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ABSTRACT
Application of bio-information technology and analysis techniques is necessary for creation of a new
generation of diagnostics. Establishment of such tests requires a new approach to selective parts
calculations and selection of reagents. Example, presented in this work, allows being more effective on the
way in identifying of retroviruses and analysis of their genomes. The use of this diagnosticum in practice
found a high degree of infection of tribal and private apiaries in the Ryazan region.
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INTRODUCTION

Modern computational technologies are actively
developing at the moment. This allows to solve a number
of important problems of genetics. Analysis of homology
of nucleotide, differences of protein sequences,
identification of static and high-speed kinetic areas - are
highly significant present day problems. The
thermodynamic and factor analysis allows choosing
automatically the oligonucleotides and fluorescent
probes to specific areas of the genome of RNA viruses,
which is also interesting.

The model of investigations of genetic variability
of honeybee viruses in this paper was presented by the
genomic study of KBV (Kasmir bee virus), ABPV (Acute
bee paralysis virus), CBPV (Chronic bee paralysis virus),
DWYV (Deformed bee virus), SBV (Sacbrood bee virus),
IAPV (lsrael acute paralysis virus), BQCV (Black queen
cell virus), SPV (Slow paralysis virus), the disease with
these viruses is a highly contagious infection for
honeybees. The infection occurs to a latent form, affecting
on bee colonies [Berenuy O. et al, 2006, DeMiranda J.R.,
Genersch E. 2010]. For effective infection control it is
necessary to develop new modern diagnostic techniques.
Diagnosis of classical methods: (ELISA, RID), cannot
provide sufficient diagnostic and analytical sensitivity
[Bunorbera H.A. u ap., 2010].

MATERIALS AND METHODS

The work was performed at the Laboratory of
Molecular Genetics of Animals in Ernst All-Russian
Research Institute of Animal Husbandry using samples
of 10 bee colonies (N = 30 individuals of adult bees were
collected from tick-borne defeat apiaries in the Ryazan
region of Russia). The metagenomic search and analysis
of nucleotide sequences of viruses (N> 650 of nucleotide
sequences which was included in GenBank database)
were performed in the program Ugene 1.11.3, by using
algorithms ClustalX and Muscle (data not shown, and
available at
[https://sites.google.com/site/aekalashnikoff/genomics-
in-virusology-alexander-kalashnikov/list-of-
publications-alexander-kalashnikov, &
https://www.researchgate.net/profile/Alexander_Kalashn
ikov]. The difference between the new and previous
methods is that the nucleotide sequences have been
filtered according to the maximum differences by
geographic origins of isolating, as well as the maximum
genetic subdivision.

For each virus were identified several areas with
low kinetics of mutations for which the design was done
using the Primer algorithm 3.
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The formation of dimers and secondary structures was tested using UnaFold (Table 1). BLAST (points) was

calculated by the formula:

freq - Hireq .
BSc= TargetPrimerl TargetPrimer2

N

taxviuses

+freq PRIMERBLAST +Ufold+Tm

where freq(N) is the number of matches without replacements, tax- the total number of sequences in the taxon,
Ufold - a coincidence Ufold (0/1 points), PRIMER-BLAST is the number of matches without replacements in

PRIMERBLAST, divided into the total number of matches.

Table 1.
The primer sequences and PCR conditions
Number | Name The sequence of the primers5'-3' Ta, m, BSc
1 of Forward primer, backward primer, product length, bp e °c 1.10
Virus TCAACCAGGCTATAACCAAC 54.7 77.5

