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The chronology of scientific research achievements in the process of determining
the biological nomenclature and classification of honey bees and the implementation of
the results obtained for use in the practice of beekeeping in the selection and preservation
of aboriginal breeds (races) of bees in modern environmental conditions is highlighted.
An attempt is made to focus this study in the field of analysis of the chronology of methods
used in the historical aspect of determining the taxonomy of insects, in particular bees.
At the same time, the problems and prospects of scientific research in modern economic
and natural and climatic conditions of the development of the industry are reflected. It is
shown that initially only morphometry was used worldwide to identify bee breeds.
However, morphometric features are not always informative in identifying subspecies,
since they are subject to variability under the influence of environmental conditions.
Later, biochemical methods for identifying bee subspecies based on polymorphism of
allozyme loci were developed. It is shown that at the same time, methods for identifying
bee subspecies based on polymorphism of mitochondrial DNA (mtDNA) loci were
developed. This polymorphism was successfully used in phylogenetic and
phylogeographic studies of honey bees. The disadvantage of mtDNA markers is the
exclusively maternal type of inheritance. At the same time, methods for identifying bee
subspecies were developed taking into account polymorphism of nuclear DNA (nDNA)
loci. Recently, methods for identifying bee subspecies based on SNP analysis have been
developed. These markers have become widely used in population, evolutionary and
phylogenetic studies of bees due to the development of next-generation sequencing
methods NGS (Next Generation Sequencing) Illumina. SNP markers are characterized by
high resolution due to their number and stable inheritance over several generations,
which can be successfully used in genetic mapping, population and evolutionary studies,
selection of lines for economically useful traits and disease resistance, identification of
taxonomic affiliation of bee families.

Keywords: honey bee, taxonomy, morphometric, molecular genetic research
methods.
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Bucsimneno xpononoeito 3000ymkie Haykosux 00CniodiceHb 8 Npoyeci BUHAYEHHS
Oionociunoi HOMeHKamypu i Kiacu@ikayii MeoOoOHOCHUX 00XCIT ma 6npo8adI’CeHH s
OmpuUManux pe3yiomamie 0Nl BUKOPUCMAHHA V  NPAKMUYi 6e0eHHA  2any3i
00dCinbHUYMBA w000 cellekyii ma 30epedicenHsi abopuceHHux nopio (pac) 60icin y
CYUACHUX YMOBAX O06KINIA. 3pobieHo cnpoby 30cepedumu 0ane OOCHIONCEHHS 8 NOJ
AHanizy XpOHON02ii Memoois, Wo 3aCMOCOBY8ANUCH 8 ICMOPUYHOM) ACNEKMI BUSHAYEHHS
MAaKkcoHoMii Komax, 30kpema 60xcin. Pazom 3 yum 6i0obpadiceno npobdremu i
NEPCNeKmusy  HAYKoBUX OOCHIOHNCeHb 6 CYYACHUX EeKOHOMIYHUX Mmd NPUpooHO-
KAIMAMUYHUX yMo8ax po3sumky eanysi. Iloxkazano, wo ona ioenmugbixayii nopio 60xcin
CNOYAmMKY 'y 8CbOMY C8Imi BUKOpUCMOBY8AIU Jauue Moppomempiro. Oouak
Mopomempuuni 03HAKU He 3a8dcou iHopmamueni npu idenmughixayii niosudis,
OCKINbKU NI BNIUBOM YMOB O0BKILIA CXUNbHI 00 MiHAusocmi. Hadani nabynu pozsumxy
Oioximiuni memoou ioenmuikayii niosudie 6ONCLL Ha OCHOBL NONIMOPDIZMY ANLOZUMHUX
JI0Kycie. Bidobpasiceno, wo 00HOUACHO po3pobnsnucs memoou ioenmugixayii nioguoie
060o1cin Ha ocHogi nonimopghizmy noxycie mimoxonopianvroi JHK (mm/HK). Ilei
ROMIMOPIZM  YCHIWHO 3ACMOC0o8Y8a8Ccs V (pinoeenemuunux ma Ginoeeoepaghiunux
00CNIOJHCEHHAX MeQOHOCHOI 00xconu. Heodonikom mapkepie mm/HK € euxaouno
MaAmepuHCbKUuti mun YCnaoxky8aumHs. Y moiu camuti uac po3eU8aAnuUcs Mmemoou
i0oenmucixayii niosudie 60xiCin 3 ypaxy8arHuam nonimopgismy noxycie sadeproi /[HK
(a/[HK). Ocmannim yacom nabynu po3sumky memoou ioenmugikayii niosuoie 60xcin Ha
ocnogi ananizy SNP. /lani mapxepu Habyau wupoKoco NOUIUPEHHs ) NONYIAYIUHUX,
eBOIIOYIUHUX Ma DinoceHeMUUHUX OOCTIOHCEHHAX OOHCI 3A805KU PO3GUMK)Y Memooi8
cexeenysanns nacmynnozo noxoninnsa NGS (Next Generation Sequencing) Illumina.
SNP-maprepu xapaxmepuzyromocs 6UCOKOWO PO30IIbHOW 30AMHICMIO 8 CUNLY IXHbOI
KiIbKOCmI ma cmabiibHOi yenaoko8anocmi y psioi NOKOJIHb, SIKI MONXCYMb Oymu yCniuHo
BUKOPUCMAHI 68  2eHeMUYHOM)Y  KAPMYBAHHI, NONYIAYIUHUX MA  eBOJIOYIUHUX
00CNI0JCEeHHAX, celleKYii NiHill 3a 20CN00APCbKO—KOPUCHUMU O3HAKAMU MA CMILKICMIO
00 3ax680p108aHb, I0eHMUPIKAYI] MAKCOHOMIYHOI NPUHANEHCHOCMI cimell DOMHCI.

