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Pathogenicity and genomic characteristics of a Streptococcus
pluranimalium strain isolated from bovine

FAN Wenyu, GU Lanying, GAO Zhiyu, CAO Xinyan, ZHANG Yanbing*, SUN Yanming*

College of Animal Science and Technology, Shihezi University, Shihezi 832003, Xinjiang, China

Abstract: [Background] Sreptococcus pluranimalium was initially reported by Devriese et al. in
1999 as a potential zoonotic pathogen with a broad range of hosts. Although this pathogen has been
isolated and identified from infected tissues of several species, including cattle, sheep, pigs, and
broilers, there are few studies reporting its pathogenicity, antibiotic resistance, and genomics, which
remain to be studied. [Objective] This study aims to identify a S pluranimalium strain isolated
from bovine respiratory tract and analyze its pathogenicity and antibiotic resistance. The basic
characteristics of the genome and some virulence factors and antibiotic resistance genes were
identified by genome sequencing. [Methods] Nasal swabs were collected from diseased cattle for
identification of the pathogenic bacteria by 16S rRNA sequencing. Furthermore, the pathogenicity
of the isolate in rabbits and the drug susceptibility of the strain were studied. Illumina sequencing
and assembly were carried out to obtain an overview of the genome of the strain. Swiss-Prot, NR,
GO, COG, KEGG, CAZy, TCDB, and Pfam were used for gene annotation and function analysis.
PHI, VFDB and CARD were employed to annotate the virulence factors and drug resistance genes
of the strain. [Results] S pluranimalium Bov5 was successfully isolated, which induced pulmonary
septal thickening and inflammatory cell infiltration in the rabbit lung tissue. The strain was resistant
to lincomycin and clindamycin and showcased intermediate resistance to streptomycin. The genome
size of the strain was determined to be 2 038 579 bp (2.04 Mb). A total of 1 981 coding genes were
annotated, including 100 virulence factors, 28 genes conferring enhanced pathogenicity due to
mutations, and 83 antibiotic resistance genes. [Conclusion] We isolated a bovine-derived
S pluranimalium strain with strong pathogenicity, constructed the genome framework of the strain,
and mined the virulence and antibiotic resistance genes. The findings laid a foundation for further
studying the pathogenic genes and antibiotic resistance genes of S pluranimalium.

Keywords: cattle; Sreptococcus; whole genome sequencing; pathogenicity; antibiotic resistance

% 51k Bk 14 (Sreptococcus pluranimalium,
Sp)/&— PP E M N & LR RR, 52 s &
fEYSFAIDE . H Devriese 551 F 1999 4R 7E 5 &
BRI, 26T H o St AR A sh ) fik e
SO B 9T B W 22 . WFAE BRI ] R
Z RS R R , AR W5 A I IR 3L AR
% WUMAE . ZFPAFE RGN . /N AR
FE 48 T D i AR 4 12T, LA % PRl XA M 1 i A

PR AR A 2 T b A 4 S pluranimalium
AP S AT I R G

A, TR AN 28 B P 4R S
OV e b U0V A e R RO A R, R
S pluranimalium S EZ R RS LH RIS
R R | BB R NS O e R e e
okl Audgm!, BSR S pluranimalium
R S TR o A S 6 s P A R v oA e B B A B0
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PE, BERA S EE R T8 N FIEE, X
A R 2 BH B R 1 15 2 98 R RN A T8 P TR IO
JE RSO 1 B v R HE A AR

AW IE 1 R A PEIE R A A S T
FEAS, e alifk Zah W BEERIE(S pluranimalium),
F I S BOm M 06 S 24 S 40 BT B PR 1 3
o P N 24 SRR o T A TR B DR 4 A v
P A 1) B R LA M AT B I T i 45
e, o DR 2 g 30 00 AR T R R A R 4
FERAE B, R 7ES2 38 At 5 s 24 35 3 Je 25 )
R R R EAE . R, 8l 43 Ry
AR S pluranimalium 4k 58 K 2H BEA %y
fiE, Mg R TR 25 R R, DUEE
S pluranimalium JLH 415 B, IR E SR AT
FEHBORMLR . 20k RS 3k DA RS
By

AR

1.1 #HE

K& E S (Tryptose Soya Agar, TSA)%
FHe . BEEFF KOS N (Trypticase Soy Broth, TSB)
B AL, F B EAYEARGRA T ; Trans2K
DNA Marker, JUat @ EYHAR B A PR
Fi]; BioGold 2xSuperPCR Master Mix, dtaii#ifi
TEEWH ARG R A F]; MR AR 2 DNA B0
Mg, b KRAEFH A BR/A ¥ ; NEBNext®
Ultra™ IT DNA SCIE il #5177 &, NEB 22 +].

