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Abstract

Background: The MinlON™ is a portable DNA sequencing device that can sequence 16S rRNA genes. 16S
rRNA genes are found in all bacteria and can be used to identify bacterial species. By sequencing 16S rRNA
genes and analyzing the sequences for antibiotic resistance genes, we can identify bacteria that are resistant
to antibiotics. Materials and methods: Ten clinical specimens, including two sputum samples and eight urine
samples from outpatients and inpatients, were subjected to pathogenic bacteria identification and antibiotic
resistance detection using the MinlON™ portable device. Results: The MinlONTM sequencer successfully
identified species levels in ten clinical samples. Based on investigating the 16S rRNA sequencing with AMRA
on EPI2ME of Nanopore Technologies, we found eight mutations. Conclusions: The MinION sequencer is a
valuable tool in medical laboratories for swiftly identifying bacterial species and determining their antibiotic

resistance profiles, contributing to efficient antimicrobial resistance diagnostics.
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1. INTRODUCTION

As observed through conventional antimicrobial
sensitivity testing, the molecular analysis of genetic
mechanisms responsible for specific phenotypic
outcomes has become essential to numerous clinical
investigations focused on bacterial infections. In
certain scenarios where phenotypic results are
either time-consuming, inconclusive, or unavailable,
molecular analysis can be employed to ascertain the
presence of particular genes or point mutations.
This approach directly supports the timely
implementation of optimal treatment or control
strategies. Moreover, molecular characterization
serves as a valuable tool in epidemiological studies
during outbreaks, especially when phenotypic data
lacks the granularity required to manage potential
outbreaks involving drug-resistant bacteria [1].
Additionally, the molecular characterization of
antimicrobial resistance (AMR) determinants plays
a critical role in local, national, and even global
surveillance efforts to track AMR trends [2].

Some initiatives have been implemented in
Vietnam to address AMR. Vietnam was the first
country in the Western Pacific Region to develop a
national action plan to combat AMR, which, according
to the World Health Organization (WHO), is being
implemented. Vietnam also has one of the highest
rates of AMR in Asia due, in part, to the overuse of
antimicrobial drugs, both in the animal health sector
and in humans in hospitals and the community [3].
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The MiInlION™ device is a portable DNA
sequencing device that can sequence 16S rRNA
genes. 16S rRNA genes are found in all bacteria
and can be used to identify bacterial species. By
sequencing 16S rRNA genes and analyzing the
sequences for antibiotic resistance genes, scientists
can identify bacteria that are resistant to antibiotics.
The MinlON™ device is a powerful tool for detecting
antibiotic resistance genes, as it is portable, fast,
and accurate. This makes it ideal for use in various
settings, including hospitals, clinics, and research
laboratories [4,5]. On the other hand, mutations in
the 16S ribosomal RNA (rRNA) gene can potentially
lead to antibiotic resistance in bacteria. The 16S rRNA
gene is a component of the bacterial ribosome, the
molecular machine responsible for protein synthesis.
Antibiotics often target the bacterial ribosome to
inhibit protein synthesis, and mutations in the 16S
rRNA gene can alter the structure of the ribosome,
making it less susceptible to the effects of certain
antibiotics. When a mutation occurs in the 16S rRNA
gene, it can change the shape or binding site of the
ribosome, making it more difficult for antibiotics to
bind to and disrupt the protein synthesis process [6].
The objectives of this pilot study were to examine
the data collected by sequencing the full-length
16S rRNA sequences containing mutations that
cause antibiotic resistance in pathogenic bacterial
strains identified from clinical samples by using the
MinlION™ device.
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2. MATERIAL AND METHODS

2.1. Materials

Clinical specimens

Forthisinitialstudy,tenclinicalspecimens,including
two sputum samples and eight urine samples, were
taken from both outpatients and inpatients at the
Hue University of Medicine and Pharmacy Hospital,
Hue City, Vietnam. The clinical specimens were swiftly
transported to the microbiological laboratory within
a 2-hour following collection microbial analysis.
Subsequently, the samples underwent bacterial
isolation and identification procedures using standard

microbiological and molecular techniques as directed
by the attending physician. Additionally, portions
of the clinical samples were employed for rapid
identification by utilizing the MinlON™ sequencing
device.

2.2. Methods

The culture-independent approach will be used
to directly identify bacteria from patient samples
and analyze the 16S rRNA sequence data using the
MinION™ device. The sequence data were used for
bacteria identification and 16S rRNA point mutation
conferring antibiotic resistance (Figure 1).

