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Whole genome analysis of 
Shigella sp. JZ001: a novel strain 
isolated from diarrheic suckling 
mice
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Background: Shigella spp. are Gram-negative enteropathogens responsible 
for bacillary dysentery (shigellosis) in humans and animals. While the primary 
reservoirs of Shigella are historically recognized as humans and non-human 
primates, emerging evidence indicates an expanding host range encompassing 
diverse animal species. This study systematically characterizes a Shigella sp. 
strain isolated from diarrheic suckling mice.
Methods: Diarrheic suckling mice intestinal contents were collected and 
analyzed using 16S rRNA sequencing technology. Shigella sp. JZ001 strain 
was isolated, purified, and identified. Bacterial morphology was examined by 
transmission electron microscopy. Carbon source utilization profiles were 
determined using BIOLOG GENIII MicroPlates™. Short-chain fatty acid (SCFA) 
composition was quantified by gas chromatography–mass spectrometry 
(GC–MS) following methyl-tert-butyl ether extraction. Polar lipid analysis was 
performed through two-dimensional thin-layer chromatography with detection 
using 10% ethanolic molybdatophosphoric acid. Whole genome sequencing 
was performed using a hybrid approach combining Illumina NovaSeq and 
Nanopore MinION platforms. Phylogenetic reconstruction was performed using 
maximum-likelihood algorithms implemented in MEGA.
Results: Rotavirus-SA11 infected suckling mice exhibited watery feces 4 days 
post-infection. Intestinal contents were analyzed using 16S rRNA sequencing 
technology, which revealed a significant increase in the genus Shigella in the 
RV-infected group. A Shigella strain was isolated and purified from the intestinal 
contents and designated as JZ001. Polyphasic characterization confirmed that 
strain JZ001 belongs to the Enterobacteriaceae family and is phylogenetically 
closest to Shigella spp. The genome consists of a single circular chromosome 
(5,329,126  bp; G + C content 50.65%) and one plasmid (1,09829  bp, G + C 
content 40.14%). Comparative genomic analysis identified 24 Salmonella 
pathogenicity island (SPI)-like regions. Substrate assimilation tests demonstrated 
metabolic versatility, including utilization of D-Maltose, D-Trehalose, α-D-
Glucose, D-Mannose, D-Fructose, D-Galactose and Propionic Acid. Cellular 
fatty acid methyl ester (FAME) analysis identified predominant components 
as: Dodecanoic acid (12:0; 11.08%), Tetradecanoic acid (14:0; 12.00%), 
Hexadecanoic acid (16:0; 21.55%), cycloheptadecanoic acid (17:0 cyclo; 
13.99%), Dodecanal (12:0 aldehyde; 22.32%). The polar lipid profile consisted of 
diphosphatidylglycerol, phosphatidylglycerol, and phosphatidylethanolamine, 
with notable absence of aminolipids and aminophospholipids.
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Conclusion: First study of murine Shigella JZ001 offers insights into genomic 
plasticity and host adaptation mechanisms. The genomic dataset lays foundation 
for host-pathogen studies and facilitates developing murine models for therapy 
evaluation.
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Introduction

Shigellosis is an acute inflammatory bowel disease characterized 
by bloody mucoid diarrhea, pyrexia, and abdominal cramping, 
typically presenting as a self-limiting gastrointestinal infection. The 
etiological agent, Shigella spp., are Gram-negative, non-sporulating 
bacilli within the family Enterobacteriaceae (1). Human-pathogenic 
Shigella strains are taxonomically classified into four species: 
S. dysenteriae (serogroup A), S. flexneri (serogroup B), S. boydii 
(serogroup C), and S. sonnei (serogroup D) (2). Clinical manifestations 
in humans include colonic mucosal ulceration, acute-phase responses 
(leukocytosis, elevated C-reactive protein), and electrolyte imbalance 
secondary to secretory diarrhea (3). In contrast, the pathophysiological 
presentation of shigellosis in non-human hosts remains poorly 
characterized (4). The natural hosts of Shigella are typically humans 
and other primates, but it has been shown that the host range of 
Shigella has expanded to many animals (5–9). Animal Shigella 
infection is becoming a major threat to animal health and a potential 
zoonotic risk, posing dangers of cross-species transmission to humans. 
However, limited information is available regarding the genetic 
background of Shigella strains isolated from animals. Previous reports 
indicate that mice are naturally resistant to oral challenge with Shigella 
(10). The lack of a suitable animal model has significantly hindered 
our understanding of Shigella pathogenesis. To date, no murine-
derived Shigella strains have been reported, particularly with respect 
to their isolation and whole-genome architecture.

