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Abstract — A large-scale survey of the Iberian honey bee (Apis melhfem iberiensis ) diversity patterns, using
sequence data of the tRNA 1U_cox2 mitochondrial DNA (mtDNA) region, demonstrates that earlier studies based on
the Dral test missed significant components of genetic variation. Based on results from this survey, existing
haplotype names were revised and updated following a nomenclature system established earlier and extended
herein for the intergenic region. A more complete picture of the complex diversity patterns of IHBs is revealed that
includes 164 novel haplotypes, 113 belonging to lineage A and 51 to lineage M and within lineage A and 69 novel
haplotypes that belong to sub-lineage Aj, 13 to Ay, and 31 to Apy;. Within lineage M, two novel haplotypes show a
striking architecture with features of lineages A and M, which based on sequence comparisons and relationships
amon haplotypes are seemingly ancestral. These data expand our knowledge of the complex architecture of the
tRNA™"-cox2 intergenic region in Apis mellifera and re-emphasizes the importance of Iberia as a source of honey
bee mtDNA diversity.

Iberian honey bee / Apis mellifera intermissa / ancestral haplotype M / Dra 1 test

1. INTRODUCTION adaptation to a wide range of environments has

led to diversification of over 24 subspecies, all of

The natural distribution of the honey bee, Apis
mellifera L., encompasses Europe, Africa, and the
Middle East (Ruttner 1988). Within this territory,
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which have been grouped into four lineages: the
African (A), the western European (M), the east-
ern European (C), and the Middle Eastern (O)
(Ruttner 1988). A sub-division of the African
lineage into four sub-lineages (A;, Ay, Ay, and
Z) was later proposed (Alburaki et al. 2011).

Of those subspecies, the Iberian honey bee
(IHB, A. m. iberiensis ), which was allocated by
Ruttner (1988) to lincage M, has been one of the
most surveyed for genetic diversity due to its com-
plex patterns of diversity and evolutionary history
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(Miguel et al. 2007, Canovas et al. 2008, Pinto et al.
2014, Chavez-Galarza et al. 2015). The surveys
have used a variety of markers, including morphol-
ogy (Ruttner 1988; Cornuet and Fresnaye 1989;
Arias et al. 2006), allozymes (Nielsen et al. 1994;
Smith and Glenn 1995; Arias et al. 2006), mito-
chondrial DNA (Smith et al. 1991; Garnery et al.
1995, 1998; De la Rua et al. 2005; Miguel et al.
2007; Canovas et al. 2008; Pinto et al. 2012, 2013),
microsatellites (Franck et al. 1998, 2001; Miguel
et al. 2007; Canovas et al. 2011), and, more recent-
ly, single nucleotide polymorphisms (SNPs;
Chéavez-Galarza et al. 2013, 2015).

Mitochondrial DNA (mtDNA) has indisputably
been the most popular and longest used marker in
Iberia. Early mtDNA analyses of IHBs digested
the entire molecule with a battery of restriction
endonucleases (reviewed by Meixner et al.
2013). This approach was soon replaced by the
Dral test, which consists of a single digestion,
with the restriction enzyme Dral, of the PCR-
amplified tRNA'*"-cox2 intergenic fragment
(Garnery et al. 1993). The relatively low cost and
scoring simplicity, combined with the high infor-
mation content of the tRNA'*"-cox2 intergenic
region, have made this molecular tool the most
widely used for mtDNA identification (Meixner
et al. 2013). Over 3300 honey bee colonies col-
lected across Iberia have been scored using the
Dral test (Franck et al. 1998; Miguel et al. 2007;
Canovas et al. 2008; Pinto et al. 2013), which has
revealed the co-occurrence of the two highly di-
vergent M and A lineages forming a northeastern-
southwestern cline (Smith et al. 1991; Miguel et al.
2007; Cénovas et al. 2008). The clinal pattern has
been confirmed by a recent study using genome-
wide nuclear SNPs (Chavez-Galarza et al. 2015),
strengthening the hypothesis of an ancestral sec-
ondary contact (Smith et al. 1991).