Prepare

Sequence

Analyze

Collect Genomic DNA
sample extraction

Amplify the
16S gene

Sequencing on MinlON™ device with
16S Barcoding Kit (SQK-RAB204)

Analyze data
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Figure 1. Bacterial 16S rRNA sequencing workflow on MinlON™ sequencing device

Genomic DNA extraction

The DNA extraction process involved the
utilization of the ZymoBIOMICS™ DNA Microprep
Kit (Zymo, CA, USA). Initially, 250 uL of pre-treated
samples were introduced into a ZR Bashing Bead™
Lysis tube (0.5 mm), followed by adding 750 pL of
ZymoBIOMICS™ Lysis solution to the same tube.
Subsequently, DNA purification procedures were
carried out per the manufacturer’s guidelines.
The purified DNA was ultimately eluted using 20
puL of ZymoBIOMICS™ DNase/RNase-free water.
Measurements were conducted utilizing the
NanoDrop 2000 spectrophotometer (Thermo
Scientific, MA, USA) to assess the yield and purity of
the total DNA obtained.

MinlON™ sequencing 16S rRNA genes

The 16S Barcoding Kit (Code SQK-RAB204) from
Oxford Nanopore Technologies was employed. A
total of 10 ng of genomic DNA was used for the library
preparation process, and MinlON™ sequencing was
executed using R9.4 flow cells (FLO-MIN106) as per
the manufacturer’s recommended protocols. For
data acquisition, we utilized MinKNOW software
version 1.11.3, while data analysis was performed
using the EPI2ME cloud application, both provided
by Oxford Nanopore Technologies [7,8].

Sequence analysis

The ‘pass’ reads were obtained. MinlON™

sequence reads (FAST5 data file). Raw data were
processed for base calling via Albacore. Then, the
data were analyzed by using What’s In My Pot
(WIMP) workflow, a quantitative, real-time species
identification from metagenomic samples (Oxford
Nanopore Technologies). The “fastq” format is a
4-line string (text) data format denoting a sequence
and its corresponding quality score values. There
are different ways of encoding quality in a .fastq file;
however, files from Oxford Nanopore Technology
sequencing devices use Sanger phred scores. A
sequence record comprises 4 lines: line 1: Sequence
ID and Sequence description; line 2: Sequence line
e.g., ATCGs; line 3: + symbol (can additionally have a
description); line 4: Sequence line qualities.

3. RESULTS

3.1. Species identification strategies

In this study, 540 FASTQ run ID-pass files were
subjected to analysis using the EPI2ME platform,
which offers real-time data analysis capabilities
for nanopore sequencing. Two specific analysis
workflows were employed: FASTQ 16S QC-
Barcoding for assessing quality scores and read
length distribution, and the WIMP program for the
rapid identification of various species, including
bacteria, viruses, fungi, and archaea. Among
the 2,132,229 reads analyzed, 1,884,027 reads

I 26 HUE JOURNAL OF MEDICINE AND PHARMACY ISSN 3030-4318; eISSN: 3030-4326



(88.3%) were successfully classified, while 248,202
reads remained unclassified. All identified species
belonged to the bacterial taxa, aligning with results
obtained through traditional culture methods.

The program further delved into the results to
ascertain the specific bacterial species within the
NCBI taxonomy tree. A total of 12 different taxa were
identified, with E. coliemerging as the most prevalent
species, present in 8 out of 10 samples. Additionally,
in eight urine samples, E. coli was detected, along
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with other species such as Salmonella enterica,
Veillonella parvula, and Streptococcus anginosus,
identified through MinlON™ sequencing (Table 1).

One notable strength of this method lies in its
high accuracy. This accuracy is attributed to the
use of PCR to amplify the 16S rRNA gene in the
specimen, even when bacterial quantities are low.
In contrast, traditional identification cultures often
struggle to achieve such precision in low-bacteria
scenarios.

Table 1. Species identification by MinlON™ sequencer devicein clinical samples

sample  Barcode  MPICNPS b MNION™ sequencer

1 BCO1 Sputum Veillonella parvula
Streptococcus parasanguinis
Streptococcus salivarius

2 BCO3 Sputum Capnocytophaga gingivalis
Prevotella melaninogenica
Veillonella parvula

3 BCO4 Urine Escherichia coli
Salmonella enterica

4 BCO5 Urine Escherichia coli
Salmonella enterica

5 BCO7 Urine Enterococcus hirae
Enterococcus faecium
Escherichia coli

6 BCO8 Urine Escherichia coli
Veillonella parvula
Streptococcus anginosus

7 BC09 Urine Escherichia coli
Klebsiella pneumoniae

8 BC10 Urine Escherichia coli
Klebsiella pneumoniae

9 BC11 Urine Escherichia coli
Salmonella enterica

10 BC12 Urine Escherichia coli

Veillonella parvula

3.2. 16S rRNA point mutation investigation

For each specimen, species were identified
from sequencing reads using either EPI2ME
workflows ‘Fastg WIMP (What’s in my pot?)’
and ‘Fastq Antimicrobial Resistance’ (v3.2.2,

