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GENETIC IDENTIFICATION OF THE CAUSATIVE AGENT OF BRUCELLOSIS 
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ABSTRACT 
The development of animal husbandry suffers various kinds of losses due to the spread of infectious diseases among animals, 
in particular Brucellosis. A challenge faced by Brucella researchers has been the accurate identification of new isolates within 
the genus while preserving sufficient, and not excessive, biosafety and biosecurity requirements. The availability of 
discriminatory molecular typing tools to inform and assist conventional epidemiological approaches would be invaluable in 
controlling these infections, but efforts have been hampered by the genetic homogeneity of the genus. In this work, for better 
identification of infection, for control and monitor the source of outbreaks in prosperous areas was carried out identification 
of Brucella spp. strains which circulating in the Kostanay region. For this was used using multilocus analysis of a variable 
number of tandem repeats sequenced by 16 s – PNK on a genetic analyzer (sequencer). According to the results of a study 
of cattle, cultures of microorganisms were infected: No. 4, 5, 7, 8. Comparison of the obtained results with similar results of 
domestic and foreign works by A. Shevtsov, G. Borrello, P. Le Fleche, G. Garofolo suggest that the genotyping of local 
strains has an importance in the molecular epizootology of the Republic of Kazakhstan. 
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INTRODUCTION 
Brucellosis is a zoonotic disease of major public health, 

animal welfare, and economic significance worldwide. In 
humans, infection with Brucella can lead to a chronic 
debilitating infection; in domesticated animals, the main 
symptom is a reproductive failure. Among the 12 species 
currently proposed in this genus, Brucella melitensis, 
Brucella abortus, and Brucella suis are highly dangerous 
for humans and cause disease with severe complications and 
chronic processes (Meyer, 1990; Godfroid et al., 2011). 
Rare cases of infection of people with other Brucella 
species are also recorded (Ficht, 2010). Despite its low 
mortality rates, brucellosis is a very important public health 
problem in Kazakhstan. Brucellosis causes great economic 
damage to livestock. The disease is accompanied by mass 
abortions and barrenness of animals suffering from 
brucellosis, joint damage, inflammation of mucous bags (in 
horses at the withers and the nape of the neck), the sex 
glands, the appearance of abscesses (more often in pigs), a 
decrease in the viability of offspring, a decrease in animal 
productivity. At the same time, elimination of brucellosis 
requires great effort and cost (Demirev, 2013; Whatmore 
et al., 2006; Whatmore, 2009). The development of 
discriminatory molecular tools for the identification and 
typing of Brucella has been problematic, reflecting the lack 
of genetic polymorphism in Brucella. 

To address the issue of epizootology and understanding 
the pathogenesis of the disease, an accurate and timely 
diagnosis is necessary. The success of the fight against 

brucellosis depends on the rate of detection of all infected 
animals, on the effectiveness of diagnostic studies. The 
traditional system of identification and systematization of 
isolated field strains of Brucella is imperfect. None of the 
existing molecular tools provide adequate resolution to 
confidently permit epidemiological traceback in the case of 
accidental import or deliberate release. The phenotypic 
methods used allow differentiation of the causative agent of 
brucellosis to the species-specific level, but they are 
characterized by laboriousness, duration, and non-
specificity of the analysis (Whatmore, 2009; Alton et al., 
1988; Le Flèche et al., 2006). These methods do not meet 
modern typing requirements. The solution to this problem 
is seen in the use of modern methods of molecular genetic 
typing of Brucella isolates. 

