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Isolation, Identification and Whole Genome Sequencing Analysis of a Bovine-

derived Shigella flexneri Strain
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Abstract: In recent years, diarrhea in cattle has been spreading in cattle farms with a high mortality
rate, causing economic losses. This experiment aims to isolate and identify Shigella flexneri, which
causes diarrhea in a Beijing cattle farm, and to clarify the biological characteristics and genomic
features of the pathogen’s serotype, drug resistance, and pathogenicity. In this study, fecal samples
from diarrheal cattle were collected for bacterial isolation and purification, 16S rRNA amplicon
sequencing analysis, virulence gene detection, and whole-genome sequencing of isolated strains. The
results showed that one strain of Shigella flexneri Fc was identified through bacterial isolation and
purification, and PCR identification. Whole-genome sequencing revealed that the Shigella flexneri Fc
strain has a genome size of 4. 98 Mb and a GC content of 50. 76 %. It contains 91 tRNA genes, 7 23S
rRNA, 7 16S rRNA, 8 5S rRNA, 283 misc_RNA, and 97 carbohydrate-active enzyme genes.
TVBD annotation analysis identified 1 363 transporter genes; CARD annotation analysis identified 80
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resistance genes; VFDB and PHI-base annotation analysis identified 1 410 potential virulence factor-

related genes and 2 052 phenotypic mutation genes. Phylogenetic tree analysis revealed that Shigella

flexneri is closely related to Shigella flexneri 29903, belonging to the same branch. This study

completed the isolation and identification of a bovine-origin Shigella flexneri strain and whole-genome

sequencing analysis, providing a theoretical basis for the prevention and control research of shigellosis.
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2% . PCR M ELISA J& H A 52 50 & AW H T4
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fEZH 2 K}, 38 3 4 25 a4k Tt 25 P F0 16S rRNA 4
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1.1 iRKF

TSB 15 77 58 . SS B 55 77 5\ MH 55 % H F1 48
WAL S E B W B F B A RO B
2X SanTaq PCR Mix Al D1.5000 DNA Marker Il§ H
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J7 45 3RAE NCBI U 5 #E47 BLAST X .
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Table 1 Primers for PCR identification of Shigella flexneri

LR £ FK 519 F 41 (5'—>3") BRI /bp
Gene name Primer sequences Fragment length/bp
16S rRNA TGGCTCAGATTGAACGCTGG 1488

TACCTTGTTACGACTTCAC
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0.5 2 (MU, 764 ) 28 A A rp R AT R4 B4 4L 1A
W 100 pL i T MH [ AR5 757 5 b F T 09 3 5
TEF LB 350 U PR B IR 4R T, ¥ % I 3~5 min,
FH O A B8 F B2 B4R v W oA R, BT 37 °C
TRLAR B5 5% 16~18 hist IO 187 Bl A%, 1 s 2 s 2
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o RS 0 0 i Ak 4 ] SQK-LSK110 2t 7 £ - 4% IR
e W M 1D ¢, W R VAHTS®
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J& {# F§ Nanopore PromethION il Illumina NovaSeq
6000 F & #E47T T .
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G 5 PFH: 58 By A BE AT X 5 SRS 1
Samtools(Ver 1. 15. 1)depth ' T. B, 4¢3 — . = 4%
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1E B
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Ay (Multilocus sequence typing, MLST) , ffi H
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S B B R TN Sy 4 D3 T R DGR B A R TR
REAR L X /N R B 40 P %) 5 DR ) e E AT U R, A 4
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(NR) o K 1 90 4% 2] 9 £ N ¥ 51 5 COG \KEGG .
Uniprot ,Refseq 55 I BE £ 95 FE % BLAST LX), 15 2|
BN T e v R g5 R ] hmmer 3 T Pfam
TIGERF AM i i 47 DI RETE B

fii H] diamond 2 T4t 1% 3 P 45 95 2 (Antibiotic
Resistance Genes Database, ARDB)" X 4 [ & ¥
Y 2 T 91 AT R 5 ] hmmer X 8K L&
Yy 3% Mk B B PE JF (Carbohydrate-active enzymes
database, CAZy) (i £ (1 BT ¥ 91 #4713 B 4 B fk &
Yy it (%) 5 TR 2 5 48 RN A W) Ak 27 (5 L {8 blastp XF
o8 A Pt A E 25 M $E BE (The Comprehensive
Antibiotic Resistance Database, CARD )" i B¢ ifif 24
LR AN HTE L LA B % 35 5 PR 508 4 (Virulence
Factors Database, VFDB) 1) fa [C 35 %% 1 75 7 3 5 i
A7 1B A diamond blastp X5 5% iz 8 11 50 28 B0
J& (Transporter Classification Database, TCBD) X}
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2.0.2) T I 74 53 36 32 42 (type [l secretion system,
T3SS)Xf T3SS # FH#F 711 R .
1.7 RGHAR D
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1 4B 16S rRNA £ [& PCR 7= ¥ 37 i #5 5 B B2 ik B

