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Optimisation of PCR conditions for the detection
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Abstract. The relevance of this study is determined by the need to improve the efficiency of laboratory diagnostics
of persistent viral infections in cattle, which are characterised by low pathogen concentrations and difficulty in
detection using traditional methods. The aim of the study was to develop and optimise a polymerase chain
reaction (PCR) for accurate identification of bovine infectious rhinotracheitis virus based on analysis of the gB gene.
Modern methods of molecular biology, genetic engineering, and bioinformatics analysis were used, including the
collection, processing, and alignment of nucleotide sequences. During the study, nucleotide sequences of the gB
gene of bovine infectious rhinotracheitis virus were collected and analysed, which allowed the identification of its
conserved, variable, and polymorphic regions. Based on the results of the analysis, a highly specific pair of primers
was designed and synthesised to ensure selective amplification of the target viral genome fragment. DNA of the
bovine infectious rhinotracheitis virus was isolated to optimise amplification conditions. Optimal temperature
parameters of the polymerase chain reaction and the quantitative composition of reagents were also determined,
ensuring high sensitivity and specificity of the method. The results confirmed that the efficiency of diagnostics can
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be improved through rational selection of primers and reaction parameters. The practical value of this work is that
the obtained data and developed methodological approaches can be used by veterinary diagnostic laboratories
and research institutions to improve PCR diagnostics of bovine infectious rhinotracheitis virus
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Introduction

Infectious bovine rhinotracheitis (IBR), caused by Bo-
vine herpesvirus-1 (BoHV-1), is one of the key viral
infections of cattle, causing significant economic dam-
age: reduced productivity, reproductive losses, and de-
terioration of herd health. One of the main problems
in controlling BoHV-1 is its ability to establish latent
infection: after a clinical or subclinical period, the virus
often becomes latent and can be reactivated by stress,
immunosuppression or other triggering factors (Ost-
ler & Jones, 2023). In this regard, reliable epidemiolog-
ical monitoring, timely diagnosis and control measures
require the use of modern, sensitive and specific meth-
ods for detecting the virus.

In recent years, new studies have emerged that have
significantly advanced the methodology for diagnosing
BoHV-1 IBR in cattle - not only at the level of serologi-
cal screening, but also molecular identification of active
infection. First, in 2022, a highly sensitive method was
developed and verified - digital droplet PCR (ddPCR)
for the detection of BoHV-1 in seminal fluid, with a
detection threshold of approximately 4.5 DNA copies
per reaction, which significantly exceeds the sensitivity
of classical gqPCR (Yu et al., 2022). This method is par-
ticularly relevant in the context of international semen
trade control, as well as when it is necessary to detect
the virus in asymptomatic, latent carriers. Secondly, a
comparative study of various nucleic acid methods con-
ducted by H. Aslim & O. Bulut (2024) showed that both
real-time PCR (gPCR) and real-time loop-mediated iso-
thermal amplification (LAMP) have high specificity and
sensitivity when analysing nasal swabs; these methods
can be used as a more rapid (compared to cultivation)
diagnosis of active infection. In addition, according to
A. Karabasova et al. (2025), a comprehensive approach
to diagnosis - a combination of serological and molec-
ular methods - is recommended in a recent study from
Kazakhstan, which evaluated the sensitivity and spec-
ificity of enzyme-linked immunosorbent assay (ELISA)
and gPCR. The authors noted that ELISA remains a re-
liable tool for mass herd screening (sensitivity ~90%,
specificity ~95%), while qPCR detected active infection
in only a small proportion of animals, indicating the
hidden (latent) nature of the infection in many.

