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Microsatellite loci for the stingless bee Melipona rufiventris

(Hymenoptera: Apidae)
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Abstract

Eight microsatellite primers were developed from ISSR (intersimple sequence repeats)
markers for the stingless bee Melipona rufiventris. These primers were tested in 20 M. rufiventris
workers, representing a single population from Minas Gerais state. The number of alleles
per locus ranged from 2 to 5 (mean = 2.63) and the observed and expected heterozygosity
values ranged from 0.00 to 0.44 (mean = 0.20) and from 0.05 to 0.68 (mean = 0.31), respectively.
Several loci were also polymorphic in M. quadrifasciata, M. bicolor, M. mandacaia and
Partamona helleri and should prove useful in population studies of other stingless bees.

Keywords: ISSR, Melipona, microsatellite, population genetics, stingless bees
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Melipona rufiventris is part of a group of bees native to Brazil,
known as stingless bees, which are important pollinators in
native forests and for several cultivated plants. Stingless
bee species construct their nests inside holes in the trunks

Correspondence: Mara Garcia Tavares, Fax: (31) 3899-2549; E-mail:
mtavares@ufv.br

of trees and have low dispersal abilities. The joint effects of
beekeepers, fire and the destruction of natural habitat have
drastically reduced many populations of this species, and
a number are threatened with extinction.

Generally, M. rufiventris queens mate with a single male
during the nuptial flight and the genetic variability among
its offspring is therefore low. There is thus a growing interest
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Table 1 Characterization of the microsatellite loci developed for Melipona rufiventris. GenBank Accession numbers are given in brackets

below locus names

Locus Repeat Size (bp) T, (°C) Primer sequence (5'-3") A H, Hg
Mru03 (AG)4(caTT), 120 63 F: AGAGAGAGAGAGAGACGC 5 0.44 0.68
(EU678247) R: GGTGAAAGGAGAACGAAC

Mru04 (AG),GG(AG),G(GA); 115 59 F: TTATCCTTGGCTCGACTC 2 0.35 0.30
(EU678248) R: GATGTTCTCCACCTTCGT

Mru05 (TR)g 103 52 F: CAGAGATGGAAAGAACGG 2 0.05 0.05
(EU678249) R: AAGAGATTTGCTGGAACG

Mru06 (AC)5 109 57 F: GGCGAAATTAGCGATACT 2 0.05 0.05
(EU678250) R: TAACAGCGTAGAGAAAGG

Mru08 (ceaG), 143 62 F: ATAAATCACGCACACTTG 3 0.22 0.21
(EU678251) R: TCGAAAATTGCACTCTCG

Mru09 (GR),AA(GA), 139 64 F: GTGATACCTCCGTGGAAC 3 0.30 0.60
(EU678253) R: CTTCGCCAGAGACATCGC

Mrul2 (GR)gGG(GR), 121 57.5 F: GATAGATAGACAGACAGG 2 0.20 0.43
(EU678252) R: GTGTAATCCGTTTAAGGG

Mrul4 (TCG)TT(GTC), 136 62.5 F: GCTGTTTCCCTGTTCGAG 2 0.00 0.18
(EU678254) R: CCCCTATCTTTTATGCCG

F and R: forward and reverse primers, respectively; T : annealing temperature; A: number of alleles; H: observed heterozygosity; H:

expected heterozygosity.

in developing genetic markers that will allow the quantifi-
cation of genetic diversity in these bees and hence assist
with conservation efforts.

To date, however, microsatellite primers have been
developed for only three stingless bee species: M. bicolor
(Peters et al. 1998), Scaptotrigona postica (Paxton et al. 1999)
and Trigona carbonaria (Green et al. 2001). The objective of
this study was to identify and characterize microsatellite
primers for M. rufiventris from intersimple sequence repeats
(ISSR). This technique is based on the amplification of
sequences by a single primer that is anchored in the micro-
satellite region and has been applied in population studies
of various organisms (Kanchanaprayudh et al. 2002; Francisco-
Candeira et al. 2007; Provan & Wilson 2007).