Fig.1 Agarose gel electrophoresis of PCR products of 16S
rRNA gene of isolate
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(AF/HE) AEBTLRHEEER FIBHER IS
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MERIDER., SRR HRENHFcHREL
T 24555 Do 1A
2.3 HEREREREFcHRNEERANF

PO S AR Rl = S SO O o 1D S |
COG YyReF BT 88 A, 22 i 35 3 41 P8 1 an ] 2 e
7, circlize ] AR Ak JE P41, 0 75 3] 4 G B Fe
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50. 76 %6 , A4 g A DR U0 25 SR SR 1 R L B A
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B 88.63% , & A 91 A t(RNA JEH |, 74> 23S
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FFA0 I A0 SwissProt PIR(Protein Information
Resource) . PRF (Protein Research Foundation) .
PDB(Protein Data Bank) 2 [ 51 £ 85 i A TU A% 1 42
5 LA & M GenBank il RefSeq i CDS H ¥ H#l % 3¢ iy
A NR YR A a8 3 R AR IRGGE P
I 70 S 7/ 5 T o <3 | IS I 77 B A
Enterobacteriaceae(46. 38% ) \Escherichia(24.87% ) .
Escherichia coli (12.69%) . Bacteria (6.11%) .
Enterobacterales (4.57%) . Gammaproteobacteria
(3.06% ) . Proteobacteria(0.93%) | Escherichia coli
MS 198-1 (0.55%) . Escherichia coli FVEC1412
(0.45% ) Hl Escherichia coli KTE228(0. 38% ) o

XoF P R i EG R B A o AR L DR 4 v 4 5 ) RE P
HHE MR R ELT COG R, COG 2 Xt 2 [H 7= 4y it
11 H & AR 50 28 00 84l P, R R e 2 oG B )
S0 VY 2R A A R 2k 4 934 A4 S5 R An 1B 4
N FER DI RETE RS B R 24 28 VB FEE LA K
iAW 2 i K AR S B iz AR 8 (carbohydrate
transport and metabolism) 3t 443 /4~ FE A | 24 FE @ AR
W & %% iz (amino acid transport and metabolism) 3t
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Table 1 Statistics of gene prediction results

%A Kok MK R SER 2R LA/ Y%
Type Number Total length Average length Percentage of genome (%)
Gene 5750 5006971 871 88.63
CDS 5353 4934 757 922 87.36
tRNA 91 7137 78 0.13

23S rRNA 7 20 314 2902 0.36

16S rRNA 7 10 766 1538 0.19

5S rRNA 8 888 111 0.02
tmRNA 1 363 363 0.01
misc_RNA 283 32 746 116 0.58

Species

3 ERERKREFHRERARNRY TS5 E

. Enterobacteriaceae:46.38%
Escherichia :24.87%

[ Escherichia coli:12.69%

. Bacteria:6.11%

. Enterobacterales:4.57%

. Gammaproteobacteria:3.06%

. Proteobacteria:0.93%
Escherichia coli MS 198-1:0.55%
Escherichia coli FVEC1412:0.45%

. Escherichia coli KTE228:0.38%

Fig. 3 Species distribution map of the NR in Shigella flexneri Fc strain genome

4314 KA, % % (transcription) 3t 360 /4> 3% &, A
F— B Th fE 7 ( general function prediction only) 3t
358 A~ Kk A, 4 it BE /R /4 AR W) kB (cell wall/
membrane/envelope biogenesis) 3t 337 4~ JE A, 1fij 56
F AL E T 4% iz 5 1%} (Inorganic ion transport and
metabolism) 3£ 45 312 4~ £ A | fig & 4= 7 5% 4
(energy production and conversion) 3t 296 4~ FE [, Bl
P R WE AR 45 ¥ R AE W) & A (translation, ribosomal
structure and biogenesis) # 264 M~ FE [ |, {5 51 S
il (signal transduction mechanisms) 3t 235 4~ % [A .
WA, A 186 A5 IR i oA i 42 D) e L 3 26 L IR AT g
T 37 T bk 5 SRR R B A= W) 2 D RE L A RS R i — b
AT o 3k SE A R HE DR B (0 D RE L X T 4E R 20
IR A A i s A AT D