In this study, we isolated a novel Shigella strain (designated JZ001) 
from diarrheic laboratory-bred suckling mice and conducted 
systematic pheno-genomic characterization. Through comparative 
whole-genome sequencing and functional annotation, we revealed 
close phylogenetic relationships with human clinical isolates. These 
findings offer critical insights into the evolutionary trajectory of 
Shigella across host species boundaries and provide foundational data 
for developing murine infection models to study zoonotic 
transmission dynamics.

Methods

Collection and treatment of sample and 
16S rRNA sequencing

Three-day-old suckling mice were divided into two groups: 
Rotavirus SA11 infected group and uninfected controls group. The 
RV-infected group was orally administered 50 μL of RV strain SA-11 
at a concentration of 106 PFU/mL, while the uninfected control group 
received 50 μL of phosphate-buffered saline (PBS) (11). All mice were 
euthanized 4 days post-RV infection, at the time point when the most 

severe diarrheal symptoms were observed. The procedures for the care 
and use of animals were approved by the Committee on Laboratory 
Animal Ethics of Jinzhou Medical University, and all applicable 
institutional and governmental regulations concerning the ethical use 
of animals were followed (Approval ID: 2019014).

16S rRNA gene sequencing and analysis were performed as 
described in our previous study (11). Briefly, genomic DNA was 
extracted from mouse fecal samples. The V3–V4 region of the 
bacterial 16S ribosomal RNA gene was amplified using primers 342F 
and 806R, and sequenced on the Illumina MiSeq platform (Illumina, 
Inc., San Diego, CA, USA). The sequencing reads were assembled and 
used for subsequent 16S analysis. Based on phylotypic annotation, the 
relative abundances of the top 10 genera were calculated, and star-plot 
histograms were generated for each sample at the genus level. 
Phylotypes with relatively high abundances and their proportions 
could be examined across different taxonomic levels (12, 13).

Fecal samples were also diluted with sterile PBS and streaked onto 
Salmonella–Shigella (SS) agar plates. Twenty bacterial colonies were 
randomly selected for PCR detection and sequencing analysis. 
Colonies testing positive for Shigella spp. were subsequently 
re-cultured on SS agar for further characterization.

Culture media, bacterial isolation and 
cultivation

The faecal specimens were streaked onto selective agars for the 
isolation of Shigella spp. as described previously (14). The Shigella 
isolates were identified biochemically using triple-sugar iron, lysine 
iron, motility-indole-ornithine, and Simmons citrate agars. Colonies 
appearing after incubation for 2, 5 and 10 days were picked and 
re-streaked on agar plates of same media. Bacterial purity was 
evaluated by by assessing colony morphology, 16S rRNA gene and 
genome sequencing.

Cell morphology observation and 
chemotaxonomic determinations

Single colonies of Shigella were inoculated and cultured overnight 
at 37 °C. 1 mL of the resulting culture was harvested, and bacterial 
cells were collected by centrifugation at 8,000 × g for 10 min at 
4 °C. Subsequently, 10 μL of the resuspended bacterial suspension was 
dropped onto a copper grid. 10 μL of 1.5% phosphotungstic acid 
solution (pH 6.8–7.0) was added to the grid for staining, with the 
staining process lasting 90 s. Following staining, the grid was air-dried 
at room temperature for 15–20 min and finally observed under a 
transmission electron microscope (HT7800, HITACHI).
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Carbon sources utilization was determined using the 96-well 
BIOLOG GENIII MicroPlate (OmniLog Data Collection Software, 
Identification System version 2.3, BIOLOG), which contained 95 
different carbon substrates. Bacteria strains were cultured in TSA 
medium for 24 h at 30 °C, after which the cells were harvested. Cellular 
fatty acids were then extracted and methylated according to the standard 
midi protocol by Agilent 6,890 N (Fatty Acid Methyl Esters, Microbial 
ID, Sherlock Version 6.0B). Identification was performed by 
SHERLOCK® Microbial Identification System (Microbial ID, American). 
Short-chain fatty acids (SCFAs) were measured using GC–MS. For 
extraction, 1 mL of culture was mixed with 1 mL of ethyl acetate, and the 
upper layer was collected for GC–MS analysis. The separation of polar 
lipids was performed using two-dimensional thin-layer chromatography 
(TLC) on silica gel coated plates, 10×10 cm; Merck. The detection of total 
lipds was accomplished by employing a solution of 10% ethanolic 
molybdate and phosphoric acid (Sigma). Aminolipids were detected 
using a 0.4% solution of ninhydrin (Sigma) in butanol. The presence of 
phospholipids was detected using a Zinzadze reagent (a molybdenum 
blue spray reagent with a concentration of 1.3%, obtained from Sigma). 
The identification of glycolipids was accomplished through the utilization 
of a 0.5% α-naphthol sulphuric acid reagent.

