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Abstract. The relevance of this study stems from the need to improve the accuracy and sensitivity of laboratory
diagnostics for COVID-19, particularly in the early stages of infection and with low viral loads. The aim of the
study was to validate and experimentally evaluate the performance of a pair of primers targeting the SARS-
CoV-2 nucleocapsid gene using a plasmid positive control. The study utilised computer-aided primer design using
standard criteria, testing their specificity against nucleotide sequence databases, modelling a plasmid construct
with the target fragment,and performing one-step reverse transcription followed by polymerase chain reaction and
agarose gel analysis of the products. Primers N9171F and N9368R, 20-22 nucleotides in length, with optimal GC
content and consistent melting temperatures, were developed and characterised. Bioinformatics analysis revealed
a lack of significant tendency to form stable hairpins and dimers, and confirmed minimal homology with off-target
sequences, which increases amplification specificity. Recombinant plasmid DNA pJET1.2, containing a 197-bp insert
of the target fragment, was used as a positive control.Visualisation of the construct map confirmed the presence of
the diagnostic insert and its ease of use for reaction control. Experimental results demonstrated the production of
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a specific product of the expected size (197 bp) during SARS-CoV-2 RNA analysis, while the negative amplification
control did not produce any, confirming the accuracy of the reaction and reducing the risk of false negative results
with a valid control. The practical value of this work lies in the potential for using the proposed primer pair and
plasmid control in laboratories for RT-PCR testing in laboratory diagnostics, epidemiological monitoring, and the
development of diagnostic test systems for detecting the coronavirus pathogen

Keywords: plasmid; nucleotide; diagnostics; amplification; BLAST

Introduction

The need to develop and optimise primers for the
SARS-CoV-2 nucleocapsid (N) gene stems from the
virus's continued circulation, the emergence of new
genetic variants, and the need to ensure reliable lab-
oratory diagnostics at the national level. Despite a de-
cline in global incidence compared to the peak levels of
2020-2022, COVID-19 remains a significant respiratory
infection causing severe complications in vulnerable
population groups. Given the genetic variability of the
virus, the effectiveness of existing test systems may de-
cline, requiring regular revision of primer and probe de-
signs, particularly for conserved regions of the genome
such as the N gene. D. Dutta et al. (2022) analysed the
diagnostic performance of RT-PCR in clinical samples
from 312 patients and demonstrated that test systems
targeting the N gene provided a detection limit of up to
10 RNA copies/reaction at a specificity of 99.3%, which
exceeded the performance of tests targeting the S gene
exclusively. The authors emphasised that the high tran-
scriptional activity of the N gene results in a greater
quantity of subgenomic RNA, increasing the likelihood
of virus detection in the early stages of infection.

In their study, A. Mentes et al. (2022) proposed an
in silico pipeline for identifying genomic variants that
overlap with the target regions of widely used SARS-
CoV-2 PCR primer sets, based on large datasets includ-
ing sequences from GISAID. They found that mutations
affecting primer target sites - particularly in Omicron
lineages — impair detection by some assays, increasing
the proportion of samples classified as misclassified.
These findings underscore the need for regular in sil-
ico assessment of primer-template complementarity
as circulating variants evolve. D. Negrén et al. (2022)
conducted a large-scale in silico analysis of over 1.6
million SARS-CoV-2 genomes and demonstrated that
the accumulation of mutations in primer and probe
binding regions can lead to a reduction in the sensitiv-
ity of PCR assays. This indicates a potential decline in
assay sensitivity over time and highlights the need for
continuous monitoring and redesign of primers. H. Li et
al.(2020) developed a modified set of primers targeting
a conserved region of the N2 region and tested it on
186 clinical samples. The sensitivity of the method was
98.9%, and the limit of detection was 5 RNA copies per
reaction. Compared with the reference protocol, sensi-
tivity increased by 6.3%, particularly in samples with a
viral load of less than 10% copies/mL.

