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Abstract. Genetic improvement of honey bee populations based on molecular genetics
features is faster and precision in comparison with morphometry and behavior-based
methods. We developed the method based on nine nuclear microsatellite loci that allow a
selection of most adaptive honey bee colonies by genetically defined features. Our study
the heterozygosity of the dark European bee A. m. mellifera inhabiting the extremely cold
region of the Ural Mountains to provide a marker-assisted selection for revealing the high
adapted to extremely cold climate honey bee population can be applied for marker-
assisted selection of honey bees adapted to beekeeping in extremal climatic conditions.
Keywords: Honey bee, molecular genetic method, adaptation, breeding.
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AnHOTanusi. ['eHeTmueckoe ylydlleHHE MOMYJISIIMA  MEIOHOCHBIX IYENl C
HCIIONB30BAHUEM MOJEKYISIPHO-TEHETUYECKUX METOJO0B IIPOUCXOAMT OBICTpee
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TOYHEE IO CPAaBHEHHIO ¢ MOP(HOMETPUYECKHMMH M 3TOJIOTMYECKMMH MeToAaMu. Mbl
pa3paboTaian METO/l, OCHOBAHHBIH Ha JIEBSTH SIEPHBIX MHKPOCATEIUIMTHBIX JIOKYCaX,
KOTOpBIil TI03BOJISET OTOMPATh HaubosIee aJanTUBHBIE KOJIOHUH MEJOHOCHBIX IT4EI I10
TCHETHYECKU OINpPEACNICHHBIM INpu3HaKaM. Haiie uccnefoBaHHe TeTepO3UIOTHOCTH
TEMHOU eBporeiickoi muenbl 4. m. mellifera, obutaromeil B X0I0HOM KiIiUMaTe Ypana,
MO3BOJISIET TIPOBOIUTD CEJIEKILIMIO CEMEH, XOPOIIO alaTHPOBAHHBIX K AKCTPEMaJIbHbIM
KIIMMaTHYECKHM YCIIOBHSIM.

KiroueBbie cjoBa: MeoHOCHas —I4ena, MOJEKYJISPHO-TEHETHYECKUH  METO[,
aJlanTaIys, pa3BeacHuUE.

The honey bee, Apis mellifera, is an essential pollinator that plays a
positive role in both agriculture and ecology. About 30 allopatric subspecies
have been identified throughout Africa and Europe, 24 of which live in Europe
[1]. Climatic condition is the first factor of the natural selection of honey bees.
Harsh climates as over cold or over hot make honey bee survival impossible
without human assistance [2].

Heterozygosity is of major interest to scientists of genetic variation in
natural populations. It is often one of the first parameters that one presents in a
data set. It can tell us a great deal about the structure and even the history of a
population. A very low level of heterozygosity indicates severe effects of small
population sizes like bottlenecks, genetic drift, and little genetic variability. A
very high level of heterozygosity indicates isolate-breaking effects like
migration and lots of genetic variabilities. Often, the observed level of
heterozygosity compared with expected under Hardy-Weinberg equilibrium. If
the observed heterozygosity is lower than expected it means the inbreeding,
and vice versa - an outbreeding.

Based on the polymorphism of the nine microsatellites loci (ap243, 4al110,
A24, A8, A43, A113, A88, Ap049, and A28) in 192 worker bees from 12
colonies (Bort 01 — 16 bees; Bort 02 — 16 bees; Bort 03 — 16 bees; Kush-Elga-
Bash (hive 07) — 16 bees; Kush-Elga-Bash (hive 25) — 16 bees; Kush-Elga-
Bash (hive 29) — 16 bees; Kapova Peshera (hive 15) — 16 bees; Kapova
Peshera (hive 24) — 16 bees; Kapova Peshera (hive 31) — 16 bees; Baisalyan
(hive 01) — 16 bees; Baisalyan (hive 13) — 16 bees; Baisalyan (hive 14) — 16
bees) the heterozygosity have been analyzed.

