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Abstract — The sequences COI-COII of the mitochondrial DNA region in honeybee from four geographically distant
regions in Serbia (Vr$ac, Knjazevac, Kraljevo, and Vranje) are analyzed. The research was conducted on eight different,
previously selected honeybee lines preserved (linear selection) in the four reprocenters for queen bees. All four studied
honeybee lines differ in morphological and productive traits, each being specific for the corresponding region. In addi-
tion to analysis of the mtDNA sequences in Serbian honeybee, a comparative analysis of the phylogenetic group of so
far known C2 haplotypes was also performed. The results revealed two novel polymorphic positions in the COI-COII
mtDNA region, viz., h2 at position 3474 and 12 at position 3534 (a T nucleotide deletion in both cases) in honeybees from
the regions of Vranje and KnjaZzevac, respectively. Two novel mtDNA haplotypes in the honeybee C2 phylogenetic group,
together with C2I (the new polymorphic position 12 and G-A transition at position 3587) and C2] (the new polymor-
phic position h2), are described. Also, comparative analysis performed on sequences from GenBank data showed a high
degree of similarity (similarity index = 99.4%) between the novel C2I mtDNA haplotype and an A. m. cypria haplotype
originating from Turkey. Certain domestic Kranjska honeybee populations from Serbia represent an autochthonous gene
pool that can be of great importance for further presentation of honeybee biodiversity. The present paper contributes to
characterization of mtDNA in honeybee of Serbia.
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INTRODUCTION m. cypria) (Ruttner, 1992). Molecular data on nucle-
ar and mitochondrial DNA (mtDNA) sequences
indicate that all the subspecies are very divergent
genetically. Each has its own specific behavioral and
morphometric characteristics, although they can be
intermixed since they belong to the same species.

Apis mellifera L. is an autochthonous species in
Europe, Africa, and Asia (including Saudi Arabia,
Iran, and the Ural Mountains in Russia). Today, this
species is widely disseminated in the world due to
multiple migrations and introductions. Apis mel-

lifera has about 25 subspecies in different regions of Apis m. carnica belongs to the North Mediterra-
the world (Ruttner, 1988; Sheppard et al., 1997). On nean C group according to the morphometrical
the basis of morphological characteristics, these sub- analyses of Ruttner (1988). However, it is now known
species are classified into four main groups: C (the that morphological traits are not reliable enough
Carnica group, including A. m. carnica and A. m. and sufficient in studies dealing with spreading or
ligustica); M (Nothern and Western European hon- for reconstruction of phylogenetic relations because
eybees, including A. m. mellifera, A. m. iberica, and they are sensitive to selection impact and changes in
A. m. intermissa); A (the African group, including the environment. For that reason, mtDNA is being
A. m. scutellata, A. m. capensis, A. m. lamarckii, A. used increasingly in these analyses as an additional
m. litorea, A. m. adansonii, and A. m. unicolor); and and more reliable genetic marker (Avise et al., 1987;
O (the Oriental group, including A. m. anatolica, A. Franck et al., 2000a). Analysis of mtDNA sequences
m. caucasica, A. m. syriaca, A. m. pomonella, and A. is a relatively easy and simple way to reconstruct
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phylogeny, which is desirable in drawing conclu-
sions about relations among populations and the
history of migrations (spreading) (Palmer et al.,
2000). The variability of mtDNA can be used for
both identification and phylogenetic analysis of
honeybee subspecies (Smith and Brown, 1988). The
honeybee mitochondrial genome can afford numer-
ous data for phylogenetic studies on A. mellifera, as
is evident from the great number of research papers
published to date (Smith et al., 1991; Garnery et al,,
1992; Meixner et al., 1993, 2000; Moritz et al., 1994;
Arias and Sheppard, 1996; Sheppard et al., 1996;
Franck et al., 1998, 2000a, 2000b; Palmer et al., 2000;
De la Rua et al.,, 2001a, 2001b, 2006; Bouga et al.,
2005; Kandemir et al., 2006a, 2006b, Solorzano et
al., 2009).

