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Abstract:[Objective] The relationship between clustered regularly interspaced short palindromic re-
peats (CRISPR) in Escherichia coli isolates from chickens and drug resistance was analyzed,and bioinfor-
matics analysis of CRISPR was conducted to provide basis for further study of CPISPR functions and its
effect on bacterial resistance. [ Method) The relationship between CRISPR and multidrug resistance in
chicken-derived Escherichia coli was analyzed through drug resistance (16 antimicrobials) and CRISPR de-
tection in 130 Escherichia coli strains isolated from chicken farms in Hefei, Anhui. Twelve isolates with
different lengths were selected and their PCR products were sequenced. The bioinformatics analysis of
CRISPR was carried out by BLAST,RNA secondary structure prediction and CRISPRTarget. [Result] The

resistance rates of 130 strains of chicken-derived Escherichia coli to 16 antimicrobial agents were 2. 3% —
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97. 7% and 118 strains were resistant to 3 and more drugs. CRISPR was detected in 39 strains with positive
rate of 30%. CRISPR positive strains were multidrug-resistant strains, with resistance rate (100%) signifi-
cantly higher than the CRISPR negative strains (87 %). There was no direct correlation between CRISPR
sequence difference and drug resistance. Twelve Escherichia coli strains (except 11 strain) contained two
types 29 bp long repeat sequences, and they were divided into five groups. The RNA secondary structure
can form a palindromic structure with different stem ring sizes. A total of 168 isolates were found,of which
77 were new. The homology comparison showed that 72. 3% of the spacer sequences were homologous to
the genomic sequence of plasmid,25. 0% were homologous to phagesand 2. 7% were from bacteria and vi-
rus. [Conclusion) Chicken-derived Escherichia coli carrying CRISPR were widespread,and CRISPR may be

associated with drug resistance phenotypes. The biological information of CRISPR structure was also identified.
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Table 1 Drug resistance test of 130 isolates
25 R N CEL B EEIE 75 U P CE L EE A
= Vi Vi %ie %k Resistance = BREL %k REL Resistance
Drugs LT T . Drugs LT T .
Sensitivity Insensitivity = Resistance rate Sensitivity Insensitivity Resistance rate
B 25 P4 Ak Amoxicillin 8 14 108 83.1 + % & Oxytetracy cline 0 3 127 97.7
Sk #n Ceftriaxone 29 10 91 70.0 A JE % Florfenicol 59 2 69 53.1
6 A I B 35 9>
-6 AR 1 126 96.9 | BHEDE 53 5 72 55. 4
Sulfamono methoxine Enrofloxacin
[i] >k 2 Amikacin 102 16 12 9.2 WHi v B Sarafloxacin = 111 16 3 2.3
Skl i Cefquinome 112 11 7 5.4 AT R Ofloxacin 28 14 88 67.7
PRKKFZE Gentamycin - 67 9 54 41.5 & Vb B Lomefloxacin - 24 5 101 77.7
4 EK Apramycin - 82 9 39 30.0 o J1% & Doxycycline 9 4 117 90.0
Sk gk Ceftiofur 81 27 22 16.9 F4&F Rifampicin 10 11 109 83.8

2.2 CRISPR i PCR ¥ 18
U A& B, 130 BR R A 39 AR RE S I Y
CRISPR., FHEAS 1 2 30 00, 8 43 B Je m A5 285 2 4

M 747576 77 7879 808182 83 84 85 86

2000 bp
1 000 bp
750 bp
500 bp
250 bp

100 bp

B 1. X 39 #k BH % B #k i) CRISPR F R 17
i, s AN 2 R

M 8788 899091 929394959697 9899 100

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

M. DNA Marker; 74~100. 4> 2 B bk 4 5 . Hi 74.77.78.80.82.86.91.92.95.96 5 29 P PR 7« HLAx 1 0k 9 BA P T
M. DNA Marker;74—100. Isolates,74,77,78,80,82,86,91,92,95 and 96 bacteria are positive and the other strains are negative

