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Ohjective To explore the gene structure of CRISPR/Cas system in Pseudonnas aerugi nosa and its rela-
tionship with drug resistance genes. Meahods Collect the complete genome sequences of 95 p . aerugincsa strains from
NCBI and obtain the information of the CRISPR system through the CRISPRs web server. The comparison and analysis
of the repetitive sequence and the cas gene is completed by Clustal W in DNAstar, the phylogenetic tree of casl and cas3 is
completed by MEGAT7,and the secondary structure of the repetitive RNA is predicted by RNAfold. Blast the spacer se-
quence with the help of GenBank database to find the homologous gene sequence.and analyze its homologous sequence.
Resistance-related genes is found by gene annotation. The relationship between CRISPR system and antibiotic resistance
genes is tested by chi-square test.p <C0. 05 indicates that the difference is statistically significant Resuts Among 95
strains of P . aeruginosa »we found 130 identified CRISPR locus distributed in 58 strains. 43 strains are able to find the
cas gene,with a structurally complete CRISPR system,among these 30 are I-F type,and 7 are I-C type ,6 are I-E type,
others cannot be typed. I-F type can exist in the same strain with I-C type or I-E type at the same time. There are 18
types of repetitive sequences found in 130 CRISPR locus, which are conservative and can basically form a conservative
dumbbell-shaped RNA secondary structure. Different types of CRISPR systems have different cas proteins, but they all
havecas 1 andcas 3. The phylogenetic tree indicates that the branches of casl and cas3 in the three CRISPR systems are in-
dependent of each other. cas 1 andcas 3 are relatively conservative and can be used as a basis for typing. The length and

number of spacer sequences in different sites are different. Among the spacer sequencer,526 are homologous to the phage
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sequence and 32 are homologous to the plasmid sequence. The analysis of drug resistance genes showes that the OXA- 10

carrier rate of strains with CRISPR system (13. 95%) was higher than that strains without this system (0%) (p =0.018

<C0.05). Thelnt] 1 carrier rate of the strain with the CRISPR system was also higher than that strains without the sys-

tem (P =0.023<C0.05). Conduson

The CRISPR system in the genome of P . aer ugi nosa is mainly I-F type,and I-E

and I-F CRISPR systems have also been found;Cas 1 andcas 3 genes are highly conserved in the same type of CRISPR sys-

tem; Foreign genes homologous to the spacer sequence mainly phages,a few are plasmids; Resistance analysis found that

the CRISPR system is related to the carrying rate of certain antibiotic resistance-related genes.

(GRS | Pseudononas aer ugi nosa ; gene structure; CRISPR/Cas system;antibiotic resistance-related genes

(Pseudononas aerugi nosa - PA)

b

(clustered regu-

larly interspaced short palindromic repeat, CRISPR)

1 ,
, 1 N
[4]
CRISPR/Cas cas CRISPR
, [5]
CRISPR/Cas I.IILIIT 3 ,
N 3 o ,
Cas
CRISPR 1 )
Cas tel |
CRISPR (Horizontal gene
transfer, HGT) . CRISPR
, [7]
CRISPR RNA(cr RNA)
, [8]
CRISPR/Cas
1
95 NCBI

(https://www. ncbi. nlm. nih. gov/nucleotide/)

. 82 CRISPRs web server
( http://crispr. fr/) CRISPR
CRISPRdb .
2
2.1 CRISPR cas

u-psud.

CRISPR CRISPRs web server
) . . CRISPR-Cas
Finder Cas W DNAStar
EditSeq cas , MEGA7
2.2 CRISPR
ClustalW , CRISPRmap
o RNAfold RNA
(Minimum free energy, MFE),
2.3 GenBank
BLAST )
( >85%) , .
2.4 CRISPR
95
, B- .
2.5 SPSS 13.0
. CRISPR
X’ P <<0.05 .
1 CRISPR
95 CRISPR .78
1 CRISPR . 82.1%.
58 (74.36%) 1 CRISPR ;
130 . 20 (25.64%)
. CRISPR s =
2 43, 74.1%, CRISPR
5 (PA SCV20265), 95
cas (G 43,
CRISPR , CRISPR
, 47 58
CRISPR o
2 CRISPR
47 CRISPR , 43 I .
30 -F .7 -C .6 IE .
cas o 11 111



