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Abstract

Introduction. To date, numerous methods of nucleic acid amplification have been proposed, and each method has a
number of advantages and disadvantages. One of the most popular methods is Loop-mediated isothermal AMPlification
(LAMP). Unlike thermocyclic reactions, such as PCR (polymerase chain reaction), which require three temperature
changes and expensive equipment, in LAMP, the entire reaction takes place at one and the same temperature and at the
maximum rate possible. An important component of LAMP is primers (usually 20-25 nucleotides), which need to be
matched to a specific part of the nucleotide sequence. It is known that DNA sequence contains four nucleotides:
A — adenine and T — thymine, G — guanine and C — cytosine. There is a huge variety of permutations of these
nucleotides, and it is practically impossible to analyze such a large amount of data manually. Therefore, there is a need
to use modern computer technologies. More than 150 computer programs have been proposed for the design of PCR
primers, while for LAMP primers there are less than 10 of them, and each of them has a number of drawbacks, e.g., in
terms of the length of the analyzed site. Therefore, this work is aimed at developing a new domestic computer program

for the design of specific primers for LAMP.

Materials and Methods. The primer search algorithm was based on a linear search for a substring in a string, taking into
account the criteria of primer selection for LAMP. The program complex of LAMP-primer design was implemented in
Python programming language. The bioPython library was used to work with various DNA and RNA, and the Qt framework
was used to develop the interface.

Results. A modification of the direct sampling method using a stencil approach was proposed, taking into account the
GC composition and annealing temperature of primers depending on their structure. A software package with a friendly
interface was developed. It took into account the design criteria of primers: certificates of registration of computer programs
(LAMPrimers iQ No. 2022617417 dated April 20, 2022, LAMPrimers iQ loop No. 2023662840 dated June 14, 2023) were
received. The program is in the public domain at https://github.com/Restily/L AMPrimers-iQ

Discussion and Conclusion. The developed software packages can be used for research and analysis in molecular biology
and genetics, to create diagnostic test systems that provide high sensitivity and reliability of detection of specific DNA
and RNA. The software packages can be used in research institutes and laboratories engaged in the amplification of
nucleic acids. The results of evaluating the selected sets of primers for the LAMP reaction were tested, and the
effectiveness of working sets using the LAMPrimers iQ program was experimentally proven by the example of the
detection of genetic material of the SARS-CoV-2 coronavirus.

Keywords: primer design, loop primers, python, C++, loop-mediated isothermal amplification, LAMP

© Akhmetzianova LU, 2024


http://vestnik-donstu.ru/
https://doi.org/10.23947/2687-1653-2024-24-1-98-108
http://www.lianab@mail.ru
https://github.com/Restily/LAMPrimers-iQ
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.23947/2687-1653-2024-24-1-98-108&domain=pdf&date_stamp=2024-2024-03-30
https://orcid.org/0000-0001-6205-8695

Akhmetzianova LU. Computer Program for Primer Design for Loop-Mediated Isothermal Amplification (LAMP)

Acknowledgements. The author would like to thank his supervisor Professor .M. Gubaidullin, Dr.Sci. (Phys.-Math.),
and colleagues from the Institute of Biochemistry and Genetics, Ufa Federal Research Center, Russian Academy of
Sciences, for the consultations during the execution of the work, as well as for the experimental testing of the results in
laboratory conditions together with the author of the article.

Funding information. The research is done with the financial support from RFFI (grant No. 20-37-90091 “Development
of a primer design program for Loop AMPlification — loop mediated isothermal amplification based on machine learning
technologies™). https://www.rfbr.ru/rffi/ru/contest/o_2088005

For citation. Akhmetzianova LU. Computer Program for Primer Design for Loop-Mediated Isothermal Amplification (LAMP).
Advanced Engineering Research (Rostov-on-Don). 2024;24(1):98—108. https://doi.org/10.23947/2687-1653-2024-24-1-98-108

Hayunas cmamos

KomnbrorepHasi nporpamMma noadopa npaiMepoB J1Jis NeT/1eBOil H30TepMHYecKOM
ammumnpuxkanuu (LAMP)
JLY. AXMeT351HOBa

