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Abstract – Partamona is a genus of stingless bee composed of 33 neotropical species that occur from Mexico to
Brazil. The scarcity of cytogenetic studies on Partamona limits the use of this indispensable information for the
recognition of species. In this study, a comparative cytogenetic analysis of three Partamona species of controversial
taxonomy was carried out. Partamona ailyae , Partamona sooretamae , and Partamona aff. helleri showed the
chromosome numbers, 2n = 34 and n = 17. However, differences were found in the karyotypic formula of 2K =
22M+ 12SM in P. ailyae , 2K = 20M+ 14SM in P. sooretamae , and 2K = 28M+ 6SM in P. aff. helleri . CMA3/
DAPI staining revealed heterogeneity in the composition of heterochromatin, and differences in the number of
CMA3

+ signals among the species, ranging from 10 in P. ailyae to 18 in both P. sooretamae and P. aff. helleri .
Two rDNA sites were found in both P. ailyae and P. sooretamae , whereas six sites were found in P. aff. helleri .
Moreover, chromosomal heteromorphism was found in P. aff. helleri , resulting from a reciprocal translocation of a
NOR region between pairs 1 and 5. Although chromosome number was the same, the karyotypes were diverse due
to variations in the content and distribution of constitutive heterochromatin as well as the number and location of 18S
rDNA regions. These variations are useful to the cytotaxonomic distinction of the species.

Partamona sooretamae /Partamona ailyae /Partamona aff.Helleri / stingless bee / molecular cytogenetics

1. INTRODUCTION

Partamona (SCHWARZ, 1939) is a genus of
stingless bees that occur exclusively in the Neo-
tropical region from southern Mexico to southern
Brazil. Species of this genus are found in different
biomes, such as rainforests, cerrado (Brazilian
savanna), caatinga (dry scrub forest in northeast-
ern Brazil), and environments transformed by hu-
man activities. This group is diverse and uses

several types of substrates to build nests, the en-
trances of which are quite distinct among different
species. In some cases, these characteristics are
used for taxonomic purposes, as some species of
the genus are morphologically very similar and
difficult to identify (Pedro and Camargo 2003;
Camargo and Pedro 2003).

According to Camargo and Pedro (2003), who
described 17 of the 33 species of the genus, species
of Partamona are subdivided into five groups
based on morphological characters and nesting
characteristics: (1) epiphytophila/bilineata, (2)
testacea, (3) nigrior, (4) pearsoni, and (5) cupira.
Among the species of the cupira group, Partamona
helleri stands out due to a set of morphological,
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taxonomic, biogeographic, behavioral, and cytoge-
netic peculiarities.

Partamona ailyae has a wide distribution in
Brazil, occurring in the rainforests of the south-
western Amazon region, the cerrado regions of
central Brazil, and further east to the state of Piauí
in the northeastern region of the country
(Camargo and Pedro 2003). This bee has a dark
color and very defensive behavior when threat-
ened. In the Amazon region, its nests are usually
found within active termite nests on rotting tree
branches or in cavities at the base of living trees.
In the cerrado and other arid regions, its nests are
generally found in underground termite mounds
(Camargo and Pedro 2003).

Based on mitochondrial DNA sequences and
morphology, Andrade et al. (2017) reported the
occurrence of Partamona ailyae in the central
corridor of the Atlantic Forest in the state of
Bahia. However, new samples recently collected
in these locations have been morphologically
identified as Partamona sooretamae , which was
originally described in an area between the south-
ern portion of the state of Espírito Santo and the
extreme southern portion of Bahia (Camargo and
Pedro 2003).

The phylogenetic proximity and morphological
similarity between these two species generated these
conflicting results, making taxonomic definition
problematic. The phylogenetic hypothesis
presented by Camargo and Pedro (2003) placed
P. ailyae and P. sooretamae as sister groups in-
cluded in the cupira group. These two species share
several morphological similarities. However, the de-
scription of P. sooretamae was based on the sam-
pling of floral visitors and important data on the nest
structure was not originally included.