Kntouoei cnosa: medonocua 600dcona, makcoHoMis, MoOpgho MempuuHi,
MOJNIEKYNAPHO-2eHeMUUHI MemOoOU O0CIONHCEHHSL.

Beekeeping has existed for millennia. Pollination of crops by honey bees is even
more important than its products from both a commercial and ecological point of view.
Knowledge about the main pollinators of agricultural plants, in particular, bee breeds, is
one of the modern sections that expand the understanding of the most valuable species of
insects and encourage a deeper understanding of their role in the direct and indirect impact
of both pollination activity on the reproduction of entomophilous plants and the
production of food products for humans. Apis melliffera (honey bee) is one of the
economically valuable species represented in Ukraine. It is characteristic that bees show
the greatest adaptive efficiency precisely to those climatic conditions, species
composition of honey plants, parasites and bee diseases, where their breed (race) was
historically formed. (Metlytska O. 1., 2016).
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As in other branches of animal husbandry, in beekeeping, significant attention is
paid to the breed resources of bees, the rational use of which in appropriate natural and
climatic conditions ensures an increase in the received products and balances the
multifaceted connections in wildlife. (Metlytska O.1, 2010).

The achievements of any science are the result of historical development, which is
manifested in the concepts of leading representatives, through whose efforts it moves
forward.

The goal was to generalize the issue of taxonomy and classification of honey bees,
distributed throughout the territory of Ukraine through the analysis of population and
molecular genetics methods.

Research methods. The methodological tools included both general scientific
methods - logical analysis and synthesis, classification and systematization,
generalization, and special ones - problem-chronological and source and terminological
analyses, as well as analysis of literary sources.

Research results. According to the main taxonomic categories (ranks), bees — Apis
— belong (Zlotin O. Z., 1988., Cherkasova A. 1., 1991, Kotthoff U.et al., 2013) to:

* Phylum: Arthropoda / Arthropoda

* Class: Insecta / Insecta

* Order: Hymenoptera / Hymenoptera

* Family: Apidae / Apidae

* Genus: Bee / Apis

Hymenoptera is a large order of insects, consisting of bees, sawflies, ants and
wasps. Currently, about 150,000 living and about 2,000 extinct species of hymenoptera
have been described.

