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ABSTRACT. In countries containing a mega diversity of wildlife,
such as Brazil, identifying and characterizing biological diversity
is a continuous process for the scientific community, even in face of
technological and scientific advances. This activity demands initiatives
for the taxonomic identification of highly diverse groups, such as
stingless bees, including molecular analysis strategies. This type
of bee is distributed in all of the Brazilian states, with the highest
species diversity being found in the State of Amazonia. However, the
estimated number of species diverges among taxonomists. These bees
are considered the main pollinators in the Amazon rainforest, in which
they obtain food and shelter; however, their persistence is constantly
threatened by deforestation pressure. Hence, it is important to classify
the number and abundance of bee specie, to measure their decline and
implement meaningful, priority conservation strategies. This study
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aims to maximize the implementation of more direct, economic and
successful techniques for the taxonomic identification of stingless
bees. Specifically, the genes 16S rRNA and COI from mitochondrial
DNA were used as molecular markers to differentiate 9 species of
Amazonian stingless bees based on DNA polymorphism, using the
polymerase chain reaction-single-strand conformation polymorphism
technique. We registered different, exclusive SSCP haplotypes for both
genes in all species analyzed. These results demonstrate that SSCP is a
simple and cost-effective technique that is applicable to the molecular
identification of stingless bee species.
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INTRODUCTION

The identification of species belonging to megadiverse groups is a tremendous chal-
lenge for researchers, especially in Brazilian Amazonia, which is a region of continental
dimensions. There are large gaps in the identification of Amazonian bees, because most col-
lections are not systematic, do not satisfactorily cover species distribution areas, and are
fragmented among zoological collections. Existing records indicate rich species diversity,
emphasizing the need for the taxonomic revision of many groups, such as stingless bees in
the tribe Meliponini (Roubik, 1989; Camargo and Pedro, 2003; Moure et al., 2007).

Meliponini are a remarkable tribe in the family Apidae, consisting of 33 genera and
397 species, as proposed by Moure et al. (2007). However, this estimate varies with authors,
who recognize the difficulty of knowing the actual number of species, given the lack of taxo-
nomic revision for this tribe and the large number of cryptic species (Michener, 2007). These
bees are the most popular and well-known species of ecological and economic importance
in Amazonia (Carvalho-Zilse and Nunes-Silva, 2012). Furthermore, with the documented
decline of Apis bees worldwide, native bees are the main candidates for pollination and pro-
duction programs (Slaa et al., 2006; Cruz and Campos, 2009).

Meliponini are distributed throughout the tropics (35°S on Australia and South
America and 28°S on Africa; at North near 23,5°N) (Michener, 2007). This tribe is found
in all of the states in Brazil, with the greatest diversity being in the State of Amazonia
(Nogueira-Neto, 1997). Silveira et al. (2002) proposed that 88 species exist in Amazodnia,
whereas Moure et al. (2007) proposed 115 species in this region. Without knowing how many
bee species exist and how abundant they are, it is difficult to effectively exploit this group, to
measure their decline, or to implement meaningful, priority conservation strategies (Brown
and Paxton, 2009).

Traditional, morphology-based taxonomy has been considerably supported by the
use of molecular markers, which have been proposed to be able to identify, characterize, and
differentiate species. Hence, molecular tools are indispensable towards quantifying wildlife
diversity, bringing important information to systematics and conservation (Hillis et al., 1996).

Here, we aimed to assimilate information for the detailed revision of the Meliponini
tribe. Specifically, we tested the potential of the PCR-SSCP (polymerase chain reaction-sin-
gle-strand conformation polymorphism) technique to develop a simple and rapid marker for
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the identification and molecular differentiation of Amazonian stingless bees using the COI
(cytochrome oxidase I) and 16S rRNA (16S ribosomal RNA) regions of mitochondrial DNA.
This technique has been extensively used, because it is sensitive to differences in DNA se-
quences, allowing the rapid processing of a large number of samples in the search for species-
specific markers (Bastos et al., 2001; Lamarao et al., 2010).

MATERIAL AND METHODS

Adult individuals (5 individuals per colony) of 9 species of Amazonian stingless bees
previously identified by a specialist were selected for this study; namely Melipona eburnea,
Melipona seminigra, Melipona interrupta, Melipona nebulosa, Melipona rufiventris, Meli-
pona dubia, Scaptotrigona polysticta, Scaptotrigona sp, and Trigona williana. These species
were compared by PCR-SSCP, using the COI and 16S rRNA regions of mitochondrial DNA.
Samples were collected from 10 municipalities (represented by numbers) in the Amazonas
State; specifically: Autazes (8), Careiro Castanho (7), Iranduba (4), Manacapuru (5), Mana-
quiri (6), Manaus (2), Maués (10), Parintins (9), Rio Preto da Eva (3), and Sdo Gabriel da
Cachoeira (1) (Figure 1).

