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Utility of the ITS1 Region for Phylogenetic Analysis in Stingless Bees: a Case Study of the 
Endangered Melipona yucatanica Camargo, Moure and Roubik (Apidae: Meliponini)

C Ruiz1,  W de J May-Itzá2, JJG Quezada-Euán2, P de La Rúa3

Introduction

Molecular studies addressing the stingless bees are 
needed not only to support preliminary morphology-based 
hypotheses about phylogeny, population dynamics, species 
delimitation and evolution, but also to establish the basis of 
conservation programs for this group of bees (Arias et al., 
2006). Towards these ends, a phylogeny of the stingless bee 
genus Melipona has been published (Ramírez et al., 2010) 
based on a multigene data set (nuclear: EF1-α, ArgK and 
RNA Pol-II genes; mitochondrial: cox1 and rRNA genes: 
16S) approach. In that study 35 out of the 50 Melipona species 
known-to-date were grouped in four subgenera previously 
described with morphological and ecological characters 
(Camargo & Pedro, 2007), but still some Melipona species 
remain unassigned to a specific subgenus.
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Other suitable markers for phylogeny and population 
genetic analyses are the internal transcribed spacers (ITS1 and 
ITS2) of the ribosomal genes (rRNA). Concerted evolution 
may have led to the homogeneity of repeat motifs within the 
ITS regions (Hillis & Dixon, 1991). Therefore, they have 
been successfully applied for population and phylogenetic 
studies of some stingless bee species. In particular, in the tribe 
Meliponini, Fernandes-Salomão et al. (2005) determined 
the complete ITS1 sequence from three Melipona species 
and used partial sequences of eight species to infer its 
phylogenetic relationships. At the intraspecific level, the ITS1 
region has demonstrated its usefulness for population analysis 
in the Mexican species Melipona beecheii Bennett (May-
Itzá et al., 2009; 2012) and also in two Brazilian species: 
Melipona subnitida Ducke (Cruz et al., 2006) and Melipona 
quinquefasciata Lepeletier (Pereira et al., 2009).
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The Mexican stingless bee Melipona yucatanica 
Camargo, Moure and Roubik is a small bee (8 mm in average) 
with less than 200 worker bees per colony (Camargo et al., 
1988). This species is associated with primary forest, and based 
on its patched distribution, various authors have suggested 
a recent fragmentation of M. yucatanica populations due to 
massive deforestation (Camargo et al. 1988; Ayala, 1999). 
Preliminary molecular studies in Mexican and Guatemalan 
populations of M. yucatanica yielded different RFLP patterns 
in the ITS2 region (De la Rúa et al., 2007), suggesting 
allopatric speciation in populations geographically separated. 
Furthermore, morphometric and Bayesian analyses of the 
mitochondrial cox1 region and microsatellite loci revealed 
geographic differences between Guatemalan and Mexican 
populations, suggesting that M. yucatanica from México and 
Guatemala could represent two distinct species (May-Itzá et 
al., 2010). 

Because of the rapid disappearance of its habitat and 
the difficulty to multiply colonies domestically, conservation 
measures to preserve M. yucatanica are urgently needed 
(May-Itzá et al., 2010). The taxonomic position of this species 
based on morphological comparative studies have placed 
this species within the subgenus Melipona s. str. (Camargo 
& Pedro, 2007), in relation to other South-American species 
(Moure et al., 2007). However its taxonomic position has not 
been assessed on molecular grounds yet.

Herein, the entire ITS1 region of M. yucatanica has 
been sequenced and compared with available ITS1 (complete 
or 3’ end) from other Melipona species as well as with previous 
results on M. yucatanica based on morphometry and molecular 

markers (De la Rúa et al., 2007; May-Itzá et al., 2010). We 
aimed to i) analyze the molecular diversity underlying this 
marker, and ii) test its phylogenetic signal to verify whether 
this species is included within the morphologically described 
subgenus Melipona s. str. as suggested by Camargo and Pedro 
(2007).

Material and Methods

Sampling

Feral colonies of M. yucatanica are difficult to find 
since they are restricted to preserved rain-forest, so we were 
only able to sample worker bees (10-20 worker bees per 
colony) from managed colonies located in two geographically 
distant Mesoamerican regions where they naturally occur: 
seven in México and four in Guatemala (Table 1, Fig 1). 
These locations showed notable climatic and geological 
differences: the Pacific region of Guatemala is a mountainous 
region, whereas the Atlantic-Caribbean region of México is a 
flat limestone area without mountainous zones. One specimen 
of each colony has been deposited in the Insect Collection 
of the Department of Zoology and Physical Anthropology 
(University of Murcia, Spain). 

