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Isolation, identification, and whole genome sequencing of
Cronobacter malonaticus from forest musk deer

DING Hui', WU Xi', CHENG Jianguo®, WU Jie’, GONG Hang', LIU Jie', YANG Kaiwei',
ZHOU Lei%, FU Wenlong?, LUO Yan"'

1 College of Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, Sichuan, China
2 Sichuan Institute of Musk Deer Breeding, Dujiangyan 611800, Sichuan, China

Abstract: [Background] As foodborne pathogens, Cronobacter spp. often appear in the reports
of neonatal illness. So far, there has been no report of Cronobacter spp. in forest musk deer.
[Objective] We identified and sequenced a strain of Cronobacter malonaticus isolated from the
kidney of forest musk deer, aiming to lay a foundation for the prevention and treatment of
related diseases in forest musk deer. [Methods] After the pathogen was isolated, biochemical
tests, drug susceptibility tests, pathogenicity test in mice, and whole genome sequencing were
conducted. Based on the sequencing results, the population evolution analysis, species typing, and
gene function annotation were performed. [Results] The pathogen was identified as C. malonaticus
based on the average nucleotide identity (ANI) and phylogenetic tree, with the biochemical test
results consistent with the general characteristics of C. malonaticus. The strain, named
Dcc0527, was sensitive to some quinolones, amphenicols, aminoglycosides, and B-lactams and
resistant to some sulfonamides and macrolides. The results of whole genome sequencing
showed that the strain contained one ring chromosome and four ring plasmids, with the whole
genome size of 1 257 547 026 bp and the G+C content of 57.08%. The multilocus sequence
typing showed that the strain presented the sequence type ST211. The genome of strain
Dcc0527 carried the genes conferring resistance to several antibiotics, such as elfamycin,
fluoroquinolone, and tetracycline and several virulence genes, such as Type IV pili, kpsD, and
iroN. In addition, there were three complete phage regions in the chromosome and plasmids of
strain Dcc0527. [Conclusion] We isolated a strain of C. malonaticus from the kidney of forest
musk deer and obtained the whole genome sequence of this strain (ST211). The findings
provide reference for the prevention and control of bacterial diseases in forest musk deer.
Keywords: forest musk deer; Cronobacter malonaticus; whole genome sequencing

e B i 1 7 (Cronobacter sp.) 5 A FR kB
WA IR, R AR . o, liEsh
(e A, JE T B Enterobacteriance) ,
Ry S AR BOR A o v B A T R LS Y R L
v & AT IE (C. malonaticus) . B I 5 &' i FF 7
(C. sakazakii), R 544 5e BT (C. condiment) |
B4 W ve B FFE (C. muytjensii) . G 8 IR

B AT (C. universalis). # M 7L B 1B FE
(C. dublinensis) 1 75 & it w % i #TF
(C. turicensis)®*ix 7 AR, i 7E IR IR i
SE LR T B R SRR (A I ARORE R AL FE IR FE
PEANGEE IR . BIAE R A, XAz JLAE s
BR, JEHIRR SR T 4L, [l
AT g2 TR A AF AR v B U FF TR 191
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MRIES, TN MREh 5B AP (C. malonaticus)
HEETEZAE AP WL B, P AT
WETEHEEM . WK, BEEREREML
g K AR PR, L DU LT R
g L

M B (Moschus berezovskii) J& 18 & H
(Artiodactyla) 5} (Moschidae) % J& (Moschus) S
Ay, MFRAE U R A i R R A 7 AR
A DL A I8 A (musk) , B AR HL A A 1 24 1 &
SV A . AR IREDGACA R T B A R A A7
L B A (A5 A AR A T 2RI . T
BT RO, TR A5 o i 28 Hh B g 0
U RE IR AN BRI Y, RIS T
[ ERes % NNRIE Y 5o i\ 8) R 7S AR BT
SR AsA S EEZ =" BEr, B REW
PR 72 558 95 o, P 55 B A v A 3R 5 v 1) R i
Z PV BRI pR e IR R 24U B H
I JOX N R R 5 B AT 1 (C. mal onati cus) /2
Py Hiin

AW FERT S FEAR BT 0 Bt — RN R
7 B AT (C. malonaticus)#EAT T 24 Sk il
S0 A A L Ay, AR 0 e 45 SR 43 A I
ARSI EZE- S AN VS N 7
FFH(C. malonaticus) /Y 2505 A 25 8LH], A
AR ER R BEE B iR AR S

1A

1.1 #&
1.1.1 #m

VU AR BRI EToR) 6 AR, M
P, JCAERRIC SR, SETCHTHRE, WIhIER,
SET-IS I nk e, SERERS A, JCIHLIRIE,
TOHAAEAR o« Ao IR FE 2 FH 25 0 Sk AL
FABEER AT B RABSE, IR Vi A
L2 N EE, RS . WRE b &