Y dumMcknit rocyaapcTBEHHbIH He()TAHOHM TEXHUYECKU yHUBEPCUTET, T. Y ha, Poccuiickas Peneparnms
P4 www.lianab@mail.ru

AHHOTaNUs

Beedenue. Ha ceromHSIIHUIA [€Hb CYIIECTBYET MHOXECTBO CIIOCOOOB aMIUTM(HMKAIMHA HYKJIEHHOBBIX KHCIOT U y
KaXJIOT0 CII0c00a €CTh P JOCTONHCTB M HeAOCTAaTKOB. OTHIM M3 Han0OoJiee MOMyJISIPHBIX CIIOCOO0B SABIISIETCS METIEeBas
m3oTepmuueckas ammumukas (Loop-mediated isothermal AMPlification, LAMP). B oTimane oT TepMOIAKIIYECKIX
peakuuii, Takux kak [P (mommmepasHas menHas peaxmws), IJIsi KOTOPBIX TpeOyeTcsi CMeHa TpeX TeMIlepaTypHBIX
PEXUMOB U JIoporocTosiiiee obopyaoBanne, B LAMP Bcst peakuyst IpoXOANT IPH OTHOM TEMIEPaType U C MAKCUMAIbHON
Ha JIJaHHBIH MOMEHT CKOPOCTBIO. BakHbIM KomIioHeHTOM npoBeaeHHs LAMP-ammimndukanmm sBIsSioTcs npaimMeps
(06bryHO  20-25 HYKJICOTHIOB), KOTOpblE HEOOXOAWMO MOAOUpPaTh K OIPEIEICHHOMY YYacTKy HYKJICOTHIHON
nociuenoBarenbHOCTU. M3BecTHO, uTo mocnepoBaTtensbHocTh JHK comepxur uersipe HykiaeoTuna: A — aieHUH U
T — tumuH, I' — ryanus u Il — nuTo3uH. BapuaHToOB NEpECTAHOBOK 3TUX HYKJIEOTHJIOB OTPOMHOE MHOKECTBO, U
MIPOaHAIM3UPOBATh BPYUYHYIO Takoe OOJBIIOE KOJIMYECTBO JAHHBIX MPAKTUYECKH HEBO3MOXKHO, IMOITOMY BO3HHKAET
HEOOXOAWMOCTh B HCIOJB30BAHUM COBPEMEHHBIX KOMITBIOTEPHBIX TexHosoruil. Jns nuzaitHa [IL[P-mpaiiMepoB
npemiokeHo 6onee 150 KOMITBIOTEPHBIX TPOTpaMM, B TO Bpemst Kak it LAMP-nipaiimepos ux mernee 10, u kaxmas u3
HHUX UMEET PsiJl HEJOCTaTKOB, HAIIPUMED, TI0 AJMHE aHATU3UPYEMOro ydacTka. [103ToMy 1enbio TaHHON paboTHI ABISETCS
pa3paboTka HOBOW OT€UECTBEHHON KOMITBIOTEPHOH MPOTpaMMEbI AW3aifHa CIe(UIHBIX ITpaiMepoB nMeHHO it LAMP.
Mamepuanvt u memoovi. B 0CHOBE anropurMa MOUCKa NpaiMepoB JIEKUT JIMHEHHBIM MOUCK MOJICTPOKUA B CTPOKE C
y4eToM KpurepueB noabopa npaiimepos a1t LAMP. TIporpaMmustii kommuieke auzaiina LAMP-nipaiiMepoB pazpaboTtan
Ha si3bIKe IporpammupoBanus Python. st padotsr ¢ pasnmuunsivu JIHK 1 PHK ncnonszoBanace 6ubnmoreka bioPython,
a U1 pa3paboTku uHTepeiica — ppeiimMBopk Qt.

