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Abstract — Melipona subnitida is endemic to northeastern Brazil where it has been exploited for the
production of honey. In this work, partial sequences (about 600 bp) of the first internal transcribed spacer
(ITS1) of the ribosomal DNA were obtained from M. subnitida specimens collected in thirteen localities in
northeastern Brazil. All the sequences were deposited in GenBank (accession numbers DQO078726-
DQO078738). The mean nucleotide divergence (excluding sites with insertions/deletions) in the ITS1
sequences was about 5%, ranging from 0 to 13%. However, when the sites with insertions/deletions were
taken into account each sequence was unique, with nucleotide divergences varying from 1.1 to 18%. The
intraspecific variation in the M. subnitida ITS1 is therefore greater than most of those previously published
studies comprising a wide range of organisms. This high variation is taken as an evidence of isolated
populations evolving individually for a long period of time. This information is also of importance for the
development of appropriate conservation strategies for this species.

Melipona subnitida / stingless bee / nuclear ribosomal DNA /ITS/5.8S region / genetic variability

1. INTRODUCTION

Melipona 1lliger 1806 (Hymenoptera: Api-
dae) comprises about 40 neotropical species of
stingless bees found exclusively in the equato-
rial, tropical and subtropical regions of the
American continent, with its geographical dis-
tribution ranging from Mexico to Argentina
(Schwarz, 1932; Michener and Sakagami,
1990; Camargo and Pedro, 1992; Michener,
2000). Melipona subnitida Ducke is endemic to
northeastern Brazil where itis popularly known
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as ‘“jandaira”. This bee species, which makes its
nests in the trunks of living trees, has been tra-
ditionally exploited for the production of honey
(Bruening, 1990; Martins et al., 2004).

Despite their ecological relevance there are
still a few molecular genetic studies of
Melipona species (Fernandes-Salomio et al.,
2002; Waldschmidt et al., 2002; Costa et al.,
2005). More recently, the complete sequences
of the first internal transcribed spacer (ITS1) of
the nuclear ribosomal DNA (nrDNA) from
three Melipona species were determined

http://dx.doi.org/10.1051/apido:2006003
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Figure 1. Map of the Northeast of Brazil showing sampling locations of Melipona subnitida specimens used
in the present study. Specimens were collected in thirteen localities across the states of Maranhdao (MA),
Paraiba (PB), Rio Grande do Norte (RN) and Ceara (CE). The localities were: 1-Quixada; 2-Sousa; 3-Ocara;
4-Mossord; 5-Russas; 6-Sobral; 7-Milha; 8-Quixeld; 9-Aracati; 10-Aracoiaba; 11-Jodo Camara; 12-Choro-

zinho; and 13-Araioses.

(Fernandes-Salomao et al., 2005). The relation-
ships among eight species from this genus were
inferred from partial ITS1 sequences, demon-
strating the potential phylogenetic utility of this
region (Fernandes-Salomao et al., 2005). How-
ever, the usefulness of this spacer for intraspe-
cific studies in Melipona has yet to be
determined. In the present work the intraspe-
cific sequence variation in the ITS1 was
assessed in M. subnitida specimens from dif-
ferent localities of northeastern Brazil. Infor-
mation on genetic variation is of great
importance to understand the genetic structure
as well as the phylogeographical patterns of a
species. This information is also relevant for
the development of effective conservation

strategies.

2. MATERIALS AND METHODS

2.1. Insect material

Adult specimens of M. subnitida were collected
in different localities of four states (Ceara, Paraiba,
Rio Grande do Norte and Maranhao) in northeastern
Brazil (Fig. 1). The Northeast of Brazil is situated
between 1°02°-18°20° S and 34°47°—48°45" W,
covering an area of 1 644 039 km?, from the state of
Maranhio to the state of Bahia, which corresponds

to 9.3% of the Brazilian territory (Andrade, 1977).

Insects were maintained in 100% ethanol until used
for DNA extraction. Locality data, specimen
voucher and GenBank accession numbers are listed
in Table I. Voucher specimens from all sampled
localities are housed in the bee collection of the
Departamento de Zootecnia, Universidade Federal

do Ceara, Fortaleza-Ceara, Brazil.
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Table I. Geographical and voucher data of the specimens of Melipona subnitida used in the present study.