In their review of COVID-19, M. Cascella et al. (2025)
provided a comprehensive overview of the clinical fea-
tures, epidemiology and diagnostic methods for SARS-
CoV-2, including a discussion of molecular diagnostics
using PCR. The authors noted that SARS-CoV-2, like
other RNA viruses, rapidly accumulates mutations in
its genome, which influences the virus’s evolution and
requires careful consideration when selecting targets
for diagnostic assays, as changes in target sequences
can potentially reduce the sensitivity of RT-qPCR tests.
This highlights the importance of monitoring circulat-
ing variants to maintain the effectiveness of existing
diagnostic primers. Research by R. Wang et al. (2020)
demonstrates that the N gene remains one of the most
stable and diagnostically significant targets of SARS-
CoV-2. The constant evolution of the virus necessitates
regular analysis of genomic data, optimisation of prim-
er sequences, and experimental validation of their effi-
cacy. Furthermore, the one-step RT-PCR format is more
cost-effective and technologically convenient for rou-
tine use in clinical diagnostic laboratories. Combining
the reverse transcription and amplification steps in a
single reaction tube reduces the duration of the assay
by an average of 30-40% compared to two-step pro-
tocols, reduces the consumption of enzymes and plas-
ticware, and minimises the risk of contamination. This
is particularly important during mass testing and when
handling a high throughput of clinical samples. Reduc-
ing the number of steps decreases staff workload and
improves the reproducibility of results, making one-
step RT-PCR the optimal tool for rapid and reliable lab-
oratory diagnosis of SARS-CoV-2.

According to the WHO (2022), equitable distribu-
tion of and access to COVID-19 diagnostic tools, in-
cluding molecular tests such as PCR kits, remain inad-
equate in many low- and middle-income countries. The
report highlights persistent gaps in regulation, supply
and domestic delivery mechanisms that hinder timely
and reliable access to diagnostic tools, underscoring
the ongoing challenges countries face in maintaining a
stable diagnostic capacity for SARS-CoV-2. For example,
not all laboratories in the Republic of Kazakhstan and
the Kyrgyz Republic have stable and timely access to
commercial diagnostic kits for detecting SARS-CoV-2.
Constraints related to supply logistics, currency de-
pendence and periodic disruptions in the global rea-
gent market may reduce the efficiency of laboratory
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surveillance of infectious diseases, particularly in re-
mote regions. Given the ongoing circulation of the vi-
rus and the need to monitor new variants, such reliance
on imported test kits poses a potential epidemiological
risk. In this regard, the development in such countries
of test systems based on their own molecular genetic
solutions, including the design of primers and probes
targeting conserved regions of the SARS-CoV-2 N gene,
takes on particular significance. The creation of local
diagnostic methods makes laboratory diagnostics more
accessible, ensures flexibility in adapting to new vari-
ants of the virus, and reduces the cost of testing. Fur-
thermore, the implementation of nationally developed
technologies helps to strengthen the region’s scientific
and technological capacity and establish a sustainable
biosafety system.

The optimisation of primers for the SARS-CoV-2 N
gene in a one-step RT-PCR format is of not only sci-
entific and methodological but also strategic impor-
tance, ensuring laboratories’ independence from exter-
nal suppliers and enhancing the preparedness of the
healthcare systems in Kazakhstan and Kyrgyzstan for
current and future epidemiological challenges. The
aim of this study was to develop and experimentally
optimise primers for conserved regions of the SARS-
CoV-2 N gene, taking into account current genomic
data on circulating variants of the virus, and to evalu-
ate their analytical sensitivity and specificity in a one-
step RT-PCR assay.

Materials and Methods
The research was conducted at the Research Insti-

tute for Biological Safety Issues of the QazBioPharm
National Holding (Republic of Kazakhstan) in 2025.

The SARS-CoV-2 strain SARS-CoV-2/human/KAZ/Del-
ta-020/2021 was used in the study. Viral RNA was
isolated under BSL-2 biosafety conditions using the
innuPREP Virus DNA/RNA Kit (IST Innuscreen GmbH,
Berlin, Germany) in accordance with the manufactur-
er’s instructions. The concentration and quality of the
isolated RNA were assessed using a NanoDrop 2000
spectrophotometer (Thermo Fisher Scientific, USA).
The A260/A280 and A260/A230 ratios were used to
assess the purity of the preparation, with values in
the range of 1.8-2.0 and > 1.8, respectively, being con-
sidered acceptable.

A constructed plasmid DNA containing a frag-
ment of the SARS-CoV-2 N gene was used as a posi-
tive control. A 197-base-pair (bp) nucleotide sequence
corresponding to the SARS-CoV-2 N-gene fragment
was cloned into the pJET1.2 plasmid vector using the
ClonelET PCR Cloning Kit (Thermo Fisher Scientific
Baltics, Lithuania). Transformation was carried out in
competent E. coli DH5a cells, and recombinant clones
were selected on LB agar supplemented with ampi-
cillin (100 pg/mL). Plasmid DNA was isolated using a
plasmid extraction kit and verified by Sanger sequenc-
ing. The resulting recombinant plasmid was used as a
positive control in the OT-PCR assay. A model of the
pJET1.2 plasmid construct with the N-gene fragment
inserted was generated using PlasMapper 3.0 software.