It is known, that 15-20 unrelated drones fertilize the queens increasing the
genetic diversity of their colonies [3, 4]. Therefore, the offspring from
different drones may be present in each colony simultaneously. This
phenomenon should be manifested in the form of substantial genetic diversity
among individuals working for the honey bee colony. It can lead to significant
genetic diversity in the population of worker bees in one colony. Therefore, we
calculated the average heterozygosity of the honey bee colony based on
polymorphism of nine microsatellite loci.
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The populations are characterized by an optimal level of genetic diversity.
The deficit of genetic diversity can lead to the loss of ecological plasticity and
adaptability to the environment. The excess of genetic diversity can lead to a
loss of balance of the genome. In the literature, the average heterozygosity of
six microsatellite loci varied from 0.43 to 0.47 in the population of 4. m.
iberiensis in Spain (De la Rua et al., 2004); heterozygosity of six microsatellite
loci varied from 0.22 to 0.29 in the population of A. m. ligustica in Portugal
[5]; heterozygosity of nine microsatellite loci varied from 0.32 to 0.41 in the
population of 4. m. mellifera in the Republic of Bashkortostan [1]. The level of
average heterozygosity among colonies of A. m. mellifera in the current study
was varied from 0.12 to 0.40, which matched the results from the literature.

The highest level of heterozygosity comes out in the following apiaries:
Kush-Elga-Bash 07, Kapova Peshera 31, Baisalyan 14, Bort 02, Kush-Elga-
Bash 25, and Kapova Peshera 15. The lowest level of heterozygosity comes
out in the following apiaries: Bort 01, Bort 03, Kush-Elga-Bash 29, Kapova
Peshera 24, Baisalyan 01, and Baisalyan 13. The differences between observed
and expected heterozygosities in all colonies are not significant which means
that no deviation from the Hardy Weinberg equilibrium.

Harpur et al. (2013) showed that the genetic diversity of honey bees in wild
populations higher than in commercial populations, which helps them to adapt
to the harsh environment and survive without human assistance [4]. Thus, we
assumed that honey bee colonies with a higher level of heterozygosity
possessed the greatest ability to the adaptation to harsh environmental
conditions. This can be explained by the fact that heterozygous organism
contains a bigger number of gene alleles, than homozygous. Each allele has
owned specific advantage and a combination of many alleles allow honey bees
to precisely tune their adaptability to a different environment. The ability to the
adaptation to various environments is adaptive plasticity. Adaptive plasticity
allows organisms to cope with environmental change, thereby increasing the
population's long-term fitness. According to this definition, we can state that
heterozygosity is a basic indicator of adaptive plasticity - heterozygosity less
than average allows less adaptability, but heterozygosity more than average
allows more adaptability of honey bee colonies. Based on the strategy of
marker-assisted selection we selected honey bee colonies with a higher than
average level of heterozygosity.
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AHHOTanus. CKpPUHMHTOBBIE HCCIIEAOBAHMS MEIOHOCHOHM ITUENbI, NPOBEICHHBIC Ha
Teppuropun CulupH, MO3BOJWIN BBISIBUTH MOMYSIIAM TEMHOH JICCHOM ITYENBI Apis
mellifera mellifera B Tomckoit obmactu, KpacHospckom u ANTaliCKOM Kpasix,
PecniyOnuke Anrtaii. CpaBHUTENBHBIA aHAIN3 TE€HETHYECKOTO Pa3HOOOpa3usi TEMHOM
necHOW myensl momynsimuid Cubupu, Ypana u EBpombl, BBITIONHEHHBIH MO JaHHBIM
MOJIEKYIIPHO-TEHETHUECKOTO  HMCCIEIOBAHUS  MHUTOXOHIPHANBHOTO M SAEPHOTO
TEHOMOB, IIO3BOISET  MPEANONIOKUTH  CYIIECTBOBAHHE CHOMPCKOTO  HKOTHIA
cpenHepyccKol mopoisl. M3ydeHHbIe IMUENUHBIE CEMBU XapaKTEPU3YIOTCSI BBICOKHM
aJaNTallMOHHBIM TTOTCHIATIOM (BBICOKAs CTENEHb «@KKIMMAaTH3AIMN») U XOPOLINMH
XO3SIMCTBEHHO 3HAUMMBIMK TOKazaremsiMu. C  [enblo  COXpaHEHHs TeHO(OHIA
CpeHEePYCCKOH IOPOABI CHOMPCKUX MOMYISAINI NPOBOAATCS KaK MOHHUTOPHHIOBBIE
HCCIIEIOBAHUA ¥ OKOJIOTO-TGHETWYECKMH aHaIW3 MUENHHBIX CeMeH, Tak |
CEeNIeKIMOHHO-TUIEMEeHHasI paboTa B muenopenpoxykrope ToMckoi 061acTy.
KioueBbie ciioBa. Apis mellifera mellifera, Temuast necHasi mdena, TeHETHYECKOE
pasHoobOpasue, aganranusi, Cuoupb.
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