Pezynvmamur uccnedoganus. Ipennoxena Moaudukanus MeToa IpsAMoro nepedopa ¢ HCoNb30BaHUEM TpadapeTHOro
nojxona, yunutsiBarouiero GC-cocTaB v TeMIIEpaTypy OTXKHIa paiiMepoB B 3aBUCUMOCTH OT UX CTPYKTYphL. Pazpaboran
KOMILJIEKC TPOrpaMM C JPYXKeITOOHBIM HMHTEP(EHcOM, yUYMTBHIBAIOIINI KPUTEPUH U3aliHa MpaiiMepoB: IMOJYYEHBI
cBuzieTenbcTBA 0 peructpanuu mporpamm aiast OBM (LAMPrimers iQ Ne 2022617417 or 20 ampens 2022 roja,
LAMPrimers iQ loop Ne 2023662840 ot 14 utonst 2023 roga). IlporpamMma ecTh B OTKPBITOM JOCTYIIC IO aipecy:
https://github.com/Restily/L AMPrimers-iQ

Oécysycoenue u 3axniouenue. Pazpaborannsie mporpaMMHBIE KOMITIEKCHI MOTYT MCIIOJIB30BAaThCS /I NCCIIEIOBAHUN U
aHanu3a B 00JNacTW MOJIEKYJSIpHOW OWOJIOTMM M TEeHETHKH, JJIsl CO3/IaHHs JHarHOCTHYECKHX TECT-CHCTEM,
00ecIeunBaONIMX BBICOKYI0 UYYBCTBHTEJILHOCTh M JIOCTOBEPHOCTh OOHapyxkenusi cnenudpmueckux JHK m PHK.
[IporpaMmHBIE KOMIUIEKCHI MOTYT IPHUMEHSThCS B HAayYHO-HMCCIIENOBATENLCKMX HWHCTHTYTaX W JabopaTopusx,

3aHMMAIOIINXCS aMIUTN(uKanuell HyKIeHHOBBIX KUCIOT. Pe3ynbTaTsl OLCHKH OZOOpaHHBIX HAOOPOB IMpaiMepoB AL
peakiun LAMP anpoGupoBanbl, u 3(p(PeKTHBHOCTE pabo4yrx HAOOPOB ¢ MOMOINBI0 mporpammbl LAMPrimers iQ
JI0Ka3aHa YKCIePIMEHTAIFHO Ha MprMepe 00HapyKeHHs TeHeTHIEeCKOTro MaTeprana kopoHasupyca SARS-CoV-2.

KroueBble c10Ba: qu3aiiH paitMepoB, IeTiIeBkIe paiMepsl, python, C++, meteBas m3otepmudeckas amrumdukarms, LAMP
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Bbaaronapuoctun. ABTOp 0JarofapuT CBOEro HAYYHOTO PYKOBOJHTEINS, JOKTOpPa (U3MKO-MaTeMaTH4eCKUX HayK,
npodeccopa .M. I'ybaiinymnnna u kosuter u3 Muctutyta 6noxumuu u renetuku Y OUL] PAH 3a koHCynbTalum B X0/1€
BBIIIOJTHEHUS pabOTHI, a TAKXKE 33 IKCIEPUMEHTAIBHYIO alpoOaliio pe3yIbTaToB B JJAOOPATOPHBIX YCIOBUSIX COBMECTHO
C aBTOPOM CTaThH.

®dunancupoBanue. Pabora BrImonHEeHa mpu QuHAHCOBOH mommepkke PODU B pamkax rpanra Ne 20-37-90091
«Pa3paboTka mporpammsl au3aitHa npaiimepos st Loop AMPlification — mertieBoit m3oTepMudeckoil aMruindukanum
Ha OCHOBE TEXHOJIOTMH MAIIMHHOTO 00y4eHMs», https://www.rfbr.ru/rffi/ru/contest/o_2088005

Jns nuTupoBanmsi. AxmerssHosa JLY. KommbrorepHas nporpamma mondopa mpaiiMepoB it LAMP-ammmdukarmm.
Advanced Engineering Research (Rostov-on-Don). 2024;24(1):98—108. https://doi.org/10.23947/2687-1653-2024-24-1-98-108