Using molecular methods of analysis, genomic 
polymorphism is simply detected – quantitative changes in 
mini- and microsatellite DNA sequences (decrease or 
increase in the number of repeats), creating a series of 
unique alleles for each variable locus. These types of 
polymorphic loci are convenient markers. The phenomenon 
of polymorphism underlies the common method of 
identifying mutant DNA fragments – analysis of 
microsatellite markers (Ayala and Kiger, 1980; 
Gershkovich, 1968; Al Dahouk et al., 2007, Kattar et al., 
2008). In this regard, the use of information about the 
causative agent of brucellosis obtained in the analysis of 
multilocus provides high-quality, effective elimination and 
prevention of the infectious process. 
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Scientific Hypothesis  
Using multilocus analysis with a variable number of 

tandem to create a molecular genetic cluster in the 16S 
rRNA epizootic. Recursive multistep analysis of a tandem 
of a molecular genetic cluster in epizootology using 16S 
rRNA in the Kostanay region strain of genotyping. In 
addition, the data obtained can be used for epidemiological 
surveillance and rapid detection of foci of brucellosis in 
epidemic zones. Currently, the research of the genetic 
modification of Brucella through 16s rRNA is necessary for 
a better understanding of the spread and monitoring of the 
occurrence of this infection in these areas. 
 
MATERIAL AND METHODOLOGY 
Samples 

An object of study – cultures of microorganisms: No. 4, 5, 
7, 8. The subject of the study is the polymorphism of a 
fragment of ribosomal RNA (16S rRNA). The study 
material – samples of genomic DNA isolated from the 
obtained cultures of microorganisms. 
Instruments 

Capillary genetic analyzer 8-16s rrna 3500 genetic 
Analyzer ("Applied Biosystems", USA) for genotyping and 
defining Brucella isolators is a worthy tool for identifying 
genotypes. 
Laboratory Methods 

On the initial stages of the work, the following processes 
took place: 

1. Isolation of DNA from microorganism cultures. For 
DNA extraction, the commercial CTAB Sample Kit was 
used (DNA-Technology, Russia). The work with the kit was 
carried out following the manufacturer's instructions. 

2. Determination of DNA nucleotide sequence by the 
method of F. Sanger (enzymatic method) 

3. Sequencing steps. Sequencing of amplification 
fragments was performed using the ABI PRISM Big Dye 
Terminator v.3.1 kit (Applied Biosystems, USA), according 
to the manufacturer's instructions using the Applied 
Biosystems 3500 Genetic Analyzer 8 capillary genetic 
analyzer (Applied Biosystems, USA). After conducting 
electrophoretic analysis of amplification 2 using 2% 
agarose, we placed micro schemes with amplification 
products as a tripod. Each row of gel tracks must have a 
DNA molecular weight marker (Ferreira et al., 2012). 
Next on paraffin paper with a pipette dosing, we add 10 μL 
of amplification, 2 μL of 6X DNA Loading Dye, pipetting. 
10 μL is poured into the well of the agarose gel. 
Electrophoresis results were registered using a QUANTUM 
Model 1100 SUPER Documentation System Gel, which has 
ultra-high sensitivity, including for fluorescence, is 
controlled via PC. One band is visible on the resulting 
image, which indicates the purity of the obtained cultures, 
the presence of two or more bands in the results indicates 
that the cultures are contaminated by other microorganisms 
(Corbel, 1997; Gandara et al., 2001). In this case, it is 
impossible to conduct sequencing of this culture 
(Whatmore et al., 2006, Gwida et al., 2012). 

4. Clearing the amplification from residual reagents with 
CleanSweep reagent, mix composition. Incubated at 37 °C 
– 15 min, 80 °C – 15 min and left for storage. 
Sample preparation 

Cultures were obtained in the Kostanay regional branch of 
RSE on REM "Republican veterinary laboratory". 

Microorganisms had been seeded on a specific nutrient 
medium for Brucella – erythritol agar had been grown for 
20 – 30 days at 37 – 38 ℃. For microscopic examination, 
staining was performed according to Shuliak-Shin. 
 
Statistical Analysis 

Sequence data were obtained by overlaying the sequenced 
sequences from the forward and reverse primers using the 
SeqMan program (Lasergene 6). Alignment was performed 
using the on-line BLAST program hosted on the NCBI 
website – National Center for Biotechnological 
Information, USA. 
 
