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Whole genome sequencing and bioinformatics analysis of methicillin-resistant Staphylococcus aureus
from chicken

JIANG Hua, HE Xiaojuan, LU Xingchen, LI Chencheng, L1 Yuanhong (School of Public Health s Xuzhou
Medical College , Xuzhou 221004, Jiangsu »China)

Objective To understand the whole-genome characterization of methicillin-resistant Sta phylococcus aureus
(MRSA) from chicken. Methods The whole-genome sequence (WGS) of seven MRSA strains isolated from chicken
was sequenced.and the genetic characteristics,antibiotic resistance genes (ARGs) and virulence genes was were analyzed.
Meanwhile, the phylogenetic tree,based on whole-genome SNP analysis, was constructed to analyze the evolutionary rela-
tionships among different MRSA strains.  Results The results indicated that the full-length genomic sequence of the
seven MRSA strains was about 2. 8 Mbp,of which 2 499-2 735 genes were identified, and the average GC content of the
genes in the seven genomes was 33. 58 %. The results of gene function annotation indicated that the genome of sequenced
MRSA strains contains a large number of genes related to nutrient metabolism and environmental response, which may
provide favorable conditions for their growth and reproduction in different environments. A total of 12-21 ARGs and 53-
71 virulence genes were detected in the genomes from seven MRSA strains isolated from chicken. Phylogenetic tree analy-
sis revealed that MRSA strains with different sequence types (ST) were in different branches, whereas MRSA strains with
the same ST exhibited close evolutionary distance and indicated their close genetic evolutionary relationships.  Conclusion
The genome of MRSA strains isolated from chicken harbors a considerable abundance of ARGs and virulence genes, po-
sing a great threat to human health. Hence,continuous surveillance and effective measures are essential to attenuate MR-
SA contamination levels in poultry-derived products,thereby ensuring food safety.
methicillin-resistant Sta phylococcus aureus ; whole genome sequencing; antibiotic resistance gene; viru-
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FECR 5 1 Lo BB g X £ B R MRSA B R 19 43
TR RIE B IF 58 0 S B O B A M T A PR R
MRSA 1 ¥k 53F AL RRAE A BT X 7 B XS PR MR-
SA WHIETT WGS, 7-Hr AR I bR B 4 1 ARGs il
FHEEH M HE R T SNP B R G k &7 S, ki pr
X R MRSA JE R 4] 2 4 2 53 - i Ak 55 1 5 4 it
B,

mREF*®
1 ##
1.1 &H# 7 %3 AIKF MRSA (GWJR0O1 ~

GWIJIRO7) 43 B A RN T T B XS R BE & 3 RS 2% ik
4 3L DNA Bk B T NCBI $cd8 %, BAR{Z 8 W
#1,

R 1 MRSA EHER
Table 1 The detailed information of MRSA strains used in this study

Wbk X IORIE AEIE S ST 74
Strain Region Source Data sources ST types
GWIJRO1 L% XA ENTIEN ST72
GWJR02 JL7n XA A5 ST7
GWJRO03 1.9 XA E NI ST59
GWJRO04 L7 XA E N ST7
GWJRO05 L7 XA BN ST9
GWJRO06 IT.75 XA KNI ST398
GWJRO7 L7 XA E NI STY
ASM77 =H WY NCBI &S . JAMYYD000000000 ST398
ASMS7 17k ¥Y  NCBI &% . JAMYYG000000000 ST9

ASM95 1A ¥ NCBIB RS .JAMYYJ000000000 ST9

1.2 BB L5RA 5418 BN R B WL T
% E Eppendorf /4 7] ; NanoDrop 2000 B8 i i 43 ¢
G EE T T FEER R R B (D A BR 2 H] 5 GelDoc
XR BVEEBON B & 508 T 56 [ BIO-RAD A R, 41 H

FEFH DNA IO FH & T EE Omega A Al ; iR
IR K S A% CTSB) 1 b 5t bl AfF 5 AR By # IR A
Wl

2 Fik

2.1 @H¥HALE DNARKR 8 7 RS AT MRSA
Iy B RRAT R L AE T T TSA [ AR 33 37 C 45 3%
24 h, BEKECAR AT TSB K385, F 37 CH %
FRPECE R SR AN S5 41 DNA $2 BUL 5 & (O-
mega, USA) # BUEE I 41 DNA, F1] #8543 O 6 B
THFL 1 26 BN Wl 6 Je Fi Uk 3 B DNA B i 1) ok B2 L 40
JE K e

2.2 AXREANF KGR K4 DNA # 5
% EERFLE A ALFH DNBSEQ F 4 1l # MRSA
W4 3LV ALF A o %k I T A5 46 5040 14 47 I 4 Ak 22
J5753 Clean Reads, fdi i SPAdes(v3. 9. 0) % 4" %)
Clean Data gEfT2H 2%, 5 B Ay I H P ¥ H T4
Y i B2 i