Phylogenetic tree construction

Phylogenetic analysis was performed using the ClustalW 
alignment tool and the Molecular Evolutionary Genetic Analysis 
(MEGA X) software1 (15).

Whole genome sequencing and analysis

Genomic DNA was extracted using the Bacteria DNA Kit 
(Tiangen Biotech Co., Ltd., Beijing, China). DNA integrity and purity 
were assessed using 1% agarose gel electrophoresis. The Qubit 4.0 
Fluorometer and NanoDrop One spectrophotometer (both from 
Thermo Fisher Scientific, Waltham, USA) were used to determine 
DNA concentration and purity.

DNA template libraries were constructed using the BluePippin 
system, with concentration measured by Qubit 4.0 and average fragment 
size evaluated using the Agilent 4,200 system (Agilent Technologies, 
Santa Clara, CA) (16). Genome component prediction included coding 
genes, repetitive sequences, non-coding RNAs, and prophages. Gene 
prediction was performed using Glimmer3 (17). Transfer RNAs (tRNAs) 
were predicted using tRNAscan-SE (version 1.4; http://lowelab.ucsc.edu/
tRNAscan-SE/), while ribosomal RNAs (rRNAs) were identified using 
rRNAmmer (version 1.2; http://www.cbs.dtu.dk/services/RNAmmer/). 
Small RNAs (sRNAs) were annotated by comparison with the Rfam 
database and filtered using the cmsearch program (18–20).

Prophage prediction was carried out using PHAST_finder (version 
2.1) (21), and genomic islands were identified with IslandPath-DIMOB 
(22). CRISPR sequences were detected using CRISPRdigger (23).

Functional annotation of predicted genes was performed using 
whole-genome BLAST searches against the NR (Non-Redundant 

1  https://www.megasoftware.net/

Protein), COG (Clusters of Orthologous Groups), Swiss-Prot, KEGG 
(Kyoto Encyclopedia of Genes and Genomes), and GO (Gene 
Ontology) databases. Prediction of secreted proteins was conducted 
using SignalP (24), LipoP (25), TMHMM (26), and PSORTb (27). 
Pathogen-host interaction genes were annotated using the PHI database 
(28), and virulence factors were identified using the VFDB (29).

Based on genome assembly, coding gene prediction, non-coding 
RNA analysis, and functional annotations, the complete genome map 
was visualized using Circos software (30).

The complete genome sequence of strain JZ001 has been 
submitted to the National Center for Biotechnology Information 
(NCBI) under BioProject number PRJNA1238207.

Comparative genomic analysis

Ten publicly available genomes of Shigella sp.—including 
GCF_002290485.1, GCF_022354085.1, GCF_013374815.1, 
GCF_002950275.1, GCF_002950135.1, GCF_002950295.1, 
GCF_002950215.1, GCF_000754175.1, GCF_002950155.1, and 
GCF_002950055.1—were utilized for comparative genomic analysis 
with strain JZ001. Orthologous Average Nucleotide Identity Software 
Tool (OAT) (31) was employed to ascertain the average nucleotide 
identity (ANI) of 16S rRNA, with the objective of identifying bacterial 
genomic relatives. ANI > 95% indicates that the two genomes belong 
to the same species. MUMmer software (Version 3.23) was then 
employed to compare the Shigella Sp JZ001 genome with the reference 
genome (32), and the collinearity relationship between the genomes 
was determined. Subsequently, gene family analysis was conducted 
using the OrthoFinder program with protein sequences from 11 
genomes as input files (33).

Culture preservation

Bacterial strains were cultured in liquid medium for 2 days. The 
cultures were stored in the laboratory by the addition of an equal 
volume of 65% (v/v) glycerol (1 mL), and then stored at −80 °C for 
long-term preservation. All type strains assigned by this study were 
deposited at the Agricultural Culture Collection of China (ACCC) 
under the number ACCC 64336.

Results

Isolation Shigella in mice

In this study, intestinal microbiota analysis was conducted on 
previously collected samples from rotavirus-infected diarrheic suckling 
mice (11). As shown in Figures 1A,B, the fecal microbiota of rotavirus-
infected mice was dominated by Lactobacillus spp. and Shigella spp. 
Notably, the relative abundance of Shigella spp. in the rotavirus-infected 
group was markedly higher than in the uninfected control group 
(Figure 1B). The detailed relative abundance values of all microbial taxa 
identified in the community composition analysis are provided in 
Supplementary Table S1.

Based on these findings, diarrheal fecal samples were first cultured 
on SS agar. Twenty randomly selected colonies were analyzed, and two 
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were identified as Shigella spp. (Figure 1C). Subsequently, targeted 
isolation was conducted using Shigella-selective agar, and colonies 
confirmed as Shigella sp. JZ001 by PCR and sequence analysiswere 
selected for pure culture (Figure 1D).