Locality! Sample Coordinates Collection Voucher GenBank
(County-State) number? date number accession
number
Quixadd-Ceara 1 4°58°17” S, 39°00°55” W 10/10/2003 MGPA0503 DQO078726
Sousa-Paraiba 2 6°45°33” S, 38°13°41” W 11/11/2003 MGPA0703 DQO078727
Ocara-Ceard 3 4°29°27” S, 38°35’48” W 25/08/2003 MGPA1305 DQO078728
Mossoré-Rio Grande 4 5°11°15” S, 37°20°39” W 05/04/2004 MGPA1404 DQO078729
do Norte
Russas-Ceara 5 4°56°25” S, 37°58°33” W 30/10/2003 MGPA0603 DQO078730
Sobral-Ceara 6 3°41°10” S, 40°20°59” W 07/09/2003 MGPAO0103 DQO078731
Milh3d-Ceard 7 5°40°30” S, 39°11’38” W 21/09/2003 MGPA0104 DQO078732
Quixel6-Ceara 8 6°15°16” S, 39°12°07” W 21/09/2003 MGPA0203 DQO078733
Aracati-Ceara 9 4°33°42” S, 37°46’11” W 10/10/2003 MGPA0403 DQO078734
Aracoiaba-Ceard 10 4°22°16” S, 38°48’51” W 21/09/2003 MGPAO0303 DQO078735
Jodo Camara-Rio 11 5°32°15” S, 35°49°’11” W 05/04/2004 MGPA1304 DQO78736
Grande do Norte
Chorozinho-Ceara 12 4°18°01” S, 38°29°52” W 28/09/2004 MGPA1104 DQO78737
Araioses-Maranh@o 13 2°53°24” S, 41°54°11” W 06/07/2004 MGPA1704 DQO78738
General Sampaio-Ceara> 14 4°03°10” S, 39°27°16” W 06/04/2004 MGPA1204 -

I Specimens were collected in localities of northeastern Brazil; 2 As shown in Table II; 3 ITS1 sequence for

specimens collected in this locality was not determined.

2.2. DNA purification

Total genomic DNA was isolated from five spec-
imens of each locality using a CT AB-based protocol
(Foster and Twell, 1996). The thorax of each speci-
men was ground in liquid nitrogen and digested for
2 hat 60 °C in 500 uL. CTAB extraction buffer (2%
w/v CTAB, 100 mM Tris-HCI, pH 8.0, 20 mM
EDTA, 1.4 M NaCl, 0.2% v/v 2-mercaptoethanol,
200 ug/mL proteinase K). DNA was then extracted
sequentially with 1 volume of phenol:chloro-
form:isoamylalcohol (25:24:1) and 1 volume of
chloroform:isoamylalcohol (24:1), and precipitated
overnight at —20 °C with 2 volumes of 100% ethanol.
The precipitate was collected by centrifugation
(8 000 rpm, 20 min) and the DNA pellet was washed
in 70% ethanol, air-dried, and resuspended in 100 uL.
of 10 mM Tris-HCI pH 8.0, 1 mM EDTA. The con-
centration of DNA in the various samples was deter-
mined by measuring the absorbance at 260 nm
(Apgp) of a ten-fold dilution of each sample. The
quality of all DNA preparations was checked by
0.8% agarose gel electrophoresis according to
Sambrook et al. (1989).

