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Abstract

Creating specialized lines is one of the techniques of genetic improvement and conserva-
tion of breeds and populations of the honeybee. The aim of this study was a comparative assessment
of the diversity and differentiation degree of A. m. caucasica lines based on morphometric analysis
and microsatellites (MS). Material for this study was the worker bees of Gray Mountain Caucasian
breed (lines I-V, n = 728) which were selected in five apiaries in the Greater Sochi of Krasnodar
krai. Morphometric analysis included such measurements as the length of the proboscis (LP, mm),
width of third tergite (W3T, mm) and cubital index (CI). Molecular genetic studies were based on
seven MS loci (A024, A88, Al13, AP043, HB-C16-05, HB-THE-03, HB-C16-01). The level of
variation between families for morphometric parameters was determined by two-way hierarchical
analysis of variance. Genetic differences between families for MS were estimated by paired compari-
son of Fg values. Fy matrix was used for PCA-analysis. To determine the quantitative estimation of
variation between families within lines we calculated Fg, Ry (AMOVA). The degree of line’s differ-
entiation for morphometric characters was evaluated by calculating the Euclidean distances. The ob-
tained values were used to construct a dendrogram of similarity by a single bond (single linkage) of
the hierarchical clustering algorithm. The differentiation of lines for MS was based on calculating the
values of Nei genetic distances. Similarity dendrogram was constructed using the method of UP-
GMA. We performed summary statistic using the software STATISTICA, GenAlEx (v. 6.5.1), PAST
(v. 3.03). Morphometric analysis showed the presence of significant differences between the lines for
LP and W3T whereas there was no difference between the lines for CI. The greater heterogeneity
concerning studied traits in the lines II and V was revealed, and on the contrary, there was more
consolidation in the lines 111 and IV. Bees of line I differed significantly from the rest of the lines on
both traits, but they were characterized by significant differences between families in LP. Analysis of
MS profiles showed similar trends in assessing the level of intra- and interfamily variability. We
observed an excess of heterozygotes in the line I (Fi; = -0.048), which can be considered as an
indication of the high heterogeneity. Bees of this line were characterized by a minimal individual
(Fjt = 0.052) and the maximal interfamily variability (Fg = 0,124). Lines II-V were characterized by a
deficiency of heterozygotes (Fis = 0.062-0.128), a relatively higher individual variability (F;; = 0.143-
0.189) and lower values of interfamily variability comparing to line I (Fg = 0.095-0.104). The low-
est interfamily differences were observed in the lines III and 1V (Fg = 0.096 and 0.095, respec-
tively). Analysis of the differentiation of the studied lines for morphometric characteristics and MS
revealed differences in the structure of the family tree. The dendrogram based on MS data is a re-
flection of the geographical origin of these lines. The structure of the family tree, based on mor-
phometric characters, does not reflect the geographic closeness (differences) of origin or similari-
ties (differences) in the economically useful traits of studied lines. Thus, the results of our studies
of the morphometric parameters and MS show similar trends in assessing intra- and interline
variation, but there are differences in assessing differentiation of lines using two methods. In the
future complex approach will allow to identify not only breeds of bees with high accuracy, but
also smaller taxonomic units. It is hoped that the research results in general can be used in breed-
ing work to restore the purity of the honeybee breeds.
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lites, biodiversity.

Saving diversity of the honeybee (Apis mellifera L., 1758) breeds, as
well as of smaller taxonomic units (ecotypes and lines) requires deep funda-
mental population genetic investigations of their genetic pool condition [1].
There are about 30 subspecies identified in the A. mellifera species [2], which
are also designated by the term «race», while in the Russian-language literature
«the breed». Several breeds are propagated on the territory of the Russian Fed-
eration, namely Central Russian, Crain (or Carnik), Carpathian (some authors
classify it as a subspecies of the Carnik of the 214 order), and Gray Mountain
Caucasian breeds. The latter is considered as one of the best in terms of a
range of economically beneficial traits (the longest proboscis, the highest effi-
ciency and productivity, using of a wide species composition of honey plants,
an extremely low propensity to swarm, peacefulness, etc.) [3]. The structure of
the Gray Mountain Caucasian breed is inhomogeneous, and consists of popu-
lations, which significantly differ in their biological and economic characteris-
tics [4]. Breeding, which is currently being conducted on the Krasnaya Polyana
Experimental Station (the Greater Sochi district), is aimed at the preservation
of the genetic pool and creation of new specialized lines with improved eco-
nomic qualities [5, 6].