DNA extraction, amplification and sequencing

DNA was extracted from two worker bees per colony 
using the DNeasy tissue kit (QIAGEN). The ITS1 region 
was amplified using the primers cas18sf1 and cas5p8sB1d 

Fig 1. Study area and sampling localities of Melipona yucatanica in Mesoamerican region.
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based on the conserved sequences of the 18S and 5.8S rDNA 
respectively (Ji et al., 2003). The amplification program 
consisted of 5 min. at 96 ºC, 34 cycles of 45 sec. at 96 ºC, 
1 min. at 60 ºC and 1 min. at 72 ºC, and a final extension 
of 10 min. at 72 ºC. PCR reactions were performed with 
PCR beads PureTaqTM Ready-To-GoTM (GE Healthcare) in a 
thermocycler PTC-200 (Biorad). PCR products were purified 
with QIAquick PCR purification kit (QIAGEN) before directly 
sequencing. Sequencing was performed in both directions 
with the same PCR primers in an ABI 3730 DNA analyzer 
(Applied Biosystems) at the sequencing company Secugen S. 
L. (Madrid, Spain). ITS1 sequences edited with the program 
MEGA 5 (Tamura et al., 2011) were deposited in Genbank 
with the accession numbers HQ651726 (M. yucatanica from 
Guatemala) and HQ651727 (M. yucatanica from México).

Data analyses

The ITS1 datasets used included the complete ITS1 gene 
for M. yucatanica, M. beecheii and Melipona quadrifasciata 
Lepeletier and partial sequences of ITS1 3’ end for other 
nine Melipona species obtained from Genbank (Fernandes-
Salomão et al., 2005; Cruz et al., 2006; Pereira et al., 2009). In 
order to compare ITS1 results with other markers, a multiple-
gene approach was carried out. Sequence data of mitochondrial 
cox1 were obtained from Genbank for M. yucatanica, and 
for the species with available ITS1 sequences (namely, 
M. quinquefasciata, M. beechei, Melipona compressipes 
Fabricius, M. quadrifasciata, Melipona mandacaia Smith,  
Melipona bicolor Lepeletier, Melipona marginata  Lepeletier, 
Melipona rufiventris Lepeletier and Melipona scutellaris 
Latreille). Separated and combined analyses were carried out. 

ITS1 sequences were aligned with MAFFT software 
(http://mafft.cbrc.jp/alignment/server/) using E-INS-i 
strategy. Parameter of scoring matrix for nucleotide sequences 

was set to 20PAM/ k = 2 as recommended when aligning 
related DNA sequences (Katoh & Toh, 2008).

ITS1 and cox1 genetic diversity in M. yucatanica and in 
other available Melipona sequences were measure in DNAsp 
(Librado & Rozas, 2009), GenAlex (Peakall & Smouse, 2012) 
and MEGA 5 (Tamura et al., 2011) using various variability 
indices: number of genotypes, genotype diversity, variable 
sites, parsimony-informative sites, nucleotide diversity, and 
intraspecific genetic distance (K2P). 

Phylogenetic analysis

The best-fit evolutionary model for the Bayesian 
analyses was determined with jModeltest 0.1.1 (Posada, 
2008) using the Akaike information criteria (AIC). Bayesian 
analyses were carried out using MrBayes version 3.1 
(Ronquist & Huelsenbeck, 2003). Separate runs were carried 
out with four simultaneous Markov chains, each starting from 
a random tree. The analysis ran for 6 500 000 generations 
to allow runs to converge, and the chain was sampled every 
100th generation. The first 14 000 trees were discarded as the 
“burn-in” before the chains converged on a stable value and 
the posterior probabilities of tree topology were determined 
from the remaining trees. Also convergence was reassessed 
using the potential scale reduction factor (PSRF, Ronquist & 
Huelsenbeck, 2003).

Results 

ITS1 and cox1 sequence variation

The two M. yucatanica worker bees analyzed per 
colony showed the same ITS1 sequence, therefore only one 
sequence per colony was used in the subsequent analyses. The 
first 126 base pairs (bp) of the alignment correspond to the 

Table 1. Sampling localities of Melipona yucatanica specimens in included in the study, geographical information and accession numbers of 
sequences in GenBank.