ABPV TCTTGAAAATGCTTCACCAA, 157

2 BQCV CCGTTAGTCCTCAACAGACT 54.0 84.5 3.03
AAACATGGAGCATAGTACGG, 130

3 CBPV ATTGTGAAGCCCAAAACCTG 56.8 72-85 1.50
GAACCGCTTCGGTGGTAATA, 177

4 KBV GCAAATTGATGCTCCTAATG 56.8 82.0 111
TCATAGTCTAATGGGGCAAG, 153

5 DWV ATATGCTTTTCCAGGTCCAT 55.0 80.4 1.18
CTCGCTTCTTCTCTTCACTC, 204

6 SBV GGTGACCTTCATCCAGTATC 54.7 76.0 2.39
GGGTTTCATTTTCGATAACC, 186

7 IAPV AGATGTAAGCATGCAGATCC 56.4 75.0 2.58
CTGAGATCTTCAGGACCAAA, 105

8 SPV GTGGGCTGATAGGATGTTAC 56.4 75.0 4.00
ATCAATGTTATGCGTGGAAG, 201

9 ActB” AGGAATGGAAGCTTGCGGTA 55-65 80.5 0.507

AATTTTCATGGTGGATGGTGC, 182 opt59

“[Chen Y.P. et al, 2005]

DNA isolation from adult bees was carried out
individually by DNA sorb B kit (Central Research
Institute of Epidemiology, Russia). Reverse transcription
reaction was performed using MMLV RT kit (Evrogen,
Russia) with the amount of the enzyme 50 U / reaction.
Amplification was performed by using the algorithm
with the time of primer annealing and product elongation
of 30 and 45 seconds respectively (40 cycles) using the
SYBR gPCRmix-HS kit (Evrogen, Russia) (New
England Biolabs, England, [Mackay 1.M., 2002]. The
concentration of primers for the amplification of the
reference and target genes was 100 nM, and 200 pmol
respectively. SYBR  fluorescence detection was
determined by CFX Touch (Bio-Rad, USA) amplificator
at a temperature starting from the melting temperature of
a specific product. The average value of the relative
amount of viral RNA and integrated proviral RNA were
calculated using the Bio-Rad manual [Livak K.J.,
Schmittgen T.D., 2001]. DNA and RNA concentration
was measured using a spectrophotometer Amersham

Bioscience (Sweden).

RESULTS AND DISCUSSION

The specificity of all variants of the
oligonucleotides in the system of scoring matches has
been verified in the BLAST system. For the synthesis
and PCR assembly the 35 pairs of primers were selected.
Appropriate tests have been set up in the quantitative
detection by SYBR system relative to the reference gene
ActB. The amplification was performed for proviral
DNA and RNA viruses in active form (after the reverse
transcription step). Detection of fluorescence was
performed starting from the formation temperature of the
product in the calculated melting temperature (table 1).
The analytical sensitivity of the test was amounted to
1024 times dilution (final concentration of 0.07 mg / I).
The measured concentration of DNA samples after the
separation was represented 196-1544 and 38-1344 of
RNA ng / ul respectively. Later the samples were
normalized to a concentration of 50 ug / ml. The
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specificity of the primers was verified by melting a curve
desired product and by results the electrophoresis in 2%
agarose gel stained with Ethidium bromide (data not

shown).

The test assays appeared more effective than
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COLOSS [www.coloss.org], detected 20-85% of positive
specimens [Bereney M. et al, 2006, Kanamuukos A.E. u
ap., 2010; 2014]. The average frequency of the proviral

DNA and RNA of DWV were not less than 75% and for

previously developed for the detection of bee viruses

CBPV more than 80% (Table 2).

The results of determination of an occurrence and the mean amount of RNA viruses

Table 2.

