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Abstract:

The genetic variability of selectively reared honey bees Apis mellifera from Kosovo was studied within

and among populations. We used six alloenzymic systems (MDH-1, ME, EST-3, ACP, PGM and HK),
which corresponded to six loci. Five of the studied enzyme systems. i.e. MDH 1, ACP, EST, PGM and
HK, manifested intra- and inter-population polymorphism with two or three alleles. ME locus was mono-
morphic in all of the tested honey bee populations. The observed and expected heterozygosities ranged
from 0.104 to 0.164 and from 0.093 to 0.130, respectively. The percentage of polymorphic loci among the
studied honey bee populations from Kosovo was between 16.7% and 50%. The calculated NEI’s genetic
distance ranged between 0.001 and 0.019. The estimated mean F value from allozyme data was 0.028.
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Introduction

The biodiversity and conservation status of the
European subspecies of honey bee have been
recently reviewed by DE LA Rua et al. (2009),
MEIXNER et al. (2009) and Francis et al. (2014).
Due to commercially attractive traits as high
honey production and gentleness, the subspe-
cies A. m. carnica Pollman, 1879 is now mainly
spread across the Central and Eastern Europe on
the territory of Austria, Slovenia, Croatia, Bosnia
and Herzegovina, Albania, Serbia (includ-
ing Kosovo), Hungary and Romania (RUTTNER
1988). According to MLADENOVIC, SIMEONOVA
(2010), honey bee breeding in Kosovo is based
on rearing Apis mellifera carnica. At the same
time, “carnica — macedonica” hybrid zones in
the southern part of Serbia (STEvaNovIC et al.
2010, Muroz et al. 2012) and the presence of
A. m. macedonica Ruttner, 1988 populations

in Macedonia and probably in some parts of
Albania (Uzunov et al., 2014) are discussed.
Although different genetic tools (classical
and geometric morphometry, allozyme electro-
phoresis, mitochondrial and microsatellite DNA
analyses) are applied to study the genetic di-
versity of honey bees in Europe (MEIXNER et al.
2013), until now mainly classical morphometry
has been used for characterisation of the popula-
tions of 4. mellifera from Kosovo (GROZDANIC
1926, MLaDENOVIC, SiMEONOVA 2010). Recently,
some A. m. carnica populations from Serbia,
Montenegro and Poland were studied using al-
loenzyme analysis (Ivanova 2010, IvaNova et
al. 2012) but there is not any information about
alloenzymic genetic variability in populations
of honey bee from Kosovo. In this study, honey
bee populations identified as 4. m. carnica by

"Corresponding author: e.ivanova@gmail.com, geneiv@uni-plovdiv.bg

567



Peseva V., 1. Y. Stoyanov, B. Andjelkovic, M. Mladenovié, V. H. Georgieva, E. N. Ivanova

applying classical morphometry were studied
using polyacrylamide gel electrophoresis on six
gene-enzyme systems. These populations are
under selective control in Kosovo. The purpose
of the study was to examine genetic variability
in these populations using allozyme analysis.
Data obtained in the study could be useful for
honey bee selection and conservation on the ter-
ritory of the Balkan Peninsula.

Materials and Methods

Honey bee samples were collected during the sum-
mer of 2013 from managed colonies in Kosovo:
Kosovsko Pomoravlje with locations Budriga (Bd)
and Pasjane (Ps); Central Kosovo and Metohija with
locations Laplje Selo (Lps) and Livadje (Lv), and
Northern Kosovo and Metohija with locations LeSak
(Ls) and Slatina (S1) (Fig. 1). They were identified as
A. m. carnica using classical morphometry.

Worker bees from each location were transported
to the laboratory alive and stored at -20°C. Five col-
onies per population, 10-12 honey bees per colony,
in total 322 worker bees per allozyme systems were
tested in the study. The thorax and the whole body ho-
mogenisation and electrophoresis in polyacrylamide
gel were performed according to standard methods
for characterising subspecies and ecotypes of Apis
mellifera (see MEIXNER et al. 2013).

