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CRISPR/Cas 24X & HEAEHIKE
25 K& N EE RS0

S B Wk . \ N,
AT, HiAm, ¥ K, KEM, FAE, X
(T AAELHRAFN 5% LN EEEZRE/BAREHZ 2N GRS TRE/E R EEHKEY GRS LRE/
e R RF BEFEMAARRLMFZERRS REERE, T & 7)1 510642)

HE: [HW] TREEOFEERE (CL R R “&H8E” ) Staphylococcus aureus M % BI04 [B] 5% FE [/l SC E 2
7% (Clustered regularly interspaced short palindromic repeats, CRISPR) I3 A7 15458, 434 % 471 AE 25 M 24 22 [ Al
B SRR KPR RITE M o [T775 )N A SLEOE P2 SR AN ZH 2% 50 4 1 &1 i B R 40 575 A, R AEME B 22075,
2811 CRISPR 54357 1540, BAAR 247 fF 5143 B (Multi-locus sequence typing, MLST) 24 5l 7347 A1 & AR 24
FEALL 55 AR 40 A 5 L X CRISPR 45#JFH 14 (CRISPR+) Al CRISPR 454 [ 1 (CRISPR—) 4 7] T4 i 25 5k
BRI AN ) i R 55 7 4 H AT 25 e BB o T o TR X S0 = 60 ok 4 6 B — A3 50808 JEAT 47, B0iE A 314
HEEE I ATEE F o ST ERIG 2 60 A4 B HH BRI R AR B & KL A5 7 17 DL EAT Gi vt s i CRISPR S5 405 H 1R R
05 T A R 5 OB R S o (8 SR 1 FE DR ZEL2H 25 52 3R 1) 575 ¥R &R, 5 62 BRI%ETT CRISPR 4544 (CRISPR+),
513 #4455 CRISPR 4544 (CRISPR-); CRISPR-+4: ] Bk b 15 iy i 24 5L Rl . 75 /) £ H (W4 H .2 /N T CRISPR~
S . S E 60 ke E Y, & 14 ¥k CRISPR+, 46 #k A CRISPR—; CRISPR+4: 4 i #5717 5 /b i 24 3% [K]
ARG SR, 5 FEHHE A BT 485 SR — 8. X 5 Wk A A R4 4 JSORE PR 43 BT 45 SR B 7R, CRISPR—T A48 5 T 22 (1)
JREE R R 751, 5 CRISPR+E I A 2 57 &3 (P<0.05); #24 JFi ki J7 T, CRISPR—F1 CRISPR+E#ETC &3 1 7% 5
{4512 JCRISPR £544) v] e B ] 7 461 b H i 24 25k [R RN 25 ) BE R R /K S5 7, CRISPR— BRI A B2 25 5 52 21|k B 4k A
12 2050 A 7 N 1 5707 3 72 e o S T B S S s B PR i e S e

FE52IA): & (H A BRI CRISPR/Cas R4 i 25 3L ; 75 /13 A
FE 23S $852; S859 HRFRASRD: A XEHS: 1001-411X(2023)02-0179-08

Effect of CRISPR/Cas system on drug resistance and virulence
genes of Staphylococcus aureus

XIE Longfeim, XIAO Danyu, CHANG Yi, ZHANG Xucai, LI Xiaoshen, XIONG Wenguangm
(Guangdong Provincial Key Laboratory of Veterinary Pharmaceutics Development and Safety Evaluation/National Laboratory of
Safety Evaluation (Environmental Assessment) of Veterinary Drugs/National Risk Assessment Laboratory for Antimicrobial
Resistance of Animal Original Bacteria/College of Veterinary Medicine, South China Agricultural University/
Guangdong Laboratory for Lingnan Modern Agriculture, Guangzhou 510642, China)