RESULTS AND DISCUSSION 

Since there were essentially no molecular tools that could 
provide useful discrimination beyond the level of biovar, 
the first aim of this study was to characterize highly 
discriminatory loci that would facilitate the development of 
tools to permit epidemiological traceback of Brucella to the 
source of infection The initial stages of the work focused 
on: 1. Isolation of DNA from microorganism cultures; 
2. Determination of DNA nucleotide sequence; 
3. Sequencing steps; 4. Cleared the amplification from 
residual reagents with CleanSweep reagent, mix 
composition (Table 1). 
 Then a sequencing reaction was performed. Each PCR 
product was pipetted into the 2 wells of a strip of 1 μL (the 
primers were excavated separately in the wells, to the first 
was added straight, to the second – the reverse) + the 
reaction mixture of the following composition (Table 2). 
 Put on the amplification according to the following 
program (Table 3). The rate of increase or decrease in 
temperature – 1 °C/sec. 
 Purification (precipitation) before sequencing (performed 
in a plate with cooling) was performed.  
 

 Table 1 The composition of the mixture for the purification 
of amplification products. 

Mix component Amount per reaction 
CleanSweep 2 µL 
Amplification 5 µL 

 
 Table 2 The reaction mixture for sequencing. 

Component of the reaction mixture Amount per 
reaction 

Primer 16S-F (ITS-F), 
either primer 16S-R (ITS-R) 1 µL 

Purified amplification 1,5 µL 
Big Dye Terminator 3.1 Ready Reaction 
Mix 4 µL 

Deionized water 4 µL 

 
 Table 3 Amplification program. 

Temperature Time Number of cycles 
96°С 1 min  
96°С 10 sec 

25 cycles 50°С 5 sec 
60°С 1,5 min 
4°С storage 
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45 μL Sam Solution and 10 μL Xterminator Solution had 
been added to the amplification obtained after the sequential 
reaction, shaking the reagent strongly, as it quickly 
precipitated. The resulting mixture was vortexed at  
1800 rpm for 20 minutes using Digital Vortex-Genie 2. 
After that, the plate was centrifuged at 1000g for 2 minutes. 

15 μL of the supernatant was collected and the plate was 
loaded into the sequencer. As a result of sequencing the 
cultures of microorganisms, the following results were 
obtained (Table 4, Figure 1).  
 

 

 Table 4 Results of identification by the method of analysis of the nucleotide sequence of the gene 16S rRNA. 

The name of 
the strain The sequence of the fragment 16S r RNA 

Identification of nucleotide 
sequences in the international 

database 
(http://www.ncbi.nlm.nih.gov/) 

BLAST algorithm 
The name of the 

strain matches 

1/8 

GTATCAAAGGCAGTTCCGGGGTTGAGCCCCGGGATTTCACCCCTGACT
TAAAAGTCCGCCTACGTGCGCTTTACGCCCAGTAAATCCGAACAACG

CTAGCCCCCTTCGTATTACCGCGGCTGCTGGCACGAAGTTAGCCGGGG
CTTCTTCTCCGGTTACCGTCATTATCTTCACCGGTGAAAGAGCTTTACA
ACCCTAGGGCCTTCATCACTCACGCGGCATGGCTGGATCAGGCTTGCG

CCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAA 

Brucella abortus 100% 

Brucella melitensis 100% 

Brucella canis 100% 

2/8 

TCCGGGGTTGAGCCCCGGGATTTCACCCCTGACTTAAAAGTCCGCCTA
CGTGCGCTTTACGCCCAGTAAATCCGAACAACGCTAGCCCCCTTCGTA
TTACCGCGGCTGCTGGCACGAAGTTAGCCGGGGCTTCTTCTCCGGTTA
CCGTCATTATCTTCACCGGTGAAAGAGCTTTACAACCCTAGGGCCTTC
ATCACTCACGCGGCATGGCTGGATCAGGCTTGCGCCCATTGTCCAATA

TTCCCCACTGCTGCCTCCCGTA 

Brucella abortus 100% 

Brucella melitensis 100% 

Brucella canis 100% 

4/8 

AGTTCCGGGGTTGAGCCCCGGGATTTCACCCCTGACTTAAAAGTCCGC
CTACGTGCGCTTTACGCCCAGTAAATCCGAACAACGCTAGCCCCCTTC
GTATTACCGCGGCTGCTGGCACGAAGTTAGCCGGGGCTTCTTCTCCGG
TTACCGTCATTATCTTCACCGGTGAAAGAGCTTTACAACCCTAGGGCC
TTCATCACTCACGCGGCATGGCTGGATCAGGCTTGCGCCCATTGTCCA

