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The genetic variability of honey bee populations of three subspecies selectively reared in
Poland (4. m. carnica and A. m. caucasica) and Bulgaria (4. m. macedonica —type rodopica)
was studied using isoenzyme analysis of six enzyme systems (MDH-1, ME, EST-3, ALP,
PGM and HK) corresponding to 6 loci. All loci were found to be polymorphic in the studied
populations. Three alleles were detected at each locus: MHD-1 (MDH®, MDH®* and
MDH'"), Me (ME *°, ME '*° and ME'*), EST-3 (EST**, EST'®" and EST''*), ALP (ALP*’,
ALP®" and ALP'""), PGM (PGM80, PGM'* and PGM"'*) and HK (HK*”, HK'"’ and HK''").
The observed and expected heterozygosities (H, and H.) ranged from 0.196 (4. m.
macedonica SM) to 0.265 (4. m. carnica MV) and from 0.224 (4. m. macedonica SM) to
0.273 (A. m. carnica GR), respectively. Allele frequencies of all loci were used to estimate
Nei’s (1972) genetic distance, which was found to range from 0.003 (between A. m.
macedonica TR and SM and between A. m. carnica GR and MV populations) to 0.057
(between A. m. macedonica SM and A. m. caucasica populations). The estimated mean Fgr
value from allozyme data was 0.0364. A UPGMA dendrogram was obtained by genetic
distance matrix methods; 4. m. macedonica (type rodopica), A. m. carnica and A. m.
caucasica populations represented different clades.
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Apis mellifera L. is native to Europe, Africa, and
Asia and across this vast natural range honeybee
populations show considerable differences in
many biological characters as a result of historical
patterns of isolation and adaptation to particular
habitats. Based on morphological, behavioral and
molecular evidence, about 26 subspecies and nu-
merous ‘‘ecotypes’’ of 4. mellifera have been de-
scribed (MEIXNER ef al. 2009). These subspecies
are classified into four main lineages: C (Carnica
group); M (north and western European group); A
(African group); and the O group (Oriental group)
(RUTTNER 1992). M and C branches predominate
in Europe, composed of west Mediterranean and
north European ‘M-subspecies’ (4. m. iberiensis
and A. m. mellifera) and central and southeast
European ‘C-subspecies’ such as 4. m. ligustica,
A. m. cecropia, A. m. macedonica and A. m. carnica

(DE LA RUA et al. 2009; SOLORZANO et al. 2009).
A. m. ligustica and A. m. carnica have attracted the
attention of many beekeepers worldwide. Origi-
nally, A. m. ligustica occured in the Italian Penin-
sula but it has been commercially transported
throughout the world. These bees have hybridized
extensively with A. m. mellifera and A. m. carnica
in the north. Already in the 18" century the Carnio-
lan bee A. m. carnica was well known throughout
Europe (RUTTNER 1988). The original range of
this subspecies extends across central and eastern
Europe. Moreover, the small Carinthian hives, tra-
ditionally employed by beekeepers along the
Austrian-Slovenian border, facilitated the trans-
port of A. m. carnica bees outside their natural
range. The intense dissemination of 4. m. ligustica
and A. m. carnica throughout the European conti-
nent has resulted in the almost complete replace-
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ment of A. m. mellifera by A. m. carnica in central
European countries (JENSEN et al. 2005; DE La
RUA et al. 2009). The Grey Caucasian honey bee
A. m.caucasica (which belongs to the O group) is
also among the preferred subspecies. It has been
intensively used by beekeepers for more than 100
years (RUTTNER 1988). The natural range of A. m.
caucasica has been artificially extended from the
Caucasus to western Turkey and Bulgaria (IVA-
NOVA et al. 2007). A significant number of hives
have been introduced into Russia, Ukraine, Ger-
many, Poland and France (GROMISZ 1978, 1997;
RUTTNER 1988). A. m. macedonica extends across
eastern Europe from the Ukraine and Bulgaria, to
the northern part of Greece. Eastern Europe has
also been subject to the introduction of foreign
honeybee subspecies and in Bulgaria 4. m. mace-
donica has been hybridized with 4. m. ligustica,
A. m. carnica and A. m. caucasica for more than
three decades (IVANOVA et al. 2007; [IVANOVA
2010; IVANOVA et al. 2010a).