Six enzymic systems corresponding to six loci
were studied: MDH (Malate dehydrogenase, EC
1.1.1.37); ME (Malic enzyme, EC 1.1.1.40); EST
(Esterase, EC 3.1.1); ACP (Acid phosphatase, EC
3.1.3.2); PGM (Phosphoglucomutase, EC 5.4.2.2) and
HK (Hexokinase, EC 2.7.1.1). Buffers, electrophoretic
conditions for each of the used enzymic systems and
visualisation of enzyme activities were done following
Stavkova et al. (2010) and MEIXNER et al. (2013).

GenAlEx 6.5 (PeakarL, SmMouse 2012) add-on
was used in Excel (Microsoft) to calculate frequen-
cy-based statistics and population assignment, which
gives information on genetic determination of popula-
tions based on heterogeneity within and among them.
Polymorphism in different allozyme systems was
considered at the 99% level in order rare alleles to be
characterised and compared. Mean number of alleles
per locus, proportion of polymorphic loci at the 95%
level, observed (H ) and expected (H ) heterozygosity,
deviation from the Hardy-Weinberg equilibrium and
Nei’s genetic distance (D) (NEI 1972), were calculat-
ed using BIOSY'S-1 (SworrorRD & SELANDER 1981).

Allele frequencies, level of polymorphism and
heterozigosity calculated previously (IvaNova et al.
2012) concerning Apis mellifera carnica and Apis
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mellifera macedonica populations from Montenegro
(Bijelo Polje and Sutomore), Serbia (VrSac and
Vranje) and Bulgaria (Plovdiv and Smolyan) were
used as referent data for comparison with popula-
tions of honey bee from Kosovo. Referent data were
marked with * in the text and in the tables.

Results

We found that five of the studied enzyme systems
(MDH-1, EST-3, ACP, PGM and HK) were poly-
morphic in almost all the studied enzyme systems
were polymorphic in most of the populations, having
three to six different alleles (Table 1). ME locus was
monomorphic in all of the tested honey bee popula-
tions. In total, two alleles were detected at MDH-1
(MDH®% and MDH'"), ACP (ACP*, ACP'™) and
PGM (PGM!'” and PGM'*) loci and three alleles at
EST-3 (EST®, EST!® and EST"#) and HK (HK,
HK'™ and HK'?") loci.

In the present study, mean number of alleles per
locus in Bulgarian populations varied between 1.8
(Razgrad) and 3.5 (Burgas). (Ls) to 2.0 (Lv). The es-
timated percentage of polymorphic loci was 16.7%
in Bd, Ls and SI, 33.3% in LpS and Ps and 50% in
Lv. The observed and expected heterozygosities
were found to range from 0.104 to 0.164 and from
0.093 to 0.130, respectively (Table 2).

There were significant deviations of genotype
frequencies from Hardy-Weinberg expectations at
most of the loci in most populations (P > 0.001).
Chi-Square tests (df: 1-3) showed that the devia-
tions were generally in favour of homozygotes.

The estimated mean F value was 0.029
meaning that only 2.9% of the overall genet-
ic diversity observed was among the studied
populations, as opposed to 97.1% within them.
Summary of population assignment outcomes
to “Self” or ‘Other’ population show low assign-
ment values (28% — to “self” population and
72% — to “other” populations: Fig. 2).

The values of genetic distance (Ne1 1972)
were calculated using the allele frequencies and
ranged between 0.001 and 0.019 (Table 3).

Discussion

In the present study, five out of the six examined
loci were found to be polymorphic (including rare
alleles with frequencies less than 5%). In similar
studies, in total five alleles at MDH-1 locus were
detected (KANDEMIR et al. 2000, Bouca et al. 2005,
IvaNova et al. 2012, MEIXNER et al. 2013, FrRaNcIS et
al. 2014) in populations from Europe. In the present
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study, we observed two alleles at this locus, MDH®
and MDH!"; this was in agreement with DEDEJ et
al. (1996) who found the same alleles in other stud-
ied A. m. carnica populations from the Balkans. One
more allele (MDH-1'%) was reported by Ivanova et
al. (2012) for the Vranje population (Serbia). Similar
with referent data for Bulgarian* A. m. macedonica
populations, for one population of 4. m. carnica from
Montenegro* and one from Serbia*, MDH'" was the
more common allele in Bd, LpS and Sl populations
from Kosovo. MDH® was with higher frequency in
Ls, Lv and Ps as it was detected also in Sutomore
(Montenegro*) and VrSac (Serbia*; Table 1).

