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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/LAMPrimers-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.  
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Аннотация 
Введение. На сегодняшний день существует множество способов амплификации нуклеиновых кислот и у 
каждого способа есть ряд достоинств и недостатков. Одним из наиболее популярных способов является петлевая 
изотермическая амплификация (Loop-mediated isothermal AMPlification, LAMP). В отличие от термоциклических 
реакций, таких как ПЦР (полимеразная цепная реакция), для которых требуется смена трех температурных 
режимов и дорогостоящее оборудование, в LAMP вся реакция проходит при одной температуре и с максимальной 
на данный момент скоростью. Важным компонентом проведения LAMP-амплификации являются праймеры 
(обычно 20–25 нуклеотидов), которые необходимо подбирать к определенному участку нуклеотидной 
последовательности. Известно, что последовательность ДНК содержит четыре нуклеотида: А — аденин и  
Т — тимин, Г — гуанин и Ц — цитозин. Вариантов перестановок этих нуклеотидов огромное множество, и 
проанализировать вручную такое большое количество данных практически невозможно, поэтому возникает 
необходимость в использовании современных компьютерных технологий. Для дизайна ПЦР-праймеров 
предложено более 150 компьютерных программ, в то время как для LAMP-праймеров их менее 10, и каждая из 
них имеет ряд недостатков, например, по длине анализируемого участка. Поэтому целью данной работы является 
разработка новой отечественной компьютерной программы дизайна специфичных праймеров именно для LAMP. 
Материалы и методы. В основе алгоритма поиска праймеров лежит линейный поиск подстроки в строке с 
учетом критериев подбора праймеров для LAMP. Программный комплекс дизайна LAMP-праймеров разработан 
на языке программирования Python. Для работы с различными ДНК и РНК использовалась библиотека bioPython, 
а для разработки интерфейса — фреймворк Qt.  
Результаты исследования. Предложена модификация метода прямого перебора с использованием трафаретного 
подхода, учитывающего GC-состав и температуру отжига праймеров в зависимости от их структуры. Разработан 
комплекс программ с дружелюбным интерфейсом, учитывающий критерии дизайна праймеров: получены 
свидетельства о регистрации программ для ЭВМ (LAMPrimers iQ № 2022617417 от 20 апреля 2022 года, 
LAMPrimers iQ_loop № 2023662840 от 14 июня 2023 года). Программа есть в открытом доступе по адресу: 
https://github.com/Restily/LAMPrimers-iQ 
Обсуждение и заключение. Разработанные программные комплексы могут использоваться для исследований и 
анализа в области молекулярной биологии и генетики, для создания диагностических тест-систем, 
обеспечивающих высокую чувствительность и достоверность обнаружения специфических ДНК и РНК. 
Программные комплексы могут применяться в научно-исследовательских институтах и лабораториях, 
занимающихся амплификацией нуклеиновых кислот. Результаты оценки подобранных наборов праймеров для 
реакции LAMP апробированы, и эффективность рабочих наборов с помощью программы LAMPrimers iQ 
доказана экспериментально на примере обнаружения генетического материала коронавируса SARS-CoV-2. 

Ключевые слова: дизайн праймеров, петлевые праймеры, python, С++, петлевая изотермическая амплификация, LAMP 
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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: F1c/F2, BIP: B1c/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, F1c and B1c, 
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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Primer Explorer (V4, V5), Japanese company 
Eiken Chemical Co. LTD, Tokyo Java up to 2,000 + no yes yes 

FastPCR, Finnish company Primer Digital Ltd Java from 12 up 
to 500 – no no no 

GLAPD. Shanghai Jiao Tong University, China С, CUDA С, 
Perl OS Linux 

unlimited + + no yes 

LAMP Designer, 
American company Premier Biosoft  

up to 
15,000,000 + 

only 
Tm yes no 

Lamprim Python  – – – 
no 

access 
NEB LAMP, New England Biolabs, Ipswich, 

Massachusetts, USA Java from 100 
up to 2,000 + – yes yes 

LAMPrimer iQ. 
LAMPrimer iQ-loop, 

Ufa, Russia 
Python 3.10 unlimited + yes yes yes 

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 (Тm, °С).  

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

 ( ) ( )1081 5 16 6 0 41 % % 548 ,Tm . . log Na . G C 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: 

 ( ) ( )1081 5 16 6 0 41 % % 600 .Tm . . log Na . G C length+ = + ⋅ + ⋅ + −   (2)1 

Formula (1) was selected empirically, the calculated values were compared to the values obtained through the 
convenient OligoAnalyzer2 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. 

 
1 Oligo Calc: Oligonucleotide Properties Calculator. URL: http://biotools.nubic.northwestern.edu/OligoCalc.html (accessed: 10.12.2023). 
2 OligoAnalyzer™ Tool. URL: https://eu.idtdna.com/pages/tools/oligoanalyzer?returnurl=%2Fcalc%2Fanalyzer (accessed: 10.12.2023). 

http://vestnik-donstu.ru/
http://biotools.nubic.northwestern.edu/OligoCalc.html
https://eu.idtdna.com/pages/tools/oligoanalyzer?returnurl=%2Fcalc%2Fanalyzer
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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, Tm, °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.  

 
Fig. 2. Complete flowchart of the algorithm 

Primer search cycle 

Analysis of the first n-1 nucleotides 

GC, flag calculation 

Within search range 

Calculation of flags and GC  
for nucleotide of current index 

Returning an array of primers 

Calculation  
of parameters 

Valid? 

Testing for homodimers 

Adding a primer 

Testing for homodimers  
from complementary strand 

No homodimers? 

Calculation of GC and flags  
for the first and last nucleotide 

No homodimers? 

Adding a primer 

yes no 

yes no 

yes no 
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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) 

 

 
Fig. 3. Block diagram of the formation of primer sets for LAMP 

Start 

Loading from a file? 

File download 

Entering a sequence 

Configuration setting 

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

Sorting primers into sets 

Displaying sets on the 
screen 

End 

Chromosome selection 

yes no 
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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 available3.  

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 

GC, % ΔTm, °C 
Maximum length of amplified region, bp 

300 230 160 

40–60 
5 213 119 3 

2 198 184 3 

45–55 
5 132 80 0 

2 116 64 0 

50–60 
5 195 185 4 

2 181 164 4 

55–65 
5 160 147 4 

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) i7-10750H CPU, 2.60GHz, 6 cores. 16 GB RAM. The parameters of the soft selection of primers are indicated 
(40–60 % GC, ΔTm = 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). 

https://github.com/Restily/LAMPrimers-iQ/blob/main/lamp/start_lamp.py
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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)4 and PrimerExplorer5. 
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. 

 
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,  

“–” — 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). 

http://vestnik-donstu.ru/
https://lamp.neb.com/#!/
http://primerexplorer.jp/e
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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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