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I.  Whole genome sequencing
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Table 1.

Advantages and disadvantages of resistance gene detection using whole genome sequencing analysis

Advantages

Disadvantages

Comprehensive detection of resistance genes
No need to predefine targets

Data other than resistance genes, including species
identification, sequence type (strain type), plasmid
types, and virulence genes can be obtained

Detectable genes depend on the database utilized
Location of resistance genes (chromosome or plasmids)
can rarely be determined

Expensive
Need knowledge on bioinformatics

W2 2L T34 T CRBBRITT A2 ENTE D,
—IEHIE D WGS %179 &, 50~250 fHFEEE @ contig
MPEOND Z LWLV, HEEIET D% I E)iE
HETEHE L T 27200 R LESIAS <, B
1 DIENTIE— IS NEETH 528, I iifsT
OFER Y A T3k T— 70365,
Lo T, LMD 1~3 TR & igiyic
TAMIHENTB Y EFHHTIEL T 5B, —7,
Pacific Biosciences #: (PacBio RS 11 %) % Oxford
Nanopore Technologies #: (MinION) ® ¥ —/7 »
F—ix, g7 — Py = oy —LIEEh, $Kb
PbED) — FPHJITE 5728 complete  genome
ERLDOICEMHTHL, LrL, T I A3 B
ALV, T =P 10~15% & E\ve, AT IS
VA2 =8 — DAy 7 HFE, 1 b7z
D 10~20 T E T A MPE NG EDREND %o
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A. Whole genome sequencing

Al. Planning 10 minutes

Calculate depth of coverage
Choose the right sequence kit

2-3 days

A2. DNA preparation

Bacterial culture
DNA extraction, quantification, dilution

~

J

A3. Library preparation 1-2 days

Fragmentation, adapter ligation,
barcoding, normalization, pooling

| ]
AN

26 hours

A4. Sequence reaction

Load library to the next-
generation sequencer

J

Convert raw reads to
FASTQ files

Fig. 1.
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B. Bioinformatics

B1. Read quality assessment 1-6 hours

Read length, quality
number of reads

B2. De novo assembly 1-4 days
[ Assembler ]
— % =
Reads Contigs Draft genome

Check no. of contigs, N50, genome size,
coverage

B3. Resistance gene detection 1 hour

E

ResFinder

BLAST search using
resistance gene databases

Procedures for whole genome sequencing analysis-based resistance gene detection.
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Table 2. Resistance gene databases

Database name Number of genes® Description Reference

ResFinder 3,078 A web-accessible tool is available for both draft assemblies 4)
and raw reads.

ARG-ANNOT 2,038 Only the database itself is available and distributed at the 13)
official site.

CARD 2,570 A web-accessible tool is available. With the RGI (Resis- 5)

tance Gene Identifier) tool, resistance genes can be sought
based on homology and SNP models which enables detec-

tion of mutations in intrinsic genes.

2 Data were accessed on 23 June, 2019.
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R=APAFENT VS (Table 2)s TNZEHWT,

fER L 7z draft genome H12, M4 (s & AHIETE
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Whole genome sequencing (WGS) is a technology that can obtain genetic information on the entire mi-
crobial genome swiftly by the use of next-generation sequencers. The use of WGS has been rapidly in-
creasing in research fields. WGS provides all nucleotide sequences including chromosomes and plasmids.
We therefore do not need to predefine target genes before experiments in contrast to PCR or microarray
methods. WGS can provide not only data on antimicrobial resistance (AMR) genes but also species identi-
fication, multilocus sequence types, plasmid types, and virulence genes. WGS analysis consists of a next-
generation sequence reaction and a bioinformatics analysis. Bioinformatics analyses utilize public AMR
genes databases after draft genome assembly. Studies have already reported a high accuracy for resis-
tance phenotype prediction among clinical Enterobacteriaceae isolates. However, AMR prediction using
WGS still has issues to be solved: high cost, long turn-around time, lack of skilled technicians, technical
limitations in analysis methods, lack of international standards for analysis and quality control. Further
technical advances and standardization will enhance the possibility of introduction of WGS in clinical mi-
crobiology laboratories.
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