HL KA, S —4WRHA IR A ] s PCR
1%, Applied Biosystems 7~ wl; Azfbi 3746,
REH B RAER A R A A HIREFRIRG
fr, IR AR S A PR A R FIKAY
R R R GE AR AR i BE 2™ i (1) A BR
24wl Qubit 2.0 ZOEE A, FEEKHRBHL
vHE]; Agilent 2100, ZHERRHE (HHE)ABRA
] ; Illumina NovaSeq PE150 I &, Jbaiin

RECERHZ B A PR

s 25 b T DT 8 A T b DX RS 2R 3 R
AT o BVE 22 VR AT R SR A B
Y P R SR o S S A T R AR S )
RPRZE o A 2o (Y5 A2023-017),
1.2 BEHDB4AULS 16S rRNA EELEE

oo 4 B P4 F T TSB #5383k,
37°C. 180 r/min ¥ FE55% 12-16 h J57E TSA 15
Fikk FRIZgrEs, 37 °CHiFE 12-16 h, PRBULH
FTRPETE TSB WIAR: SR B b iG55 . (4 A
16S rRNA BL[# 54 27F (5'-AGAGTTTGA
TCCTGGCTCAG-3")#l 1492R (5'-CGGCTACC
TTGTTACGACTT-3")XH55R I PCR #7314, it
PR EE 1500 bpt', PCR EUWAKZR (20 pl):
BioGold 2xSuperPCR Master Mix 10 uL, . F
W59 (10 pmol/L)4 1 uL, B 2 uL, ddH,O
6 uL. PCR i 4&fF: 95°C 5.5 min; 95°C20s,
57°C30s, 72°C45s, 30 ME¥H; 72 °C 7 min,
PCR ¥ ¥4/ W4 1% BEARBGE A i VKA ) %
TR A RAEYFHCA A VT o Kbk
WA e 2 R & A B e, T8
NCBI ¥4 % 1 #:47 BLASTn FeX}, #aiA itk
i o
1.3 Hmiiie

FR AR IR WL ODeoo 5 AH IV LR B IS 15
TR K BOT A E WA, JCE PBS MBI 9%
W ZE 10* CFU/mL, T35, %85 6 JfErE:
2-3 kg 3 AMEREHE A%, B43 1, 74
NS R BRG], SEHAH 10 CFU/mL B
W R B IR 100 uL, A BALEREA
X B2 DUAH ] 7 B s S5 s JC A PBS, Z 0%
ZEMER 14 d, FCsE IR RARIR BB T 1B o
PRI IET SAT BRI RE R, BUIHZUE 4%
LR E 48 h )5 HE Jeft, ik ilizH 24
PRARAE, FSXTREA g 2
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1.4 LRI

KR P B (K-B ) B 7 25 8085 .
B RR (] TSB 853735 37 °Clsg: 46 h ), WA
WA KRR 0.5 Z R, fiiH
— WM G DA A 2 T O RS P TR, ST TR A
T TSARE AL, VML AR TR, m
Jei FE TG B 58 7 e B2 0 R O = S A 1Ao7
37 °CHi3% 16-18 h, M APiE R i
W ER, EENAERARKRRAE . #5
2. WEHER. ThER. RV E . wRYD
BB HE . MRATEER . wkER . RS
Bima . ARTEAR, Skrmenkk . Sk . Skl
g . KR, FAREEIL 16 . SHEH
Il R AN S 36 % A5 {k Bp23 (Clinical and Laboratory
Standards Institute, CLST)FRfiH] & fUSE!!,
1.5 BEERERANF. AR

AN BL 20 DNA 42 B 7] £ 42 Uy
BRI 4] DNA, B &E i i vk /6 i
DNA 4l Fioe st , J-RIA Qubit it . K5
ZEBENLFT M, {8 ] NEBNext® Ultra™ II DNA 3C
4R S H HE DNA S0, 2 Qubit 2.0 %)
M B Al Agilent 2100 46 5 f F qPCR #ER &
w., KA E, BT SCEMHRTT [lumina
NovaSeq PE150 )7 . I s bh Bl 246 57 &
itk | i PEAR T 5% . 2Bk duplication 75 4%
SR s, M Tk, A
SOAP denovo v2.04. SPAdes il ABySS #1441
%, JfidId CISA 4 R H gapclose v1.12
SRR B LS AT AL R B gap, M
AT R A B85 5L 108 500 bp LU i Bodf
PEATPEAS PGS T2 #r o
1.6 ERFEASSH

Wit GeneMarkS v4.17 4%t 4 i B[R E
frem; X T EKE P, &M RepeatMasker
Open-4.0.5 3 MF AT HUCE H A P 5 o, SR

Tandem Repeats Finder (TRF) v4.07b ## - DNA
JE R E T X THESRIS RNA (il
. 3@3d tRNAscan-SE v1.3.1 #iljll tRNA; @it
SiE%5% F 5 (RNA JE AT F rRNAmmer
v1.2 T rRNA; /)N RNA (sRNA)F T 0 7 56
K H Rfam o8 % Heoxd v B, i o fi
CMsearch v1.1rc4 i@ mAFH . 433 A4k
4 IslandPath-DIOMB v0.2 . phiSpy v2.3 Al
CRISPRdigger v1.0 TR g 2L 8 & . |l
Wik 14 F CRISPR. 34, #ildli NCBI H £ 3%
HERRTA HAD B IE 4751, it BRIG #1F
it B R AH B 1A, 37 ] Mauve 31444 CGView
Server P ufi P FastANT {4 7E4T 4% bk A 41
B L2 53 Hr
1.7 EEIhEERER