2.3 AWM AN R Glimmer AT 4
gl B L N W, i ik RNAmmer 80 15 00
rRNA i@ i tRNAscan" 8 FM (RNA X S8 (R-
NA ) g 2548 i it Infernal "™ B {5 Rfam 53 4
PEAT X 13 2] sRNA, KR HE M &SRy o5
KEGG.COG ¥ & 47 Hext, 15 2065 17 14 Ty fE 7 B
{5 B« [ B 3k B 7K Ak & 0 T M i 08 ) (CAZyme)
PEATRR K AE A W W 2 3L I ) T BE v B . AU CARD
B E A VEDB 046 72 0 MRSA 3 A b A7 78 1)
ARGs F1# M, LI ST9 MRSA B # BA01611
(NCBI: CP019945) 2 2 % & ¥k, fff 1] CGE 1Y CSI
Phylogeny 1. 4" B f: %F 7 #k MRSA %[ 40, L} 3
e E MRSA FZHATHE (ST Ml ST398) #E17 SNP
SIHT S IE LI £ R GE kAR

& R

1 MRSA EHHE K

7 BRAG RUE MRSA 435 41 7 51 4 DNBSEQ
B F PHE A s ARG B % 2 P, W
OYMT 7T KRR IR & 2 499~2 735 NIEH L JE R
HFEH MK E R 2 718 931~2 896 998 bp, FH K JF
9899 bp, HALFHEP (54 A B KA T AR 83. 13% ~
83.72% . GC & 7E 33.51% ~33. 65% Z [f] . {i&
T 40% .8 T HA B GC W IF 3 K4, 1 oh,
W2 B & BRI ) MIRSA T8 bR & A 80 A 45 59 JF 2
s RNA(tRNA . rRNA Fl sRNA) , Hiit sSRNA % &
£,k T1~87 4>, HKM tRNAL T rRNA $i 511K
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Table 2 Genomic characteristics of the seven MRSA strains
from chicken

AR AR HBK

KR KR e " GCE&& tRNA  rRNA sRNA
" 2 BKE K i " \ \
ik R’ IR Totaﬁeﬁ th i:z; J)eL ProﬁoLrEIion LU UL
Strain~ Genome No, of ¢ e 4 content  No. of No. of No. of

of genes  lengthof  of coding

% NAs RNAs sRNAs
(bp) genes(bp) area(%) (D) RNAsdRNAs SRNAS

size(bp)  genes

GWJROT 2721918 2503 2270337 907 83.41 33.58 40 4 75
GWJR02 2829468 2633 2368851 900 83.72 3.9 37 4 73
GWJR03 2801129 2604 2328558 894 83.13 33.56 41 4 87
GWJR04 2829670 2623 2367436 903 83.67 33.55 33 [ n
GWJR05 2896998 2735 2417547 864 83.45 33.01 36 4 78
GWJR06 2718931 2499 2261205 905 83.17 33.65 38 5 m
GWJR07 2895016 2733 2417178 884 83.49 33513 4 I

2 ERFEAFEMSWHT

FIH CAZy $Hs PE 7 58 Bk 2K Ak A 4 ) 6 35 18 41
W AR T RS R MRSA SR 41 b ¥4 5
KA B (GHs) | b 52 5% % 1 (GTs) . 2 b 2L fig g
(PLs) WIS ff T (CEs) 4 Bh D1 B8 CAAs) DL Al K
B W4 A H (CBMs) N KK b A Wi (£ 3).
Hrh GH S fcm, B A& 36 ~40 4~ Hik ol
GT 78 32~34 A2 i), PLs &, BHRMNAT 1
~24,

£ 3 7THBAER MRSA KL EDHETE
Table 3 Identification of CAZymes of the seven MRSA strains
from chicken

e fm DAL N AV A IR S (3R 5) ., @it
5 KEGG 4l P #E47 Lot 3 B A 43 3 et 2 10 & 1A
2 XAk 1 450 A4S A e 12 ANl g b Kkl
B QAL P EHET 210 A 40 fE 5 43l
B b LR AL B AR T 174 DR A AE 4
FRAH I B b NZEBNF B AL B 158 A JE L 2 A1
P2 11 /ARG 6 b 5 20 i A A PR G A OG0 %
LB A e D, 2 S B AR T 86 M 40 A HEIA L £
5 4 S 6 SR,
F 4 7THRBAIE MRSA EEAZEREFF COG hig s

Table 4 The COG function classification of the genome annotation
sequence of the seven MRSA strains from chicken

