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Introduction. Nanopore sequencing technologies have become routine methods in science and medicine, being widely used in the study of pathogen diver-

sity and distribution and playing a key role in field epidemiology.

Objective. Comparative evaluation of the functional capabilities of third-generation MinION and Nanoporus sequencers in the detection of pathogens in 

biological material, including comparison of the as-determined taxonomic composition with the results obtained using the second-generation MiSeq (Illumina) 

reference platform.

Materials and methods. A total of 138 archival DNA samples with known taxonomic composition (14 families, 20 genus, and 43 species of viral and bacte-

rial pathogens; altogether 169 pathogens) were analyzed. MinION and Nanoporus nanopore sequencers with original R9.4.1 and R10.4.1 flow cells (ONT), 

as well as the high-performance MiSeq (Illumina) platform were used for preliminary identification of the composition of samples containing different titers 

of pathogen nucleic acids belonging to various taxonomic groups. Comparative evaluation of the obtained data (number of sequences, average read qual-

ity scores (Qscore) for each nucleotide, GC-content of sequences, sequence length distribution, read duplication level) was performed using the MultiQC 

bioinformatics tool (version 1.20).

Results. The MinION and Nanoporus  devices identified 98.8% and 97.6% of pathogens, respectively, including understudied or new viruses. The use of the 

latest-version flow cell on both devices significantly reduced the share of low-quality reads. The findings demonstrate a high degree of correlation between 

the results obtained by the second- and third-generation sequencers, which confirms the comparability and interchangeability of these technologies for the 

purposes of pathogen nucleic acid identification.

Conclusions. The study results demonstrate the potential of MinION and Nanoporus nanopore sequencers for epidemiologic surveillance. These devices 

are capable of identifying pathogens of different nature with high accuracy and, due to their compactness and portability, facilitating the diagnostics and 

monitoring of infectious diseases.
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СРАВНИТЕЛЬНЫЙ АНАЛИЗ НАНОПОРОВЫХ СЕКВЕНАТОРОВ MINION И НАНОПОРУС В ЗАДАЧЕ 
ИДЕНТИФИКАЦИИ НУКЛЕИНОВЫХ КИСЛОТ ПАТОГЕНОВ

Д.А. Григорян, И.Ф. Стеценко, Б.С. Гуков, А.Д. Мацвай, Г.А. Шипулин

Центр стратегического планирования и управления медико-биологическими рисками здоровью Федерального медико-биологического агентства, 

Москва, Россия

Введение. Технологии нанопорового секвенирования стали рутинным инструментом в науке и медицине, широко применяются в исследовании 

разнообразия и распространения патогенов, играют ключевую роль в полевой эпидемиологии.

Цель. Проведение сравнительного анализа функциональных возможностей секвенаторов третьего поколения MinION и Нанопорус в задаче вы-

явления пат огенов в биологическом материале, включая сопоставление таксономического состава, определенного с их использованием, с ре-

зультатами, полученными на референсной платформе второго поколения MiSeq (Illumina).

Материалы и методы. Проведено исследование 138 образцов архивной ДНК с известным таксономическим составом (исследованы 14 семейств, 

20 родов и 43 вида патогенов вирусной и бактериальной природы, суммарно 169 возбудителей инфекций). В исследовании использовались на-

нопоровые секвенаторы MinION и Нанопорус с оригинальными проточными ячейками R9.4.1 и R10.4.1 от ONT, а также высокопроизводительная 

платформа MiSeq от Illumina для предварительной идентификации состава исследуемых образцов, содержащих различные титры нуклеиновых 

кислот возбудителей инфекций ряда таксономических групп. Сравнительный анализ полученных данных (количество последовательностей, сред-

ние показатели качества прочтений (Qscore) для каждого нуклеотида, GC-состав последовательностей, распределение длин последовательно-

стей, уровень дупликаций прочтений) проводился биоинформатическим инструментом MultiQC (версия 1.20).

Результаты. В ходе проведенных исследований на приборах MinION и Нанопорус было идентифицировано 98,8 и 97,6% патогенов соответ-

ственно, включая малоизученные или новые вирусы. Применение последней версии проточной ячейки на обоих приборах значительно снизило 

долю низкокачественных прочтений. Полученные данные продемонстрировали высокую степень корреляции между результатами секвенаторов 

второго и третьего поколений, что подтверждает сопоставимость и взаимозаменяемость этих технологий в задаче идентификации нуклеиновых 

кислот патогенов.