The only genus Apis of honey bees is included in the family Apidae. All species of
honey bees of the genus Apis are very similar in behavior, social biology, morphology,
nest architecture and nutrition. However, despite the great similarity between species of
honey bees, differences in behavior and ecology are observed.

According to some authors, species of honey bees of the genus Apis are grouped
into three lineages:

« dwarf - Apis andreniformis and Apis florea;

* giant - Apis dorsata;

» with closed nests - Apis koschevnikovi, Apis cerana and A. Mellifera.

Some scientists divide bees into four species:

« A. mellifera — western cryptic bee;

* A. cerana — eastern cryptic bee;

* A. dorsata — giant bee;

* A. florea — dwarf bee.

Each of these species occurs in a wide range of climatic conditions and habitats.
Each lineage includes many ecologically and morphologically differentiated allopatric
subspecies and related species that live in the same territory but occupy different
ecological niche (Meixner et al., 2013). In particular, A. mellifera L. bees were distributed
throughout Europe, Africa, and were divided into many subspecies, and are currently
distributed on all continents except Antarctica.

Apis mellifera (honey bee) is one of the most well-studied species of honey bees,
although many questions about its biology, taxonomy and evolution remain unanswered.

At the initial stage of the classification of honey bee subspecies, there were several
identification methods, in particular, morphometric: morphometry of body parts; classical
morphometry of the wing. It was used to establish the breed composition of bee colonies,
starting from the first half of the 20th century. (Ruttner, 1973).
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Some of the most important exterior indicators are listed below (Yarovets, 2022):

1. Length of the proboscis. This indicator is taken into account when determining
the breed of bees. It also has independent breeding, biological and economic significance
- bees with a long proboscis are able to extract nectar from deeply located nectaries.

2. Length and width of the right front wing. Some researchers associate wing size
with the potential foraging capabilities of bees.

3. Number of hooks on the hind wing. This indicator is rarely used, but it is of
interest because it is not associated with seasonal variability.

4. Cubital index. This indicator does not change during the season, weakly
correlates with other exterior indicators.

5. Length and width of the third tergite. The dimensions of the tergite correlate well
with the overall dimensions and body weight of the bee and can be a reliable criterion for
determining the breed of bees.

6. Length and width of the third sternite.

7. Length and width of the wax mirror.

8. Tarsal index. The indicator is practically independent of seasonal influence, and
it can be successfully used to determine the breed of bees.

9. Discoidal displacement.

Classical wing morphometry is an important and inexpensive method for
determining the breed composition of bee colonies by phenotypic characteristics. The
latter include the so-called indices - the values of the ratios of the lengths of certain
segments on the wings. Over time, classical morphometry has developed, and the
DAWINO discriminant analysis (Fig. 1) has appeared; geometric analysis of the wing
shape.

Fig. 1. Scheme of drawing and numbering points on the wing according to the
DAWINO method

Morphometric methods are based on numerous measurements of many individuals.
From a large number of characters for the analysis of honey bees from a wide range of
geographical locations, researchers selected 42. This set of characters was called the
“standard morphometric” indicators. They have stood the test of time and continue to
remain relevant and used in a wide range of studies of geographical variations (Diniz-
Filho et al, 2000, Bouga M., 2011, Vinutha R Bhatta et al, 2022, ).

The biodiversity of the honey bee Apis mellifera L was first assessed using
morphometry. After the development of multivariate statistical methods, they were used
by Ruttner (1988) to systematize the taxonomy of honey bees of the genus Apis.
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Initially, the biodiversity of honey bees was determined using the morphometric
method, which was entirely based on a large collection of samples with subsequent
multivariate analysis of morphometric characters. This identification method was long
considered definitive among honey bees.

The systematics and nomenclature of honey bees of the genus Apis are quite
complex (Sheppard, Meixner, 2003; Chen., 2016,). Maa T.C., (1953) distinguished 24
species of honey bees and three genera. Kanderir, Fuchs et al., 2011, provide tabular data
obtained from the Oberurse Database and used in their works for 24 names of subspecies

of honey bees (Fig. 2).