FIH Swiss-Prot, NR, GO, COG. KEGG.
CAZY ., TCDB, Pfam ##i/%, i#sJ Diamond
FEX(E value<le-5), BeH L5 7 iy O 45 2R
(BRIN identity>=40%, coverage>=40%)#t17 )]
RETERE. ffiFH SignalP v4.1, TMHMM v2.0c T.
BN 5 R M B B2, FFak— 20 254wl
SRR . A, AR R S SRR A 2
B, SR W R GO OCHER A T B LA S
TNSS %%, H#H antiSMASH v2.0.2 Filillk %
L%
1.8 FHEFMMAEE

fo FH9 I 5 18 3 B VE %04 1 (pathogen  host
interactions database, PHI) . #E JJ [H 1 548 /%
(virulence factor database, VFDB) M $it 4= Kl 2
H R B HE % comprehensive antibiotic research
database (CARD)¥RZE BbE I HE 7 K+ Fiiif 25 5
K, 2 Diamond X, R0 55 TR AR R AN L
TRe B MG B 45 & WA R E R L . A
CARD %4l EHILAY resistance gene identifier
RGDFAMH BAr¥ A E ¥ 515 CARD $#
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FESEATEEXT, FEGIHE BRI MBI G S .
1.9 ARG A EWIME

i/ barrnap v0.9 4 A 25 TR M FE DR 4
H 4 16S rRNA JE[H ¥ 41, il NCBI
BLAST X}, #HUF 41— Bt i m /9 7 41 3t
20 1~, >KF MEGA 7.0.26 /4 neighbor-joining
EWERFELER . S CHR[11,14]0 H HLbE
DL RGE LT M. FREC NCBIL H BT A 85 BRE
J& (Sreptococcus) Fl . BR ¥ ¥k @ FL W AP
(Lactococcus lactis subsp. lactis) . LR FLER I FL
Jig IV Fl (Lactococcus lactis subsp. cremoris)z %
LR )T, LI Z 8l W)k 2K IR (Sreptococcus
pluranimalium) SP28 . Colony612 ., SP21-2
TH11417 . 14A0014 3X 5 #R B RE 19 IEH 41751
i /] orthofinder 3K15 LA b 4 FBIE R4 13 41 LA K2
Ak Bovs LR FH 0 s4E DL . 28%) 5%
5 &I 5 A igtree2 #f & fx = A I DA
Lactococcus lactis subsp. lactis F1 Lactococcus
lactis subsp. cremoris J /MM HE R G LB,
F—#3i it iTOL 5 RER G .

2 EREG5M

21 EHMHEERRGLXEMNPITER
P B THMT TSB B iRE, &
TSA KigR B4 8158 1 #RTR, 744N BovS.
LR PRTE TSA 55325 HIE BivNT 0.5 mm ADGH
LB TE(E 1), FEk Bovs 9 16S rRNA FE[A
PCR 4" 847 R/ INA1 R 1500 bp (K] 2), NI
WP I 154 7 BLASTn USRI P i e O
% B Wy 4% K ®i (Sreptococcus  pluranimalium)
(100.00%)., TERGLBEWH(E 3, B 4), FHk
Bovs 5438 A% LA AR S pluranimalium
strain 14A0014 PRI S, k5508 A o E4A4
FLIR AR A S pluranimalium strain TH11417
TERl—5r37, SHAWRBEER RS R .

1 Bov5 BIEIEZS
JesE N EEIES
Figure 1 Colony morphology of strain Bov5. A:

Eye view morphology; B: Colony morphology
under a light microscope at 40 magnification.

A: IRWDEZS; B: 40 1%

bp M 0 1

2000

2 ¥k Bov5 16S rRNA £ [F PCR =4 5k
%%  M: DL2000 PLUS DNA Marker; 0: XfHH;
1. H#k BOVS

Figure 2  Electrophoretic bands of 16S rRNA PCR
products of strain Bov5. M: DL2000 Plus DNA
Marker; 0: Control; 1: Strain Bov5.
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oot

B3 #MKERMARENERERGLEN I REREEHE IR0
Figure 3 Phylogenetic tree of single-copy genomes of members of the genus streptococcus. The scale
represents the unit of genetic distance.

2.2 Bk Bovs BELAISEEHMmZRMEE ISR 5 10K, — RSB RET, HK
RIB 5 Jei G P JIE 2 A DL A%, F T M s T i, o i B
WG 1 FN T BIGRRR, IE,  BAI. SIS X RLU4140 HE B
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4 TETk Bov5s &T 16S rRNA EEFIHMENRZA BN

55 W95 GenBank &5t 5; I

AR 1000 WK A BURE bootstrap A B EEE ; bR/ 0.01 Fom g4 1 2 a4 5

Figure 4 Phylogenetic tree of strain Bov5 constructed based on the 16S rRNA gene sequence. The number
in parentheses is the GenBank accession number; The numbers at nodes represent the confidence values of
bootstrap test with 1 000 repeated samples. 0.01 in the distance scale indicates units of genetic distance.