Abstract: [Objective] To understand the distribution of clustered regularly interspaced short palindromic
repeats (CRISPR) in Staphylococcus aureus and analyze their effects on the horizontal transfer of antibiotic

resistance gene and virulence gene. [Method] Total 575 complete S. aureus genomes were obtained from
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public databases, and bioinformatics methods were used to count the CRISPR carriage, multi-locus sequence
typing (MLST) types distribution of strains and the distribution of strain drug resistance genes and virulence
genes. The significance analysis of the difference in the number of drug resistance genes and virulence genes
was carried out between CRISPR structure-positive (CRISPR+) and CRISPR structure-negative (CRISPR-) S.
aureus. The data of 60 strains of S. aureus were also analyzed by second-generation sequencing to verify the
results of public database analysis. We also counted the carriage of prophages and conjugative plasmids in 60
strains of S. aureus in the laboratory, and discussed the effect of CRISPR structure on the prophages and
conjugative plasmids of the strains. [Result] Among the 575 strains with complete genome assembly, there
were 62 strains with CRISPR structure (CRISPR+) and 513 strains without (CRISPR—). The number of drug
resistance genes and virulence genes of CRISPR+ S. aureus was less than that of CRISPR— S. aureus, and the
difference was significant. Among 60 strains of S. aureus in the laboratory, there were 14 strains of CRISPR+
and 46 strains of CRISPR—. CRISPR+ S. aureus carried fewer drug resistance genes and virulence genes, which
was consistent with the results of the public database analysis. Analysis of prophages and conjugative plasmids
showed that CRISPR— strains carried more prophage sequences, which were significantly different from
CRISPR+ strains (P<0.05). For conjugative plasmids, CRISPR— and CRISPR+ strains were largely consistent
with no significant difference. [ Conclusion] CRISPR structure may limit the horizontal transfer of drug
resistance and virulence genes in S. aureus, and CRISPR— strains are more susceptible to be interfered by phage

and removable plasmids. This study provides a reference for further research on transmission of drug resistance

44 %

and virulence genes in S. aureus.

Key words: Staphylococcus aureus; CRISPR/Cas system; Drug resistance gene; Virulence gene

G OEERE (LR “S®E" )
Staphylococcus aureus +&—Fh & = FHEER B, 7] 5]
FEC it FH R Bk 2 SR e, L&A e A o AR —FRAL
SEUR T, 4 B OO IR ARG S BT 2
5 e B i LR AR, AR, BEE PR
RS FH , 48 B T 24 14 22030 1 i, T R A P AR 4
T ] A R (Methicillin-resistant Staphylococcus
aureus,; MRSA) FIHIILGIE T 2B 2 RE. H
TR BH, 4% B P IE I R B A SR B R S
H ER B &g Ak (Staphylococcal cassette
chromosome mec, SCCmec) %5 /7 = FE 171 24 2% K] 1)
HKPEFL mecA 1EN MRSA B ARYE T I 24 2%
B, DA AR mecd FE @ SCCmec Joft it
AT KRR,

SCCmec f&—Fp BA w1 FE Z VLM B 1 4% A
o 1999 FE B UME T 1982 443 B3 1) H A 4 B
N315 B HRK mec BEAREEH) 2 DNA P51 1 )5,
mec DNA # R I A& HH 2 AL R e 7 14 B8 41 ilg 22 [
ccrd M cerB BN H E K o, &8 SCC
mec?” s SCCmec (SCC FIGEHI T ERL ) 5& —Fh4
i mec &K (mecA mecB F mecC) VL J 4% il H 3R
I EE K mecR I (9wt 15 5 7% 3 8 mecR1)
mecl(JrfS 3 & FH mecl) MFE BB o, FF1EN
] ) K B R PR () R DR R A e M Ak . SCCmec i
T %) IR G AR SR A BT, 4l ANTE S R