Subspecics Sample size

Colony Bee
Tropical African
A. m. adansonii I 108
A. m. capensis 3 30
A. m. lamarckii 69
A. m. litorea 6 53
A. m. monticola 8 77
A. m. scutellata 14 136
A. m. unicolor 7 67
A. m. yemenitica 14 126
Western Mediterrancan Northern Afnican
A. m. iberica 2 18
A. m. intermissa 8 78
A. m. mellifera 14 136
A. m. sahariensix 2 19
Central Mediterrancan - Southeastern European
A. m. carnica 15 146
A. m. cecropia 9 87
A m. ligustica I 107
A. m. macedonica 2 20
A. m. sicula 4 39
Middle Eastern
A. m. adami - 50
A. m. anatoliaca 5 50
A. m. armeniaca 6 54
A. m. caucasica 12 119
A. m. cypria 4 39
A. m. meda 8 79
A. m. syriaca 9 85

Fig. 2. List of honey bee subspecies
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Based on a large volume of samples and multivariate analysis, a classification was
proposed, the basis of which is the division of bee subspecies into branches. Initially,
three branches were distinguished - A (from South and Central Africa), M (North Africa
and Northern Europe), C (Eastern Europe and the Mediterranean). The classification was
further refined by adding a fourth evolutionary branch - O (Near and Middle East).

Recently, two more branches have been described as lineage Y from Ethiopia and
lineage Z from Syria (table 1) (Franck et al., 2001; Ruttner, 1988 .; Alburaki et al., 2013,
Whitfield, 2006, Wallberg, 2014, Chen C. et al.,2016).

According to other literature data, currently about 30 subspecies of the species A.
Mellifera are recognized by most scientists. In particular: Species: Apis mellifera.
Subspecies: A. m. adami; A. m. adansonii; A. m. anatoliaca; A. m. artemisia; A. m.
capensis; A. m. carnica; A. m. caucasia; A. m. cecropia; A. m. cypria; A. m. iberica; A.
m. intermissa; A. m. jemenitica; A. m. lamarckii; A. m. ligustica; A. m. litorea; A. m.
macedonica; A. m. meda; A. m. mellifera; A. m. monticola; A. m. remipes; A. m. ruttneri;
A. m. sahariensis; A. m. scutellata; A. m. siciliana; A.m. sicula A. m. simensis; A. m.
sinisxinyuan; A. m. sossimai; A. m. syriaca; A. m. taurica; A. m. unicolor (Linnaeus, C.
1758, Engel, M.S. 1999,).

Table 1
Classification of Apis subspecies by morphological characteristics and
distribution area

Ne Name

Branch, distribution area Subspecies
1 A. m. adansonii
2 A. m. capensis
3 A. m. lamarckii
4 . A. m. litorea
5 A, Africa A. m. monticola
6 A. m. scutellata
/ A. m. unicolor
7 A. m. yemenitica
9 A. m. ibericensis
10 M, Western and Northern Europe A . intermissa
11 ' A. m. mellifera
12 A. m. sahariensis
13 A. m. carnica
14 A. m. cecropia
15 C, Mediterranean. Eastern Europe A . hg”‘mcf’
16 A. m. macedonica
17 A. m. caucasia
18 A.m. sicula
19 A. m. aoami
20 A. m. anatoliaca
21 O, Near and Middle East A. m. armeniaca
22 A. m. cypria
23 A. m. meda
24 A. m. syriaca
25 Z, Syria A. m. syriaca
26 Y, Yemen A. m. jemenitica
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llyasov R. et al. (2017) provide a list of subspecies of honey bees, the names of
which differ somewhat from the data of previous authors (Table 2).