Lae g ZM BokeRY  HiB mkEaY

Sﬁ:ﬁ KA RRRE R 1 hik  AAESR
GHs GTs PLs CEs AAs  CBMs
GWJRO1 36 33 1 4 2 15
GWJR0Z 37 32 2 4 2 16
GWJR03 38 33 2 4 2 15
GWJR04 37 32 2 4 2 16
GWJR05 40 33 1 4 2 16
GWJR06 36 34 2 4 2 15
GWJR07 40 33 1 3 2 16

45 COG a2 GWIR GWIR GW/R GWJR GWIR GWJR GWIR
Code COG Function category 01 02 03 04 05 06 07
N HliEY 8 8 8 8 8 8 8
U glRAEE S RAELEE % %% % 2% 5 2%
D AMAMEEAESEREREE 0 20 2 2 W a0
Vo B 5 61 58 61 60 49 60
0 BIRRBEARE TR 9% 101 96 101 97 93 97
T [E5HENH 97 9T 99 9T 98 9% 98
M OREARE ARAMNEESAR 132 133 132 133 135 132 135
7 HRER 1 1 1 1 1 1 1
W A | 4 | 4 | | 4
L HH.EARER 103 112 108 112 12 104 113
K %% 142 150 154 150 148 149 149
I R B RS R TS R 212 26 213 216 218 211 218
X MR BT i 203 4 3 35 3%
Q WA Wz B 029 29 29 300 31 3l
P BB RRE 8 8T 83 8T 85 83 8
I mfE R 100 104 103 104 104 102 104
C RRESNEL 107 109 108 109 109 110 109
H e A 150 151 147 151 152 W47 152
G Bokfs ks 159 160 160 160 165 162 165
P EMETFHEERAH 163 167 166 167 169 165 169
B AEREERRE 203203 220 23 223 208 223
R~ 17118 173 178 119 170 179
S ki 106 111 109 11 107107 107

T R CAZymes Bl 8 T B A BROK 162 P 2 IR Rk

FIHT COG i FEXT 7 £k 3% A I MRSA (#9285 F1 T
DIRE AT R, 45 3R W 7 #k MRSA 5 K 41 g v B
FEH 4y 5 b7 45 A LR AL B ] S 78. 9494 (1976/
2503),77. 4% (2038/2633),77. 07% (2007/2604) .
77.62%(2036/2623),74. 8% (2046/2735).79. 31%
(1982/2499) 1 74. 93%(2048/2733) , T 2 i) 5 A
FF3) COG ThaE i ke £ 4L b ECREEMR L iz A
JORIPE IR SS 0 5 A W16 1O (P (TEHL B+ #% iz Fl
R G oK A5 W iz fa AAR D L H Cili il 5% iz 54K
WH CEIEAE = M SFE AR 2R (R D,

FH KEGG Bl FE XS 7 #38 A I MRSA 42 5& A
H Y LE Y I RE AT 2R 48 1 RE L 45 2R Wl s T ik [A 3
RERE AR 6 KIS, 43 Ol 02 4t i i 72 L A5 A B AR B L 3t

AR COG BURFEE RR IR A 1R D RS AL

x5 7THBAIE MRSA EFE KEGG BB IR £
Table 5 KEGG pathway annotation classification
of the seven MRSA strains from chicken

REFGAH EEFELLAE A% M LX)

ki3 il Environmental Genetic YR fug 25
Strain ~ Metabolism  information information Human  Cellular ~ Organismal
processing processing diseases  processes  systems

GWJR01 1442 211 173 161 88 39
GWJR02 1456 211 175 156 90 41
GWJR03 1444 207 178 156 84 39
GWJR04 1456 211 175 156 90 41
GWJRO0S 1452 210 173 160 84 39
GWJRO06 1448 210 173 156 83 39
GWJR07 1452 210 173 160 84 39

TRy KEGG Bodlh e B R 3R A0 K R

3 WHEESH
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Tk 245 35 DRI 900 43 B S s 7 KR RS IR IR MRSA St [H
WP E&HRKEMN ARGs, BUETE 12~21 FiARSE, Hrp
BEikk GRIWO5 Al GRJWO7 JE[H 40 b & ARGs & £,
BIHEar 21 A ARGs (3 6) . i 285 2% IR 7 B A i i
JIT A W0 P AR 1 i L TP 5 5 10 MM ALY ARG,
ALFE 2 4 BN BERE 28 (blaZ  mecA) L3 A M i Tl 28
CarlR arlS .norA) .3 NI E 2 (mepA .mepR . tet
(38)), LA S 2 A2 HEHM 25 3 (LnrS .mgrA) . #41
Tiif 245 3 P HE R A AT R A D, AR 7E T /080 MRSA T #4
18 B DR A e, 91 G 2 R 2 25 3L TR a pm A ANAEHE
TRk GRIWOS B3 [H 41 . i 55 & 25 25 35 X
FosB6 HAEFE T H bk GRIWO7 1,

