Design of primers for identification of honey bee viruses in multiplex-PCR
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Abstract. This paper is devoted to the design of primer oligonucleotide sequences for their
use in the genetic identification of Sacbrood virus, Chronic bee paralysis virus, Black queen cell
virus and Deformed wing virus using multiplex-PCR. As a result of the bioinformatic analysis, the
design of the oligonucleotide primers was performed; the designed primers had similar annealing
temperatures (55 °C), which makes it possible to indicate each of the viruses under the same PCR
conditions. Most of the known strains and isolates of these viruses are amplified with this complex
of oligonucleotide primers. Nucleotide sequences of designed primers and a universal positive
control allow for the genetic identification of each of the biopathogens under the same PCR
conditions at a multiplex format.
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Introduction

One of the most acute problems in the effective breeding of honey bees (Apis mellifera L.)
is their viral diseases [1]. About 20 of more than 7,000 currently known viruses are isolated from
bees. The size of virions in bee viruses varies from 17 to 450 nm, the shape is diverse: filamentary,
polyhedral, ellipsoidal, and spherical.

Bees, like other representatives of the animal world, are susceptible to viral diseases,
leading to disruption of the life of the bee family, and sometimes to its death. The danger of viruses
is due to their long existence in the host without clinical symptoms, rapid spread both in the bee
family and outside it, the presence of ectoparasites and the ability to cause under certain conditions
a significant economic damage to beekeeping. The intensity of the spread of viral diseases can be
influenced by environmental and geographic conditions [2-4], pollution of the environment by
pollutants [5,6], the presence of ticks and mites as vectors of causative agents of infectious diseases
of bees [7,8]. Viruses spread very quickly across the territory and cover vast areas, like the spread
of European viruses in Asian countries [9], which may also be related to the damage of wild bees
[10-12]. Viruses are a cause of the "collapse™ of bee colonies, which is characterized by the rapid
disappearance of adult individuals while maintaining the brood, sufficient feed and against a
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background of low tick parasitism. The increased multiplication of viruses increases their
virulence, which leads to an increase in mortality among insects, and in some cases to the collapse
of the whole bee family. Different mechanisms of virus-host interaction affect virus dynamics,
virus-virus interactions, superinfections [13].

The most relevant viruses affecting the bees to this day are Sacbrood virus (SBV), Chronic
bee paralysis virus (CBPV), Black queen cell virus (BQCV), Deformed wing virus (DWV) and
some others [14,15].

To effectively combat the virus diseases of bees, timely and accurate diagnosis is
necessary. Previously, the diagnosis of "viral disease™ was raised mainly in the presence of typical
symptoms. Later, it was established that different strains of the same virus under the influence of
various environmental factors can manifest themselves with different symptoms. The method of
diagnosis by symptoms proved to be unreliable, especially since many apiaries can simultaneously
have several different viruses. Thus, laboratory studies have become the main way to diagnose
viral infections [16].

The maximum specificity among various diagnostic methods is the genodiagnosis of viral
diseases [17]. When detecting specific markers of particular pathogens, the polymerase chain
reaction (PCR) shows maximum efficiency, which allows detecting the virus already at the initial
stage of the infectious process development. Good results were obtained in the development of
SBV rapid diagnostics by in-situ hybridization [18]. The diagnosis of each of the viral diseases of
interest to us requires analysis of the genomes of different types and isolates of viruses, as well as
of other biopathogens [19], as well as determination of maximally homogeneous sites and
verification of the probability of possible cross reactions.

Obijective of this study: the design of oligonucleotide sequences of primers for their further
use for the indication and identification of the causative agents of viral diseases of bees by the
multiplex-PCR method.

Material and methods.

During the design of primers and probes, the resources of the National Center for
Biotechnology Information (NCBI), the Basic Local Alignment Search Tool (BLAST)
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) and the VectorNTI 9.1.0. program (Invitrogen
Corporation) were used. The following problems were posed: the minimum number of dimers and
secondary structures; the same annealing temperature of the primers; the minimum number of
guanine and cytosine at the 3” end of each of the primers; only absolute complementarity to primers
and probes with the desired sequence is required for positive control, with the ability to synthesize
PCR-product of about 100 nucleotide pairs in length; and the probe for PCR should not contain
guanine at the 5° end.

For the purpose of application in multiplex-PCR, the task was to design a unique positive
control containing complementary nucleotide sequence to all oligonucleotide primers of the
desired viruses.