FRHE 30 18 5 0 A B . 50 HMERER- 1Y 6 JH
% SPF 9% B W1 /N B IA W B AR A S 56 W) A
BN, F Y Al 2 Bl W 4 R 22 01 45 o
Wk, #HES N 20230389,
1.1.2 EFRE. TERFMNE

LB 35t i Bt | TSA 3Rt
A B g a0, F S AV ROR AR A
AT . RO S AR, MUNRUED)
R A R/ H]; 2xTag PCR Master Mix il DNA
srF bR, RARAEMRHE AEa) A R A H,
BERE AR AT BTN . BRI HL UK A AT PCR 934X,
Bio-Rad A wl; 4 Halm RZRKEMR, —FEA
Al CHEERT A . HIEUKERIR, FRECHRE
BATBRAF] ;i s e R B O LA 5 2
%L‘m , Eppendorf/z}ﬁl o
1.2 mEEMNSE

T TR SRR RS | K 25 I e v A2 L 43
BIRIZEFERNT LB 8537 2 A i 3 B B #7 4L
37 °CH5 5% 24 h, M TAVE T SRR Ao 22 QL
g g, PREBURE IR alifl . ORAE, IEXT
Oy BRI AL ETT 16S rRNA JE DR 5 % 0]
1.3 S EERNELIAR

PLZ2% SCHR (1710 AR | i B A0 B it 2 Ak
JN UL, Ho B T AR B AR AL A8
iR
1.4 DEEKRNGHEIAE

PRI TR 7% T LB WA EE IR B P 7E 37 °C
150 r/min WS TR, B TR RO B2 4% &2
1.5x10° CFU/mL, #HEREHE . sk, k
A . VIR, Semebk . kg, Sk
JUBERS | SLAINRER . W R . WMER . T
RHR. ZAiEGR . PIE&HR . 45K, UIHER.
FAREE . WER. MND A SRV A . ik
S WS IR e 22 DR 3 21 i 2 2R 4% IE 58 I IR
5256 % bR b 2% 51 23 (Clinical and Laboratory
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Standards Institute, CLSI)A#EFFPRUEETT 2511
G I 25 ) R
15 PREHMRE

P I 3 2 Y BB P 4 AP T 6 mL LB WY
PREEFRIEH, 7E 37 °C. 150 t/min 450 F355%
12 h 5 4% 1% M AT 25 mL LB WA 57
e, MFRZFMY KRG FRE 2 ODgoo M 0.6-0.8, HF
BT 8 000 r/min 5.0 10 min, R 8 B AT
UE, FIJCH PBS WK S A WAATIIE, HEAR
THEGA TS RO ), I PBS 7 RO B TR
W B RORR BB 10°-10° CFU/mL, 3t 6 MR
HRAE /N B AR B R DU 6 4, 4841 8 H
(HERERSF ), oI R T 20k 10 AR RN 6 4>
WeBERABE TR, [IA VRS9 45 5 1Y PBS I WAE
Syt R .
1.6 D EEKNEERENF

FEA M P TAE R EIE IR AR A YR I
A BRI S8 . 20 2R 4 2 TR 40 S e vk
(whole genome shotgun, WGS)5 W&, [A] s F1
55 2 AR 4% AR (£ T Illumina NovaSeq il °F
HYME 3 LR FIFEARGET Oxford
Nanopore ONT Jll /7 F-5), ¥ 3 U HLE
H unicycler. flye #{FiE T4H%e, HEERIE
28 CE PRE S5 I
1.7 ERESH

R NCBI L9 30 BRAASCERE, #EAT-F4%
AT IR — (1 (average nucleotide identity, ANI)
FEXT, i OrthoANTPUUEST 43041 5 7 PubMLST
B 1 (https://pubmlst.org) Ml 72 B £k #Y 35 K 25
A, TR ENAMERENT, FIH MEGA
7.0, Ko EHE RS NCBI H g AH G Rt T 2
FE DRI A B 434, FH 4B 42 (neighbor-joining,
NJ)i, bootstrap Ki 3w ik & 1 000 IRE K .

ffi ] BLAST 44, 4k 25 1 K+ 55080 1%

(virulence factor database, VFDB) (www.mgc.ac.
en/VEs)TER O B W DL, 2R A Bt
A FK i 245 8098 % (the comprehensive antibiotic
resistance  database, CARD) (https://card.
mcemaster.ca)#E 1T 25 3L K A3 B, BLAST L

X E S5 E-value<le-5, #E17%: J1 K+
N L XoF Esf SR 2 LR Y 91 1) — B TE 60% LA I,
J7 9] R K 32 5 JHE X I 19 5 g PR R DG 2 A
KRN IAE] 70% M L F, HEX) gap K&
N 2M/INT A FERH BE B 10%, i 245 35 PR ) T )
FEXS MR BRI —BtE>45% , B RE4>T70%.

