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POLYMERASE CHAIN REACTION, PASTEURELLA MULTOCIDA, WHOLE GENOME SEQUENCING, TEST-SYSTEM, PASTEURELLOSIS
The objects of the research were DNA samples of 22 P. multocida strains isolated from saigas and domestic animals.

The goal of the project is to develop a PCR test system for the diagnosis of pasteurellosis in animals and, based on the results of whole genome sequencing of the isolated strains, to study the genotypes of P. multocida circulating in the territory of the Republic of Kazakhstan.

The set goal and the tasks arising from it were accomplished using molecular and information methods.
During the research, the following results were obtained: a PCR test system "RT-PCR-Pm" was developed with a sensitivity of at least 152 fg (60 genomic copies of P. multocida) and a specificity that allows detecting only P. multocida DNA; DNA extraction kits based on centrifugal columns with silicon filters have been developed; a trial batch of the "RT-PCR-Pm" test system was produced in the amount of 10 pcs., each designed for 55 reactions; The PCR test system was tested in a veterinary laboratory to obtain a conclusion on the specificity and sensitivity.

Based on the results of this work, 1 thesis, 2 articles in a domestic journal with a non-zero impact factor and recommended by the Committee for Quality Assurance in Education and Science MES RK, 2 articles in peer-reviewed foreign scientific journals indexed by Web of Science or Scopus databases, and 1 publication in a peer-reviewed foreign scientific journal with non-zero impact factor.
The novelty of the research results: a domestic test system for the diagnosis of pasteurellosis in animals was developed, the data of whole-genome sequencing of P. multocida strains were published in the international databases Sequence Read Archive (SRA) and GenBank, 6 scientific papers were published, an application for a patent of the Republic of Kazakhstan was submitted for the invention "A method for detecting Pasteurella multocida by real-time polymerase chain reaction", scientific and technical documentation for a PCR test system for detecting Pasteurella multocida DNA "RT-PCR-Pm" has been developed.
The introduction of the developed PCR test system will improve the diagnosis of pasteurellosis.

Field of application of research results: veterinary medicine, laboratory diagnostics.
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DEFINITIONS, DESIGNATIONS AND ABBREVIATIONS

In this research report, the following terms are used with appropriate definitions, designations and abbreviations:

b.p. - base pairs

DMSO - dimethyl sulfoxide

DNA – deoxyribonucleic acid
FAM - fluorophore (6-carboxyfluorescein)

FAO - FFood and Agriculture Organization of the United Nations

GC% - the percentage of guanidine and cytosine nucleotides in the genome

GE - genomic equivalent

Genome – a complete set of genetic information in an organism

HC - hemorrhagic septicemia

MLST - multilocus sequence typing

MST - minimum spanning tree

ng - nanogram

NGS - next-generation sequencing

NK - nucleic acid (DNA, RNA)

NTD - normative and technical documentation

OIE - World Organization for Animal Health 

PC. - pieces

PCR - polymerase chain reaction
pH - pH value

R1 - direct readings

R2 - reverse readings

RIBSP - Research Institute for Biological Safety Problems

RIRDC - Rural Industries Research and Development Corporation

RNA - ribonucleic acid

SDS - sodium dodecyl sulfate

SNP - single nucleotide 
INTRODUCTION
Pasteurellosis is an infectious disease of animals and birds, manifested in the form of poultry cholera, hemorrhagic septicemia of sheep, goats and cattle, atrophic rhinitis of pigs, and rabbits, pneumonia and pleurisy of ungulates. Pasteurella multocida is the causative agent of pasteurellosis [1]. P. multocida isolates are classified into 5 capsular serogroups (A, B, D, E, and F) [2, 3, 4] nd 16 LPS serotypes (L1-L16) [5, 6]. Pasteurellosis, which manifests as hemorrhagic septicemia (HS), is the most dangerous type of disease. HS is a systemic disease to which all animals are likely to be susceptible and is recognized as the most economically important disease in livestock production reported by FAO (2005) and OIE (2009). HS is mainly caused by B:L2 and E:L2 serotypes circulating in Asia and Africa, respectively. As it was confirmed [7], isolates circulating in the territory of Kazakhstan belong to serotype B: L2.
The economic damage from pasteurellosis consists of losses in animal productivity, mortality, the forced slaughter of sick animals, and the cost of preventive and health-improving measures. Farms, where animal pasteurellosis is established, are declared a dysfunctional point, and restrictions are imposed. The animals are injected with hyperimmune antipasterella serum and antibiotics. For therapeutic purposes, sulfa drugs, glucose, and other symptomatic drugs are also used. The corpses of animals that have died from pasteurellosis are burned or disinfected in biothermal pits. Skins from dead or killed animals are disinfected. Before the restrictions are lifted, disinfection is carried out at an unfavorable point. After the restrictions are lifted, animals are vaccinated against pasteurellosis for a year.
Another important component of preventive measures is the diagnosis of infectious diseases. In this case, PCR is the most suitable method for diagnostics, because this method provides for the isolation of DNA from a biomaterial with parallel neutralization, simultaneous identification, and determination of virulence, detecting specific loci as targets used in PCR. The method is fast (especially real-time PCR), easy to interpret, with high specificity and sensitivity.
The significant damage caused by pasteurellosis to animal husbandry, wide geographical distribution, and susceptibility of many wild, domestic mammals and birds actualizes the improvement of existing methods for diagnosing pasteurellosis. Considering the above, the introduction of PCR test systems into veterinary laboratory practice will help to increase the effectiveness of diagnostic and preventive measures to combat pasteurellosis, which will improve the quality control of livestock products and will have a favorable economic and epidemiological result.
The novelty of the topic is that for the first time in the Republic of Kazakhstan, complete genomes of P. multocida strains selected from both domestic animals and saigas during mass outbreaks of pasteurellosis will be sequenced. GenBank, SRA, and PubMLST databases will complement whole-genome sequencing data.
The objective of the research: To develop a PCR test system for the diagnosis of pasteurellosis in animals and, based on the results of whole-genome sequencing of the isolated strains, to study the genotypes of P. multocida circulating in the territory of the Republic of Kazakhstan.

The goal of the research stage for 2018 is to select target genes, select primers and fluorescent probes, isolate DNA from at least 10 P. multocida strains, perform whole-genome sequencing of 10 strains, and optimize PCR for 3 primer pairs.

The goal of the research stage for 2019: to develop protocols for setting PCR with 5 pairs of primers, to assess the specificity and sensitivity of the developed protocols, to analyze the data of whole-genome sequencing of P. multocida strains circulating in Kazakhstan.

The goal of the research stage for 2020: a release and approbation of the PCR test system in a veterinary laboratory and the development of regulatory and technical documentation.
Research content for 2020 (Appendix A): 

· Development of a DNA extraction kit using columns;
· Release of a pilot batch of PCR test systems for the detection of Pasteurella multocida with real-time detection in the amount of 10 sets;
· Approbation of the PCR test system in a veterinary laboratory;
· Development of normative and technical documentation.