The great amount of haplotypes generated by
the complexity of the intergenic region (see Sup-
plementary Material for a detailed description of
its architecture) has made necessary to develop a
nomenclature system in conjunction with the Dra
I test (Garnery et al. 1993). However, assigning
names to haplotypes scored from complex gel
banding patterns has not always been a straight-
forward endeavor, and this has been especially
true in the presence of high levels of variation
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such as in Iberia. Complicating matters further,
the increasing availability of sequence data has
uncovered increasing amounts of variation that
had been missed by the Dral test (Rortais et al.
2011). Accordingly, haplotype names have not
always followed the nomenclature criteria earlier
established, leading to haplotype misnaming. In
an attempt to correct many nomenclature prob-
lems, recently, Rortais et al. (2011) carried out a
revision of the highly diverse lineage M. Using a
large collection of sequences that were newly
developed or available in GenBank, these authors
amended many of the names of M haplotypes.
Continued revision of African haplotype nomen-
clature is certainly warranted, given the great
amount of mtDNA diversity that has been report-
ed for Iberia.

The purpose of this study was threefold: (i) to
provide a more complete survey of mtDNA vari-
ation of the tRNA'"-cox2 region by sequencing a
large collection of individuals sampled across the
entire distributional range of the IHB, (ii) to revise
the haplotype names of African ancestry by inte-
grating information from the newly developed
sequences with all the sequences deposited in
GenBank, (iii) to refine the current status of hap-
lotype diversity patterns in the [HB from sequence
data using the revised collection of haplotypes.
Mitochondrial DNA variation of IHBs has been
extensively documented using restriction diges-
tion data from the whole mtDNA molecule
(Smith et al. 1991) or from the tRNA"-cox2
region (Franck et al. 1998; Miguel et al. 2007,
Canovas et al. 2008; Pinto et al. 2013). This,
however, is the first study on mtDNA diversity
patterns inferred strictly from sequence data.
Using sequence data, a more detailed picture of
mtDNA patterns of IHBs emerges showing that
the Dra I test failed to reveal important amounts of
existing variation.

2. MATERIAL AND METHODS

2.1. Sampling

Sampling was carried out in 2010 across three
north-south transects in Iberia (Figure 1). One

transect extended along the Atlantic coast (AT-
Atlantic transect), one through the center (CT-
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central transect), and another along the Mediterra-
nean coast (MT-Mediterranean transect). A total of
711 individuals, each representing a single random
colony, was collected from 237 apiaries (three
colonies per apiary) grouped into 23 sites (see
details in Chavez-Galarza et al. 2013). In addition
to the Iberian sample, 31 A. m. intermissa (lincage
A), 34 A. m. mellifera (lineage M), 17 A. m.
ligustica (lineage C), and 19 A. m. carnica (line-
age C) individuals, which have previously been
identified by genome-wide SNPs (Chavez-Galarza
et al. 2013, Pinto et al. 2014), were used herein as
reference populations. The reference individuals
were sampled in 2010 and 2011 across Europe
and North Africa (Supplementary Material
Figure S1). All 812 individuals were stored in
ethanol at —20°C.

2.2. Mitochondrial DNA analysis

The tRNA'*"-cox2 mtDNA intergenic region
encompasses the 3' end of the tRNA' gene, the
P and Q elements, and the 5' end of the cox2 gene
(see Supplementary Material for a detailed de-
scription of the architecture of this region and
how it is used to discriminate lineages and African
sub-lineages). This region was PCR-amplified
using the primers and reaction conditions detailed
by Garnery et al. (1993). The PCR products were
sent to Macrogen (Seoul, Korea) for direct Sanger
sequencing in both directions. The 812 sequences
(711 A. m. iberiensis, 31 A. m. intermissa, 34
A. m. mellifera, 17 A. m. ligustica, and 19 A. m.
carnica) were checked for base calling and
aligned with 77 sequences available in GenBank
using MEGA 6.06 (Tamura et al. 2013). Sequence
data for A. m. mellifera , A. m. ligustica , and A. m.
carnica were previously reported in Pinto et al.
(2014). Haplotypes of A, M, and C ancestry were
identified and named following the nomenclature
system revised in Supplementary Material.

2.3. Genetic diversity and phylogenetic
analysis

GENEALEX 6.5 (Peakall and Smouse 2012)
was used to estimate mean number of haplotypes
per locus (Na), effective number of haplotypes
(Ne), number of private haplotypes (Np), and
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unbiased diversity (uh) per sampling site. Genetic
differentiation among the Iberian sampling sites and
the reference subspecies was estimated using ®pr
values, which were then employed to perform a
principal coordinate analysis (PCo) using
GENEALEX 6.5 and to build a neighbor-joining
tree using POPULATIONS 1.2.32 (Langella 2011).

