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a b s t r a c t 

Objectives: Herein, we sequenced and assembled the genome of a Shigella sonnei isolate carrying sev- 

eral small plasmids using a hybrid approach that combined Oxford Nanopore Technologies and Illumina 

platforms. 

Methods: Whole-genome sequencing was conducted using the Illumina iSeq 100 and Oxford Nanopore 

MinION systems, and the resulting reads were used for hybrid genome assembly via Unicycler. Cod- 

ing sequences were annotated using RASTtk, while genes involved in antimicrobial resistance and viru- 

lence were identified using AMRFinderPlus. Plasmid nucleotide sequences were aligned to the NCBI non- 

redundant database using BLAST, and replicons were identified using PlasmidFinder. 

Results: The genome consisted of 1 chromosome (4 801 657 bp), 3 major plasmids (212 849 bp, 86 

884 bp, and 83 425 bp, respectively) and 12 small cryptic plasmids (ranging from 8390 bp to 1822 bp). 

BLAST analysis revealed that all plasmids were highly similar to previously deposited sequences. Genome 

annotation predicted 5522 coding regions, including 19 antimicrobial resistance genes and 17 virulence 

genes. Four of the antimicrobial resistance genes were located in small plasmids, and four of the virulence 

genes were located in a large virulence plasmid. 

Conclusion: The presence of antimicrobial resistance genes in small cryptic plasmids may represent an 

overlooked mechanism for the propagation of these genes among bacterial populations. Our work pro- 

vides new data on these elements that may inform the development of new strategies to control the 

spread of extended spectrum β-lactamase–producing bacterial strains. 

© 2023 The Authors. Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Shigella Spp. are a major cause of bloody mucoid diarrhoea, 

r shigellosis. While generally self-limiting, Shigella Spp. infections 

an lead to severe complications such as encephalopathy. Shigella 

pp. strains producing extended spectrum β-lactamases (ESBLs) 

ave been reported worldwide; to optimize clinical outcomes for 

ndividuals affected by shigellosis, new antimicrobial compounds 

re needed [1] . Shigella Spp. are known to harbour small cryptic 

lasmids (SCPs), which can be maintained in high copy numbers 

espite lacking a clear function [2] . These plasmids can integrate 
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ntimicrobial resistance genes (ARGs) in their backbone, facilitat- 

ng their dissemination [3] . Herein, we describe the genome of an 

SBL-producing Shigella sonnei clinical strain carrying an unusually 

igh number of SCPs. We used a hybrid assembly approach to ac- 

urately characterise these plasmids. 

. Materials and methods 

The S. sonnei strain, named SO87, was isolated in Novem- 

er 2021 from a stool sample collected from a patient hos- 

italised at Policlinico Sant’Orsola-Malpighi in Bologna, Italy. 

dentification was performed using matrix-assisted laser desorp- 

ion/ionisation time-of-flight mass spectrometry (MALDI-TOF-MS; 

ruker Daltonik, Germany). Antimicrobial susceptibility testing was 

erformed using an automated MicroScan Walkaway 96 plat- 

orm (Beckman Coulter, California). Minimum inhibitory concen- 
ty for Antimicrobial Chemotherapy. This is an open access article under the CC 
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Fig. 1. Graphic representation of SO87 chromosome and plasmids. Coding sequences are depicted as arrows. Antimicrobial resistance genes are shown in red. Virulence 

genes are shown in blue. 
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ration (MIC) results were interpreted following the latest EU- 

AST Clinical Breakpoints v12.0 (available at https://www.eucast. 

rg/clinical _ breakpoints ). The DNeasy Blood & Tissue Kit (Qiagen, 

asel, Switzerland) was used to extract genomic DNA from a pure 

acterial culture. Whole-genome sequencing was performed us- 

ng the Illumina iSeq 100 platform (Illumina, USA) and the Ox- 

ord Nanopore MinION device (Oxford Nanopore Technologies, UK). 

he Nextera DNA Flex Library Preparation Kit was used to pre- 

are the library for Illumina sequencing, while the Rapid Se- 

uencing Kit (SQK-RAD004) was used for Nanopore sequencing. 

eads underwent quality control with FastQC v0.11.9 ( https://www. 

ioinformatics.babraham.ac.uk/projects/fastqc/ ) and were used for 

ybrid genome assembly with Unicycler v0.5.0 ( https://github. 