AR ILEL S, BT XTIRAL, Ttk Bovs W#E S
SN RN L = T =08 | R R
RN, DLk 4 i A 32 (K] SB-SE),
o, n] D B 20 3 A7 (8] 5B #1 5D).
2.3 Etk Bovs EREAERSESERLEAS
TER

W Sk H RS H R Bovs B4
Scaffold (GenBank %55 : GCA_038404965.1),
202 1K RT 500 bp AL 344, BOKE
2 038 579 bp (2.04 Mb), Fx K 2 80 489 bp,
/MK 1616 bp, N50 4 101 266 bp, G+C it
9 38.8%, itk Bovs JERIZ KK 2 038 579 bp,

FERA g EER I, 1 981 4y, R EKE
7 R LK B Y 84.65% . HiAthJE R4 40 43+,

2] $ B A P A 202 4, BOEE R TS
1824, AEZAS RNA 654, PAIKIELNE 614,

FIWE R4 7 SF1 CRISPR JE41] 14>, JERHA
O ERZE R ISR 1. i FastANT 311515
H Bovs kR 14A0014 ALIE Jy 98.00%, 5
IR TH11417 MIRUE R 97.46%, 5RFE LB
GEIR—F B E 455 NCBI £ sh ik
BREHAB A BR(14A0014, TH11417., Colony612.

SP28)Jk K 21 J3 1 A b A, 22 il 3k P51 241 P el (1] 6)
AL AT (B 7). G55RR, & R
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Control

Challenge

Bl 5 xtRARMALA)KRER Bovs LERMBLB-E) ML PHRgil; &ik. B
Figure 5 Lung tissue of rabbits in the control group (A) and those challenged with the Bov5 strain (B—E).
Triangles: Neutrophils; Arrows: Macrophages.

P R EER A — B, (AR BeArAE 225 i A R 2R iR o SR Ze kot b (B 7),
fir, WTEEL 6 MG i B, Bikk Bovs 9 G+C Tk Bovs 5 HAIE K 2 — 307 91 i 5 4, )2
SRV TFREOKE, 5 RNAAMMEE, BT IXEROGN PR RN R, (HRR )y
IXIEE TR AR, X A AR IL SRR —E
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=1 BE¥ Bovs EFEBENPEKER
Table 1

Basic information of strain Bov5 genome components

FEF 4140 4 Components of the genome

¥ Number

K Gene
HIEHE £ J¥ 51 Tandem repeat sequence
/NI1 & DNA Minisatellite DNA
#1122 DNA Microsatellite DNA
WAETE K 75
KA B JF 5] Long terminal repeat
DNA ¥ Jf£ ¥ DNA transposons
K HUE T E 7% Long interspersed nuclear elements
J5 HUFE B 2 771 Short interspersed nuclear elements
YRR Rolling circle
ARHI4 4> Unknown
Ik 4w A% RNA ncRNA
tRNA
5S rRNA
16S rRNA
23S rRNA
sRNA
FLIH & Genomics island
HI W & Prophage
CRISPR

1981
202
176

1

97
49
22
11
2
1

57

— N = NN W

o T L DR 2 R A A R AL B R X
S, KT S5 PR G B8 T A 4 TR R (R AR A%
PO REFEIA , 76 40 R A A7 A0 S o R b B
TR, (EEE Bovs JEHZH rhAEFm 2] 6 4>
LR B (] 8), iAoy 4 A~ BL IR 5 0 2) 54 e iy
L, Horh GIs001 FEfEdi AR ZHitt,
£ 95 2 He W R 5L R i 5L ) ant(6)-1a .
ANT(O)ZK IR AFENE T LIRS AL N Sow, H
S R 1 0T A8 M A A T 2 2 I T R
SHZEL Y PiTE . GIs002 A 4wfh DNA ik
SEAERIVIEEE A SRR IERFEFEME . 30S %
FHAZE T S1. GIs003 3[R 2 65 7= 4 4 435 1/
BV SRR . & LytTR K% DNA 4563
MR IIT . BRI RR 2 |, MW E®R
FEE L AAME AV E P FIHENZEAMH R,

VA S 2 5 ki e A 5 RS 11 TraF, X SE2E XA
W AAE LA BRIER, S 5% R IREE Y &
% Wit 5 AR . GIs004 R gmit o 3 B2
SMERGINE AT CadD FiRMmPIME s
M, A B4 4R 5. GIs005 4
T =) £ 25 5 53 Je S8, 4 Dnal
DnaD. NrdR., NPT %K T, DI 5
R GG 5 B 25 4 2R PG RN 4 IR BRI
HtpX. GIs006 N A] 4 hth o/ B /K M . - — 8k
PRI . 50S A% WHIAZE T L28 ., Asp23/Gls24 5K

2.4 &tk Bovs BRI F RSN R
A9 GO. KEGG. COG. TCDB,

CAZy SF%0Hs PR X2 D ik S DR A 147 35 TR 1 g

TR, GO R A R (B ORI, i 7
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~ 1600 kb

£

;; -,1400 kb
4 2 7
2\ % |

2 038 579 bp

% ' Streptococcus pluranimalium Bov5

B G+C content
G+C Skew
B G+C Skew(-)
M G+C Skew(+)
Bov5.gbk
100% identity
70% identity
50% identity
14A0014.fha
100% identity
70% identity
50% identity
THI11417.fha
M 100% identity
1 70% identity
50% identity
Colony612.fna
1 100% identity
70% identity
50% identity
SP28.fna
100% identity
70% identity
50% identity

El 6 Pk Bovs FEREHEREIE BN i N M B30 2 n P S 2B L G+C & it . G+C Skew
B R Bovs JEH4L . S kK 14A0014, TH11417. Colony612., SP28 fFL A 4]

Figure 6 Genome circle diagram of strain Bov5. The circles from inside to outside represent the sequence
length scale, G+C content, G+C Skew, genome of strain Bov5, genome of reference strain 14A0014,

TH11417, Colony612 and SP28, respectively.