Primers for the detection of SARS-CoV-2 were se-
lected based on multiple alignment of the nucleotide
sequences of the relevant viral genes. Sequences of
SARS-CoV-2 isolates from various geographical regions,
availableinthe GenBank(n.d.) database,were used for the
analysis. The N-gene sequences of the SARS-CoV-2 virus
available in GenBank were used for alignment (Table 1).

Table 1. GenBank accession numbers for the N gene of the SARS-CoV-2 virus

Name of the gene
and virus

Identification numbers of SARS-CoV-2 virus sequences in the GenBank database

Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/KAZ/Omicron-
XBB.1.9.1-399/2023 [Genbank: OR485702.1, Kazakhstan ], Severe acute respiratory syndrome coronavirus

The N gene
of the SARS-CoV-2
virus

2 isolate SARS-CoV-2/human/KAZ/Omicron-XBB.1.9-400/2023 [Genbank: OR485705.1, Kazakhstan], Isolate
SARS-CoV-2/human/KAZ/AST-S396/2023 [Genbank: PP905483.1, Kazakhstan], isolate SARS-CoV-2/HUMAN/
CHN/Delta CS/2021[Genbank: PX952996.1, Chinal, isolate SARS-CoV-2/Vero E6/CHN/Delta CAS1\2/2024 1

[Genbank: PX952990.1, Chinal, isolate SARS-CoV-2/human/CHN/CCS12-BA.2/2022 [Genbank: PX587945.1,
China], isolate SARS-CoV-2/human/RUS/P693/2024 [Genbank: PQ510397.1, Russia]

Source: compiled by the authors based on GenBank (n.d.)

Nucleotide sequences in FASTA format were im-
ported into MEGA version 11.0 (Molecular Evolutionary
Genetics Analysis) via the Align - Edit/Build Alignment
module. Multiple alignment was performed using the
ClustalW algorithm. Alignment parameters: gap open-
ing penalty - 15, gap extension penalty - 6.66. Con-
servative regions selected for primer design were de-
fined as areas with a sequence identity of at least 95%
among the isolates analysed.

Primer pairs were designed using the Vector NTI
Advance™ software (Thermo Fisher Scientific, USA) in

the “Primer Design” section. The target nucleotide se-
quence was imported in FASTA format into the Vector
NTI = Tools = Primer Design module for the automat-
ic selection of optimal primers. The criteria for primer
selection were: length 18-24 nucleotides, guanine-cy-
tosine (GC) content 40-60%, annealing temperature
55-65°C, absence of significant secondary structures
(AG > -3 kcal/mol for hairpins and dimers), and an am-
plicon size of 150-300 bp. Primer specificity was verified
using the BLAST (Basic Local Alignment Search Tool)
algorithm against the NCBI (n.d.) nucleotide sequence
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database to exclude cross-reactivity with the genomes
of other microorganisms and humans.

For the detection of viral RNA by RT-PCR, prim-
ers N9171F and N9368R, targeting the SARS-CoV-2 N
gene, were used. The primers were synthesised by Met-
abion International AG (Germany) to HPLC-grade purity.
The total reaction volume was 25 pL and comprised:
12.5 pL of 2x buffer, 1 pL of enzyme mix, 1 pL each
of forward and reverse primers (10 nmol), 2 yL of RNA
template (5-50 ng) and deionised water to the final vol-
ume. The composition of the 2x buffer included Tris-
HCL (pH 8.3),KCl, MgCl, (concentration 3 mM in the final
reaction) and dNTPs (0.4 mM of each). The enzyme mix
comprised reverse transcriptase, which facilitates the
synthesis of complementary DNA (cDNA) from the RNA
template, and Taq DNA polymerase, which carries out
the amplification of the cDNA.

The RT-PCR temperature-time profile comprised a
reverse transcription step at 58°C for 30 seconds, an
initial denaturation step at 94°C for 1 minute, followed
by 40 cycles: denaturation at 94°C for 15 s, annealing/
extension at 58°C for 30 s. Amplification was performed
on a SimpliAmp Thermal Cycler (Thermo Fisher Scien-
tific, USA). The amplification products were analysed
by electrophoresis in a 2% agarose gel (SeaKem LE
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Agarose, Lonza) with the addition of ethidium bromide
(0.5 pug/mL) in 1x TAE buffer. Electrophoresis was per-
formed at 120 V for 40 minutes. The GeneRuler 100 bp
DNA Ladder (Thermo Fisher Scientific) was used as a
molecular weight marker. Visualisation and documen-
tation of the results were carried out using a gel docu-
mentation system with a UV transilluminator.

The specificity of the primers developed was an-
alysed using the NCBI BLAST online tool. All exper-
iments were conducted in triplicate. No statistical
analysis was performed due to the qualitative nature
of the RT-PCR method.