Introduction. Nucleic acid amplification is a valuable molecular tool not only in fundamental research, but also in
applied areas, such as the diagnosis of infectious diseases, hereditary pathologies, establishing kinship, etc. Currently,
amplification methods are intensively developing, and their application areas are expanding. The most popular and most
frequently used amplification method is polymerase chain reaction (PCR) [1]. PCR is a reaction that takes place under
three different temperature conditions: denaturation (95°C), annealing of primers (from 50° to 60°C), elongation (72°C).
To quickly change these modes, a special device is needed — a DNA thermocycler [2]. At this, temperature variation in
the amplifier does not occur instantly, but starts only when the desired temperature is reached, and this causes artificial
containment of the reaction. As a rule, the duration of PCR is 1-1.5 hours.

The second most popular amplification method is loop-mediated isothermal amplification (LAMP) [3]. A water
bath or thermostat is sufficient for LAMP, since the reaction takes place at one and the same temperature, and the
first results can be seen in 15 minutes.

For both LAMP and any other type of amplification, the key component is primers, which are short sequences
of nucleic acid. They serve as a starting point for increasing copies of a specific region of DNA. It is the primers
that determine which DNA sequence will be copied.

The main difference of LAMP implementation is the number of primers. For a conventional LAMP, at least four
primers are required (two external, two internal), while for a conventional PCR, two are sufficient (direct, reverse).

To increase the specificity and accuracy of the reaction, it is important to select the right primers. For the
automatic selection of primers for PCR, more than 150 different computer programs have been developed that
provide the selection of primers for any modifications of this reaction [4]. However, there are very few such
programs for LAMP, no more than ten, and only two of them are available online. These programs also have a
number of disadvantages, such as restrictions on the length of the analyzed sequence; they do not exclude the
possibility of formation of homo- and heterodimers of primers, repeats of nucleotides in one primer. And none of
the programs take into account the close arrangement of primers in one set, which, in turn, reduces the quality of
primers and the accuracy of reaction results [5].

Thus, an urgent task is to develop a new computer program to select (model) high-quality sets of primers for
LAMP with tougher conditions for choosing primers for nucleotide sequences of any length.

Materials and Methods. The authors of [3] proposed using two external, F3 (Forward), B3 (Backward), and
two internal primers, FIP (Forward Inner Primer), BIP (Backward Inner Primer). It was assumed that the internal
primers had double length (FIP: Fl1c/F2, BIP: Blc/B2) and were annealed at four regions of the nucleotide sequence.
Schematically, the location of LAMP primers can be seen in Figure 1.

External primers are only needed at the initial stage. They are designed to limit the analyzed region of the
nucleotide sequence and form a single-stranded structure of this region. A pair of internal primers, Flc and Blec,
start their work already at the second stage, as they are annealed after the formation of new DNA chains.

Later, the same authors proposed a modified method offering the use of not four, but six primers, annealed
already at eight regions of the target nucleotide sequence [7]. It was proposed to add two more loop primers (Loop
B, Loop F), which should react at the third stage after the formation of a dumbbell-like DNA structure and anneal
between regions F1/F2 and B1/B2, respectively. The use of additional primers implies an increase in sensitivity and
reliability of the reaction.

Any amplification reaction has its own sensitivity threshold, and the spread of this indicator is very large due to
the fact that numerous factors affect the course of both PCR and LAMP. Some papers have noted that LAMP is
significantly more sensitive than PCR. The authors of [8], e.g., claim that LAMP is 10 times more sensitive than
PCR. The authors of other studies have found that LAMP is 100 times more sensitive than PCR [9], and in some
investigations, this indicator reaches 1,000 times [10].
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Fig. 1. Schematic arrangement of the annealing regions of external and internal primers for LAMP [6]

In addition to sensitivity, any amplification reaction has another equally important indicator — its specificity.

And here, questions have recently begun to arise about the LAMP method [11], including due to the emergence of
the so-called primer homo- and heterodimers, which are more difficult to exclude in this reaction than in PCR,
because of the larger number of primers used and their increased length [12].