Выводы. Результаты исследования демонстрируют потенциал нанопоровых секвенаторов MinION и Нанопорус для применения в эпидемиологи-

ческом надзоре. Приборы способны обеспечивать высокую точность идентификации патогенов различной природы и благодаря своей компакт-

ности и портативности могут существенно повысить скорость диагностики и мониторинга инфекционных заболева  ний.

© D.A. Grigoryan, I.F. Stetsenko, B.S. Gukov, A.D. Matsvay, G.A. Shipulin, 2024

4.0



EXTREME MEDICINE | 2025, VOLUME 27, No 1 65

ORIGINAL ARTICLE | MOLECULAR EPIDEMIOLOGY

Ключевые слова: нанопоровое секвенирование; NGS; Illumina; ONT; Нанопорус; MinION

Для цитирования: Григорян Д.А., Стеценко И.Ф., Гуков Б.С., Мацвай А.Д., Шипулин Г.А. Сравнительный анализ нанопоровых секвена-

торов MinION и Нанопорус в задаче идентификации нуклеиновых кислот патогенов. Медицина экстремальных ситуаций. 2025;27(1):64–73. 

https://doi.org/10.47183/mes.2024-242

Финансирование: работа выполнена в рамках государственного задания ФГБУ «Центр стратегического планирования и управления медико-био-

логическими рисками здоровью» Федерального медико-биологического агентства России № 388-00084-24-00 от 29.12.2023.

Соответствие принципам этики: исследование не требовало разрешения локального этичес кого комитета. В ходе исследования не проводился 

сбор биологических образцов, эксперименты выполнены с использованием нуклеиновых кислот из состава коллекции лаборатории.

Потенциальный конфликт интересов: Г.А. Шипулин является членом редакционного совета журнала «Медицина экстремальных ситуаций». 

Остальные авторы декларируют отсутствие потенциального конфликта интересов.

 Григорян Диана Агароновна DGrigoryan@cspfmba.ru

Статья поступила: 25.10.2024 После доработки: 03.12.2024 Принята к публикации: 06.12.2024 Online first: 30.12.2024

INTRODUCTION

Sequencing technologies have become routine methods 

in various areas of molecular biology, due to their capac-

ity to promptly and reliably detect mutations and genetic 

variations in viruses, identify new pathogens, predict their 

evolutionary changes, track the dynamics of distribution in 

populations, and analyze phylogenetic relationships [1–3]. 

The method of nanopore sequencing was first introduced 

by Oxford Nanopore Technologies (ONT) in 2014 with the 

MinION device [4]. This technology possesses a number of 

unique advantages, which determine its indispensability in 

modern medicine and science [5]. The ability to sequence 

long DNA and RNA fragments has made it possible to de-

tect structural variations and epigenetic modifications [6–

8]. However, the key advantage of this sequencing method 

consists in the compactness of nanopore sequencers, 

their ability to operate by connecting to a laptop USB inter-

face, and low requirements for laboratory equipment. This 

renders such devices applicable in various conditions, in-

cluding field studies [9].

Nanopore sequencing technology has already made 

a substantial impact on various fields of medicine, includ-

ing diagnosis and treatment of genetic diseases [10, 11], 

personalized medicine [2, 12], and cancer research [6, 13, 

14]. Due to its speed and mobility, nanopore sequencing is 

a convenient tool for epidemiologic surveillance and out-

break control [9, 15–17]. In particular, during the COVID-19 

pandemic, nanopore sequencing played an essential role 

in rapid identification of virus strains and detection of new 

genetic variations of pathogens [12, 17, 18]. In addition, this 

technology has proven to be a reliable alternative to routine 

methods of sequencing complete virus genomes [15, 19]. 

These properties are particularly important in the context of 

global pandemics and outbreaks of new infections, since 

the promptness of data collection is crucial for the deci-

sion-making process.

The Russian market, along with the original third-

generation platforms by Oxford Nanopore Technologies, 

also offers a similarly functional domestic device referred 

to as Nanoporus. This device is designed for nanopore 

sequencing using original flow cells by Oxford Nanopore 

Technologies. 