Metrological support of research work. The research was carried out on the basis of the Scientific Laboratory of Applied Genetics of the RSE "National Center for Biotechnology". All measuring instruments and test equipment used during scientific research have passed the procedures of verification and certification in the relevant accredited organizations – LLP "Infradin". For the implementation of this project, there are the necessary appropriate premises and communications. The laboratory is equipped with all the necessary equipment: boxes with pre-boxes for working with biological materials, thermostats, universal refrigerated centrifuges, amplifiers, spectrophotometers, low-temperature refrigerators, freezers, and sequencers.
The name of the prepared interim reports:
For 2018

Report on research work on the topic "Development of a PCR test system for the diagnosis of pasteurellosis in animals and birds and whole-genome sequencing of isolated Pasteurella multocida strains", inventory No. 0218RK00243;
For 2019
Report on research work on the topic "Development of a PCR test system for the diagnosis of pasteurellosis in animals and birds and whole-genome sequencing of isolated Pasteurella multocida strains", inventory No. 0219RK00475.
MAIN PART OF RESEARCH REPORT
1 Rationale for the choice of direction
The incidence of pasteurellosis in most cases is due to reduced immunity, unsatisfactory conditions of keeping animals on farms or exposure to aggressive factors in the habitat of wild animals, contamination of water or food sources, contact with animal carriers or sick animals, as well as genetically determined virulence of wild strains of Pasteurella multocida. The infection occurs all over the world, both in developed and developing countries [8], in wild and domestic animals.
On the territory of the Republic of Kazakhstan, the dynamics of the incidence of pasteurellosis among wild animals is most clearly manifested with the saiga population (Saiga tatarica tatarica). Many of the studies carried out have expressed and refuted hypotheses regarding the reasons affecting the decline in the number of this species. Among the reasons were indicated: abnormal heat, because of which the use of dried grass animals died from asphyxia, abnormal cold, an increase in the prevalence of poisonous herbs, epidemics of pasteurellosis, and other diseases. Moreover, in the case of large deaths in saiga populations, veterinary laboratories have always identified the causative agent of pasteurellosis in the pathological material. Based on the research carried out by RIBSP, it was determined that pasteurellosis was the main cause of the mass death of the saiga population in Kazakhstan [9, 10]. Further, the interdepartmental commission officially stated, "the mass death of the population was caused by an outbreak of pasteurellosis" [11].
Eradication of infection on farms mainly consists of antibiotic therapy. Despite this, like other bacterial pathogens, Pasteurella bacterias differ in molecular genetic properties, such as multi-resistance to antibiotics, possession of virulent and pathogenetic genes [12]. One of the sources of the spread of antibiotic resistance genes is agriculture, in particular, the use of feed antibiotics. Due to these factors, antibiotic drugs are conditionally ineffective. In this situation, for the preparation of diagnostic tests and prevention tools, there is a need for the biological and genetic characteristics of Pasteurella strains, especially in different geographic areas.
The whole-genome sequencing of microorganisms is already included in the routine analysis of medical and veterinary laboratories in developed countries and is becoming the new gold standard for the epidemiological method of pathogen analysis. This is not surprising, since the method has such advantages as the versatility of the data obtained, high discriminatory power, high information content, in comparison with the long-used locus sequencing (MLST) and fragment analysis (MLVA). The first published whole-genome sequence of the P. multocida Pm70 strain made it possible to develop new approaches to the study of the pathogenesis of Pasteurella, for example, the assessment of virulence genes responsible for outer membrane proteins (oma87, ompH, plpB, psl), adhesins (ptfA, fimA, hsf-1, hsf -2, pfhA, tadD), neuramenidases (nanB, nanH), toxins (toxA) and others [13]. Today, there are grouped panels of characterized genes associated with virulence or are evolutionary markers that unite many infectious pathogens through horizontal gene transfer, the presence of orthologous genes, or the simple homology of protein properties. Thus, there is global epidemiological monitoring, which allows comparing genotypes with those published earlier, and tracking not only evolution but also the sources of transmission.
Diagnosis of infection is a necessary attribute in the fight against pasteurellosis. As a rule, the diagnosis is confirmed by isolation of pure cultures of P. multocida with subsequent identification by microscopy, biochemical and serological methods. Isolation of pure culture from a fresh sample (heart blood, liver, spleen, bone marrow, or lungs) is not particularly difficult. Pasteurella multocida is an opportunistic pathogen, so it is always present in small amounts together with other opportunistic pathogens. Therefore, when isolating P. multocida, it will be necessary to carry out multiple subcultures to purify the culture (which threatens contamination) and subsequent identification.  All of this can lead to deliberately false-negative or false-positive results. Therefore, there is a need to develop the most specific and reliable diagnostic methods.
The World organisation for animal health (OIE) defined polymerase chain reaction as an alternative test for the diagnosis and typing of P. multocida. One of the main advantages of PCR is its extremely high sensitivity and specificity. Diagnostic PCR allows quickly detecting and identifying microorganisms directly in samples of biological material, mixed or pure cultures. Today, developed and implemented PCR test systems with electrophoretic detection have begun to be replaced by real-time PCR protocols. Real-time PCR allows increasing the reliability of diagnostic results by virtually eliminating contamination, conducting a quantitative assessment of target DNA in the analyzed sample, and reducing the study time. This analysis is a fast and reproducible alternative to serological methods [14], which increases the effectiveness and reliability of the study. The use of real-time PCR in the diagnosis of animal pasteurellosis will reduce the time of diagnosis, which will help to improve anti-epizootic measures.
In this regard, the goal of this study was to develop a real-time PCR test system for the diagnosis of pasteurellosis in animals and birds, the introduction of which will simplify and improve the diagnosis of pasteurellosis, which will have a beneficial effect on the epizootic situation in the country.
2 Materials and research methods

2.1 Research materials
We used DNA samples of 22 P. multocida strains isolated from saigas and domestic animals, which are in the collection of the RSE at the REM RSE “National veterinary reference center” CVC&S MoA RK (NVRC).

Mini DNA Extraction Column spin columns (Cat. #DNAK1008, Biocomma Limited, China) were used to develop a DNA extraction kit using columns.
2.2 Research methods
The development of the PCR test system was carried out according to the generally accepted algorithm, which is widely used in the world practice and consists of: the selection of the target fragment of the nucleotide sequence, the selection of specific oligonucleotides, and optimization of the conditions for setting the PCR.
2.2.1 Quantification of DNA concentration
DNA concentration was determined spectrophotometrically using a NanoDrop1000 spectrophotometer. The method is based on the existence of DNA absorption maximum at a wavelength of 260 nm. This means that in solutions of nucleic acids the maximum photometric absorption is observed at 260 nm and it directly correlates with the concentration of DNA.
A Qubit dsDNA HS Assay Kit (Thermo Fisher Scientific) on a Qubit 2.0 Fluorometer was also used. The fluorometric measurement method is more accurate than the spectrophotometric method.
2.2.2 Real-time PCR
The setting and analysis of real-time PCR results were carried out using a CFX96 instrument and the corresponding CFX Manager 3.0 software (BioRad, USA), according to the manufacturer's instructions. The amplification signal was detected at the wavelength corresponding to the FAM fluorophore (495 nm).
2.2.3 Optimization of PCR protocols
Optimization consisted of determining the primer annealing temperature, the composition of the reaction mixture, and the thermal cycling program, at which the highest PCR efficiency is observed. In addition to the main components of the reaction mixture, additives were added to increase the specificity and sensitivity: tetramethylammonium chloride (TMA), betaine, and dimethyl sulfoxide (DMSO). When optimizing the conditions, a gradient of primer annealing temperatures was used, from 56°C to 67°C. The main variable components of the reaction mixture were the concentration of magnesium ions in the range from 2 to 4.5 mM, with a step of 0.5 mM, and a combination of additives. The invariable composition of the reaction mixture included: 10 mM Tris-HCl (pH = 8.8 at 25°C), 50 mM KCl, 0.08% nonidet P40, dNTP at a concentration of 200 μM each.
2.2.4 Assessment of the specificity and sensitivity of PCR protocols
The specificity of the developed protocols was assessed on a collection of 95 DNA samples, including 92 species of bacteria and 3 types of DNA of higher eukaryotic organisms. The species of bacteria included in the collection was determined by analyzing the sequence of the 16S rRNA gene [15]. 
To assess sensitivity, P. multocida K-1 DNA was diluted to a concentration of 2 ng/μl. DNA concentration was measured with the Qubit dsDNA HS Assay Kit, with threefold confirmation of the result. Then DNA was diluted twice in 1× TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH = 8.0) with fragmented horse DNA at a concentration of 10 ng/μl, which was used to stabilize low DNA concentrations. Finally, the reaction mixture contained from 10 ng to 2.38 fg, which, in terms of the number of genomic copies, corresponded to from 4 million to 1 copy in the reaction. The number of copies was calculated using the Internet resource [16].
2.2.5 Whole genome sequencing of P. multocida strains
DNA sample preparation was performed using the Nextera XT DNA Library Preparation Kit (catalog number: FC-131-1024), according to the manufacturer's instructions. Sequencing was performed on the MiSeq high-performance sequencer, Illumina platform, and the MiSeq Reagent Kit v3, 600 Cycles (catalog number: MS-102-3003) according to the manufacturer's instructions.
2.2.6 Bioinformatic analysis of whole genome sequencing data
The primary analysis of whole-genome sequencing data was performed following the generally accepted methodology for primary processing of next-generation sequencing platforms (NGS) data, including quality control of reads, trimming of low quality, and adapter sequences. Raw data quality control was performed using FastQC v0.11.7 [17] and MultiQC v1.8 [18] programs. Raw data trimming was carried out using the Seqtk v1.3-r106 [19] and Sickle v1.33 [20] programs.
The assembly of genomes was carried out using the Skesa v2.3.0 program [21]. The quality of genome assembly was estimated using the Quast v5.0.2 program [22]. The commercial software BioNumerics v7.2019 [23] was also used to construct phylogenetic trees (MST) based on SNPs.
3 Research results
3.1 Optimization of real-time PCR protocols
One of the key elements of PCR is the selected oligonucleotides. It is the sequence of nucleotides in the primers and probes that provide the specificity of the assay. In total, 5 pairs of primers were selected, the main characteristics of primers and probes are shown in Table 1.
Table 1 - List of selected oligonucleotides and their main characteristics
	Target gene 
	Oligonucleotide name
	Annealing temperature, °С
	Amplified sequence size, bp