It is also important to consider data from epide-
miological studies conducted in recent years, which
show that BoHV-1 is still widespread among cattle in
various countries. For example, in Colombia, a seroepi-
demiological study by C. Gonzalez et al. (2025) showed
a significant seroprevalence of BoHV-1 among cat-
tle, even in the presence of other bovine respiratory

disease complex (BRDC) viruses. In Ireland, as part of
the national testing programme, the BoHV-1 status of
nearly 190,000 animals was tested: the seropositive
rate was 11.4% at the animal level and 48.8% at the
farm level; with large herds and active animal rotation
considered important risk factors (Brock et al., 2025).
Data from D. Barrett et al. (2024) confirm significant se-
roprevalence and co-infection with BVD (bovine viral
diarrhoea). In addition, a review of control programmes
in Europe shows variability in approaches to the erad-
ication of IBR (infectious bovine rhinotracheitis) (Is-
caro et al., 2021). An example of a successful national
control programme is presented in Slovakia, where a
combination of testing and vaccination has reduced the
spread of the virus in herds (Mandelik et al., 2021).

Thus, recent studies show that molecular diagnos-
tic methods (ddPCR, gqPCR, LAMP) are becoming in-
creasingly sensitive and accessible for routine use, and
their combination with serological tests increases the
reliability of detecting both latent and active forms of
infection. At the same time, epidemiological data con-
firm the widespread circulation of BoHV-1 even in the
absence of pronounced clinical symptoms, which em-
phasises the need for constant monitoring, while the
standardisation and validation of diagnostic samples
remain key elements of effective national control and
prevention programmes. The aim of this study was to
develop and optimise a PCR method suitable for accu-
rate laboratory identification of IBR virus in cattle and
further use in veterinary diagnostics.

Materials and Methods

The work was carried out at the shared-use laboratory
at the Research Institute for Biological Safety Problems
(Gvardeysky, Kazakhstan) between January and Septem-
ber 2024. The object of study was the DNA of the in-
fectious rhinotracheitis virus from the Aktyubek strain,
obtained from the institute’s microorganism collection.
and engineered plasmid DNA containing a fragment of
the gB gene of the BoHV-1 was also used as a positive
control (PC). The gB gene was chosen because of its high
conservatism among IBR cattle isolates and structural
stability. In addition, gB is present in all known subtypes
of IBR in cattle, which allows the developed meth-
od to effectively detect both classical and circulating
field variants of the pathogen (Abukhadra et al., 2022).

Primers were selected for the detection of BoHV-1
with multiple alignment of the nucleotide sequences
of the virus genes. The analysis used the sequences of
IBR virus isolates obtained from various geographical
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regions and presented in the GenBank database (n.d.).
Sequence alignment was performed using MEGA ver-
sion 11 software with the ClustalW algorithm. The
specificity of the selected oligonucleotide primers was
verified using the BLAST service (n.d.). Virus DNA was
extracted from virus-containing material in a biosafe-
ty level 2 (BSL-2) laboratory using the innuPREP DNA
Mini Kit 2.0 (InnuScreen, Germany) in accordance with
the manufacturer’s instructions. The quality and con-
centration of the isolated DNA were assessed using a
NanoDrop 2000 spectrophotometer (Thermo Fisher
Scientific, USA). For specificity testing experiments, DNA
and cDNA samples of the following viruses were also
obtained from the institute’s collection: cowpox virus
strain Cowpox-Cam, bovine nodular dermatitis virus

strain Atyrau/KZ/2016,bovine viral diarrhoea virus strain
Georgian, bovine parainfluenza-3 virus strain Belarus.

The primers were designed to amplify conservative
flanking regions surrounding polymorphic domains,
ensuring reliable detection of the target region re-
gardless of sequence variations. The gene site was se-
lected based on analysis of available sequences in Gen-
Bank (n.d.) databases and multiple alignment using the
ClustalW algorithm, which guarantees specificity and
universality of amplification. To ensure high sensitivity
and specificity of PCR, optimal primers were selected -
short oligonucleotide sequences 20 nucleotides long,
complementary to the target sites of the genetic mate-
rial under study. The sequences of the selected primers
are presented in Table 1.