2022 12 17 12
Journal of Path(Jgen BidOQy Dec. 2022, Vol.17.No. 12 e 1401 -«
CRISPR . PA VA-134 L. g
IF I-C  CRISPR . PA SCVFeb. 8 Fiis .
s, %3 LEfs b
PA SCVJan PA NHmuc IF IE La%s iiffif e
‘ I E F
& -Q@&w? \35‘@1

CRISPR C D,

I-FR! : [: : [: [: : T elel

S oD

PA M37351 u U U:D U = I:: . . u:o:nwcu

B> casl [ >cas3 [ osyl [ csy2 [[Dcsy3 [ casb/csyd
[ > cas8c [ cas5 [ cas7 [Dcasd [ >cas2 [ csel
[ cse2 [ csed [ cascsdl [ csy4 U DR o spacer
1 CRISPR
Fig.1 The genetic structure of Pseudononas aer ug nosa
CRISPR system
3 cas
, CRISPR/Cas casl
cas3 . CRISPR
Casl , Casl ,  Cas3
I o cas
. cas 1
, C 2, .3
CRISPR cas 1 s
o cas3
C 3 s PA 19BR  cas 3«cas 3
b o
% % c
3 3 % E 2 5
o % 5 o3 B SE
P RN =2 4 & &«
8 & 2 885 48 8
CY e & g8 2 o
"oy, &
a"‘t;au ‘@@\f
2, .
ecvﬁq,hssm . PNK,\.,.A\ )
PADHSy ) sTans PN“‘O“’B"
P,\Nacmzz\*

PA SCVJan-1 I-E ST387

PA Nhmuo-11E ST87

PARPT 1est 1
A -
» Ax,
o2v® g 2. £s,
Ko Ye,, 25>
o é,o,b
S 4‘%
<
& S & & PO T35 %, B % 9 7
< S ¢ FFZ2R2TNHGQ 0w
& & T L T T EB L L e
& >y & 2 % 8 ®» % £N 3
F &£ F § 8388 %% %
£ & g 5 ER a3 09
< & N g 0% n oz % %
& g 5 4 ®
g g
2 casl

Fig.2 The phylogenetic tree of Pseudomonas aer ug nosa based
on casl gene

PA 10881-C ST277

pAmou:s'm"
7 P h2ms,
Slﬁ‘vcg eqsﬁa, Lpsrias
Nt h«,%)/ -p%%
%, @, &)éiz
S EFFTFIILRE 5 N
S EESE R e 5w Ry
STH A
T2 88 %%
3 cas3
Fg.3 The phylogenetic tree of Pseudonmonas aer ug nosa based
on cas3 gene
4
, 1 CRISPR ,
28~32 bp., 23 bp( PA BAMC
PA07-48) ., 44 bp( PA NCTC10332),
CRISPR PA NCTC10332 2
, PA 19BR.PA
8281.PA 1088.PA 3448 PA 7790 40
18

o 130
C D,

RNA RNA ,
o RNAfold
18 MFE 4,18
. DR1-13 DR17
RNA .
1“7, 1“7,
;DR14-16  DRI18 ,
2 o CG, © 7
5.6.7 ) MFE
, “o » MFE ,
, CRISPR
5
CRISPR
. BLAST
CRISPR 2 132 ,