(cellular component) ' 3= 245 4l fitd i 351) S 4K A
YR N Lo R B E A, WA TR R
T, XATRE SEBRIMATER A, 219
fiE (molecular function) ™ 3= 2 A i £k 16 14 Fii 4k
G, VLK o AR SR T I R s AR Al AR
(biological process)H L4l fg i F AN 1 Fe
F, BRGNS EYIRATAE Y R,
Horprtfd 5 f00% R Ge I R A AE W R RT

KEGG HRT R4 R (K 100RH], FERME

DR 5 ik i 22 19 2 B R A A DG i, D HE
fie K AL A AR L 2 S I A 0 A T R X
SIS TR A R S Y O B B HL AT
., ERIMXENREZNER TEREEH
ABC transporters (map02010), ZGKUEE T
B KRR (map03010), 7E{F 55
4125 F By two-component system (map02020),
DL KA A L RE V- DR A% AR D 3 25 2T I AR Uk
JVi(map02024), B—LL AR Rk pgoh,
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S. pluranimalium

Bov5 SR SN I:

S. pluranimalium
TH11417

Streptococcus pluranimalium Bov5
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7 Btk Bovs SHMtSERKNERBARLLM ST A: WK Bovs 5 TH11417 44454, B:
ik Bovs 5 14A0014, TH11417, Colony612., SP28 Lt /3 #r

Figure 7 Genomic collinearity analysis of Bov5 and other Sp reference strains. A: Collinearity analysis of
strain Bov5 and TH11417. B: Collinearity analysis of strain Bov5 with strains 14A0014, TH11417,

Colony612, and SP28.

BEA5 IAL W SO M5 BAR R, AR5 A9
WA ALY . M 250 . e . O e
e

COG Hi4ls e T B 25 AL (B 11)H DG i 5 4
RERRIE . BRHAS A Yk d:, &3
it is FACH, fokAua Pris M. 54h,
39 PR B 2 5 DR A T TR O L 5 AR e [ 4
B

s R A BRI TCDB ik is A,

FLAEE FIE N M2 RS, TCDB Ui e i R
S5 R R WL R 1~ B IR i B 1 Ry D R
FaifiaEH, HKOEBAS A K i ia
T M B s (8 12),

CAZy e/ S IR, NS
AT REMEALIIAK AL S VIR . B S A= )6 U
THRHFR R, CAZy FRREEH(E 13)UiRH, AHC
FE R FBLAR PR T /KR (glycoside hydrolases,
GH)FIBE L FE il (glycosyl transferases, GT)7r28
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ANT(6)-1a Spw Transposase

GIs001

Dhanuhawihanclévnnafanana

Gmm-i----»—--y"i--y—ﬁ-p‘-[‘-

Branched-chain amino
acid aminotransferase

LeucocinA/sakacinP family class II bacteriocin Glycosyltransferase

GIs003
| TraF
Bacteriocin immunity protein

Response regulator
transcription factor

1S200/1S605 family transposase

FanG Cadmium efflux system accessory protein

Glsoo+ EEp— )4 D) ¢E) === ==

HtpX Response regulator transcription factor NrdR Dnal
GIs005
YceD family protein  HAMP domain-containing DnaD domain protein
histidine kinase
Alpha/beta hydrolase 50S ribosomal protein L28
GIs006
| Asp23/Gls24 family envelope stress response protein
Fructose-bisphosphate aldolase
0 2000 4000 6 000 8000 bp

8 Bovs EERGH

RARELFRE Z A NRERFIBUEE A, W0 MR ICTE RS

Figure 8 Bov5 gene island structure. Most of the unlabeled results are putative proteins with unknown

functions, and some are results without annotation.

th, IF HOOR T RE BN 2 b5 24 i (polysaccharide
lyase, PL) Fll A AL i R (auxiliary activities,
AA), KTRNF, BB MMEN 45 4, If
AT BNTATRB ) 53 W R Ge, (HFIE] T3SS
RONEE T 26 4> R UGAHBRL 5 70 B 45 2R
WoR(BE 14), ZW&A T3PKS FEHEE 1 4~
bacteriocin FEH % 2 14~
2.5 FHMW ARG

ZH BRI 7E VFDB 3L yE B £ 100 4~
BT (R 2), HIEHHE: FME . AEPEE
RN RS SN B . AMEER . I
stk ERAARE T BiEEem. A
P A R A . B T E A TR

B, SRe T R AR R X 3 A4k,
WIGIENE ., LPS, BERRENSE (ARG A 45, 5
IMBA SRR IVEANIE | IR, UL S
MAreRE A, SEBREEMEILEE . C3 WM 1
it o 3 3% g R T BT REAE 40 B BB . R ANL
e, SBOE E R R R R VER AR
TEI 55 i 3 ELAR B 2 (PHID Y i v %
ZE R 15y, e SO I O e 8
(L 169 A, 2875 S350 5 B0 AE 11 HE SR 1)
JED 28 AN, S N I T B M B B
JED 54 A, 27 S EUN B0 AE J1 3 2R 19
K A, BIEHE T 124, WA P2 L A
RPN 1A SO 5 O AR T 1SR )
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Figure 9 GO functional classification of strain Bov5 genome.
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Figure 10 KEGG metabolic pathway classification of strain Bov5 genome.
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L: Keplication, recompination and repair (¥3)
M: Cell wall/membrane/envelope biogenesis (101)
N: Cell motility (9)
O: Posttranslational modification, protein turnover, chaperones (59)
P: Inorganic ion transport and metabolism (77)
Q: Secondary metabolites biosynthesis, transport and catabolism (14)
R: General function prediction only (129)
S: Function unknown (80)
T: Signal transduction mechanisms (80)
U: Intracellular trafficking, secretion, and vesicular transport (20)
V: Defense mechanisms (58)
W: Extracellular structures (3)
CDEFGHIJKLMNOPQRSTUVWX X:Mobilome: prophages, transposons (44)