Figure 1. Municipalities of collection of stingless bee samples in the State of Amazonas, from left to right: 1 = Sao
Gabriel da Cachoeira; 2 = Manaus; 3 = Rio Preto da Eva; 4 = [randuba; 5 = Manacapuru; 6 = Manaquiri; 7 = Careiro
Castanho; 8 = Autazes; 9 = Parintins; 10 = Maués.
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DNA was extracted from the thorax of each individual, following the protocol of
Paxton et al. (1996). PCR was carried out in a Verity™ thermocycler (Applied Biosystems,
USA) in a 20-pL reaction mixture containing 25-75 ng DNA, 1X buffer, 1-3 mM MgCl,, 5-8
pM primers; 200 mM dNTPs, and 1-1.5 U 7ag DNA polymerase (Promega Biotecnologia do
Brasil). The PCR program was set to an initial cycle of 5 min at 94°C; 35 cycles of 2 min at
94°C; 1 min at 51°C, 2 min at 70°C, and 10 min at 70°C at the 16S region, and 1 min at 94°C;
5 cycles of 1 min at 94°C; 1.5 min at 45°C, and 1.5 min at 72°C; 30 cycles of 1 min at 94°C,
1.5 min at 51°C, and 1.5 min at 72°C; and 5 min at 72°C for COI. The primers that were used
were specific for M. compressipes (syn. M. interrupta) for the 16S region (Bezerra, 1999), and
from M. bicolor for the COI region (Simon et al., 1994).

For the SSCP technique, the amplified DNA was denatured for 5 min at 97°C in solu-
tion containing 2 pL of the PCR product from each individual, plus 18 pL buffer LIS-SSCP
(10% saccharose, 0.01% bromophenol blue, 0.01% xylene cyanol). Then, electrophoresis on
acrylamide gel (12%) was carried out for 20 h and 30 min at 80 V. Gels were stained with sil-
ver nitrate (Creste et al., 2001) and digitalized. The haplotype profile within and between spe-
cies was compared with the aid of ImageJ version 1.42 (Rasband WS, ImageJ, USA National
Institutes of Health, Bethesda, MD, USA, imagej.nih.gov/ij/, 1997-2012).

Genetic analyses were based on Nei’s genetic distance (1978), using the TFPGA pro-
gram (Tools for Population Genetic Analysis) version 1.3 (Miller, 1997).

RESULTS AND DISCUSSION

Of'the 345 individuals from which DNA was extracted, 221 showed positive amplifica-
tion for 16S (64.05%) and 193 for COI (55.94%), after the DNA was amplified for individuals
of all species for both regions of the mitochondrial DNA. Vences et al. (2005) also analyzed
both regions to obtain DNA barcodes for amphibians, and obtained 100% amplifications from
samples for the 16S region, while amplification of the COI region ranged from 50 to 70%.

The PCR-SSCP of the 16S region of all species produced 23 haplotypes (16SHI1-
16SH23), of which just 2 were shared. Specifically, 16SH1 was shared by M. interrupta and
M. seminigra, while 16SHS5 was shared by S. polysticta, M. interrupta, and M. eburnea. The
COI region also had 23 haplotypes (COIH1-COIH23), of which 3 were shared. Specifically,
2 haplotypes (COIH10 and COIH11) were shared by M. eburnea and M. rufiventris, while
COIH16 was shared by Scaptotrigona sp and S. polysticta.

In a study comparing bee species, Sheffield et al. (2009) found that most had unique
sequences occurred in the COI region. In the current study, only M. dubia had unique haplo-
types for both genes, while 7. williana had a unique haplotype for COI. In the other species,
the number of haplotypes ranged from 2 to 5 for 16S, and from 2 to 6 for COI. However, all 9
species contained exclusive haplotypes, allowing 100% discrimination based on the PCR-SS-
CP of the COI and 16S regions. This result supports the efficiency of this PCR-SSCP marker
for both regions in the molecular identification of species from the tribe, and its potential for
use as an interspecific molecular marker.

Based on interspecific haplotypic polymorphism, it was observed that the genetic dis-
tance among the studied species differed between the 2 genic regions. For 16S (Table 1), the
genetic distance reached 100% among most species, which was expected, given the paucity of
shared haplotypes. When haplotypes were shared, the distance was smaller. For instance, the
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difference was 80, 70, 70, and 58% between M. interrupta and M. seminigra, M. interrupta and
M. eburnea, S. polysticta and M. eburnea, and M. interrupta and S. polysticta, respectively. The
genetic distance found among species by PCR-SSCP for the COI region also reached 100%
when no haplotypes were shared. When haplotypes were shared, the distance was 1.4 and 58%
between M. eburnea and M. rufiventris, and Scaptotrigona sp and S. polysticta (Table 2).