Various genetic tools, such as DNA sequence
analysis and allozyme electrophoresis, have re-
cently been applied to the study of honey bee ge-
netic diversity. Allozymes have been used
successfully for studying the discrimination be-
tween subspecies (NUNAMAKER ef al. 1984;
SYLVESTER 1982, 1986; DALY 1991; BOUGA et
al.2005; IVANOVA et al. 2010b) and for revealing
the existence of hybrid zones between them
(SHEPPARD & MCPHERON 1986). They were also
used for analyzing the phylogeny of A. mellifera
on the basis of genetic distance matrices (SHEP-
PARD & HUETTEL 1988) and for the detection of
genetic differences between commercial and natu-
ral honey bee populations (SCHIFF & SHEPPARD
1995).

In this study honey bee populations of 4. m. car-
nica, A. m. caucasica and A. m. macedonica,
which are under selective control in Poland and
Bulgaria, were studied using polyacrylamide gel
electrophoresis on six different gene-enzyme sys-
tems. The purpose of the research was to investi-
gate and characterize genetic variability in
populations and phylogenetic relationships be-
tween subspecies studied using allozyme analysis.

Material and Methods

Honey bee samples

Samples were collected from selection bases in
Poland and Bulgaria. Worker honey bees from
colonies with instrumentally inseminated queens
were used for this study. Two lines of A. m. carnica
(marked as GR and MV) and A. m. caucasica, both
subspecies reared in Poland and two local Bulgar-
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ian lines 4. m. macedonica — type “rodopica”
(PETROV 1995) honey bees (marked here as TR
and SM) were used for this research. In total ive
colonies per population, 8 to 10 individuals per
colony) were tested. Collected worker bees were
transported to the laboratory alive and stored at
-20°C until use.

Allozyme analysis

Thorax homogenization and electrophoresis in
polyacrylamide gels were done according to IVA-
NOVA (1996). Six enzyme systems were studied:
MDH (malate dehydrogenase, EC 1.1.1.37); ME
(malic enzyme, EC 1.1.1.40); EST (esterase, EC
3.1.1), ALP (alkaline phosphatase, EC 3.1.3.1);
PGM (Phosphoglucomutase, EC 5.4.2.2) and HK
(Hexokinase, EC 2.7.1.1). Buffers and electropho-
retic conditions for each enzyme system were as in
BOYER (1961), GAHNE (1967), SHAW and PRASAD
(1970) and IVANOVA (1996). Enzyme activities
were visualized by histochemical staining () and
allozymes were numbered according to their rela-
tive anodal mobility.

Statistical Analyses

Allele frequencies, mean number of alleles per
locus, proportion of polymorphic loci at the 95%
level, observed (H,) and expected (H,.) heterozy-
gosities, deviation from Hardy-Weinberg equilib-
rium and Nei’s genetic distances (D) (NEI 1972),
were calculated using BIOSYS-1 (SWOFFORD &
SELANDER 1981). Phylogenetic trees were con-
structed using NEI’s (1972) genetic distance, by
the UPGMA (SNEATH & SOKAL 1973) method
using the PHYLIP (FELSENSTEIN 1993) software
package.

Results

The enzyme systems studied (MDH-1, ME,
EST-3, ALP, PGM and HK) were polymorphic in
all of the populations, at the 95% level, having two
to three different alleles in populations (Tables 1
and 2). In total, three alleles were detected at
Mdh-1 (MDH®*, MDH® and MDH'"), Me SME”,
ME' and ME'), Est-3 (EST*, EST'® and
EST“’Z) Alp (ALP*, ALP* and ALP'""), Pgm
(PGM*, PGM'" and PGM'") and Hk (HK",
HK'" and HK'"").