Taxon ID Accession number Country State Locality Geographical coordinates Altitude

MyucMer1 HQ651727 México Yucatán López Portillo 19.9351278 N -89.1879278 W 142 m
MyucMer2 KF564809

MyucMer3 KF564810

MyucMer4 KF564811
MyucMer5 KF564812 México Yucatán Huntochac 19.8061861 N -89.5007389 W 80 m

MyucMer6 KF564813

MyucMer7 KF564814

MyucGuat1 HQ651726 Guatemala Jutiapa Jutiapa 14.2980778 N -89.8970972 W 898 m

MyucGuat2 KF564806

MyucGuat4 KF564807 Guatemala Santa Rosa Barberena 14.3072639 N -90.3564139 W 1220 m

MyucGuat5 KF564808
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18S ribosomal region and the last 58 bp to the 5.8S, so the 
size of the ITS1 region was 1310-1312 bp in Guatemalan and 
1308 bp in Mexican M. yucatanica. Insertion-deletion (indel) 
events were observed in the alignment of the ITS1 sequence of 
M. yucatanica specimens from Guatemala and México. Two 
indels of 4 and 8 bp corresponded to a microsatellite locus 
showing different number of repeat motifs. This variation in 
the number of motifs was not detected among the specimens 
within each population but between them. An additional 
variation was detected among Guatemalan M. yucatanica 
specimens, due to the presence of one insertion of two base 
pairs (TT) in the specimen 4 (MyucGuat4). In relation to 
other species, a large insertion of 80 bp was detected in M. 
quadrifasciata.

There were three genotypes, one for Mexican (n = 7, 
MyucMer1-7) and two for Guatemalan individuals (n = 1; MyucGuat4 
and n = 3 MyucGuat1, 2 and 5). A higher number of unique 
genotypes was found in M. beechei, M. quinquefasciata and 
M. subnitida populations (Table 2). 

The ITS1 nucleotide diversity (Pi) was from 3 to 
65 times lower for M. yucatanica than for the other three 
Melipona species (Table 2). This result contrasts with the 
nucleotide diversity and the genetic distances (K2P) values 
obtained for cox1, where M. yucatanica population had 
similar values or slightly higher (1.8 to 2.7 times higher) than 
those obtained for other available species (Table 2). 

Comparisons between markers showed that in M. 
yucatanica, ITS1 nucleotide diversity (pi = 0.0028) and 
genetic distance (d = 0.28%) is about five times lower than 
in cox1 (pi = 0.0136, d = 1.39%). On the other hand, in M. 
beecheii the comparison of both markers showed a different 
pattern, as the diversity and distance values are about 1.6 
times higher with the ITS1 than with cox1 data (Table 2).

Phylogenetic analyses

The optimal model of nucleotide substitution, 
following AIC criterion, was the transversional model (TVM). 
Bayesian analysis of the complete ITS1 region, showed 
that this species is divided in two well supported clades 
(Mexican and Guatemalan specimens, p.p. = 1.0) defining a 
clear phylogeographic structure (Fig 2), M. beecheii showed 
two clades with the same geographic structure, whereas M. 
subnitida and M. quinquefasciata showed a more complex 
pattern of population structure. M. yucatanica ITS1 sequences 
clustered with high support (p.p = 1.0) within the subgenus 
Melipona s. str. together with M. quadrifasciata and M. 
subnitida. 

Analysis of available cox1 sequences resulted in the 
same two well supported clades of Mexican and Guatemalan 
populations (Fig 3). Moreover the species M. yucatanica was 
also grouped with high support within the subgenus Melipona 
s. str. The combined analysis of cox1 and ITS1 resulted in the 
same well supported clades (Fig S1 in Supplementary Material).
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Discussion 

Phylogenetic analyses showed low genetic variation in 
ITS1 between populations but defined a geographic structure 
with Mexican and Guatemalan specimens forming two well 
supported clades. The characterization of the ITS1 region of 
the stingless bee M. yucatanica further evidenced that this 
region is longer in stingless bees than in other Hymenoptera 
(Pilgrim & Pitts, 2006; Taylor et al., 2006). In M. yucatanica 
ITS1 is within the range of that observed in other Melipona 
species (from 1391 bp in M. quadrifasciata to 1940 in M. 
rufiventris, Fernandes-Salomão et al., 2005). The presence of 
insertions and deletions (indels) in this region is a common 
feature leading to sequence length variation, as it has been 
observed between Mexican and Guatemalan M. yucatanica 
specimens, and among Brazilian populations of the species M. 
subnitida (Cruz et al., 2006) and within M. quinquefasciata 
(Pereira et al., 2009).