& 1
Fig. 1

W43 X5 P8 KW #F B CRISPR ) PCR § 4%
PCR results of some chicken-derived Escherichia coli CRISPR
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M. DNA Marker; Jki8 b %4y BH2E 6 R 45 5
M. DNA Marker;Data on the lane are numbers of positive strains
2 39 Bk CRISPR [H T #k 9 PCR 47 3%
Fig.2 PCR results of 39 CRISPR positive strains
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Table 2 Correlation analysis of CRISPR and

multi-drug resistance

it 25 # 28 Number of drug resistance Z#if25%/%

CRISPR . ] Multidrug-
=3 <3 resistance rate
BH 4 Positive 39 0 100 a
BH 4 Negative 79 12 87 b

RS F AR AR NG FRERR o i EFRE(P<
0.05),
Note: Differernt lowercase superscripts in each column mean sig-

nificant by chi-squared test (P<C0. 05).

710 720 730 740 750 760

3 IBEGCTTCGA
11 AE

27§
31
40 |.
65
78
87 |-
105
117 ABTTCCATAGCC
128 ASAAAF-\CCI-\BRCTTCTC" TARBRTTCCATAGCC
129 BEARAACCRARACTICTCCATARATTCCATAGCC

THATGE
AECITT

CTATGCGITITICICICTGTIIRA GGTWI.
TGCGTTITTCICTCISIIEATGC EGTFFM

CTATGCGTTTTTCTCTCTGTTL}ATECGC EGTW?{

CTATGCGTITTITICICICTIGITAATGCGCCCCCEGTIIR

Bl 3 12 BRXGIR KM AT 3 9 CRISPR X G245 28

Fig. 3 CRISPR sequence alignment of 12 strains of chicken-derived Escherichia coli (partial result)
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Sk HBFR AR 1 6 AR AL LN L 2R XA 5 AR K
ab JFFI P EER AT 9 A IRFE A B FR s ] 4 e
P4 3k B R H 6 A Bl AL 2H 8L b T R ER el 7 A A

A IR TRL Y ZE IO 5 A IRER R B L BB 2R 3 A
M., SEEFII LRGN R 2E R B 4
Ha b PSR EREE AN 2 A T ol d T R ER
Kik 13 B, e P A I/ Al AgJE U, 2 3B %
AR L. a f b P 0 /N B B REE A
—15.20 kJ/mol, ¢ A1 d J¥ 3 i &5 /N A t 68 # K
—14. 20 kJ/mol, e % 5 & /N [ B B — 14. 90
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Table 3 Information of chicken-derived E. coli CRISPR sequences

A FH (5 —>3")

Repeat sequence(5'—3")