Bacterial growth and cell morphology

After 24 h of cultivation on standard agar medium, Shigella strain 
JZ001 formed semi-transparent, smooth-surfaced, circular, gray-white 
colonies. Examination of cell morphology (Figure 2) revealed that 
JZ001 cells were rod-shaped and lacked flagella.

Physiological and biochemical 
characterization

The assimilation of 95 carbon sources by strain JZ001 was 
assessed, with the results summarized in Table  1. The strain 

FIGURE 1

(A,B) Show the results of intestinal microbiota analysis on fecal samples from rotavirus-infected diarrheic suckling mice (RV group) and age-matched 
control mice (NC group). (A) The abundance of bacterial phylotypes in the gut microbiota of fecal samples from diarrheic mice (RV group), The red 
color sector represents Shigella spp., and its relative percentage values are displayed in the red sector area; (B) control mice (NC group). The relative 
abundances of the top 10 bacterial phylotypes at the genus level via star plots (Supplementary Table S1). Star plots visualize the relative abundance of 
individual phylotypes within each sample: each sector, distinguished by a unique color, corresponds to one genus-level phylotype, and the radius of 
each sector is proportional to the relative abundance of the corresponding phylotype—with a longer radius indicating a higher relative abundance. 
(C) Schematic diagram of isolation method for Shigella spp. in mice. (D) D1 Mice fecal culture on SS agar plate; D2 Shigella spp. Culture in SS plate.

FIGURE 2

Representative transmission electron microphotographs (TEM) of 
JZ001 strain Overnight culture of each strains were collected and 
stained by with 1.5% phosphotungstic acid for 90 s and examined 
under TEM. Magnification = 15,000.
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TABLE 1  Utilization of the carbon sources on BIOLOG GENIII MicroPlate.

Characteristic Utilize Characteristic Utilize +/-

Negative Control − Rifamycin SV +

Dextrin + Minocycline W

D-Maltose + Gelatin −

D-Trehalose + Glycyl-L-Proline +

D-Cellobiose − L-Alanine +

Gentiobiose − L-Arginine −

Sucrose + L-Aspartic Acid +

D-Turanose − L-Glutamic Acid +

Stachyose − L-Histidine −

Positive Control + L-Pyroglutamic Acid −

pH 6 + L-Serine +

pH 5 + Lincomycin +

D-Raffinose + Guanidine HCl +

α-D-Lactose − Niaproof 4 +

D-Melibiose + Pectin −

β-Methyl-DGlucoside + D-Galacturonic Acid +

D-Salicin − L-Galactonic Acid Lactone +

N-Acetyl-DGlucosamine W D-Gluconic Acid +

N-Acetyl-β-DMannosamine + D-Glucuronic Acid +

N-Acetyl-DGalactosamine + Glucuronamide +

N-Acetyl Neuraminic Acid + Mucic Acid −

1% NaCl + Quinic Acid −

4% NaCl + D-Saccharic Acid +

8% NaCl + Vancomycin +

α-D-Glucose + Tetrazolium Violet +

D-Mannose + Tetrazolium Blue +

D-Fructose + p-Hydroxy-Phenylacetic Acid +

D-Galactose + Methyl Pyruvate −

3-Methyl Glucose − D-Lactic Acid Methyl Ester +

D-Fucose − L-Lactic Acid +

L-Fucose + Citric Acid −

L-Rhamnose + α-Keto-Glutaric Acid −

Inosine + D-Malic Acid +

1% Sodium Lactate + L-Malic Acid +

Fusidic Acid + Bromo-Succinic Acid +

D-Serine + Nalidixic Acid +

D-Sorbitol + Lithium Chloride +

D-Mannitol W Potassium Tellurite +

D-Arabitol − Tween 40 −

myo-Inositol − γ-Amino-Butryric Acid −

Glycerol + α-Hydroxy-Butyric Acid +

D-Glucose-6-PO4 + β-Hydroxy-D, L-butyric Acid −

D-Fructose-6-PO4 α-Keto-Butyric Acid W

D-Aspartic Acid + Acetoacetic Acid −

D-Serine − Propionic Acid +

Troleandomycin +

+, positive; −, Negative; w, Weakly positive.
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TABLE 2  Cellular fatty acids and polar acid compositions.