When working with a sub-set of bees, sample preparation was carried out, including such
steps as grinding, homogenization and extraction. For effective grinding and homogenization, bee
samples were placed in a disposable polyethylene bag 40x40 mm, 2 ml of a 0.9% NacCl solution
was added and, after incubation for 10 minutes at room temperature, frozen at -70 °C. The frozen
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sample was ground with a pestle in a sterile ceramic mortar, then 200 ul of homogeneous biomass
was taken out by a dispenser. Total 60 ready samples were obtained for further work.

Isolation of nucleic acids was carried out by the method of magnetic sorption with a set of
reagents "MAGNO-sorb" version 100-200 (“AmpliSens” Federal Budget Institution of Science
“Central Research Institute of Epidemiology”, Rospotrebnadzor) according to the manufacturer's
instructions.

In order to exclude the influence of the DNA of the bee and other organisms that got into
the sample, the PCR was tested with reagents for the results to detect the RNA-containing viruses
we studied, eliminating the reverse transcription stage. Real-time PCR for DNA was performed
using RT-PCR kit (Syntol, Moscow, Russia). The final volume of 15 ul PCR mixture contained:
1.5 pl of 25 mM MgCI: solution; 0.5 ul of 10 pM of each primer solution; 1.5 ul of 2.5 MMdNTP
solution; 1.5 ul of 10x buffer EvaGreen+ for PCR; 0.5 ul of Taq polymerase; 5 ul of DNA extract
and 3.5 pul of deionized water. PCR was carried out in real time on amplification platform C1000
with an optical module CFX96 (BioRad). The PCR program was as follows: (1) denaturation at
95°C for 2 min; (II) 40 cycles: 10 sec at 95°C, 30 sec at 55°C. The fluorescence was captured on
the 55°C segment in each PCR cycle in the FAM channel.

In order to exclude the presence of the desired viruses in the bee samples, PCR was tested
with reverse transcription. Real-time PCR for RNA was performed using RT-PCR kit (Syntol,
Moscow, Russia) and MMLYV reverse transcriptase (Evrogen, Moscow, Russia). The final volume
of 15 ul PCR mixture contained: 1.5 pl of 25 mM MgCI2 solution; 0.5 ul of 10 pM of each primer
solution; 1.5 pl of 2.5 mMdNTP solution; 1.5 pl of 10x buffer EvaGreen+ for PCR; 0.5 ul of Taq
polymerase; 0,2 ul of MMLV; 5 pul of DNA extract and 3.5 ul of deionized water. PCR was carried
out in real time on amplification platform C1000 with an optical reaction module CFX96 (BioRad).
The PCR program was as follows: (I) reverse transcription at 37°C for 30 min; (II) denaturation at
95°C for 2 min; (III) 40 cycles: 10 sec at 95°C, 30 sec at 55°C. The fluorescence was captured on
the 55°C segment in each PCR cycle in the FAM channel.

Results.

Oligonucleotide primer design. During the design of primers and probes, the intercalating
probe was selected only for SBV, but for CBPV, BQCV and DWV, the EvaGreen dye was used
(Table 1). For the broader functionality of the application of selected specific loci, a forward (F)
and reverse (R) primers and probe (P) design was developed that allows PCR to be carried out at
a single annealing temperature of the primers for the viral pathogens studied.

Table 1. Primers for PCR indication of bee viral disease pathogens

Name 5° - 3'sequence Annealing Amplicon
temperature length
SBVF agaacgtccactacaccgaaatg 54.8°C 96 bp
SBVR atagttccttctgtggtcttaattgaca 55.1°C
CBPVF atctacgggaatttatggtggaaa 54.9°C 85 bp
CBPVR gataggtcttatgcacaaaaatccagt 55.3°C
BQCVF catgagaagaaccgagaagaaactc 54.6°C 84 bp
BQCVR ggagggctcactttatctattgctt 55.5°C
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DWVF gcatgggtgaaggaatgtctgt 55.3°C
DWVR cgcaaacactctctcgatgtactc 54.8°C

90 bp

Thus, for the indication and identification of the SBV, CBPV, BQCV and DWV genomes,
the combinations of oligonucleotide primers with an optimum annealing temperature of 55.0 + 0.5
°C were created.

Designed primer specificity analysis. The design of oligonucleotide primers for PCR is
always associated with the risk of nonspecific amplification with a DNA heterogeneous to the
studied pathogen. To exclude such probability, the nucleotide sequences of both each of the
constructed primers, and a complex of forward and reverse primers were compared for the
presence of similar sequences of the genetic code. The sequences analyzed were compared with
all available sequences of all macro- and microorganisms. To exclude from the list the identified
organisms of a certain virus, we used specialized search parameters, namely excluding from search
the nucleotide sequences of certain viruses.