Table 1. Primer sequences for the identification of IBR in cattle

‘ Primer name 5’ — 3’ sequence Tm ‘ GC% Product size, bp
BoHV-1_gB_F AGCGGCGTCTACCTGACCTA 60 58 133
BoHV-1_gB R ACCGCGTAGAGCAGCGAGAA 60 58

Note: Tm - melting temperature of the DNA fragment; GC% - percentage of GC pairs (proportion of guanine and cytosine in

the sequence); bp - base pairs (unit of DNA length)
Source: developed by the authors

To optimise the PCR conditions, a series of experi-
ments were conducted with selected primers. To select
the optimal annealing temperature for the primers, gra-
dient PCR was performed at temperatures of 50, 52.5,
55,57.5, 60, and 62.5°C using the standard composition
of the reaction mixture from a commercial kit and a fi-
nal primer concentration of 400 nM.The Taq polymerase
concentration was optimised in the range from 0.5 to 4
units. The standard primer concentrations for PCR are
200-600 nM in the reaction mixture (Lumiprobe, n.d.).
During optimisation, concentrations ranging from
50 nM to 1 uM were tested. The recommended con-
centration of MgCL, in the reaction mixture is 1-4 mM,
but the optimal value is determined experimentally. In
the experiments conducted, the range of final MgCl,
concentrations from 0.5 to 6 mM was investigated.

During the studies, the specificity of the selected
PCR parameters for detecting BoHV-1 was verified us-
ing DNA and cDNA of infectious bovine rhinotracheitis
virus, bovine pox virus, bovine nodular dermatitis vi-
rus, bovine viral diarrhoea virus, and bovine parainflu-
enza-3 virus. Constructed plasmid DNA containing a
fragment of the gB gene of the BoHV-1 was used as a
positive control in the PCR. Deionised water was used
as a negative control (NC). To determine the sensitivi-
ty of the selected PCR conditions, tenfold dilutions of
plasmid DNA carrying a fragment of the gB gene of
the infectious bovine rhinotracheitis virus were pre-
pared and used. The range of final concentrations of
plasmid DNA with a specific insert in the reaction mix-
ture was from 1 ng to 1 pg. The number of copies of
plasmid DNA was calculated based on its length and
mass using formula (1):

m
X
L X 660

Copies = 6.022 x 1023, 1)
where m is the amount of DNA (g); L is the length of
the plasmid (base pairs); 660 g/mol is the average mo-
lecular weight of 1 base pair of double-stranded DNA;
6.022 x 10?® is Avogadro’s number.

Results and Discussion
To select the optimal conditions for PCR with the
BoHV-1_gB_F and BoHV-1_gB_R primers, experiments
were conducted on gradient PCR, enzyme concen-
tration selection, primers, and MgCl,. The results of
gradient PCR showed that the selected primers effec-
tively amplified the target region at annealing tem-
peratures of 55-62.5°C. The optimal temperature for
further experiments was selected as 57°C, at which no
non-specific products were observed. Analysis of the
effect of Taqg polymerase concentration showed that
the most effective amplification of the target product
was observed at an enzyme concentration of 1 unit
and above. A Taq polymerase concentration of 1 unit
was selected for subsequent experiments. Assessment
of the effect of primer concentration showed that
specific amplification was observed at all concen-
trations studied, but the most intense formation of
amplicons occurred at concentrations of 400 nM and
above. In further studies, a final primer concentration
of 600 nM was used. Selection of the MgCl, concentra-
tion showed that amplification of the specific product
was observed at concentrations of 1.5-6 mM. For fur-
ther reactions, a concentration of 2.5 mM MgCl, was
selected as providing the best balance of specificity
and amplification efficiency. Thus, to optimise the PCR
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conditions with the selected primers, experiments
were conducted to select the key reaction parameters.
The optimal annealing temperature for the BoHV-
1 gB_F and BoHV-1_gB_R primers was determined by
gradient PCR and was 57°C, at which there were no
non-specific products. The concentration of Tag pol-
ymerase was selected as 1 unit, which ensured effec-
tive amplification. The optimal concentration of prim-
ers was 600 nM, and MgCl, was 2.5 mM. As a result of
the studies, the conditions for PCR for the diagnosis
of IBR virus in cattle by PCR were optimised. Further
studies were conducted to determine the specificity
and sensitivity parameters of the primers (Figs. 1, 2).
The results of determining the specificity of the devel-
oped PCR method for the identification of IBR virus in
cattle showed that a specific PCR product with a size
of 133 bp is produced only in the BoHV-1 DNA sam-
ple and in the positive control, no amplicons were ob-
served in other samples, which confirms the specificity
of the developed PCR diagnosis of IBR virus in cattle.