	1
	2
	3
	4

	QseC
	QseC-725-F
	59
	105

	
	QseC-932-R
	57
	

	
	probe-QseC-781
	65
	not provided

	QseC
	Ngen_Pmult_F
	59
	117

	
	Ngen_Pmult_R112
	58
	

	
	Ngen_Pmult_probe
	64
	not provided

	envC
	envC-1088-F
	59
	111

	
	envC-140-R
	61
	

	
	probe-envC-1111
	66
	not provided

	ruvB
	ruvB-672-F
	60
	79

	
	ruvB-256-R
	59
	

	
	probe-ruvB-701
	65
	not provided

	ruvB
	ruvB-794-F
	60
	163

	
	ruvB-59-R
	64
	

	
	probe-ruvB-842
	64
	not provided


Optimization consisted of the selection of the primers' annealing temperature, the concentration of magnesium ions, and the concentration of additives that provide the highest reaction efficiency. Ultimately, the result of optimization was 5 PCR protocols with the corresponding pairs of primers and probes, including the following compositions of reaction mixtures and PCR amplification programs:
The reaction mixture for primer pairs QseC-725-F and QseC-932-R, Ngen_Pmult_F and Ngen_Pmult_R112, and envC-1088-F and envC-140-R with corresponding fluorescent probes probe-QseC-781, Ngen_Pmult_probe and probe-envC-1111, includes: magnesium chloride 3.5 mM, 2.5 mM and 4 mM, respectively, primers of 350 nmol each, corresponding probe of 175 nmol, 10 mM Tris-HCl (pH 8.8 at 25°C), 50 mM KCl, 0.08% nonidet P40, 2 mM MgCl2, dNTPs at a concentration of 200 μM each, 5 nM tetramethylammonium chloride, betaine to a final concentration of 0.2 M, 1.5 units of Taq polymerase (Alpha ferment, Russia). PCR amplification program: long-term denaturation at 95°C - 3 minutes; 45 cycles: 95°С - 20 seconds, 57°С, 59°С, 60°С (corresponding to the above-described primer pairs) - 15 seconds, with detection of results at a wavelength corresponding to the FAM fluorophore, 72°С - 30 seconds.
The reaction mixture for primers ruvB-672-F and ruvB-256-R, and ruvB-794-F and ruvB-59-R with corresponding fluorescent probes probe-ruvB-701 and probe-ruvB-842 includes magnesium chloride 4 mM each, primers of 350 nmol each, corresponding probe of 175 nmol, 10 mM Tris-HCl (pH = 8.8 at 25°C), 50 mM KCl, 0.08% nonidet P40, 2 mM MgCl2, dNTP at a concentration of 200 μM each, 5 nM tetramethylammonium chloride, betaine - to a final concentration of 0.2 M, 1.5 units of Taq polymerase (Alpha ferment, Russia). PCR amplification program: long-term denaturation at 95°C - 3 minutes; 45 cycles: 95°C - 20 seconds, 58°C and 60°C (corresponding to the above-described primer pairs) - 15 seconds, with detection of results at a wavelength corresponding to the FAM fluorophore, 72°C - 30 seconds.
The next stages of optimization were to determine the specificity and sensitivity of the developed protocols.
3.1.1 Assessment of the specificity of the developed protocols
The developed real-time PCR protocols were tested on the DNA collection of 92 bacterial species:Acinetobacter johnsonii, Aeromonas bivalvium, Agrobacterium tumefacie, Alcaligenes aquatilis, Arthrobacter polychromogenes, Bacillus amyloliquefaciens, Bacillus aryabhattai, Bacillus atrophaeus, Bacillus axarquiensis, Bacillus cereus, Bacillus licheniformis, Bacillus mojavensis, Bacillus mucilaginosus, Bacillus mycoides, Bacillus pseudomycoides, Bacillus pumilus, Bacillus safensis, Bacillus simplex, Bacillus sonorensis, Bacillus stratosphericus, Bacillus subtilis, Bacillus tequilensis, Bacillus thuringensis, Brucella abortus, Brucella canis, Brucella melitensis, Brucella ovis, Brucella suis, Campylobacter coli, Campylobacter concisus, Campylobacter gracilis, Campylobacter hyointestinalis, Campylobacter jejuni, Campylobacter mucosalis, Campylobacter rectus, Campylobacter showae, Campylobacter upsaliensis, Clostridium haemolyticum, Clostridium novyi, Delfitia tsuruhatensis, Dermacoccus nishinomiyaensis, Devosia neptunia, Escherichia coli, Ensifer adhaerens, Enterococcus durans, Erwinia amylovora, Exiguobacterium aurantiacum, Halomonas nitritophilus, Klebsiella michiganensis, Klebsiella pneumonia, Lactobacillus brevis, Lactobacillus casei, Lactobacillus paracasei, Lactobacillus plantarum, Lactobacillus pontis, Lactococcus garvieae, Listeria innocua, Lysinibacillus xylanilyticus, Mannheimia haemolytica, Mannheimia glucosidal, Mannheimia varigena, Microbacterium hydrocarbonoxydans, Ochrobactrum tritici, Pediococcus acidilactici, Pediococcus pentosaceus, Pseudomonas chengduensis, Pseudomonas fluorescens, Pseudomonas mandelii, Pseudomonas marginalis, Pseudomonas mucedolens, Pseudomonas plecoglossus, Pseudomonas putida, Pseudomonas reactants, Pseudomonas syringae, Rahnella aquaticus, Rhizobium agrobacterium, Rhizobium pusense, Rhodococcus jostii, Rhodococcus kroppenstedtii, Rhodococcus opacus, Rummeliibacillus pycnus, Salmonella enteritidis, Salmonella enterica, Serratia liquefaciens, Serratia plymuthica, Serratia proteamaculans, Sinorhizobium meliloti, Sphingomonas aerolata, Stenotrophomonas maltophilia, Stenotrophomonas pneumonia, Streptococcus salivarius, Pasteurella multocida.
Bacterial DNA, except Pasteurella multocida DNA, was taken at a concentration of 5 to 50 ng in the reaction, which corresponded to the genomic equivalent of eight million forty-two thousand copies. The higher eukaryotic multicellular organisms in the collection included DNA samples: chicken, sheep, and cattle, whose DNA was taken at a concentration of 200 ng per reaction.
As a result of the specificity assessment for a pair of primers ruvB-794-F and ruvB-59-R with the corresponding DNA probe probe-ruvB-842, non-specific annealing on the genomic DNA of Mannheimia haemolytica and Bacillus thuringiensis was detected (figure 1, graph A). For pairs of primers QseC-725-F and QseC-932-R, Ngen_Pmult_F and Ngen_Pmult_R112, envC-1088-F, and envC-140-R and ruvB-672-F and ruvB-256-R with corresponding DNA probes, only specific annealing on Pasteurella multocida DNA was established (figure 1, graph B).
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A - Graph of amplification of a pair of primers ruvB-794-F and ruvB-59-R, the highlighted line corresponds to the signal from the positive control (P. multocida DNA); B - Graph of amplification of a pair of primers envC-1088-F and envC-140-R