2.4.2 MR IREBUAE Fe bk N P51 19 KEGG F1 GO
R PR R A EC R BT F e bR T 3RS ) S L 45
B5 KEGG 8l 347 EXT IR 087, KEGG S i 5
3¢ 53 A 4 TR ) L7 ) A A A b A AR R A D S
SEEL R P Wy Dy e Y S I Al 5755, 3 8934
FLR XTI 8 KEGG il % , & 8 78 23 2 AR s o
KEGG & 4 4 7 .78 , 4 J&) AL & 1&] (global and
overview maps) . & & #i (membrane transpart) , 24 %&
1% 18 4] (amino acid metabolism) F1 5% 7K 1k & 97 18 4]
(carbohydrate metabolism ) i % 7 B 3 H & fe 2 11,
S04 1°019.363.,291 F1 223 A FE BB 5 B4l B
F 1 4 A B9 AL (metabolism of cofactors and
vitamins) .15 5 % 5 (signal transduction) | fig 10 it

(energy metabolism ) 558 -t HAT 8 i AH G JE
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. AJRNA processing and modification

. C|Energy production and conversion

. DCell cycle control, cell division, chromosome partitioning
. E]Amino acid transport and metabolism

. F|Nucleotide transport and metabolism

. G|Carbohydrate transport and metabolism

. H|Coenzyme transport and metabolism

. I|Lipid transport and metabolism

. J|Translation, ribosomal structure and biogenesis

. K| Transcription

- L|Replication, recombination and repair

. M|Cell wall/membrane/envelope biogenesis

B N|Cell motility

. O|Posttranslational modification, protein turnover, chaperones
- P|Inorganic ion transport and metabolism

. Q|Secondary metabolites biosynthesis, transport and catabolism
I RGeneral function prediction only

. S|Function unknown

. T|Signal transduction mechanisms

. UllIntracellular trafficking, secretion, and vesicular transport
I V|Defense mechanisms

I WiExtracellular structures

- X|Mobilome: prophages, transposons

I Z|Cytoskeleton
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Fig.4 COG functional categories map of the Shigella flexneri genome

GO & — A E Brbp A 9 FE P D BE 43 25K &%
A0 45— 2 Bl 25 TR A0 A i TR ok e AR AR Y
A rb L RS R = ) 8 P . 8 GO T RS B &
165 153 3 GOslim 43 28, 5L D39 21 5 I 2B 9 i 72
(biological process, BP) . 40 fi 20 43 (cellular
component, CC) F1 4 F I i€ (molecular function,
MF ) Xf 85 A7 1 R, 8 BB A 43 26 7F A 20 1B
2 19 GOslim i) 2 73 8 BEAT 20 181, 3631 80 45 H
25 R NE 6 Jon 78 BP iR S8 3 530,
Node 22 55 TR 2% H L5 % 57 98 452 3 #2 (regulation of
DNA-templated) . ¥ [ %% iz
(transmembrane transport) | 8 4 B =0 74 R 7R 41K
M OBE B R ¥ R B8 R 48 (phosphoenolpyruvate-
dependent sugar phosphotransferase system) B 7K 1k
A W10 it 2 (carbohydrate metabolic process) , 43
%Uﬁ 130,73.63.624 ;4 CC HHEBEFEFF R 3 010
, o 5 4O 43 (integral component of
. i B (plasma membrane) | 41 Mg &

transcription,

membrane)

(cytoplasm) AH 5 () K& K & 30 h & AH OC M, &5 7
950,677 .540 1~ ;s MF K2 i B ZE 0k 5 805,

Hpw ka2 HWMWEH ﬂ\]ATPé*A(ATP
binding) \DNA %% 4 (DNA binding) . 4 J& & T 45 &

(metal ion binding) , H % & 43 7l jil 397. 390 #n
32514,

2.4.3 TCDB¥z&EHnREAmEER  TCDB
S R s R AT ) — AR A
s ARG, X B W F Y 8 3EAT TR
SORWME TR, FEERA TR XK, LA
1 3634~ 4L F 4 TCDB i B 2, 43 5l 24 primary
active transporters (475 4~ 3£ [H ) | electrochemical
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(534~ 3& ) | transmembrane electron carriers (40 /4>
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Fig. 5 Classification diagram of KEGG metabolic pathway of the Shigella flexneri genome
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Fig. 6 GO function classification map of the Shigella flexneri genome
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Fig.7 TCDB function classification diagram of Shigella flexneri Fc strain genome
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Table 2 Result of CAZy

432 Class ¥ Number 1. 1] Descrition
WEH K R i GHs 42 Glycoside hydrolases
VLA GTs 36 Glycosy transferases

Z WG TG PLs 0 Polysaccharide lyases
WAL & P BE R CEs 8 Carbohydrate esterases
1 A AL A R A As 3 Auxiliary activities
WKL & W 45 A Bk CBMs 3 Carbohydrate-binding modules