In this work, we carry out a comparative evaluation of 

the functional capabilities of third-generation MinION and 

Nanopore sequencers in detecting pathogens in biological 

material, including comparison of the taxonomic composi-

tion identified with their use and the results obtained using 

the second-generation MiSeq (Illumina) reference platform.

MATERIALS AND METHODS

During two stages of the study, 138 samples of archival 

DNA from a laboratory collection with known taxonomic 

composition and different titers of pathogen nucleic acid 

belonging to different taxonomic groups were analyzed. 

These included 14 families, 20 genus, and 43 species of 

pathogens of a viral and bacterial nature, totaling 169 path-

ogens. Identification of the pathogenic composition of the 

studied material had been previously performed by high-

throughput sequencing on the MiSeq platform (Illumina). 

Based on the data of local alignment of nucleotide and 

protein sequences, we analyzed similarity indices with se-

quences from the database used for taxonomic identifica-

tion.

The following reagent sets were used during the prep-

aration of amplicon DNA libraries. End Repair of double-

stranded DNA fragments and matrix-free adenylation were 

performed using a NEBNext Ultra II End Repair/dA-Tailing 

Module reagent kit (New England Biolabs). Adaptor se-

quence ligation from PCR Barcoding Expansion 1-96 (EXP-

PBC096) (ONT) was performed using a Blunt/TA Ligase 

Master Mix reagent (New England Biolabs). Barcoding of 

libraries was performed using PCR Barcoding Expansion 

1-96 (EXP-PBC096) (ONT). All kits were used according to 

the manufacturer’s instructions.

DNA libraries for sequencing on a R9.4.1 flow cell were 

prepared using a Ligation Sequencing Kit (SQK-LSK109) 

(ONT) and then loaded into the flow cell. DNA libraries for 

sequencing on a R10.4.1 flow cell were prepared using a 

Ligation Sequencing Kit V14 (SQK-NBD114) reagent kit 

(ONT) followed by loading into the flow cell. The sequence of 

sequencing reagents was determined taking technical and 

methodological considerations into account. At the primary 

stage of the study, when using the R9.4.1 flow cell for the 

first time, sequencing was initially performed on the MinION 
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sequencer to ensure a predictably stable operation of the 

cell. This order was set to minimize potential risks associ-

ated with a possible decrease in the stability or functionality 

of the cell after its use on the Nanoporus sequencer. At the 

second step, in order to test the Nanoporus sequencer in 

terms of its effects on cell functionality for subsequent use 

in the MinION, sequencing was performed initially on the 

Nanoporus and then on the MinION.

The detected signal from the devices was recorded us-

ing the MinKNOW software version 23.11.4; the basecall-

ing of data in pod5 format was performed by the Dorado 

software version 7.2.13 (ONT). In order to ensure the cor-

rectness of sequencing quality comparison and taxonomic 

identification by the tested devices, the equal number of 

reads were selected for each sample representing a ran-

dom sample generated by the SeqKit bioinformatics tool 

(version v2.8.0). The quality of reads in fastq format was as-

sessed by using Trimmomatic bioinformatic tools (version 

0.32), FastQC (version v0.12.0). Comparative evaluation of 

the data obtained (number of sequences, average read 

quality scores (Qscore) for each nucleotide, GC-content 

of sequences (guanine-cytosine content), sequence length 

distribution, read duplication level) was performed using 

the MultiQC bioinformatic tool (version 1.20). Taxonomic 

identification of the viral composition of the samples was 

performed using the PathogenID software (FMBA, Russia). 

As a reference tool for comparing th  e results of determining 

the taxonomic composition of samples, the data obtained 

on the second-generation MiSeq platform  (Illumina) were 

used.

For comparative evaluation of the tested sequenc-

ers, the investigated infectious agents were divided into 

five groups according to their taxonomic identification in-

dex (% identity) obtained by high-throughput sequencing. 

The following identifiers were assigned to virus 

groups: Group  1  —  30  pathogens, 100–97% identity, 

Group  2  —  29  pathogens, 96–94% iden-

tity, Group  3  —  39  pathogens, 93–90% iden-

tity, Group  4  —  35  pathogens, 89–80% identity, 

Group 5 — 24 pathogens, 79–71% identity. The presented 

pathogen groups can be used to    simulate the analysis of di-

vergent pathogen groups, new strains, species in particular.

