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Abstract

Carniolan bee (Apis mellifera carnica) and C phylogenetic lineage of honeybees as a whole, is genetically poorly studied,
therefore, the genetic structure of Carniolan bee population from Slovenia has been assessed by mitochondrial and nuclear DNA
analyses. Honeybees were collected from 269 localities in Slovenia; bee samples from Greece, Czech Republic, Croatia, Germany and
France were included in the analysis as out-groups. Slovenian samples are characterized with a low level of genetic differentiation in
COlI and COll region of mtDNA. They were fixed for one newly found mtDNA haplotype, designated as C2C. The same haplotype was
found in Croatian and Polish out-group and in some German and some Czech bee samples. Low level of variability of the Carniolan bee
population in Slovenia was observed also for all six microsatellite loci studied, showing very homogenous structure of indigenous
Slovenian bee population. Populations from Croatia and Czech Republic did not differ significantly from Slovenian one based on
microsatellite analysis. On the other hand, high genetic differentiation was observed towards the A. m. macedonica population, also
expressing specific mtDNA haplotype, designated as C2D. The already described C1 haplotype was found in Austrian and in some
samples of Czech out-group. The only haplotype of non-C phylogenetic lineage origin was characteristic for French sample of bees (A8
haplotype). The results as such indicate that Carniolan bee from Slovenia still represents one of the major sources of the A. m. carnica
indigenous gene pool.
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Introduction

Apis mellifera is a highly polytypic species. Based on morphometrics, 24 recognised subspecies from
the Old World can be grouped in three evolutionary lineages (RUTTNER et al., 1978): European Honey bees
(M), African (A) and north Mediterranean (C lineage). The group of the central and north-eastern
Mediterranean honeybees consists of five closely geographically related subspecies (A.m. sicula Montagano,
A. m. ligustica Spinola, A. m. cecropia Kiessewetter, A. m. macedonica Ruttner and A. m. carnica Pollmann;
RUTTNER, 1988). The Carniolan honey bee, Apis mellifera carnica Pollmann, is native to Slovenia and to
some regions of the former Yugoslavia, southern Austria, and parts of Hungary, Rumania, and Bulgaria
(RUTTNER, 1988). A. m. carnica has been spread from its native districts to the central and northern
European countries, USA and Canada. The main causes for such a process were gentle behaviour of A. m.
carnica towards beekeepers, good spring honey production and good production of summer honey
originated from honeydew of coniferous trees.

The analysis of mtDNA has become widely used approach in studying the biogeography of the A.
mellifera subspecies. Three evolutionary lineages of honey bees have also been found studying highly
variable COI-COIl region (CORNUET et al.,, 1991). The variability in COI-COIl region results from the
superimposition of length variation (presence/absence of the P sequence, number of reiterated Q
sequences, possible small deletions) and nucleotide substitutions. Only three haplotypes (C1 in A. m.
ligustica, C2a in A. m. carnica, C2b in A. m. caucasica) were reported within the C phylogenetic lineage
(FRANCK et al., 2000) and no variation was observed within the subspecies. Furthermore, also highly
variable microsatellite loci are being increasingly used in population genetics studies of A. mellifera
subspecies (FRANCK et al., 2000; DE LA RUA et al., 2001). The final general structure of the species with
its three main evolutionary branches has been revealed also analysing microsatellites (ESTOUP et al., 1995;
FRANCK et al., 1998).

The aim of the present study is therefore, to characterise and to analyse the genetic variability of
indigenous A. m. carnica in Slovenia, and to follow possible genetic pathways to more or less related
honeybee sub-populations in Europe.