Table 2

Division of A. Mellifera subspecies into branches
Ne | Branch Subspecies Ne Branch Subspecies
1 A. m. sahariensis 16 A. m. ligustica
2 A. m. intermissa 17 A. m. carnica
3 A. m. lamarckii 18 A.m. carpathica
4 A. m. litorea 19 A. m. macedonica
5 A. m. scutellata 20 C A. m. cecropia
6 A A. m. monticola 21 A.m.sicula
7 A. m. adansonii 22 A.m. pomonella
8 A. m. unicolor 23 A. m. ruttneri
9 A. m. capensis 24 A. m. caucasia
10 A. m. simensis 25 A. m. remipes
11 A.m. nubica 26 A.m.armeniaca
12 M A. m. mellifera 27 0 A. m. adami
13 A. m. iberiensis 28 A. m. meda
14 Z A. m. syriaca 29 A. m. cypria
15 Y A. m. jemenitica 30 A. m. anatoliaca

They differ in many features, both behavioral and morphological. Initially, the
recognition of subspecies was based on a descriptive basis, but they turned out to be
insufficient.

Important remarks regarding the use of classical, standard wing morphometry were
expressed by A. Tofilski (2008), emphasizing the possibility of using different options in
terms of the number of wing features, which, as a rule, lead to classification results that
differ little from each other.

In addition, the use of stepwise discriminant analytics allows you to reduce the
number of features and leave only those that make a significant contribution to the
discrimination of wing phenotypes.

However, there are several circumstances that prevent the effective use of this
method to its full extent. The use of segment lengths and segment areas requires studying
only bees of the same age, which is extremely problematic, especially if a significant
number of colonies from different regions and apiaries are being studied, and the use of
segment areas requires the presence of specific technological and software, to which most
Ukrainian beekeepers do not have access (Cherevatov V.F. et al., 2023).

The difficulty also lies in the further use of the obtained classification data for the
purpose of correct comparison of wing phenotypes from different apiaries or regions.
From this point of view, the use of a set of 8 indices has the advantage that it allows
creating sufficiently compact banks of reference index data. According to the authors,
such banks must meet certain requirements - contain the minimum number of signs that
would be sufficient for reliable classification of bee wings; signs must be unified; signs
must be established without technological difficulties. The use of such reference data
banks is the key to reliable identification of the breed composition of bees by wing
phenotype. Thus, morphometric research methods, despite their low accuracy, allow for
a quick and inexpensive preliminary assessment of the taxonomic affiliation of bee
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colonies. Additional assessments of biological and ethological signs of bee colonies allow
for increasing the accuracy of identification of their taxonomic affiliation. These facts
make morphometric methods of studying bees widespread in the practical activities of
beekeepers today.

Determining the breed of bees by studying exterior features using the classical
method is complicated by the fact that the indicators of some measurements of body parts
in breeds are within the same or close limits. In addition, some authors indicate that the
results of morphometric measurements carried out using the standard method are
influenced by subjective factors.

However, phylogeographic studies have shown that variations in the
morphological features of these subspecies as a result of adaptation to local conditions
often complicate their correct identification. Therefore, molecular methods based on
DNA markers, such as mitochondrial DNA (mtDNA), microsatellites and single
nucleotide polymorphisms (SNP, Single Nucleotide Polymorphism), have been
developed. Molecular genetic studies have generally confirmed the previously obtained
morphometric data for branches A, M, C; O. More recently, the Y branches, which
include the subspecies 4. m. yemenitica from Ethiopia (Franck et al.,2000, 2001) and the
Z branches, which include the subspecies A. m. syriaca from Syria (Alburaki et al., 2013,
Meixner et al., 2013, Babu K. N. et al., 2020), have been isolated.

Among molecular markers, non-recombinant and maternally inherited mtDNA is
one of the most widely used objects of study. PCR-based assays for bee typing were first
used in connection with the Africanization of honey bees in the Americas. The
introduction of the African subspecies A.m.scutellata in Brazil, and its subsequent
hybridization with previously imported European subspecies (Michener, 2000), led to the
rapid spread of wild populations of the new hybrid strain (Africanized honey bee) over a
large area covering most of South America, Central America, Mexico, and the
southwestern United States (Texas, New Mexico, Arizona, Nevada, and California)
(Pinto et al., 2012).