To identify lineages and sub-lineages to which
the novel haplotypes belong, a phylogenetic anal-
ysis of haplotypes was performed in PHYLIP
3.65¢ (Felsenstein 1993) using maximum parsimo-
ny, with 77 reference haplotypes of A, M, and C
ancestry downloaded from GenBank
(Supplementary Material Table S2). The phyloge-
netic analyses included the polymorphic sites of the
P element, the first Q element, and the fragment of
cox2. The remaining Q elements, which varied
between two and three, were considered as single
mutational steps. Gaps were considered as a fifth
character. Positions indicating large deletions with-
in the P element (P, P,, and absence of P) and the
first two Dral restriction sites were upweighted.
The tRNA®"-cox2 region of Apis cerana was used
as an outgroup. The absence of the P element in
lineage C and the absence of the Q element in
A. cerana were coded as a single mutational step
and the remaining positions as missing data.

Relationships among haplotypes and their rel-
ative proportions in Iberia were inferred using the
median-joining network algorithm (Bandelt et al.
1999), as implemented in NETWORK 4.6.1.1
(Fluxus Engineering, Clare, UK), with the poly-
morphic sites within the P and Q elements used to
infer the network. Deletions from 2 to 35 bp were
considered as a single mutational step and coded
as a 1-bp gap. As was done for phylogenetic
analysis, large deletions within the P element (P,
P;, and absence of P) and the first two Dral
restriction sites were upweighted.

3. RESULTS

Sequence data of the tRNA'*-cox2 intergenic
region generated from 812 honey bee individuals
collected in Iberia (V = 711), Western Europe and
north of the Pyrenees (N = 34), Eastern Europe
(N =36), and North Africa (N =31) revealed 212
haplotypes, of which 182 are reported here for the
first time (Table S1). These novel haplotypes
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<« Figure 1. Geographical location of the 711 colonies

sampled across the three Iberian transects: Atlantic (8
sites—252 colonies: AT1 to AT8), central (9 sites—267
colonies: CT1 to CT9), and Mediterranean (6
sites—192 colonies: MT1 to MT6). Each data point
represents one colony (three colonies were sampled
per apiary). Data points representing colonies of the
same apiary are overlapping. a Geographical distribu-
tion of colonies by lineage (A African, M western
European, C eastern European). b Geographical distri-
bution of colonies by lineage and African sub-lineages
AI, AII’ and AIII~

(27 band patterns, 137 sequence variants) were
harbored by 164 A. m. iberiensis and 18 A. m.
intermissa individuals (1 band pattern, 17 se-
quence variants). Total detected variation was
grouped into lineages A, M, and C. Haplotypes
belonging to three lineages were identified in
IHBs (128 A, 59 M, 1 C) and in A. m. ligustica
(1 C, 1 M). In contrast, haplotypes in the other
subspecies belonged to a single lineage (18 A in
A. m. intermissa , 8 M in A. m. mellifera, and 6 C
in A. m. carnica ) (Table S1).

3.1. Phylogenetic analysis of novel haplotypes

The 182 novel haplotypes reported herein, to-
gether with 88 (including 30 renamed; see revi-
sion of haplotype names in Supplementary Mate-
rial) previously published haplotypes, are shown
in the phylogenetic topology of Figure 2. The
novel haplotypes, identified among Iberian and
reference honey bees, were grouped within line-
ages A (131) and M (51) (Table S1). In lineage A,
72 haplotypes belong to sub-lineage Ay, 28 to sub-
lineage Ay, 31 to sub-lineage Ayy, and none was
identified as sub-lineage Z (see Supplementary
Material for the rationale of mtDNA lineages
and African sub-lineages discrimination). Lineage
A and M formed a group, with sub-lineage Z as a
basal group. Sub-lineages A;, Ay, and Ay were
grouped within one clade, although A; is not
differentiated. The phylogeny supported three Af-
rican sub-lineages forming a sister group of line-
age M. Lineage M formed a well-differentiated
group, with novel haplotypes M79 and M79a
forming a new sub-group. The main distinctive
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feature of this sub-group is a P element that is
similar to the Py which is typical of A haplotypes,
with additional nucleotide substitutions and re-
striction sites characteristic of M haplotypes
(positions 14, 20, 24, 32, 34, 35, 38 for
substitutions; e, k, 1, x, ab, ad for deletions; and
15, 17,26, 29, 36, 37 for Dral sites in Figure S2).
The group formed by C haplotypes was clearly
differentiated from the remaining haplotypes.