The mean number of alleles per locus varied
from 2.0 (4. m. macedonica SM) to 2.7 (4. m. cau-
casica). The estimated percentage of polymorphic
loci was 66.7% —in most of the populations, 83.3%
in A. m. macedonica SM population and, 100% in
A.m.caucasica population, P = 0.95%.
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Table 1
Allele frequencies in the populations studied
Locus A. m. A. m. A. m. A. m. A. m.
and alleles | carnica GR carnica MV caucasica macedonica TR | macedonica SM
MDH-1
65 0.4 0.48 0.235 0.36 0.405
100 0.52 0.5 0.551 0.64 0.595
80 0.08 0.02 0.214 0 0
ME
100 0.891 0.9 0.826 0.879 0.935
106 0.109 0.1 0.174 0.086 0.065
90 0 0 0 0.034 0
EST-3
100 0.974 0.972 0.944 0.976 0.946
118 0 0.028 0.028 0.008 0.054
94 0.026 0 0.028 0.016 0
ALP
80 0.389 0.324 0.24 0.535 0.575
100 0.407 0.5 0.38 0.465 0.425
90 0.204 0.176 0.38 0 0
PGM
100 0.935 0.913 0.923 0.935 0.957
114 0.065 0.087 0.058 0.065 0.043
80 0 0 0.019 0 0
HK
87 0.017 0.016 0 0.063 0
100 0.983 0.984 0.929 0.896 0.978
110 0 0 0.071 0.042 0.022
Table 2

Percent of polymorphic loci, observed (Ho) and expected (He) heterozygosity values in the
populations studied

Population Mean no. of alleles| Percent Polymor- H, H,
per locus (£ S.E.) | phic loci (P=0.95)
A. m. carnica GR 2.3+0.2 66.7 0.2324+0.095 0.273+£0.111
A. m. carnica MV 2.3+0.2 66.7 0.265+0.106 0.266+0.103
A. m. caucasica 2.7+£0.2 100 0.234+0.109 0.326+0.101
A. m. macedonica TR 2.5+0.2 83.3 0.23+0.115 0.258+0.075
A. m. macedonica SM 240 66.7 0.196+0.083 0.22440.086
Table 3
Nei’s genetic distances
Population A: m. A: m. A. m. A. m. A. m.
carnica GR | carnica MV caucasica | macedonica TR |macedonica SM
A. m. carnica GR Hokx 0.003 0.013 0.012 0.01
A. m. carnica MV Hkk 0.021 0.014 0.013
A. m. caucasica ok 0.038 0.041
A. m. macedonica TR ok 0.003
A. m. macedonica SM Hkx
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The observed and expected heterozygosities (H,
and H,) ranged from 0.196 (4. m. macedonica SM)
t0 0.265 (4. m. carnica MV) and from 0.224 (4. m.
macedonica SM) to 0.273 (A. m. carnica GR), re-
spectively (Table 2).

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

The estimated mean Fgt value was 0.0364 which
shows that 3.64% of the overall genetic diversity
observed was among populations, as opposed to
96.36% within populations.

Genetic distance values (NEI 1972) were calcu-
lated using the allele frequencies (Table 1) and
ranged from 0.003 (between A. m. macedonica TR
and SM and between 4. m. carnica GR and MV
populations) to 0.057 (between A. m. macedonica
SM and A. m. caucasica populations) — Table 3.

In the UPGMA phylogenetic tree, A. m. cauca-
sica clustered separately from A. m. carnica and A4.
m. macedonica. The populations studied formed
three clades (Fig. 1).

A. m. macedonica SM

A. m. macedonica TR

A.m. carnica MV

A.m. camica GR

A.m. caucasica

Fig. 1. Relationships between populations as shown in
UPGMA dendrogram.

Discussion

All studied enzyme loci were found to be poly-
morphic. In similar investigations, in total five al-
leles at the MDH-1 locus were detected
(GARDSIDE 1980; NUNAMAKER et al. 1984; BAD-
INO et al. 1983, 1985, 1988; SHEPPARD 1988;
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SHEPPARD & BERLOCHER 1984, 1985; SHEP-
PARD & MCPHERON 1986; LOBO et al. 1989;
MEIXNER et al. 1994; KANDEMIR & KENCE 1995;
KANDEMIR et al. 2000; BOUGA et al. 2005) in dif-
ferent populations from Europe, Brazil and the
USA. In the present research we observed three al-
leles at this locus in Polish populations of A. m.
carnicaand 4. m. caucasica and two alleles in Bul-
garian Opopulations of A. m. macedonica, where
MDH® was absent. MDH'” was the most com-
mon allele in all populations. MDH® was found to
reach highest frequency in A. m. caucasica (0.214)
population, while its frequency was lower in both
A. m. carnicalines—0.02 and 0.08 for MV and GR,
respectively. DEDEJ et al. (1996) reported two
MDH-1 alleles (MDH'* and MDH®) for 4. m.
macedonica in Greece but according to BOUGA et al.
(2005g this locus has three alleles (MDH'®
MDH® and MDH®%) in Greece and the most fre-
quent of them is MDH®. The frequency of
MDH'®, according to BADINO ez al. (1988), de-
creases from southern to northern Greece, but re-
mains high in the eastern region near the border
with Turkey. One more allele— MDH'* was found
in 4. m. carnica from Serbia (IVANOVA 2010)
where in a population from Alexinatz four alleles
at the MDH-1 locus were observed.