Based on analysis of the highly variable COI-
COII mtDNA region in honeybee, five evolutionary
groups have been described (Smith and Brown, 1988;
Cornuet et al., 1991; Garnery et al., 1992; Arias and
Sheppard, 1996; Franck et al., 2000a, 2001; Palmer et
al., 2000). According to this classification, A. m. car-
nica belongs to the East Mediterranean mitochon-
drial line C (the C mtDNA line). It is important to
state that through introduction of honey bee queen
bees originating from other mtDNA lines, there can
occur a hybridization with autochthonous mtDNA
lines, which can later result in modification of the
area of spreading of mtDNA haplotypes within
the already existing genetic pool among local bees
(Bouga et al., 2005).

Variability in the COI-COII mtDNA region
results from differences in length (presence/absence
of a P sequence, number of repeated Q sequences,
possibility of small deletions) and nucleotide change.
Characteristic of the mtDNA C line is that it has the
shortest haplotype, with no P sequence and only one
Q sequence (Cornuet et al., 1991). A relatively short
sequence and absence of variation in the COI-COII
mtDNA region provides a diminished potential for
establishing so-called patterned variability in this
line (Garnery et al., 1993). So far, within the mtDNA
C group 38 haplotypes have been described: firstly,
C1 (NCBI GenBank accession number: FJ478010)
in A. m. ligustica; C2A in A. m. carnica and C2B in
A. m. caucasica (Franck et al., 2000b); C2D in A. m.

macedonica and C2C in A. m. carnica in Slovenia
and Croatia (Susnik et al., 2004); and recently C2E in
A. m. carnica in Serbia (Kozmus et al., 2007). All of
the mentioned haplotypes differ in only eight poly-
morphic positions (two insertions/deletions and six
transitions) (Franck et al., 2000b; Su$nik et al., 2004;
Kozmus et al., 2007). The difference between the
C1 and C2 groups of haplotypes is a single cytosine
base insertion in C1 at position 3428 (Franck et al,,
2000a). According to the data of Solorzano et al.
(2009), investigators in Turkey found a total of 11
new mitotypes (mitotype = mtDNA haplotype) from
the “C” phylogenetic group of A. mellifera (assigned
as Cl11, C12, C14, C15, C17, C18, C19, C20, C21,
C22, and C24, their accession numbers in GenBank
being: FJ037776, FJ037777, FJ037778, FJ037779,
FJ037780, FJ037781, FJ037782, FJ037783, FJ037784,
FJ037785, and FJ037786, respectively). The same
authors state that one more haplotype assigned by
them as 13, matches completely with the previously
published TrDra-3 of Kandemir et al. (2006a), which
in GenBank is listed under the accession number
AY618915. Solorzano et al. (2009) did not follow the
usual practice in assigning haplotype nomenclature.
All haplotypes mentioned in this research on Turkish
honeybees differed in a total of 15 polymorphic
nucleotide positions (Solorzano et al., 2009). Besides
these published results, data on 11 more haplotypes
established on the basis of sequences of the COI-
COII mtDNA intergenic region that belong to the
“C” phylogenetic group from Turkey are deposited
in the NCBI GenBank. Sequences from this study
were deposited in GenBank as accession numbers
FJ357798 and Cla, FJ357799 and Clb, FJ357800
and Clc, FJ357801 and Cl1d, FJ357802 and Cle,
FJ357803 and C1f, FJ357804 and Clg, and FJ357805
and C2a (A. m. anatolica); FJ357806 and C2f, and
FJ357807 and C2g (A. m. meda); and FJ357808
and C2h (A. m. caucasica) (Ozdil et al., 2009). One
mitotype from Brazil is deposited in GenBank as
accession number EF033655 and assigned as ClI.
Eight sequences of the same A. mellifera COI-COIIL
mtDNA intergenic region belonging to the phyloge-
netic ,,C“ group are also deposited in the GenBank
basis as accession numbers: AY618912, AY618913,
AY618914, AY618915 (A. m. anatolica), AY618921
(A. m. cypria), AY618916, AY618917,and AY618918
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(A. m. syriaca) (Kandemir et al., 2006a). However,
these authors also did not follow the established
rules of assigning haplotype nomenclature. It is
evident that they did not take into account several
previously published sequences in GenBank or had
no insight into the papers of authors who made a
corresponding assignment before them. For this rea-
son, the revision of these sequences would be much
appreciated, both in order to avoid synonymity and
to introduce new names for them.