The ITS1 clades separate between Mexican and 
Guatemalan populations showing the same phylogeographic 
pattern found in previous markers (ITS2, De la Rúa et al., 

2007; cox1 and microsatellites May-Itzá et al., 2010). These 
results are congruent with the fact that both populations 
are located in opposite extremes of the species distribution 
range (Ayala, 1999). However, an incongruent pattern of 
genetic variability was revealed when several markers were 
compared. Populations of M. yucatanica showed lower 
levels of genetic diversity and genetic distance in the ITS1 
region than those reported for other markers as cox1 and 
microsatellite data (May-Itzá et al., 2010; Table 2). ITS1 and 
cox1 have different mechanisms of evolution that have led to 
different patterns in intraspecific variations for various taxa 
(e.g., Hansen et al., 2006; Carlini et al., 2009; Kornobis & 
Pálsson, 2011). The low variation of ITS1 could therefore be 
explained by intraspecific rDNA ITS1 homogenization due 
to the mechanisms of concerted evolution (Hillis & Dixon, 
1991). 

However, this explanation cannot be extended to 
other Melipona species. In M. beecheii, a species with wider 
geographic distribution, the opposite pattern was found 
with diversity and distance values of ITS1 higher than for 
cox1 data (May-Itzá et al., 2010). Moreover, when data are 

Fig 2. Bayesian analyses of the ITS1-complete region of several Melipona species. Population data of Melipona yucatanica are indicated 
with a solid bar. Available population data of several Melipona species are indicated with empty bars. Numbers above nodes show posterior 
probability ≥ 0.90.
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compared between these two species, M. beecheii showed 
about four times higher divergence, genotype and nucleotide 
diversity of ITS1 (complete fragment) but almost two times 
lower values for cox1 data (Table 2). Unfortunately, there are 
no available data to compare this pattern with other Melipona 
species; however, M. yucatanica showed a remarkably lower 
ITS1 divergence (from 12 to 80 times) and higher cox1 
divergence (from 1.8 to 2.7 times) than all other Melipona 
species analyzed (Table 2). This observed distinct pattern of 
divergence between nuclear and mitochondrial markers in M. 
yucatanica populations in relation to other Melipona species 
could be due to several causes which will require specific 
testing, among them: i) different efficiency of concerted 
evolution of ITS1 rDNA between Melipona species, as 
suggested for other taxa (Armbruster & Korte, 2006); ii) a 
complete replacement in one of the sampled populations of the 
original mitochondrial haplotype by introgression which led 
to higher levels of mitochondrial divergences. This hypothesis 
cannot be disregarded although until date, introgression 

events have not been described in Melipona species yet; 
and iii) distinct population dynamics in relation to other the 
Melipona species analyzed. Further analyses including more 
markers and more M. yucatanica populations scattered across 
its distribution range are needed in order to understand the 
population dynamic of this endangered species. 

The phylogenetic signal obtained in the ITS1 Bayesian 
analysis confirms the utility of this region as a potential 
phylogenetic marker for the genus Melipona. This marker seems 
suitable for resolving population and subgenera divergences. 
In this sense, the phylogenetic analysis included M. yucatanica 
in the subgenus Melipona s. str. together with other species as 
M. quadrifasciata and M. mandacaia. This molecular result 
confirms previous morphological studies (Moure et al., 2007) 
and it is in accordance with recent molecular studies of the genus 
Melipona (Ramírez et al. 2010). In the light of recent numt DNA 
descriptions in other Melipona subspecies (Cristiano et al., 2012; 
Ruiz et al., 2013), the ITS1 region has demonstrated its potential 
as an appropriate marker for genetic studies in stingless bees.

Fig 3. Bayesian analysis of the available cox1 gene from Melipona species. Numbers above nodes show posterior probability ≥ 0.90. 
Population data of Melipona yucatanica are indicated with a solid bar. Available population data of several Melipona species are indicated 
with empty bars. 
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