3.2. Distribution of haplotypes in Iberia

A total of 188 haplotypes was observed among
the 711 colonies sampled across the three Iberian
transects (AT-Atlantic, CT-central, MT-Mediterra-
nean), of which 128 belong to lineage A, 59 to
lineage M, and 1 to linecage C (Table S1). Within
lineage A, 74 haplotypes belong to sub-lincage
Ay, 15 to sub-linecage Ay, and 39 to sub-lineage
Aj. Colonies of A ancestry were predominant
(481, 67.5%), as compared with those of M
(229, 32.2%) and C ancestry (1, 0.3%). Within
the 481 colonies belonging to lineage A, those of
sub-lineage A; ancestry were more ubiquitous
(333, 69.2%) than either Ay (68, 14.2%) or Ay
(80, 16.6%).

As previously reported, haplotype A2 was the
most frequent African haplotype (6.6%) in Iberia,
occurring in virtually all sampling sites where
lineage A is found, followed by A2a (6.5%), Al
(5.9%), A8 (5.6%), and Alh (3.8%). Among M
haplotypes, M4 was the most frequent (9.7%),
occurring mostly in the northeastern part of Iberia,
followed by M7 and M7n with 2.1% each. All
these haplotypes were observed in more than sev-
en sites (Table S3). While the majority of haplo-
types were found with low frequency, others were
more abundant in certain sites, such as the case of
M7 and A49 in AT1; A16’ in AT2; A16b’ in AT3;
Alh in AT4; A20 in ATS; Al from AT6 to ATS;
M4 in CT1 and CT2; M79 in CT3; A8 in CT4 and
CT5; A2 in CT6, CT7, and CT9; A2 and A2c in
CTS8; M4 from MT1 to MT3; and A2a from MT4
to MT6 (Table S3).

3.3. Genetic diversity in Iberia

Genetic diversity estimated for each Iberian
sampling site is shown in Table I. Na ranged
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from 7 in AT8 to 20 in AT4. Sites AT1 and
AT3 exhibited the highest values of Ne with
13.235 effective haplotypes. For Np, the
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Figure 2. Phylogeny of haplotypes based on the tRNA®"-
cox2 intergenic region for Iberian (A. m. iberiensis) and
reference (A. m. mellifera, A. m. ligustica, and A. m.
carnica) honey bee subspecies. Strict consensus (level
95%) from over 10,000 equally parsimonious trees. Values
indicate bootstrap support of 1000 pseudoreplicates. *Sub-
lineages A;, Ay, Ay, and Z belong to the African lineage.
Black circles indicate novel haplotypes, gray circles indi-
cate haplotypes (band patterns) reported by others but
sequenced here for the first time, light gray circles indicate
renamed haplotypes, and white circles indicate haplotypes
reported by others with a complete description (Dra I band
patterns and sequence data).

to 0.464 (AT8). Globally, the highest diversity
estimates were found across the Atlantic tran-
sect (except for ATS).

3.4. Relationships among haplotypes
in Iberia

A median-joining network that illustrates
the frequencies and relationships among the
haplotypes found in Iberia is shown in Fig-
ure 3. Two highly divergent clusters, corre-
sponding to lineages A and M, were observed.
For lineage A, the three African sub-lineages
were mainly linked by haplotypes Al and A2
(sub-linecage A;); A8 and A9a (sub-lineage
Ap); and A11, A20 and A30 (sub-lineage Apy).
Haplotypes Al, A2, A8, and A16’ exhibit the
greatest number of links with other haplotypes.
For lineage M, haplotypes M79 and M79a
present an almost intermediate position be-
tween haplotypes M and A, as observed in
the phylogenetic tree (Figure 2). Haplotypes
M4 and M7 occupy a central position between
the two divergent groups and show more links
than the other M haplotypes.

3.5. Relationships among lineages

The neighbor-joining tree of Iberian sampling
sites and reference subspecies showed three well-
supported groups (Figure 4a). The first group is
formed by populations with a high proportion of C
haplotypes (A. m. ligustica and A. m. carnica).
The second group includes mostly M haplotypes
carried by the reference A. m. mellifera and THBs
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of the northeastern half of Iberia (AT1, CT1 to
CT3, MT1 to MT3). The third group contains the
reference A. m. intermissa and IHBs of the south-
western half of Iberia (AT2 to AT8, CT4 to CT9,
MT4 to MT6). Within the third group, populations
of CT4, CT5, and A. m. intermissa formed a well-
supported group dominated by sub-lineage Ay
Sub-lineage Ay occurred in high proportions in
AT3 and AT4, while sub-lineage A; was the most
frequent from AT7 to AT8, CT6 to CT9, and MT5
to MT6.