2.3. PCR amplification and DNA
sequencing

Amplification reactions were performed in a final
volume of 25 uL containing 500-800 ng of genomic
DNA (template), 20 mM Tris-HCI, pH 8.4, 50 mM
KCl, 1.5 mM MgCl,, 100 uM of each dATP, dCTP,
dGTP and dTTP (Amersham Biosciences, Sweden),
5 pmoles of each primer and 0.5 units of Taqg DNA
Polymerase (Amersham Biosciences, Sweden).
PCR reactions were carried out in a MJ-Research
Inc. (Watertown, Maryland, USA) PTC-100 ther-
mocycler programmed for an initial denaturation
step (3 min at 94 °C) followed by 45 cycles of 1 min
at 94 °C, 1 min at 55 °C, and 2 min at 72 °C. The
last cycle was followed by a final incubation of
10 min at 72 °C. The samples were then stored at
4 °C until used. Amplified fragments were analyzed
by standard horizontal electrophoresis on 1.0% aga-
rose gels in TBE buffer (10 mM Tris-borate, | mM
EDTA, pH 8.0) at 100 V. The DNA bands were
stained with 0.5 pg/mL ethidium bromide as
described before (Sambrook et al., 1989). Control
samples containing all reaction components except
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DNA were always used to test that no self-amplifi-
cation or DNA contamination occurred. For the ITS/
5.8S region, the primers used for amplification were
ITS4 (TCCTCCGCTTATTGATATGC) and ITSS
(GCAAGTAAAAGTCGTAACAAGG), as suggested
by Becerra and Venable (1999). These primers are
complementary to the end of the 18S rDNA and to
the beginning of the 28S rDNA, therefore they
amplify a fragment of nrDNA containing ITS1, 5.8S
rDNA and ITS2. To amplify only one of the two
spacers, two additional primers, ITS2 (GCTGCGT-
TCTTCATCGATGC) and ITS3 (GCATCGAT-
GAAGAACGCAGC), were used (Becerra and
Venable, 1999). To obtain partial 3° end ITS1
sequences, the spacer was amplified using primers
ITS2 and ITSS, the PCR products were diluted with
distilled water and then sequenced in one direction
using primer ITS2. Sequences were determined
using the DYEnamic ET terminators sequencing kit
(Amersham Biosciences Corp., USA) following the
protocol supplied by the manufacturer. Sequencing
reactions were then analysed in a MegaBACE 1000
automatic sequencer (Amersham Biosciences Corp.,
USA).

2.4. Sequence analysis

The quality of DNA sequences was checked and
overlapping fragments were assembled using Phred/
Phrap/Consed package (Ewing and Green, 1998;
Ewing et al., 1998; Gordon et al., 1998). The pro-
gram BLAST (Altschul et al., 1990) was employed
to identify similarities between the isolated
sequences and previously published data. Assem-
bled high quality (phred > 20) sequences were
aligned using CLUSTAL W (Thompson et al.,
1994), with default gap penalties. Manual adjust-
ments were made to improve the alignment using the
software BioEdit version 7.0.3 (Hall, 1999). A file
containing the alignment is available upon request to
the corresponding author. The multiple alignments
were further analyzed using the computer packages
MEGA3 (Molecular Evolutionary Genetics Analy-
sis; Kumar et al., 2004) and DNASP (DNA Poly-
morphism Analysis version4.10; Rozas etal., 2003).

3. RESULTS

In the present work, specimens of M. sub-
nitida were analysed from fourteen localities
across four states in northeastern Brazil (Fig. 1
and Tab. I). Specimens were from all known
states (Ceard, Maranhdo, Paraiba, and Rio
Grande do Norte) where the species occurs,
thus representing the entire range of its geo-
graphical distribution (Silveira et al., 2002).

The distances between the localities varied
from ca. 23 km (between Chorozinho and
Ocara) to about 737 km (between Araioses and
Jodo Camara). Preliminary experiments using
the primers ITS4 and ITS5 (Becerra and Ven-
able, 1999), which amplify the whole ITS/5.8S
region (ITS1 + 5.8S rDNA + ITS2) of the
nrDNA, produced single DNA bands with a
size in the range of 3650 to 3700 bp (data not
shown) in all individuals of M. subnitida ana-
lyzed (Tab. I). Amplification of ITS1 region
alone using primers ITS2 and ITS5 (Becerra
and Venable, 1999) and further analysis of the
PCR products by 1% agarose gel electrophore-
sis revealed DNA bands with ca. 1465 bp
(Fig. 2A), with the estimated sizes ranging
from 1445 bp to 1514 bp. ITS2 as amplified
by primers ITS3 and ITS4 (Becerra and
Venable, 1999) was larger than ITS1, and the
mean size of spacer 2 band was about 2050 bp
(Fig. 2B) ranging from 1995 bp (specimens
from General Sampaio and Mossord) to
2188 bp (specimens collected in Ocara).