EN-L ] A=

Repeat sequence number

LA

No. of strain

IF a1 1) %

Number of spacer sequence

GTGTTCCCCGCGCCAGCGGGGATAAACCG

- a
31 b GTGTTCCCCGCGTCAGCGGGGATAAACCG 20(6)
65 c CGGTTTATCCCCGCTGACGCGGGGAACAC 23(17)
d CGGTTTATCCCCGCTGGCGCGGGGAACAC
73 a GTGTTCCCCGCGCCAGCGGGGATAAACCG 23(17)
b GTGTTCCCCGCGTCAGCGGGGATAAACCG
128 c CGGTTTATCCCCGCTGACGCGGGGAACAC 10(3)
d CGGTTTATCCCCGCTGGCGCGGGGAACAC
27 c CGGTTTATCCCCGCTGACGCGGGGAACAC 10(3)
d CGGTTTATCCCCGCTGGCGCGGGGAACAC h
105 c CGGTTTATCCCCGCTGACGCGGGGAACAC 10¢3)
° d CGGTTTATCCCCGCTGGCGCGGGGAACAC ’
117 c CGGTTTATCCCCGCTGACGCGGGGAACAC 10(3)
d CGGTTTATCCCCGCTGGCGCGGGGAACAC ’
129 CGGTTTATCCCCGCTGACGCGGGGAACAC 10¢3)
d CGGTTTATCCCCGCTGGCGCGGGGAACAC
37 a GTGTTCCCCGCGCCAGCGGGGATAAACCG 9(2)
b GTGTTCCCCGCGTCAGCGGGGATAAACCG
10 a GTGTTCCCCGCGCCAGCGGGGATAAACCG 10¢3)
b GTGTTCCCCGCGTCAGCGGGGATAAACCG
11 d CGGTTTATCCCCGCTGGCGCGGGGAACAC 17(4)
3 e GTGTTTATCCCCGCTGGCGCGGGGAACAT 16(13)
d CGGTTTATCCCCGCTGGCGCGGGGAACAC
T 455 TP 8Os S B i 8] B O 4
Note:Data in parentheses represent new spacers.
r,c\} G},/C\.? 5 Je ﬁu\ 5 P G\ /u,’é'\G\
\C\/G‘c \C\//c‘c FE\G/C 5I:\5;/C ‘I?\, ~
gy’ Q@ % (O Gt ¢
]O/\/:;‘ P <) '\F ,\’c IG\,I'
Q‘{ G‘(;/ZO 10 ‘%C‘/G\G/zo 10 c}::f; \20 10 CJG\,G \20 16 C'C\’}';‘C\2O
T T T TElE g%
‘U/A\u\ \U/A\l—)\ ~ F\f . F\EG Jc'\dc
u/ R R U/u UL lJ/u UL /\”U\A’
. V4 \ / \
No—& No—& i A\ I ’I \ ‘
o8 “—C G < G o
\ \ \ / \ = =
) : Q ; & / g—e
u—n
d 4 > & ° & 3
a7 %l b7 %1 751 K27 N3
asequence b sequence ¢ sequence d sequence e sequence

K4 XSPRR AT B CRISPR 842 751 19 — 20 2544 T

Fig. 4 Prediction of secondary structure of chicken-derived E. coli CRISPR repeat sequence
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BRI T 2 REHKp AR —MERKBFE 5 168 456 H 5 CRISPR 4 1 b K W # 5 1 18]
MEE PR T RE TR —REH L, B 7 4 AT 6 B, b 91 2% CRISPR %4l P
2.4.2 A5 CRISPR Finder A MNFEWE . OB FH.77 508 K BLEIEF (L 3) ., A
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L 45 S PR K AT T CRISPR R AE K 45T 25 1 16 56 & 35

FERT 12 BRK o FF 1 A 18] B 5 51 #E 47 BLAST [a] 4
PR HE X CHE X 8 85 % £ 45 GenBank-Phage , RefSeq-
Plasmid) . 85 R kK BLA 56 450 Lo X 45 8 A7 Lo X 25
FH 112 4% 0E] B F 50 .72, 3 %K IR T RORL, 25. 0%
SRR T W B AR 2. 7 V0 R U5 T 40 B AN 7

0.05

0.063 | 9F % d sequence

0.0139 cJ¥ ¥ ¢ sequence

0.032

L /¥ %l e sequence
— 0.030

| aJ¥ % a sequence
0.1 860|E b7 %1 b sequence

B 5 IR K AT @ CRISPR B & 7 51 & e AL R
Fig. 5 Phylogenetic tree of chicken-derived E. coli
CRISPR repeat sequences
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CRISPR £ J5UAZ A 9 vh 2 i FF 5 X A 4 4
AR 4 o R A0 T Ak S D T R A A G
CRISPR 5ifif 25 56 & () WF 58 4 /0 . Burley Z07#
W7 2Bk 1 CRISPR MG AL, LS
Z i 25 5 A ¢, Palmer 585% 23 BT 38 11 2R 14 1)
CRISPR/CAS, % # CRISPR/CAS 5 15 M: it 25 1
TG . (AH BRI, KBTI CAS JEH 35k
i T BURRAR RI T 24 ik 18] O 22 5, 9 FLn 24 50k AT L)
f£ CRISPR [H ¥ K 7 # 0 Z 1] 1% 482 . F #k ok
SFUONT AR B B CRISPR 57 25 1 56 R i 47 098 &
B, CRISPR i &2 7 81 A1 %R <F 1 6] B ) 371 2245 L
CEZAGESL TR P