A feature of mtDNA as a molecular marker is that it is inherited from only one
parent: it is transmitted through the maternal line (from mother to offspring) during
fertilization. Due to maternal inheritance, there are no genetic recombinations in the
mitochondrial genome, thus a single haplotype is inherited - a set of closely linked loci.
The mutational process acts as the only factor in the formation of mtDNA polymorphism,
and mutations that are stored and accumulate in the mitochondrial genome can be a trace
of the evolutionary history of a species or an individual (Metlitskaya et al. 2012).

One of the first molecular genetic studies to identify Africanized bees in California
was based on polymorphisms of three mtDNA loci and required the use of three
restriction enzymes (Hall Smith, 1991. Smith, 1995). Later, the analysis methodology
was improved, and today the most informative for typing is the intergenic locus located
between the genes of cytochrome oxidase subunits I and Il (COI-COIl) of the
mitochondrial genome of Apis mellifera.

Proposed by Garnery et al. (1993) PCR protocol involves the use of one pair of
primers and restriction endonuclease Dra I. Classification of mitotypes of the COI-COII
locus is carried out on the basis of a complex analysis, which includes the length of the
amplification fragment and polymorphism of the Dra | restriction endonuclease sites.
Based on the Dra I restriction of the COI-COII locus of bee mtDNA, 91 mitotypes of the
evolutionary branch M, 30 of the branch A, 5 of the branch C and 7 of the branch O
mitotypes have been identified to date (Ilyasov et al., 2016). As an alternative approach
to determining the mitochondrial genome of African bees, an analysis method based on
the polymorphism of the cytochrome b gene of mtDNA can be considered. Crozier et al.
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(1992) developed primers within cytochrome b and proposed to diagnose Africanized
bees by the presence/absence of the Bgl 1l restriction site. The advantage of this method
Is its simplicity and ease of interpretation of the results (convenient for analysis of
amplification 485 nucleotide pairs (bp) and restriction 291/194 bp fragments, use of
agarose gel). However, this method does not allow to distinguish the mitotypes of bees
from the southern part of Africa A. m. scutellata from A. m. intermissa (Northeast Africa)
and the genetically related A. m. iberica (Southern Spain).

In addition, the intergenic region of cytochrome oxidase subunits I and 11 (COI-
COll) of the Apis mellifera mitochondrial genome is also widely used as a simpler, but
less informative method for classifying mitotypes of bee subspecies, which is based on
the analysis of inertias/deletions in this region. At least 7 variants of the lengths of the
amplified fragments PoQ, PoQQ, PoQQQ, PQ, PQQ, PQQQ and Q are known, which
can be explained by a combination of 3 sequences: Po (67 bp), P (54 bp) and Q (192-196
bp). For their analysis, primers 5° CAKATTTATI'AAATCCATAT 3’ and 5’
ATAAATATAAATCATGTGGA 3’ are used, which flank the 3’- and 5’-terminal
sequences of the COIl and COII genes, respectively. The size of the amplified fragment
using the specified pair of primers is 350 bp for the case of the simplest combination Q
(A. m. sausasica and other southern subspecies of A. mellifera) and 600 bp for the case of
a more complex combination PQQ in A.m.mellifera. Mitotype classification is carried out
using agarose gel electrophoresis.

In addition to the mitochondrial genome, to confirm breed affiliation, analysis of
allelic polymorphism of microsatellite loci is used according to the recommendations of
the Food and Agriculture Organization of the United Nations (FAO) and the International
Foundation for Animal Genetics (ISAG). The use of a set of microsatellites allows you
to successfully determine the main genetic and population parameters of the study groups
and carry out breed differentiation, assess the level of inbreeding/outbreeding, the level
of population cross-breeding, etc. (Grygorchuk D.I. et al., 2020).