Results and Discussion

The primers were designed in accordance with stand-
ard PCR design criteria: primer length ranged from 18
to 24 nucleotides, GC content was between 40% and
60%, and the melting temperatures (Tm) of the for-
ward and reverse primers differed by no more than 5°C.
To enhance specificity, a GC-clamp was introduced at
the 3’ end and the propensity for secondary structure
formation was minimised. Homology with off-target
sequences was checked in silico using nucleotide se-
quence databases. Table 2 lists the characteristics of
the selected primers.

Table 2. Characteristics of the selected primers N9171F and N9368R for the N gene of SARS-CoV-2

Name of the primer Nucleotide sequence (5’ = 3') Length, nt GC, % Tm, °C Amplicon size, bp
N9171F CATTGGCCGCAAATTGCACA 20 50.0 59
197
N9368R TGGTGGGAATGTTTTGTATGCG 22 45.5 60

Complementary: CGCATACAAAACATTCCCACCA

Note: nt - nucleotides; GC - percentage of guanine (G) and cytosine (C) nucleotides; Tm - primer melting temperature; bp -

base pairs
Source: compiled by the authors

The N9171F and N9368R primers have an optimal
length (20-22 nt) and GC content (45-50%), ensuring
stable and specific amplification. Melting temperature
calculations showed good agreement in Tm values be-
tween the primers (difference < 2°C). Analysis of sec-
ondary structures revealed no stable hairpins or signif-
icant dimers capable of inhibiting PCR, allowing these
primers to be recommended for use in PCR. Figure 1
shows the localisation of the primers on the nucleotide
sequence of the coronavirus genome.

The pJET1.2 plasmid DNA is used as a positive
control in PCR, as it contains the target nucleotide se-
quence of the SARS-CoV-2 virus’s N gene. The presence
of amplification when using this control confirms the
correctness of the reaction conditions, the functionality
of the primers and the enzyme system, and also allows
false-negative test results to be ruled out (Fig. 2).

Modelling has yielded a circular map of the re-
combinant pJET1.2 plasmid containing an insert of the
SARS-CoV-2 N gene, with a total length of 3,205 bp. The
197-bp insert, cloned into plasmid DNA, contains the
target fragment of the SARS-CoV-2 N gene and is used

as a positive control in PCR.The results obtained confirm
that RT-PCR targeting the N gene allows for the effec-
tive detection of viral RNA, including at low viral loads,
which is particularly important for the early diagnosis of
COVID-19 and screening studies. The results of RT-PCR
using the N9171F and N9368R primers for the detection
of the SARS-CoV-2 N gene are presented in Figure 3.

The RT-PCR results for the identification of the
SARS-CoV-2 virus showed that a specific PCR product
of 197 bp in size was amplified using SARS-CoV-2 viral
RNA. The selection of the N gene as a target for SARS-
CoV-2 diagnosis is scientifically justified. As noted by
P.Zhou et al. (2020), SARS-CoV-2 exhibits 96% identity
in its whole-genome sequence with the bat coronavi-
rus RalTG13 and 79.6% with SARS-CoV, indicating the
phylogenetic proximity of this virus to coronaviruses
of animal origin. Furthermore, as shown in the study
by F. He et al. (2020), coronaviruses are a highly diver-
sified group of RNA-containing viruses that can cause
respiratory, intestinal, hepatic and neurological diseas-
es of varying severity in humans and animals. In this
regard, the selection of conserved genomic regions for
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diagnostic purposes becomes of critical importance.
The SARS-CoV-2 coronavirus nucleocapsid protein
N plays a key role in the packaging of viral RNA and
viral replication, which further confirms the stability
and diagnostic significance of the gene encoding it
(Chang et al.,2006; Dangi et al.,2021; Chen et al., 2022).
W.Song et al. (2023) emphasise that the N gene is highly

/gene="N"

€Ds. 28206..29456
/gene="N"

/codon_start=1
/product="

conserved across different viral strains and is expressed
in large quantities in infected cells, which increases the
sensitivity of the detection method. Using the N gene
as a target reduces the likelihood of false-negative re-
sults, particularly when analysing samples with a low
viral load, which is of fundamental importance for the
early diagnosis of infection.