6 5 B 44 v RS i H D Be B I Kyoto
encyclopedia of genes and genomes (KEGG)HI
clusters of orthologous groups (COG), 5 Fil il &
5% DI RE SR R 31T BLAST Hoxt, Horb COG
Dy RE T £ 1157 Fr 41 He X I A I SHEN 1e-6,
HeXF 77l diamond blast, #EHURA: hits
1) eggNOG 45 X% AH Wi 4 2 11 4 ih 35 DX TR AL
i #f (PHAge search tool enhanced release,
PHASTER %3k (http://phaster.ca)7£ £& # 1 7 JF I
R A ) T

2 BRS04

21 HEMKDEBELS

w1 FrR, PRBEAE S RT LIS
R, AR I, SV A A
ZWIR . R R TR, B IERBIE, HA™
HE—GE O LW, i)™,

W B R P T R M B B 4 R 2 B 1 T
7 PREBURTE VR HE T 2L QYL AR, B g
RN BT R . X o3 B TR 2
HAT 16S rRNA FERI 74 0E . 16S rRNA K[
JE S R 45 A NCBI BEATEEXE, AT LI A5 3
WriZ itk e B e, SN R w B s
FF i (C. malonaticus) i A B4 & -
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E1 ZTHEIRER AR B: FIE C:
e, D: B HE

Figure 1 Necropsy of dead forest musk deer. A:
Trachea. B: Liver. C: Lungs. D: Kidneys.

22 EHRBHESEEESFMHE

HE Dec0527 16 TSA “FAl b vE 5K 1
t, HGHN, LGN, FE(E 24),
£ LB [fREIRIE DRVE R E A, RAGHE
I, BB, %S (& 2B). PRI TR
PEAT 2 QY 0 I HBE RS s o AR 2 KA —
PILLESFRR, PIMIEAT, Rkl R (& 2C).
23 HHUREER

AR IR ZE IR - Ak a5

L] - .
(R b DI R P

PE | R ER K i BEE (B ) L L- 1 R 8 1 i P
PECER ), LK E R SUK B R PE (2 8) . D1
WL TEPAPE(RE ) . L- RSP R I PHPE (G ()
D-% M I PHAME (R () A Ak I P
(B ), FALBEHR TG B | - R 1 8 1t B
(Ff0). D-IIBLEER B (L), VR TE AR
A A ZE SR 5 B TR AT TR A S AR — 3
24 HHEIREER

mE 1 Pon, L REWEE Dec0527
Xof M T RS 25 ) R AL IRTR VD L) L T P e
KEBR FREH) T a@ T Aok
REER . THAAR)H P-4 Bk 2 25 1y (Bl 52 Y
MR SRALABIE | S TR A BRER X A
LY IR . B-NBEIER A (FR R,
S I SR TR IR B 25 (41 85 ) Tid 25
2.5 SEEMS/D RN

Pk Dec0527 X /N ERICEE G, 7 d /N Y
FEEAGOLANGR 2 7R, i AN
PRGOS, EACT BRI B AERaAR R, 4 R
/NER 4 h RS AZEEE, 8 h A S A B IE HLE
RARTFLIEH, 16 12h NAET:, SIR4/NEE
SEROER . RFET/NRUEA T EIR, TEEE . B
JUE < il AR RS AR 4 AT AN [ A I, PR

& 2 E#k Dec0527 FIFZSHFME A: TSA i FRUERIEA. B: LB ¥ FRREEIES. C: IR

PeEFRE R (1 000%)

Figure 2 Morphological characteristics of strain Dcc0527. A: Colony morphology on the TSA medium. B:
Colony morphology on LB agar medium. C: Gram staining of strain Dcc0527 (1 000x).
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x1 AHEHES
Table 1  Antibiotic susceptibility test results

PRI PUER TR P AR 45
Antibiotics category Antibiotic Antibacterial circle diameter (mm) Result
B-lactam antibiotics Penicillins Penicillin 10 R
ampicillin 15 I
Amoxicillin 20 S
Cephalosporins  Cefalexin 12 R
Cefazolin 16 1
Ceftazidime 19 S
Ceftriaxone 25 S
Carbapenems Imipenem 14 I
Aztreonam 19 S
Aminoglycosides Gentamicin 16 S
Streptomycin 13 I
Amikacin 17 S
Tobramycin 15 I
Furantoin 15 I
Macrolide Erythromycin 11 R
Azithromycin 17 I
Tetracyclines Doxycycline 15 I
Tetracycline 18 I
Amphenicols Chloramphenicol 22 S
Florfenicol 23 S
Quinolones Ofloxacin 31 S
Ciprofloxacin 32 S
Sulfonamides Sulfamethoxazole 14 I
Trimethoprim sulfamethoxazole 24 S

S: HUE; 1. Ffr; R fitzy

S: Sensitive; I: Intermediary; R: Resistance.

