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Abstract. Frieseomelitta (Thering, 1912) is a genus of stingless bees, distributed in the
Nearctic and Neotropical regions. Specimens can be found in forests, cerrado, caat-
inga and mountainous regions. This genus has 16 species, of which 13 are recorded
in Brazil. Cytogenetics has contributed to evolutionary studies of some Hymenoptera
groups and although many Frieseomelitta species have been described, few species have
been studied cytogenetically. The present study aims to contribute to the knowledge of
the karyotype diversity of this genus, seeking to understand the possible evolutionary
mechanisms that occurred in the diversification of the karyotype of this genus. Frie-
seomelitta portoi and Frieseomelitta trichocerata and Frieseomelitta doederleini showed
diploid karyotypes with 2n = 30 chromosomes, similarly to all the species previously
analyzed in the genus. Unprecedentedly, Frieseomelitta longipes showed 2n = 34. These
results confirm that the frequent diploid number of 30 chromosomes is typical of this
genus. The finding of 2n = 34 chromosomes in F. longipes comprises the first record of
a diploid chromosome number different from 2n=30 in this group, which suggests that
it can be the result of a recent chromosome change event. An interspecific comparative
analysis was developed involving present and previous studies, as well as a discussion
on the mechanisms involved in the karyotypic evolution in the genus.

Keywords: heterochromatin, karyotype evolution, centric fission, chromosome, varia-
tion.

INTRODUCTION

Frieseomelitta (Ihering, 1912) is a Neartic and Neotropical genus of
stingless bees, and occurs from Mexico to southeast Brazil (Camargo and
Pedro, 2013). These bees present small to medium size, with body meas-
uring about 10 mm (Silveira et al., 2002). According to Camargo and
Pedro (2013), 16 species are known to be valid in the genus Frieseomelit-
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ta, of which 13 are found in Brazilian territory: Frie-
seomelitta dispar (Moure, 1950), Frieseomelitta doed-
erleini (Friese, 1900), Frieseomelitta flavicornis (Fab-
ricius, 1798), Frieseomelitta francoi (Moure, 1946),
Frieseomelitta freiremaiai (Moure, 1963), Frieseomelitta
languida (Moure, 1989), Frieseomelitta longipes (Smith,
1854), Frieseomelitta meadewaldoi (Cockerell, 1915),
Frieseomelitta paranigra (Schwarz, 1940), Frieseomelit-
ta portoi (Friese, 1900), Frieseomelitta silvestrii (Friese,
1902), Frieseomelitta trichocerata (Moure, 1988) and
Frieseomelitta varia (Lepeletier, 1836). Cytogenetic
analysis has been a widely used tool in evolutionary
and taxonomic studies in some groups of Hymenop-
tera, however, for the genus Frieseomelitta, the chro-
mosomal analysis are hitherto restricted the species
F. doederleini (Kerr and Silveira, 1972; Tarelho, 1973;
Rocha et al., 2003; Santos et al., 2018), F. languida
(Rocha et al., 2003), F. varia (Kerr, 1969; Kerr and Sil-
veira, 1972; Tarelho, 1973; Rocha et al., 2003; Santos et
al., 2018), F. dispar (Carvalho and Costa, 2011; Santos
et al., 2018), F. francoi (Carvalho and Costa, 2011; San-
tos et al., 2018), Frieseomelitta meadewaldoi and Frie-
seomelitta sp. n. (Santos et al., 2018).