Class. WAL A Wi P BE RO R D e 43 28 4 F) s Number. 78R 3112053 28 19 B PRUECRE 5 Descrition. 1243 28 I #3845 &
Class. Functional classification name of the Carbohydrate-Active EnZymes Database; Number. Number of genes annotated to
this classification; Description. Description information of the classification

i & ik F W 25 1 (Comprehensive Antibiotic
Resistance Database, CARD ) 8 & 1 B 43 ¥, & 81
A ICE B Fe MR AT 80 /> it 24 K& Bl 7 £ 4 I vh 45
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A R R AR SO T 25 A 140, A OR

PR R AR R B 25 B A 2 A OChiAE R A
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A 24 1 R AT sud3, %) Sk AR R 2B A R 7 ATt
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Table 3  Virulence factors in Shigella flexneri Fc strain
genome
#IHT A SR HE PR K
Virulence factors Related genes number
il R 18 J5L i Nitrate reductase 27
JE B ¥EE Peritrichous flagella 59
FJEE Capsule 68
FEEME LOS 42
O#LJFE O-antigen 23
EZ W LPS 27
IV B E Type IV pili 39

£4 BEEEE Fob R R E

o X - KT 25 1 B N blackrasse B R
e WA 5% Hh A EQ AR B B Fo bR 571 22 R 24 36 1
Al RESR A S X Z R 25 Wit 25 1 B R N 2 —
2.6 REHNLH

A 8 0 B MR AR TG R B I Fe BRI 16S rRNA 3
P2 G AR A, 3 2o D 25 SR 7E NCBI L et 25
RAE 8w, % 5 &5 %5 i NR 026331. 1 44 [T
B TR AR LR s 99 %0, IR I T TR R A G AR B A
TE I 20 #5592 TR AH DL A58 w8 1) R A S LR, TR B
IR B Fe bk 5 M IRGE P ATCC 29903 )8 T
[6] — 43 3%, b & R B I, 5 Escherichia albertii
strain NBRC 102203 #f fk 3¢ Z 3030, [ H Ath 55 74 #
8 R b G R A

Table 4 Prediction of antibiotic resistance genes in Shigella flexneri Fc strain

P A 0 24 58 PR £

Antibiotic resistance

fiif 245 #IL il

Resistance Mechanism
genes number

Pk

Resistances

P ZAMER 45
Antibiotic efflux

BUAER K 17
Antibiotic inactivation

P A Z bR UL 14
Antibiotic target alteration

o R AR R 2
Antibiotic target protection

P A F AR e 2

Antibiotic target replacement

T T R AR RIS S R RIS CRIF IR R R
fie DR DUPR R IR RS IS AL IS R AE R
B-WN LIS PR AT BENE S GRME TR G DU BR R R KR AE R
JIRSE IR VAR S S SRR R TR B ER S E e I FR R
FRERIE KW =AU RERE FEREIAER
IS R

2 B I e — T AR

3 9% it

A VU TR B0 AR T P R 8 A Al L R
FE N H 5 | 2 ol R, AN [) B AR B i ¥ 282 8] 52
SCQR AR S OF B By ORI GE OF  BIFE R
E Y I PR 3 B 3 A R MRS R R SR
U4 5F 8] P 440 T 1 00 8 A6 T 55 o B I T
Fa LB A 29 16. 4 T3 N BE T 40 B P
FIHI X T 3 BRI B A VF Rl e, T AR R R YT
e AT B, T i S8 I R IR R A% i B R
W o FRG R A2 5 b KA B A R A 2
—, i TR B AT LUE i BORL B 1S T B B oo
5 DA HG Al 200 7 vp AR AT i 24 X, S5 80 AT A T
E2T d S T 1 B AN T R 7 o S S SN N
4.98 Mb, GC f°F 4 %5 18 4 50. 76 00, Zhi i i A ) S5

KB 5006 971 bp, it (1 LK 2k 5 750 4, P K
J& R 871 bp, g i 3k R B K B 5 42 3k R 1Y 88. 63 % .
Fe kA 5 3504~ % [ 78 NR Bl J b 45 2 7 1, Horp
BB R BOA RN PR R T g AR
49344,

AR TR A X AR B o A Oy vk AL
PO & 11 AN 1R 2 i A o A e 1 N i T
JH T 40 B 95 U 04 F2 AR5 DNA 48 80 R fit DNA
I AR AEC (2023 4F W) Y iR Hr 45, *f
T PR BB 12 R T IS0 B 3R O R R T At
BHAE o X T I AR 40 B 1 0 06 A 12 I, 35 T R AT 9
F B P AR 3 1 SR S BRUR L ) 3 0 B G 2
JhFI AR

IR IT BRI T 0 AR 338 v T A 28 5 5 B
FM LAY SR IR b B A 2 2
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Fig. 8 Phylogenetic tree of 16S rRNA gene in Shigella flexneri Fc strain
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