
Apidologie 41 (2010) 138–140 Available online at:
c© INRA/DIB-AGIB/EDP Sciences, 2009 www.apidologie.org
DOI: 10.1051/apido/2009067

Scientific note

A scientific note on the characterization of microsatellite loci
for Melipona mondury (Hymenoptera: Apidae)*

Denilce Meneses Lopes, Filipe Oliveira da Silva, Tânia Maria Fernandes-Salomão,
Lúcio Antônio de Oliveira Campos, Mara Garcia Tavares

Departamento de Biologia Geral, Universidade Federal de Viçosa, Av. P H Rolfs, s/n , CEP: 36.570-000, Viçosa,
Minas Gerais, Brazil

Received 26 September 2008 – Revised 19 March 2009 – Accepted 23 June 2009

ISSR /Melipona /microsatellites / population genetics / stingless bees

Microsatellites are a class of markers much used
in population, phylogenetic and parentage studies
because of their high degree of polymorphism, co-
dominance and high reproducibility (De la Rúa
et al., 2001; Oliveira et al., 2006). Microsatellite se-
quences are amplified by PCR, using primers that
flank the repeat sequences of nuclear DNA. The de-
velopment of these primers, however, is the lim-
iting factor for the use of these markers. Because
of this difficulty, there are microsatellite primers
developed for only three species of stingless bee,
Melipona bicolor (Peters et al., 1998), Scaptotrig-
ona postica (Paxton et al., 1999) and Trigona car-
bonaria (Green et al., 2001). However, considering
the diversity of stingless bee species and their im-
portance as pollinating agents in natural and culti-
vated environments (Kerr et al., 1994, 1996; Heard,
1999) the design of further species-specific primers
for stingless bees has become urgent.

Thus the objective of this study was to iden-
tify and characterize microsatellite primers specific
to Melipona mondury Smith, 1863, a stingless bee
species considered an important pollinator that is
distributed throughout the Atlantic Rainforest in
the states of Bahia, Espírito Santo, Rio de Janeiro,
Minas Gerais, São Paulo, Paraná and Santa Cata-
rina (Brazil) (Melo, 2003). The primers were de-
veloped using the methodology proposed by Nest
et al. (2000), that is based on the amplification of se-
quences located between two inversely oriented mi-
crosatellites (ISSR - Inter-simple sequence repeats).
Because it is a simpler and quicker procedure
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when compared to other techniques used for this
purpose, this methodology has been widely used
to design microsatellite primers (Kanchanaprayudh
et al., 2002; Francisco-Candeira et al., 2007; Provan
and Wilson, 2007).

To develop the primers, the DNA extracted
from an M. mondury individual (Waldschmidt
et al., 1997), was amplified using the follow-
ing ISSR primers: (GA)8C, (CT)8T, (CA)8G,
(AC)8T, (AC)8G, (AG)8YC, (GA)8YG, CCGA
CTCGAG(N)6ATGTGG, (AC)8RG, (AC)8YA,
(TG)8RC, (AC)8G, (CCG)6, (CTC)6 and CATG-
GTGTTGGTCATTGTTCCA. The amplification
program consisted of a first denaturing step at
94 ◦C (3 min), followed by 40 cycles at 92 ◦C
(1 min), 55 ◦C (2 min) and 72 ◦C (2 min) with a
final extension at 72 ◦C (7 min). The amplifications
were carried out in volumes of 25 μL consisting
of 0.2 μM primer, 8 μM dNTP, 0.5 U Taq DNA
polymerase (Phoneutria), 1X of the PCR buffer
and 20 ng genomic DNA. The ISSR fragments
were purified and linked in the pGEM T-Easy
vector (Promega) according to the manufacturer’s
instructions. After transformation in E.coli DH5α,
55 positive clones were sequenced.

The presence of microsatellite sequences was
verified in the Simple Sequence Repeat Identifi-
cation Tool - SSRIT (Temnykh et al., 2001). Re-
sults showed that some sequenced fragments pre-
sented microsatellites corresponding to the ISSR
primers at the 5’ and 3’ extremities as well as inter-
nal microsatellites. The analyses of these sequences
allowed the design of 10 pairs of microsatel-
lite primers for M. mondury using the program
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Table I. Characterization of the microsatellite loci developed for Melipona mondury. GenBank accession
numbers are given below locus names.