For successful amplification, it is necessary to select the right primers. When using the LAMP method, the main

difficulty is in modeling primers with account for all recommended conditions, namely:

1) length of the primer (18-35 nucleotides for external primers, 30-55 nucleotides for internal ones);
2) content of guanine (G) and cytosine (C) (GC composition ranging from 40 to 60%);

3) optimal primer annealing temperature (55-65°C);

4) close arrangement of primers in one set: the average size of the amplicon (120-220 bp);

5) exclusion of the formation of dimers of primers;

6) elimination of nucleotide repeats in one primer (no more than three).
Table 1 provides brief characteristics and features of the most popular LAMP primer design programs [5].
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Table 1
Brief characteristics of popular computer programs for LAMP primer design
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A = = ) g S
< wn 5 (D
@)
Primer Explorer (V4, V5), Japanese company
. . J to 2,000 +
Eiken Chemical Co. LTD, Tokyo ava up o 1o yes yes
_— . - from 12
FastPCR, Finnish company Primer Digital Ltd Java rotrgl 50 Oup - no no no
- L . C, CUDA C, ..
GLAPD. Shanghai Jiao Tong University, China Perl OS Linux unlimited + + no yes
LAMP Designer, up to only
. . . + yes no
American company Premier Biosoft 15,000,000 Tm
no
L i Pyth - - -
amprim ython access
NEB LAMP, New England Biolabs, Ipswich, from 100
Java + - yes yes
Massachusetts, USA up to 2,000
LAMPrimer iQ.
LAMPrimer iQ-loop, Python 3.10 unlimited + yes yes yes
Ufa, Russia

The design of primers for LAMP is a very difficult task and requires the development of a special computer
program with proper functionality, taking into account all recommended conditions, and with the possibility of an
extended selection of primers and a user-friendly interface.

The computer program for primer design is developed in the Python programming language. This language has
the bioPython library, which allows working with nucleotide sequences, as well as the Qt framework for interface
development.

Research Results. With account for the structural features of nucleotide sequences and the criteria for selecting
LAMP primers, a modification of the direct sampling method using a stencil approach has been proposed. It
considers the GC composition, the annealing temperature of the primers, and reducing the complexity of the
sampling.

As is known, the GC composition of primers should be in the range from 40 to 60%. This is one of the important
criteria for selecting LAMP primers, which depends on the sequence being analyzed, the length of the primer, and
it partially affects the annealing temperature (7m, °C).

In this paper, the following formula is used to calculate the annealing temperature of primers:

Tm = 81.5+16.6-(log10 [Na+J)+o.41-(%G+%C)—548/L, (1)

where [Na"] — molar concentration of sodium ions; (%G + %C) — GC composition in the analyzed sequence,
expressed as a percentage; L — length of the primer. It was based on a well-known dependence:

Tm = 81.5+16.6-(10g10 [Na*]) +0.41-(%G +%C) — 600/length. )

Formula (1) was selected empirically, the calculated values were compared to the values obtained through the
convenient OligoAnalyzer? utility, which provided a high-quality selection of primers for all types of nucleotide
acid amplification. Through determining the length of the primers, GC composition and annealing temperature, all
possible primers can be found in a nucleotide sequence of any length that will meet the specified criteria.

! Oligo Calc: Oligonucleotide Properties Calculator. URL: http://biotools.nubic.northwestern.edu/OligoCalc.html (accessed: 10.12.2023).
% OligoAnalyzer™ Tool. URL: https://eu.idtdna.com/pages/tools/oligoanalyzer?returnurl=%2Fcalc%2Fanalyzer (accessed: 10.12.2023).
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If we imagine the primer as a substring, and the analyzed nucleotide sequence as a longer string, this task can
be represented as a search of all possible options (direct search), but complicating it through calculating the GC
composition and annealing temperature of the primers.

Figure 2 shows a complete block diagram of the direct search algorithm, taking into account:

— length of the primers (bp);

— GC-composition, %;

— annealing temperature of the primers, 7m, °C;

— homodimers on both DNA strands.