Three alleles were found at the ME locus (ME”",
ME'"" and ME'") in 4. mellifera populations in
Norway (SHEPPARD & BERLOCHER 1984), Italy
(SHEPPARD & BERLOCHER 1985) and western
Czechoslovakia (SHEPPARD & MCPHERON 1986).
This locus was nearly fixed in Kenya where, in one
colony, a previously unknown allele, ME"” was
found (MEIXNER ef al. 1994). The ME locus was
found to be invariant in honeybee populations
from Turkey (KANDEMIR et al. 2000, 2005).
DEDEJ et al. (1996) reported no polymorphism in
the ME locus, but according to BOUGA et al.
(20050) this locus is polymorphic with two alleles —
ME'" and ME™ in A. m. macedonica populations
from Greece. ME'" was fixed in 4. m. carnica
populations from Serbia (IVANOVA et al. 2010b).
In our study ME'" and ME'* alleles were detected
and the frequency of ME'® was higher in all popu-
lations studied. The ME'® allele achieved its low-
est frequency in “macedonica” bees (0.065-0.086)
and highest frequency in “caucasica” bees (0.174).
The frequencies of this allele in Polish “carnica”
bees was 0.109 and 0.1 (for GR and MV lines, re-
spectively) - Table 1. One more allele — ME™ was
observed in an A. m. macedonica TR population
where its frequency was calculated as 0.034.

The EST-3 locus was olymogphic and exhib-
ited three alleles, EST™, EST' and EST™ in
Czechoslovakian (SHEPPARD & MCPHERON 1986)
and in central Anatolian honey bees (KANDEMIR
& KENCE 1995). Three alleles were also detected
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in A. m. macedonica from Greece (BOUGA et al.
2005). IVANOVA et al. (2004) reported that EST'"
was fixed in Rhodopes mountainous regions of
Bulgaria and its frequency is rather high in Thrace
regions of Bulgaria and Turkey (0.96). In the pres-
ent investigation (Table 1) the EST-3 locus had
three alleles in 4. m. caucasica and A. m. mace-
donica TR populations and two (EST’* and EST'®
or EST' and EST"'®) — in others. EST'" was the
most common allele in all populations studied. In
previous studies (IVANOVA 2010; IVANOVA et al.
2010) three other alleles at the EST-3 locus
(EST®, EST® and EST') were described in
populations of A. m. carnica and A. m. macedonica
from Serbia, Montenegro, Bulgaria and Greece.

The ALP locus was E)olymorphic with two al-
leles, ALP'™ and ALP¥. ALP*® was the more fre-
quent allele in Greece (BOUGA et al. 2005) and in
Bulgaria (IVANOVA et al. 2010). In the present re-
search the ALP locus had three alleles in “carnica”
and “caucasica” and two in “macedonica” honey
bees. ALP* was the more frequent allele in Bul-
garian populations (4. m. macedonica) while
ALP'" was the most common allele in Polish 4. m.
carnica populations. In Polish 4. m. caucasica
ALP” and ALP'® exhibited equal frequencies
(0.38) — Table 1.

The PGM locus was studied by many research-
ers (MESTRINER & CONTEL 1972; BRUECKNER
1974; NUNAMAKER & WILSON 1980; BADINO et al.
1983; SHEPPARD & BERLOCHER 1985) but DEL
LAMA et al. (1985) first reported the presence of
three alleles at this locus in Africanized bee popu-
lations and two alleles in A. m. carnica originating
from Germany. MEIXNER et al. (1994) found three
alleles of which PGM'® was previously unre-
ported. The PGM locus was found to be polymor-
phic with two alleles (PGM'” and PGM"?) in
populations from Serbia, Montenegro, Bulgaria
and Greece (IVANOVA et al. 2010a, b), where
PGM'” was the more common (in most of the
populations) or fixed (in a Serbian population) al-
lele. In the present study a third allele (PGM*’) was
found in an 4. m. caucasica population from Po-
land. Its frequency was calculated as 0.019.