Serbia is situated in the middle of the area of
spreading of the Mediterranean evolutionary group
C. The only molecular research on honeybee in
this region was performed by Kozmus et al. (2007).
In this research, domestic (indigenous) honeybees
from three regions of Serbia were studied, and one
new haplotype (C2E) was described. Sampled from
previously established “type” localities, the honey-
bees belonged to three ecotypes (Banatski, Sjenicko-
Pesterski, and Timocki) and were described on the
basis of their morphometric (Stevanovi¢, 2002) and
chromosomal (Stanimirovi¢ et al., 2005) features.

The honeybee samples for this research paper
were analyzed in the same laboratory (in Slovenia)
immediately after samples were analyzed there by
Kozmus et al. (2007), and our work thus represents a
kind of continuation in the molecular characteriza-
tion of Serbian honeybee populations.

The principal aim of this research was to com-
plete the picture of variability between previous-
ly selected honeybee lines in Serbia and deter-
mine whether the observed phenotypic variability
(obtained by comparative morphometric research)
is matched on the molecular level as well, or whether
there are some differences. Another aim was to
determine the genetic and phylogeographic struc-
tural (spatial) limits of the Serbian honeybee popu-
lation on the basis of data supplied by COI-COII
mtDNA sequences and ascertain if there exist some
genetically specific populations that could be used
in development of a strategy for genetic conserva-
tion of the species A. mellifera.

The conservation of local populations of honey-
bees and their original genetic structure is a major
priority in many countries. A better insight into the

genetic variability of Serbian A. mellifera will con-
tribute to the global task of conservation of autoch-
thonous species.

In phylogenetic studies on honeybee popula-
tions, especially those in the Mediterranean any
possible historical influence should be taken into
account as well. Thus, for example, Turkish rule over
almost the entire Balkan Peninsula (at the time of
the Ottoman Empire) and the whole of Serbia as a
central and transit country in this region in the past
probably influenced the present state of honeybee
genetic variability. A similar conclusion was drawn
about the A. m. ligustica honeybee population of
Sicily (Italy), into which different genetic character-
istics originating from the African (A) branch and/
or the Oriental (O) branch have been incorporated
(Ruttner, 1988; Franck et al., 2000Db).

MATERIAL AND METHODS

The honeybee samples from which mtDNA was
taken and analyzed for this research were collected
between May 15 and June 10, 2007 from four geo-
graphically distant reprocenters in Serbia (Nedi¢ et
al., 2007): one selected line from the region of Vrsac
(Vrsac = 1); two lines from the region of Knjazevac
(Lasovo = 2 and Stogazovac = 3); two lines from the
region of Kraljevo (Baljevac = 4 and Zitni¢e = 5);
and three lines from the region of Vranje (Kunovo
= 6, Katun = 7, and Sebrat = 8) (Fig. 1). A total of
eight honeybee colonies were sampled (one beehive
from each selected line). The honeybees were taken
directly from honeycombs in order to avoid the
influence of other bees in neighboring honeybee
colonies. Each honeybee was immersed in absolute
ethyl alcohol (etanol) and kept at -20°C until used
for laboratory analyses.

Total DNA was extracted from worker bee
legs. Each sample was collected in form of a fine
powder using liquid nitrogen. For extraction of
DNA, we used the JETQUICK Tissue DNA Spin Kit
(Genomed) with a slight modification of the proto-
col described by Bowtell (1987). The concentration
of DNA was measured with the aid of a fluorometer.
A concentration of 100 ng/ul was used for further
DNA analysis.
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Fig. 1. Locations of sampling of Apis mellifera carnica in four geographical regions of Serbia.
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The mtDNA region (starting at position 3363),
including the tRNA®" gene, the COI-COII inter-
genic region, and the 5 end of the COII sub-
unit gene, was amplified by means of primers E2
(5'-GGCAGAATAAGTGCATTG-3") and H2 (5'-
CAATATCATTGATGACC-3") and digested with
Dral (Garnery et al., 1993). The PCR reaction
mixture contained 1 x Taq buffer (Roche), 1.5 mM
MgCl,, 1uM of each primer, ImM of each ANTP, 0.6
U of Taq polymerase (PE Applied Biosystems), and 1
ul of DNA extract. Conditions for the PCR reaction
were as follows: initial denaturation (94°C, 3 min);
30 cycles of subsequent denaturation (94°C, 45 s);
primer annealing (57°C, 45 s); and DNA exten-
sion (72°C, 1 min). All PCR amplifications were
perfomed in a programmed thermocycler system,
namely GeneAmp  PCR System 9700 (AB Applied
Biosystems). Quantity (size) of the amplified COI-
COII region was determined with a 7-ul aliquot of
PCR product by electrophoresis on 1.5% agarose
gel.