During the karyotype analyzes of several species of
bees, Kerr (1972a, b) recorded the haploid chromosome
number n = 15 chromosomes in the species F. varia, F.
doederleini and F. ghilianii. Rocha et al. (2003) reported
the same chromosome number and described the karyo-
type of the species F. doederleini, F. languida and F. var-
ia as part of an analysis of different genera of stingless
bees. Carvalho & Costa (2011) also described the karyo-
types of F. dispar and F. francoi, and Santos et al. (2018)
developed a comparative analysis of the hybridization
patterns of microsatellite DNA probes in karyotypes of
five species, F. dispar, F. doederleini e F. francoi, F. mead-
ewaldoi, Frieseomelitta sp. n. and F. varia. In addition,
other karyotypic features were reported. In all these
cases the chromosome number was consistently n = 15
or 2n = 30. These differ from the chromosome numbers
determined for other less closely related genera, such
as n = 9 for Melipona, and n = 17, common to several
of the other genera of stingless bees. However, groups
closely related to Frieseomelitta such as genus Duckeola
also have shown n = 15 chromosomes (Kerr 1972a, b).

The taxonomy and phylogeny of Friesomelitta is still
not well resolved, and there are some species with broad
geographic distribution. In this context, the present
study aimed to contribute to the knowledge of the kar-
yotype diversity of this genus, including characterizing
samples of new points in the distribution of species and
new species. Furthermost, we search for data that may
aid in the taxonomic resolution of the group and in the
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understanding of the possible evolutionary mechanisms
that occurred in the diversification of the karyotype of
the group.

MATERIAL AND METHODS

We analyzed samples of four species from different
localities of Brazil, Frieseomelitta doederleini, from the
municipality of Canavieiras, state of Bahia, (15° 61 S,
39°42’ W), Frieseomelitta longipes, from the municipality
of Belém, state of Pard, 1:30 ‘S, 48 ° 73’ W); Frieseomelit-
ta portoi, from the municipality of Rio Branco, state of
Acre (9°98 ‘S, 67°90° W); and Frieseomelitta aff. tricho-
cerata, from the municipality of Juina, state of Mato
Grosso (11°52 ‘S, 60°50° W). Taxonomist of bees identi-
fied the collected specimens and adult specimens of each
of the species were mounted on entomological pins and
deposited in the entomological collection of the Univer-
sidade Estadual de Santa Cruz, Ilheus, BA.

The slide preparations were made from cells of the
cerebral ganglia of specimens in the prepupa stage,
according to the protocol described by Imai et al. (1988).
The prepared slides were stained conventionally with 3%
Giemsa/Sorensens’s Buffer and the selected metaphases
were photographed on an Olympus CX-41 microscope
with attached Olympus C7070 digital camera.

Staining with the base-specific fluorochromes
4,6-diamidino-2-phenylindole (DAPI) and chromomy-
cin A3 (CMA;) to evidence the chromosomal regions
rich in AT (DAPI) and CG (CMA,), respectively, were
performed according to Schweizer (1980), with modi-
fications proposed by Guerra and Souza (2002). Cover-
slips were mounted on slides with antifading Vectash-
ield (Vector Laboratories, Burlingame, USA). The
images were captured on a Leica DMRAZ2 epifluores-
cence microscope using the Leica IM50 software (Leica
Microsystems Imaging Solutions Ltda, Cambridge, UK).

To allow comparison with previous studies, we fol-
lowed chromosomal nomenclature proposed by Imai
(1991). (M) Metacentric chromosome: the arms of
approximately equal sizes and euchromatic, the het-
erochromatin restricted to the centromeric region; (A)
Acrocentric chromosome: centromeric region and short
heterochromatic arms; (AM) Pseudoacrocentric chromo-
some: centromeric region, middle or long heterochro-
matic arms and short eucrotic arm.