AHIFFE XS A N Hb DX XS P K A 7 CRISPR 347
OYATNGE BUREAT I A L 45 R & B 130 MR K B AT B R A
39 ¥R 4 P CRISPR, R 4 30%, X 5 T #f #
Aol BB CRISPR YK H 3R 93 %0 7 A1 EL 481K »
XA RE A T AN 22 R S B A X K
FF B CRISPR FHAE F1BH M 1 #k 1) 22 B it 24 R 2547 e
B CRISPR [APER MR 2 B 25 R 0 & 5 T
CRISPR BHPE T # - AT W, CRISPR B 1 1 #k L BH
BRI PR O 25 5 7 R 2 E A 2 1 L 1 S I e XN IR
AT B b A7 7E CRISPR M3 A7, HAS5 25 £ 8 24
M, (AA BT & 3. CRISPR J3 41 22 5 1% 5 fiif
2R Z A JC AR O L HL s B o i aE— 2B S
3.2 CRISPR Hy451E

CRISPR %5 # J& — FpHEHL A1 ok 338t 4% ) ot A= 19

B 2R 40 i A ok X L 5 1B B IR . AR WF S X K
AT i CRISPR 1 & )7 51 Fl [R) B 7 50 #6147 T R 40
SOREEE7/N S SN 8 Vi

A WFFEHE . K 2 %0 CRISPR 5 & )7 51 7 76 f&
SERES A0 5 i GTT A3 i) GAAA, HE K P
GV A S 51 ] DL SO L RNA 90451,
TR 25 B8 45 Rt ZE 3R 45 M B & Bl B #E
CRISPR R4 & & UBI ThRE AR B9 0 8 &
JF5) RNA Z 9 450 47 1, & 8L 5 K8 & )7 51
HRBETE B 0l SC A5 48 AR ZE IR/ 22 57 R IE 10 5
P HI AT R AR DNA 8 RNA 5 CAS % it 25
H A EAE M . DL &7 5 40 8 R ek fe A, 25
WoRIIE L T 2 KRB 5r 3 AR 6] —F & K #F
1) H I A I A —E e R — R K430,

] b 7 51 = CRISPR & 4t o f 5 2 (10 356 43, B
W5 2 BH L (8] B e 471 5 0 7 A | J5TObE A5 A0 Uk R A
IR S 6 N RS I ol =l APNE = S P32
P CRISPR £ 40 23 o 8 P 1t 8 0O 48 15 5 28 4p
JEIE R B, 94 AR S R BE 3% & 8] CRISPR &R
4t T R ) B T 51 DT HC A A0 T S B 1 TR
Ao AWEFEXS [ P51 AR Y 12 Bk K A 1A [] B
J# 44T BLAST [R5 M e X, & B 112 454 ot
2 B 1] B 2 51 T L 72, 3 Y6 R YR T JRORL L 25. 0 Y0 K TR
T TR A, 2.7 06 R U5 T 40 B AU B L iF— 25 UE B )
B 7 51 A R R R AR Y AT RS s AL R F

ARHFIE K B, #E 4 CRISPR 1948 V6 A g A1 1 )
ZAFAE , CRISPR BHVE B Mk 19 2 E it 25 3 W & 5 T
CRISPR BHE B B » 900 K W #F B CRISPR () 47 1
Al HE S 2 H 25 B A O L T CRISPR #9731
25 SRS 25 T A S . A5 HE— 2 X K AT
CRISPR 4514 ¢ ik #1741 Dy B #E AT 48 0 & 9L
SF 5N 22 Sk Al B 1 ) 22 SR U5 A1 A
TEPUE R LR ST 4@ 1 CRISPR J3 91 ] fig 43
R S A AR T AR A A P T 24 5 R T A TR
$&7x CRISPR 5 42 J7 51 (9 72 53 F 8] [ 5 5] 114 22 0
Al BE 5 R AT T R v 251 K
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