MNC12345678910

Zhaksylyk et al.

MPC12345NC

133 bp

Figure 1. Determination of primer specificity for IBR
diagnosis in cattle

Note: M - DNA molecular weight marker; PC - positive control;
1 - DNA of the infectious rhinotracheitis virus strain Aktyubek;
2 - DNA of the nodular dermatitis virus strain Atyrau/
KZ/2016; 3 - Cowpox-Cam cowpox virus DNA; 4 - Georgian
bovine viral diarrhoea cDNA; 5 - bovine parainfluenza-3 virus
strain Belarus cDNA; NC - negative control

Source: authors’ development

Figure 2. Determination of the sensitivity of selected PCR conditions for the diagnosis of IBR in cattle
Note: M - DNA molecular weight marker; NC - negative control; 1 - 1 ng (nanogram); 2 - 100 pg (picogram); 3 - 10 pg
(picogram); 4 - 1 pg (picogram); 5 - 100 fg (femtograms); 6 — 10 fg (femtograms); 7 - 1 fg (femtograms); 8 - 100 ag (attograms);

9 - 10 ag (attograms); 10 - 1 ag (attogram)
Source: authors’ development

The selected PCR conditions allow reliable de-
tection of plasmid DNA containing a region of the gB
gene of the infectious rhinotracheitis virus of cattle at a
concentration of 10 fg, which corresponds to ~1.7 x 10?
copies of the DNA molecule, indicating the high sensi-
tivity of the selected PCR method. A conservative region
of the gB gene of the infectious rhinotracheitis virus,
characterised by high specificity due to the absence of
similarity to the gene sequences of other viruses in-
fecting cattle, was used as a target for PCR. Using the
designed primers, optimisation of the reaction mixture
composition and temperature-time amplification pa-
rameters, the developed method for diagnosing IBR in
cattle showed high sensitivity and specificity.

The development of PCR-based diagnostic systems
for detecting bovine infectious rhinotracheitis virus
remains one of the priority tasks of modern veterinary
diagnostics due to the high contagiousness of the in-
fection and the difficulty of detecting the virus in its

early stages. In this study, the classical PCR method
aimed at detecting the gB gene amplicon was opti-
mised, demonstrating high sensitivity and specificity
when the reaction is performed manually using stand-
ard equipment. These results are consistent with the
general trend of increasing the diagnostic efficiency of
molecular techniques and are comparable with data
in the literature. Current research is mainly focused on
gPCR for BoHV-1,which provides even higher analytical
sensitivity and quantitative assessment of viral load. In
particular, L. Xu et al. (2024) described a SYBR Green Il
gPCR method with a detection limit of approximately
7.8 x 10! copies/uL, which demonstrated good sensitiv-
ity and repeatability without cross-amplification with
other cattle pathogens. When using this method, the
frequency of positive detections in clinical samples
was higher than with conventional PCR, confirming the
superiority of gPCR in terms of analytical parameters.
Similarly, according to Z. Yu et al. (2022), ddPCR for the
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detection of BoHV-1 in semen demonstrates excellent
sensitivity (up to 4.5 copies), especially for latent in-
fections. According to S. Pawar et al. (2014), the LAMP
assay for semen also provides rapid detection without
complex equipment.