Similar with referent data for Serbian* carnica
populations (Table 1), in the present study ME lo-
cus was found to be monomorphic, while in other
European populations three alleles of this locus were
detected (ME®’, ME!®® and ME'%; see IvaNova et al.
2012, MEIXNER ef al. 2013). ME locus was found to
be invariant for studied bee populations from Turkey
(KANDEMIR et al. 2000, 2005), but according to Bouca
et al. (2005) this locus is polymorphic with two alle-
les (ME' and ME™) in some honey bee populations
from Greece. IvaNova et al. (2011) reported two al-
leles (ME!"" and ME!") in selectively reared popula-
tions of 4. m. carnica from Poland.

EST-3 locus was polymorphic and exhib-
ited three or more alleles in other European honey
bee populations (Bouca et al. 2005, Ivanova et al.
2010a,b, IvaNova et al. 2011, Bouca et al. 2011).
In the present study, three alleles (EST?’, EST'®and
EST!®) were detected in the Pasjane population and
two alleles (EST'® and EST!®) in the other studied

honey bee populations from Kosovo. It must be not-
ed that for referent data from Montenegro*, Serbia*
and Bulgaria* two additional alleles were reported
—EST*and EST!® (Table 1).

The ACP locus was found to be polymor-
phic with two alleles, ACP' and ACP* in Cyprus
(Bouaa et al. 2005) and with three alleles (ACP®,
ACP* and ACP*®) in Bulgaria (Staykova, Ivanova
2011). In the present research ACP locus had also
two alleles (ACP' and ACP®) in all of the studied
honey bee populations, except S1 where ACP!* al-
lele was fixed (Table 1).

According to the reviewed information by
MEIXNER et al. (2013), the PGM locus was found as
invariant or polymorphic in different studies. In ac-
cordance with similar studies on honey bee popula-
tions from Serbia, Montenegro, Bulgaria and Greece
(Ivanova 2010, IvaNova ef al. 2010b, 2012), Kosovo
PGM locus was found to be also polymorphic with
two alleles — PGM!®and PGM''* (Table 1). Referent
data show that PGM!* allele is with higher fre-
quencies (0.105 — 0.125) in Sutomore*, Vrsac* and
Vranje* than in other studied A. m. carnica and A. m.
macedonica populations (Table 1).

HK locus was described as monomorphic for
honey bee populations from Europe and as polymor-
phic (with two to five alleles) in Brazil (MEIXNER
et al. 2013) and in Turkey (KanDEMIR et al. 2000,
2005). Ivanova (2010) described a different allele
(HK™') in one of the studied Serbian 4. m. carnica
populations (Ivanova 2010). In total, three alleles
were found at the HK locus (HK*, HK'® and HK'?")
in the present investigation. HK'" was more com-

Fig. 1. Study area: 1-6 — Kosovo (1 — Lesak; 2 — Slatina; 3 — Livadje; 4 — Lapje selo; 5 — Budriga; 6 — Pasjane); 7-8 — Montene-
gro (7 — Bijelo Polje; 8 — Sutomore); 9-10 — Serbia (9 — Vrsac; 10 — Vranje); 11-12 — Bulgaria (11 — Plovdiv; 12 — Smolyan)
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Table 2. Mean number of alleles per locus, proportion of polymorphic loci, observed (H ) and expected heterozygosity