Figure 1 - Assessment of specificity on the example of a pair of primers ruvB-794-F / ruvB-59-R and envC-1088-F/envC-140-R
3.1.2 Assessment of the sensitivity of the developed protocols
The sensitivity was assessed on several two-fold diluted DNA sample of Pasteurella multocida K-1, with the final DNA content in the reaction mixture in the range from 10 ng to 2.38 fg, which, in terms of the number of genomic copies, corresponded to 4 million to 1 copy in the reaction. As shown in Figure 2, for primer pairs envC-1088-F and envC-140-R, QseC-725-F and QseC-932-R, the sensitivity of the PCR protocols was detected up to 2.38 fg DNA in a reaction corresponding to 1 genomic copies of P. multocida. For a pair of primers ruvB-672-F and ruvB-256-R, the protocol sensitivity was also up to 2.38 fg, however, at a DNA concentration below 76 pg, the relative fluorescence units were observed below 250, and the amplification curve did not have a logarithmic form. Therefore, we defined the sensitivity limit for this pair of primers as 76 pg, which is 30 genomic copies of P. multocida in genomic equivalent.
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A - Graph of amplification of a pair of primers envC-1088-F and envC-140-R;

B - Graph of amplification of a pair of primers QseC-725-F and QseC-932-R;

С - Graph of amplification of a pair of primers ruvB-672-F and ruvB-256-R

Figure 2 - Amplification curves for assessing the sensitivity of the protocols using the example of primer pairs envC-1088-F/envC-140-R, QseC-725-F/QseC-932-R, and ruvB-672-F/ruvB-256-R
As a result, the developed PCR protocols for detecting P. multocida in real time for the primer pairs envC-1088-F/envC-140-R and QseC-725-F/QseC-932-R have a sensitivity of up to 1 copy, and for a pair of primers ruvB-672-F/ruvB-256-R up to 30 genomic copies. At the same time, the pairs of primers envC-1088-F/envC-140-R, QseC-725-F/QseC-932-R, and ruvB-672-F/ruvB-256-R showed an efficiency equal to 104.1%, 103.5% and 97.4%, respectively, with DNA concentrations ranging from 10 ng to 2.38 fg.
Based on the results obtained, an article was published in a domestic journal with a non-zero impact factor (Committee for Quality Assurance in Education and Science) (Appendix B), a patent application was filed and an application number was received (Appendix C), and the thesis of the International Symposium "Astana Biotech 2018" was published (Appendix B).
3.2 Whole genome sequencing
The whole genome sequencing of 22 Pasteurella multocida strains was carried out. Figure 3 shows the general statistics of the data obtained using the example of the P-mult-1P strain (reading R1). All indicators are marked in green (Figure 3, "Summary"), which indicates the high quality of the data obtained. It is worth noting that the warning value in the "Sequence Length Distribution" section depends on the sequencing platform used and can be ignored.
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Figure 3 - Report on the quality of raw data of whole-genome sequencing of the P-mult-1P strain (reading R1)
Figure 4 shows the results of the quality and quantity of reads obtained for all 22 strains. Reads have a maximum length of 300 bases, with the number of reads 597690 - 837700 (summing the readings R1 and R2). Unique sequences are 398586 - 734940 reads, and the ratio of unique to duplicated sequences is 89.4% - 10.6%, respectively.
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A - the number of reads and the percentage of unique to duplicated sequences; B - graphs of base quality values

Figure 4 – Whole genome sequencing raw data quality report

22 strains of Pasteurella multocida
The bases of the readings have a high Quality Score, namely above Q30, which corresponds to high quality and indicates a sequencing accuracy of at least 99.9%.
The remaining sections of the quality report, presented in Figure 5, also indicate a high quality of readings: the GC base content in reads corresponds to the normal distribution (Figure 5 (D)); the low content of N (unrecognized) nucleotides (Figure 5 (A)); the low content of adapter sequences (Figure 5 (B)); and the low level of duplication of reads to unique reads (Figure 5 (C)).
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A – the content of N (unrecognized) nucleotides; B – the content of adapter sequences; C – the level of sequence duplication; D - the content of GC bases in reads

Figure 5 – Graphs of analysis of the quality of readings
According to the schedule item, the whole-genome data of Pasteurella multocida strains was published in the international bioinformatic information database (NCBI) under the numbers: BioProject: PRJNA556768, BioSample: SAMN12368460, BioSample: SAMN14363915, BioSample: SAMN14363954 and SRA: SRS5161529, SRA: SRS6307429 and SRA: SRS6307457. The assembled genomes are available under the numbers GCA_012126375.1, GCA_012271915.1, and GCA_012271895.1.
3.3 Analysis of whole genome sequencing data
At the first stage of the analysis of whole genome sequencing data, phylogenetic analysis based on wgSNP was carried out. The sample included the studied and available strains from the GenBank database. To determine the global phylogenetic relationships of Kazakhstani isolates with all published genomes, a minimum spanning tree was constructed based on 1271 wgSNPs generated by comparing whole genome data of local isolates with previously published genomes of P. multocida (Figure 6). The color corresponds to the type of host from which the isolate was isolated, according to legend. White indicates an unknown source of the isolate.
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Figure 6 - Global Minimum Spanning Tree (MST) based on 1271 SNPs
There were 371 genomes taken for comparison. Figure 6 shows that all strains are clustered into two branches. The strains isolated from Kazakhstan are clustered in the largest branch and form one independent clade, except the DNA sample of the P-mult-1P strain, which, according to the results of multiplex PCR for genotyping capsular and LPS loci, is contaminated with the DNA of several strains of different genotypes.

Upon detailed analysis, based on the minimum spanning tree (MST) (Figures 7 and 8), at a scale of 1504 SNPs (48 analyzed genomes), it was found that the strains are clustered according to sequence type (ST) 64 (multihost MLST panel), together with two strains from the United States, confirming the studies of Orynbaev et al. [7]. 
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Figure 7 - Phylogenetic ratio of the Kazakhstan group of P. multocida strains in comparison with the geographical origin of related strains
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Figure 8 - Phylogenetic ratio of the Kazakhstan group of P. multocida strains in comparison with the sequence types of phylogenetically related strains
There are 4 clusters in total. The first cluster is represented by a single sample (strain P-mult-10) isolated from cattle biomaterial in the East Kazakhstan region.
The second cluster combines the majority of strains isolated from domestic animals and is represented by the strains: P-mult-3, P-mult-5, P-mult-9, and P-mult-15. These strains belong to a new, not yet assigned sequence type, according to the RIRDC MLST scheme. The closest sequence type to the studied strains is ST122, relative to which, these strains differ by one nucleotide substitution from cytosine to thymine, at position 329 of the pmi locus. Interestingly, these strains have the same genotype, despite the remote geographical location and different animal carriers (cattle, horse, bird). All other strains belong to the ST122 sequence type, according to the RIRDC MLST scheme.
The third cluster is represented by strains: P-mult-2, P-mult-4, P-mult-12, P-mult-13, P-mult-KRS, and P-mult-Saiga. The strains isolated from the saiga in this cluster belong to the Ural population. While strains P-mult-0631P, P-mult-17, P-mult-18, P-mult-19, P-mult-20, P-mult-21, P-mult-22, P-mult -23, P-mult-24, P-mult-25 included in the fourth cluster belong to the Betpakdala population.
The fourth cluster also includes samples with confirmed pathogenicity. The pathogenicity was tested by artificially infecting mice with isolates collected from the saiga during the outbreak (P-mult-19, P-mult-20, P-mult-23).