The Karyograms were organized with the use of
Adobe Photoshop® CS6 13.0x 64 software. From the kar-
yotypes, the chromosome pairs, diploid (2n) and haploid
(n) numbers and karyotype formulas (2k) were defined.
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RESULTS AND DISCUSSION

The chromosome number found for the species F.
doederleini, F. portoi and F. aff. trichocerata was 2n = 30
for females. In F. longipes, females showed 2n = 34 chro-
mosomes (Table 1, Fig. 1). Kerr and Silveira, 1972 regis-
tered 2n = 30 chromosomes for F. doederleini and F. var-
ia and Rocha et al. (2003) found 2n = 30 chromosomes
for F. doederleini, F. languida, F. varia. The same number
was found by Carvalho and Costa (2011) for F. dispar
and F. portoi. Together these results indicate that the fre-
quent diploid number of 30 chromosomes is characteris-
tic of the genus. The finding of 2n = 34 chromosomes in
F. longipes comprises the first record of a diploid chro-
mosome number different from 30 in this genus. In the
species analyzed here, the following karyotypic formu-
las were found: F. doederleini, 2K = 4M + 4A + 22AM,
F. portoi, 2K = 4M + 26A, F. aff. Trichocerata, 2K = 6M
+ 20A + 4AM, and F. longipes, 2K = 8M + 12A + 14AM
(Tab. 1).

The karyotypic formula observed in F. doederleini is
similar to that cited by Rocha et al., (2003) for another
population of the same species, evidencing intraspecific
karyotypic stability.

The predominance of acrocentric and pseudoac-
rocentric (AM - which contains a long heterochromatic
arm) chromosomes in karyotypes was consistent with
that observed in previous studies for other species of
the genus, such as F. dispar. F. francoi, F. languida,
and F. varia (Rocha et al., 2003; Carvalho and Costa,
2011). However, in F. portoi and F. aff. trichocerata was
observed a reduced number of AM chromosomes.

The classical cytogenetics using conventional Giem-
sa staining and C-banding allowed observing hetero-
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Figure 1. Karyotypes of workers of Frieseomelitta species stained
with Giemsa: (A) F. doederleini (B) F. portoi; (C) F. aff. trichocerata;
(D) F. longipes. Bar = 10um.

chromatin in studies of several meliponine genera such
as Friesella (Mampumbu, 2002), Leurotrigona (Pompolo
and Campos, 1995), Melipona (Hoshiba, 1988; Rocha
& Pompolo, 1998; Rocha et al., 2002); Nannotrigona
(Hoshiba & Imai, 1993), Partamona (Costa et al., 1992;
Martins et al., 2012), Plebeia (Caixeiro & Pompolo,
1999), Tetragonisca (Barth et al., ), Trigona (Hoshiba
and Imai, 1993; Costa, 2004; Domingues et al., 2005),
among others. The distribution of heterochromatin has
still been the focus of comparative studies in stingless
bees (e.g. Travenzoli et al., 2019), and for being variable

Table 1. Available karyotype data of Frieseomelitta species. 2n = diploid number, 2k = diploid karyotype formula, M = metacentric, A =

acrocentric, AM = pseudoacrocénctrico chromosomes.

Species Sampling location 2n 2k References
E dispar Ilhéus/BA 30 4M + 2M + 4A + 20AM Carvalho & Costa (2011)
- 30 - Kerr & Silveira, (1972)
E doederleini Santana do Seridé/RN 30 4M + 4A + 22AM Rocha et al., (2003)
Canavieiras/BA 30 4M + 4A + 22AM Present study
E francoi Cairt/BA 30 4M + 2M + 4A + 20AM Carvalho & Costa (2011)
F languida Divinépolis/MG 30 4M + 4A + 22AM Rocha et al., (2003)
M
E longipes Belém/PA 34 SM + 124 + 144 Present study
E portoi Rio Branco/AC 30 M +26A Present study
FE aff. trichocerata Juina/MT 30 6M + 20A + 4AM Present study
F varia - 30 - Kerr & Silveira, (1972)
' Divindpolis/ MG 30 4M + 4A + 22AM ROCHA et al., (2003)
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Figure 2. Karyotypes of workers of Frieseomelitta species, stained
with CMA;/DAPI fluorochromes: (A) F. doederleini; (B) F. portoi;
(C) F. trichocerata; (D) F. longipes. Bar = 10um.

among genera and species is a useful cytological infor-
mation for the characterization of species or populations
of these bees.