attB (orfX W) 3'%i). SCCmec £ 3 NI 18 4%
Fcor K E AR (B cerdB 8% corC F H B H
ORFs H i) mec R E G1K (H mec LKL #HN 7
HIFNE I ORFs 4Rk) FliEHEX (J [X). 7E cor %
KE &GS, Bt cerdB 8% cerC AL A4 F P E A,
A LUK 2 AN 24 F1 i 55 4 )& 5 K46 N SCCmec 1,
SCCmec "B ccrdB B corC WIFEH VIR RIEE A,
B4 B H A PR B PRI e ek b BRI, ASTR] )
R BR A P MR AZ 8L 15 R, DAE N AN A A 5 FI T
AR E S SCCmec Yt —FhH B4 Stk
HERLEAEA (PBP), 5&HHANELHEER
EL B AL, PBP2a b5 p- N kL 145 & 55 F1 11 1%
X, FEPUE R KRG S5HAX p-NBE LA FR
FIFRHEIALHE] A A, MRSA B AETSIE T PBP2a FF4: 4
BRI 40 PR BE R 2y o BT 3R1S T SCCmec JufF,
FH4A0 V5 AR U 4 5 T (Methicillin-sensitive
Staphylococcus aureus, MSSA) #t4k y MRSA!, 1R
P %KM SCCmec 15 1 X Z T, ¥ SCCmec 47
RANFE AP A . T B SCCmec {E B, 3724,
e EEEL DoRpE. R A E R E G A
] 5K Bl [X Dy 2 A SR AR 5 S R S
% 60 R AR 48 5 ZE K 47 81 SCCmec T
HEAT EE X0 M7, & B CRISPR FH 14 (CRISPR+) Al
CRISPR A% (CRISPR-) AN [A] B ik HH #1577 SCCmec
JefF, SCCmec JufF I EZRIN 1T 1Y, HANE
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1 B4 VIIL AL, 1 Moy XT3, SRaE 4s R — 2

A% FE) R[] I R [m] SC = 5 7 81 (Clustered
regularly interspaced short palindromic repeats,
CRISPR) JEA7AE T J5 A% LE W) Hp 10— o B E 92
R, BWFFERY, 49 50% M40 57 CRISPR/
Cas 24" EREWEL A VIRIZIR Fr 51, M HEAE
R NIRRT BN U N PR 7S S IS E= S
fegE iy Aa . CRISPR/Cas £ 4t fit 75 PR il 41 1
M 24 35 PR R 75 ) 5 R R /K F e 8%, BRI VA A 1
145 1% . Marraffini 561" & L3R 7 45 %) Bk
RP62a B Fk ) CRISPR/Cas 54t 7] ARH 1E 5L 1) 25
B . kS F S R E BRE B CRISPR/
Cas Rt F] LABR mecd S5 23 A H6#2 . H AT,
&1 ' CRISPR/Cas 2 4t %1 20 1A i 24 22 P Al 2
735 R 52 Wi 38 ANTE 2 o A 5T LA NCBI 25048 P2
575 Pk 4 B R AL T B R R AR R, R
CRISPR £ty 5xf JL i 245 5 RN 25 ) B R (R 52 i, O
TR 3 0o S 3 4y B B R AR R s R 4 A kAT
G I 16 ei i AT

1 MR57EE

1.1 #H

575 P4 R 47 51 R 80 H NCBI 4k
(https://www.ncbi.nlm.nih.gov/genome/genomes/154),
60 4 4> 1 TR 2= DR 4H R AR BT 55 17 ST 0 PR 3 8 TR R 1)
AR R
12 FE
1.2.1 CRISPR 1z &8935 542 @i CRISPRs
finder (https://crispr.i2bc.paris-saclay.fr/Server/) 7£ £k
HBEAT, Giih B CRISPR A7 £ 145 76 B, 1% 4 7 14
FE[K 44>~ CRISPR+F1 CRISPR- 2 KK,
122 2HESEEFINSRBZGEFHH
# X575 k4w E T Center for Genomic
Epidemiology 7 £k M % (http://www.genomicepi
demiology.org/) #EAT Z A7 ki 75143 8 (Multi-locus
sequence typing, MLST), & R4 &K & W . X
CRISPR+AI CRISPR-T# #k ST A4 5| #k47 5 B Ff 4
il A =3 B R A
123 ®HER. FHERG%T T Center for
Genomic Epidemiology 3 T~ 25, 35 iy 24 32 [K] Fll 25
70 3 BRLH 4l P, UM <6 % A 2 BRL4H ) ORF, ]
blastn BT EAT Y 245 5 PXFI 55 77 2 DR EE T (7 471
—HE>80%, B i FE>70%).
1.2.4  ReELB KA QAT L=
60 Hk 4 i PR JE K 438 3 PHASTER 1E £& W i

(http://phaster.ca/) Lt J5 IR B AR (#5445 155 0L, Seit
gk BN SE LR AR 7 51 . 183 Center for Genomic
Epidemiology 7F £& ¥ sifi LUt 2 i WA AR 1B L (7
H—EFE>95%).