Function class

100

Number of matchec

50

11  F#k Bovs EFHA) COG ThEE 7K E

Figure 11 COG functional classification of strain Bov5 genome.

I
1 2 3 4 5 8 9
Function class

12 E# Bovs EF4HH) TCDB T&E 5 2 [E

Figure 12 TCDB functional classification of strain Bov5 genome.
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-

AA CBM CE GH PL
CAZy class

13 F#k Bovs EELHA) CAZy ThEED XK HH
MERBESRITE  AA: FiLER; CBM: fik
KAEEEEA AL, CE: BESHRMREY; GH. BT
IKfRH; GT: VSRR, PL. ZHEZLRN

Figure 13 CAZy functional classification of strain
Bov5 genome and corresponding gene number
statistics. AA: auxiliary activitie; CBM: carbohydrate-
binding module; CE: carbohydrate esterase; GH:
glycoside hydrolase; GT: glycosyltransferase; PL:
polysaccharide lyase.

=2 BHERFIRER

Table 2 Results of annotation of virulence factors

40 - Clusters number
Gene number
30
2
£ 20
Z
10
0 .
Bacteriocin T3PKS
g 14 E#k Bovs EFEARMNRE R FEEFERE

Ié&géﬁl‘l‘l

Figure 14 Statistical diagram of secondary metabolic
gene cluster and gene number of strain Bov5 genome.

T 245 19 2 5 5 0 A4 2R A A il 9 P 2 1 A
ant(6)-la, ant(9)-la, AT LR 2 24
A InuB, DL K2 S5 as MR G A BT
FLILN IsaE, mel . mefA, HAb, T Ay

VF category Virulence factors

Number of genes Related genes

Adherence Adherence
CDO0873
EF-Tu
FBPs
GroEL
Lap
ML1683
PDH-B
PEBI1

Streptococcal lipoprotein rotamase A

Streptococcal plasmin receptor/GAPDH

Biofilm Al-2

BopD

Glucan-binding proteins
T4SS

Autolysin

Effector delivery system

Exoenzyme
C3-degrading protease
Serine protease
Sortase A

Streptococcal enolase

1 dnakK
CDO0873

tuf

fbp54

groEL

lap
ML_RS08565
pdhB

pebA

slrA

plr/gapA
luxS

bopD
SMUNN2025_RS00190
CBU_1566
cbpD

CppA

htr A/degP
SrtA

eno

G GG NG Y G U U S

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4660 (YIS Gk Microbiol. China

(3R 2)

VF category Virulence factors Number of genes Related genes
Exotoxin Cytolysin 2 cylR2

Hemolysin 1 hlyA

Hemolysin III 1 hlylll

MARTX 1 rtxB

Phytotoxin phaseolotoxin 2 argk
Immune modulation Capsular polysaccharide 1 whbfV/wevB

Motility
Nutritional/Metabolic
factor

Post-translational
modification

Regulation

Stress survival

Others
Total

Capsule 28

Exopolysaccharide

LOS

LPS

MymA operon

PgdA

Polysaccharide capsule

Polar flagella

ABC transporter

Copper exporter

FbpABC

Ferrous iron transport

Glutamine synthesis

LplA

Purine biosynthesis

Pyrimidine biosynthesis
Trehalose-recycling ABC transporter
Lipoprotein diacylglyceryl transferase Igt
Lsp

Serine-threonine phosphatase stp
LisR/LisK

RegX3

RelA

SenX3

SigA

ClpC

CIpE

ClpP

SodB

Trigger factor

[N Y S GGG UG GG N Y S R O Y3 G UG U T S G GO S

Dispersin
100

cap8J, cpsA/uppS cpsB/cdsA, galu,
hasA, oppF, rfbA, rfbB, rfbD,
SAK_RS06335, SGO_RI04955,
SGO_R05030, SGO_RS09900,
SGO_RS09905, SMU_RS01255,
SMU_RS03825, SMU_R03835,
SMU_RS03845, SPD, SSA_RS07390,
SSA_RS10870, SSA RS10875,
STER_RS05315, STER_RS07060,
STU_RS14640, STU_RS14650
mrsA/glmM

orfM

fabz, fimF2, IpxA/gimU

adhD

pdgA

BCE_RS25810, galE, manA
flmH

fagC

ctpVv

fbpC

sitB

glnAl

IplAl

purM

carA, carB

sugC

Igt

IspA

stp

lisR

regX3

relA

senx3

sigA/rpoV

clpC

clpE

clpP

sodB

tig/ropA

aatC
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PHI phenotype classification

160 [

120

80

Number of matched genes

1: Chemistry target: resistance to chemical (1)
2: Chemistry target: sensitivity to chemical (1)
3: Increased virulence (hypervirulence) (28)
4: Lethal (12)

5: Loss of pathogenicity (8)

6: Reduced virulence (169)

7: Unaffected pathogenicity (54)

=

B 15 B Bovs ZFHAY
Figure 15 Statistical map of

*®3 WMHEREERER

3 4 5 6 7
Function class

PHI IR RS E
PHI annotation results of strain Bov5 genome.