om/rrwick/Unicycler ). The assembly quality was assessed with 

andage v0.8.1 ( https://github.com/rrwick/Bandage ). Additionally, 

he correctness of plasmid nucleotide sequences was verified 

y BLAST alignment against the non-redundant NCBI nucleotide 

atabase. Sequence type identification was performed using MLST 

2.11 ( https://github.com/tseemann/mlst ) by scanning the assem- 
153 
ly file against PubMLST schemes ( https://pubmlst.org/ ). Coding 

equences were annotated using RASTtk v2.0 ( https://rast.nmpdr. 

rg/ ). AMRFinderPlus v3.10.45 ( https://github.com/ncbi/amr ) was 

sed for identification of ARGs and virulence genes (Identity > 98%, 

uery Cover > 70%). Plasmid replicons were identified using Plas- 

idFinder v2.1 ( https://cge.food.dtu.dk/services/PlasmidFinder/ ). 

. Results 

Antimicrobial susceptibility tests showed that the S. son- 

ei strain SO87 was resistant to most β-lactams, including 

hird- and fourth-generation cephalosporins (cefotaxime, cef- 

azidime, and cefepime), as well as ciprofloxacin and sul- 

amethoxazole/trimethoprim. The strain remained susceptible to 

iperacillin/tazobactam, amoxicillin/clavulanic acid, and carbapen- 

ms (Table S1 in the Supplementary Material). 

Whole-genome sequencing was performed to identify resis- 

ance determinants and characterise the complete genome of the 

ultidrug resistance phenotype. A total of 2 668 782 paired end 
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eads were produced by Illumina sequencing, while Nanopore se- 

uencing yielded 211 506 sequences, ranging from 110–313 400 

p (mean, 4568 bp). Hybrid genome assembly generated a circu- 

ar genome of 5 237 753 bp with a coverage depth of 261 × and

 50.82% GC content. MLST analysis demonstrated that S. sonnei 

train SO87 belonged to ST152. The strain was composed of 1 chro- 

osome of 4 801 657 bp; 3 major plasmids of 212 849 bp, 86 

84 bp, and 83 425 bp, respectively; and 12 small cryptic plasmids 

SCPs) ranging from 8390 bp to 1822 bp. BLAST alignment indi- 

ated that the 212 849 bp plasmid (pSO87_002) had a high de- 

ree of homology to pSS (CP0 0 0 039.1), a large virulence plasmid 

ecessary for the invasion of epithelial cells (query cover 100%, 

dentity 99.94%) [4] . In addition, all SCPs exhibited high homol- 

gy to previously deposited plasmids (query cover 100%, iden- 

ity > 98%). Genome annotation predicted 5522 coding regions, 

60 (8.33%) of which encoded for hypothetical proteins. Nine- 

een ARGs were identified that confer resistance to aminoglyco- 

ides ( aadA5, aph(3’’)-Ib, aph(6)-Id ), β-lactams ( bla CTX-M-27 , bla EC ), 

osfomycin ( glpT ), macrolides ( erm(B), mph(A) ), quaternary ammo- 

ium compounds ( qaceE δ1 ), quinolones ( gyrA, parC, qnrB ), strep- 

othricin ( sat2 ), sulphonamides ( sul1, sul2 ), tetracyclines ( tet(A) ), 

rimethoprim ( dfrA1, dfrA17 ), and the multidrug efflux pump emrE . 

hree of these genes [ aph(3’’)-Ib, aph(6)-Id, sul2, tet(A) ] were lo- 

ated in plasmid pSO87_sm005, and one, ( qnrB ) in pSO87_sm013. 

 total of 17 genes with roles in virulence were also identified, 4 

 capU, ipaD, ipaH9.8, virF ) of which were situated in the pSO87_002 

arge virulence plasmid. We also detected 91 genes encoding for 

RNAs and 22 genes encoding for rRNAs ( Figure 1 and Table S2). 

. Discussion 

Herein, we characterised the complete genome of an ESBL- 

roducing S. sonnei clinical strain harbouring several SCPs. SCPs, 

nown to be commonly transferred between strains of microbiota, 

ave been proposed to act as carriers of ARGs [5] . This work pro-
154 
ides a complete genomic analysis of an S. sonnei strain carrying 

everal SCPs and increases our knowledge of these plasmids. More 

esearch is needed to fully understand their role in the spread of 

ntimicrobial resistance. 

ata availability: The SO87 complete genome was deposited in the 

CBI database (accession number SAMN32329321) and is freely 

ccessible. 

unding: This work was supported by the Italian Ministry 

f Health (Ricerca Finalizzata, Giovani Ricercatori, GR-2018- 

2367572). 

ompeting interests: None declared. 

thical approval: Not required. 

upplementary materials 

Supplementary material associated with this article can be 
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