The total complexity of the modified algorithm in the worst case is O(m-n), where n — length of the primer,
m — length of the nucleotide sequence. It should be understood that the running time of the algorithm directly
depends on how often the nucleotide fragments that meet the requirements are found.

Table 2 shows the search data for all possible primers in nucleotide sequences of different structures over time.

Further, it is necessary to form sets from all the primers found, taking into account the close distance between
the primers, the heterodimeric properties in one set, as well as the minimum temperature difference between the
annealing of the primers.

The design scheme for forming primers into the LAMP sets is shown in Figure 3.
C Primer search cycle >
v
Analysis of the first n-1 nucleotides

v

GC, flag calculation
v

> Within search range

v

Calculation of flags and GC
for nucleotide of current index

v

Calculation
of parameters

e =

Testing for homodimers

A

Testing for homodimers
from complementary strand

v

Calculation of GC and flags
for the first and last nucleotide

> Returning an array of primers)

Adding a primer
|

Adding a primer
|

Fig. 2. Complete flowchart of the algorithm
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Table 2

Time spent searching for valid primers in nucleotide

sequences of different lengths

Genome name Nucleotide sequence size, bp Search for primers, s
SARS-CoV-2 29,903 0.31
Escherichia virus T4 168,903 1.73
Mycoplasma 580,076 5.43
Helicobacter pylori 1,624,458 18.11
Escherichia coli 4,641,652 71.68 (1.2 min)
Caenorhabditis 100,286,401 1,082.53 (18 min)
Start

Loading from a file?

Entering a sequence

yes

File download

http://vestnik-donstu.ru

104

Chromosome selection

Configuration setting

Search for primers, calculation
of length, Tm, GC composition

Sorting primers into sets

y

End

Displaying sets on the
screen

Fig. 3. Block diagram of the formation of primer sets for LAMP
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At the input, the program reads the nucleotide sequence, either the desired file is loaded, or a fragment is inserted
through the clipboard. Next, configurations are set, such as primer length, GC composition, primer annealing temperature,
and temperature difference in one set. Then, all possible parameters satisfying the set configurations are searched, the
selected primers are sorted into sets and displayed to the user.

The operation of the computer program:

1. Uploading a file (simple text format, FASTA format, GenBank), or a fragment of a sequence via the clipboard.

2. Search for all possible primers: primers are combined according to the following criteria:

— length of the analyzed region;

— distances between primers (F3/F2 — 1-10 nucleotides, F2/F1c — 10-25 nucleotides, F1c/B1c — 0-30 nucleotides);

— temperature difference of primer annealing (<3);

— heterodimers.

If all of the above conditions are met, the set is considered to be working.

3. Displaying simulated primer sets to the user's screen and/or saving to a file.

The LAMP program is registered in the Register of Computer Programs under the name LAMPrimers iQ, No.
2022617417 on April 20, 2022, and LAMPrimers iQ-loop, No. 2023662840 on June 14, 2023. The program code is
publicly available?.

The developed software product has a user-friendly and intuitive interface, which can be used directly by end
users — experimenters engaged in LAMP.

Discussion and Conclusion. The number of primer sets issued depends on the specified search parameters. The
stricter the parameters, the fewer sets will be found. In case of hard restrictions, the program may not output a single set.
The number of primer sets with different selection parameters for the genome of the bacteriophage lambda [13], whose
length is ~48,500 nucleotides, is shown in Table 3.

For relatively short nucleotide sequences (up to 2,000 nucleotides), the selection of primers takes less than a second.
With increasing sequence length, the duration of the primer search grows exponentially.

Table 3
Number of the primer sets for the bacteriophage lambda genome,
depending on the set selection parameters

Maximum length of amplified region, bp
GC, % ATm, °C
300 230 160

5 213 119 3
40-60

2 198 184 3

5 132 80 0
45-55

2 116 64 0

5 195 185 4
50-60

2 181 164 4

5 160 147 4
55-65

2 134 105 0

Figure 4 shows the effect of the length of the nucleotide sequence on the duration of the selection of primer sets. The
data for the nucleotide sequence of the bacteriophage lambda on a laptop with the parameters are as follows: Intel(R)
Core(TM) 17-10750H CPU, 2.60GHz, 6 cores. 16 GB RAM. The parameters of the soft selection of primers are indicated
(40-60 % GC, ATm =5, length of the analyzed region is up to 300 bp).