Nucleotide sequencing was concentrated on
the ITS1, as this region is more typically used
in genetic analyses and also for the availability
of ITS1 sequences from other Melipona species
(Fernandes-Salomao et al., 2005). Therefore
partial ITS1 sequences were obtained from the
specimens of M. subnitida collected (Tab. I and
Fig. 1) and all the sequences have been depos-
ited in the GenBank (accession numbers
DQO078726-DQ078738). High quality, assem-
bled sequences corresponding to the 3’ end of
ITS1 varied from 589 bp (insects from Quix-
add) to 610 bp (insects from Chorozinho). The
G + C content ranged from 53 to 56.2%, with
an average value of 54.8%. The multiple align-
ment of the ITS1 fragments had 654 sites,
including 78 sites (11.9%) with gaps which
were introduced during its optimization.
Excluding the insertions/deletions (indels), a
total of 437 sites (75.9%) were conserved,
139 sites (24.1%) were variable, 104 sites
(18.1%) were unique to individual specimens
and 35 sites (6.1%) were informative to parsi-
mony. Pairwise nucleotide comparisons (exclud-
ing indels) among all sequences (data not
shown) revealed an average difference of about
29 nucleotides, which represented a mean diver-
gence of 5.2%. Nucleotide differences among
aligned sequences (excluding indels) ranged
from 0 to 75, thus representing a maximum
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Figure 2. Agarose gel electrophoresis of PCR amplified ITS1 (A) and ITS2 (B) from specimens of Melipona
subnitida used in this study. Localities and sample number are: Ocara-3 (lane 1), Sobral-6 (lane 2), Quixeld-
8 (lane 3), Aracoiaba-10 (lane 4), Milha-7 (lane 5), Aracati-9 (lane 6), Quixada-1 (lane 7), Russas-5 (lane 8),
Chorozinho-12 (lane 9), General Sampaio-14 (lane 10), Sousa-2 (lane 11), Mossor6-4 (lane 12), Jodo
Camara-11 (lane 13) and Araioses-13 (lanes 14-16). $X174 RF DNA digested with Haelll (250 ng) was

used as a marker (lane M).

divergence of about 13%. Nucleotide diversity
Pi, i.e., the average number of nucleotide dif-
ferences per site between two sequences, was
0.05086 £ 0.01233. However, if the sites with
gaps are considered, each sequence was unique
with the highest pairwise similarity being
98.9% (1.1% sequence divergence) and the
lowest similarity being 82% (18% divergence),
as shown in Table II. A correlation between
geographical distance and ITS1 sequence sim-
ilarity could not be found as evidenced by clus-
tering sequences using maximum parsimony
analysis (Fig. 3). Although highly divergent,
ITS1 sequences from all M. subnitida speci-
mens clustered together with high support
(bootstrap value 100%) as shown in Figure 3.
Analysis based on the BLAST algorithm failed
to reveal any nucleotide similarities between
the isolated sequences and previously pub-
lished sequences, except the ITS1 sequences
from M. quadrifasciata, M. mandacaia and M.
scutellaris (Fernandes-Salomio et al., 2005).
To the best of our knowledge, the partial ITS1

sequences reported here are the first ones avail-
able in the literature from M. subnitida.

4. DISCUSSION

The PCR amplified ITS1 and ITS2 regions
of M. subnitida (this work), an endemic sting-
less bee found in northeastern Brazil, showed
average lengths of 1465 and 2240 bp, respec-
tively. For 16 Melipona species (not including
M. subnitida), Fernandes-Salomao et al. (2002)
reported ITS1 lengths (as estimated by agarose
electrophoresis of PCR products) of 1430 bp
(M. quadrifasciata, M. mandacaia, M. favosa,
M. bicolor, M. quinquefasciata and M. com-
pressipes), 1540 bp (M. scutellaris, M. capix-
aba and M. seminigra), 1640 bp (M.
marginata), and 1940 bp (M. rufiventris).
Complete sequencing of ITS1 from M. quadri-
fasciata, M. mandacaia and M. scutellaris has
produced fragments with 1391, 1387, and
1417 bp, respectively (Fernandes-Salomao
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Table II. Pairwise nucleotide similarities (lower matrix) and divergences (upper matrix) between partial
ITS1 sequences from Melipona subnitida collected in northeastern Brazil.