RESULTS

Comparison of data transfer stability and sequencing 
quality

Using the MinKNOW software, the stability of data trans-

mission from the device to the control computer was as-

sessed. No significant fluctuations and failures in signal 

transmission, as well as deviations from the uniform distri-

bution of the DNA translocation rate through the pore were 

registered during the analysis of the graphs obtained from 

the MinION and Nanoporus devices using the R10.4.1 flow 

cell (Fig. 1; A2,    B2). The graphs of temperature maintenance 

throughout the entire sequencing process indicated no dis-

turbances in the operation of the sequencers; temperature 

fluctuations were insignificant and remained within the per-

missible limits. The corresponding information is presented 

in Fig. 1; A1, B1.

The quality parameters of reads obtained from both 

old- and new-type flow cells for MinION and Nanoporus 

sequencers were compared (Fig. 2). An analysis of the pre-

sented graphs revealed an increase in the Qscore param-

eter, which reflects the accuracy of base identification in the 

reads, and a decrease in the level of duplications when us-

ing a flow cell of the latest R10.4.1 version. All the presented 

Figure prepared by the authors 

Fig. 1. Graphical representation of key parameters of the MinION and Nanoporus sequencers

Note: A1, B1 — maintaining the temperature regime during sequencing; A2, B2 — the rate of DNA translocation through the pore.

The graphs were obtained using the MinKNOW software, version 23.11.4.
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Figure prepared by the authors

Fig. 2. Comparison of quality indicators of reads obtained from MinION and Nanoporus sequencers

Note: graph A.1 — total number of sequences obtained from each device; graph A.2 — distribution of reads by read length; graph A.3 — average read quality 

values (Qscore) for each nucleotide; graph A.4 — number of reads depending on the quality indicator (Qscore); graph A.5 — GC content in sequences, %; graph 

A.6 — level of read duplications; graph A.7 — nucleotide composition of reads obtained by the MinION sequencer; graph A.8 — nucleotide composition of reads 

obtained by the Nanoporus sequencer.

The corresponding data for the R10.4.1 flow cell is shown in graphs B.1–B.8.

The graphs correspond to data recorded using R9.4.1 and R10.4.1 flow cells.

Read quality scores were obtained by the MultiQC bioinformatics tool (version 1.20).

metrics for assessing the quality of reads obtained from the 

two compared nanopore sequencers were also found to 

be consistent.

Additional indicators of sequencing quality, namely met-

rics N50, N95, and N5, as well as the percentage of reads 

with quality above Q20 and Q30 were calculated; the cor-

responding data are presented in Table 1. A comparative 

evaluation of sequence percentage with a quality of above 

Q20 and Q30 found that when using the earlier version of 

the flow cell (R9.4.1), about 70% of the data demonstrated 

a quality below Q20 and about 97.3% had a quality be-

low Q30 on both sequencers. At the same time, when the 

R10.4.1 flow cell of the latest version was used, the propor-

tion of data with a quality below Q20 was less than 55% 

and below Q30 was less than 76%. There were no signifi-

cant differences in N50, N95, N5, and the percentage of 

sequences with a quality above Q20 and Q30 between the 

two different third-generation devices.

Comparative analysis of the devices in pathogen 
identification 

The studied material contained fragments of pathogen ge-

nomes of the following families:

Pseudomonadaceae, Circoviridae, Adenoviridae, 
Coronaviridae, Orthomyxoviridae, Parvoviridae, 
Polyomaviridae, Astroviridae, Caliciviridae, Picornaviridae, 
Solemoviridae, Hepeviridae, Partitiviridae, Tymoviridae.

The Adenoviridae family included 12 specimens and 5 

pathogen species with viral loads ranging from 7.22% to 

0.33% of reads per specimen according to high-through-

put sequencing data. As a result of processing the data ob-

tained by MinION and Nanoporus devices, the taxonomic 

composition was confirmed in 11 (92%) and 10 (83%) sam-

ples, respectively. The Circoviridae family counted 35 spec-

imens and 11 different pathogen species with viral loads 

ranging from 57.27% to 0.04% of reads based on Illumina 
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sequencing data. Data from MinION and Nanoporus se-

quencers resulted in confirmed taxonomic composition 

in 34 (97%) and 33 (94%) samples, respectively. Although 

identification of the target pathogen by nanopore sequenc-

ers was not performed for 100% of samples containing vi-

ruses of these families (Adenoviridae and Circoviridae), a 

more detailed virus typing by nanopore data was obtained 

during alignment of nucleotide sequences to reference da-

tabases for a number of samples. 