*x2 WERTIANBRHECHE TR > BB TR R RN R vl B
Table 2 Number of mice that died within 7 days of (C. malonaticus). 4%~ 2 i BT - e 3
challenge ’ °

ﬁr{&(ﬁg %tﬁl/,ﬁ'\ﬁ Fy]"/i:\‘ : E?HEEJ%%BE??H}H@%%, ﬁﬁ?‘&ﬁﬁﬁﬁ‘, 'ﬁﬁﬁ
Concentration of bacterial Number of deaths/Total R R . KA . B4 AR

ST W SR AHEIR T | 0P A
2x10° 28 JE 5 B /INER B AN LA L ) AR L, /N
iﬁ o GEHBEN, bR SRR AL, MO A L
%108 08 J i o SR Bliss 315, XS /N B LDso
2x10° 0/8 41 6.40x10° CFU/mL.
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3 MERRERENREVIRE A R ED T, FFARIRS A AR . A
PRAE(EROHT k) . IREARGE k) . YRR A (L @Rk . BIRATGE Aik) . ORTBRERE
fisk). B: NSRBI, FIBEZEAT, A R Tk, M SR (AT Sk). C. IR HE
DIR, AR ER AR, D: BIRHEYE, MER GOk, B/ NSRRI aEk). E: B
PR BN R D) A e BARERS BRZEH/N BRI IR HEDT A G AR SR AL/ SR BB IE DD A He BT

MR/ B A B T B0

Figure 3 Pathological section of diseased organs in mice. A: Pathological section of liver. Hepatocyte
necrosis was accompanied by a small amount of inflammatory cell infiltration. Hepatocyte necrosis (green
arrow), lymphocytes (blue arrow), neutrophils (red arrow), macrophages (yellow arrow), pigmentation (black
arrow). B: Pathological section of spleen. White pulp atrophy, lymphocytopenia (green arrow), splenic sinus
congestion (yellow arrow). C: Pathological section of lung. Blood vessel congestion (green arrow). D:
Pathological section of kidney. Vascular congestion (green arrow), degeneration and necrosis of renal tubules
(yellow arrow). E: Liver sections from negative control mice. F: Spleen sections from negative control mice.
G: Lung sections from negative control mice. H: Kidney sections from negative control mice.
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26 EERFBANFETITER
2.6.1 ¥k Dcc0527 £EFHEMWERFR

FAR Dcc0527 FEH 4] i — &R gL a4k
(4 258 131 bp)fil 4 DFRAR TR AN, Yoo
FTRIRY coverage N 259 4%, FEPH 4 it LA
FASTQ Hu% X 143 NCBI B8, -7 %
5N CP141992-CP141996., 1Z Rk )4 KL 21
K/NK 1257 547 026 bp, G+C &ty 57.08%,
it 4 064 PNIE, U5 tRNA 82 4, rRNA 22 4,
FE D2 A HARE BLULER 3,
2.6.2 ANI SR

YRR T 8 BRIN R v B AT A
(C. malonaticus) . 2 Pk 52 £ 52 2 1 AT 1A
(C. condiment) . 12 BERRIE 52 5 144 1 (C. sakazakii) .
2 MRS 3T v B U A I (C. muytjensii) | 3 #kJTJE
KT 52 B A (C. universalis)fil 3 BREBHIA
B FF# (C. dublinensis)EAT b B 4B . WK 4
FioR, 9 fRER 5 5 VAT 1 (C. malonaticus) 5 7
Pk Dec0527 MIAHMRIEE S, AR KR 5 bk
Dcc0527 Y ANI{EERFE 98% LA |, HR 2B gy
vL B Vi A I (C. sakazakii) 1 3% B Bk 5 B Pk
Dcc0527 ) ANI{EH 5, R T 94% MR 4 ANI
FEXTEE S, AT LLAIBT R kR Dec0527 J& F N iR
£k 7 F A 1F (C. malonaticus).
2.6.3 %L = F 54 & (multilocus sequence
typing, MLST)MI RGE % B P IER