ATATTCCCCACTGCTGCCTC 

Brucella abortus 100% 

Brucella melitensis 100% 

Brucella canis 100% 

5/5м 

ACCTCTACACTCGGAATTCCACTCACCTCTACCATACTCAAGACTTCC
AGTATCAAAGGCAGTTCCGGGGTTGAGCCCCGGGATTTCACCCCTGA

CTTAAAAGTCCGCCTACGTGCGCTTTACGCCCAGTAAATCCGAACAAC
GCTAGCCCCCTTCGTATTACCGCGGCTGCTGGCACGAAGTTAGCCGGG
GCTTCTTCTCCGGTTACCGTCATTATCTTCACCGGTGAAAGAGCTTTAC
AACCCTAGGGCCTTCATCACTCACGCGGCATGGCTGGATCAGGCTTGC

GCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAA 

Brucella abortus 100% 

Brucella melitensis 100% 

Brucella canis 100% 

6/5 

GGGGCTAGCGTTGTTCGGATTTACTGGGCGTAAAGCGCACGTAGGCG
GACTTTTAAGTCAGGGGTGAAATCCCGGGGCTCAACCCCGGAACTGC
CTTTGATACTGGAAGTCTTGAGTATGGTAGAGGTGAGTGGAATTCCGA
GTGTAGAGGTGAAATTCGTAGATATTCGGAGGAACACCAGTGGCGAA
GGCGGCTCACTGGACCATTACTGACGCTGAGGTGCGAAAGCGTGGGG

AGCAAACAGGATTAGATACCCTGGTA 

Brucella abortus 100% 

Brucella melitensis 100% 

Brucella canis 100% 

7/5 

AGGGGGCTAGCGTTGTTCGGATTTACTGGGCGTAAAGCGCACGTAGG
CGGACTTTTAAGTCAGGGGTGAAATCCCGGGGCTCAACCCCGGAACT
GCCTTTGATACTGGAAGTCTTGAGTATGGTAGAGGTGAGTGGAATTCC
GAGTGTAGAGGTGAAATTCGTAGATATTCGGAGGAACACCAGTGGCG
AAGGCGGCTCACTGGACCATTACTGACGCTGAGGTGCGAAAGCGTGG

GGAGCAAACAGGATTAGATACCCTGGTAGA 

Brucella abortus 100% 

Brucella melitensis 100% 
Brucella canis 100% 

8/5 

CTTCCAGTATCAAAGGCAGTTCCGGGGTTGAGCCCCGGGATTTCACCC
CTGACTTAAAAGTCCGCCTACGTGCGCTTTACGCCCAGTAAATCCGAA
CAACGCTAGCCCCCTTCGTATTACCGCGGCTGCTGGCACGAAGTTAGC
CGGGGCTTCTTCTCCGGTTACCGTCATTATCTTCACCGGTGAAAGAGC
TTTACAACCCTAGGGCCTTCATCACTCACGCGGCATGGCTGGATCAGG

CTTGCGCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAA 

Brucella abortus 100% 

Brucella melitensis 100% 

Brucella canis 100% 

9/7 

ACCTCTACACTCGGAATTCCACTCACCTCTACCATACTCAAGACTTCC
AGTATCAAAGGCAGTTCCGGGGTTGAGCCCCGGGATTTCACCCCTGA

CTTAAAAGTCCGCCTACGTGCGCTTTACGCCCAGTAAATCCGAACAAC
GCTAGCCCCCTTCGTATTACCGCGGCTGCTGGCACGAAGTTAGCCGGG
GCTTCTTCTCCGGTTACCGTCATTATCTTCACCGGTGAAAGAGCTTTAC
AACCCTAGGGCCTTCATCACTCACGCGGCATGGCTGGATCAGGCTTGC

GCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAA 

Brucella abortus 100% 

Brucella melitensis 100% 

Brucella canis 100% 

10/4 

AAGGCAGTTCCGGGGTTGAGCCCCGGGATTTCACCCCTGACTTAAAA
GTCCGCCTACGTGCGCTTTACGCCCAGTAAATCCGAACAACGCTAGCC
CCCTTCGTATTACCGCGGCTGCTGGCACGAAGTTAGCCGGGGCTTCTT
CTCCGGTTACCGTCATTATCTTCACCGGTGAAAGAGCTTTACAACCCT
AGGGCCTTCATCACTCACGCGGCATGGCTGGATCAGGCTTGCGCCCAT

TGTCCAATATTCCCCACTGCTGCCTCCCGTAA 

Brucella abortus 100% 

Brucella melitensis 100% 

Brucella canis 100% 
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The success of brucellosis control depends on the speed 
of detection of all infected animals and the effectiveness of 
diagnostic tests (Alton et al., 1988; Meyer, 1990; 
Yagupsky, 1999). Up-to-date disease detection helps to 
take steps to isolate the infected animal early as a source of 
infection (Bricker and Ewalt, 2005; Ridler et al., 2005). 
The following serological tests for animal brucellosis are 
officially recognized in Kazakhstan: RBS, AR, CBD, and 
ELISA. The rate of serological reactions in brucellosis is 
unstable (Ficht, 2010; Scholz and Vergnaud, 2013). While 
each method is complex with other methods, it does not 
isolate all sick animals. Traditional phenotypic 
differentiation methods make it difficult to standardize the 
situation, which is the reason for erroneous differentiation 
(Pappas et al., 2006; Godfroid et al., 2011, Borriello et 
al., 2013). It is known that the phenotypic characteristics of 
bacteria can vary depending on the growing conditions and 
the allelic state responsible for gene expression. The most 
conservative structure that characterizes the type of 
microorganism in its gene (Ayala and Kiger, 1980; 
Gershkovich, 1968; Al Dahouk et al., 2007, Kattar et al., 
2008). In this regard, the most promising is the assessment 
based on the nature of the pathogen genome. 

The solution of the problem made it possible to determine 
the genotype of the studied strains using cluster analysis and 
to start an investigation of the outbreak in the regions 
endemic for brucellosis (Frachetti et al., 2017). Timely 
provision of information on the causative agent of 
brucellosis, obtained using multilocus analysis, for the use 
of scientific research results in veterinary practice, which 
ensures high-quality monitoring of the epidemic process, 
effective eradication, and prevention (Le Flèche 
et al., 2006; Whatmore, 2009; Demirev, 2013). The 
expediency of the introduction of 16S rRNA is an accurate 
and timely diagnosis of brucellosis in animals since the 
timely detection of the disease will help to take measures 
for the early isolation of the animal as a source of infection 
and prevent its further development and spread (Garofolo 
et al., 2013; Shevtsov et al., 2015). 
 
CONCLUSION 
 The region of the 16S rRNA gene sequence among the 
primers used helps to determine 100% affinity, but the 
specificity is not enough to identify the species. The 
obtained data are consistent with bacteriological data 
(colony shape – S, bluish-transparent in daylight; 
microscopy: round negative rods with rounded ends, located 

immediately; all characteristics correspond to Brucella 
abortus). It can be said that the Brucella family is present in 
the studied samples of microorganisms (no. 4, 5, 7, 8). It 
turned out that the study of the genetic diversity of 
brucellosis using Brucella spp. The genetic structure of the 
Kazakh population has not been studied enough. 

Multiple-locus analysis genotyping constitutes a 
convenient medium-resolution classification assay for 
large-scale investigations. Follow-up studies based on the 
whole genome sequencing of selected strains will be 
necessary to more precisely decipher the dynamics of strain 
circulation both within Kazakhstan and with Kazakhstan’s 
neighboring countries. Such studies will also permit to 
design of new low-cost genotyping assays tailored for 
Central Asia. 
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