Thus, the analysis makes it possible to differentiate strains that differ in one SNP (cluster 2), and confirms that outbreaks of pasteurellosis in different saiga populations were caused by phylogenetically different strains.

Further, the analysis of the main virulent factors and determination of capsular and lipopolysaccharide-coding regions was carried out. For this, a search for the nucleotide sequence of capsular and lipopolysaccharide loci in the sequences of the assembled Pasteurella multocida genomes was carried out using BLAST [24]. The results show that 21 of the 22 sequenced strains belong to the capsular group B and LPS type L2.

To confirm the bioinformatic analysis, the results were also confirmed by multiplex PCR to identify capsular serogroups and LPS serotypes according to [4, 6], the results are shown in Figure 9.
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A - Foregram for determining the capsule group; B - Foregram for determining LPS type; M1 - Marker MassRuller (# SM1293, Fermentas);

M2 - GeneRuller 100 bp DNA Ladder (# SM0242, Fermentas);

Figure 9 - Electrophoresis of multiplex PCR to determine the serogroup of isolates
Figure 6 shows that in the phoregram for determining the capsular group (Figure 9, A), sample P-mult-1P has an amplification product of maximum intensity in size corresponding to serogroup D (657 bp), also, additional PCR products are observed in the lane of these sample products of non-characteristic size, which may indicate sample contamination. The results of annotating the assembly of this strain indicate the presence of other bacteria (Brucella abortus, Salmonella enterica, etc.) in the DNA sample; contamination is possible at the stages of bacterial culture accumulation or DNA isolation in a diagnostic laboratory. In addition, a distinctive feature of this strain is its belonging to the LPS type L3 (474 bp), according to the results of the phoregram for determining the LPS type (Figure 9, B). All other strains have amplification product sizes corresponding to capsular type B (760 bp) and LPS type L2 (810 bp). Table 2 shows the studied strains with their corresponding genotypes and certain virulence factors.
Table 2 - Virulence factors and genotypes of P. multocida strains
	№
	Strain
	Capsular type
	LPS type
	Multihost MLST
	RIRDC MLST
	Animal

	1
	2
	3
	4
	5
	6
	7

	1
	P-mult-2
	B
	L2
	ST64
	ST122
	saiga1

	2
	P-mult-3
	B
	L2
	ST64
	ST122*
	cattle

	3
	P-mult-4
	B
	L2
	ST64
	ST122
	saiga1

	4
	P-mult-5
	B
	L2
	ST64
	ST122*
	horse

	5
	P-mult-9
	B
	L2
	ST64
	ST122*
	bird

	6
	P-mult-10
	B
	L2
	ST64
	ST122
	cattle

	7
	P-mult-12
	B
	L2
	ST64
	ST122
	saiga1

	8
	P-mult-13
	B
	L2
	ST64
	ST122
	cattle

	9
	P-mult-15
	B
	L2
	ST64
	ST122*
	horse

	10
	P-mult-17
	B
	L2
	ST64
	ST122
	saiga2

	11
	P-mult-18
	B
	L2
	ST64
	ST122
	saiga2

	12
	P-mult-19
	B
	L2
	ST64
	ST122
	saiga2

	13
	P-mult-20
	B
	L2
	ST64
	ST122
	saiga2

	14
	P-mult-21
	B
	L2
	ST64
	ST122
	saiga2

	15
	P-mult-22
	B
	L2
	ST64
	ST122
	saiga2

	16
	P-mult-23
	B
	L2
	ST64
	ST122
	saiga2

	17
	P-mult-24
	B
	L2
	ST64
	ST122
	saiga2

	18
	P-mult-25
	B
	L2
	ST64
	ST122
	saiga2

	19
	P-mult-0631P
	B
	L2
	ST64
	ST122
	saiga2

	20
	P-mult-Saiga
	B
	L2
	ST64
	ST122
	saiga1

	21
	P-mult-KRS
	B
	L2
	ST64
	ST122
	cattle

	22
	P-mult-1P
	Ø
	L3
	Ø
	Ø
	saiga2


Continuation of Table 2
	* – most phylogenetically close genotype;

Ø – undefined genotype;

1 – Ural saiga population;

2 – Betpak-Dala saiga population.


3.4 Development of a DNA extraction kit using columns
As a result of the project, the conditions for the isolation of Pasteurella DNA from pathological material were optimized. The principle of operation of the columns is that at low pH values and in the presence of chaotropic salts, nucleic acids bind to the silica membrane, while polysaccharides and proteins pass through the pores of silicone filters. Impurities are additionally removed during the washing steps. Then, under low salt conditions, nucleic acids are eluted from the membrane.
To develop a DNA extraction kit using columns, the composition of the lysis solution was optimized to lyse cells of a wide range of biological samples. As a result of optimization, it was decided to lysis clinical samples in two sequential lysis solutions. The optimized composition of the lysis solution No. 1 includes: 800 mM GuHCl (guanidine hydrochloride), 30 mM Tris-HCl, 30 mM EDTA, 5% Tween 20, 0.5% Tripton X-100 and proteinase K - 50 μg/ml at pH = 8. The optimized composition of lysis solution No. 2 includes: 3.2M GuaSCN (guanidine thiocyanate), 30 mM Tris-HCl, 30 mM EDTA, 5% Tween 20, 0.5% Tripton X-100 at pH = 6.
Washing solutions were also optimized for the development of the DNA isolation Protocol. The composition of the washing solution No. 1 includes: 3.2 M GuaSCN, 10 mm Tris-Hcl. The composition of the washing solution No. 2 includes: 75 % ethanol containing 10 mm Tris-HCl at pH=6.
Evaluation of the effectiveness of the developed and compared commercial kits for DNA extraction was carried out on hair follicles of cattle. Compared commercial kits were: Wizard Genomic DNA Purification Kit (Promega, A1125), "DNA Sorb B" kit (AmpliSens, Russia), and standard phenol-chloroform extraction method (PCE). To minimize errors in evaluating the efficiency of DNA extraction, hair follicles were taken from one animal, thoroughly mixed, and equally distributed between extraction sets. To measure the amount of DNA isolated, a fluorometric method was used using a Qubit 2.0 fluorometer and a Qubit dsDNA BR Assay Kit. The results of the efficiency of the DNA extraction kits were analyzed by statistical methods.
According to the results of the experiments: the efficiency of the developed kit for DNA isolation using columns is higher than the commercial kit Promega by an average of 10%, and lower by 30% in comparison with PCE, and is comparable to "DNA sorb B".
Thus, a DNA kit isolation using columns was developed, which allows obtaining DNA in a high concentration and degree of purity suitable for use in PCR diagnostics of pasteurellosis.
3.5 Release of a pilot batch of PCR test systems
When manufacturing an experimental batch of PCR test systems, the work was performed according to a generally accepted algorithm, including the preparation of test system components, set completion, packaging, labeling, and quality control. The required amount of in bulk runoff solutions was prepared beforehand. In total, 10 samples of the PCR test system with the author's name "RT-PCR-Pm" were completed. PCR test system for detecting DNA Pasteurella multocida "RT-PCR-Pm" is a kit that includes "Amplification kit" - a set of reagents for real-time PCR amplification of a specific DNA fragment of Pasteurella multocida;
The biological and chemical components of the test system were packed in plastic flacons with tightly screwed lids in strict accordance with the regulatory documentation. The test systems were put into storage at a temperature of minus 20°C according to the temperature regimes of the corresponding individual components (Figure 9).
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Figure 9 - A prototype PCR test system for detecting Pasteurella multocida DNA "RT-PCR-Pm"
Two units of the test system, at a certain interval, will be further used to assess the quality and stability within the shelf life. The remaining test systems are determined for testing in a veterinary laboratory.
3.6 Approbation of the PCR test system in a veterinary laboratory
In the Department of Molecular Biology of the Laboratory "Diagnostics of Infectious Diseases" RSE "NVRC" CVC&S MoA RK, the developed PCR test system for the detection of Pasteurella multocida DNA "RT-PCR-Pm" was tested. The test system includes an "Amplification kit" which is designed for 55 amplification reactions, including controls and consists of the following components:
· PCR mixture "Mix" – a transparent liquid in a 1.5 ml test tube with a closing lid – 1.2 cm3 (ml);
· The Taq-polymerase enzyme – a transparent viscous liquid in a 0.5 ml test tube with a screw-on lid – 0.04 cm3 (ml);

· Positive control sample (PCS) – a transparent liquid in a 1.5 ml test tube with a closing lid – 0.1 cm3 (ml);

· Negative control sample (NCS) – a transparent liquid in a 1.5 ml test tube with a closing lid – 0.5 cm3 (ml);
The specificity of the PCR test system was assessed using 17 DNA samples, including the negative and positive controls provided in the test system (Table 3).