XTI AR Dec0527 R 7 A48 K H (atpD

£ 3 Ek Dcc0527 EEHEMEREE

fusA, gInS. gItB. gyeB. infB. pps)i#1 MLST
rHT, AREOR, ZwRR ST 080N ST211,
e SRR, CC200, 5 MLST %di 4 b
4 BRN ZRE: ve X AT 14 (C. malonaticus)i®) ST
RIAAIE , 3X 4 FRA5I 2 2012 4576 o [ AR 4L
Bie 5 iR Ay AR E(ID: 577). 2005 47 Al E &
i B AR Hp 43 25453 3 (ID: 1625, ID: 1637) .,
2013 476 H AN F R 3R15(ID: 3348)1 K48
FEEKR BRI RGELEW, WK S s, %W
PE5 2020 4F 7078 = A B — RN R L ww B i
FF 1% (C. malonaticus)i & MOD1_GK1356 5
Pk Dcc0527 MISES R Rl o
264 FHEFIEIRER

BRI B PRI A SR L 4, Hi
Pk Dec0527 A 3] 157 g B PA 5 240 it 2R i b
MiAi278 . BB (type IV pili, HEHiMEN).
MEE i), JeWE(kpsD, JeME 2 b ia E Y
GG ) Mg E A A Y1 G i(iroN, 2k
salmochelin 52 /RSP AE [1)SEAH G, — S8 If
Al RES SN G
2.6.5 THEEIRER

PR Dec0527 Ak il 21 2 Fii 25 36, I
FF L 7] 2 HE (open reading frame, ORF)f, 1% 2 &
FEER, MR, ESmERE | BRI
RO RS RIANER . IS B
MRS . FIfREEER . B AN DU PR IS S5t 25 3L [

Table 3 Basic information of strain Dcc0527 genome

Fr 3 £ 4
Sequence ID

GenBank &35

GenBank accession number

h21RNs

Sequence length (bp)

G+C &
G+C content (%)

T3] A Y
Number of open
reading frame

Chromosome CP141992 4258131
Plasmid 1 CP141993 135 840
Plasmid 2 CP141994 110 326
Plasmid 3 CP141995 80 186
Plasmid 4 CP141996 61266

57.12 3949
56.58 115
50.12 122
52.40 98
52.25 81
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ENEENEEER EENNENN Dcc0527 ANI (%)
AEEENENEN BERREEN Cronobacter malonaticus CP006731 100.0
AENENENEN BENNNEN Cronobacter malonaticus NZ_AJKV00000000
EEEEEENEN B BER R RN cronobacter malonaticus NZ_LGRMO00000000
HEEEEENEN BRERRRREN cronobacter malonaticus NZ_ NRNK00000000 95.00
CONEEENEER B RERREN Cronobacter malonaticus NZ_NRMZ00000000
AEEEEEEEN BERRRNN Cronobacter malonaticus NZ_JADKOG000000000
EEEENEEEN BENNEEN Cronobacter malonaticus NZ_CP136596 90.00
AEER ENEN BEREEREE cronobacter malonaticus NZ,_JAWIRI000000000

EEEEEEREEEER BERRREN cronobacter sakazakii NC_009778 85.00
CERCOROCOOOom BENERREN cronobacter sakazakii NZ. CP011047 '
B | |B| [yl BN RRNEN Cronobacter sakazakii NZ_CP027107
AEEEEEEEEEEN BENRREN cronobacter sakazakii NZ,_CP059045
[ | [ B RRRN Cronobacter sakazakii NZ_JAEDZW000000000
OOODCMOOCOmm BERRREN Cronobacter sakazakii NZ_ CP049144
EEEEEEREEENR BENNREREN cronobacter sakazakii NZ_ CP093376
AEEENEEEEEEN BRE R RE cronobacter sakazakii NZ_CP098777
EEEEEEREREER BEBBENN Cronobacter sakazakii NZ_CP104108
EREEEENEN BERRREN cronobacter sakazakii NZ_CP0803591
AEEEEEEEEEEN BER R RN Cronobacter sakazakii N7, CP080594
| OOEOE O EEEEEm BERNREN cronobacter sakazakii NZ_CP123201
BERREN BEN cronobacter universalis NZ_CAKX01000221
...... FIEIM Cronobacter universalis NZ_CP012257
BEERN T WE Cronobacter universalis NZ_JASEQZ000000000
............................... Cronobacter condimenti NZ_CAKW00000000
AEEERVEEEEEREEEEEE NN NN EEENN cronobacter condimenti NZ_CP012264
BENENENEEEEENNNNENNRERNEEEEEE Cronobacter dublinensis NZ_CP012266
EEEEEEENNENENNENENNNENNNEEEEE Cronobacter dublinensis NZ_CP101591
BN ENENEN NN ENNEEEEE Cronobacter dublinensis NZ_CP101595
ENEEEEENENEEEENEENENEEE EER BN Cronobacter muytjensii NZ_CP012268
LRSS Ry sisEE ss] | | BN Cronobacter muytjensii NZ_JASDAD000000000
An e S 2 38R ERTSLEIRRESISanSETERRES
eS8 e SRR EameT SN SNEENNILNS
SSE 288N S8 88ITIEBEEUSSEESS2=2SS
NAASOOOOAD AAASARAAAAAA—ADSSAAANAAD

4 BEHK Dec027 SR FIENFEHNER TR ER—

Bt b X

Figure 4 Comparison of average nucleotide identity results between strain Dcc0527 and Cronobacter spp.

group.