1 2 3 4 5 6 7 8 9 10 11 12 13
1 - 0.127 0.097 0.021 0.016 0.012 0.017 0.011 0.080 0.101 0.072 0.071 0.012
2 0873 - 0.180 0.124 0.133 0.131 0.131 0.131 0.169 0.174 0.154 0.176 0.128
3 0903 0.820 - 0.105 0.099 0.094 0.099 0.097 0.146 0.157 0.134 0.150 0.094
4 0979 0.876 0.895 - 0.022 0.019 0.027 0.022 0.080 0.106 0.081 0.079 0.020
5 0984 0.867 0.901 0.978 - 0.014 0.017 0.017 0.080 0.106 0.077 0.071 0.016
6 0988 0.869 0.906 0.981 0.986 - 0.017 0.011 0.077 0.097 0.071 0.072 0.012
7 0983 0.869 0.901 0.973 0983 0.983 - 0.017 0.072 0.096 0.067 0.072 0.016
8§ 0989 0.869 0903 0978 0.983 0.989 0.983 - 0077 0.099 0.077 0.066 0.012
9 0920 0.831 0.854 0.920 0.920 0.923 0.928 0.923 - 0.116 0.118 0.129 0.073
10 0.899 0.826 0.843 0.894 0.894 0.903 0.904 0.901 0.884 - 0.099 0.152 0.099
11 0928 0.846 0.866 0919 0.923 0927 0933 0.923 0.882 0.901 - 0.123 0.075
120929 0.824 0.850 0.921 0.929 0.928 0.928 0934 0.871 0.848 0.877 - 0.071
13 0988 0.872 0906 0981 0.984 0.988 0.984 0988 0.927 0.901 0.925 0.929 -

Specimens were collected in the following localities: 1-Quixadd; 2-Sousa; 3-Ocara; 4-Mossord; 5-Russas;
6-Sobral; 7-Milha; 8-Quixeld; 9-Aracati; 10-Aracoiaba; 11-Jodo Camara; 12-Chorozinho; 13-Araioses; all
sequences have been submitted to the GenBank (accession numbers DQ078726-DQ078738). All sites of

aligned sequences were included in the comparisons.

et al., 2005). Therefore, a significant size vari-
ation in the ITS1 exists in the genus Melipona.
In relation to ITS2, there are no previous
reports about its size in other species of this
genus. The ITS1 region of the nrDNA repeat in
Melipona (this work and Fernandes-Salomao
et al., 2002, 2005) and the ITS2 region of M.
subnitida (present report) are much longer than
most of those previously published. Typically,
published ITS1 sequences are around 300 bp
(e.g., the tiger beetle C. dorsalis; Vogler and
DeSalle, 1994), while ITS2 sequences are
typically 400-600 bp (e.g., the mosquito
Anopheles nuneztovari; Fritz et al., 1994). In
contrast, ITS1 lengths of three Trichogramma
(Hymenoptera: Trichogrammatidae) species
were found to be in the range 1300-1350 bp
(Sappal et al., 1995). Previously, von der
Schulenburg et al. (2001) had reported a unique

case of extreme length and length variation
in the ITS1 elements of ladybird beetle
(Coleoptera: Coccinellidae) species represent-
ing four subfamilies. In these ladybird beetles
studied the ITS1 element ranged in length from
791 to 2572 bp (von der Schulenburg et al.,
2001). Therefore, extreme size and size varia-
tion have evolved independently in different
groups of insects.

ITS1 evolution seems to be shaped by inter-
nal repetition, leading to ITS1 size variation.
This repetition includes repetitive elements
with comparatively long repeat units or more
commonly, simple repetitive sequence motifs
(Vogler and DeSalle, 1994; Harris and Crandall,
2000; von der Schulenburg et al., 2001). In the
partial ITS1 sequences of M. subnitida deter-
mined here, the presence of short, simple rep-
etitions of one, two, three and four nucleotides
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10050

— Melipona quadrifasciata

100L— Melipona mandacaia

were found in all sampled individuals. Two
major microsatellite loci with copy numbers >3
were identified: (GGA); and (AC)g. In the
tiger beetle (Cicindela dorsalis), Vogler and
DeSalle (1994) showed the presence of two
microsatellites in their ITS1 data set, (TA)sg
and (GA)4_g. In contrast, intraspecific variation
in copy number within each microsatellite loci
was not found in the ITS1 sequences from M.
subnitida (present work).