The scarcity of cytogenetic studies on
Partamona limits the use of this indispensable
information for the recognition of species. Al-
though the literature describes the karyotype of
some species of the genus (Brito 1998; Brito-
Ribon et al. 1999; Brito et al. 2005; Marthe et al.
2010; Martins et al. 2014; Tosta et al. 2015), the
karyotype of most species remains undescribed.

Karyotype descriptions assist not only in taxo-
nomic recognition but also provide information
that can be used in phylogenetic studies and the
characterization of intrapopulation and

interpopulation geographic diversity as well as in-
traspecific and interspecific diversity, assisting in
the understanding of various evolutionary mecha-
nisms, such as chromosomal rearrangements.

The aim of the present study was to perform
new comparative cytogenetic analyses of the spe-
cies Partamona ailyae from the state of Mato
Grosso, Partamona sooretamae from the state
of Bahia, and Partamona aff. helleri from the
state of Pernambuco, Brazil.

2. MATERIALS AND METHODS

Three nests of Partamona sooretamae were col-
lected: two in the municipality of Presidente
Tancredo Neves (13° 28′ 15″ S/39° 22′ 49″W; 13°
27′ 59″ S/39° 22′ 58″W) and one in themunicipality
of Uruçuca (14° 35′ 25″ S/39° 16′ 15″ W), both
located in the Atlantic Forest in the southern portion
of the state of Bahia. Two nests of Partamona aff.
helleri were collected in the city of Recife in the
state of Pernambuco (8° 00′ 57″ S/34° 57′ 34″W; 8°
00′ 56″S/33° 57′ 36″W) and one nest ofPartamona
ailyae was collected in the municipality of Juína
(11° 25′ 39″ S/58° 42′ 11″ W) in the state of Mato
Grosso (Amazon region) (Fig. 1). The bees were
identified by Dr. Gabriel A. R. Melo, Universidade
Federal do Paraná.

The chromosome preparations were obtained
from brain ganglion cells in the fifth larval instar,
following Imai et al. (1988). Twenty samples
were prepared for each nest. After air-drying for
24 h, the samples were submitted to cytogenetic
techniques for the analysis of metaphasic
chromosomes.

Conventional staining was performed with
Giemsa 5% dye in Sorensen buffer and the best
metaphases were photographed under an Olympus
CX-41 microscope. Staining with chromomycin A3
and DAPI (4′,6-diamidino-2-phenylindol) was per-
formed according to Schweizer (1980) and analyzed
using an Olympus BX-51 epifluorescence micro-
scope to record metaphases.

Fluorescent in situ hybridization (FISH) using
rDNA18S probes was performed based on Pinkel
et al. (1986) with modifications according to Mar-
tins et al. (2013). The probes were labeled by
BioNick Translation (Invitrogen) and the detec-
tion was performed with streptavidin-FITC
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(Vector Laboratories) and streptavidin-Cy3 (Sig-
ma-Aldrich). The images were captured in an
Olympus Bx-51 epifluorescence microscope.
Karyograms were organized based on Levan
et al. (1964).

Ideograms were created using the DrawID soft-
ware, classified in decreasing order of size and
paired according to the position of the centromere.

3. RESULTS

Conventional staining with Giemsa revealed
structural karyotype diversity. However, consis-
tency was found in the number of chromosomes

among the three species analyzed, as females had
a karyotype with 2n = 34 and males had n = 17
(Fig. 2).

The karyotypic formula was 2K = 22M +
12SM in Partamona ailyae , 2K = 20M+ 14SM
in the three colonies of Partamona sooretamae ,
and 2K = 28M + 6SM in Partamona aff. helleri
(Table I). Heterochromatic content was found in
all chromosomes of the three species. The pairs 8,
9, and 13 in Partamona ailyae , pairs 8, 9, and 17
in Partamona sooretamae , and pairs 12 and 17 in
Partamona aff. helleri , however, were for the
most part euchrochromatic (Fig. 2). The first two
pairs of chromosomes were larger than the other

Figure 1. Map showing collection sites. (1) Juína, state of Mato Grosso, (2) Uruçuca, state of Bahia, (3) Presidente
Tancredo Neves, Bahia, and (4) Recife, state of Pernambuco.
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pairs in the Partamona ailyae and Partamona
sooretamae , generating a slight asymmetry in
the karyotype.