TR 2 3L R 5 22 25 25 AN HESE . BiAE ARG
BED AT AR R B R (R 5).
2.6.6 eggNOG 1 KEGG ;3 BER

Pk Dec0527 i1 5 i A Y L X TERE
4 3 876 N AR R 20 4 COG 2y
e, 2 833 NMEH S EMEA S MR E
FHAEJR, 1043 DEFIIREARK . Hrb 5iR/KAL
A Wy iz i AL it (carbohydrate transport and

metabolism) 5 ¥4 5% (transcription) A & ) J& [K 41
wEZ, AR 303 AR 301 A, HUORH T
3 1R iz % A A i (amino acid transport and
metabolism) 1 & 14 276 (K 6).

A% Dec0527 2647 5 012 A28 gk i B 3
KEGG Jifigsrdrh, — g8 515514 Al
WA RNEARS, A 457 MFERBINEA A8
AL T HE A Brite Hdl/F b, Z2RAE 7 Bros.
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Table 4 Virulence factors in strain Dcc0527 genome

B 7 H 7251 BN T HHICHE A
VF category Virulence factor Related gene
Adherence Agf csgD, csgF, csgG
Curli fibers cgsD, cgsF, cgsG, csgB
EF-Tu tufA
GroEL groEL
Hsp60 htpB
IlpA I1pA
Type IV pili rpo, Svfr
Antimicrobial activity AcrAB acrA, acrB
Biofilm Al-2 luxS
Alginate algu
Effector delivery system HSI-I clpV1, tssB, tssC
T6SS tssA, tssB, tssC, tssD, tssF, tssH
Immune modulation Capsule cap8E, cps4J, galF, gmd, gndA, rfbK1, rpe, wcald
LOS IpxC, galU, IpcA, kdsA, kdsB, IpxA, 1pxB, IpxD, msbA, rfaD, rfaE,
rfaF, rffG
LPS acpXL, gmd, gtrA, gtrB, rfbD, whbtL
O-antigen cpsG, gmd
Invasion K1 capsule kpsC, kpsD, kpsE, kpsM, kpsS, kpsT
OmpA OmpA
Motility Flagella cheA, cheB, cheD, cheR, cheW, cheY, chez, flgB, flgC, flgD, flgE,
flgF, flgG, flgH, flgl, flgd, flhA, flhB, fIhC, fIhD, fliA, flig, fliF, fliG,
flil, flid, fliL, fliMm, fliN, fliP, fliQ, fliR, fliS motA, motB
Polar flagella chey, flil, flmH, nueA
Nutritional Enterobactin entA, entB, entC, entE, entF, entS fepA, fepB, fepC, fepD, fepG, fes
Sal iroN
Salmochelin siderophore iroN
Aerobactin iutA, iuc, iucC, iucA
MgtBC mgtB
Others Isocitrate lyase icl
Regulation CsrA CSrA
Fur fur
PhoPQ phoP, phoQ
RcsAB rcsA, rcsB
RpoS rpoS
Stress survival ClpP clpP
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Table 5 Prediction of antibiotic resistance gene in strain Dcc0527

TS 245 58 PR il 2
Antibiotic type

[GESE-YS

Resistant gene

Aminocoumarin-resistance
Diaminopyrimidine-resistance
Elfamycin-resistance
Fluoroquinolone-resistance
Peptide-resistance
Phosphonic acid-resistance
Rifamycin-resistance
Cephalosporin-resistance
Isoniazid-like-resistance
Macrolide-resistance
Sulfonamide-resistance
Tetracycline-resistance

Efflux pump conferring antibiotic

resistance

gyrB, mdtA, mdtB, mdtC, acrD

dfrA3, dfrE, folA

EF-Tu

gyrA, emrA, emrB, emrR, mdtH, mdtK, parC, parE

bacA, basR, basS, eptA, rosB, rpoC

fosA, mdtG

rpoB, rpoC

SRT-2

katG

macB

folP

tet34

acrA, acrB, acrE, acrF, acrR, acrS baeR, baeS cpxA, cpxR, crp, emrD, emrE, hns,
marA, marR, mdfA, omp36, ompF, phoP, phoQ, ramA, ramR, robA, sdiA, soxR, tolC