According to the high-throughput sequencing data 

obtained on the Illumina platform, the Coronaviridae fam-

ily counted 70 samples and 9 different pathogen species 

with viral loads ranging from 49.52% to 0.15% of reads. The 

Orthomyxoviridae family sample counted 6 samples and 

1 species with viral loads ranging from 28.97% to 1.32% 

of reads. The selection of Pseudomonadaceae samples 

counted 12 samples and 1 species. The test group of the 

Parvoviridae family counted 15 samples and 11 species of 

pathogens with viral loads ranging from 28.12% to 0.22% of 

reads. The Picornaviridae family counted 4 samples and 4 

species of pathogens with viral loads ranging from 11.53% 

to 0.3% of reads. While the Astroviridae, Caliciviridae, 

Polyomaviridae, Solemoviridae, Tymoviridae, Partitiviridae, 

and Hepeviridae families counted single specimens, identi-

fication of the taxonomic composition of the Coronaviridae, 

Parvoviridae, Picornaviridae, and Orthomyxoviridae families 

was carried out in 100% of specimens during third-gen-

eration sequencing on MinION and Nanoporus devices. A 

total of 167 (98.8%) and 165 (97.6%) pathogens were identi-

fied by the MinION and Nanoporus nanopore sequencers, 

respectively.

For the most represented virus families, the percent-

age of reads attributable to the target infectious agent 

was compared. For a more accessible visualization of 

the comparison, data were taken on a logarithmic scale 

and analyzed for three pairs of sequencers: MiSeq and 

MinION (A), MiSeq and Nanoporus (B), and MinION and 

Nanoporus (C) (Fig. 3). The plots showed an increase in 

correlation between sequencing results along with an in-

crease in viral load in the samples, particularly between 

Nanopore sequencing data at load levels more than 

two logarithmic units. At low viral loads, deviations were 

found, particularly between Illumina and third-generation 

sequencing data.

The Pearson correlation coefficient was calculated to 

assess the relationship between the percent viral load val-

ues on the three devices. An analysis of data collected 

from both flow cells showed the following results. The cor-

relation coefficient between MiSeq and MinION platforms 

was r = 0.567 (p ≤ 0.05), indicating a moderate positive 

relationship. Between MiSeq and Nanoporus, a coeffi-

cient of r = 0.544 (p ≤ 0.05) was recorded, also indicating 

a moderate positive relationship. The highest correlation 

value was observed between Nanoporus and MinION 

sequencers, equal to r = 0.993 (p ≤ 0.05), indicating an 

almost complete correspondence of the results between 

the two devices.

In the course of the study, groups of infectious agents 

formed according to the range of taxonomic identity 

(% identity) were compared according to the average valu-

es of taxonomic identification indicators (e-value, % iden-

tity, alignment length (nucleotide base pairs), percentage 

of reads of the target virus) obtained on the tested devices 

(Fig. 4).

For all presented pathogen groups, the % identity and 

e-value values obtained on the MiSeq platform were slightly 

higher than those obtained on nanopore sequencers. At 

the same time, the index of sequence alignment length 

showed an inverse relationship. The histograms indicated 

a high degree of concordance in the detection of infectious 

agents between the three devices.

To visualize the differences in the reliability of taxonomic 

identification provided by the tested sequencers, we sim-

ulated the variation distribution of viral load and percent 

identity based on the data obtained from the three devices 

(Fig. 5). Based on the results of the first stage of the study 

(95 samples) (A), we observed the following distribution 

pattern: on the MiSeq platform, the main data cluster was 

in the range of high identity (90–100%) and medium viral 

load (2-3 logarithmic units); when using the R9.4.1 flow cell, 

the MinION platform showed a dense cluster of data in the 

area of high identity (more than 90%) and a relatively high 

viral load (2–3 logarithmic units); data from the Nanoporus 

sequencer were distributed more broadly along the identity 

axis, however, the main dispersion cluster was also within 

90% identity.