3 LAMPrimers-IQ. URL: https:/github.com/Restily/LAMPrimers-iQ/blob/main/lamp/start_lamp.py (accessed: 10.12.2023).
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1 2 5 10 20 40

Nucleotide sequence length x 10°, n

Fig. 4. Effect of length of nucleotide sequence on duration of selection of primer sets

It should be noted that the duration of the search for primers depends on the power of the computer.

To compare and determine the quality of the simulated primer sets, a number of field experiments were conducted to
detect the RNA of the SARS-CoV-2 coronavirus, whose length was ~ 30,000 nucleotides. To do this, sets of LAMP
primers were selected for the same region of the nucleotide sequence of the coronavirus using the LAMPrimers iQ
program and two popular and accessible online utilities from New England Biolabs (NEB LAMP)* and PrimerExplorer>.
The designations L, N and P correspond to the sets of primers LAMPrimers iQ, NEB LAMP Primer Design and
PrimerExplorer; “+” — samples contained RNA of SARS-CoV-2 coronavirus, “—” — samples did not contain nucleic
acids. Figure 5 shows the curves of this experiment.
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Fig. 5. Graph of the comparative experiment (the author’s figure):

L — primers obtained using LAMPrimers Iq, N — NEB LAMP Primer Design,
P — PrimerExplorer, samples contained RNA of SARS-CoV-2 coronavirus,

[T3L)

— control samples without matrix (did not contain nucleic acids)

4 NEB LAMP Primer Design Tool. URL: https://lamp.neb.com/#!/ (accessed: 24.11.2023).
5 LAMP primer designing software Primer Explorer. URL: http://primerexplorer.jp/e (accessed: 25.11.2023).
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The primers obtained through PrimerExplorer, showed the latest rise in amplification curves (P+) compared to
NEB LAMP (N+) and LAMPrimers iQ (L+). The primers obtained through LAMPrimers iQ, provided a later rise in the
amplification curves (L+) compared to (N+). However, samples that did not contain virus RNA (P-), showed a later rise
compared to the set (N—), while (L—) showed no rises even after 50 minutes, thereby providing the highest reliability of
viral RNA detection.

The performed experiments showed a higher accuracy and specificity of the primer sets selected through
LAMPrimers iQ computer program, caused by a decrease in the reaction rate with negative control samples. The
amplification curves had later rises, or did not have them at all, even after 50 minutes of reaction time.
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06 asmope:
JInana YabgaTtoBHa AXMeT351IHOBA, aCCUCTEHT Ka)eApbl BHIYUCIUTEIEHON TEXHUKH W WH)KCHEPHOW KNOCPHETHKU

Ydumckoro rocyapcTBeHHOro He(TSIHOro TexHU4Yeckoro yHuBepcurera (450062, PO, r. Ya, yn. Kocmonastos, 1).
PaboTa BeIMONHSIACH B J1a0OpaTOpuy MaTeMaTHdyeckold Xumuu MHCTHTyTa HedrexumMuu M Karanuza Y GHUMCKOTro
(enepanbHOrO HCCIIEAOBaTENILCKOTO IeHTpa Poccuiickod akamemun Hayk. (450075, P®, r.Yda, npocrnekr
OxTs10ps1, 141), SPIN-kon: 5800-5465, ORCID, ScopusID, www.lianab@mail.ru

Konghnuxm unmepecos: aBTop 3asiBiisier 00 OTCYTCTBUU KOH(IUKTA HHTEPECOB.
Aemop npouuman u 0000pUI OKOHYAMENbHbIU 8APUAHI PYKONUCU.

Hoctynuaa B penaxknmio 14.12.2023
MocTynuia mociie penenzuposanus 09.01.2024
Ipunsra k nyoaukanuun 16.01.2024
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