Locus Repeat Size
(bp)

Ta
(◦C)

Primer sequence (5’-3’) A H

Mmo03
(EU735180)

(TAAA)3 133 50◦ F: GGTGAAAAGGGGATGAAG
R: ACTGCGTAAAACGAAGAC

1 0.0

Mmo08
(EU735181)

(CTTT)2CT(CTTT)3 104 59◦ F: CGAGCTGAAAGGGCGTT
R: TCCTCTCTTTTGGTGGTC

2 0.38

Mmo10
(EU735182)

(GAA)5 106 60.5◦ F: AGAGAGACGAAGCGAAG
R: ATGACAACCGATCACGA

2 0.32

Mmo11
(EU735183)

(AG)3GG(AG)6 116 57◦ F: AGAGAGAGACAGAGAGAA
R: CGACCCATATTTTCCGAG

2 0.32

Mmo15
(EU735184)

(GAAC)5 100 54◦ F: GCAAAATGAGCAAACGGACA
R: GAGAGAGAGGGAGGTTC

2 0.49

Mmo19
(EU735185)

(GT)17 107 62◦ F: AGCGATTTAACTGAACGAT
R: TATTCCTCTCTTCCTACAC

6 0.67

Mmo20
(EU735186)

(TCG)6 121 60.5◦ F: GAGGGCGACGATTACGAC
R: AACGGCATTGTGTAAACAGA

2 0.26

Mmo21
(EU735187)

(GA)5 168 57◦ F: AACGTGGAACAGTCGGAC
R: AGCGATTCGTTCAATTCG

5 0.77

Mmo22
(EU735188)

(AG)16 191 61.5◦ F: TGTAATCCTAACCCGATT
R: CTTTGCAGTTTTCACACG

5 0.79

Mmo24
(EU735189)

(AG)4(AG)3(GAAAA)2 180 52◦ F: TCAGCGATTAATGAACAC
R: TGGAAATGTTTTACCTGT

3 0.10

F and R, forward and reverse primers, respectively; Ta, annealing temperature; A, number of alleles; H, gene diversity.

Oligo Explorer Version 1.2 (Gene Link Inc, www.
genelink.com).

These primers were tested by amplifying the
DNA of 20 workers, representing a single popula-
tion of M. mondury and 20 individuals of M. quadri-
fasciata, M. bicolor, M. rufiventris and Partamona
helleri. The amplifications were made in reactions
of 10 μL containing 12.5 ng genomic DNA, 1X
Promega Taq PCR buffer (10 mM Tris-HCl, pH
8.3; 50 mM KCl), 0.5 or 0.25 μM of each forward
and reverse primer, 0.1 mM dNTP, 1.5 or 1.0 mM
MgCl2, and 1 U Taq DNA polymerase (Promega).
The conditions for the PCR were: 94 ◦C (3 min),
followed by 40 cycles at 92 ◦C (30 s), anneal-
ing temperatures specific for each primer (Tab. I)
(1 min) and 72 ◦C (30 s) with a final extension step
at 72 ◦C (5 min). The amplification products were
separated in 8% polyacrylamide gel and the POP-
GENE 1.32 program (Yeh et al., 1999) was used to
calculate the Nei (H) genetic diversity, test the de-
viation of the loci for the Hardy-Weinberg equilib-
rium and the linkage disequilibrium.

Nine of the 10 loci tested were polymorphic
(90.0%) and the number of the alleles ranged from
1 to 6 (Tab. I). The genetic diversity values ranged

from 0.0 to 0.79 (mean = 0.41). Only the Mmo15
locus did not deviate from the HW equilibrium at
the level of 5% and no linkage disequilibrium was
observed.

These 10 microsatellite primers were tested in
M. quadrifasciata, M. bicolor, M. rufiventris and
P. helleri (Tab. II) and the success of the results
obtained showed their usefulness in genetic studies
with other stingless bee species.
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Table II. Number of microsatellite alleles observed in four stingless bee species, using microsatellite
primers designed for Melipona mondury. NA denotes a locus which failed to amplify in a given species.

Species
Locus M. quadrifasciata M. bicolor M. rufiventris P. helleri
Mmo03 1 2 2 NA
Mmo08 2 3 1 NA
Mmo10 1 1 1 3
Mmo11 1 4 2 NA
Mmo15 - 1 3 2
Mmo19 - - 4 NA
Mmo20 1 1 1 1
Mmo21 - - 3 1
Mmo22 6 3 6 NA
Mmo24 - 2 2 1
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