The results of the second stage of the study (43 sam-

ples suspected to contain nucleic acids of poorly stud-

ied pathogens) (B) showed the following data profile. The 

MiSeq platform revealed a shift in data density towards 

lower identity and viral load, which is explained by the pe-

culiarities of the tested material. When using the R10.4.1 

flow cell, data from the MinION were concentrated in a nar-

row range of 85% identity and a relatively high viral load 

Table 1. Sequ encing quality indicators on the original R10.4.1 and R9.4.1 flow cells on the third-generation sequencers: Nanoporus and MinION

Quality assessment parameters
Flow cell R10.4.1, 

MinION sequencer
Flow Cell R10.4.1, 

Nanoporus sequencer
Flow cell R9.4.1, 

MinION sequencer
Flow cell R9.4.1, 

Nanoporus sequencer

Average read length, units of nucleotides 407.8 417.1 447 435

Maximum read length, units of nucleotides 1500 1500 1399 1388

N50 411 425 454 446

N5 250 256 289 275

N95 900 904 871 860

Table prepared by the authors using their own data
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Fig. 3. Comparison of the percentage of reads of target pathogens of the most 

represented families

Note: graph A  —  MiSeq and MinION sequencers; graph B  —  MiSeq and 

Nanoporus sequencers; graph C — MinION and Nanoporus sequencers.

Point on the graphs — one virus under study.

Viral load values are presented on a logarithmic scale.
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Fig. 4. Comparison of average values of taxonomic identification parameters (pathogen load, % identity, alignment length, e-value) obtained as a result of 

sequencing on MiSeq, MinION, and Nanoporus sequencers

Note: the analysis was performed based on data obtained from flow cells of the latest two versions.
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(2–3 logarithmic units). The Nanoporus sequencer showed 

a less dense data distribution relative to its counterpart, al-

though demonstrating a comparable viral load.

DISCUSSION

For a long period of time, Oxford Nanopore Technologies 

(ONT) has been the only developer offering nanopore se-

quencing solutions. However, over the past year, several 

similar platforms have entered the market. These include, 

in particular, the Chinese QNome-3841 and QNome-

3841hex sequencers by QitanTech, which have already 

found application in forensic genetics and full bacterial 

genome studies [27, 28]; CycloneSEQ by MGI, which has 

showed significant results in de novo genome assembly, 

as well as in metagenomic and single-cell sequencing 

according to a study published by the platform devel-

opers [20]. At the time of this research, a comparative 

evaluation of CycloneSEQ and Gnome with such sys-

tems as MinION was not possible due to the recent an-

nouncement of the platforms. The Nanoporus Nanopore 

Sequencer, which is an analog of the well-known MinION 

device, was announced in late 2023 and commercialized 

in early 2024. At the time of preparing this article, we 

were unable to find any publicly available studies devot-

ed to a direct comparison of the characteristics of these 

devices; therefore, our conclusions are based purely on 

our own experimental data.

During testing of the Nanopore sequencer, no viola-

tions or abnormalities in operation were detected. The 

compatibility of the device with the original flow cells of 

the two latest versions, library preparation kits and soft-

ware by Oxford Nanopore Technologies was confirmed. 

The data on the rate of DNA translocation through na-

nopores did not reveal any signal distortions, indicating 

that there were no significant deviations from the expect-

ed indicators of the quality of information transfer to the 

control computer. The indicators of temperature mainte-

nance stability by nanopore sequencers showed minimal 

temperature fluctuations, which is important for stable 

operation of nanopores, ensuring sequencing accuracy, 

preventing library degradation, and maintaining optimal 

conditions for the functioning of enzymes involved in the 

sequencing process. In the framework of this analysis, the 

Figure prepare d by the authors

Fig. 5. Dispersion distribution of pathogen load and percent identity for data from MiSeq, MinION, and Nanoporus sequencers

Note: graphs correspond to data recorded using R9.4.1(A) and R10.4.1(B) flow cells.
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equipment was found to meet the stated characteristics 

and functional requirements.