Staining with CMA3/DAPI fluorochromes
revealed a range of 12 to 22 chromomycin
A3–positive segments (CMA3

+). These chro-
mosome segments are enriched with GC base
pairs. In Partamona ailyae , the chromosomes
of pairs 1, 2, 3, 9, and 14 exhibited these
segments. In the first pair, CMA3

+ markings
were found in the terminal regions of the
short arms. In the second pair, the chromo-
somes had two CMA3

+ regions interspersed
with a narrowed CMA3

− segments that resem-
ble secondary constrictions. One of the chro-
mosomes in the third pair was positively la-
beled throughout the long arm and in the
terminal region of the short arm of the same

chromosome. The ninth pair presented a large
CMA3

+ marking in the terminal region of the
long arms of the chromosomes. Moreover,
only one chromosome had positive labeling
in the terminal region of the long arm and
another in the interstitial region of the short
arm in pair 14 (Figs. 3a and 4a).

This is the first karyotype description of
Partamona sooretamae . CMA3

+ markings were
found on different chromosomes compared with
those in P. ailyae , except for pairs 1 and 2. In the
first pair, the markings also occurred concentrated
in the terminal regions of the short arms. The
chromosomes of the second pair had similar
markings to those of the second pair in
P. ailyae . However, differences between the two
species were exhibited in other pairs. In P. ailyae ,
one of the homologs in the third pair had positive

Figure 2. Conventional staining with 5% Giemsa: Karyotypes of (a) female with 2n = 34 and (b) male with n = 17
ofPartamona ailyae from Juína,Mato Grosso. (c)Partamona sooretamae female fromUruçuca, Bahia. (d) Female
with 2n = 34 and (e) male with n = 17 from Partamona aff. helleri from Recife, Pernambuco. Bar scale: 10 μm.

Table I. Species sampled, collection sites, karyotype formulas, CMA3
+ markings, and 18S rDNA markings

Species Collection sites Karyotype formulas CMA3+ markings 18S rDNA markings

P. ailyae Juína-MT 2K = 22M+ 12SM 12 2

P. sooretamae Uruçuca-BA 2K = 20M+ 14SM 22 2

Tancredo neves-BA 2K = 20M+ 14SM 22 2

P. aff. helleri Recife-CE 2K = 28M+ 6SM 18 6
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labeling in the terminal regions that were not seen
in P. sooretamae . Moreover, heteromorphic 18S
rDNA regions were found in the third pair in
P. sooretamae (Fig. 3d), differing from the label-
ing pattern found in P. ailyae (Fig. 3b). Other
characteristics differing P. sooretamae from
P. ailyae was a size heteromorphism in the 13th
pair (Figs. 2c and 3c). This size heteromorphism
in P. sooretamae was observed in the colony of
Uruçuca, BA, as well as in one of the colonies of
Presidente Tancredo Neves, BA. Regarding the
karyotype formula, P. sooretamae did not exhibit
intraspecific variation in relation to two areas
sampled: one in Presidente Tancredo Neves, Ba-
hia, and another one further to the south in the
state (Uruçuca, Bahia). The number of CMA3

+

markings and 18S rDNA location was consistent.
Partamona aff. helleri displayed a different

pattern from the previous two species. The
first pair had a conspicuous CMA3

+ marking,
heteromorphic in the terminal portions of the
long arms and in the terminal regions of the
short arms (Figs. 3e–f and 4c). The fifth pair,
which exhibited an evident CMA3

+ marking

in the terminal region of the short arm of one
of the chromosomes, also showed heteromor-
phism regarding the length of the long arm,
involving a second CMA3