1.2.5 “itFadr KH SPSS 21.0 K AF#kAT S it
225 HT, CRISPR+F1 CRISPR— 5 i 24 J: [R #1753 /7 %%
Rl 2 ] 20 2R 2 R e, DA P<0.05 AR A 4t

R L
2 HERS0H

2.1 £EREEFEHED CRISPR £ 9 5N

ANFEHREE 575 R HE T 62 7k (11%) &
HHE R CRISPR 7 £ (CRISPR+), 513 ¥ (89%)
TesAN & A AT 5E ) CRISPR 2544 (CRISPR-). L5
EOOMEHETA 14 (23%) & HWIEN
CRISPR 47 &5 (CRISPR+), 46 ¥k (77%) TEAL & H
A% CRISPR 4544 (CRISPR-).

2.2 &EE MLST BRI RS

XF 575 bk 4 A R R AT MLST 4 2,
536 tR A LLiEAT ST 43 &, 3L45 2] 81 4> ST &y,
SPEFAHRAT RO R EMMME, E 1A fis.
AV ST R HIHE =10 B FRAREA F I F G,
FCAh R 500 B R DL A B, (RIS RE B ST 2R 18 % DA
HbRE. RGEKEMER, STS BB FT &
B EL B B =, A 19%(111/575); HeikJ2& STS, & ik
B 13%(77/575). fE CRISPR+E ¥k, i BAMRE
P 5 J& ST398; CRISPR—E #k, i B A 4L
UM L STS . it 2 H 45 B K k4 bt
CRISPR+Y5 CRISPR-H #k K &, WK 1B i,
CRISPR+L CRISPR-Z A/ 11 N3L[A ) ST 2,
PR PR TR B A A DG o
23 SERMAERMSHF
231 @HARBEAR A AR FEEEA
H, 62 Fk CRISPR+4: i bR HH B 4 28 fe ey (1) i 24 %%
K2 tet(38), 15 ELRIIE 90%(56/62); FLVkE blaZ, |5
tb 60%(37/62). 5 CRISPR+E #¥EAHLL, 513 £k
CRISPR-E K ant(4)-1b~ aph(3')-1lla- aad(6) F
msr(A) HIFAPE R E (P<0.05). CRISPR— kil 24 3t
R FH 25 % - CRISPR+E#FE (& 1).

SEIG S B AR FE R 41, 14 #& CRISPR+4: 7
R 1 2R A e T 2 R R A2 blaZ, S E 5T %
(8/14). 5 CRISPR+E #RAHLL, 46 ¥k CRISPR—# 4
Hoant(6)-Ia cfr~ mecA FIBHTEZ & (P<0.05),
CRISPR+T# Pk B i 24 35 A F 25 20 T CRISPR— B Ak
(#* 2).
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1

CRISPR+
ST A% ST type
H ST398

CRISPR—

A B

1 AHFIBEEFELH CRISPR+H1 CRISPR-&EE MLST BRI AR5 4 EH (A) 71 ST BIFIZXIER (B)
Fig. 1 Phylogenetic tree (A) and ST type crossover (B) of CRISPR+ and CRISPR~— Staphylococcus aureus MLST types in
public database genome