The most striking result of the present work
was the marked variation of the ITS1 sequences
among M. subnitida specimens examined
(Tab. II). Accordingly, the average ITSI1
intraspecific variation in M. subnitida speci-
mens, sampled in thirteen localities in north-
eastern Brazil, was about 5.2%, the sequence
divergence ranging from 0 to 13%, when indels
are not considered. Taking into account the
sites with gaps, the range of sequence diver-
gence was greater, from 1.1 to 18%. Therefore
each sequence was unique when their patterns
of indels are considered. Thus, there appears to
be genetic structuring on at least a macrogeo-
graphic scale. The level of sequence diver-
gence in the ITS1 region of M. subnitida is
considerably greater than the values of most
published studies on intraspecific ITS variation

100 Sousa-PB(2)
Ocara-CE(3)
Russas-CE(5)
Milha-CE(7)

100 L Chorozinho-CE(12)

Araioses-MA(13)

Melipona scutellaris

Quixada-CE(1) \

Figure 3. Consensus maxi-
mum parsimony tree derived
from partial ITS1 sequences of
Melipona subnitida specimens
from northeastern Brazil (Gen-

— Bank accession numbers
100 Aracati-CE(9) Melipona  DQ(78726-DQ078738). Spe-
Aracoiaba-CE(10 subnitida  cimens were collected in thir-

100 racoiaba-CE(10) teen localities across the states

100 100 Joao Camara-RN(11) of Maranhdo (MA), Paraiba
(PB), Rio Grande do Norte

Sobral-CE(6) (RN) e Ceara (CE). The locali-

) ties sampled followed by sam-

100 Quixelo-CE(8) p}lle number in pal'renihesisdare
shown at terminal nodes.

[ Mossoro-RN() Sequences from M. quadrifas-

ciata, M. mandacaia and M.
scutellaris were determined
by Fernandes-Salomdo et al.
(2005) and used as outgroups.
Bootstrap values (1 000 repli-
cates) are shown at each node.

fora variety of organisms (Chuetal.,2001; Luo
et al., 2002; Otranto and Traversa, 2004).
Intraspecific nucleotide divergence in ITSI
from M. subnitida is also greater than those
found for ITS2 in different organisms. For
example, intraspecific variation in Aedes
aegypti ITS2 was only 1.17% (Wesson et al.,
1992) while in Anopheles sinensis I'TS2 diver-
gence was even lower, 0.0-0.6% (Min et al.,
2002). On the other hand, sequencing of ITS2
from specimens of Anopheles rivulorum col-
lected from Eastern Africa (Kenya), Southern
Africa (South Africa) and Western Africa
(Burkina Faso) revealed that sequence diver-
gence was 2% between specimens from South
Africa and Kenya, and nearly tenfold higher
(approximately 19%) between specimens from
Burkina Faso and either South Africa or Kenya
(Hackett et al., 2000). The authors took this
high level of intraspecific ITS2 divergence as
evidence that the Burkina Faso sample is not
An. rivulorum, but rather a cryptic taxon within
the Funestus Group (Hackett et al., 2000).

One explanation for the high divergence in
ITS1 sequences of M. subnitida specimens
could be a relatively ancient origin of this spe-
cies. Indeed, stingless bees are some of the old-
est known social bees. The oldest fossil bee is
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a specimen of Trigona prisca, a stingless bee
from the late Cretaceous New Jersey amber
(96-74 million years before present), which is
very similar to extant South American forest
bees of the genus Trigona (Michener and
Grimaldi, 1988). Other Meliponini taxa known
from the fossil record include Nogueirapis,
with a fossil species from the Miocene amber
of Chiapas, Mexico (Wille, 1959, 1962) and
Proplebeia from the Oligocene-Miocene
amber of Dominican Republic (Michener,
1982). Although there is no known fossil
Melipona, geological and biological data sug-
gest that the genus was present at the end of the
Cretaceous (Camargo et al., 1988; Camargo
and Pedro, 1992).