+ terminal region
(Figs. 3e and 4c). This size heteromorphism
was observed in one of the two colonies of P .
aff. helleri sampled in Recife, PE. FISH anal-
ysis (Fig. 3f) showed that, in this case, it is
caused by a variation in the length of the
ribosomal clusters. One of the chromosomes
in pair 11 had an interstitial CMA3

+ marking
in the middle of the long arm (Figs. 3e and
4c). Pair 13th showed CMA3

+ markings in the
terminal regions of both chromosome arms
(Figs. 3e and 4c), which was similar to the
pattern seen in pair 13 of P. sooretamae (Fig.
3c) and a chromosome of 14th pair in
P. ailyae (Fig. 3a).

FISH using an 18S ribosomal probe re-
vealed interspecific but not intraspecific vari-
ation (Fig. 3). Partamona ailyae exhibited
two markings located on the chromosomes
of pair 9 (Fig. 3b). Both the colonies sampled
in the state of Bahia (Uruçuca and Tancredo

Figure 3. Karyotypes with CMA3/DAPI staining and markings with 18S rDNA probe: (a) Partamona ailyae from
Juína, Mato Grosso stained with CMA3/DAPI. (b) Partamona ailyae from Juína, Mato Grosso marked with rDNA
18S. (c) Partamona sooretamae from Uruçuca, Bahia with CMA3/DAPI. (d) Partamona sooretamae from
Uruçuca, Bahia marked with rDNA 18S. (e) Partamona aff. helleri from Recife, Pernambuco with CMA3/DAPI.
(f) Partamona aff. helleri from Recife, Pernambuco marked with 18S rDNA. Bar scale: 10 μm.
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Neves) were consistent in terms of the num-
ber of markings for P. sooretamae , which
displayed two heteromorphic 18S regions in
the third pair (Fig. 3d). Six 18S rDNA mark-
ings were found in Partamona aff. helleri ,
located in four different pairs. In the first pair,
only one of the chromosomes had a band,
which was in the terminal region of the long
arm. In the fifth pair, which was heteromor-
phic, the two chromosomes exhibited 18S
markings in the interstitial and terminal re-
gions of the long arm. One of the chromo-
somes in pair 7 had a small terminal marking
on the smaller arm. Although smaller, pair 14
also had regions with an 18S band on both
chromosomes, located in the interstitial region
of the long arms (Fig. 3f).

4. DISCUSSION

The species studied exhibited structural dif-
ferences in their karyotypes. The chromo-
somes were mostly metacentric and, at a
smaller proportion, submetacentric. The num-
ber 2n = 34 in females and n = 17 in males

was consistent in the three species, which
demonstrates a very conserved characteristic
in the regular karyotype of bees from the tribe
Meliponini (Tavares et al. 2017), including
several species of the genus Partamona :
Partamona pearsoni , (Tarelho 1973),
P. ailyae , Partamona vicina , Partamona
mulata , Partamona sp. (Brito-Ribon et al.
1999), Partamona seridoensis (Brito et al.
2005), Partamona nhambiquara , Partamona
chapadicola , and P. rustica (Miranda 2012).

Although supernumerary chromosomes have
been described in some phylogenetically related
species of Partamona , such as P. helleri (Costa
et al. 1992; Martins et al. 2014) and Partamona
cupira (Marthe et al. 2010), the colonies sampled
in the present study showed no evidence of this
phenomenon.