The amplifications were carried out in a PTC-100
thermocycler (M] Research) using the DNA extracted from
an M. rufiventris individual and the following ISSR
primers: (CA)G, (GA),YG, (TG)4RC, (GATA),(GACA), and
DVIX(TC),. The amplification programme consisted of an
initial denaturation 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 of 72 °C (7 min). The polymerase chain
reaction (PCR) amplifications were carried out in volumes
of 25 uL consisting of 0.2 um primer, 8 um ANTP, 0.5 U Tag
DNA polymerase (Phoneutria), 1x PCR buffer and 20 ng
genomic DNA. The ISSR fragments were purified and
linked in the pGEM-T Easy (Promega) vector following
the manufacturer’s instructions. After transformation
in Escherichia coli DH50, inserts from 32 positive clones
were sequenced.

Results showed that the sequenced fragments presented
microsatellites corresponding to the ISSR primers at either

the 5 or the 3’ end. Furthermore, 12 clones presented internal
sequences corresponding to one or more microsatellites.
The analysis of these sequences permitted the design of
eight independent primer pairs. These primers were tested
in 20 M. rufiventris workers, representing a single population
from Minas Gerais state. Cross-species amplification was
tested in M. quadrifasciata, M. bicolor, M. mandacaia and
Partamona helleri. The PCR amplifications were carried out
in 10 pL reactions 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 uM of each forward and reverse primer,
0.1 mm dNTP, 1.5 or 1.0mm MgCl,, and 1 U Tag DNA
polymerase (Promega). The conditions for the PCR were:
94 °C (3 min), followed by 40 cycles at 92 °C (30 s), specific
annealing temperature for each primer (Table 1) (1 min)
and 72 °C (30 s) with a final extension step at 72 °C (5 min).
The products were separated in 8% nondenatured polyacr-
ylamide gel and the alleles were scored using a molecular
size marker (10 bp). Values for the observed and expected
heterozygosities, tests for the Hardy-Weinberg (HW)
equilibrium and linkage disequilibria were calculated
using the PopGene software (Yeh ef al. 1999). The eight loci
tested were polymorphic (Table 1). The number of alleles
ranged from 2 to 5 (mean =2.63) and the observed and
expected heterozygosity values ranged from 0.00 to 0.44
(mean = 0.20) and 0.05 to 0.68 (mean = 0.31), respectively. No
significant linkage disequilibrium was detected. Significant
heterozygote deficiencies and deviation from HWE (P < 0.05)
were detected at loci Mru03, Mru09, Mrul2 and Mrul4,
even after sequential Bonferroni correction (Rice 1989).
Several of these loci were also polymorphic in M. quadri-
fasciata, M. bicolor, M. mandacaia and P. helleri (Table 2),
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Table 2 Size range and number of microsatellite alleles observed in four stingless bee species, using microsatellite primers designed for

Melipona rufiventris

Species

M. quadrifasciata M. bicolor M. mandacaia P. helleri
Locus (N=38) (N=8) (N=38) (N=38)
Mru03 112-128 (5) 100-110 (2) 110-122 (4) 100 (1)
Mru04 — — - -
Mru05 100-104 (3) 100-112 (3) 98-104 (2) -
Mru06 110 (1) 106-108 (2) 110 (1) 90-106 (3)
Mru08 125 (1) 130-134 (2) — —
Mru09 130-150 (4) 120-136 (3) 120-140 (3) 132 (1)
Mrul2 108 (1) 100-120 (5) 110 (1) -
Mrul4 122-136 (3) 122-136 (2) 120-132 (3) 120-130 (3)

N, number of individuals analysed.

and should prove useful in population studies of other
stingless bees.
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Isolation and characterization of microsatellite loci for
the Asian longhorned beetle, Anoplophora glabripennis
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Abstract

We describe the first isolation of SSR (simple sequence repeat) markers for Anoplophora
glabripennis, a pest of forests in China and urban trees in the USA. Ten markers were devel-
oped using FIASCO (fast isolation by AFLP of sequences containing repeats) with an
(AQ),, probe, and five markers were identified in expressed sequence tags found on the
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