All reactions for sequencing were prepared using
BigDye Terminator Ready Reaction Mic (PE Applied
Biosystems) as per producer recommendations. The
COI-COII region was sequenced by means of the E2
primer. The PCR reaction was stopped in the pro-
grammed thermocycler under the following condi-
tions: 10 s denaturation at 96°C, 5 s of annealing at
50°C, and 4-min extension at 60°C, repeated for 30
cycles. Amplified, fluorescently assigned, and rup-
tured DNA was salted out and analyzed in an ABI
Prism 310 automatic sequencer (Perkin Elmer).

Sequences of the 5-end of mtDNA (490 bp)
were aligned with published sequences of 49 dif-
ferent mtDNA honeybee haplotypes, along with
38 from the ,,C* phylogenetic group. Alignment of
sequences was performed by the ClustalW meth-
od using MegAlign software (DNAStar, Lasergene
MegAlign, 2006). Resulting in a consensus of the
phylogenetic tree, the methods of maximal parsi-
mony (MP) and neighbor-joining (NJ) analysis were
performed using the same software. For estimates
of the similarity index and evolutionary divergency
between DNA sequences, Mega 4 softwer was used
(Tamura et al., 2004, 2007).

RESULTS

It was discovered that the PCR-amplified COI-COII
mtDNA region has a length of about 520 bp in all
studied samples. To define the exact haplotypes, the
PCR product of all samples was sequenced and the
obtained sequences aligned with already published
sequences of 49 different honeybee mtDNA hap-
lotypes. Until only recently (Kozmus et al., 2007) it
had been thought that all honeybee lines from Serbia
studied so far belong to the C2D mtDNA haplotype
of the C phylogenetic group. This C2D haplotype
differs from the A. m. carnica-specific haplotype
in two C-T transitions previously found only in
samples of the A. m. macedonica and “Buckfast J”
selected honeybee lines from Germany (Susnik et
al., 2004).

All our samples exhibited differences corre-
sponding to the C2E haplotype described in Serbian
honeybee samples as three polymorphic positions,
viz., two A-T transversions and one insertion of
nucleotide A (Kozmus et al., 2007). However, in
bees of the Katun 7 group belonging to phyloge-
netic group C, one deletion of the T nucleotide at
position 3534 was detected for the first time along
with one G-A transition at position 3587 in phylo-
genetic group C2 in A. m. carnica. This transition
was recently described in phylogenetic group Cl
in haplotype C1F (Ozdil et al., 2009). The numbers
of mtDNA nucleotides are taken from Crozier and
Crozier (1993). Since the sample from the Katun 7
group contained five individuals and since the same
sequences were found in all samples, it can be con-
cluded that group 7 represents a separate mtDNA
haplotype special for only the small honeybee popu-
lation from the vicinity of Vranje. We suggest that
this new mtDNA haplotype in the subspecies A. m.
carnica be assigned as C2I (Table 1).

Samples of the Stogazovac 3 group showed one
T nucleotide deletion in position 3474 at a distance
of 6 bp from the C nucleotide, already assigned as
polymorphic position 2 (in the C2D haplotype).
This matches a portion of the Timocki ecotype sam-
ple (T type) according to Kozmus et al. (2007). We
suggest that this newly described mtDNA haplotype
in the A. m. carnica subspecies be assigned as C2]
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Table 1. Haplotypes and polymorphic nucleotides of the COI-COII intergenic regionl in the C2 phylogenetic line. (1) In this study,
bold haplotypes were found, bold fragments and polymorphisms were novel, and shaded cells show polymorphisms found. The
variable sites are marked as previously described in Franck et al. (2000a), where substitutions are labeled with numbers and inser-
tion/deletion sites are labeled with lower case letters. The labels of the two new variable sites found in this study (h2, 12) are bold and

in shaded cells.