2022 12 17 12
o 1402 - Journal of Pathogen Bid ogy Dec. 2022, Vol.17,No. 12
526  (24.67%) , 32 CRISPR OXA-10
(1.509%) , 1573 (73.78%) 13.95%, 0% (p =0.018
o <0.05), o CRISPR
. Pseudononas phage YMC/01/01/P52 _ IntI1 (30. 23%)
PAE_BP.Pseudononas phage phi297. Bacteriophage (11.54%) (P =0. 023<C0. 05),
D3 , o CRISPR
. . ; ¢ 2),
TrbL o
A, 5 A 6 2
5;} § S p; ? b {i} Table2 Theresstance genesin P . aeruginosa genome
.;y ¥ . 5“ j{ CRISPR CRISPR
-8.77 koal/mol  ~8.77 koal/mol 7Xﬂ)l.n1|/nm| —X.M‘\,k al/mol ;mx..al/m«l :unml/ ol . CRISPR lOCLlS CRISPR system
( SN lll‘c" e resistance - N v N
g es on es on
%} ‘g % Vﬁg}. o n=58 n=37 F n=58 n=37 °
-9.10 koal/mol 9. |ﬂ‘:w|/m| nmwlrm\ ~16.00 koal/mol 1280 kos l/ml -12. mk \/m\ ()X/\*l() 6 0 0. 078 6 0 0. 0180
“{. 3 '“f‘f -"3 ‘“:;“ ey e OXA-50 37 22 0.672 28 31 0.582
%\z ,5,-"' géx {% AACG6D-Tb 8 4 0.760 7 5 0.330
ST MU S ANT(3")-1a 8 6 0. 745 7 5 0.330
IntIl 14 5 0. 207 13 6 0.023°
4 oprD 37 20 0. 345 27 30 0.614
Fg.4 Secondary structure of repeats CRISPR P <<0.05,

1
Table 1 The dred repeats of Pseudononas aerug nosa
CRISPR
) bp Type of
Repeat sequence Length Number CRISPR
GTTCACTGCCGTATAGGCAGCTAAGAAA 28 42 IF
GTTCACTGCCGTATAGGCAGCTAAGAAA A 29 1 Uncertain
GTTCACTGCCGTGTAGGCAGCTAAGAAA T 29 1 IF
GTTCACTGCCGTGTAGGCAGCTAAGAAA 28 11 F
GTTCACTGCCGTALCAGGCAGCTAAGAAA 28 5 Uncertain
TTTCTTAGCTGCCTATACGGCAGTGAAC GA 30 1 IF
GATTTCTTAGCTGCCTATACGGCAGTGAAC 30 1 F
TTTCTTAGCTGCCTA CACGGCAGTGAAC 28 25 IF
TTTCTTAGCTGCCTATACGGCAGTGAAC 28 17 IF
GTITCAATCCACGCGEACGTGAGGGAUGC GAC 32 8 C
GGGTTEATCCCCACGCATGTGGGGAACAC 29 4 FE
GGGTTEATCCCCACGCACGTGGGGAACAC 29 1 Uncertain
(GGTTEATCCCCACACACGTGGGGAACAC 29 5 E
GTGITCCCCACGGGIGTGGGGAT GAACCG 29 2 LE
GTGITCCCCACATGCGTGGGGAT GAACCG 29 2 LE
(TG AGTICGGAT GAUGAACCCAG 23 2 Uncertain
GTCGAGCACIGCACGGGCGUGIGGAT TGAAAC 32 1 Uncertain
CACGGGGAGGGAGCAAGCGGTAGGGEGAAT A u 1 Uncertai
ACGECEECAGEEG eertamn
6
s B’ 9 5
, C D ,
76.84%  81.05%. OXA-50, OXA-10, AAC
(6")-Ib ANT (3")-Ta(14. 74%) ., IntIl. oprD
s PDC. APH (3')-1I, SPM-1. DIM-1.,
IMP,VIM, TEM, CARB o
CRISPR ,

Note:Compared with the CRISPR system group p <<0. 05.

, CRISPR

Lol " CRISPR

, . CRISPR
95 CRISPR
,>61%
130 CRISPR ,
(45%) , [11-14] s
(35.2%) . (46.08%) . ,
, CRISPR I .
I.F ., 11 m .
CRISPR ,
. Kunin % CRISPR
RNA , Cas
RNA ) ’
CRISPR i
cas ’ cas
. cas
CRISPR , cas
CRISPR . casl cas3



2022 12 17 12

Journal of Pathogen Bidogy Dec. 2022, Vol.17.No. 12

+ 1403 -

, CRISPR ,

cas °

DNA (

spacers) ,
[16]

s proto-

’ 32 ’

,CRISPR/Cas
[17]

CRISPR/Cas

CRISPR/Cas
o B

, CRISPR
10 o

IntIl,OXA-

CRISPR

CRISPR

CRISPR ,

[1] Courtois N,Caspar Y.Maurin M. Phenotypic and genetic resist-
ance traits in Pseudononas aer ugi nosa strains infecting cystic fi-
brosis patients: a French cohort study[J]. Int J Antimicrob A-
gents,2018,52(3) :358-364.