Peak Name Percent Comment 1 Comment 2

10:0 0.13

12:0 11.08

11:0 3OH 0.10

13:0 0.26

12:0 3OH 0.15

14:0 anteiso 0.04

14:0 12.00

15:0 anteiso 0.05

15:1 ω8c 0.05

16:0 iso 0.05

16:1 ω5c 0.18

16:0 21.55

15:0 2OH 0.04

17:1 iso ω5c 0.04

15:0 3OH 0.13

17:0 iso 0.06

17:1 ω7c 0.09

17:0 cyclo 13.99

17:0 0.27

16:0 3OH 0.15

18:0 0.22

19:0 iso 0.40

19:0 cyclo ω8c 4.43

19:0 0.38

Summed Feature 2 22.32 12:0 aldehyde unknoωn 10.9525

Summed Feature 3 5.76 16:1 ω7c/16:1 ω6c 16:1 ω6c/16:1 ω7c

Summed Feature 5 0.15 18:0 ante/18:2 ω6,9c 18:2 ω6,9c/18:0 ante

Summed Feature 8 5.92 18:1 ω7c 18:1 ω6c

metabolized 64 of the 95 carbon sources tested, showing a broad 
metabolic versatility in carbon source utilization. Monosaccharides 
and disaccharides were particularly favored. Notably, JZ001 was 
able to assimilate D-maltose, D-trehalose, α-D-flucose, 
D-mannose, D-fructose, D-galactose, and propionic acid, 
demonstrating a versatile metabolic profile. The JZ001 strain was 
capable of growth under both acidic (pH 5) and weakly acidic (pH 
6) conditions. It also grew stably in the presence of 1, 4, and 8% 
NaCl and exhibited tolerance or reduced sensitivity to most 
antibiotics and metabolic inhibitors. Notably, the strain 
demonstrated resistance to rifampicin and vancomycin, among 
other antibiotics.

Cellular fatty acid and polar lipid profiling

The cellular fatty acid and polar lipid profiles of strain JZ001 were 
determined (Table  2; Figure  3). Using a 10% threshold to define 
predominant fatty acids, JZ001 exhibited the following: 12:0 (11.08%), 
14:0 (12.00%), 16:0 (21.55%), 17:0 cyclo (13.99%), 12:0 aldehydes 
(22.32%), and an unknown component (10.95%). Polar lipid profiling 
revealed the presence of diphosphatidylglycerol, phosphatidylglycerol, 
phosphatidylethanolamine, and aminolipids. However, 
aminophospholipids were not detected (Figure 3). No novel fatty acid 
species, previously unreported in human Shigella strains, were 
detected in the JZ001 strain. Its core fatty acid profile remains 
consistent with the genus-level characteristics of Shigella (e.g., 
dominated by 16:0 and 17:0 cyclo).

General features of the JZ001 genome

Whole-genome sequencing of strain JZ001 produced 8,361,226 
clean reads, totaling 1,249,861,482 base pairs. The average read length 
was 12,933.9 bp, with the longest read measuring 22,023 bp. The total 
assembled sequence length reached 1,761,547,250 bp, corresponding 
to 98.82% genome coverage, ensuring high sequencing accuracy. Raw 
data have been deposited in the NCBI database under BioProject 
number PRJNA1238207.

Genome assembly resulted in two gap-free, circular contigs. The 
larger contig, with a total length of 5,219,297 bp (Figure 4A; Table 3), 
corresponds to the chromosomal replicon. The smaller contig 
measured 109,829  bp and likely represents the virulence plasmid 
(Figure 4B).

Mobile genetic elements

To further elucidate the genomic basis of adaptation and virulence, 
mobile genetic elements in JZ001 were analyzed. The chromosome of 
JZ001 was predicted to contain 24 genomic islands (GIs), designated 
GI1–GI24 (Table  4). Several of these GIs were associated with 
virulence and included SPI-1, SPI-3, SPI-5, SPI-8, SPI-11, SPI-15, 
SPI-18, and SPI-21. Their structures and functions are illustrated in 
Figure 5. GI 21 of this strain harbors the cidA and tib genes, whereas 
GI 18 contains four core genes: rfbA, rfbC, gndA, and ugd. GI 5 
carries cidA, hrpB, tibA, and cah. GI 3 is enriched in multiple genes 

TABLE 3  Basic genome information of JZ001.

Genomic contents Chromosome Plasmid

Number of ORFs 5,282

Genome size (bp) 5,219,297 109,829

G + C (%) 50.65 40.14

Genomic islands (number of genes/%) 24

Annotated proteins by Swiss-Prot database

Number genes assigned to COG categories 2,274

Number genes predicted as VFDB

Number of rRNAs (16 s, 5 s, 23 s) 7,8,7

Number of tRNAs 91

Number of sRNAs 199

CRISPR-associated genes 0

ORF, open reading frames; COG, cluster of orthologous groups; VFDB, Database of 
Virulence Factors of Pathogenic Bacteria.
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related to virulence and metabolism, including cidA, cyaB, and pic. 
Here, cyaB acts as a core effector gene contributing to pathogenicity, 
while picA and picB encode serine proteases. GI 1 predominantly 
carries the cidA and ehaG genes.