Imai et al. (1988) have suggested that the tandem
addition of terminal heterochromatin in chromosomes
is a relatively rapid way of restoring telomeric stability
after centric fission events, leading to the formation of AM
chromosomes. Elimination of any excess heterochroma-
tin addition may follow this addition by deletion mecha-
nisms, as a tendency to reduce non-specific heterochro-
matin interactions of the long pseudoacrocentric chro-
mosomes. The high content of heterochromatin found,
however, contrasts with the numerical or even structural
stability observed in Frieseomelitta, especially considering
species such as F. doederlaini, analyzed in different studies
and localities of its geographic distribution.

The CMA;/DAPI fluorochrome staining in F. doed-
erleini, showed that the centromeric region of the meta-
centric, acrocentric and the heterochromatic arm of
the pseudoacrocentric chromosomes are rich in AT
base pairs (DAPI*). This same region was also weakly
stained with CMA; (Fig. 2A). These results were simi-
lar to the findings of Rocha et al. (2003) for F. varia and
this marking pattern may be related to the presence of
a nucleolus organizing region. These regions are often
labeled by CMA; in karyotypes of bees. NOR banding
or in situ hybridization of ribosomal probes are likely to
confirm this location.

In the F. portoi, CMA;*/DAPI" bands were identified
in short heterochromatic arms in chromosomal pairs 1, 2,
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3,4,5,6,8,9, 11, 12 and 14. Pairs 7, 10 and 13 were totally
CMA;/DAPI* in this species (Fig. 2B). Frieseomelitta aft.
trichocerata showed CMA;*/DAPI bands in chromosomal
pairs 1, 2, 3, 5, 7, 8, 10 and 11, and pairs 4, 6, 9, 12, 13, 14
and 15 were homogeneously CMA;/DAPI* (Fig. 2C).

We observed in the four species analyzed here that
the first pair showed the CMA;*/DAPI label on the
short arm. Although in F. longipes only one of the hom-
ologues was labeled by CMA;, suggesting the presence
of a heteromorphism, this labeling, which may be asso-
ciated with the presence of NOR, seems to be common
in the genus. This can be confirmed in further analyzes
that include new species. Diverging from the other spe-
cies, F. longipes had the long arms of pairs 6 and 11 and
pair 14 strongly labeled CMA,*/DAPT (Fig. 2D).

The results obtained in the present analysis togeth-
er with the previous karyotypic descriptions show that
the karyotype differentiation in Frieseomelitta mostly
involved minor structural alterations such as hetero-
chromatin gain and loss. However, numerical change
occurred in the differentiation of F. longipes, possibly
due to centric fission. Since this is the only record of a
chromosome number other than 2n = 30 in this genus,
this is possibly a derived characteristic in this group.
The lack of a better taxonomic definition and a more
resolved and complete phylogeny for Frieseomelitta
leaves this question open. If a derived position F. lon-
gipes is found, the recent origin of this numerical differ-
ence will be confirmed.

From the observation of the high frequency of
the chromosome number 2n = 30 (n = 15) in the Frie-
seomelitta, it is possible to suggest that this chromo-
some number is basal for this genus. The n = 15 chro-
mosomes was also found in the species Duckeola ghilia-
nii Kerr, 1972a, b; Kerr and Silveira, 1972). According to
the Meliponini phylogeny proposed by Rasmussen and
Cameron (2010) Duckeola is closely related to the genus
Frieseomelitta. However, without a more detailed phy-
logenetic assessment, the hypothesis that the 2n = 34
found in F. longipes, alternatively, represents the basal
condition for this group can not be discarded, since this
chromosome number is found in most genera of neo-
tropical Meliponini (Rocha et al., 2003). More complete
phylogenetic analyzes, including a representative sam-
pling of Friesemelitta diversity, however, would be neces-
sary to better clarify these questions.
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