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Short Communication

A molecular marker distinguishes the subspecies Melipona quadrifasciata
guadrifasciata and Melipona quadrifasciata anthidioides

(Hymenoptera: Apidae, Meliponinag)

Ana M. Waldschmidt!, Everaldo G. de Barros® and Lucio A.O. Campos®

Abstract

The stingless bee species Melipona quadrifasciata includes two subspecies, Melipona quadrifasciata anthidioids and Melipona
quadrifasciata quadrifasciata. The morphological difference between the two subspeciesisthe presence of threeto five continuous
yellow stripes on thetergaon the 3rd to 6th segmentsin workersand males of M. g. quadrifasciata, and twoto fiveinterrupted bands
in M. g. anthidioides. WeidentifiedaDNA marker whichispresentin M. g. quadrifasciata and absent in M. g. anthidioides. Only one
among the M. g. quadrifasciata coloniesdid not present the marker. It was also absent in bees collected in northern Minas Gerais State
(Brazil), despite their morphological resemblanceto M. g. quadrifasciata. Themarker can be used for studying the genetic structure of
thehybridization zoneformed by theintercrossing of the two subspecies.

INTRODUCTION

The genus Melipona (Hymenoptera: Apidae; Meli-
poninae), represented by more than 40 known species, is
limited to the neotropical regions of South and Central
America, including the Caribean Islands (Camargo, 1979;
Michener, 1979, 1990).

In Brazil, Melipona quadrifasciata Lep., known as
mandacaia, may be found aong the coast side, from the
State of Paraibato the State of Rio Grande do Sul (Moure
and Kerr, 1950). It has been subdivided into two subspe-
cies: Melipona quadrifasciata anthidioides Lep. and
Melipona quadrifasciata quadrifasciata L ep., which differ
by the presence of threeto five continuous yellow stripes
onthetergaon the 3rd to 6th segmentsinworkersand males
of M. g. quadrifasciata, and of two tofiveinterrupted bands
inworker and malesof M. g. anthidioides (Schwarz, 1948).

RAPD (random amplified polymorphic DNA) isa
simple and straightforward PCR-based technique which
does not require previous knowledge about the sequence
being amplified. These markers are extremely useful for
genetic and taxonomical population studies (Suazo et al.,
1998). These authors detected specific RAPD markers
which were ableto distinguish races of African and Euro-
pean Apismellifera.

These RAPD markers could also be used for macro-
geographic studies of the structure of hybrid zones, where
populations differing by afew, or several characteristics,
intercross (Futuyma, 1993). These zones can provideim-

portant evol utionary information concerning the degree of
geneticintrogression, theway barriersfor genetic exchange
work, and also the genetic nature and ecol ogical differences
between species (Harrison, 1990). Theavailahility of spe-
cific RAPD markersgreatly facilitated the study of the hy-
brid zone formed by two ant species, Solenopsis invicta
and S richteri (Shoemaker et al., 1994).

A hybridization zone was detected in someregions
of the State of S&o Paulo and in southern Minas Gerais
involving intercrossing between individual sfrom subspe-
ciesM. g. quadrifasciata and M. g. anthidioides. In these
areas hybridindividua swith intermediate abdominal yel-
low stripe patterns can be found (Moure and Kerr, 1950).

Themaingod of thiswork wastoidentify RAPD mark-
ers that could distinguish between the subspecies M. q.
anthidioidesand M. g. quadrifasciata at themolecular level.
The marker(s) could then be used for studies of the hybrid
zoneformed by theintercrossing of the two subspecies.

MATERIAL AND METHODS
Genetic material

Fifty-eight colonies of M. quadrifasciata from dif-
ferent states of Brazil were used, 13 from Minas Gerais,
15 from Espirito Santo, 15 from Parang, 14 from Santa
Catarina, and seven from S&o Paulo. All coloniesfrom Santa
Catarinaand two from Parana belonged to the subspecies
M. g. quadrifasciata. Two coloniesfrom Paranapresented
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ahybrid abdominal pattern. Five of the coloniescollected
in Minas Gerais presented amorphological patternsimilar
tothat of M. g. quadrifasciata. All other coloniesbelonged
to the subspecies M. g. anthidioides. Ten workers were
collected from each colony for DNA extraction.

DNA extraction

The protocol described by Waldschmidt et al. (1997)
wasused for DNA extraction.

Prior toamplification, the DNA samplesweregrouped
in bulks each containing equal amounts of DNA extracted
from the 10 workersfrom each colony.

DNA amplification

DNA wasPCR amplified accordingto Williamset al.
(1990). The reaction mixture (25 pl) contained 25 ng of
genomic DNA, 3.5 mM MgCl,, 10 mM Tris-HCI, pH 8.3,
50 mM KCI, 0.1 mM of each dNTP (dATP, dTTP, dCTP,
dGTP), 0.4 uM of a decamer primer (Operon Technolo-
gies, Alameda, CA, USA), and 1 unit of Tag DNA polymerase.