Prophages temperate phage genomes integrated into the bacterial 
chromosome are known to enhance bacterial adaptability and 
adhesion. PHAST analysis identified eight prophage regions in JZ001, 
totaling 368,421 bp, with an average length of 46,052.62 bp. Details of 
these prophages, including length, genomic position, number of 
CDSs, and GC content, are presented in Table 5.

Comparative genome analysis

Whole-genome alignment was performed between strain JZ001 
and ten publicly available Shigella spp. genomes. Given that no 
mouse-derived Shigella strain data is currently accessible in public 
data repositories; these ten genomes were selected from the ATCC 
database of human strains and chosen with 1–2 representative strains 
per Shigella serogroup to encompass taxonomic diversity. 

Homologous genomic blocks shared among these strains were 
identified, indicating a high degree of similarity (Figure 6; Table 6). 
ANI (Average Nucleotide Identity) analysis revealed that JZ001 had 
the highest similarity to Shigella sonnei strain SE6-1 (ANI > 99%). 
Phylogenetic analysis based on 16S rRNA sequences using the 
neighbor-joining method revealed that the strains clustered according 
to their serotypes. Notably, strain JZ001 exhibited close phylogenetic 
relatedness to Shigella sonnei (GenBank accession: MZ540766.1) 
(Figure 7).

Discussion

Shigella spp., are a group of Gram-negative enterobacteria 
characterized by a lack of flagellar motility and an inability to ferment 
lactose (2). Shigella has no known animal reservoirs and is therefore 
considered to be human specific. Previous studies have primarily used 
mice to model infection human shigellosis infection, using 
intraperitoneal challenge with Shigella to mimic human bacillary 
dysentery (4).

FIGURE 3

Two-dimensional TLC plate of polar lipids extracted from JZ001 strain. The plate was sprayed with 10% (v/v) molybdophosphoric aicd to show all polar 
lipids present. DPG, diphosphatidylglycerol; PG, phosphatidylglycerol; PE, phosphatidylethanolamine; AL, aminolipid; APL, aminophospholipid.
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FIGURE 4

Circular map of the JZ001 genome. The genome is composed of a chromosome and one plasmid. The outermost ring represents the scale marks of 
the genome. The two following rings within the scale ring depict coding regions (CDSs) in the forward (blue) and reverse (yellow) strand. Moving 
toward the center, the next rings depict the rRNA (red) in the forward and reverse strand, followed by rings showing the tRNAs (black) in the forward 
and reverse strands. The innermost ring shows the GC content. The figure was generated by Circos software.

Although mice are used to model Shigella infectious diseases, 
they are not susceptible to Shigella (34, 35). Mouse gut microbiota 
provides a protective barrier against human Shigella (36). Some 
Shigella effectors required for colonization specifically target human 
proteins and are often unable to interact with the mouse analogs 
(36). Therefore, the isolation of murine Shigella and the use of 
mouse Shigella to establish an infection model may provide more 
favorable model tools for subsequent research on the biological 
properties, pathogenicity, and other aspects of Shigella (4). However, 
we  found no reports on the complete genome and biological 
characteristics of shigellosis in mice. In this research we isolate a 
murine Shigella sp. JZ001, for the first time, and sequenced the 
complete genome of and analysed the biological characteristics of 
the murine Shigella spp.

Human-derived Shigella strains primarily colonize the colonic 
mucosa, where glucose serves as the dominant carbon source in their 
ecological niche (37, 38). These isolates universally lack the ability to 
metabolize D-maltose and D-trehalose (39), and they typically cannot 

efficiently metabolize D-fructose or D-galactose. Moreover, most 
human-derived Shigella strains do not ferment D-mannose (40), with 
only a few serotypes showing weak metabolic activity toward 
this substrate.

In contrast, strain JZ001isolated from mice in the present study 
has retained and optimized multiple carbon metabolic pathways 
through natural selection. Beyond α-D-glucose, JZ001 can metabolize 
D-maltose, D-trehalose, D-mannose, D-fructose, D-galactose, and 
propionic acid. This suggests that JZ001 possesses a more versatile 
monosaccharide metabolic system and a broader range of metabolic 
substrates. Notably, it can utilize not only carbohydrates but also 
short-chain fatty acids (e.g., propionic acid) as alternative carbon and 
energy sources.