Material and Methods

A total of 323 honeybee workers were analysed. 269 honey-bee colonies were collected throughout
Slovenia. Ten samples of the Carniolan bee from Croatia were included in the analysis. In addition, nine bee
samples from the Czech Republic, 10 from Greece (A. m. macedonica) and 25 from selected bee lines from
the Unije Island breeding program in Croatia, were used as outgroups (Table I). Total DNA was extracted
from the worker’s head, thoraces and legs according to BEYE and RAEDER'’s (1993) protocol. Isolated DNA
was used for mitochondrial DNA and microsatellite analysis. The mtDNA region, including the tRNALeu
gene, the COI-COIl intergenic region and the 5' end of the COIl gene, was amplified using a protocol
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described by GARNERY et al. (1993). Restriction with Dral on 119 samples and sequencing of 27 samples
were performed. All honeybee samples were analysed for six microsatellite loci; Ap53 (FRANCK et al.,
1999), A7, A24, A88, A43 (ESTOUP et al.,, 1995) and A8 (FRANCK et al., 1998). Population genetics
statistics were computed using the GENETIX software (BELKHIR et al. 1998).

Table |
Details of samples, sample size and COI-COIl mtDNA haplotypes, found in each population

Subspecies Sample origin I\ N2 COI-COll haplotype
A. MELLIFERA CARNICA Slovenia 269 65 (6) c2C

Croatia 10 10 (2) c2C

Czech republic 9 9(4) C1and C2C
A. MELLIFERA MACEDONICA Greece 10 10 (3) C2D

Selected lines

Hohen Neuendorf Germany 5 5(2) c2C

Buckfast J Germany 5 5(3) C2D

Poland Poland 5 5(3) c2C

K111 Austria 5 5(2) C1

Toulouse France 5 5(2) A8
Total 323

N1 ... number of honeybee workers included in microsatellite analysis
N2 ... number of honeybee workers included in mtDNA analysis; the number of sequenced samples is indicated in parenthesis

Results and Discussion
Mitochondrial DNA

With an exception of samples from selected line from France, all other samples were characterized
with mtDNA sequences of the C phylogenetic lineage (Table I). All haplotypes found in this study could not
be defined according to already published ones. Two new haplotypes of the C phylogenetic lineage were
detected, differing from already described haplotypes only in different transitions on already known
polymorphic sites (Table IlI). A. m. carnica populations were monomorphic, characterised with newly found
haplotype, designated as C2C. Samples of the A. m. macedonica subspecies were also found to be
monomorphic for new haplotype C2D.

Table Il
Nucleotides at five already described variable positions of COI-COl mtDNA region, differentiating haplotypes of
A. mellifera C phylogenetic lineage
polymorphic site

Haplotype designation 1 2 3 4 5
Previously described haplotypes of the C C1 CCcc C T T C
phylogenetic lineage (Franck et al., 2001; J.-M. C2A cce A T c T
Cornuet, pers. com.) CoB cce c A c T

Proposed haplotype

designation
A. m. carnica (Slo, Cro), “Poland”, ,Hohen CccC C T

“ c2C
Neuendorf
A. m. macedonica; “Buckfast J” Cc2D CCC C T C T
‘K 1117 C1 Cccc C T T C
Microsatellites

All six microsatellite loci were polymorphic in all samples analyzed. For detection of different genetic
pools between all samples analysed, the multidimensional correspondence analysis was performed.
According to the cluster analysis no differentiation among Slovene sub-populations was found. Clustering of
all A. m. carnica samples from Slovenia and Croatia is evident (Figure 1). The samples of A. m. macedonica
form completely separate and very homogenous cluster. Bees from the selected lines showed different
relationship towards native Carniolan bee populations. Their genetic composition reflects the controlled
admixture of Carniolan bees and bees of other origin in the past.
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Figure 1 - Diagram of distribution of all A. mellifera samples analysed according to correspondence analysis
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Conclusion

According to the results of molecular analysis, the Slovenian and Croatian honeybee population
seems to be very uniform, almost undifferentiated. Accordingly, populations of A. m. carnica in Slovenia and
Croatia could be considered as a very native with no introduction of other subspecies or phylogenetic
lineages.
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