MtDNA nucleotide positions
(Crozier and Crozier, 1993)

GenBank
Accession
Numbers

3428
3442
3447
3467
3474
3486
3487
3493

Haplotypes

3514

3534
3543
3567
3571
3573
3574
3575
3576
3577
3578
3587
3599
3601
3604
3632
3662
3691
3707
3761
3767
3769
3774
3816
3851

@)

Cla ( Franck et al., 2000) FJ357798

C2a ( Franck et al., 2000) FJ357805 |-

C2b ( Franck et al., 2000) | not submited | -

C2c (Susnik et al., 2004) | not submited

C2d (Susnik et al., 2004) | not submited

EIEIEIEIEIE

C2e (Kozmus et al., 2007) | not submited

C2f (Kandemir et al., 2006)| FJ357806 | -

C2g ( Ozdil et al, 2009) | FJ357807 |-

C2h ( Ozdil et al., 2009) FJ357808 |-

FEIEIEIEIEIEIEIE

= I I I E

C2i (new) FJj447491 |-

C2j (new) not submitted| -

C11 (Solorzano et al., 2009)| FJ037776 | -

C12 (Solorzano et al., 2009)| FJ037777 | -

C14 (Solorzano et al., 2009)| FJ037778 | -

C15 (Solorzano et al., 2009), FJ037779 | -

C17 (Solorzano et al., 2009)| FJ037780 | -

C18 (Solorzano et al., 2009)| FJ037781 | -

C19 (Solorzano et al., 2009)| FJ037782 | -

= I I I E eI I I I E R E I E

C20 (Solorzano et al., 2009), FJ037783 | -

el = Ll L P e A Ed Ed Ed L P el
L e Ll L P A Ed Ed P P
[elielielielicliclicliclicliclicliclicliclicliclicliclle
b L el Bl Bl gl el Rl el el Kol Kol Kol el ol ol e
L e Ll L Pl A Ed P P

C21 (Solorzano et al., 2009)| FJ037784 | -

C22 (Solorzano et al., 2009)] FJ037785 | -

>

I I I E I I I R E I E

C24 (Solorzano et al., 2009)| FJ037786 | -

NN (Kandemir et al., 2006)| AY618912 |-

(Kandemir et al., 2006) AY618913 | -

(Kandemir et al., 2006) AY618914 | -

EEIE I I I E I e I E e I E E eI E E I E I E

C13 (Solorzano et al., 2009)] AY618915 | -

(Kandemir et al., 2006) AY618916 | -

(Kandemir et al., 2006) AY618917 | -

ElEE

(Kandemir et al., 2006) AY618918 | -

AaEREEEREREEEEEEEEER]=]=

FEIEIEIEIEE
1

(Kandemir et al., 2006) AY618921 |-

A EdEd b I b P b LA P I A P I P L P B
A A P P A i A A A P LA P P L A P A P A P
EE I I I I E I I R I I R e I E R E R R R EE
LA A A P P P P P A P Ed L P Ed P P d P P = e
R R R E I I I I E I E I I e E e I E I I E
olH|=[Hololalolalolalolalololololalo]ololalolclaloal=[o]al=
EE I I I I I E I I R IR E R e I E E R EI T E I E E
td I A A P P P A P P Ed L P P A P A P A
R R E I I E I R I R I E I R e E e E E I I E E L E
olH|=[Hololalolalolalo]alolololoalolo]ololalolclalololo]alo
ololalololaalolo]alolololalololalalo]o]al=]oloalolololo]o
R R E I E I E IR I R I R I R e E e E E I E E E L E
o0 | FE (| E O
eI = IR E E e R E I E E E I I E E I E e I E E E I E E

EEIE I EIE I EIEE
===
>

LA L el L
>

IZHellelielieliclieldicliclicliclieliclicliclrdicliclicliclicliclicliclicliclicl el dle]

h,
h,

Variable sites

15 A= 1 EEREREREEEREREREEE R R R R RRE[R]=

I I I I I I I I I I I I I I

19 [P [QIOQQIQQQIQQQAF|0Q(QOIQQIAF(Q|I0QQ|I0OO|00
PIEIE I E I E I I E E I E E e E E E e E E e E E E I E E

IV eli=li=li=1Ielielielielielie]

16,
21
21,
24,

(Table 1). The designations for the new haplotypes
follow those of Franck et al. (2000a) and adhere to
the order established to date for sequences from
GenBank and published research papers.