Table 3 Results of drug resistance gene annotation

Classification of drug resistance Antibiotic resistance genes Number of gene species
Fluoroquinolone antibiotic arlR; arlS; cdeA,; efrA; efrB; mfd; patB; PmpM; pmrA 9
Macrolide antibiotic efrA; efrB; ImrP; macB; mel; mefA; msrB; RImA(II) 8
Peptide antibiotic arnA; bacA; berA; Efac_cls_DAP; PmrF; tsnR; ugd 7
Glycopeptide antibiotic vanE; vanH_in_vanO_cl; vanR_in_vanB_cl; vanR_in_vanF _cl; 6

Lincosamide antibiotic
Streptogramin antibiotic
Disinfecting agents and antiseptics
Tetracycline antibiotic
Aminoglycoside antibiotic
Pleuromutilin antibiotic
Aminocoumarin antibiotic
Rifamycin antibiotic
Streptogramin A antibiotic
Carbapenem

Cephalosporin

Cephamycin
Diaminopyrimidine antibiotic
Monobactam

Mupirocin-like antibiotic
Penam

Phosphonic acid antibiotic
Streptogramin B antibiotic
Sulfonamide antibiotic

Sulfone antibiotic

vanS _in_vanB_cl; vanT_in_vanG_cl
ImrD; ImrP; InuB; IsaE; RImA(II); salA
ImrP; IsaE; mel; mefA; msrB; salA
arlR; arlS; cdeA; PmpM; sav1866
ImrP; tet(T); tetA(60); tetB(60); tetB(P)
ant(6)-la; ant(9)-1a; baeS, PmpM

|saE; salA; TaeA

baeS; Sris parY_AMU,;

efrA; efrB

ImrP; salA

Spne PBP2x_AMX

Spne PBP2x_AMX

Spne_PBP2x_AMX

dfrA3

Spne_PBP2x_AMX

Bbif_ileS MUP

Sne_PBP2x_AMX

Mtub_murA FOF

msrB

sul3

= = R R e e ek e e = NN NN W R o O

sul3
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2 M E macB, HKE arlR fil TaeA, X
3 ANEEHEE TAMNER SN . 2k 45 R
(F 4B/ RIZE PRI B R IR ARA] B = Ao
MEE R 2, X2 B R EE R SR A
A, B R R AR, R b AR R
PR

3 WREER

H 1999 4F Devriese 25 i Yk £ sh i
BR A AR Z R0 B i BoRE LSk, iRk
B, % E AR Z R ) T B 2 Pl RAE AR
EANBBEPOA S, Bon B mE £
NEREST o ASWESEIE S WK BovS X1 T U H
B, HRAVGZIR AT TPIRGE , 5] SR
I 895 A4, BH 3% B R B LA — i 1 B0

x4 HHPHELER
Table 4 Results of drug susceptibility test

254 T MFEER 2550
Drug Content 1ZD/mm Result
(pg/tablet)
Bk A Amikacin - 30 23 S
BEF5 % Streptomycin - 10 13 I
F[Z37 & Azithromycin 15 18 S
J7 %2 Vancomycin - 30 18 S
Ri#vh B Enrofloxacin 10 26 S
WA A Norfloxacin - 10 17 S
W] 23.751.25 19 S
Cotrimoxazole
METEEZK Lincomycin 2 - R
LMK Clinomycin =~ 2 13 R
W B4R Meropenem 10 36 S
FARTUAK Ampicillin -+~ 10 31 S
SkTMEK Cefazolin 30 22 S
LA pl# Ceftriaxone 30 27 S
LAIPIE Cefradine 30 31 S
KPR E Minocycline 30 24 S
FR e Florfenicol 30 29 S

—: No inhibition zone. S: Highly susceptible; I: Intermediately
susceptible; R: Resistant.

e, SETABFRE SR — S R A R 4
R AR I B E A RSB, XEHLIA A
o MZEHYEERRE 2N12 il E Ak &t
Ha i e R ShAF U, B R ER . X
A AR5 12 TR R H At 8 T AR =2 (8] X6 A 2 6 i A
WA o0, WERRIA A0 TE R LA A T2
WEAfFmPh HIEaE RN E . BmMEZ, A
IR AR . AN ETE 32 DL R EHCHT T 1 22 5548 vT
RESC M2 A 518 ERAHEAER, A A&
B, R 5 15 3 Z RIS TE S A EAE AT iR
ABH5E