Determination of the bee breed and its allocation to one or another line
is not an easy procedure, because the differences between the lines within the
same species tend to be small. Furthermore, spontaneous hybridization is pre-
sent. Evaluation is mostly based on appearance (morphometric criteria),
physiological, etiologic features and indicators of economic value [2, 7]. Such
measurements as the length of the proboscis, width of the third tergite and cu-
bital index are mostly used [8]. It has been shown the possibility to differenti-
ate between honeybee subspecies A. m. mellifera and A. m. carnica using mor-
phometric methods [9]. However, an attempt of intraspecies differentiation of
populations of the A. m. meda bees who live in different geographical regions
(at a distance of 500 km), which was based on morphometric data, was con-
sidered unsuccessful [10]. As the morphometric features depend on the geo-
graphic placement of the bees, their age, and food, and can vary widely, even
within a single breed or population, there is a need to develop approaches that
are based on an analysis of the genotype.

In recent years, molecular genetic methods, including investigation of al-
lozymes [11], mitochondrial DNA [12-14], single nucleotide polymorphisms
[15, 16] and microsatellites, become increasingly popular to differentiate the
honeybee breeds, ecotypes and lines [17-20]. Evaluation of DNA markers is
considered as a supplement to a conventional analysis based on morphometric
criteria [21, 22]. Early papers, in which DNA analysis was used to identify
honeybee intraspecies taxonomic units, relied on the determination of unique
(private) alleles for the appropriate line [23]. Further on, applying Bayesian
methods made possible genetic clustering of individuals (subspecies and smaller
taxa) based on the genotype according to mulltiple unlinked loci [24]. The
method is highly effective not only for determining the subspecies belonging to
different evolutionary branches of A. mellifera [25, 26], but also for establish-
ing the origin of closer taxa [27].

In the present paper, we have shown that the structure of the family tree
built based on morphometric characters reflected neither the geographical affin-
ity of the origin nor the similarity of the economically beneficial traits in the
studied lines. Therefore, for their adequate characterization and differentiation, a
combination of morphometric and molecular genetic methods is required. An
integrated approach we used allows determining with high accuracy not only the



breed of bees, but also smaller taxonomic groups. The obtained results can be
used in activities aimed at restoring the purity of honeybee breeds.

The aim of this study was a comparative assessment of the diversity and
differentiation of Apis mellifera caucasica lines based on morphometric analysis
and microsatellites.

Technique. The investigations were carried out in 2014. Material for
this study was the worker bees of Gray Mountain Caucasian breed of different
lines, which were selected in five apiaries in the Greater Sochi district (Kras-
nodar krai). These were line Ne 19 (village of Medoveevka) (I), line Ne 13
(p.g.t. Krasnaya Polyana) (II), line Ne 12 (p.g.t. Krasnaya Polyana) (III), line
Ne 49 (village of Kalinovoe Ozero) (IV) and line Ne 34 (village of Aibga) (V).
For the analysis, five families with 22-30 bees in a family were selected in each
line, a total of 25 families (n = 728), including n = 149 for line I, n = 147
for line II, n = 147 for line III, n = 137 for line IV, and n = 148 for line V.
Bees were preserved in 96 % ethanol and stored at +4 °C.

The length of the proboscis (LP, mm), the width of third tergite (W3T,
mm) were measured, and cubital index (CI) was calculated as the ratio between
the larger and the smaller sides of the third cubital cell of the front wing [8].