Low rates of gene flow among populations
may be another factor that has contributed for
the observed high levels of genetic differenti-
ation among M. subnitida specimens from geo-
graphically distinct places. This low rate of
gene flow among populations would be
explained by a limited capacity of dispersion
(Hedrick, 1999). Accordingly, dispersion of
Meliponini species occurs with the founding of
new colonies through swarming. In this proc-
ess, the dependence of the daughter nest from
the mother colony for a certain period of time
is a major factor that restricts the geographical
distance between mother and daughter nests
(Nogueira-Neto, 1954; Silveira et al., 2002). It
also should be mentioned that, in contrast to
Apis mellifera (Apini), whose colonies can
swarm three to four times during a year, sting-
less bee colonies reproduce only once a year or
even less frequently (Roubik, 1989). Environ-
mental factors such as resource availability,
suitable nesting site and predation play a role
in colony multiplication (Roubik, 1989).

In the semi-arid region of northeastern Bra-
zil, M. subnitida is a characteristic species of
the bee fauna of the caatinga (Zanella, 2000),
axerophilous vegetation containing essentially
spiny deciduous trees and shrubs in association
with succulent plants, cacti and bromeliads
(Kuhlmann, 1977). The climate is semi-arid
with low annual rainfall and a dry-season of 7—
9 months. Besides, there is a great variation in
the annual precipitation and drought years and
severe droughts are common (Andrade-Lima,
1981). Therefore, taking these factors into
account, one could expect a significant varia-
tion in the frequency of swarming in M. subnit-

ida, which in turn would affect its geographical
dispersal. In addition M. subnitida makes its
nests in the trunks of living trees, and a frag-
mentation of its habitat due to increasing defor-
estation and agriculture intensification would
further restrict the species dispersal (Martins
et al., 2004).

No correlation was found between partial
ITS1 sequence divergence among M. subnitida
specimens and geographical distance of sam-
pled localities as evidenced from the maximum
parsimony tree (Fig. 3). At this stage, and
assuming that most mutations in the ITSI
region are neutral (Schlotterer et al., 1994), one
can conclude that sequence differences among
M. subnitida specimens reflect isolated popu-
lations evolving individually for a long period
of time. However, further analyses with wider
sampling and the use of other markers are
needed for a comprehensive understanding of
the population genetics and phylogeography of
the species. The relatively high genetic
intraspecifc variation found in M. subnitida as
assessed by partial sequencing of ITS1 also
suggest that preservation of as many popula-
tions as possible would be important for con-
servation purposes.
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Résumé — Variation intraspécifique du premier
espaceur transcrit interne (ITS1) de ’ADN ribo-
somal nucléaire chez Melipona subnitida
(Hymenoptera, Apidae), abeille sans aiguillon
endémique du nord-est du Brésil. Melipona sub-
nitida Ducke est une abeille sans aiguillon
endémique du nord-est du Brésil. Malgré son impor-
tance économique dans la production locale de miel,
la variabilité génétique de cette abeille n’a pas
encore été étudiée. Dans ce but nous avons séquencé
une partie du premier espaceur transcrit interne
(ITS1) de I’ADN ribosomal. Pour estimer la varia-
bilité¢ intraspécifique nous avons prélevé des
échantillons d’abeilles dans diverses localités du
nord-est du Brésil (Tab. I et Fig. 1). L’électrophorese
sur gel d’agarose a permis d’évaluer les tailles de
I'ITS1 et 'ITS2 a 1465 et 2240 paires de bases
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respectivement (Fig. 2). Les séquences partielles de
I’ITS1 (environ 600 nucléotides) des échantillons de
ces localités ont été déposées dans la GenBank
(numéros d’acces DQO78726-DQ0O78738). La répé-
tition de séquences courtes et simples de un, deux,
trois et quatre nucléotides ont été trouvées dans tou-
tes les abeilles échantillonnées. Nous avons aussi
identifié deux locus importants de microsatellites
avec des nombres de copies de 3 répétitions ou plus,
(GGA); et (AC)g mais ils n’ont présenté aucune
variabilité intraspécifique. La divergence moyenne
des nucléotides (non compris les sites d’insertions/
délétions dans les alignements) entre les séquences
partielles d’ITS1 était comprise entre O et 13 %, avec
une valeur moyenne de 5 %. Mais lorsqu’on a pris
en compte les sites d’insertions/délétions, chaque
séquence était unique avec une divergence des
nucléotides entre 1,1 et 18 % (Tab. II). La variation
intraspécifique de I'ITS1 de M. subnitida est donc
plus grande que les valeurs publiées jusqu’a ce jour
pour d’autres organismes. Nous n’avons trouvé en
outre aucune corrélation entre la divergence des
séquences et la distance géographique des échan-
tillons (Fig. 3). Nous considérons la forte variabilité
intraspécifique de I'ITS1 de M. subnitida comme la
preuve que des populations isolées ont évolué indi-
viduellement sur une longue période. Notre étude
montre le fort potentiel de larégion de’ITS1 comme
outil moléculaire pour étudier la génétique des popu-
lations et la phylogéographie des especes. Ces
informations sont importantes pour mettre au point
des stratégies appropriées de conservation.