ucleocapsid phosphoprotein™

/protein_id="UUS91996.1"
/translation="MSDNGPQNQRNALRITFGGPSDSTGSNQNGGARSKQRRPQGLPN
NTASWFTALTQHGK EDLKFPRGQGVPINTNSSPDDQIGYYRRATRRIRGGDGKMKDLS
PRWYFYYLGTGPEAGLPYGANKDGIIWVATEGALNTPKDHIGTRNPANNAAIVLQLPQ
GTTLPKGFYAEGSRGGSQASSRSSSRSRNSSRNSTPGSSKRTSPARMAGNGGDAALAL
LLLDRLNQLESKMSGKGQQQQGQTVTKKSAAEASKKPRQKRTATKAYNVTQAFGRRGP
EQTQGNFGDQE LIRQGTDYKHWPQIAQFAPSASAFFGMSRIGMEVTPSGTWLTYTGAT
KLDDKDPNFKDQVILLNKHIDAYKTFPPTEPKKDKKKKADETQALPQRQKKQQTVTLL
PAADLDDFSKQLQQSMSRADSTQA™
28321 aactggcagt aaccagaatg gtggggcgcg atcaaaacaa cgtcggcccc aaggtttacc
28381 caataatact gcgtcttggt tcaccgetct cactcagcat ggcaaggaag accttaaatt
28441 ccctcgagga caaggcgttc caattaacac caatagcagt ccagatgacc asattggcta
28501 ctaccgaaga gctaccagac gaattcgtgg tggtgacggt aaaatgaaag atctcagtcc
28561 aagatggtat ttctactacc taggaactgg gccagaagct ggacttccct atggtgctaa
28621 caaagacggc atcatatggg ttgcaactga gggagccttg aatacaccaa aagatcacat
28681 tggcacccge aatcctgcta acaatgetge aatcgtgeta caacttcctc aaggaacaac
28741 attgccasaa ggcttctacg cagaagggag cagaggcggc agtcasgcct cttctcgttc
28801 ctcatcacgt agtcgcaaca gttcaagaaa ttcaactcca ggcagcagta aacgaacttc
28861 tcctgctaga atggctggca atggeggtga tgctgetctt getttgetge tgcttgacag
28921 attgaaccag cttgagagca aaatgtctgg tasaggccaa caacaacaag gccaaactgt
28981 cactaagaaa tctgctgctg aggcttctaa gaagcctcgg caasaacgta ctgccactaa
29041 agcatacaat gtaacacaag ctttcggcag acgtggtcca gaacaaaccc aaggaaattt
29101 tggggaccag gaactaatca gacaaggaac tgattacaaa
29161 atttgccccc agegcttcag cgttcttcgg aatgtcgege attggcatgg aagtcacacc
29221 ttcgggaacg tggttgacct acacaggtgc catcaaattg gatgacaaag atccaaattt
29281 caaagatcaa gtcattttgc tgaataagca tattgargca tacaaaacat tcccaccagce
29341 agagcctaaa aaggataaaa agaagaaggc tgatgaaact caagccttac cgcagagaca
29401 gaagaaacag caaactgtga ctcttcttcc tgctgcagat ttggatgatt tctccaaaca
29461 attgcaacaa tccatgagcc gtgctgactc aactcaggec taaactcatg cagaccacac
29521 aaggcagatg ggctatataa acgttttcge ttttccgttt acgatatata gtctactctt
29581 gtgcagaatg aattctcgta actacatagc acaagtagat gtagttaact ttaatctcac
29641 atagcaatct ttaatcagtg tgtaacatta gggaggactt gaaagagcca ccacattttc

Figure 1. Localisation of primers on the nucleotide sequence of the SARS-CoV-2 coronavirus genome

Source: compiled by the authors based on NCBI (n.d.)
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Figure 2. Circular map of the recombinant plasmid pJET1.2 containing the N gene fragment of the SARS-CoV-2 virus

Source: compiled by the authors using PlasMapper 3.0
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Figure 3. Results of PCR testing using the N9171F
and N9368R primers for the diagnosis of SARS-CoV-2
Note: M - DNA molecular weight marker; 1 - positive
control; 2,3 — SARS-CoV-2 viral RNA; 4 - negative control
Source: compiled by the authors

The use of MEGA 11.0 software for multiple align-
ment of nucleotide sequences is consistent with mod-
ern approaches to bioinformatics analysis (Tamura et
al., 2021). This software package is widely used for
phylogenetic analysis and enables the identification
of conserved genomic regions that are optimal for the
design of diagnostic primers. When developing PCR
systems for the detection of SARS-CoV-2, the envelope
protein (E) and RNA-dependent RNA polymerase (RdRp)
genes are also widely used as diagnostic targets (Chu et
al., 2020; Pabbaraju et al., 2021). The E gene is highly
conserved among members of the Sarbecovirus subge-
nus and is frequently used in screening PCR tests due
to its stability (Rangaiah et al., 2021). |. Barjaktarovic et
al. (2023) highlight the diagnostic importance of de-
tecting the E gene of the SARS-CoV-2 genome in the
comprehensive diagnosis of COVID-19. The RdRp gene,
which encodes a key enzyme in viral genome replica-
tion, exhibits high specificity for SARS-CoV-2 and is fre-
quently used in confirmatory diagnostic tests (Abbasi et
al., 2022). Compared to the E and RdRp genes, the N
gene is characterised by a combination of high conser-
vation, specificity and expression levels. The N gene is
widely used as the primary or one of the key targets in
commercial and research diagnostic kits for the detec-
tion of SARS-CoV-2 (Corman et al.,2020; Hu et al., 2022).