DNA was isolated using the extraction with perchlorate [28], the bioma-
terial was the head of a worker bee. Seven microsatellite (MS) loci (A024, ASS,
Al13, AP043, HB-C16-05, HB-THE-03, HB-C16-01) were amplified in one
multiplex reaction using fluorescence-labelled primers. Reactions were per-
formed in a final volume of 15 pl. The tubes were dispensed with 14 ul of reac-
tion mixture (1pl consisting of 10x PCR buffer, 0.5 ul of 2 mM dNTPs solution,
0.7 ul of 100 mM DMSO solution, 4.6 pl of 10 mM mixture of primers, 0.1 pl
of Tag-polymerase, 7.1 ul of double-distilled water) and added with 1 ul (50-
100 ng) of the studied genomic DNA. PCR buffer composition was 16.6 mM
(NH4),S0y4, 67.7 mM Tris-HCI (pH = 8.8), and Tween 20 (0.1 of the final vol-
ume). The PCR was performed as follows: initial denaturation at 94 °C for 8 min;
annealing for 2 minutes at 55 °C; polymerization for 2 min at 72 °C; 30 cycles
of denaturation for 30 sec at 94 °C, annealing for 35 sec at 55 ° C, elongation
for 40 sec at 72 °C; and elongation for 20 min at 72 °C. Separation of the PCR
products was performed on a genetic analyzer ABI3130xl (Applied Biosystems,
USA) using the ROX standard. Electrophoretograms were processed using the
software GeneScan v. 3.7 and Genotyper v. 3.7 (Applied Biosystems, USA).

Interfamily variability by morphometric characters was assessed using
two-factor nested analysis of variance and the software Statistica v. 6 [29]. The
belonging to the family and the line (hierarchical subordinated factor) was used
as fixed effects. M, was calculated as follows:

Mg-_F-1 |
F-1+n
where F was dispersion ratio, n* was mean geometric volume of samples. Mg
may take values ranged from 0 to 1, and be a measure of morphological differ-
entiation between separate populations, and, in fact, it is an analogue of F [30].

Genetic differences between the families of the honeybee according to
MS were assessed using the F value [31] for pairwise comparison and based on
genetic distances by M. Nei [32]. The pairwise matrices obtained were used for
constructing the distribution of family centrodes in the space of the first two
principal coordinates (PCA, principal component analysis). To quantify the in-
terfamily variability within the lines, Fi; and Ry, (AMOVA) values were calcu-
lated [33] using the software GenAlEx v. 6.5 [34].

The differentiation level of the five studied lines of A. m. caucasica was
evaluated based on morphometric characters by calculating the Euclidean dis-



tances. The values obtained were used to construct a dendrogram of similarity
using single linkage method (single linkage) in an algorithm of hierarchical clus-
tering [29]. Assessment of the line differentiation by MSs was carried out based
on calculating the values of genetic distances according to M. Nei [32]. A simi-
larity dendrogram was constructed by UPGMA and the software PAST (v. 3.03).
The dendrogram was tested for cluster topology robustness by performing 999
permutations using a bootstrap method.

Results. When forming, each bee line was strictly aimed at obtaining ma-
terial with prespecified economically beneficial traits. The bee queen from line
III have high egg production ability in a period of preparation for the main nec-
tar flow, and families have increased productivity for honey. Lines IV and V are
characterized by the early development when compared to lines I, II and III.
Bees in line IV are less winter-hardy, while line II stands out with elevated, and
line I with high winter hardiness.

There were significant differences found between the lines for two of
the three assessed traits, i.e. the length of proboscis and the width of the third
tergite, whereas we found no differences in the values of cubital index be-
tween the lines (Table 1). Bees in line II had their LP value 0.05-0.07 mm
smaller (p < 0.001) and W3T 0.04-0.11 mm larger (p < 0.001) when compared
to other studied lines. The maximum length of the proboscis was seen in bees
line III. In lines III and IV, the W3T value was 0.08-0.11 mm smaller than in
other studied lines (p < 0.001). These findings may be the result of different
strategies used in the stock breeding of these lines.