One of the promising areas of work using molecular genetic markers is the
possibility of a comprehensive assessment of the level of hybridization of bees (using the
types of molecular genetic markers listed above) to address the issue of their adaptive
abilities. As a result of all this, continuous hybridization leads to greater mortality and
corresponding economic costs.

Timely assessment of bee colonies using different types of molecular genetic
markers (primarily using microsatellites and analysis of mitochondrial genome
variability) allows you to determine with a high level of probability the level of genetic
variability and, accordingly, the degree of hybridization. All this allows you to effectively
control the selection process (Shaibi, 2008).

Regarding the study of the genetic foundations of the adaptive qualities of bees at
this stage of the development of molecular genetics, researchers' attention is focused on
finding a set of allelic variants of genes, the functioning of which is directly related to the
regulation of the adaptive properties of the organism. The ability to identify a molecular
genetic marker associated with an economically useful trait, in particular, hygienic
behavior, etc., provides the broadest prospects for the application of marker-associated
selection (MAS) methods in beekeeping. However, at this stage of genetics development,
there are no effective DNA tests for assessing the polymorphism of quantitative trait loci
(QTL), which significantly complicates the possibility of using MAS. In this direction
(search for potential QTL for the needs of MAS), a lot of work is being done to study the
expression features of various candidate genes (associated with any economically useful
trait); a search for single-nucleotide polymorphisms in the nuclear and mitochondrial
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genomes is being conducted; DNA markers are being searched / developed that could be
used in breeding programs (primarily in the areas of bee resistance), etc.

Today, uncontrolled hybridization of bees belonging to different races (breeds) of
Apis mellifera mellifera has reached an alarming pace in Ukraine. Preservation of the
gene pool of local (aboriginal) bees well adapted to local natural conditions is an urgent
area of scientific research, which cannot be solved without the use of molecular genetic
methods for monitoring local populations (Van der Zee, R. et al, 2009, Brodschneider,
2016, Cherevatov et al., 2019).

Correct identification of these subspecies is important for sustainable beekeeping
and the preservation of honey bee biodiversity, since the artificial movement of
subspecies/breeds between different regions leads to the loss of purity of the aboriginal
gene pool as a result of hybridization. Until recently, beekeeping used mainly morpho-
physiological criteria to assess the degree of genetic characteristics of subspecies
(purebredness): body color, length of the proboscis, features of wing venation, cubital
index, egg production of queens, etc. However, they vary greatly in hybridized colonies,
which significantly reduces the reliability and even makes it impossible to determine
breed affiliation using traditional morphometric analysis. Phylogeographic studies have
shown that variations in morphological features as a result of adaptation to local
conditions often complicate their correct identification.

In solving important issues of establishing the breed affiliation of bees, preserving
its unique gene pool within natural ranges, there is an urgent need to apply molecular
genetic methods (Magnus, 2014).

Preservation of the gene pool of local forms of Apis melliffera seems to be
particularly relevant for Ukraine due to the significant diversity of natural conditions and
the prevalence of several races (breeds) of the honey bee. During the last years of the late
20th and early 11th centuries, queens of different breeds were massively imported to
Ukraine from abroad, then a hybrid of several breeds began to be imported, in particular
Backfast. Uncontrolled crossing of different species led to the loss of useful traits by bees
and a decrease in their adaptability to the environmental conditions of the territory in
which this species is widespread. It also creates obstacles to the selection of bees and the
preservation of their purebredness. To prevent this, it is necessary to establish and monitor
the genetic structure of bee populations kept in Ukraine today.

Conclusions. The material presented above argues that each individual indicator
does not allow for a full assessment of the state of the population. Only by taking into
account the results of applying a set of indicators can one draw the right conclusions. The
prospects of using different types of molecular genetic markers for solving a number of
practical problems in selection and breeding work in Ukrainian beekeeping are
undeniable. Summarizing all of the above, we can conclude that the prospects of using
different types of molecular genetic markers for solving a number of practical problems
in selection and breeding work in Ukrainian beekeeping are undeniable.
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