Additional key phenotypes of JZ001 include tolerance to acidic 
conditions and high osmotic stress, traits that enhance its ability to 
traverse the gastric acid barrier and increase its survival in feces. 
Importantly, the JZ001 strain exhibits a distinct antimicrobial 
resistance profile, characterized by resistance to rifampicin and 
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vancomycin. Early literature reports have demonstrated that Shigella 
flexneri and Shigella sonnei isolates of human origin were 100% 
susceptible to rifampicin (41). However, in recent years, rifampicin-
resistant strains of human-derived Shigella have also been 
documented, which are attributed to genetic mutations (42). In 
contrast, the intrinsic resistance of the JZ001 strain to vancomycin 
is consistent with the well-established vancomycin resistance 

phenotype of human-derived Shigella strains reported in previous 
studies (43).

As core components of the cell membrane, polar lipids and fatty 
acids can influence critical bacterial characteristics such as virulence, 
environmental adaptability, and drug susceptibility (37). The major 
lipidomic difference between strain JZ001 and previously reported 
human Shigella strains is the absence of phosphatidylserine (PS) in 

TABLE 4  Predicated pathogenicity islands (SPIs) in ZJ001.

SPIs Position GI Length Gene name Function

GI1 47,708…132,838 85,131 –

GI2 862,393…884,609 22,217 –

GI3 96,474…941,648 45,175 acpP Acyl carrier protein; putative acyl carrier protein (A)

GI4 1,275,671…1,306,677 31,007 –

GI5 1,314,694…1,372,598 57,905 ISSfl3 orfC (A) Transposase

GI6 1,380,778…1,410,476 29,699 –

GI7 1,860,774…1,863,529 2,756 –

GI8 2,039,634…2,055,835 16,202 rfbA, rmlA, rffH Glucose-1-phosphate thymidylyltransferase [EC:2.7.7.24]; glucose-1-phosphate 

thymidylyltransferase (A)

GI9 2,130,179…2,161,346 31,168 iraM, anti-adapter protein IraM Conserved predicted protein (A)

GI10 2,351,132…2,359,335 8,204 hns DNA-binding transcriptional dual regulator H-NS (A)

GI11 2,556,636…2,572,243 15,608 –

GI12 2,721,346…2,723,846 2,501 dicC, dicB Transcriptional repressor of cell division inhibition gene; Repressor protein of 

division inhibition gene

GI13 2,991,531…3,001,405 9,875 –

GI14 3,019,353…3,032,431 13,079 –

GI15 3,470,555…3,499,222 28,668 bioF, bioF 8-amino-7-oxononanoate; synthase8-amino-7-oxononanoate synthase (A)

GI16 3,587,880…3,597,144 9,265 –

GI17 4,031,885…4,044,836 12,952 yagS, yagS Xanthine dehydrogenase YagS FAD-binding subunit; predicted oxidoreductase (A)

GI18 4,070,926…4,093,721 22,796 NIT2, yafV Omega-amidase; C-N hydrolase family amidase (A)

GI19 4,469,415…4,486,107 16,693 mcrB 5-methylcytosine-specific restriction enzyme B; putative ATPase family associated 

with various cellular activities

GI20 4,574,242…4,586,331 12,090 yjfL Putative membrane protein; domain-containing inner membrane protein YjfL (A)

GI21 4,625,409…4,694,704 69,296 –

GI22 5,172,261…5,207,233 34,973 –

GI23 30,373…48,430 18,058 –

GI24 76,887…87,540 10,654 –

TABLE 5  Prophage content of Shigella sp. (JZ001) analyzed using PHAST tool.

Region Length (Kb) GC content (%) Begin_region End_region Accession number

1 63,658 48.78 1,345,904 1,409,561 NC_001416

2 42,132 50.24 2,114,309 2,156,440 NC_003356

3 27,489 48.89 2,520,478 2,547,966 NC_008562

4 50,473 49.39 2,680,010 2,730,482 NC_001416

5 47,226 48.48 2,991,531 3,038,756 NC_004827

6 36,714 51.53 3,139,532 3,102,819 NC_009382

7 65,756 47.65 3,473,892 3,539,647 NC_002730

8 34,973 54.22 5,172,261 5,207,233 NC_009237
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JZ001. This absence represents a distinguishing signature feature of 
the strain. Future experiments will compare the virulence of JZ001 
with that of human Shigella strains using cell invasion assays and 
animal models, with the aim of elucidating the molecular mechanisms 
underlying this difference and its biological significance.

The pathogenesis of Shigella spp. is strictly dependent on the 
virulence plasmid, which encodes several factors that are essential 
for invasion and subversion of host defenses (44). Shigella 
genomes naturally harbor hundreds of insertion sequences (IS), 
and their genes are frequently inactivated either through 
IS-mediated disruption or IS-mediated genome rearrangement. In 
addition, the insertion sequences (IS) elements in Shigella have 
been shown to contribute to the antibiotic resistance and pathogen 
evolution (45, 46).

