2021) have been 
studied using rDNA FISH probes. Collectively, 
these results are still incipient in determining the 
general evolutionary trends of ribosomal genes 
in the Meliponini tribe.

The predominance of microsatell i te 
sequences in euchromatin is a trend observed 
in the Neotropical Meliponini species (Piccoli 
et al. 2018; Travenzoli et al. 2019a; Lopes et al. 
2020; Barboza and Costa 2021; Elizeu et al. 
2021; Novaes et al. 2021b), indicating that the 
heterochromatic portions may be composed of 

other repetitive classes, such as satellite DNAs 
and transposable elements (Piccoli et al. 2018; 
Cunha et al. 2020; Pereira et al. 2020, 2021). 
The TTAGG (6) sequence is the telomeric motif 
found in both bees and ants (Sahara et al. 1999; 
Travenzoli et al. 2019a; Micolino et al. 2020; 
Barros et al. 2021; Novaes et al. 2021b).

This is the first study to investigate the 
cytogenetic patterns of a stingless bee outside 
the Neotropical region using different banding 
techniques, in addition to determining the chro-
mosome number; such data for African lineages 
are still lacking. This body of work broadens 
Meliponini cytogenetic data and with a cumula-
tive dataset will contribute to the identification 
of general evolutionary trends in this tribe.
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