F1 AHHIEEEFE CRISPR+5 CRISPR-E R Z5E % 2 SCIS=EFH CRISPR+5 CRISPR—EKIHZAEFE LR

ES|A e Table2 Comparison of drug resistance genes between
Table1 Comparison of drug resistance genes between CRISPR+ and CRISPR- strains for the
CRISPR+ and CRISPR- strains for the public laboratory genome
database genome AL CRISPR+ CRISPR—
i} 24 38 [l CRISPR+ CRISPR— Drug resistance  #& /%  #HE 5% P
Drug resistance 3% HH/%  #E S p gene Quantity Proportion Quantity Proportion
gene Quantity Proportion Quantity Proportion Inu(4) 2 14 5 11 0.660
ant(4)- 1b 2 30m 14 0014 ll””(? - - g ;g g'igg
ant(9)- L a 9 15 126 25 0.078 ei;(( A)) N > X 0955
aac(6')-le- 5 8 82 16 0.100 erm(B) A 2 20 50368
aph(2")- 1 a erm(C) 6 43 28 61 0234
aph(3)-1lla — — 102 20 0.000 erm(T) 1 7 4 9  1.000
aad(6) 1 2 58 11 0.013 fexd 2 14 35 76 0.000
ani(6)- I a 2 3 3 1 0.164 fexB 1 7 1 20955
mecA 33 53 285 56 0.727 aac(6)-aph(2")  — — 16 35 0.013
mecR1 4 6 9 19 0.013 aph(2")-Ia 4 29 18 39 0.542
mec | 2 3 74 14 0.009 aadD 2 14 32 70 0.000
blaz 37 60 292 57 0.679 ant(6)-la 3 21 25 54 0.004
mecC 3 5 4 1 0.032 ant(9)-la 1 7 1 2 0955
ofi4) _ _ ) 0 1.000 tet(K) 3 21 14 30 0737
erm(4) 10 16 135 26 0.081 tet(L) 3 21 25 >4 0004
erm(B) 1 2 12 2 1.000 tet(M) 1 7 7 15 0.667
erm(C) 4 6 29 6 0772 tet(S) 2 14 14 30 0314
erm(T) 1 I — 0206 tet(T) - - ! 2 1000
Isa(E) 5 3 A L 0259 blaZ 8 57 17 37 0180
Isa(B) — — 0 1.000 sir R - 3 7077
wr) = — ez AL DB
msr(F) o o ! 0 1000 sal(4) 2 14 17 37 0189
opir(4) - - ! 0 1.000 optrd 2 14 17 37 0.189
vga(A)LC 3 >3 0014 mecA 3 21 25 54 0.004
vga(E) 3 5 4 10032 msr(4) B - | 2 1,000
vga(A4)y 1 2 = — 0.206 &G 1 7 15 33 0.086
tet(38) 56 90 491 96 0.063 gacG ) 14 o 0079
tet(K) 16 26 50 10 0.000 JosD | . 13 28 0154
tet(L) 3 5 6 1 0.063 fOSB5 . . 2 4 1.000
tet(M) 19 31 71 14 0.001 JfosB4 | 7 0 0 055
1) “—” AT kw5 1) “—” kAt F)

1) “— is not detected 1) “—"1is not detected
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232 EWEHERIE R 25
DAL B %5 2 7 1T, CRISPRA+ A W48 7 141 24 32 [X %5 =
B, AJEEE FER N A CRISPR+E R, A
58%(36/62) 1) B bk 455y i 25 FE R ) B & =10 A,
it T CRISPR-E#k (77%, 395/513); Sk 38 T fR Jik
[RZH CRISPR+EE L, 45 29%(4/14) ) B Ak 15 7 i
2y R R =10 4N, KT CRISPR—E #k (74%,
34/46)(F 3).

R3 QNHBUBEESEHERREHE CRISPR+5 CRISPR-
BT AR R B H LR

Table3 Comparison of the number of drug resistance

genes between CRISPR+ and CRISPR- strains

for the public database and the laboratory

EPk, 257 5% (P<0.05)(& 2B).