The HK locus was monomorphic in Norwegian,
Italian (SHEPPARD & BERLOCHER 1985), Czecho-
slovakian (SHEPPARD & MCPHERON 1986), Greek
(BADINO et al. 1988) and German (DEL LAMA et al.
1990) honeybee populations. It is polymorphic
with two alleles (HK*” and HK'®) in Africanized
bee populations from Brazil and Central America
(DELLAMA et al. 1988, 1990). Later studies deter-
mined four alleles at this locus (KANDEMIR &
KENCE 1995). KANDEMIR et al. (2000) detected
one more allele — HK’” in honey bee populations
from Turkey. In our study three alleles were found
at the HK locus (HK®*, HK'" and HK'"’). HK'®
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was the more common variant in all populations
studied. In the Bulgarian 4. m. macedonica TR
population all three alleles were present, while in
other populations two were found — HK®” and
HK ' — in “carnica” bees from Poland, HK'® and
HK'" —in 4. m. caucasica and A. m. macedonica
SM populations. In a previous study one more al-
lele — HK'' was found in Serbian A. m. carnica
populations (IVANOVA et al. 2010b).

A high percentage of polymorphic loci
(66.7%-100%) was found in all populations. The
Fsrvalue 0f 0.0364 indicates a low level of genetic
differentiation among populations.

The UPMGA phylogenetic tree clustered the
population of A. m. caucasica reared in Poland in a
separate branch and 4. m. carnica and A. m. mace-
donica populations — in two other closely related
clusters.

The results of this research provide new infor-
mation concerning the genetic variability in 4. m.
carnica, A. m. caucasica, and A. m. macedonica
honeybee populations from Poland and Bulgaria.
Data on allozyme variability in “carnica” and
“caucasica” populations from Poland and their
comparison with Bulgarian 4. m. macedonica
based on allozyme analysis are reported and dis-
cussed here for the first time.

Further investigation, based on a complex ap-
proach including different methods is necessary in
order to analyze in detail the genetic structure of
honey bee populations from different A. mellifera
subspecies in European countries.

References

BADINO G., CELEBRANO G., MANINO A. 1983. Population
structure and Mdh-1 locus variation in Apis mellifera ligus-
tica. J. Heredity 74: 443-446.

BADINO G., CELEBRANO G., MANINO A., LONGO S. 1985.
Enzyme polymorphism in the Sicilian honeybee. Experien-
tia 41: 752-754.

BADINO G., CELEBRANO G., MANINO A., [FANTIDIS M. D.
1988. Allozyme variability in Greek honeybees (Apis mellif-
era L.). Apidologie 19: 337-386.

BOYER S. H. 1961. Alkaline phosphatase in human sera and
placentae. Science 134: 1002-1004.

BOUGA M., KILIAS G., HARIZANIS P. C., PAPASOTIROPOU-
LOS V., ALAHIOTIS S. 2005a. Allozyme variability and phy-
logenetic relationships in honey bee (Hymenoptera: Apidae:
A. mellifera) populations from Greece and Cyprus. Bio-
chemical Genetics 43: 471-484.

BRUECKNER D. 1974. Reduction of biochemical polymorphism
in honeybee (4pis mellifera). Experientia 30: 618-619.

DALY H. V. 1991. Systematics and identi?cation of African-
ized honey bees. In: The African Honey Bee (Spivak, M.,
Fletcher, D. J. and Breed, M. D., eds). Westview Press. Boul-
der Colorado: 13-44.

DELARUAP., JAFFER., DALL'OLIO R., MUNOZ ., SERRANO J.
2009. Biodiversity, conservation and current threats to Euro-
pean honeybees. Apidologie 40: 263-284 DOI:
10.1051/apido/2009027



126

DEL LAMA M. A., MESTRINER M. A., PAVIA J. C. A. 1985.
Ast-5 and Pgm-1: new polymorphism in Apis mellifera. Bra-
zilian J. Genetics 8: 17-27.