Table 1. Matrix of genetic distances (Nei, 1978) between the studied species based on the haplotype
polymorphism of 16S region.

Species Mi Ms Mr Me Mn Md Ssp Sp Tw
Ml sk skokok

Ms 0.8047 kst

Mr 1.0000 1.0000 Ak

Me 0.7072 1.0000 1.0000 ok

Mn 1.0000 1.0000 1.0000 1.0000 ok

Md 1.0000 1.0000 1.0000 1.0000 1.0000 ok

Ssp 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 ok

Sp 0.5878 1.0000 1.0000 0.7072 1.0000 1.0000 1.0000 ks

Tw 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 ok

Mi = Melipona interrupta; Ms = M. seminigra; Mr = M. rufiventris; Me = M. eburnea; Mn = M. nebulosa; Md =
M. dubia; Ssp = Scaptotrigona sp; Sp = S. polysticta; Tw = Trigona williana. Highlighted in bold for distances less
than 100%.

Table 2. Matrix of genetic distances (Nei, 1978) between the studied species based on the haplotype
polymorphism of COI region.

Species Mi Ms Mr Me Mn Md Ssp Sp Tw
Mi EEET TS

Ms 1.0000 ok

Mr 1.0000 1.0000 ok

Me 1.0000 1.0000 0.0141 ok

Mn 1.0000 1.0000 1.0000 1.0000 ok

Md 1.0000 1.0000 1.0000 1.0000 1.0000 ok

Ssp 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 Hokdok

Sp 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.5878 ok

Tw 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 ok

Mi = Melipona interrupta; Ms = M. seminigra; Mr = M. rufiventris; Me = M. eburnea; Mn = M. nebulosa; Md =
M. dubia; Ssp = Scaptotrigona sp; Sp = S. polysticta; Tw = Trigona williana. Highlighted in bold for distances less
than 100%.

Sousa et al. (2003) showed that the PCR-SSCP marker was more adequate for the
identification of mutations in M. rufiventris compared to DS-PCR (double-strand PCR) and
PCR-RFLP (restriction fragment length polymorphism) of the 16S region. The current tech-
nique requires a smaller quantity of PCR-amplified DNA compared to other methods that are
also based on PCR products. In addition, PCR-SSCP is accurate at detecting point mutations,
which makes it attractive and effective both economically and performance-wise. Hence,
lower reaction volumes and reagent concentrations of reactants may be used, thus decreasing
the cost of the marker. Moreover, mutations are detected by the band migration profile, rather
than by the absence of signal, as in other methods. Hence, failure during PCR does not lead to
false-positive results (Hayashi, 1991).

Our study supports previous studies, in which the efficiency of this technique was
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demonstrated at distinguishing different species of microorganisms (Schwieger and Tebbe,
1998; MacGregor and Amann, 2006; Mohr and Tebbe, 2006), including sea sponges (Lamarao
et al., 2010) and catfish (Sriphairoj et al., 2010), among others. In addition to identifying spe-
cies, this technique has been indicated as a simple and accessible strategy for the validation of
products processed from fish (Sriphairoj et al., 2010) and plants (Choa et al., 2011).

This study confirmed that both amplified regions (16S and COI) were efficient, pro-
ducing values of genetic distance above 90%. This value was confirmed through the evalu-
ation of the average distances among all analyzed bee species (96.61% for 16S and 96.08%
for COI), in addition to those found for species in the genus Melipona (96.74% for 16S and
93.42% for COl), in the group Trigona (genera Scaptotrigona and Trigona; 91.72% for 16S
and 98.03% for COI) and in the genus Scaptotrigona (96.82 and 94.57% for 16S and COI,
respectively). These data confirm the success of species discrimination by both regions of the
mitochondrial DNA, supporting the efficiency of the PCR-SSCP technique, given its low cost
and high accuracy.

Another advantage of PCR-SSCP is its ability to detect even single-base polymor-
phisms in DNA fragments of a given size (Oohara, 1997). Furthermore, it is possible to ana-
lyze degraded DNA and small fragments (Rehbein et al., 1999). This technique may also be
used for preliminary screening before sequencing, as completed by several authors in the mo-
lecular identification of species (Hodgkinson et al., 2002; MacGregor and Amann, 2006; Mohr
and Tebbe, 2006). Such screening is possible because the haplotypes found by PCR-SSCP are
confirmed by DNA sequencing, as shown by Barroso et al. (1999).

Thus, we suggest that PCR-SSCP markers are of use for the identification of stingless
bee species, in addition being useful for screening for their characterization, based on inter-
specific haplotypic polymorphisms in the 16S and COI regions of mitochondrial DNA. Such
markers could support the taxonomic revision of the tribe Meliponini and, consequently, of
species in Apidae. This revision would lead to a reduction in the amount of samples requiring
analysis, as well as a reduction in the costs of sequencing.
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