1 000

400 -

Number o

200 1

1043 : Amino acid transport and metabolism
: Nucleotide transport and metabolism

: Carbohydrate transport and metabolism

i100
Qmm

N Cell motility

O: Posttranslational modification, protein turnover, chaperone
P: Inorganic ion transport and metabolism

Q: Secondary metabolites biosynthesis, transport and catabolism
S: Function unknown

T: Signal transduction mechanisms

U : Intracellular trafficking, secretion, and vesicular transport
= V: Defense mechanisms

148 141

0 0000

0
ABCDEFGHI JKLMNOPQRSTUVWXY?Z
Function class

6 TE¥k Dcc0527 B eggNOG (COG)INEE 2K

Figure 6

2.6.7 JRMEEMATINZER

Kl 8 s, WAk Dec0527 B4, chr
Fr A N E) 4 ARV A, Hpg 2 AN X
SERNVEDE AR KT 90, 1T LA KT Ay 5 & By e 7 44k

eggNOG (COQG) function classification map of strain Dcc0527.

PEAM 350K 150 #1140, HXF R AY G+C & &40
Ik 59.28%F1 50.24%; plasmid 1 JF 41 Fl
plasmid 4 JF 51K 10000 2] Ji 0 PR 44 5 plasmid 2
FEAIFINE] 2 AR A, B — X0
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Cellular community-prokaryotes 152
Cell motility 75
Cell growth and death [§ 19

Unclassified: signaling and cellular processes
Unclassified: metabolism

Unclassified: genetic information processing
Poorly characterized

Xenobiotics biodegradation and metabolism

LD SN PN o RIS IS R S

Biosynthesis of other secondary metabolites [ 47
Amino acid metabolism 249
Nenrodecenerative disease 14

AL ! 10

| | 1
0 200 400 600
Numbers of genes

7 E#k Dec0527 B KEGG 4eit &
Figure 7 KEGG cartogram of strain Dcc0527.
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. Portal protein . Phage-like protein . Protease . Terminase . Tail protein

Fiber protein

A
1550 Mb  1.555Mb 1560 Mb __ 1.565Mb 1570 Mb _ 1575Mb __ 1.580Mb _ 1.585Mb __ 1.590 Mb
B
3.290 Mb 3.300 Mb 3310 Mb 3. 320 Mb 3.330 Mb 3340 Mb 3.350 Mb
C

HE | ] III

10.00 kb 20.00 kb 30.00 kb

& 8 E#k Dec0527 [5R M E A4 B A0k & i T 4 #5

40.00 kb

50. 00 kb 60. 00 kb 70. 00 kb 80. 00 kb

YLt PRI B B SE B RAA 1. B: Yefadlk

T B Y e R R TR A 2. C: BORE 2 T F) H‘J%%&%%Mﬁ
Figure 8 The prophage view and phage elements annotation of strain Dcc0527. A: Chromosome predicted
intact phage 1. B: Chromosome predicted intact phage 2. C: Complete phage predicted by plasmid 2.

BMWER AR, SEEMETES A 140, GHC TN
51.06%; plasmid 3 J3 41 F 21 2 A IR0 B 14
fHIX 2 AN X AR AN 58 4%

3 WREER

H §f PubMLST %48 1% o & F v BT B 1Y
STEFRA 4505 Bk, EEAME T AIILSE,

IR VIS5 P N = 7 S 2 A S N 7
B4 43 5 A AR R Bl Ui e 2 5 A TR (C. - sakazakii)
Fb 80.4% , Hyk st & IR £k v Bk AT A
(C. malonaticus), 4kt 8.8%, 4385 IR F5 N
AR FREA 1 491 ¥R B
bk, H A B 5E 2 1R AT IR (C. sakazakii) Y 45
W%, 5 66.5%, EIEREZHK ARG, Fei %)
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FE 2018-2020 X [E 9 48 Rk 2 LEC Ty 5
By ) e B AT R AT R A A SR, ST4 AL
ST1 BRI ST64 B /r Bk % .

FR A4 JL R FE 91 £ ANT 3 A8 3, IR o
B AT B (C. sakazakii) Il R &k 72 B 5T 1#
(C. malonaticus)¥ 1L , 5 B #k Dec0527 1) ANI
EHYET 94%, NREECH IR HIX 2 — 3 .
Baldwin Z£47E 2009 4F 2 H 1) MLST J5 %1 LU
BB X 33k 2 AN RD, H RGO 05 TR Bk
Dcc0527 5 HA 27 #k va B AT R T 24T
G AL, AT DARA E I TR R R TS R Eh v B T
P (C. malonaticus)., RS L EF R E/R S
WA B A R e AL S iR, I ELBRORE 5 %
Wi AT B (C. sakazakii) 5 1N R 78 B i+ &
(C. malonaticus) ¥ R 4% ¢ & A4zl .