A.Nalla et al. (2020) conducted a comparative eval-
uation of the effectiveness of SARS-CoV-2 detection us-
ing seven different pairs of primers and probes, includ-
ing kits targeting the N gene. The results demonstrated
that N-gene-based systems provide high sensitivity and
specificity in the detection of viral RNA in clinical sam-
ples.The importance of accurate laboratory diagnosis of
COVID-19 is also emphasised in the broader context of
the pandemic’s development. S. Perlman (2020) noted
in his editorial that, a decade after the SARS outbreak
and seven years after the emergence of MERS, human-
ity is facing yet another coronavirus, which highlights
the need to develop reliable and accessible diagnostic
systems. B. Udugama et al. (2020) emphasised in their
review the central role of molecular diagnostics, in
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particular RT-PCR, as the gold standard for detecting
SARS-CoV-2, whilst noting the need for validated diag-
nostic tools. T. Dong et al. (2023), in a comprehensive
review of SARS-CoV-2 diagnostic and analytical meth-
ods, noted that PCR-based molecular detection meth-
ods remain the most reliable for the early detection of
infection, particularly when combined with the use of
multiple targets, including the N gene.

Overall, the results of this study confirm that the de-
veloped one-step PCR system, utilising the N9171F and
N9368R primers targeting the conserved region of the
N gene, is an effective tool for the detection of SARS-
CoV-2. The use of a one-step RT-PCR format reduces
analysis time, lowers the risk of contamination and
simplifies the protocol compared to two-step methods,
making this approach optimal for routine laboratory di-
agnostics. The use of the recombinant plasmid pJET1.2
containing a cloned fragment of the N-gene as a posi-
tive control allows the reaction setup procedure to be
standardised and ensures the validity of the results ob-
tained. The combination of bioinformatic analysis for
primer selection and experimental verification of their
efficacy demonstrates a comprehensive approach to the
development of diagnostic systems. The data obtained
can be used in the development of domestic diagnostic
kits for the detection of SARS-CoV-2, which will help
to increase the availability of laboratory diagnostics for
COVID-19 in the region and reduce dependence on im-
ported test systems.

Conclusions

As a result of the study, specific primers for the detec-
tion of SARS-CoV-2 using a one-step reverse transcrip-
tion polymerase chain reaction (RT-PCR) method were
developed and experimentally validated, which is of
practical significance for the laboratory diagnosis of
COVID-19 in the Republic of Kazakhstan and the Kyrgyz
Republic. Based on bioinformatic analysis of multiple
alignment of N-gene nucleotide sequences of SARS-
CoV-2 isolates from various geographical regions, as
presented in the GenBank database, conserved regions
of the genome with a sequence identity of at least 95%
were identified. Using Vector NTI Advance software,
primers N9171F (20 nucleotides) and N9368R (22 nu-
cleotides) were developed, characterised by an optimal
GC content of 45-50%, melting temperatures differing
by less than 2°C, and no tendency to form stable sec-
ondary structures. Verification of primer specificity us-
ing the BLAST method confirmed minimal homology
with off-target sequences, which reduces the risk of
non-specific amplification.

A recombinant pJET1.2 plasmid containing a
197-base-pair target fragment of the SARS-CoV-2 N
gene was constructed and used as a positive control
for the validation of the RT-PCR assay. The use of a
plasmid control ensures standardisation of the reaction
and helps to eliminate false-negative results, which is

Bulletin of the Kyrgyz National Agrarian University, 2026, Vol. 24, No. 3 15



The development of primers and the installation...

critical for the reliability of laboratory diagnostics.
The performance of the developed primers has been
demonstrated experimentally: when analysing RNA
from the SARS-CoV-2/human/KAZ/Delta-020/2021
strain using a one-step RT-PCR method, a specific am-
plification product of the expected size of 197 base
pairs was obtained, visualised by agarose gel electro-
phoresis. The absence of amplification in the negative
control confirms the specificity of the reaction and the
correctness of the selected conditions.