Amplification productswere analyzed on 1.2% aga-
rose gels containing 10 pg/ml ethidium bromide, imersed
in TBE buffer (90 mM Tris-borate, L mM EDTA, pH 8.0).
DNA bandswerevisudized under UV light and photographed
with type 667 polaroid film.

RESULTS AND DISCUSSION

Subspecies M. g. quadrifasciata can befoundin Bra-
zil in the States of Parand and Santa Catarina, and in the
southern part of the State of S&o Paulo, particularly inre-
gionswith high altitudes and low temperatures (Melo and
Campos, 1987). Subspecies M. g. anthidioides is found
inregionswith high temperatures such asthe northern part
of the States of Minas Geraisand Rio de Janeiro. In Minas
Gerais, the occurrence of M. g. anthidioidesis more fre-
quent. However, individua swith an abdominal patterniden-
tical to that of M. g. quadrifasciata were found in the
northern part of the state in warm regions with altitudes
ranging from 500 to 700 m (Melo and Campos, 1987).

One hundred and fifty different primers were used
to amplify the DNA extracted from the Melipona work-
ers. Primer OPE-O7 (5 AGATGCAGCC 3') ledtotheam-
plification of aDNA band (~ 750 kb) which waspresent in
al individuals from subspecies M. . quadrifasciata and
absent in individual sfrom subspecies M. g. anthidioides
and in those collected in northern Minas Gerais, which
neverthel ess present an abdominal patternidentical to that
of M. g. quadrifasciata (Figure 1).

Only one out of the 15 colonies from the State of
Santa Catarinadid not present that marker band, possibly
due to mutation. The two hybrid colonies collected in
Parana presented the DNA band which iswell in accor-
dance with their hybrid origin (Figure 1, lanes 5 and 6).

When the DNA samplesfrom thetwenty individuals com-
posing the two bulks corresponding to these hybrid col o-
nieswereindividually amplified, some of them bore the
marker and othersdid not (Figure 2), confirming the hy-
brid condition of the colonies.
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Figure 1 - Electrophoretic analyses of DNA amplification products from
M. quadrifasciata colonieswith primer OPE-07. Lanesare asfollows: M,
1-kb DNA ladder size markers; 1-4, colonies collected in Minas Gerais, 5-
11, coloniescollected in Parang; 12-15, coloniescollected in Espirito Santo;
16-20, colonies collected in Santa Catarina. The arrow indicates a DNA
band present in M. g. quadrifasciata and absent in M. g. anthidioides.
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Figure 2 - Electrophoretic patterns of genomic DNA extracted from indi-
viduasfrom one hybrid colony of M. quadrifasciata, amplified with primer
OPE-07. Lanes are as follows: M, 1-kb DNA ladder size markers; 1-10,
different individuals from the hybrid colony. The arrow indicates a band
present only in individuals from the subspecies M. g. quadrifasciata.
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The marker wasnot present inindividual sfrom north-
ern Minas Gerais. Although theworkersfrom these col o-
nies were morphologically identical to M. g. quadri-
fasciata, they livein areaswith high temperatures, where
individuals from the subspecies M. g. anthidioides are
prevaent. The absence of the marker intheindividualscol-
lected in northern Minas Gerais State may be the result of
aselective processlinked or not (neutral marker) to genes
with anoticeable phenotypic effect. The marker may have
been acquired or lost due to a bottleneck effect, genetic
drift or to mutationsin ascenario of limited genetic flow.

The presence or absence of the marker band cannot,
however, be used asthe only criterion to classify anindi-
vidual as being from one subspecies or the other. The
marker identified in thiswork, in association with mor-
phometric data, could be used to study the genetic struc-
ture of hybrids in zones such as those occurring in the
State of Minas Gerais.

ACKNOWLEDGMENTS

Theauthorsare grateful to Dr. Jorge Abdala Dergam dos
Santosfor hisval uable suggestionsduring thewriting of thismanu-
script and to Sebastido Gonzaga, Davi Said Aidar, and Yasmine
Antoniolli for providing the Melipona quadrifasciata samples.

RESUMO

A espécie de abelha sem ferrdo Melipona quadrifasciata
apresenta duas subespécies, Melipona quadrifasciata quadri-
fasciata Lep. e Melipona quadrifasciata anthidioides Lep. A
diferencamorfol 6gicaentre as duas subespécies é apresencade
trés acinco bandas tergais amarelas do 3¢ ao 6° segmentos em
operarias e machosde M. g. quadrifasciata e duas acinco ban-
dasinterrompidasem M. g. anthidioides. N6sidentificamosum
marcador de DNA que esta presenteem M. . quadrifasciatae

ausente em M. g. anthidioides. Este marcador esta ausente em
abel has col etadas no norte do Estado de Minas Gerais (Brasil),
emboraessesindividuos apresentem morfologiasimilar ade M.
g. quadrifasciata. Este marcador poderaser utilizado em estudos
dazonade hibridag&o entre as subespécies.
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