(H,). Referent data (IvaNova ef al. 2012) are marked with *

Lines Mean no. 0{ :talslil)es per locus Percent ](’];)l}(’;.l;(;;phic loci H, H,

Budriga (Kosovo) 1.8+0.2 16.7 0.118+0.077 | 0.113+0.073

Lapje selo (Kosovo) 1.7+0.2 333 0.164+0.131 | 0.111+0.080

Lesak (Kosovo) 1.5+0.2 16.7 0.139+0.128 | 0.093+0.082

Livadje (Kosovo) 2.0+0.3 50.0 0.119+0.074 | 0.130+0.063

Pasjane (Kosovo) 1.8+0.3 333 0.104+0.082 | 0.120+0.080

Slatina (Kosovo) 1.740.2 16.7 0.141+0.124 | 0.123+£0.078

Bijelo Polje (Montenegro*) 2.5+0.2 100 0.213+0.075 | 0.306+0.084

Sutomore (Montenegro*) 2.3£0.2 100 0.222+0.074 | 0.26+£0.074

Vrsac (Serbia*) 2.2+0.3 83.3 0.254+0.098 | 0.245+0.082

Vranje (Serbia*) 2.3+0.3 83.3 0.2724+0.107 | 0.282+0.093

Plovdiv (Bulgaria*) 2.5+0.2 83.3 0.23+0.115 | 0.258+0.075

Smolyan (Bulgaria*) 2.0£0.0 66.7 0.196+0.083 | 0.22240.085
Table 3. Genetic distances (NE1 1972) mSelf Pop M Other Pop

Bd LpS Ls Lv Ps S1

0.000 Bd

0.002 | 0.000 LpS

0.003 | 0.001 | 0.000 Ls

0.019 | 0.010 | 0.007 | 0.000 Lv

0.003 | 0.002 | 0.001 | 0.008 | 0.000 Ps

0.002 | 0.001 | 0.001 | 0.010 | 0.001 | 0.000 Sl

mon in most of the studied populations and fixed in
Ls and Ps. As in Plovdiv* population from Bulgaria
(0.063), HK¥ allelic variant was detected in Lv and
SI honey bees but with lower frequencies (0.019—
0.028, respectively). HK'?! was detected in Bd, LpS
and Lv, as well as in other Serbian* carnica popula-
tions with similar frequencies (Table 1).

Looking at the allele frequencies discussed we
should point out that in some aspects Kosovo honey
bee populations are similar to other Serbian popula-
tions of A. m. carnica (fixation of ME'® allele, pres-
ence of HK'?! and EST % alleles). On the other hand,
some similarities between Kosovo and Bulgarian 4.
m. macedonica populations could be found also (fre-
quencies of PGM alleles, presence of HK®” allele).

Low percentage of polymorphic loci (16.7-50%),
together with low values of H , H_ (0.104-0.164 and
0.093-0.123, respectively) and F (0.029) are in rela-
tion with low levels of genetic differentiation among the
studied honey bee populations from Kosovo. In com-
parison with referent data (Table 2), it could be seen that
all these levels are lower than detected in the studied by
Ivanova et al. (2012) populations of A. m. carnica and
A. m. macedonica, which shows a higher level of con-
solidation for the investigated in this study populations

Bd LpS Ls Lv Ps Sl Total
a)

0
8 7 6 5 4 -3 -2 n &
& -1

X ) ¢
X p&g? 2
L 3
* 4
X K s
-6

X

-7
-8

#Budriga M Laplje Selo Lesak XLivadje X Pasjane Slatina

b)

Fig. 2. a). Summary of population assignment outcomes to
“Self” or ‘Other’ population; b) Population assignment graph

from Kosovo. These low levels of polymorphism and
F,, as well as low genetic distances obtained in this
study are also in connection with the selective control
on the studied populations from Kosovo.

The present results provide new data on alloz-
yme variability in A. mellifera honey bee popula-
tions from Kosovo and could be successfully used in
further comparative population-genetic studies. The
fixed alleles, the alleles with the highest frequencies,
the private alleles (including alleles rarer than 5%)
and the specific genetic differences found between
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the compared populations of A. mellifera could
be successfully used as genetic markers in further
population-genetic studies in Kosovo, the Balkan
Peninsula and Europe.
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