Analysis of PCo grouped the Iberian sites and
the reference subspecies similarly to the neighbor-
joining tree (Figure 4b). The main axis explained
78.5% of the genetic variation, separating the
three aforementioned groups. The second axis
explained 14.7% of the genetic variation and
allowed a better differentiation of lineage C.

4. DISCUSSION

Here, we provide the most comprehensive sur-
vey of sequence data of the tRNA'*"-cox2 region
ever reported for a honey bee subspecies. Over
889 sequences, 77 from GenBank and 812 se-
quenced in this study, were examined and corre-
sponding haplotype names were revised, follow-
ing the nomenclature criteria established earlier
(Gamery et al. 1993; Franck et al. 1998, 2000;
Rortais et al. 2011) and further expanded here (see
Supplementary Material).

Sequence analysis of the 742 honey bee colo-
nies sampled in Iberia and North Africa revealed a
total of 164 novel haplotypes belonging to A
(113) and M (51) lineages, which represents a
188.3% (of 60 previously reported) and 46.8%
(of 109 previously reported) increase, respectively
(Gamery et al. 1993, 1995, 1998; De la Rua et al.
1998, 2005; Franck et al. 2001; Collet et al. 2006;
Magnus and Szalanski 2010; Szalanski and
Magnus 2010; Rortais et al. 2011; Pinto et al.
2012, 2014; Mufoz et al. 2013; Bertrand et al.
2015). Within lineage A, a greater number of
novel haplotypes was detected in sub-lincage A;
(69) than in sub-lineages Ay (13) and Ay (31),
representing an increase of 246.4% (of 28 previ-
ously reported), 260.0% (of 5 previously report-
ed), and 114.8% (of 27 previously reported), re-
spectively (Collet et al. 2006; De la Rua et al.
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Table I. Diversity measures for each of the 23 Iberian
sites. Sampling sites are indicated from AT1 to MT6

Sampling sites N Na Np Ne uh

AT1 30 18 11 13235  0.956
AT2 30 16 8 10.714  0.938
AT3 30 18 13 13.235  0.956
AT4 30 20 16 12.857  0.954
ATS5 33 14 5 8.712 0913
AT6 39 18 10 12.168  0.942
AT7 30 14 6 9.783 0.929
AT8 30 7 1 1.815 0.464
CT1 30 11 5 6.618 0.878
CT2 30 8 2 3913 0.770
CT3 30 12 8 7.377 0.894
CT4 30 10 2 4.545 0.807
CT5 30 13 3 7.627 0.899
CT6 33 13 4 7.949 0.902
CT7 30 16 4 12.500  0.952
CT8 30 13 4 6.000 0.862
CT9 24 11 4 4.721 0.822
MT1 36 14 8 7.624 0.894
MT2 30 13 6 5.556 0.848
MT3 30 16 9 7.627 0.899
MT4 33 13 5 5.261 0.835
MT5 33 16 8 6.444 0.871
MT6 30 8 3 4.737 0.816

AT Atlantic transect, CT central transect, MT Mediterranean
transect, N number of individuals, Na mean number of haplo-
types, Np number of private haplotypes, Ne number of effec-
tive haplotypes, u4 unbiased haplotype diversity

1998, 2005; Garnery et al. 1993, 1995, 1998;
Franck et al. 2001; Magnus and Szalanski 2010;
Szalanski and Magnus 2010; Pinto et al. 2012;
Munoz et al. 2013).