Consistency in the chromosome morphology
was found in Partamona ailyae when we com-
pared the data obtained herein with the results
described by Brito-Ribon et al. (1999). The distri-
bution of heterochromatin, which was found in
nearly all chromosomes, also had a similar pat-
tern, with a greater quantity concentrated in the

Figure 4. Ideograms of karyotypes stained by CMA3/DAPI. (a) Partamona ailyae from Juína, Mato Grosso. (b)
Partamona sooretamae from Uruçuca, Bahia. (c) Partamona aff. helleri from Recife, Pernambuco. DAPI+ regions
represented in blue and CMA3

+ regions in green. Bar scale: 10 μm.
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short arms of most chromosomes. The only ex-
ception was the first pair, in which most of the
heterochromatin was concentrated throughout the
length of the long arms and, to a lesser extent, in
the pericentromeric region of the short arms.
Chromosomes with euchromatic regions were
found in pairs 8, 9, and 13, whereas Brito-Ribon
et al. (1999) found such regions in pairs 7, 10, and
16. Despite the variation in the number of chro-
mosomes with this euchromatic pattern, all chro-
mosomes were morphologically submetacentric.

In P. ailyae , both pairs 3 and 14 exhibited
heteromorphism regarding the presence/
absence of CMA3

+ markings. However, ob-
serving the karyotype of P. aff. helleri , het-
eromorphism was found regarding the
presence/absence of CMA3

+ markings in
pairs 1, 5, 11, and 15 (Figs. 3e and 4c),
which is a significant amount of heteromor-
phic markings in the chromosomes of a spe-
cies of bee. Heteromorphic markings are
common in other species of Meliponini, such
as Trigona branneri (Costa et al. 2004) and
the genus Scaptotrigona (Duarte et al. 2009).
According to Fry and Salser (1977) cited by
Sumner (2003), heteromorphisms in the com-
position of heterochromatin are related to
differential amplifications of distinct seg-
ments that may be amplified in some se-
quences, forming heterochromatic blocks in
some species, whereas different sequences
are amplified in other species. In P. ailyae ,
two rDNA clusters were detected and were
located in pair 9, in which the region corre-
sponding to 18S was heterochromatic with
conventional staining (Fig. 2a and b).

The cytogenetic characterization of P. vicina ,
P. mulata , and P. ailyae performed by Brito-
Ribon et al. (1999) revealed very similar results
to the karyotypes of the species investigated in the
present study regarding the morphology and chro-
mosome size of the first pair. It is possible that the
chromosomal homeology of this pair occurs in
related species in the genus Partamona .

Andrade et al. (2017) found that specimens
collected in the municipalities of Presidente
Tancredo Neves, Uruçuca, and Una in the state
of Bahia when compared with P. ailyae through

mtDNA 12S analyses were possibly of the same
species, as they shared an insert of five bases in
this mitochondrial region in a unique way within
Partamona . This hypothesis is consistent with
Camargo and Pedro (2003), who present a mor-
phological phylogeny in which these two species
are closely related and placed as sister groups.
However, the cytogenetic data presented herein
reveal that our samples ofPartamona sooretamae
and Partamona ailyae exhibited differences in
their karyotypes, reinforcing the idea that these
may be isolated species. In case this hypothesis
is correct, the sharing of the mitochondrial se-
quence insertion described previously would be
a synapomorphy and, alternatively, be an ances-
tral character. A broader investigation, however,
would be necessary to verify possible occurrences
in other closely related species.

The karyotype of P. aff. helleri had the most
differences compared with the karyotypes of
P. ailyae and P. sooretamae . It had no similarity
in size or morphology in the first pair of chromo-
somes and this pair also exhibited CMA3 band
heteromorphism that was not found in the other
species. The number of CMA3

+ markings was
also high in P. aff. helleri , reaching 18, which is
a large number in hymenopterans. However, the
chromosomes of the second pair had morpholog-
ical similarities to those found in P. ailyae and
P. sooretamae with regard to both morphology
and CMA3

+ markings.
The present results suggest that P. ailyae and

P. sooretamae are cytogenetically distinct. Al-
though chromosome number was conserved, the
karyotypes showed several structural differences
due to variations in the content and distribution of
constitutive heterochromatin as well as the num-
ber and location of 18S rDNA regions. These
differences may have important evolutionary im-
plications and contribute to interspecific differen-
tiation. The cytogenetic characters described, for
instance, are useful to the cytotaxonomic distinc-
tion of these species.
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