https://epi2me.nanoporetech.com/) The WIMP
workflow classifies reads using the Centrifuge
standard database, whilst the Antimicrobial
Resistance workflow uses minimap2 to align
full-length of 16S rRNA data to the AMRA CARD
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database to identify AMR genes based on rRNA
mutation model [9]. The gene clinically Relevant,
antibiotics, drug class, and resistance mechanism
were obtained from the reports of AMRA CARD

(Table 2). Almost all types of gene clinically relevant
are point mutations in the domain of the 16S rRNA
with the resistance mechanism being antibiotic
target alteration.

Table 2. CARD Model: rRNA mutation model

No Taxon Gene Clinically Relevant Antibiotics Drug Class Resistance Mechanism

1 E.coli  Point mutations in the 3’ Edeine Peptide antibiotic Antibiotic target
minor domain of the 16S alteration
rRNA

2 E.coli  Point mutations in the 5’ Streptomycin  Aminoglycoside  Antibiotic target
domain of helix 18, in the alteration
rrnB 16S rRNA gene

3 E.coli  Point mutations in the 3"  Tetracycline Tetracycline Antibiotic target
major domain of the rrsB alteration
16S rRNA gene

4 E.coli  Point mutations in the 3’ Gentamicin C  Aminoglycoside  Antibiotic target
minor domain of helix 44, in alteration
the rrsB 16S rRNA gene

5 E.coli  Point mutations in the 3’ Kanamycin A Aminoglycoside  Antibiotic target
minor domain of helix 44, in alteration
the rrsB 16S rRNA gene

6 E.coli  Point mutations in the 3’ Kasugamicin ~ Aminoglycoside  Antibiotic target
minor, 3’ major, and central alteration
domains in the rrsC 16S
rRNA gene

7 E. coli  Point mutations in the 3’ Spectinomycin Aminoglycoside  Antibiotic target

major domain of the rrsH 16S
rRNA gene

alteration

8 S. enterica
regions of the rrsD 16S rRNA
gene

Point mutations in the helix 34Spectinomycin  Aminoglycoside

Antibiotic target
alteration

4. DISCUSSIONS

The 16S rRNA gene is widely used for bacterial
identification due to its highly conserved regions
suitable for universal primers and phylogenetic
signals, as well as its highly variant regions that
differ across species. This gene is present in almost
all bacterial families, providing functional and
evolutionary stability, and its sequence length of
about 1500-1550 bp is suitable for taxonomical
purposes and amplification [10]. The 16S rRNA
gene also contains hypervariable regions that can
provide species-specific signature sequences useful
for bacterial identification. The Ribosomal Database
Project (RDP) provides quality-controlled bacterial
and archaeal small subunit rRNA alignments and
analysis tools, supporting the use of the 16S rRNA
gene for bacterial identification [11]. The 16S
Barcoding Kit 1-24 enables rapid 16S sequencing

for organism identification by narrowing down to
a specific region of interest, allowing users to see
all the organisms in a sample without sequencing
unnecessary genomics. This approach aligns with the
use of the 16S rRNA gene for bacterial identification,
as it focuses on a specific region of the gene to
obtain relevant information without sequencing
unnecessary regions of the genome. Nanopore
sequencing has been used for the identification
of bacteria present in both monomicrobial and
polymicrobial samples, resolving microbiological
diagnosis. Our study shows that Nanopore
sequencing can detect and identify the pathogenic
bacteria in low-bacteria urine samples which
may not be detected in the culture-independent
method. Zhu et al., 2020 applied the nanopore
sequencing technique in infectious diseases,
including monitoring of emerging infectious
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disease outbreaks, identification of pathogen
drug resistance, and disease-related microbial
community characterization [12].