Strain JZ001 harbors functional genes within its genomic islands 
(GIs). As shown in Figure 5, genomic island GI21 contains cidA and 
tibA. Previous studies have reported that the cidA gene encodes a 

contact-dependent inhibition (CDI) protein (47), which suppresses 
the growth of other commensal bacteria in the intestine through 
intercellular contact, thereby providing Shigella with an ecological 
advantage in gut microbiota competition. The adhesion encoded by 
the tibA gene enhances bacterial adherence to intestinal epithelial 
cells, facilitating infection and colonization (48).

Genomic island GI18 contains three core genes rfbC, gndA, and 
ugd, that contribute to bacterial metabolic survival and structural 
resistance. Specifically, rfbC is involved in lipopolysaccharide (LPS) 
biosynthesis, a key component of the Shigella cell wall that increases 
resistance to host immune pressures in the intestine (49). gndA 
encodes glucose-6-phosphate dehydrogenase, which generates 
NADPH for bacterial survival via the pentose phosphate pathway 
(PPP) (38). However, the virulence potential of strain JZ001 requires 
further experimental validation, including comparative studies of 
virulence-associated genes between murine- and human-derived 
Shigella strains. Based on the findings of this study, we hypothesize 

FIGURE 5

Detailed mapping pathogenicity islands and plasmid in JZ001 genome. Schematic representation of the genes carried within the eight SPIs predicated 
in the genome of JZ001. The grey boxes represented the range of SPIs, and the brown boxes showed the CDS encoded in these SPIs regions.

TABLE 6  Basic features of ten strains and ANI value between these strains with JZ001.

Strain Description Size GC% ANI Value with JZ001

JZ001 Mice strain 5,3,291,26 50.65 100

GCF_002950055.1 Shigella dysenteriae strain ATCC 4,880,735 51 96.671

GCF_002950135.1 Shigella boydii strain ATCC 5,106,737 51 97.5445

GCF_002950155.1 Shigella dysenteriae strain ATCC 4,716,399 51 97.6489

GCF_002950215.1 Shigella flexneri 2a strain 4,659,463 51 97.5195

GCF_002950275.1 Shigella boydii strain ATCC 4,575,738 51 97.6135

GCF_002950395.1 Shigella sonnei strain ATCC 4,975,028 51 98.0446

GCF_013374815.1 Shigella sonnei strain SE6-1 4,762,774 50.5 99.0537

GCF_022354085.1 Shigella dysenteriae strain 5,075,418 50.5 97.6598
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FIGURE 6

Venn diagram showing the number of genes of orthologous CDSs shared between ten strains and Shigella JZ001 strain (PRJNA1238207).

FIGURE 7

Phylogenetic tree depicting the relationship between JZ001 and 25 reference strains constructed based on the genomic BLAST in NCBI.
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that the core genomic islands of strain JZ001 carry functional genes 
related to adhesion, barrier penetration, virulence regulation, and 
metabolic adaptation, which may represent key genetic elements 
enabling pathogenicity in suckling mouse hosts.

Comparative genomic analysis revealed that JZ001 shares 
>99% average nucleotide identity (ANI) with Shigella sonnei strain 
SE6-1 (MZ540766.1), strongly supporting its tentative 
classification as S. sonnei. ANI is widely used to assess evolutionary 
relationships and species boundaries, with values >95% indicating 
that two genomes belong to the same species (50, 51). JZ001 and 
S. sonnei clearly exceed this threshold, providing robust genomic 
evidence to classify JZ001 as a member of S. sonnei. A notable 
limitation, however, is the difference in host origin: JZ001 was 
isolated from mice, whereas all reference genomes (including 
SE6-1) are human-derived. Because Shigella is traditionally 
regarded as a human-specific pathogen, and there are currently no 
literature reports on naturally occurring Shigella isolates from 
mice, it remains unclear whether JZ001 represents a mouse-
adapted variant of S. sonnei. Future studies should compare the 
transcriptomic profiles of JZ001 during murine infection with 
those of human-derived S. sonnei strains to identify host-specific 
gene expression signatures.

In conclusion, the genome sequence reported here represents 
the first complete genome sequence of a mouse-derived Shigella 
strain. It provides a high-quality reference genome that will 
be extremely valuable for transcriptomics, differential expression 
analysis, studies of molecular pathogenesis, and investigations into 
genome evolution. Subsequent studies will establish a suckling 
mouse infection model for strain JZ001 to enable dynamic 
monitoring of microbial alterations, host inflammatory responses, 
and disease outcomes. In addition, gene knockout and transcriptomic 
analyses will be performed to determine whether JZ001 exhibits 
pathogenicity in mice.
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