Table 3 - List of used DNA samples
	Well No.
	Culture DNA
	WellNo.
	Culture DNA

	1
	2
	3
	4

	1
	S.equi subsp. equi  
	10
	Staph. aureus

	2
	S.equi subsp. zooepidemicus 
	11
	B. subtilis

	3
	S.oralis
	12
	L. casei 

	4
	E. coli
	13
	Moraxella bovis

	5
	S. typhimurium
	14
	Moraxella bovoculi

	6
	B. abortus
	15
	Mannheimia haemolytica

	7
	B. melitensis
	16
	P. multocida К-1

	8
	B. suis
	17
	K + control (from the test system 

RT-PCR-Pm)

	9
	B. cereus
	18
	«K-» -  water (mQ) (from the test system
RT-PCR-Pm)


The analysis results were taken into account by detecting a fluorescent signal during the reaction. The DNA sample included a sample of the target species (Pasteurella multocida) with a concentration of 0.1 ng/μl; DNA from Mannheimia haemolytica with a concentration of 1 ng/μl was used as a genetically related species. The DNA concentration of other types of microorganisms varied from 5 to 25 ng in the reaction. The success of the detection was determined by the characteristic “S” -shaped amplification graph in the wells containing P. multocida DNA and positive control of the reaction. No accumulation of fluorescent signal in wells containing other types of microorganisms was recorded.
The tests have shown that the PCR test system "RT-PCR-Pm" designed  for the diagnosis of pasteurellosis in animals and birds has a high specificity and does not give cross-reactions with the DNA of closely related microorganisms, saprophytic microflora, and bacterial pathogens.
3.7 Development of regulatory and technical documentation
At the final stage, regulatory and technical documentation was developed for the PCR test system for real-time detecting Pasteurella multocida DNA "RT-PCR-Pm", including the organization standard (ST RGP 20605-1901GP-006-2020), manufacturing and control instructions, instructions for use. The organization's standard includes technical and biological requirements; requirements for raw materials and products, for packaging and labeling, for safety and environmental protection; acceptance rules; control methods; transportation and storage; instructions for use; manufacturer's guarantees; bibliography. Manufacturing and control instructions include description and characteristics of the main active ingredient; technology for obtaining and preparing auxiliary materials and solutions; veterinary drug manufacturing technology; disinfection and further use of industrial waste; safety rules for the production of the test system; accounting of production processes; specification of the equipment and devices used. Instructions for use include the procedure for using the drug, storage, and transportation conditions. The NTD package was approved by the executing organization and sent for approval and examination to the Committee for Veterinary Control and Supervision of the Ministry of Agriculture of the Republic of Kazakhstan (Appendix G).
CONCLUSION
The equipment of the veterinary laboratories of the Republic of Kazakhstan allows diagnostics of many infectious diseases using molecular genetic methods, in particular, real-time PCR. Despite systematic veterinary preventive measures, outbreaks of pasteurellosis infection are sporadic among domestic animals, and outbreaks in the saiga population are also of particular importance. The use of NGS technology resulted in the developed PCR test systems, which are specific to isolates and cause rhinitis in pigs, hemorrhagic septicemia in cattle, and cholera in birds. Therefore, the development of domestic PCR test systems for the diagnosis of pasteurellosis in animals and research in the field of comparative genomics of P. multocida are an urgent task.
Within the framework of this project, research work was carried out aimed at developing real-time PCR protocols and analyzing whole-genome sequencing data:

The studies were carried out according to the schedule. The project objectives continued throughout the project or were interrelated. In this regard, the conclusions provide generalized results for three years of the project.
Conclusions: 

- In 2018, 5 pairs of primers and corresponding fluorescent probes were selected, and 22 Pasteurella multocida strains were isolated and identified. Whole-genome sequencing of the isolated strains was carried out. All strains are identified as Pasteurella multocida with 100% identity. The obtained whole-genome data are of high quality, the sequencing accuracy is at least 99.9%.
- In 2019, the conditions for setting 5 PCR protocols were developed and optimized, followed by an assessment of their specificity and sensitivity. Analysis of whole-genome data was also completed. As a result of the assessment of the specificity in the protocol, including the primers ruvB-794-F and ruvB-59-R and the DNA probe probe-ruvB-842, nonspecific annealing was revealed. The rest of the protocols are strictly specific. The sensitivity threshold for the primer pairs envC-1088-F and envC-140-R, QseC-725-F and QseC-932-R was 2.38 fg, which corresponds to 1 genomic copy of P. multocida. For a pair of primers ruvB-672-F and ruvB-256-R, the sensitivity was 76 pg, which in genomic equivalent is 30 genomic copies of P. multocida. According to the results of the analysis of whole-genome sequencing data the strains form a separate clade in a minimal spanning tree built based on SNPs of the whole-genome data of Pasteurella multocida deposited in the NCBI database; 21 strains isolated from saigas and domestic animals belong to the ST64 sequence type according to the multihost MLST panel; in silico and PCR serotyping confirms that the sequenced strains belong to hemorrhagic serogroup B: L2.
- In 2020 there were:

Developed kits for DNA extraction based on columns with silicon filters; 
A pilot batch of the “RT-PCR-Pm” PCR test system for the detection of Pasteurella multocida DNA in the amount of 10 pieces was released; 
The test system was tested in the Department of Molecular Biology of the Laboratory "Diagnostics of Infectious Diseases" RSE "NVRC" CVC&S MoA RK. The tests have shown that the PCR test system "RT-PCR-Pm" intended for the diagnosis of pasteurellosis in animals and birds has a high specificity and does not give cross-reactions with DNA of closely related microorganisms, saprophytic microflora, as well as bacterial pathogens.

Scientific and technical documentation for the PCR test system for the detection of DNA Pasteurella multocida "RT-PCR-Pm" was developed.
Based on the results of the work carried out, 1 thesis was published in the materials of the International Symposium "Astana Biotech 2018", 2 articles in a domestic journal with a non-zero impact factor and recommended by the Committee for Quality Assurance in Education and Science MES RK, 2 articles in peer-reviewed foreign scientific publications indexed by Web of Science or Scopus databases, and 1 publication in a peer-reviewed foreign scientific journal with a non-zero impact factor (Appendix B). An application for granting a patent of the Republic of Kazakhstan for the invention “Method for detecting Pasteurella multocida by the real-time polymerase chain reaction method” (Appendix D) was submitted to the RSE “National Institute of Intellectual Property”. Whole-genome sequencing data are published in the Sequence Read Archive (SRA) and GenBank databases (Appendix E). A pilot batch of PCR test system for the detection of DNA Pasteurella multocida "RT-PCR-Pm" has been released. A conclusion on the approbation of the PCR test system in the veterinary laboratory was received (Appendix F). Scientific and technical documentation has been developed (Appendix G).
All work was carried out according to the schedule and completed in full, at a high methodological level, according to the algorithm used in the development of PCR test systems in laboratories, and adopted for data analysis of next-generation platforms. The applied software and data for comparative analysis imported from public databases are still relevant.
The ongoing project on DNA sampling and methodological approaches used corresponds to the level of leading scientific laboratories.