1. The morphometric characters in honeybee (Apis mellifera caucasica L.) various
lines of Gray Mountain Caucasian breed (X+x, Krasnodar krai, 2014)

Li Morphometric character
1ne LP, mm \ W3T, mm \ CI
| 6.88+0.0063 b, ¢, d 4.7240.010a b, ¢, d 0.502%0.008
11 6.94+0.005% 4.67£0.010b ¢, f 0.509%0.007
I 6.95+0.004¢ i 4.64+0.008¢ f: 2 0.513%£0.007
v 6.94+0.0044, i 4.61+0.009d e, h 0.515%0.008
\ 6.93+0.0052 4.68+0.0103 & h 0.524%0.008

Note. LP — length of proboscis; W3T — width of the third tergite; CI — cubital index. Description of lines is
given in the Technique section.
a,b,c,d, e, fog,hp <0.001, 1 p < 0.01 (significance of differences between the values marked with the same letter).

The data of two-

4801 factor nested analysis of
§4.76 1 ,____________L v T variance supported the
g a7 il I I EI i ' presence of significant dif-
e . "tom vyg ferences for LP and W3T
34.68 gL e 2 values both between lines
2 - fII{.lI - and between families within
5 4.64 VIV Yy sl = each of the lines.
£ 460 Iy W - The formation of
3 S - clusters based on the lin-

4.56 ; . . . . ear principle was observed

686 688 650 692 6.94 696 for three of the five lines

Length of proboscis, mm examined (F1g 1) Only
Fig. 1. Distribution of 25 honeybee (Apis mellifera caucasica L.) families in line | were dis-
families of the Gray Mountain Caucasian breed in two-di- trihyted within one sepa-
mensional space for the length of proboscis and the width of the te 1st clust but th
third tergite: [-V — the lines of honeybee under examination; 1- ratc Ist clus e_r’ u cy
3 — clusters being formed (Krasnodar krai, 2014). Description of Were characterized by the

lines is given in the Technique section. highest variability for LP



(Cvip = 1.11 %) compared to other lines (Cvip = 0.69-0.86 %), with an average
heterogeneity for W3T (Cwyst = 2.49 %). Families in lines 111 and IV formed
two consolidated clusters (Cvip 0.74 % and 0.69 % and Cwyst 2.15 % and
2.33 %, respectively), which partially overlap one another. In bees from lines
II and V, both characters greatly varied (Cvip 0.79 % and 0.86 %, Cwyst 2.66 %
and 2.52 %, respectively). Significant differences (p < 0.05) between the fami-
lies within the lines were observed for LP in line I (Mg = 0.1359) and W3T
in lines II (Mg = 0.2869) and V (Mg, = 0.1525). Interline differences were sig-
nificant (p < 0.05) for the LP (Mg = 0.1453) and W3T (Mg = 0.1097), while we
found no significant differences for CI.

In general, a great heterogeneity should be noted based on studied pa-
rameters in bees from lines II and V, and, on the contrary, a greater consolida-
tion among bees in lines III and IV. Bees in line I showed significant differences
compared to others on both parameters, however, they were characterized by
significant interfamily differences in the LP values.

Analysis of the MS profiles revealed similar trends in determining intra-
and interfamily variability (Table 2).

2. lintra- and interfamily (within lines) genetic variance in the honeybees (Apis

mellifera caucasica L.) of Gray Mountain Caucasian breed by seven microsatel-
lite loci (Krasnodar krai, 2014)

Intra- and interfamily variance

Line Fis \ Fy \ Fy (freq) | Ry (AMOVA)
1 -0.048 0.052 0.124 0.405
11 0.128 0.189 0.104 0.300
111 0.090 0.162 0.096 0.266
v 0.062 0.143 0.095 0.141
A 0.077 0.169 0.102 0.462
-V 0.132 0.162 0.040 0.094

N ot e. Calculations were carried out within each line using a family as a subpopulation, and for the whole sample
(I-V) using a line as a subpopulation. Description of lines and microsatellite loci is given in the Methods section.