In addition to purely technical differences between
classical PCR and gPCR, the choice of targets for de-
tection remains important. Evaluation analyses and
meta-reviews emphasise that BoHV-1 glycoproteins
(9B, gC, gD, gE, etc.) are reliable targets for primer de-
velopment due to the conservatism of certain gene
regions and their widespread use in diagnostics. This
choice is also confirmed by a number of international
studies, including J. Zhang et al. (2025), where g family
genes served as the main target for molecular diagno-
sis of the virus. It is important to note that a number
of studies use alternative detection methods that can
provide other levels of sensitivity comparable to qPCR.
For example, RPA-LFD (recombinant polymerase ampli-
fication with lateral flow) for herpesvirus, which pro-
vides visual detection of the virus within 30 minutes
with a sensitivity of about 1 TCID,, which is compara-
ble to sensitive molecular methods and is suitable for
rapid diagnosis in the field (Wu et al., 2025). Another
example is combined RPA methods for the simultane-
ous detection of BVDV and BoHV-1, which demonstrate
a sensitivity of BoHV-1 of about 10* copies/uL, which,
according to L. Jiang et al. (2024), is slightly inferior to
gPCR, but remains high enough for practical diagno-
sis. As pointed out by P. Horwood & T. Mahony (2011),
multiplex approaches, including the simultaneous de-
tection of multiple respiratory viruses, increase the ef-
ficiency of screening. Classical PCR for gB remains re-
liable for regional laboratories, as shown in the article
by B. Muylkens et al. (2007), where the conservatism of
gB is confirmed for the detection of various subtypes.

A comparison of the results indicates that, despite
the speed and simplicity of conventional PCR, qPCR and
RPA methods have advantages in terms of sensitivity
and potential automation, which is important for large
diagnostic centres. However, the development of opti-
mised classical PCR methods, as in this study, remains
relevant for regional and resource-limited laborato-
ries where access to gPCR equipment is limited. Epi-
demiological data from different regions confirm the
widespread circulation of BoHV-1 and the need for op-
timised methods (Raaperi et al., 2010; Dias et al., 2013).
Thus, the results of this study are consistent with cur-
rent scientific trends in the molecular diagnosis of in-
fectious bovine rhinotracheitis: increased requirements
for sensitivity and specificity, the use of modern analyt-
ical platforms, and the analysis of multiplex methods.
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Conclusions

In this study, a PCR method for detecting bovine infec-
tious rhinotracheitis virus was optimised, demonstrat-
ing high specificity and sensitivity. The optimal reaction
parameters include an annealing temperature for the
BoHV-1 gB F and BoHV-1 _gB R primers of 57°C, a Taq
polymerase concentration of 1 unit, primers - 600 nM,
MgCl, - 2.5 mM, which ensures effective amplification of
the target region without the formation of non-specific
products. The specificity of the method was confirmed by
testing on a panel of viruses affecting cattle, including
nodular dermatitis virus, cowpox virus, viral diarrhoea and
parainfluenza-3.A PCR product with a size of 133 bp was
formed exclusivelyin samples of BoHV-1 DNAand the pos-
itive control, and was absent in the other samples, which
indicates the high specificity of the primers. The sensitiv-
ity of the method was 10 fg of plasmid DNA, correspond-
ing to ~1.7 x 10° copies of the molecule, which allows the
detection of infection at early stages and ensures reliable
diagnosis even at low concentrations of viral material.