The graph (Fig. 2) shows phylogenetic relations
between sequences of the COI-COII mtDNA region
in A. m. carnica from Serbia. The sequence of A. m.

ligustica (Garnery et al., 1992) of the C1 phyloge-
netic group was used as an outgroup sequence.

Table 2 presents the results of estimating evolu-
tionary divergence between sequences of the COI-
COII mtDNA regions in the honeybee A. m. carnica
from Serbia. A difference in the index of divergence
between A. m. carnica from Serbia (belonging to the
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Table 2. Estimates of evolutionary divergence between sequences of the COI-COII mtDNA intergenic region in honeybees (A. m.
carnica) from Serbia. The number of base substitutions per site from analysis between sequences is shown. All results are based on
the pairwise analysis of 10 sequences. Analyses were conducted using the maximum composite likelihood method in MEGA4. All
positions containing alignment gaps and missing data were eliminated only in pairwise sequence comparisons (pairwise deletion
option). There were a total of 519 positions in the final dataset.

A_m_ligustica | Vriac_1 | Lasovo_2 |Stogazovac_3| Baljevac_4 | Zitni¢e_5 | Kunovo_6 115;:21711971_ Sebrat_8| C2E
\A_m_ligustica o
\Vrsac_1 0.004 ook
Lasovo_2 0.004 0 e
Stogazovac_3 0.004 0 ek
Baljevac_4 0.004 0 0 o
Zitnice_5 0.004 0 0 0 0 o
Kunovo_6 0.004 0 0 0 0 ek
Katun_7_
FJ447491 0.006 0.002 0.002 0.002 0.002 0.002 0.002 b
Sebrat_8 0.004 0 0 0 0 0 0 0.002 e
C2E 0.004 0 0 0 0 0 0 0.002 0 b
Vrsac 1
Baljevac 4
Lasowo 2
59| Sebrat 8
Zitnice 5
Kunowvo 6
Stogazovac 3
C2E
Katun 7 FJ447491
A m ligustica
t 1 i 1 i
0.0020 0.0015 0.0010 0.0005 0.0000

Fig. 2. Neighbor-joining (NJ) tree based on differences between COI-COII mtDNA region sequences in honeybees (A. m. carnica)
from Serbia. The number above the tree branch indicates the percentage of the NJ tree supported by 1000 bootstrap replicates.

C2 phylogenetic group) and A. m. ligustica (belong-
ing to the CI phylogenetic group) can be clearly
seen. The Katun 7 group is plainly dominant over
all other lines in Serbia, which was confirmed with
certainty by NJ phylogenetic analysis supported by
1000 bootstrap replicates (Fig. 2).

Comparative analysis of sequences of the COI-
COII mtDNA region in the honeybee A. m. carnica

from Serbia and other available sequences of the
Mediterranean C2 phylogenetic group (with A. m.
ligustica taken as an outgroup) from neighboring
regions (mainly Turkey) showed consensus of MP
and NJ (both methods revealed similar haplotype
tree topology) in the phylogenetic tree (Fig. 3). Use
of the similarity index to analyze mtDNA sequences
in the A. mellifera C2 phylogenetic group shows
a surprisingly high similarity of over 99.4% with
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FJ357807
AYE18914
FJ357808
FJO37776
FJO37778
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FJ037782

Katun 7 FJ447491
AYE18921
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Fig. 3. Phylogenetic tree of the C2 phylogenetic line of Apis mellifera based on COI-COII region sequences as inferred by consensus of MP
and NJ methods. The numbers above tree branches indicate the percentage of the tree topology supported by 1000 bootstrap replicates.
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sequences of the same COI-COII mtDNA region in
A. m. cypria from Turkey (GenBank access number
AY618921).