While the PCR-RFLP Dra I test has proved to
be efficient in mtDNA identification of colonies
collected around the world (Meixneretal. 2013),
sequencing is required to fully describe Dral
haplotypes. Despite the numerous mtDNA sur-
veys that have been carried out in Iberia (Smith
et al. 1991; Garnery et al. 1995, 1998; Franck
etal. 1998,2001; DelaRuaetal. 2005; Canovas
et al. 2008; Pinto et al. 2012, 2013; Chavez-
Galarza et al. 2015) and North Africa (Franck
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et al. 2001; Chahbar et al. 2013; Achou et al.
2015), analysis of sequence data revealed 28
novel Dra I band patterns (1 from North African
samples and 27 from Iberian samples). Haplo-
type variants carrying very short indels in large
fragments and nucleotide substitutions undergo
undetected in polyacrylamide or high resolution
agarose gels. In these cases, sequencing is rec-
ommended because it better describes haplo-
types and resolves cryptic diversity patterns.
For example, previous Dral surveys described
A2 as the most frequent haplotype in Iberia,
which was mainly observed in the South of Spain
(Franck et al. 1998; Miguel et al. 2007; Canovas
et al. 2008). However, our sequence data re-
vealed the presence of two haplotypes, A2 and
A2a, with similar frequencies in this region. Of
these two, haplotype A2 predominates in the
South of the central transect, and A2ain the South
ofthe Mediterranean transect (see Table S3). Fur-
ther, while A2a is as abundant as A2, the latter
exhibits a central position in the network and
displays more connections with other haplotypes
(Figure 3) suggesting that it is a more ancestral
haplotype. In addition to finding 28 novel Dral
band patterns (haplotypes defined by an Arabic
numeral), the sequencing approach uncovered
154 novel variants (haplotypes defined by a
lower-case letter following the Arabic numeral),
which represents a substantial addition to the
diversity levels reported for Iberia and North
Africa.

Our results reinforce the hypothesis of a hybrid
origin for A. m. iberiensis originating from a
process of secondary contact (Smith et al. 1991;
Chavez-Galarza et al. 2015). The haplotypes form
a well-defined M-A cline (Figure 1) and a com-
plex network (Figure 3), which can be explained
by multiple origins of haplotypes (Crandall and
Templeton 1993) and by a more recent history of
diversification of haplotypes belonging to African
sub-lineages. The links with large genetic dis-
tances that separate the most frequent M haplo-
types represent several mutational steps that might
have accumulated during the climatic oscillations
produced by glacial episodes. Contrary to what is
seen in lineage M, lineage A exhibits shorter links
for the most frequent haplotypes, suggesting that
A haplotypes evolved in a more stable climate and
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Figure 3. Median-joining network of haplotypes observed in the Iberian Peninsula. The network is zoomed in to
better visualize the relationships among haplotypes. Hypothetical (unsampled or extinct) haplotypes are indicated as
gray filled squares . The size of circles is proportional to haplotype frequencies. Links between haplotypes are

proportional to genetic distances between them.

were less affected by the Pleistocenic climatic
changes.

We report for the first time haplotypes (M79
and M79a) exhibiting a striking architecture
combining features of both lineages M and A
(Figure S2). The median-joining network sug-
gests that these haplotypes could have appeared
earlier (“ancestral”) than the remaining haplo-
types (Figure 3). In much the same way, the
three African sub-lineages and lineage M could
have diverged from an ancestral haplotype rep-
resented today by haplotypes of sub-lineage Z
origin (Figure 2), a result also supported by
Cytb sequences (Alburaki et al. 2011). Within
lineage M, the “ancestral” haplotypes formed a
well-defined group separated from the other
typical M haplotypes (Figure 2). These find-
ings, together with Z haplotypes carried by
A. m. lamarckii and A. m. syriaca populations
from Egypt, Syria, and Lebanon (Alburaki et al.
2011), suggest that lineage M could have a

more ancestral African origin, with a center
located between Northeast Africa and Near
East, congruent with the hypothesis of Ruttner
et al. (1978). This finding deserves, however,
further investigation using coding regions, as
the faster evolving intergenic region is more
appropriate for discriminating haplotypes
(Garnery et al. 1993).

This study expands our knowledge of the
complex architecture of the tRNA'®"-cox2
intergenic region, re-emphasizing that Iberia is
an important source of honey bee mtDNA diver-
sity especially of African ancestry (Franck et al.
1998; Canovas et al. 2008; Pinto et al. 2013).
Furthermore, this study supports the utility of
sequencing as a complement to the Dral test,
not only for characterization of novel band-
pattern haplotypes, but also for revealing cryptic
variation both of which enable a fuller descrip-
tion of diversity patterns within and among hon-
ey bee subspecies.
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Figure 4. Genetic relationships among Iberian sam-
pling sites (AT Atlantic transect, CT central transect,
MT Mediterranean transect) and reference subspecies
(CAR A. m. carnica, LIG A. m. ligustica, MEL A. m.
mellifera, INT A. m. intermissa) using ®PT values
obtained with frequency data for lineages and Aftrican
sub-lineages. Pie charts display the proportions of line-
ages and sub-lineages. a Neighbor-joining tree with
support of 1000 bootstraps. b PCo presenting 78.5
and 14.7% of total variation for each axis.
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