The developed PCR method is an effective tool for
rapid diagnosis of IBR in cattle, combining accuracy, sen-
sitivity and reproducibility. Prospects for further research
include the introduction of real-time quantitative PCR to
assess viral load using fluorescent probes, which will not
only detect the presence of the virus but also determine
its concentration in biological material. Expansion of the
tested panel of strains from different geographical regions
is necessary to verify the universality of the method and its
applicability to a variety of field isolates. Integration of the
developed PCR diagnostics with other molecular and se-
rological approaches will create a basis for comprehensive
monitoring of infections in cattle.An important direction is
to validate the method on an expanded set of clinical sam-
ples obtained from animals with different clinical statuses
and from different farms, which will allow assessing the
practical effectiveness of the developed methodology in
the context of surveillance and prevention of IBR in cattle.
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Optimisation of PCR conditions for the detection...
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AHHOTaums. byn UNMKTeBHYH akTyanayynyry MangbiH y3akka Co3yaraH BUPYCTYK MHPEKLMANAPbIH 1abopaTopusibiK
[LMarHOCTUKaHbl KOropynaTtyy 3apbifgpirbiHAa TypaT, aHTKeHM Byn MHbeKUMAnapabiH yYypyHOa 00pYy KapaTkKaH
areHTTUH KOHLEeHTpaumachl a3 60yn, aHbl CaNTTyy bikManap MeHeH aHbIKTOO KblibIHYbIIbIK XapaTaT. M3unaeeHyH
MaKcaTbl — MPU Myity34yY ManablH MHOEKUMSbIK PUHOTPAXEUTU BUPYCYH TaK MAEHTUDUKALUMSN00 YUYH gB reHmnHmH
aHaNM3MHEe HeruMsgenreH nosmMMmepasanblk YblHXbIp peakumsacbiH (MYP) onTumangawTbipyy. Mwtk aTkapyyada
MONEKYNAPAbIK BMONOTMSHbIH 3aMaHban bikManapbl, FeHAMK MHXXEHEPUS )KaHa BUOMHBOPMATMKA KONLOHYNAY, aHbIH
MUYMHOE HYKNEOTUAAMK CEKBEHUMANApAbIH XbIMHOOCY, MIUTETUMLLM XaHa CablWTbIpbbIWbl. M3ungee ydypyHaa
MpU Myy34yYy MangblH MHOEKUMANbIK PUHOTPAXEUTU BUPYCYHYH gB TeHWMHWH HYKIEeOTUAAMK CEKBEHUMSNapbI
XbIMHANbIMN, aHANM3AEHAM, HaTbIKa4a aHblH KOHCEepBATMBAMK, Bapuabenayy aHa noanMopdTyK aiMakTapbi
aHblKTanabl. AHaNM3AMH HETM3MHAE KOropky crneundukanblk Taacupu 6Gap npaiMepnepay CHUHTE3[ee XaHa
MLUTEN YbITyy XXYPry3yayrn, BUPYC TEHOMYHYH MaKcaTTyy GparMeHTUH aMiaMbUKauManooro MyMKYHAYK 6epunau.
Mw yuyypyHoa vpu Myity3ayy MangblH MHOEKUMANbIK pUHOTpaxenTtu BupycyHyH OHKcbiH Genyn anyy xyprysyaym,
aMnaMbUKaumMs WapTTapbliH ONTUMANAaWTbpyy YYyH Herns Ty3ynay. OWoHOoM 3/1e noaMMepasanbik YblHXKbIP
peakuMACbIHbIH TEMMepaTypasblk NapaMeTpiepu aHa peareHTTepAMH CaHAbIK Kypambl ONTMMaAaLUTbIPbIIbIM,
METOALYH YKOTOPKY CE3TMYTUIM XKaHa crneunduUuTUri Kamcbiganapl. M3unaee HaTbiikanapbl npaiMepnepam xaHa
peakuus napaMeTpiepuH pauMoHanayy TaH4oO apKbllyy AMArHOCTMKaHbiH 3MdEKTUBAYYAYIYH XoropynaTyyra
MYMKYHUYYIYK 6epepuH KepceTTy. [pakTukanblk MaaHUMCM — afblHraH MaanbiMaTTap XaHa MLWTEeNMN YblKKaH
MEeTOAMKaNbIK biKManap BETEPUHApPAbIK AMArHOCTUKaNbIK nabopaTopusinap kaHa WAMMUIA-U3UNLEe MeKeMenep
TapabblHaH MpU Myiy34yy MandblH MHOEKUMSIbIK PUHOTPAXeUTU BUPYCYHYH [MLLP-AMarHoCcTMKacbiH epKyHASTYY
YYYH KONAOHYNYLIY MYMKYH