Future research plans include validating the devel-
oped method on an expanded panel of clinical samples
from patients with confirmed COVID-19, determining
the analytical sensitivity and specificity of the meth-
od, assessing its effectiveness in detecting new genetic

variants of SARS-CoV-2, adapting the protocol for re-
al-time PCR with fluorescent detection, and developing
a multiplex test system with simultaneous detection of
several target genes (N, E, RdRp) to improve the reli-
ability of diagnosis and differentiation of SARS-CoV-2
from other respiratory pathogens.
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i

AHHoTaumsa. byn msungeeHyH aktyangyynyry COVID-19 yuyH nabopatopusnblk AMArHOCTUKAHbIH TaKTbIrbIH
XaHa Ce3rMyTUrMH XKOropynaTyy 3apbUiAbirbiHAH Kenun YbiraT, aipblikia MHOEKUMSHbIH anraykbl 3TanTapbiHAA
KaHa BUPYCTYK XYKTeMYy TeMeH 6onroHao. M3unpeeHyH makcatel SARS-CoV-2 Hykneokancma, reHuH nnasmMmaank
nosutTuBAyy OalkapyyHy KoOngoHyy MeHeH Oytara anraH 6up Xyn npaviMepauH MILTEWMH TeKWepyy XXaHa
3KCNepuMeHTanablk Typae 06aanoo 60nroH. M3ungeene CTaHZapTTyy KpuTepuinepaM KOMLOHYY MeHeH
KOMMbIOTEPAMK XApAAM MEHeH NpalMepAuH AM3aiHbl KOMLOHYAraH, anapfblH HYKNeOTUAAMK blpaaTTyynyK
MaanbiMaT 6asanapblHa Kapata crneumdukanyynyryH TeklepreH, Makcatryy @dparMeHT MeHeH Mia3MUAaHbIH
KOHCTPYKLMACBIH MOAENAereH )aHa oup 6ackbluTyy TeCKEpPU TPAHCKPUMUMAHDI, aHAAH KUIAWH NOAMMEPA3 UbIHXbIP
peaKUMACbIH XaHa MNPOAYKTYNapAblH arapo3 TreAuMHWH aHanusuH XKyprysreH. YsyHayry 20-22 HykneoTuaneH
TypraH, ontumanayy GC KypaMbl aHa TypykTyy apyy Temnepatypacbl 6ap N9171F xaHa N9368R npaiimepnepu
ULITENMN YbIKKAH XaHa MYHe3enreH. bBruonHdopMaTrkanbik aHanMs TypyKTyy 4ay TbIpMaKTapblH XaHa AuMepnepam
TY3YY TEHAEHUMSCHIHbIH YKOKTYIYH KOpPCOTTY XaHa MakKCaTTaH TbIWKAPKbl blpaaTTyyNykTap MeHeH MWHUManayy
rOMOJIOTUSAHbI TACTbIKTaAbl, OyN aMNIMbUKALUSAHBIH cneumMduKanyynyryH xoropynatar. MakcaTttyy GparMeHTTUH
197-bp KowyMyacbiH KaMTbiraH peKoMOMHAHTTbIK nnasmuaanblik JAHK pJET1.2 oH KOHTPOAb KaTapbl KOALOHYraH.
KoHCTpyKLMS KapTacbiH BM3yanaawTbipyy AMArHOCTUKANbIK KOWYMYaHbIH 6ap 3KEHAMIMH XaHa aHbl peakumsiHbl
6aLKapyy Y4yH KONAOHYYHYH OHOMAYIYH TaCTbIKTaAbl. IKCMEepUMeEHTaNAbIK XblnblHTbIkTap SARS-CoV-2 PHK aHanm3u
yyypyHAaa KyTynreH envempery (197 bp) 6enrunyy 6up npoayKTyHYH 6HAYPYAreHYH KepCeTTy, an 3MU Tepc Ky4eTyy
KOHTPO/Y 34 KaHAAM HaTblika GepreH oK, 6yn peakuMsHbIH TaKTbITbIH TACTbIKTaM, XXapaKTyy KOHTPOAb MEHeH
YKaNraH Tepc HaTbliKanapablH KOPKYHYYYH a3aiTTbl. Byn WMIWTWMH NpakTUKanbik 6aanyynyry CyHylwTanraH npanimep
XYOYH >aHa nnasMuAanbiK KOHTPOAAy nabopaTopusibiK AUMArHOCTMKAAA, SMUAEMMUONOTUSNLIK MOHUTOPUHIAE
YKaHa KOPOHABMPYCTYH KO3rory4yyH aHblKTOO YYYH AMArHOCTMKAbIK TeCT CMCTEManapbiH uwTten ybiryyaa RT-MLUP
TeCcTMpnee y4YyH nabopartopusanapzia KonLoHyy MyMKYHUYYTYHAS XaTtaT