T B R TR A A W T B0 AN R ) — A
&, RIS BRI, W R K
A TR R X AT REJE BT capsule A Bl
FAYIBERIE R, 2 A B TR T
PRSI AETG , TR B T 5 B 1 AT DR AE
93 v 11 3 AT R P20 AR YR G Y TR Rt B A
T2 RN, WIEIMEE M (fep) . HIEE
[Fi(che. flg §8). VI BlMih ARG A (imp). £k
74K (salmochelin Z RSN 1, iroN), JEfR(E
B2 Wit s B RS G 8 1, kpsD)SE, A —
SEILIR S 5T RS, gk An i (ompAy 2
HEYRBW A B B8 2 B (lipopolysaccharide,
LPS)J& 4 i 4= == PG B M 240 747 200 A BE 1Y) 3 28 1
gy, JE T ANTE I o T a4, b b Rk
A MEAEA G| B e i LPS 3214k TLR4
(toll-like receptor 4)HA 14 ids 42 e HiAth 7 X175
SRE , Xof JHE IR = A 4514527 VI A 43 1 22 45(T6SS)
FEFEBY . 122855 5 S HA 20 B A T e . X
Loy - B B an R b B L RA

BN RIS M08 R TR R R, ek 4
PRI W PR B PR AL T 25 SE AR EE ) I
T 5 /N RECE L, e /N D)
FOWEELENE . BRSO AE, O B/ NERE
I % B /0N 728 W TR A S5 R O -5 R BB A s A
AT, HA ™ A A X

HR AT 24 3 PR ARG I 25 55, B Ak Dec0527 1Y
My 25 R BB 5P A KAME . RIS ERBE
PE. PUAERRIGEMC, RBEAATES S HE
B . R 2SN ER B RN LA
AZEMAPE. S50, REREKE
A AE Gt s T TS | S0 28 . B-IN kA%
RYUERMARTRILNM LR, HRIBAAE
XPIZIE NP AE B h SRS 25 ) () BB, X 3R
WIPE . AR SABME R T eRR S Uk,
BT 5 R BIAABSF , X2 P AE R
VR ) % i A Mk ) ) 22 5 P20 o A5 i 9 e
SR R ] LU A B-IN eI, T T R
AN TFH T 25 RO tolC L H A Bl sk T fE S
FOHEEHIVEREAR, A AH . B s sh e
B ABER VR BE AR, (kA TR s B, Ak
JEZE 1 F (ompF 2w %) AT LA i ik 2> LPS B 3 1
e AP ATE B, 5 AE YR IE 5 B R
FAEM R IEARSE, TE40 T B2 3 M A 25 P vh
HLA FE D, 1 20 A B G TR A 2t
PRRR A9 2R B0 7 A — g Rg ), R B 24 35 R 750
RUEER

COG il KEGG By T &5 5 /R i AR TR
BRI A BE R, R B BR S AR SR LA
5 T R GUIRHN I A& N PR AR £k DT B 4
b AR A A % D TR A P 0 45 SR 3R WA X
PRI 119 e €8 (A R TORE b A7 AE — S 58 38 Bl 5 R 58
Y E TR AR AR A B, TRE R AR S AT 2
() A I P ) AR D, O R A i
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PRTT LA SR B AR Z (B 35 4, AEFEAN G ZRE 1
AT UG Z 0] B K- LR AL AL P 5 2 i
PR B AT e A 3 4 T B TR 2 2 AR AL R B A
PR RE S N R, HEsh Al i kA .

AHFSE R B R Dec0527 ) AN 20 BT Fl 22 55
KB HTER LRI T 58 B AT R R 22 IR A v
M, HZME PR T HAR
B P I A ) S sh i Bom T 2 3
DL ) 0 A 12 2 B R IR e R IT IR T 2%
S B VEAT AT S 76 BT A AR08 BOER A AT R s e
MLSYESBURTE, W8 724 L s S 2 4 )L™
Al R DG SR iR AE . AR R T TR R
W4 A SRR BOR ) e IR T &, IR
T PR IMRE | 4R . HRE 98 % IR s Sk e 2%
BRT 2014 AFHE MRS o B T — bk
B Uiy 72 % 1T 1 (C. sakazakii)®®, 75 24 £ 5 1 %}
ZR IR RS IR 2 1, X R
Dcc0527 Ay 4 PR 00 7 A A Bl T4 A 5
) B B AT TR S SR B R Rk,
H B P AR I 5 55 Bl
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