The SBV virus, as well as the other viruses studied in this work, is RNA-containing, and
errors in the specificity of the produced indication of the given virus can be associated with the
homogeneous nucleotide sequence of RNA of heterogeneous organisms. The nucleotide sequence
of the reverse primer (SBVR) does not significantly resemble the genetic code of heterogeneous
organisms. All direct primer homologies (SBVF) in the RNA sequence of heterogeneous
organisms (7 species) having a homology of 68% do not affect the PCR results due to the lack of
similar homology in the reverse primer and probe.

During the analysis of the direct primer (CBPVF) for the indication of CBPV, a
homogeneous sequence was found in a number of DNA containing non-viral organisms with a
specific genome coverage less than 90%. The reverse primer analysis (CBPVR) showed similar
results for sequence homology, all organisms detected are DNA-containing and do not synthesize
RNA with the sequence we used.

During the analysis of forward and reverse primers (BQCVF and BQCVR) for a BQCV
indication, a homogeneous sequence was found for a number of organisms (homology less than
90%). The most significant homologies in the nucleotide sequence that can be noticed were
identified in Sus scrofa DNA (forward and reverse primer homology), Propithecus coquereli
MRNA (reverse primer homology), Otolemur garnettii mMRNA (reverse primer homology), HIV-1
RNA (reverse primer homology), Apis cerana mRNA (forward primer homology), and
Kryptolebia smarmoratus mRNA (forward primer homology). Homology with both primers is
found only in the genome Sus scrofa in the form of DNA.

The last analyzed complex of oligonucleotide primers are primers for the indication and
identification of DWV. During the analysis of forward and reverse primers (DWVF and DWVR),
a homogeneous sequence was found (with a degree of homogeneity of less than 86%) in a number
of organisms. The most interesting were nucleotide sequences of RNA. A homologous to the direct
primer composition of nucleic acids is found in the following organisms (the percentage of
homology is shown in parentheses): Acropora digitifera (86%), Dictyostelium fasciculatum
(81%), Aegilops tauschii (81%), Poecilia reticulata (81%), Bombus terrestris (77%), Felis catus
(77%), Ailuropoda melanoleuca (77%), Papio anubis (77%), Rhinopithecus bieti (77%),
Gossypium arboreum (77%), Oryza sativa (77%), Kwoniella pini (77%), Cyprinus carpio (77%),
Sugiyamaella lignohabitans (77%).
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Organisms characterized by a high degree of homology to DWVF do not have a similar
homology to the composition of nucleic acids with DWVR, except for: Felis catus (66%),
Ailuropoda melanoleuca (66%) and Cyprinus carpio (70%). However, for the successful
amplification of nucleic acids of these biological species with the primers developed by us, there
are a number of obstacles. As for Cyprinus carpio, in addition to the fact that this species does not
have contact with the bee, there are other obstacles to the amplification of its RNA with the primers
developed: low homology of the nucleotide sequences and homology of the forward and reverse
primers are presented to different genes. Ailuropoda melanoleuca also has no contact with the bees
of our zone, moreover, RNA indication is possible only when analyzing directly biological animal
samples, in addition, the homogeneity of the forward and reverse primers is presented to different
genes of Ailuropoda melanoleuca, which makes amplification, in this case, impossible. Felis catus
are widely distributed and theoretically may contact with hives, however, as in the case of Cyprinus
carpio and Ailuropoda melanoleuca, the homology of the forward and reverse primers belongs to
different genes, and the isolation of Felis catus RNA is possible only from biological samples
(RNA is a very unstable molecule and is rapidly destroyed outside the host cell).

Analyzing the nucleotide sequence of all primers (combination of forward and reverse
ones), a significant degree of homology is not found, which cannot lead to an effective
accumulation of amplification products. This fact indicates the success of the primer design stage.