Nanopore sequencing is now used for real-time
detection of antibiotic resistance genes in bacteria.
This approach enhances pathogen identification
and facilitates the tracking of antibiotic resistance.
TNPseq, a novel nanopore sequencing method, aids
in identifying bacterial and fungal infections relevant
to clinical cases. MinlON alone demonstrated high
accuracy in detecting antibiotic resistance genes, as
evidencedinclinicalisolates of Klebsiella pneumoniae
[13]. Additionally, nanopore sequencing allows
for rapid identification of pathogens, plasmids,
and antimicrobial resistance genes in bacterial
DNA extracted from positive blood cultures [14].
This technology is crucial in addressing antibiotic
resistance threats, such as carbapenem-resistant
Gram-negative organisms. Rapid nanopore-based
DNA sequencing protocols contribute to outbreak
investigations and pathogen control [15].

In our pilot study, only the sequences of the 16S
rRNA gene were used to investigate AMR genes
based on the rRNA mutation model. Eight AMR
genes in three classes of antibiotics related to the
rRNA mutations: peptide antibiotic, tetracycline, and
aminoglycoside (Table 2). Most ribosome-targeting
antibiotics interact exclusively with bacterial rRNA.
Bacteria have evolved several resistance mechanisms
to antibiotics, including through the methylation of
specific rRNA nucleotides that prevent the binding
of protein synthesis inhibitors to their target sites on
the bacterial ribosome. For instance, N1 methylation
of A1408 in the bacterial 16S rRNA confers
resistance against aminoglycosides [16]. Loss of
methylation can also decrease antibiotic sensitivity.
A classic example is the lack of methylation at A1518
and A1519 in 16S rRNA by KsgA, which confers
resistance to kasugamycin [17]. This evidence shows
the important role of methylation in regulating the
response to antibiotics.

Adenyltransferase enzymes in some bacteria
adenylate specific adenine residues in the 16S rRNA,
hindering spectinomycin binding to the ribosome
and thus impeding protein synthesis inhibition. This
modification, a post-transcriptional adjustment,
influences ribosome assembly and function in
bacteria. The structural mechanism of AadA, a
dual-specificity aminoglycoside adenyltransferase,
sheds light on how antibiotics like spectinomycin
and streptomycin interact with bacterial ribosomes,
impacting protein synthesis. This process showcases
bacterial resistance mechanisms against ribosomal
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inhibitors, contributing to our understanding of
antibiotic resistance [18]. Deamination of adenine
or cytosine residues in the 16S rRNA by bacteria can
impact ribosomal structure, reducing susceptibility
to spectinomycin binding. This modification alters
the RNA sequence, potentially affecting ribosomal
function. Notably, adenine deamination can be
achieved programmatically using a Cas9-adenine-
deaminase fusionin bacteria. The resulting structural
changes may influence antibiotic interactions,
contributing to bacterial resistance mechanisms.
Bacterial deamination of adenine or cytosine in 16S
rRNA alters ribosomal structure. Cas9—-adenine-
deaminase fusion allows programmable adenine
deamination in bacteria. This modification reduces
susceptibility to spectinomycin binding, impacting
antibiotic interactions [19].

Resistance to spectinomycin can arise from
mutations in ribosomal proteins that interact with
the 16SrRNA. These mutationsimpact spectinomycin
binding or alter the ribosome’s overall structure,
reducing susceptibility to the antibiotic. Notably,
mutations in the spectinomycin binding region of
helix 34 of 16S rRNA play a role in this resistance.
Additionally, chromosomal mutations in the gene
encoding ribosomal protein S12 (rpsL) can confer
resistance to spectinomycin. These alterations
affect the ribosome’s response to spectinomycin,
contributing to antibiotic resistance. Understanding
these molecular mechanisms is crucial for
addressing antibiotic resistance challenges [20]. The
modifications to the 16S rRNA negatively impact
antibiotic efficacy, leading to reduced effectiveness.
This occurs because alterations in 16S rRNA can
hinder the binding of antibiotics to their target
sites, diminishing the drugs’ ability to exert their
antimicrobial effects. Additionally, mechanisms such
as enzymatic modifications of antibiotic targets, as
mentioned in the search results, can contribute to
antibiotic resistance, rendering the drugs ineffective.

5. CONCLUSION

Through ten clinical samples, bacteria species
levels were identified by using the MinlON™
sequencer. Eight mutations were found when
investigating the 16S rRNA sequencing with
AMRA on EPI2ME of Nanopore Technologies.
The MinlON™ sequencer demonstrated that it
is a highly portable device that utilizes nanopore
ultra-long read sequencing technology to detect
antimicrobial resistance (AMR) rapidly. This device
can be effectively used in medical laboratories
to identify bacterial species at the genomic level
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and assess their antibiotic resistance profiles. The
MinlON sequencer is a valuable tool in medical
laboratories for swiftly identifying bacterial species

and determining their antibiotic resistance profiles,
contributing to efficient antimicrobial resistance
diagnostics.
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