[2] s s , . 228 B-

Lrl. ,2020,30(2):165-
169.

[3] Ahmadian L, Haghshenas MR, Mirzaei B, et al. Distribution and
molecular characterization of resistance gene cassettes containing
class 1 integrons in multi-drug resistant (MDR) clinical isolates of
Pseudononas aer uginosa [J]. Infect Drug Resist, 2020, 11(13):
2773-2781.

[4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Koonin EV, Makarova KS, Zhang F. Diversity, classification and
evolution of CRISPR-Cas systems[ J]. Curr Opin Microbiol,2017
(37):67-78.

Patterson AG, Yevstigneyeva MS, Fineran PC. Regulation of
CRISPR-Cas adaptive immune systems [ J]. Curr Opini in Micro-
biol,2017(37) . 1-7.

Yu ZX, Jiang SP, Wang Y.et al. CRISPR-Cas adaptive immune
systems in Sulfolobales: genetic studies and molecular mechanisms
[J]. Science China(Life Sciences),2021,64(5) :678-696.

Samson JE.Magadan AH.Moineau S. The CRISPR-Cas immune
system and genetic transfers:reaching an equilibrium [J]. Micro-
biol Spectr,2015,3(1) :Plas-0034-2014.

Van Belkum A, Soriaga LB, LaFave MC,et al. Phylogenetic dis-
tribution of CRISPR-Cas systems in antibiotic-resistant Pseydo-
monas aeruginosa [J]. mBio,2015,6(6):e01796-15.

Couvin D, Bernheim A, Toffano-Nioche C,et al. CRISPRCasFind-
er,an update fo CRISPRFinder, includes a portable version, en-
hanced performance and integrates search for Cas proteins[ ] ].
Nucleic Acids Res,2018,46(W1) . W246-W251.

Jiang Y, Yin S, Dudley EG.,et al. Diversity of CRISPR loci and

virulence genes in pathogenic Escherichia cali isolates from vari-
ous sources| J |. Int ] Food Microbiol,2015(204) :41-46.
Zhang M,Bi C,Wang M,et al. Analysis of the structures of con-
firmed questionable CRISPR loci in 325 S aphyl ococcus geno mes
[J]. Basic Microbiol,2019,59(9) :901-913.

Shen JT, Lv L, Wang XD, et al. Comparative analysis of
CRISPR-Cas systems in Klebsidla genomes[ ] ]. ] Basic Microb,
2017,57(4) :325-336.

Li W,Bian X,Evivie SE,et al. Comparative analysis of clustered
regularly interspaced short palindromic repeats ( CRISPR) of
Sreptococcus ther mophil us St-1 and its bacteriophage-insensi-
tive mutants (BIM) derivatives[J]. Curre Microbiol, 2016, 73
(3):393-400.

Li Q,Wang X,Yin K,et al. Genetic analysis and CRISPR typing
of Sal nondl a enterica serovar Enteritidis from different sources
revealed potential transmission from poultry and pig to human
[J1. Int ] Food Microbiol,2018(266) :119-125.

Zhu DK, Yang XQ.He Y,et al. Comparative genomic analysis i-
dentifies structural features of CRISPR-Cas systems in Rene
rela anati pestifer [J]. BMC Genomics,2016,17 (1):689.
Jiang W, Maniv I, Arain F,et al. Dealing with the evolutionary
downsides of CRISPR immunity: bacterial and beneficial plas-
mids[J]. PLoS Genet,2013,9(9):e1003844.

. .+ . CRISPR/Cas .
,2018,13 (3):1-8.

2022-08-12 2022-10-19



	2022-12