Herusru cespep: npaiiMepnep; BoHV-1; MYP-guarHocTmka; gB reHu; peakumsiHbl ONTUManaawTbipyy
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AHHOTauusa. AKTyanbHOCTb JaHHOW paboTbl onpepensercs HeobXOAMMOCTbIO MOBbIWEHUS 3HOEKTUBHOCTU
NabopaTopHOM [AMArHOCTUKKM MNEPCUCTUPYHOLMX BUPYCHbIX MHMEKLMIA KPYMHOrO poratoro CKoTa, AAs KOTOPbIX
XapaKTepHbl HM3KMUE KOHLLEHTpauuu BO30yaUTENst U 3aTPYAHEHHOCTb €ro BbiSIBNEHUS TPAAULMOHHBIMU METOAAMM.
Llenb nccnenoBaHms 3akntoyanach B pa3paboTke U onTMMU3aLumMm nonMmepasHoi uenHow peakuuu (MLP) nns TouHow
naeHTuduKaumMm Bupyca MHOEKLMOHHOrO pUHOTpaxenTa KPYrnHOro poratoro CKOTa Ha OCHOBe aHanusa reHa gBb.
[ins BbINONHEHUS paboTbl UCMOJIb30BaHbl COBPEMEHHbIE METOLbl MONEKYNSAPHON BUONOIMK, TEHHOM UHXEHEPUUN U
H6UOMHDOPMaTMUECKOro aHaNU3a, BKIYas cbop, 06paboTKy 1 BbIpaBHUMBAHUE HYKNIEOTUAHbIX NOCeA0BaTENbHOCTEN.
B xonme uccnenoBaHus Obinu cobpaHbl M MpOaHaNUM3MPOBAHbl HYKNEOTUAHbIE MOC/EefOBATENbHOCTM reHa gB
BMpYCa MHGDEKLMOHHOIO PUHOTPaxenTa KPYMHOro poraToro CKoTa, YTO MO3BO/MIO BbISIBUTb €0 KOHCEPBATUBHbIE,
BapuabenbHble U NOAMMOPdHbIE Y4acTKU. Ha 0CHOBaHUM pe3ynbTaToB aHanusa bbina pazpaboTaHa U CMHTE3UPOBaHa
BblCOKOCNeLMdMYHas napa nparimepos, obecrneunBaroLLas CeNeKTMBHOE aMMINPULMPOBAHUE LieNeBoro pparMeHTa
reHoma Bupyca. B xoze pabotbl 6bi10 npoBeaeHo BbigeneHue JHK Bupyca UHPEKLMOHHOIO pUHOTPaxenTa KPyrnHOro
poraToro ckoTta, Heobxogumoe Ans ONTUMM3ALMM YCIOBUIM aMnan@uKaumu. Takke YCTaHOBMEHbI ONTUMalbHble
TeMnepaTypHble napaMeTpbl NMOAMMEPA3HOM LLEeMHOM peakumu U nofobpaH KONMMYECTBEHHbIM COCTAaB peareHTos,
obecneunBaroLLme BbICOKYH YYBCTBUTENBHOCTb M CneLMdUUYHOCTb MeToaa. Pe3ynbTaThl UCCNen0BaHUS NOATBEPAUN
BO3MOXHOCTb NOBbILLIEHUS 3OPEKTUBHOCTU ANATHOCTUKM NMYTEM paLMOHANbHOro Noabopa npaiMepoB 1 NapaMeTpoB
peakumu. lNpakTnyeckass LEHHOCTb paboTbl 3aK/HYAETCS B TOM, YTO MOJYYEHHble AaHHble U pa3paboTaHHble
MeToAMYeckMe MNoAXOoAbl MOTryT ObiTb MCMOMb30BaHbl BETEPUHAPHBIMU AMATHOCTUYECKMMU NabopaTtopusMu U
HayYHO-MUCCNeL0BATENbCKUMU YUPEXAEHUIMU A8 coBepLueHcTBOBaHUS MMLLP-amMarHoctnkm Bupyca MHPEKLMOHHOIo
pUHOTPaxeuTa KpPynHOro poraToro ckota

KntoueBble cnoBa: npaiimMepbl; BoHV-1; MLP-auarHocTuka; gB ren; ontummsanms peakumm
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