YA 5 1 3 AR A A B AR 4R T R R
TR, KR I BE AN — AR 2R ) OB AT
FEX —f R, AR Bovs JERZ 1% FBPs.
EF-Tu. GroEL. SIrA. GAPDH %%} AH <5
ST AR R A EEAER] . AEEALSEEN
(FBPs) Al HeFiE 145G, RiFRIEHEE, 5
HEERR T S 18 AR L B UAR, 15 A
R A DL St — et . R, FiEE N
455 M Fops4 1e ALl 55 Bk 1 (Sreptococcus
pyogenes) %3 A, IR AT AR5 I IE M A
KU BF-Tu BRZ 54N BHRE AE P #4078
2 R EU T O R T AR R £ i R )2
KA EN SE MR . o1k
{5 GroEL AJ i 3 AR 5e , 75 BRI 5 18 1 ST AT TR
(Cronobacter sakazakii)f', GroEL 7] 5 4l ]
XoT 20 B ) G B A 2R BE T, AR AR R A R
M, A BT AR Y BEER TR R 4
AREE A (SeA) W AR R 7rF AT Bl /-
WS, AR T A0 R e R R
TERERRTA Y, HVMEE-3- BRI Z B GAPDH) MY
Z SRR, Rl 5 2R s s AH EAE
AN, S A merE ML £, i
Z 5N s kiR, MO B 40 B TE T
FRNM A MES . BiE 2, XEREAHE
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K I FRIBEA B TRtk Bovs 518 F 400
2Z [E] A e FfE o

FREGEAHSCHE 41, Iz bkt ] = A
ZRhANBEE, f35 CppA. HtrA . SrtA FIMEE
fRlESE . MR R, C3 M EE M CppA A Bl
F i 9% %% BK 1 (Sreptococcus  pneumoniae) 7& &
MR A AL 4820 I AT i 4% BR 7R X C3b TR G A
EHERT AN 22 AR E I HoeA 1B #VATE
EAM, Z54ER AR EA RS, JFRe
IR EASREEE T, BN b R R e oe s,
A I Tl R BEER TR ) S E 5, IR RETEZ
o B A R A R S S W PO e Ah, BEER
B TR A (SrtA) AT i R R SR A
FAHETFHE, NS 58RI HEEEkn
oh ) AR T P O R AT A8 PN B AL T
I ki G B 0, e BEEEBR T S 6n, AT
TEREIR I A B I Ak, ANEE R T
20 i 2R R I R R B e R AN, XK R
e TEk . R T, FENEE D
W22, BAIGUAMATTRR D fE,
e 2 TR A A W 20 b AR MACSZ AR, A B
T 40 TR e g kiR

FAE IR EBIB ] HirA . CopD #l SIrA
WS 5MEEWER, ClpP 5 1R FHA X,
W 2 5 i 3 AR AT g 1 2 7 IR DU
HtrA. ClpP il CbpD. & BTk, 256 %Gl
YL AU RSB, TR Bovs BT R
iP5 8 P A0 2 00 L i R B S S L DR A2 4 DA
KAUVAIET:, FIRe S X ees TR FEEE/EH
A%, (BN — L RE

CARD s JEiE R R KW, Wik Bovs
Rt 2 BE R 2 47 B, TR SR SO TE IS . ORI
BRI . BERRSS . ARPTIERGZE . BERE R . U
RO IEEME . KRR .
Wk Z i R dehe, i, ant(6)-1a.

ant(9)-la. IsaE. InuB. mel, mefA L[ 351 —
HHEERET 0.9, WRXEILMEIE . AT
M . RIFNERZEPLAE R I 24538 7. 4R,
24y it 56 45 2R 2 7S 12 T R SO0 bR AT T i 2K i
2y, XPEERE R A, o AR P R
B, X ERALEIRARE ., i, ThE
3R 1 24 5 DR 5 r JF A0 5 6 DR g i 2K T BB 3K
MEEARIS TR 2P, ant(6)-1a i
TR EEE B, fEIZER 5 IE A 1E
ANT(9)Z G A HMHH LR % % i Spw KL X D) K
SRR LA, D0 2 5 AR AE KT S R
o W98 W R m] S 3 2 R iy 2507,
XL O T 25 R AR B IR E . ant(9)-1a A4
SPUIR R KRR K 250, (HAE 24 O 5
IR R . AN, 1saE VEh Z 2525 LA,
" 4ifh ABC-F AP, WAMEAER, HA
ARAT S | B 2R L B B TR BRI 24k
InuB [FI#F HA ARAT BERE ST 250, AT g Ak m]
T e A% R e A iU AT T L bR &, X
FE ORI A TR, mel tFR msrD, 7 4
% msr-type ABC-F 2885 1, HAKIFHEZEH
FEPO R R BPUAER M 250, PR, mefAFI
mel ATVE AR R GRS 14 85 15 o
WRANERL YR HME, TFRTTRIFNERE
fif 2 M RO (B 25Kk, IF
SCHRHIE SRR LT B R 251, AT R 2 0
Uivds Sb TAZN 1 25y 0190 0 Y PSS B NN i <)
Pk Bovs R i BRI A 25 2L, W]
REJE I RAR S N R FEOE A RIL, Bos I
5 BRI 25 R BN —5, REWIL, %k
Hh R 24 25 DR A TN 24590 L 2 702, AT AR ORI

Zi BTk, AW B RS — 2 S Y bk
BREA BovS, B RXTHT I 22 e HA BUw
A 5| R il 4 20 DA Hp PR 40 R 3 ) 9 PR A iR
Ve K% fii 1] i 184 J2 . T AR Bov'S XU AR AT BERR S Bt
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