DEL LAMA M. A., FIGUEIREDO R. A., SOARES A. E. E., DEL
LAMA S.N. 1988. Hexokinase polymorphism in Apis mellif-
era and its use for Africanized honeybee identification. Bra-
zilian J. Genetics 11: 287-292.

DELLAMAM. A,,LOBOJ. A., SOARES A. E. E., DEL LAMA S. N.
1990. Genetic differentiation estimated by isozymic analysis
of Africanized honeybee populations from Brazil and from
Central America. Apidologie 21: 271-280.

DEDEIJ S., BASIOLO A., PIVA R. 1996. Morphometric and al-
loenzymatic characterisation in the Albanian honeybee
population Apis mellifera L. Apidologie 27: 121-131.

FELSENSTEIN J. 1993. PHYLIP (Phylogeny Inference Pack-
age), Version 3.5C Distributed by the author. Department of
Genetics, University of Washington, Seattle, W. A.

GAHNE B. 1967. Alkaline phosphatase isoenzyme in serum
and seminal plasma. Hereditas 57: 83-99.

GARSTIDE D. F. 1980. Similar allozyme polymorphism in
honeybees (4pis mellifera) from different continents. Expe-
rientia 36: 649-650.

GROMISZ M. 1978. Morphological features of Caucasian hon-
eybees imported to Poland in the years of 1965-1975.
Pszczelnicze Zeszyty Naukowe 22: 85-93. (In Polish with
English summary).

GROMISZ M. 1997. Resources and conservation of native bees.
In: Postgpy apidologii w Polsce. WSP ed., Bydgoszcz,
Poland: 13-44. (In Polish).

HARRIS H., HOPKINSON D. A. 1976. Handbook of Enzyme
Electrophoresis in Human Genetics. North-Holland Publish-
ing Company. Amsterdam.

IVANOVA E. 1996. Variability of Apis mellifera in Bulgaria —
ontogenetic and population-genetic aspects. PhD Disserta-
tion, University of Plovdiv, Bulgaria.

IVANOVA E., IVGIN R., KENCE M., KENCE A. 2004. Genetic
variability in honeybee populations from Bulgaria and Tur-
key. Proc. 1tht Europ. Conf. Apidology, Udine, Italy, 19-23
September 2004. 45.

IvaNOVA E., STAYKOVA T., BOUGA M. 2007. Allozyme
variability in honey bee populations from some mountainous
regions in southwest of Bulgaria. J. Apiculture Res. 46: 3-7.

IvANOVA E. 2010. Investigation on genetic variability in hon-
eybee populations from Bulgaria, Greece and Serbia. Bio-
technology & Biotechnological Equipment 24: 385-389.

IvANOVA E., STAYKOVA T., PETROV P. 2010a. Allozyme
variability in populations of local Bulgarian honey bee. Bio-
technology & Biotechnological Equipment 24: 371-374.

IVANOVA E., BOUGA M., PETROV P., MLADENOVIC M.,
RASIC s., CHARISTOS L., HATJINA F. 2010b. Preliminary re-
sults from a study on Balkan honey bees’ genetic variability
using isoenzymic approach. Proc. 4™ Europ. Conf. Apidol-
ogy. Ankara, 7-9 September 2010. 45.

JENSEN A. B., PALMER K. A., BOOMSMA J. J., PEDERSEN B.
V. 2005. Varying degrees of Apis mellifera ligustica intro-
gression in protected populations of the black honeybee,
Apis mellifera mellifera, in northwest Europe. Molecular
Ecology 14: 93-106.

KANDEMIR L., KENCE A. 1995. Allozyme variability ina Cen-
tral Anatolian honey bee (Apis mellifera L.) population.
Apidologie 26: 503-510.

KANDEMIR 1., KENCE M., KENCE A. 2000. Genetic and mor-
phometric variation in honeybee (4pis mellifera L.) popula-
tions of Turkey. Apidologie 31: 343-356.

KANDEMIR 1., KENCE M., KENCE A. 2005. Morphometric and
electrophoretic variation in different honeybee (4pis mellif-
era L.) populations. Turkish J. Veterinary and Animal Sci.
29: 885-890.

E. N. IVANOVA et al.

LOBO J. A., DEL LAMA M. A., MESTRINER M. A. 1989 Popu-
lation differentiation and racial admixture in the Africanized
honeybee (4pis mellifera L). Evolution 43: 794-802.