24 SEESHEERNSH

241 EHEEHIABASA HELH, Ak
A 2R 3 R 40, CRISPR-+4: 4 1 FH 1 3% 5 = 1)
B J1 R A2 higB. hlgC, 15 HLRIE 100%(62/62);
x4 AHBUREEEEL CRISPR+S CRISPR-EKE 14

A Eba"
Table 4 Comparison of virulence genes between CRISPR+

and CRISPR- strains for the public database
genome

genomes
A i 245 35 DR 4 H &5 tt/% Proportion
Genome Nur}1ber of drug CRISPR: CRISPR—
resistance gene
AR =5 o5 o0
Public database =10 s -
=15 11 38
=20 0 6
%3@% =5 36 76
Laboratory >10 - s
=15 7 50
=20 0 17

BB, A4 A%t 2 4% ¥E  CRISPR+A1
CRISPR— [ Pk 455 7 i 24 5 R 85 B A7 40 42 I 22 1)
O FEHUHE PR L PR 40 v, CRISPRA+ [ Ak B A 4 7 i 245
SR B T B E KT CRISPR—F Bk, 2 2 W
Z (P<0.01) (Kl 2A). s2E0 = B K, CRISPR+H
PR AR A5 A i 245 22 DR B i 11~ 38 fELIK T CRISPR—

2004w 250
15 P 200 =
o2 m 215
ﬁ@ 10 ﬁg o
3 5
O s/ X 0 7/ X

Btk Strain B Pk Strain

RV RN kR RIRTRIE P<0.05 K1 P<0.01 K2R 53 (7 )
“*” and “**” indicates significant differences at P<0.05 and P<0.01
respectively (i test)
2 AHBIEE (A) MK E (B) EFH CRISPR+S
CRISPR-ERE A ST 25 B F ¥ B FHELIR

Fig.2 Comparison of the average number of drug resi-
stance genes between all CRISPR+ and CRISPR-
strains for the public database (A) and the laboratory

(B) genomes

EVAE 3
Virulence %+

CRISPR+ CRISPR-
Bk Hom Sl P

gene Quantity Proportion Quantity Proportion

aur 61 98 503 98 0.855
splA 18 29 368 72 0.000
splB 21 34 381 74 0.000
SpIE 19 31 66 13 0.000

sak 4 6 — — 0.000
scn 4 6 — — 0.000

sea 4 6 103 20 0.009
seb 1 2 44 9 0.074

sec 10 16 58 11 0.267
sed — — 28 5 0.061

seg 15 24 221 43 0.004
seh — — 23 4 0.159

sei 15 24 227 44 0.003

sej — — 39 8 0.015

sek 4 6 137 27 0.000

sel 10 16 54 11 0.185
sem 15 24 229 45 0.002
sen 14 23 225 44 0.001
seo 15 24 229 45 0.002
sep 2 3 62 12 0.033
seq 5 8 131 26 0.002

ser — — 38 7 0.025
seu 15 24 115 22 0.752

tst 4 6 67 13 0.135
higA 60 97 507 99 0.192
higB 62 100 512 100 0.728
higC 62 100 512 100 0.728
lukD 24 39 386 75 0.000
lukE 25 40 378 74 0.000
lukF 7 11 124 24 0.022
lukS — — 28 5 0.061

lukF-PV 7 11 124 24 0.022
lukS-PV — — 28 5 0.061
1) “—7 R Rt 3]

1) “—” is not detected
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WA aur, 15 98%(61/62). 5 CRISPR+H FkAH
L, CRISPR-E kT splA. spIB [ BH M & &
(P<0.05). CRISPR-TH k% /1L K [ Fl 2k 2 T
CRISPR+T# 4 .

S 5 T PR L K 4 b, CRISPR+4: 74 B P 4 3
e 08 IR 2 aur. higA. higB Rl higC, 5 Eb
71%(10/14). 5 CRISPR+ #RAH Lt, CRISPR—T# #£
H sei. sem- sen~ seo Fl seu FIPHHE R 5 . CRISPR+
PR AR IR B ) B R R 28 /D T CRISPR-E #k (3£ 5).