DISCUSSION

Calculated distances and estimation of the evolu-
tionary divergence between equalized (ClustalW
in DNAStar, Lasergene MegAlign, 2006) COI-COIIL
mtDNA sequences in the studied selected honeybee
lines from Serbia distrinctly revealed prevalence of
the Katun 7 line (Table 2). The difference in values
of the similarity index and in the level of divergence
relative to other lines is visually better perceived
on the reconstructed phylogenetic tree obtained
on the basis of the same molecular data (Fig. 2). In
the phylogenetic tree (Fig. 2), it can be clearly seen
that there exists a high degree of support (59%) on
that part of the tree in which honeybees belonging
to the Katun 7 group are dominant over all other
Serbian honeybees. This can be one more reason for
defining the Katun 7 group as a novel C2I mtDNA
haplotype. The Stogazovac 3 group has one nucleo-
tide T deletion at position 3474 (Table 1), which so
far has not been recognized as a variable position in
the COI-COII mtDNA region. We therefore suggest
that a new designation (h2) be introduced for it as
well. In accordance with the previously established
way of describing mtDNA haplotypes, this deletion
can also be considered as a new haplotype of A. m.
carnica mtDNA with the new assignation of C2]J.
Phylogenetic analyses showed that this haplotype is
very similar to all other haplotypes known in Serbia.
Honeybees of the C2 phylogenetic group belonging
to several different subspecies from the region of the
Middle East (Turkey) display similarity with honey-
bees from Serbia (Fig. 3). On the basis of the con-
ducted analysis, no separate grouping of individual
honeybee subspecies according to mtDNA haplo-
types was observed, except in the case of the three A.
m. syriaca haplotypes. Analysis of sequences in the
COI-COII mtDNA region in Serbian A. m. carnica
lines and available reference data (BLAST browsing)
shows a surprisingly high similarity (over 99.4%)
between the newly described specific C2I mtDNA
haplotype within the subspecies A. m. carnica and
sequences of the same COI-COII mtDNA region in

A. m. cypria from Turkey (GenBank access number
AY618921) with high bootstrap support of 66% (Fig.
3). All the other studied lines of A. m. carnica from
Serbia show a high similarity with this A. m. cypria
haplotype. On the basis of so high a similarity, it
could be supposed that in some former period there
occurred hybridization between the domestic sub-
species A. m. carnica and the Cyprian A. m. cypria.
This assumption is supported by the fact that the
Katun 7 honeybee line differs substantially in mor-
phometric characteristics from other so far studied
lines in Serbia (Nedi¢, 2009). A detailed taxonomic
analysis (from the morphological to molecular level)
needs to be carried out on honeybees from the vicin-
ity of Vranje. Direct comparison with honey bees
of the A. m. cypria subspecies will show whether
their spreading has occurred, as suggested by the
herein confirmed similarity between sequences in
the COI-COII region of the mtDNA genome. It is
known that the pattern typical of A. m. carnica/A. m.
ligustica predominates throughout Turkey (97.9%)
(Kandemir et al., 2006), which is confirmed by our
analyses as well (Fig. 3), since the phylogenetic tree
shows mingling of Serbian and Turkish haplotypes.
According to Ruttner (1992), A. m. cypria belongs to
the Oriental (O) group, while A. m. carnica belongs
to the C group, but those differences at the subspe-
cies level are not visible on the basis of sequences
of the COI-COII region of mtDNA. Such morpho-
logical differences probably arise from the overall
impact of the environment in the area of their dis-
semination.

The distinct separation of C2E, C2I, and C2]
haplotypes in Serbia from other C mtDNA lines
implies that honeybees from Serbia represent an
indigenous gene pool within A. m. carnica, with a
small number of specific populations created dur-
ing evolution. Because the territory of the Balkan
Peninsula was a refugium for many animal species
during the period of the Ice Age in the Pleistocene
(Schmitt, 2007), the honeybee haplotypes of Serbia
could possibly be regarded as relict groups that sur-
vived in certain regions with specific climatic and
biogeographic environmental conditions.

Phylogenetic studies on Mediterranean hon-
eybees must also take into account the human
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factor throughout history. The importation of for-
eign honeybee queen bees and frequent moving of
beehives during the year represent major factors
which influence modification of genetic structure
in autochthonous populations by way of genetic
introgression. For distinct separation of the areas of
dissemination of certain honeybee subspecies, it is
necessary to take into account both morphological
markers and molecular markers using mtDNA and
microsatellites.