The results obtained during the project can be used in epidemiology to investigate outbreaks of pasteurellosis infection in domestic animals and saiga populations. The results will reveal the relationship between strains isolated from different animals.
The developed and optimized real-time PCR protocols for the detection of Pasteurella multocida can be used in the diagnosis of pasteurellosis in animals and birds. The introduction of the developed test system will improve the diagnosis of pasteurellosis, which will have a beneficial effect on the epizootic situation.
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APPENDIX А
Calendar plan for 2018-2020

	Job code, stage
	Name of work under the Agreement and the main stages of its implementation
	Period of execution
	Expected Result

	
	
	Beginning
	Ending
	

	1.1
	Selection of genetic markers suitable for the selection of primers
	February 2018
	April 2018
	Genetic markers suitable for the selection of primers will be selected. 5 genetic markers suitable for the selection of primers will be selected

	1.2
	Selection of primers and fluorescent probes specific for Pasteurella multocida
	April 2018
	May 2018
	5 pairs of primers and fluorescent probes specific for Pasteurella multocida will be selected

	1.3
	Isolation of DNA from at least 10 strains of Pasteurella multocida for optimization of PCR conditions and whole genome sequencing. Determination of DNA purity and species by analysis of the 16S rRNA gene nucleotide sequence
	June 2018
	July 2018
	DNA will be isolated from at least 10 strains of Pasteurella multocida to optimize PCR conditions and whole genome sequencing. The purity and species identity of DNA will be determined by analysis of the nucleotide sequence of the 16S rRNA gene

	1.4
	Optimization of PCR conditions for the detection of Pasteurella multocida for 3 pairs of primers. Whole genome sequencing of at least 10 strains of Pasteurella multocida
	August 2018
	Until November 1, 2018
	The PCR conditions for the detection of Pasteurella multocida will be optimized for 3 pairs of primers. Whole genome data for at least 10 Pasteurella multocida strains will be obtained

	2.1
	Optimization of PCR conditions for detecting Pasteurella multocida for 2 pairs of primers. Development of PCR protocols with 5 pairs of primers.
	January 2019
	March 2019
	The PCR conditions for the detection of Pasteurella multocida will be optimized for 2 primer pairs. PCR protocols with 5 pairs of primers will be developed.
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	2.2
	Assessment of the specificity of 5 developed protocols on collection DNA samples
	April 2019
	June 2019
	The specificity of 5 developed protocols will be assessed on collection DNA samples. High specificity protocols will be selected.

	2.3
	Assessment of the sensitivity of high specificity protocols.
	July 2019
	October 2019
	An assessment of the sensitivity will be carried out and a promising protocol for the development of a PCR test system will be selected.

	2.4 
	Analysis of whole genome sequencing data and identification of genetic differences of Pasteurella multocida strains circulating in Kazakhstan, including strains isolated from saigas during the period of mass mortality. Publication of an article in a domestic journal with a non-zero impact factor. Publication of nucleotide sequences of the whole genomes of Pasteurella multocida. Submission a patent application.
	July 2019
	Until November 1, 2019
	Analysis of whole genome sequencing data and identification of genetic differences of Pasteurella multocida strains circulating in Kazakhstan, including strains isolated from saigas during the period of mass mortality, will be carried out. An article will be published in a domestic journal with a non-zero impact factor. The nucleotide sequences of the whole genomes of Pasteurella multocida will be published. A patent application will be submitted.

	3.1
	Development of a column-based DNA extraction kit
	January 2020
	April 2020
	Column-based DNA extraction kit will be developed

	3.2
	Production of a pilot batch of real-time PCR test-system for the detection of Pasteurella multocida
	May 2020
	June 2020
	A pilot batch of 10 real-time PCR test-systems for the detection of Pasteurella multocida will be released.
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	3.3
	Approbation of the PCR test-system in a veterinary laboratory. Publication of one article in a peer-reviewed foreign scientific journal indexed by the Web of Science or Scopus databases.
	July 2020
	September 2020
	The PCR test-system will be tested in a veterinary laboratory, and a conclusion on the specificity and sensitivity will be obtained. One article will be published in a peer-reviewed foreign scientific journal indexed by the Web of Science or Scopus databases.

	3.4
	Development of normative and technical documentation (NTD). Publication of research results.
	October 2020
	Until November 1, 2020
	NTD will be developed in accordance with veterinary legislation. Two articles will be published in peer-reviewed foreign scientific journals with a non-zero impact factor. One publication will be published in the journal recommended by the Committee for Quality Assurance in Education and Science MES RK
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DEVELOPMENT OF A REAL-TIME POLYMERASE CHAIN REACTION
PROTOCOL FOR DIAGNOSIS OF PASTEURELLOSIS

Amirgazin A. O, Kairzhanova A. D, Shustov A. V, Shevtsov A. B.

National Center for Biotechnology.
Korgalzhyn road 13/5, Nur-Sultan, 010000, Kazakhstan
asylulan0894@gmail.com

ABSTRACT

Pasteurellosis is a zoonotic disease of vertebrate animals, for the etiological agent
is Pasteurella multocida. The continuous high prevalence of P. multocida and regular periodic
outbreaks of pasteurellosis in both wild and domestic animals, especially in the wild saiga
populations in Kazakhstan, underscores the importance of developing a local molecular
diagnostic system. Accordingly, the goal of the present study was to develop a real-time
‘polymerase chain reaction (PCR) protocol to identify all serovars of P. multocida. The envC,
‘ruvB, and QseC genes were chosen as targets, and real-time PCR protocols were developed using
three pairs of primers and corresponding fluorescent probes characterized by high efficiency,
sensitivity, and specificity. The sensitivity of the developed protocols to the sequences of the
envC and QseC genes was 2.38 f, and that to the ruvB gene was 76 pg. The high specificity of the
PCR protocol was confirmed with a collection of samples from 92 species of bacteria and three
species of higher eukaryotic organisms. The commercialization of these developed protocols
will allow for the production of highly effective PCR test systems, and improve the diagnosis
and treatment of pasteurellosis.

Key words: real-time PCR, Pasteurella multocida, PCR diagnostics, PCR optimization,

PCR specificity, PCR sensitivity

INTRODUCTION

Pasteurellosis is an infectious discase of animals
and birds, mainly characterized by poultry cholera,
hemorrhagic septicemia in sheep, goats and cattle,
atrophic hinitisin pigs and rabbits, preumonia and
pleurits in ungulates. The main causative agent of
pasteurelosis is Pasteurella multocida [11. P. multo-
cida isolates are clasified into 5 capsular serogroups
(A.B,D, Eand ) [2.3,4] and 16 LPS serotypes (L1-
L16) [5. 6] Itis also worth noting, that c se-
rovars exist, such as B:L25 and B34 [7].

‘Hemorrhagic septicemia is caused by isolates
from serogroups B and E, and rarely A. Susceptible
animals are: cattle, bufaloes, pigs, small catle, deer;
‘camels, rarely horses. Avian cholera is caused by iso-
Iates from serogroups A, ; very rarely D. Susceptible
birds are: hens, turkeys, ducks, wild birds. Atrophic
chinitis i caused by isolates from serogroup D, rarely
2

A, and the disease affects pigs and rabbits. Sniffing in
rabbits s caused by the pathogen from serogroups A
‘and D. Enzootic pneumonia and convulsive fever are:
‘caused by isolatesfrom serogroups A and D, rarely .
Pneumonia oceurs in cattle, smallcatle and pigs [8].

As is evident, the serogroups do not. show.
‘monospecificity to one host species, the observation
that was confirmed by a new genotyping scheme [9].
Recent studies indicate only presence of genes asso-
ciated with certain nosologies, for example,atrophic
shinitis is caused by the action of a toxin (product
of the TaxA gene), and there is a complex of genes
‘common to isolates that cause hemorrhagic sepice-
mia [10].