Herusru cespep: NnasmMua,; HyKNeoTua,; AMarHocTuka; kyuetyy; BLAST
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AHHoTaumsA. AKTyanbHOCTb paboTbl 06ycnoBneHa HeOH6XOAMMOCTbIO NOBbILEHWS TOYHOCTU U YYBCTBUTEIBHOCTM
naboparopHon amuarHoctnkmn COVID-19, 0cobeHHO Ha paHHMX CTaanaX MHPEKLMM 1 NPU HU3KOM BUPYCHOM Harpy3kKe.
Llenbto uccnenosaHus 66110 060CHOBATb M 3KCMEPUMEHTANbHO OLEHUTb paboTocnocobHOCTb Napbl NpariMepos,
HaLeNeHHbIX Ha HyKneokancuaHbiv reH SARS-CoV-2, ¢ Mcnosib30BaHWEM NIA3MUAHOIO NONOXKMUTENbHOIO KOHTPOAS. B
paboTe NPUMEHSNN KOMMbIOTEPHbIN AM3aliH NpaiMepoB NO CTaHAAPTHLIM KpUTEPUSM, MPOBEPKY UX CNeLUdUIYHOCTH
no 6a3aMHYK/IEOTUHbIX TOCNEL0BATENbHOCTEN, MOAENMPOBAHME MNA3MUAHOM KOHCTPYKLIMM C LLeNIeBbIM (DparMeHTOM,
a TaKkxe NpoBeAeHWe OAHOLIAroBOM 06paTHOM TPAHCKPUMNLMK C NOCNeAyoLeln NoNMMepa3HOM LEeMHOM peakLumen
M aHanM3 NPOAYKTOB B arapo3HOM rene. bbinn paspaboTaHbl n oxapaktepu3oBaHbl npariMepbl N9171F n N9368R
onuHon 20-22 HykneotTuaa C onTMManbHbIM cogepxaHmnem GC 1M cornacoBaHHbIMU TeMnepaTypamu nnasnexus. Mpu
61OMHDOPMATUYECKON OLLEHKE YCTAHOB/IEHO OTCYTCTBME BbIPAXKEHHOM CKIOHHOCTM K 0Opa30BaHMI0 YCTOMYMBbLIX
LINuneK 1 IMMEepPOB, a TakXe NOATBEPXKAEeHa MUHMMANbHAs FOMONOrUS C BHELeNeBbIMU NOCNEL0BATENIbHOCTAMMU, YTO
NOBbILWAET cneuudUUHOCTb aMnanduKaumm. B kauectse N0NOXKUTENBHOTO KOHTPO/IS UCMOb30BAaHA PEKOMOUHAHTHAA
nnasmuaHas AHK pJET1.2, copepxkallas BCTaBky Lenesoro gparmeHTa aimMHon 197 nap ocHoBaHMWI; BU3yanusaums
KapTbl KOHCTPYKLMM NOATBEPXKAANA HANMYME AMArHOCTUYECKOM BCTAaBKU U YA06CTBO ee NpUMEHEHUS LS KOHTPONS
MOCTaHOBKM peakLUuu. IKCNEePUMEHTANIbHO NMOKA3aHo NnosyyeHue cneumduyeckoro NnpoaykTa 0XXmMaaeMoro pasmepa
197 nap ocHoBaHui npu aHanuse PHK SARS-CoV-2, Torga kak oTpuuaTeNbHbli KOHTPOIb aMNANPUKaLMM He aaBar,
YTO CBMAETENbCTBYET O KOPPEKTHOCTU PeaKLMU U CHUKAET PUCK TOXKHOOTPULLATENbHbIX pe3ybTaToB NPy BaNULHOM
KOHTpone. MNpakTuyeckas LeHHOCTb paboTbl 3aK/HYAETCS B BO3MOXHOCTU MCMOMb30BAHUS MpPeAIOKEHHOM napsbl
npaMepoB U NIA3MUAHOrO KOHTpons B nabopatopuax ana npoeepeHus OT-TLP-metona B nabopatopHoi
[MArHOCTUKe, INUAEMMONOTMYECKOM MOHUTOPUHIE U MPU CO3AaHMUM AUArHOCTUYECKMX TECT-CUCTEM ANS BbISBNEHUS
BO30yauTENS KOPOHABMPYCHON MHpEKLMM

KnioueBble cnoBa: NiasMuaa; HyKNeotua,; AMarHoctuka; amnandukaums; BLAST
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