%5 SLIWEEPFELE CRISPR+S CRISPR-EHRBZ HERE
EeR
Table 5 Comparison of virulence genes between CRISPR+
and CRISPR- strains for the laboratory genome

=5 . CRISPR+" ] CRISPR—
Virulence gene iﬂli. i Hﬁ% ﬁi i H:% P
Quantity Proportion Quantity Proportion
aur 10 71 22 48 0.121
splA 1 7 12 26 0.264
splB 2 14 10 2 0713
splE 2 14 9 20 1.000
sak 6 43 9 20 0.078
sen 7 50 14 30 0.179
higd 10 71 22 48 0.121
higB 10 71 22 48 0.121
higC 10 71 22 48 0.121
lukD 1 7 12 26 0264
IukE 1 7 12 26 0264
sea — — 1 2 1.000
seg - — 9 20 0.100
seh — — 2 4 1.000
sei — - 10 2 0.098
sem — — 10 22 0.098
sen — - 10 2 0.098
seo — — 10 2 0.098
seu — — 10 2 0.098
edinA — — 1 2 1.000
1) “—7 kT AMN 2]
1) “— is not detected

242 EWNEFHNEARIKB RN EHE
D] f B0 J7 1T, CRISPR+TE Bk 4% 75 1) 5 /7 B 1 5
Ao NILEIEEIE KA CRISPR+E MK, A
35%(22/62) BB HRAE T B S R EE =10 4, MK
F CRISPR—IE #k (73%, 374/513); S = g bk (A
41 CRISPR+E R, H 7%(1/14) KW bR & 1
B HE=10 1, KT CRISPR-E#k (41%,
19/46)(3% 6).

[E] i, AT 4 3 5F 2 4 %4 F CRISPR+Al
CRISPR- B #1545 55 /1 2L R 8 H 47 46 42 B 221
AN BB R4 P, CRISPR+EE AR AR #5757
FNBCH KA T CRISPR-F #k, % 57k &
# (P<0.01) (Kl 3A). Seie = HP2H 1, CRISPR+H
PREE AR 15 55 1 L R A H 1) 3 ME K T CRISPR—
Bk, 25553 (P<0.05)(K 3B).

F6 NHEEIBEEREE CRISPR+S CRISPR-EHE 1
EEHELER
Table 6 Comparison of the number of virulence genes
between CRISPR+ and CRISPR- strains for the
public database genome

== ¥ 0 .
SEH B AR EH 5 bt/% Proportion
Number of
Genome . CRISPR+ CRISPR—
virulence gene
NS =5 68 96
Public database >10 35 73
=15 6 15
=20 3 0
Do =5 50 48
Laboratory >10 7 41
=15 0 13
=20 0 7
20 A . 15 B *
15
E 30
SEW % 5
Z Z 5
5
0 Ve X 0 7/ X
& & & &
N N N Q
S S
& &F & ¢

“H7 xR HRIRINTE P<0.05 Fl P<0.01 /KT 2R 8 (7 %K)
“*” and “**” indicates significant differences at P<0.05 and P<0.01
respectively (i test)

B3 NHEHIERE (A) MKEE (B) £EH CRISPR+H
CRISPR-EHREFETHEHEEK B FHELR
Fig.3 Comparison of the average number of virulence
genes between all CRISPR+ and CRISPR- strains
for the public database genome (A) and the
laboratory genome (B)

2.5 JRIGEAFES B RIEE XS 554
S 60 4 ] B A K] 4 i A LSk &4

7R, CRISPR+4: % 1 Ji Wik B 1 1) 485 45 22 8
29%(4/14), CRISPR—4: 78] B H i W5 B 4k 1) 45 7 R
N 67%(31/46). CRISPR— & #4577 5 2 [ J5 3k A 1
J¥%1, 5 CRISPR+EE Mk [A] 22 7 . 3 (P<0.05). #%
A UKL 20 Hr 45 5 B, CRISPR+4: 781 B HH 424
FLI) 5 H F N 86%(12/14), CRISPR—4: % i %
A FURL I 5 717 22 N 80%(37/46). CRISPR—AH
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e, 4 CRISPR/Cas 5 40X 5 37t 3] ) BR T 245 1 25 0 32 [R5 ) B2 ) 185

CRISPR+HMRIEA —EL, TiE Z R (P>0.05).
3 gL

3.1 g

CRISPR/Cas F G E A i 1% AL W ) — i B A
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