MEIXNER M. D., SHEPPARD W. S., DIETZA A., KRELL R.
1994. Morphological and allozyme variability in honey bees
from Kenya. Apidologie 25: 188-202.

MEIXNER M. D., COSTA C., KRYGER P., HATIINA F., BOUGA
M., IVANOVA E., BUCHLER R. 2009. Conserving diversity
and vitality for honey bee breeding. J. Apicultural Res. 49:
85-92, DOI 10.3896/IBRA.1.49.1.12.

MESTRINER M. A., CONTEL E. P. B. 1972. The P-3 and Est-3
loci in the honeybee Apis mellifera. Genetics 72: 733-738.

NEI M. 1972. Genetic distance between populations. Ameri-
can Naturalist 106: 283-292.

NUNAMAKER R. A., WILSON W. T. 1980. Some isozymes of
the honeybee. Isozyme Bulletin 13: 111-112.

NUNAMAKER R. A., WILSON W. T., HALEY B. E. 1984. Elec-
trophoretic detection of Africanized honey bees (4pis mellif-
era scutellata) in Guatemala and Mexico based on malate
dehydrogenase allozyme patterns. J. Kansas Entomological
Soc. 57: 622-631.

PETROV P. P. 1995. Bulgarian honeybee Apis mellifica ro-
dopica and its race standard. Scientific works of Agricultural
University 40: 317-319.

RUTTNER F. 1988. Biogeography and Taxonomy of Honey-
bees, Springer Verlag, Berlin.

RUTTNER F. 1992. Naturgeschichte der Honigbienen. Ehren-
wirth Verlag, Miinich, Germany.

SHAW C. R., PRASAD R. 1970. Starch-gel electrophoresis — a
compilation of recipes. Biochemical Genetics 4: 297-320.

SCHIFF N. M., SHEPPARD W. S. 1995. Genetic analysis of
commercial honey bees (Hymenopetera, Apidae) from the
southeastern United States. J. Economic Entomology 88:
1216-1220.

SHEPPARD W. S. 1988. Comparative study of enzyme poly-
morphism in United States and European honey bee (Hy-
menoptera: Apidae) populations. Ann. Entomological
Society of America 81: 886-889.

SHEPPARD W. S., BERLOCHER S. H. 1984. Enzyme polymor-
phism in Apis mellifera from Norway. J. Apiculture Res. 23:

SHEPPARD W. S., BERLOCHER S. H. 1985. New allozyme
variability in Italian honey bees. J. Heredity 76: 45-48.

SHEPPARD W. S., HUETTEL M. D. 1988. Biochemical genetic
markers, intraspecific variation, and population genetics of
the honey bee. (In: Needham, G. R., Page Jr., R. E.,
Delfinado-Baker, M., and Bowman, C. E. (eds). Africanized
Honey Bees and Bee Mites. Ellis-Horwood, Chichester;
England): 281-286.

SHEPPARD W. S., MC pHERON B. A. 1986. Genetic variation
in honey bees from an area of racial hybridization in western
Czechoslovakia. Apidologie 17: 21-32.

SNEATH P. H. A., SOKAL R. R. 1973. Numerical Taxonomy:
The Principle and Practice of Numerical Classification, W.
H. Freeman, San Francisco.

SOLORZANO C.D., SZALANSKI A. L., KENCE M., MCKERN J.
A., AUSTIN J. W., KENCE A. 2009. Phylogeography and
Population Genetics of Honey Bees (4pis mellifera) from
Turkey based on COI-COII Sequence Data. Sociobiology
53: 237-246.

SWOFFORD D. L., SELANDER R. B. 1981. BIOSYS-1: A com-
puter program for the analysis of allelic variation in genetics
Rel. 1.0 Department of Genetics and Development Univer-
sity of Illinois at Urbana-Champaign, Urbana, Illinois
60801, USA.

SYLVESTER H. A. 1982. Electrophoretic identfication of Afri-
canized honeybees. J. Apiculture Res. 21: 93-97.

SYLVESTER H. A. 1986. Biochemical Genetics. (In: Rinderer
T. E. Bee Genetics and Breeding. Academic Press, Orlando,
FL): 177-203.