The frequency of the virus (N = 10

The average relative amount of virus, R, p

Samples Name of virus colonies, 30 samples) =0.05
Proviral DNA detection
1 ABPV 0.2 3.98+2.01*107
2 BQCV 0.4 6.41+2.23*10°
3 KBV 0.8 3.95+1.50%107
4 SBV 0.9 1.79+0.63*107
5 IAPV 0.8 3.02+1.23*107
6 SPV 0.9 3.41+1.68*10™
Viral RNA detection (as a cDNA, the active form of the virus)
7 ABPV 0.7 5.41+2.08*107
8 BQCV 0.3 1.27+0.63
9 KBV 1.0 2.97+2.8%107T
10 SBV 0.9 3.27+1.88*107
11 IAPV 0.5 1.66+1.17%107
12 SPV 0.8 1.81+1.07*107
13 CBPV 0.8 1.14+0.689*10
Table 3.
Distribution of viruses in samples
Samples DNA ABPV | RNAABPV | DNABQCV | RNABQCV | DNA KBV RNA KBV
3 7.18E-07 1.36E+00 5.04E-07 3.30E+00 1.87E-02 2.52E+00
6 . 6.11E-02 9.92E-02 8.33E-03
7 2.36E-06 1.18E-02 1.60E-02
8 7.96E-03 1.12E-01 1.02E-02
9 3.26E-02 2.79E-03 1.90E-02
15 4.73E-02 4.49E-02
17 5.16E-01 2.29E-03 2.00E-01
18 4.54E-01 1.45E-01
19 1.42E-05 7.54E-06 2.23E-03
20 1.73E-01 0.00E+00 2.28E-02 6.00E-03
DNA SBV RNA SBV DNA IAPV RNA IAPV DNA SPV RNA SPV
3 7.58E-06 1.54E-06 7.86E-02
6 1.37E-02 1.40E-04 4.57E-05 2.32E-03 1.12E-05
7 1.34E-02 1.98E-03 1.96E-04
8 2.22E-03 1.01E-02 8.98E-05 3.48E-03 3.01E-04 6.94E-03
9 5.85E-05 3.04E-03 2.13E-06 2.42E-03 9.85E-05 1.82E-03
15 4.70E-05 1.09E-02 7.03E-05 3.94E-05 1.19E-03
17 1.74E-05 1.63E-01 7.48E-02 8.70E-06 3.77E-02
18 7.34E-05 5.59E-02 2.15E-05 5.17E-05
19 7.40E-06 2.38E-04 8.27E-06 3.10E-04 2.74E-05
20 1.69E-05 3.68E-02 2.51E-06 2.13E-05 2.14E-04

* zero values are not shown.
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The distribution of various families of bees was
excellent with samples of the proviral DNA and RNA
and viral concentrations were differed in a sufficiently
wide range (Table. 3). The degree of insertion of the
viral RNA in the host gDNA is at least parity with the
gDNA 10%-10° and minimally, compared to the
concentrations of RNA in tissues of the same bee
families and individuals. This failure of individual bees
as the host (and therefore, considering them further
transmitters of infection) was very high. The active form
of the virus was detected in the prevailing number of bee
colonies and with greater concentrations.

Thus, in this study was verified a new universal
way of implementation of metagenomic analysis
sequences analysis of existing retroviruses bees in the
form of a single database with the identification of areas
of low kinetics and according to these specific primers
new oligonucleotides were chosen to identify relevant
viruses. The high efficiency of test creation was shown,
as well as model study of native bee colonies of the
apiaries to the quantitative determination of the virus
was carried out.

Using of this test will allow to identify
effectively previously unknown viruses subtypes, as well
as carry out monitoring of apiaries in the shortest time
for the quantitative detection of viruses.

The work was supported from RSF project
“Study, conservation and management of biodiversity as
a basis for obtaining animals for healthy, safe and high
quality food” Ne 14-36-00039.
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AHHOTAIUA
IIpumenerne OMOMHGOPMAIMOHHBIX TEXHOJOTHMH M TEXHOJOTWH aHalnW3a HEOOXOAWMO ISl CO3JaHUS
JMarHOCTHKYMOB HOBOTO IOKoJieHHs. Co3/1aHue TaKuX TECTOB TpeOyeT Kak HOBOTO IOAXOJa K pacdeTam
CEJIEKTUBHON YacTH, Tak W TMOm0Opy peareHTOB. llpeacTaBieHHBIH NpuMep MO3BONSIET MOUTH Ooiee
3G QEeKTUBHBIM TyTEM NpU BBISBICHWM pETPOBUPYCOB M aHaiM3a WX TeHOMOB. I[lpuMeHeHue
JIMarHOCTHKYMa Ha TIPaKTUKE BBIIBHIIO BBICOKYIO CTENEHb WH()HUIMPOBAHHOCTH IIEMEHHBIX M YacCTHBIX

rnacex B Ps3aHckoii 001acTy.

Knrouesvie cnosa: perpoBUpYCHI, METareHOMHKA, BapuabenbHOCTH BupycoB, Apis mellifera, knrernka

MyTaIii, JMarHOCTHKA
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