R 6 7 ¥R IR MRSA T Z5E F 547
Table 6 Analysis of antimicrobial resistance genes
of the seven MRSA strains from chicken

6] 1 43 %, i AH 7] ST %0 MRSA B bk 19 i 1k BE 25 4%
I, AL AL OC R BOE . BN 2 BRAG YR ST 9 MRSA
R (GWIR05 . GWIR07) 5 M3 43 B 45 5119 ST
9 MRSA Fitk (ASM87 ., ASM95) & T [/l — 43 3¢, T 44
W ST398 MRSA TH ¥k 5 Wtk ASM77(ST398) i T
[f]— 73 3 .

R7T THBAER MRSA ZSHERHRSH

Table 7 Analysis of virulence genes of the seven MRSA strains
from chicken

" it 24 3 [ 5 B it 25 4 TR 5 0 B A i
i b N :
. 0. of Types and No. of
Strain . .
resistance genes resistance genes

GWIROL " BB (3) VR (1) BRI R (3) BB R L (D,
MFERG) SERMALKQ)

GWIR02 1 BIBERER (2) EHBEH K (D R ABER (D) i %

’ : (3) KR ERB) SEMELQ)

. ) BB ) IR () BEER Q) WHEXG) .2

GWJR03 1 Tl ()

GWIROL ” BABEME () BT X (D RIFREER (D) BB %

’ - () IR ERG) ZE %)
BIBEREZE (2) EHEBE 2 (O RN BER (D) i R 2%

GWJR05 21 W) BEZED WAZRW FEMERG) ¥ RE
(1) BB (D

. BB Q) IR G) BEELXQ) WHELG) . Z

GWJR06 12 TG
BIEEREZE ) VR REHE 2 (3) VR IR IR 26 (1) L M i R

GWJR07 21 OO 5 SIN LS SION 4 4 EEICINIE-R Y
(1) BEMe R (D

o EVIE 3L ¢ EVIE L Y 6
. Number of Types and number
Strain . .
virulence genes of virulence genes
GWIROL 1 RBRA2) SMERGERA) FEEQS) MBEAD &
FhRERLKG) EWEELG)
GWIR2 8 HiBE(12) SMEREL D) FRECQH ML) Fi
- FRERREG) EWEELG)
GWIRD3 67 HilZEQ0 SMEREEO) FREQD MIBHED F T
! ’ AR (D) I (D
GWIR: 8 FiM 22 SN REXK2) FELCQH MEER )
FRERREG) AEWELG)
GWIRDS 62 R0 SMERERAD FEE Q) JIHEG) &
S : FRIEEE ) EHERG)
, BB LD SMBRE K ()RR Q) A TR (6) 15 &
GWIROS 5% ek EmBE)
s I oy
GWIRY? 0 FiM2E10) SMERER0) FELQ) JHABHEG) W

TR ) EWERG)

4 BHERSH

T3 ) FE DB 43 A7 R 7 MR XY PR MRSA B Bk
SR A A 53~T1 DB AR B RE ST B L A
NBRRGNHNTHERZ BRI EH 20~28 1 (F
7). ANTE TR 1] 22 80 ) B AR ] b 39 g ) ik
RIAE 43I 7 9 MRSA P& bR EE R 20 R 4 A il . Il
Fe#E S BE R A] 4 6 FhAS [ 28 Y L 3 A0 A5 RG B2 (i
atl el fA FlclfB 28 M R G535 (A esaA esaB . es-
aC %) TG RIEUN hib ceta \sea .seb 55) | JEAMNEFSS (AN
spLA ssplB ccoa %) JE EREIHT LN chp wsen  sbi
S VEYIEZE (AN icaA LicaB icaC %5,
5 RERESW

K 7 RIS AR MRSA 2r B #k5 NCBI & 424 JF
(3 Bk K 3 Hh 43 25 15 20 G o [ £ 22 MRSA AT bR
(0 4 DR 20 P 1) R AT F X A R T4 BRI 4 SNP 1Y
RAERBW G R WA 1, AF ST BUE A AL T8

Tree scale ﬂ

T EE R GWJIR0I

GWJR03
----- GWJR06

[ ------ ASM77
fffffffffffffffffffffffff GWJR02
4{ ------------------------- GWJR04

———————————————————————————————————————————— GWIR0S

——————————————————————————————————————————— GWIR07

PR ASM87

B 1 ETFT MRSAZLEFEZAHSNP MEMNRELEH
Fig. 1 Phylogenetic tree of MRSA strains based on whole genome SNP
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