We observed an ex-

'A cess of heterozygotes in line

I (the only one among the

N o Le studied lines) (a negative
g o ox ° value of Fj), which can be
% = 0 . considered as an indication
© o %" L of the high heterogeneity.
. Bees of this line were char-

+ acterized by the minimum

individual variability relative
to the whole sample (the value
Elg. 2. D1str11?ut10n of cer'lt'rodes for the honeybc?e (Apis m'el- of Fy was 2.75-3.63 times
lifera caucasica 1.) families of Gray Mountain Caucasian 1 . . ith th
breed in the space of the first two principal coordinates cal- 9wer In comparison wi .e
culated based on the Fy matrix in pairwise comparison for lines II-V) and the maxi-
seven microsatellite loci: © — line I, o — line II, + — line mum interfamily variation.
III, & — line IV, ¢ — line V (Krasnodar krai, 2014). De- Lines II-V were character-
scription of lines is given in the Technique section. Calcula- . .
tions were carried out for the whole sample using a family as ized by a deﬁc_le?ncy of het-
a subpopulation (number of subpopulations is 25). erozygotes (positive values of
the Fj indicator), a relatively

higher individual variability relative to the whole sample and lower values of in-
terfamily variability comparing to line I. The lowest interfamily differences as-
sessed by Fi and Ry (AMOVA) were observed in lines III and IV.

Results of the PCA analysis revealed the greatest similarity of the families
within line IV, while lines I and II were characterized by the largest interfamily

Coordinate 1



differences (Fig. 2).

Analysis of the differentiation of the studied lines for three morphometric
characteristics and seven MS loci revealed differences in the structure of the
family tree (Fig. 3). A dendrogram based on MS data is a reflection of the geo-
graphical distance of the studied lines (Fig. 3, A). The formation of the two
main clusters may have been a result of the geographic isolation of lines I, II
and III located in the vicinity of Krasnaya Polyana (the first apiary is located on
the southern slope of the ridge Achi-Shkho with altitude of 2,391 m, the second
and third ones are located in the gorge of the river Mzymta) from line IV (the
apiary is located at a distance of 15-25 km from the three listed ones and sepa-
rated from them by the Alec ridge with altitude of 1,000 m) and line V (located
in the upper reaches of the Psou river, removed from the first, second and third
apiaries at a distance of 10-16 km and separated from them by the ridge Aibga
2,460 m high). Significant genetic differences between lines IV and V could be
due to their geographic isolation. Apiaries these lines are bred in are located at a
distance of about 30 km from each other and are separated by the Alec ridge,
which stretches for 20 km between the rivers Mzymta and Sochi, 15 km from
the Black Sea coast, and the Aibga ridge, stretching from the northwest to the
south-east for 23 km and separating the middle part of the Mzymta river valley
from the Psou river head.

A B
v I
v —
111 I
H:I \Y4
I I
0.06 0.09 0.12 0.15 048 05 10 15 20 25 30 33
Pairwise genetic distances Euclidean distance

Line

Fig. 3. Dendrogram of similarity for five lines of honeybee (Apis mellifera caucasica 1..) Gray Mountain Cauca-
sian breed calculated for seven microsatellite loci (A) and three morphometric characteristics (B) (Krasnodar krai,
2014). The pairwise genetic distances were calculated according to M. Nei [32]. A clustering method of UPGMA
was applied in both cases. Description of lines is given in the Technique section.

The structure of the family tree based on morphometric characters does
not reflect the geographic closeness (differences) of the origin, or similarities
(differences) in the economically useful traits of studied lines.

Thus, the results of our study of the morphometric parameters and mi-
crosatellites show similar trends when assessing intra- and interline (between
families) variation. However, there were differences in differentiation and the
pattern of genealogical relations between the lines when assessed using two
methods. It is possible that these differences are due to the fact that most of
the differences in the conventional morphometric traits (morphological meas-
urements) stay within the seasonal variations, and are of little use for the iden-
tification of the local populations. In addition, they are more prone to the
pressure of environmental factors not associated with exposure to artificial di-
rectional selection. Microsatellites are mostly selection neutral, and reflect
more distant evolutionary events. Therefore, to obtain the most complete in-
formation on the population status and dynamics, it is required to consider the
results obtained with both methods.
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