Creating a universal positive control sample. As a result of PCR, the following
amplicons are synthesized for the viruses we identify (according to the first DNA chain):
- for SBV:
agaacgtccactacaccgaaatgtccagtgatgagagtggacgaagaatctggaatgttagacgcgcagtgtcaattaagaccacag
aaggaactat
- for CBPV:
atctacgggaatttatggtggaaattctgaaaataattgggatttctctgaatcatttactggatttttgtgtataagacctgtc
- for BQCV:
ggagggctcactttatctattgcttaaatcggtaagccacaaatttttctaagtgtcatgagtttcttctcggttctictcatg
- for DWV:
gcatgggtgaaggaatgtctgtatttggatgatcccaaattcagaatgcgtcgagegcatgatcaagagtatatcgagagagtgtttgeg

As a positive control of the reaction, it is not necessary to use the entire amplicon sequence,
but sufficient to start and end the sequence that are complementary to the nucleotide sequence of
the oligonucleotide primers. Linear application of sequences complementary to primers will create
a too short portion of the target DNA. To increase the length of the amplified fragment, we applied
a combination of positive sequences of different viruses. Thus, one positive control initiates the
synthesis of a DNA chain of sufficient size, immediately for all viruses; the sequence of such a
control sample is presented below.

As a positive control of amplification of the analyzed viruses, insertion of the developed
nucleotide sequence into the vector "pAL2-T" was made; the plasmid map is shown in Figure 1.
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Fig. 1. pAL2-T plasmide map
1 — the universal nucleotide sequence inserted into the plasmid genome in the region of the p-
galactosidase enzyme-encoding gene.

An insert to the selected vector was made in the form of a universal sequence that encodes
all the amplifiable parts of the viruses of interest to us at once. The nucleotide sequence had the
following nucleotide composition 5™ -» 3':

atctacgggaatttatggtggaaagaacgtccactacaccgaaatgcatgggtgaaggaatgtctgtcatgagaagaaccgaga
agaaactcactggatttttgtgcataagacctatctgtcaattaagaccacagaaggaactatgagtacatcgagagagtgtttgcgaagcaat
agataaagtgagccctcc

Therefore, this approach allows managing the correctness of the PCR setting with any of
the analyzed bee viruses, and in the presence of the EvaGreen dye, the amplification is detected in
real time. The length of the amplified fragment in the detection of each of the viruses is 120+5 b.p.

Polymerase chain reaction optimization. The practical implementation of the calculated
PCR reaction may be often accompanied by some difficulties, associated with small differences in
the calculated and real annealing temperature of the primers. To determine the optimum
temperature range for annealing the primers, a reaction was carried out with a temperature 53.5-
56.0°C (Fig. 2). The optimum annealing temperature for primers for the identification of the
genomes of all detectable viruses of bees was 55.0°C. Amplification occurs also at other annealing
temperatures of primers (£ 1°C), but the most efficient accumulation of amplification products
occurs at a temperature equal to the preliminary calculations.

To check the possible cross-reactions with the DNA of the bee, or the bacteria and fungi
present on the body of the bee, PCR was set with the isolated nucleic acid preparation without
reverse transcription (negative reaction). An artificial circular DNA molecule served as a positive
control, with modification in the form of an insert of our amplified sequence. The results of
amplification of bees DNA and artificial ring-shaped DNA molecule of SBV, CBPV, BQCV and
DWYV viruses by real-time PCR method showed that amplification occurs only with positive
control DNA (Fig. 3).
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Fig. 2. PCR temperature range
Each series of cells of the amplifiers has its own temperature during the annealing of primers; the
lower row of cells (H) has temperature of 53.5°C, the other cells are heated more as they move
away from the "H" series toward the "A" series, where the annealing temperature of the primers
has a maximum value (56.0°C).

The reverse transcription PCR showed similar results, which indicates the absence of RNA
in the samples with a nucleotide sequence complementary to the primers used.
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Fig. 3. Graph of the kinetic curve of fluorescence using the real-time PCR method for the
detection of nucleic acids of Sacbrood virus (SBV), Chronic bee paralysis virus (CBPV),
Black queen cell virus (BQCV), and Deformed wing virus (DWV).

Values above the set horizontal line correspond to positive results, below the line — to negative.

Conclusion. In the course of the research work the following conclusions were drawn:

1. Design and synthesis of primers were performed for Sacbrood virus, Chronic bee
paralysis virus, Back queen cell virus and Deformed wing virus, which nucleotide sequence
permits the simultaneous analysis of 4 virus targets in a single sample using a multiplex-PCR.

2. Most known strains and isolates of the said viruses are amplified with the designed
complex of oligonucleotide primers, without any possible amplification of cross-reactions
identified, which indicates their high specificity.
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3. The designed universal positive control allows us to evaluate the reaction conditions

during amplification of any of the viruses under investigation, which makes it suitable for
multiplex-PCR.
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