An updated R10.4.1 flow cell significantly improves se-

quencing accuracy and stability, as evidenced by the in-

crease in average Qscore values on both nanopore plat-

forms compared to the previous flow cell version. The 

existing studies in the field confirm that the latest version 

of ONT flow cells provides significant improvement in ac-

curacy and quality of reads [21]. According to the data pro-

vided by the authors, the percentage of base pairs with 

Q15 read quality for the R10.4.1 flow cell is six times higher 

than that for the R9.4.1 version. In the case of bacterial ge-

nome assembly, the authors were able to assemble 97% 

of the genome through the earlier version of the flow cell, 

and this value increased to 98% in the case of R10.4.1. Our 

study shows a similar improvement: the proportion of reads 

with quality below Q20 and Q30 decreases significantly; 

the proportion of low-quality reads below Q20 decreases 

from 70% to 55% and below Q30 from 97.3% to 76%. This 

change indicates an improvement in sequencing accuracy 

and reliability when using ONT’s new V14 chemistry and 

R10.4.1 flow cells.

Second-generation sequencing is recognized as a high-

ly accurate and reliable method for detecting nucleic acids 

of infectious agents. Due to its high quality of nucleotide 

reads, this method can be classified as a leading technol-

ogy among alternative molecular diagnostic methods [22]. 

However, nanopore sequencing technology (ONT) offers a 

number of unique advantages, such as compactness and 

mobility, thus standing out against the complex optical sys-

tems required for second-generation sequencing. These 

characteristics of ONT allow efficient use of the technology 

in resource-limited settings and rapid field studies, which is 

an important factor in the introduction of this method into 

epidemiologic surveillance processes.

Previous studies demonstrated the potential of ONT 

as an alternative to high-throughput second-generation 

platforms. In particular, in a study evaluating the identi-

fication of pathogens of bacterial nature using MinION 

and Illumina sequencers (the type of second-generation 

devices is not specified), both devices were used to suc-

cessfully identify species, serotypes, MLST profiles, and 

subtypes of Shiga-toxin in Escherichia coli (STEC) isolates 

[23]. Another study on the identification of the bacterial 

composition of a reference sample containing eight dif-

ferent pathogens found that classification performance at 

the family and genus level prevailed when using MinION. 

However, at the species level, pathogen identification was 

found to be more accurate on the MiSeq platform. It is im-

portant to note that the R9.4.1 flow cell version was used 

for MinION [24]. A number of other studies evaluating the 

efficiency of using different generations of sequencing for 

the detection of viral pathogens, in particular, representa-

tives of the genera Alphavirus [25] and Adenovirus [26], 

also demonstrate only a slight advantage of second-gen-

eration platforms in terms of identification quality com-

pared to the results obtained on nanopore sequencers. 

Our data support the conclusions of the above studies 

by demonstrating a high correlation between pathogen 

detection results of different generations of sequencers. 

The MinION and Nanoporus devices identified 98.8% and 

97.6% of pathogens, respectively, of the infectious agents 

detected by the MiSeq platform. It was also found that an 

increase in pathogen load in the sample led to an increase 

in the level of similarity between second- and third-gen-

eration sequencing results. A particularly high concord-

ance is noted between the data obtained by MinION and 

Nanoporus platforms as the average value of pathogen 

nucleic acid titer in the tested samples is exceeded. In 

this regard, MinION and Nanoporus can be considered 

interchangeable in the context of pathogen identification 

and quantification tasks.

Our study evaluated the ability of nanopore sequenc-

ers to detect novel or poorly understood viral variations. 

The control material under study contained samples for 

which preliminary identification of pathogen composi-

tion using MiSeq platform showed low alignment qual-

ity parameters. This may indicate limited representation 

of these pathogen variations in existing databases or 

complete absence of information thereon. The analysis 

of variance distribution and quality parameters for taxo-

nomic identification demonstrated significant alignment 

between second- and third-generation data. This con-

firms the capability of MinION and Nanoporus nanop-

ore sequencers to identify previously unknown or poorly 

studied viruses at a level comparable to high-perfor-

mance platforms.

CONCLUSION

The Nanopore d evice demonstrated compatibility with 

the latest two versions of flow cells, library preparation 

kits, and software by Oxford Nanopore Technologies. 

This allows its integration into existing laboratory pro-

cesses without the need for significant modifications to 

working protocols. The results of the conducted com-

parative evaluation confirmed a high level of consistency 

of pathogen taxonomic identification data obtained us-

ing third-generation MinION and Nanopore sequenc-

ers with the results provided by the second-generation 

MiSeq platform. Based on the data obtained, no limita-

tions for the use of MinION and Nanoporus nanopore se-

quencers in laboratory pathogen detection studies have 

been identified.
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