This research revealed two novel mtDNA haplo-
types (C2I and C2J), which so far have been discov-
ered only in honeybees from Southern and Eastern
Serbia. The presence of the C2I haplotype in honey-
bees from Southern Serbia and its genetic similarity
with the A. m. cypria honeybee show unambigu-
ously that in the past there occurred a modification
of genetic structure in some populations due to the
influence of environmental conditions. The pos-
sibility that some other still undiscovered honeybee
mtDNA haplotypes will be found in this region is
not unlikely, especially if we remember that the
region has not been widely investigated.
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MOJIEKY/TAPHA KAPAKTEPU3ALINJA MEJOHOCHE ITYEJIE
APIS MELLIFERA CARNICA'Y CPBUIN

H. HEJIT'R!, Jb. CTAHVICAB/BEBU'R?, M. MJTATEHOBW'R! n JEJIEHA CTAHVCABJ/bEBU'R?

omwonpuspednu paxynmem, Yuusepsumem y Beozpady, 11080 Beorpan, Cp6uja
2Buonowku gaxynmem, Ynusepsumem y beozpady, 11000 Beorpan, Cpbuja

Anammsupane cy cexksenne COI-COII pernona
muroxoHzapujanHe JHK kop MemoHOCHMX mdyena n3
geTupy reorpadpckn ypabeHa pernona Cp6uje (Bp-
mratl, KsakeBan, Kpameso u Bpame). Vcrpaxkusame
je BpIIEHO Ha OCaM Pas3IM4NTHX, PaHMje ofabpaHux

JIVHMja MEIOHOCHE IT4ejie KOoje Ce 4YyBajy-OnprKaBajy
(MuHMjcKa ceneK1yja) y OKBUPY YeTHPHM PEIPOLIeHTpa
3a MaTuie. CBe YeTHPU UCTPasKMBaHe /IVHIje MeOHO-
CHe ITJ9ejie ce Ha OCHOBY MOP(OJIONIKIX V1 TIPOM3BOJI-
HJX OCOOVMHA Pas3JKYjy, U CrenuduyHe Cy 3a OAro-
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Bapajyhm pernon. Ocum anamse cekBeHy Mt/IHK
MeDy cpIIcKuM MeIOHOCHMM ITYesamMa, M3BpIIeHa je 1
yIOpefiHa aHa/IM3a ca JI0 cajia MO3HATUM XaIUIOTUIIO-
BuMa C2 ¢uorenercke nunuje. Pesynraru cy oTkpu-
mm aBa HoBa noymmop¢dHa Mecta y COI-COII perno-
Hy MTJHK, 1 To h2 Ha MecTy 3474 1 12 Ha MecTy 3534
(y o6a cry4aja nenenyje T HykmeoTnza) Mehy MemoHo-
CHMM IT4e/IaMay pernoHy Bpamau KmaskeBIa, pecriek-
tBHO. Ommcana cy aBa HoBa MT/JHK xamnoruma me-
by megonocHuM mmuenama C2 punoreHeTcKe MuHMje, 1
t0o C2I (HOBO monMopdHO MecTo 12 1 G-A Tpan3nim-

ja Ha Mecty 3587) u C2J (HOBO mOMMMOPGHO MecTo
h2). Takobe, ynmopenHom aHamM30M ca CeKBeHI[aMa 113
Tenbanke noparaka, yrBpheHa je Bucoka cImaHOCT (si-
milarity index = 99.4 %) HoBor C2I mT/THK xarmoru-
IIa Ca jefHMM XaIIOTUIIOM A. 1. cypria IOPeKIOM 13
Typcke. Ilojepune nonynanuje nomahe Kpamcke Meo-
HocHe myesie 13 CpOuje MOTy IIpeTCTaB/baTy Ay TOXTO-
HIJ T€HCKM ITyJI IITO MOYKe OVTY Off BEMKOT 3Hadaja
3a Jlajbe OYyBarbe OMOAMBEp3UTETa MEIOHOCHE ITYeTIe.
OBuMm pagom ynormymweHa je MT/IHK xapakrepusaru-
ja MegoHOCHe mmuerte y Cpoujn.