Melipona subnitida / abeille sans aiguillon / ADN
ribosomal nucléaire / région ITS/5,8 / variabilité
génétique

Zusammenfassung — Intraspezifische Variation
im ersten Internen Transkribierten Spacer
(ITS1) der nukleiren ribosomalen DNA von
Melipona subnitida (Hymenoptera, Apidae),
einer endemischen stachellosen Biene aus dem
Nordosten Brasilien. Melipona subnitida Ducke ist
eine endemische stachellose Biene aus dem Nordos-
ten von Brasilien. Trotz ihrer 6konomischen
Bedeutung in der lokalen Honigproduktion ist diese
Biene vor allem im Hinblick auf ihre genetische
Variabilitit noch wenig untersucht. Zu diesem
Zweck sequenzierten wir einen Teil des ersten Inter-
nen Transkribierten Spacers (ITS1) der ribosomalen
DNA. Fiir die Erfassung der intraspezifischen Varia-
bilitdt wurden Bienenproben von verschiedenen
Orten im Nordosten Brasiliens untersucht (Tab. I
und Abb. 1). Mittels Agarosegelelektrophorese wur-
den die mittleren Molekiilgrossen von M. subnitida
ITS1 und ITS2 auf 1465, bzw. 2240 Basenpaare
geschitzt. Die partiellen ITS1-Sequenzen (von
jeweils ungefiahr 600 Nukleotiden) von Bienenpro-
ben dieser Lokalititen wurden in GenBank deponiert
(Zugriffsnummern DQ078726-DQ078738). Wir fan-
den kurze, einfache Sequenzwiederholungen von

eins, zwei, drei oder vier Nukleotiden in den DNA-
Proben aller gesammelten Bienen. Ausserdem iden-
tifizierten wir zwei grossere Mikrosatelliten-Loci
mit Kopienzahlen von drei und mehr Wiederholun-
gen, (GGA); und (AC)g, die allerdings keine
intraspezifische Variabilitit zeigten. Die mittlere
Nukleotid-Divergenz (ohne Beriicksichtigung von
Insertionen/Deletionen in den Sequenzvergleichen)
zwischen den partiellen ITS1-Sequenzen betrug
5 %, mit einer Variationsbreite von 0—13 %. Bei Ein-
beziehung der Positionen mit Insertionen/Deletionen
wurden alle Sequenzen als singulér klassifiziert, mit
einer Nukleotid-Divergenz zwischen 1,1 und 18 %
(Tab. II). Die intraspezifische Variabilitét in den M.
subnitida 1TS1-Sequenzen ist demzufolge grosser
als die bisher fiir andere Organismen publizierten
Werte. Des weiteren fanden wir keine Korrelation
zwischen Sequenzdivergenz und geographischer
Distanz der Bienenproben (Abb. 3). Wir vermuten,
dass die hohe intraspezifische ITS1-Variabilitit von
M. subnitida auf eine lange zeitliche Trennung
isolierter Populationen zuriickzufiihren ist. Die
gegenwirtige Studie zeigt ausserdem das hohe
Potential der ITS1-Region in molekularen Analysen
zur Populationsgenetik und Phylogeographie, und
derartige Informationen sind insbesondere auch fiir
die Entwicklung von Konservierungsstrategien ein-
zelner Spezies von Bedeutung.

Melipona subnitida / stachellose Bienen / nukleére
ribosomale DNA / ITS/5,8S Region / genetische
Variabilitit
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