‘The greatest danger is pasteurellosis manifests
in a form of hemorrhagic septicemia (HS). Hemor-
rhagic septicemia s  systemic discase which can af-
fectall ungulate animals, and this discase was desig-
nated as the most economically important disease in
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OPTIMIZATION OF PCR PURIFICATION USING
SILICA-COATED MAGNETIC BEADS

Berdimuratova K.T,, Amirgazin A.O,, Kuibagarov M.A., Lutsay V:B.,
Mukanov KK, Shevtsov A.B.

National Center for Biotechnology
15/5, Korgalzhyn road, Nur-Sultan, 010000, Kuzakhstan
bianco-umka@mail.ru

ABSTRACT

Purificationof nucleicacidsisstillan important step in molecular geneticrescarch. The development
of whole genome ies has increased the requi for the purity of the nucleic
acids used, and also required the selection of DNA fragments by size. Buffer systems that contain PEG/
NaCl solutions and silica-coated magnetic beads allow to purify nucleic acids and selectively sorb
certain sizes of DNA. In this article, we present a simple protocol for the purification of PCR products
with the ability to absorb the required DNA molecules.It was d that the use of an

'PEG / NaCl buffer system with magnetic silica gel in a ratio of 15: 1 with a PCR productallows to get
of DNA fragments 100 and less base pairs (bp), as well as other contaminants, while maintaining this
is more than 90% of the DNA in solution. The ratio of 0.35: 1 allows for high-affiity sorption of DNA
‘molecules larger than 400 bp. The practical use of the obtained data allows us to improve the quality of
sequencing without increasing the cost of research.

Key words: slica-coated magnetic beads, purification, DNA, PCR products.

INTRODUCTION

‘Nucleic acid purification methods that are used
in genetic analysis and identification of biological ob-
jects play a crucil role in research in the field of lfe
sciences 1]. For diagnostic and research purposes,itis
necessary to isolate mucleic acids from various objects
including bacteria, virus-containing liquid, tisues and
exudates of higher organisms. To isolate nucleic ac-
ids,there is a huge selection of commercially available
kits and open protocols that make it possible to obtain
highly purified nuclic acids from impurities of cell
walls, proteins and chemical compounds [23].
Another important task of molecular biolo-
g is to purify PCR products for subsequent clon-
ing or sequencing including preparing libraries for
sequencing on high performance sequencers. [4].
Two main factors affect the qualty of the resulting
sequences: the concentration, integrity; and puri-
ty of the DNA matrix; effective removal of primer
residues, unbound deoxynucleotide triphosphates,
proteins and chemical compounds [S]. In addition,
to clear libraries for whole genome sequencing, it

is necessary to select PCR products by size, remov-
ing non-specific low-molecular and high-molec-
ular DNA fragments formed during the demiriza-
tion of primers and DNA fragmentation. Methods
for cleaning PCR products can often be expensive,
time-consuming, and can lead to partial or complete:
oss of the original DNA template. The determina-
tion of a nucleic acid purification technique may
depend on several factors, such as cost, operating
time, the need for high-performance processing, the
quality of sequence data, and user preferences. Nu-
‘merous approaches are available for purification of
PCR products, including alcohol precipitation (6],
affinity chromatography (7], size exclusion chro-
‘matography methods [8-10], proprictary kits, and
the use of paramagnetic particles or beads [11-12].
Among these methods, the method of cleaning nu-
cleic acids with paramagnetic particles coated with
silica gel has a number of advantages. The use of
magnetic silica gel reduces operating time and costs
and increases the integrity of the DNA. [13]. Also,
‘magnetic extraction does not use harmful organic
solvents, the protocols are simple and allow you to

8
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Genetic Diversity of Brucella
melitensis in Kazakhstan in Relation

to World-Wide Diversity
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We describe the genelic diversity of 1327 Brucell sirains from human patients
in Kazaknstan using mulipe-ocus variable-number tandem repeat (VNTR) analyss
(MLVA). Al sirains were assigned [0 the Brucela mefiensis East Mediemanean
group and ciustered o 16 MLYAT1 genotypes, nine of which are repored for
the first time. MLVAT1 genotype 116 predominates (86.8%) and Is prasant al over
Kazaksian indicaling existence and temporary preservalion of a Founder effec”
among B. meftensis sirains Crouialing in Cenlral Eurasia The dversity pattem
bserved in humans is Pighly simiar o fhe pattem previousy reported in animals. The
diversity observed by MLVA suggested that the epidemiological status of bruceliosis in
Kazaktstan s te resuit of the infroduction of a e neages, which have subsequent
civersifid at the most unstable tandem repeat loci This investigation wil alow 10
select the most relevant sirains for tesiing these hypolheses via whole genome
seauencing and to subsequenty acjust the genolyping scheme o the Kazakhstan
epidemiologica siuation,

Kepwords: Brcells melfenss, Kazaktstan, Qenoping. Q=nsbc. Ghersty, mustl-ocus varaie numoer
andem ropeat (TR anayss MLYA)

INTRODUCTION

Brucellosis s s zoonotc infection ffcting many mammls including marine species 3 well a5
humans. Infection is endemic in many countries of the world, the ctiological agent being a Gram-
negative bactera of the genus Brucela. Among the 12 species curretly proposed in this genus,
Brucella melitenss, B. abortus, and. B. sus are highly dangerous for humans and cause discase
with scvere complications and chronic process (Meyer, 1990; Godifoid ct al, 2011). Rare cases
of infection of people with other Brucell species are alo recorded (Ficht, 2010). Despite its low
‘mortaliy rates, brucellosis s 2 very important public helth problem in Kazakhstan. Husbandey
suffr direct cconomic lossesfrom brucellosis du to reduced productivity, culing of ivstock and
costsofassociated measures. In spit of the conteol trategies, brucellosis emalins a major economic
problem for agriulture, with an annual dirct cos of more than $45 million and.a social problem
in hslth care ith an sversge dissilty-sdjusted ifeyear of 0.5 per case (Charypkhan et L, 2019).
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APPENDIX D

A copy of the application for a patent of the Republic of Kazakhstan for an invention
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Continuation of Appendix D
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APPENDIX E

Whole genome sequencing data publication (NCBI)
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Pasteurella multocida Genome sequencing and assembly

Every year in Kazakhstan cases of pasteurellosis in animals are recorded. Pasteurellosis outbreaks have been reported
in wild animals resulting in the death of up to 88% of the local population (62% of the world population) as a result of the
epidemic. At the same time there is little information about the genetic diversity of circulating strains of Pasteurella
multocida.

The purpose of this research is to study the genomes of Pasteurella multocida, isolated from domestic and wild animals

in Kazakhstan. Less...

174 additional
projects are related
Accession  PRINA556768 by organism.

Data Type  Genome sequencing and assembly
Scope Multiisolate

Organism Pasteurella multocida [Taxonomy ID: 747]
Bacteria; Proteobacteria; Gammaproteobacteria; Pasteurellales; Pasteurellaceae; Pasteurella; Pasteurella multocida

Submission  Registration date: 7-Apr-2020
National Center for Biotechnology




[image: image33.png]Project Data:

Resource Name GOy
of Links
SEQUENCE DATA
Nucleotide (WGS master) 3
SRA Experiments 3
OTHER DATASETS
BioSample 3
Assembly 3
~ Assembly details: Download
Assembly level Number of Assemblies
Contig (» 3
Total 3
Assembly Level WGS BioSample Strain Taxonomy
GCA_012126375.1 3 JAAILE000000000 SAMN12368460 P-mult-10-KZ Pasteurella multocida
GCA_012271915.1 3 JAAONWO000000000 SAMN14363915 P-mult-5-KZ Pasteurella multocida
GCA_012271895.1 3 JAAONX000000000 SAMN14363954 P-mult-15-KZ Pasteurella multocida





APPENDIX F
Conclusion of approbation in a veterinary laboratory
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APPENDIX G

Developed scientific and technical documentation
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