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Impacts of ciprofloxacin in duck feces on antibiotic resistance genes in ustic cambosols

CHANG Xu-hui', JIA Shu-gang® WANG Shu-ping", ZHOU Zhi—qiang'

(1.College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China; 2.Key Laboratory of Environ-
ment Change and Resources Use in Beibu Gulf, Ministry of Education, Guangxi Teachers Education University, Nanning 530001, China)
Abstract: In order to explore the impacts of ciprofloxacin in duck feces on antibiotic resistance genes (ARGs) in ustic cambosols, an 81-d
soil culture experiment was conducted with five treatments : CK (control), CIP (ciprofloxacin ), DF (duck feces), DF + CIP(DF with added
CIP), and DF(CIP) (DF containing CIP). Twenty—seven kinds of ARGs and four kinds of mobile genetic elements (MGEs) were detected
by polymerase chain reaction(PCR) testing. Absolute abundance of target genes with relatively high detection rates and total bacterial gene
(16S rRNA) were determined by quantitative real time PCR testing. The results showed that six ARGs (tetG, sul 1 , gnrA, qnrS, aadA2,
and aadD) and one MEG (int I ) were found in different treatments, and these genes were essentially identical. The effects of DF (CIP)
and DF + CIP on ARGs and bacteria in soil were different. Compared with DF, DF (CIP) and DF + CIP significantly reduced the absolute
abundance of tetG and 16S rRNA. DF(CIP) enhanced the absolute abundance of sul | and aadA2, and DF + CIP enhanced the absolute

abundance of gnrA. Partial correlation analysis among ARGs, MGEs and soil physicochemical properties, showed that int I was significant-
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ly positive correlated with sul I and aadA2, but was significantly negatively correlated with gnrA. The positive correlation was observed be-

tween gnrA and residual contents of ciprofloxacin, and between tetG and soil organic matter. The results of this study provide a theoretical

basis for scientific assessment of environmental risks posed by fluoroquinolones and suitable application of manure.

Keywords: duck feces; ciprofloxacin; ustic cambosols; antibiotic resistance genes; mobile genetic elements; soil physicochemical properties
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Table 1 Gene types and information of primer sequence
ik HEER 5'-5IFA-3 KiEmp  SEFI %R %k HER 551 A3 KEbp BEFH 5% 308
Species  Target gene 5" -primer sequence-3' Length/hp ~ RefSeq  Reference|| Species Target gene 5'-primer sequence-3' Length/hp ~ RefSeq  Reference
FUEIRR  grA F:AGAGGATTTCTCACGCCAGG 580 DQU89302  [1] [ — F:TITCCTGACCCTGCGCTCTAT 425 AM295981 2]
R:TGCCAGGCACAGATCTTGAC R:GAGCGGACGTAGTCAGCGCCA
qnrS F:GCAAGTTCATTGAACAGGGT 428 DQ989302 (1] sulll F:CCTGTTTCGTCCGACACAGA 435 HJ705354 [4]
R:TCTAAACCGTCGAGTTCGGCG R:GAAGCGCAGCCGCAATTCAT
SURBHE  aacC2  F:.GGCAATAACGGAGGCAATTCGA 698 EU022315  [6] sl F:ATGAGCAAGATTTTTGGAATCOTAA 792 AY316203  [7]
R:CTCGATGGCGACCGAGCTTCA R:CTAACCTAGGGCTTTGGATATTT
aacC4 F:CGATGCTCTATGAGTGGCTAA 356 AJ009820 [12] W75 tetA F:TTGGCATTCTGCATTCACTC 494 X75761 [20]
R:GTCCGTTTGGATCTTGGTGA R:GTATAGCTTGCCGGAAGTCG
aadAl R:TTTGCTGGTTACGGTGAC 497 AY224165 [21] tetB F:CAGTGCTGTTGTTGTCATTAA 571 Vooo11 [23]
F:GCTCCATTGCCCAGTCG R:GCTTGGAATACTGAGTGTAAA
aadA2 F:CATCCCGTGGCGTTATCC 370 GU120477 [20] tetC F:CTGGGCTGCTTCCTAATGC 482 101749 [32]
R:CTGGGCAGGTAGGCGTTT R:AGCTGTCCCTGATGGTCG
aadB F:GCGAAATCTGCCGCTCTG 412 FJ381671 [34] tetD F:GCAAACCATTACGGCATTCT 546 X65876 [36]
R:TGCGAGCCTGTAGGACTC R:GATAAGCTGCGCGGTAAAAA
aadD F:TATATCCGTGTCGTTCTGTCCA 419 AF051917 [38] tetE F:TATTAACGGGCTGGCATTT 544 L06940 [40]
R:CTCTATTTTGCCGATTTATGATTC R:AGCTGTCAGGTGGGTCAAAC
aac(3)-Ta  F:TGCGGGCTGCTCTTGATCTT 436 X15852 [42] telG F:GCTCGGTGGTATCTCTGCTC 550 AFI133140  [44]
R:ATCTCGGCTTGAACGAATTG R:CAAAGCCCCTTGCTTGTTAC
aac(3)-Ta  F:TCGCTGAAACGCTGACGG 369 X13543 [45] ||B-WERHE CTX-M F:GCTGGGTAAAGCATTGGG 224 AF488377  [46]
R:ACAGGTAGCACTGGGCAAA R:TAGGTTGAGGCTGGGTGA
aph(3)-Tla  F:AATCAGGTGCGACAATCT 409 AJ002684 [48] 0XA F:TTTTCTGTTGTTTGGGTTTC 447 GOBI6S60  [20]
R:TTACGCTCGTCATCAAAA R:TTTCTTGGCTTTTATGCTTG
Bk %) it | F:CCTCCCGCACGATGATC 280 M73819 [49] SHV F:TGTATTATCTCCCTGTTAGC 843 F1668798 [50]
et R:TCCACGCATCGTCAGGC R:TTAGCGTTGCCAGTGCTC
mtll F:CACGGATATGCGACAAAAAGGT 789 L10818 [51] TEM F:CAGAAACGCTGGTGAAAG 788 FJ668751  [50]
R:GTAGCAAACGAGTGACGAAATG R:TTACCAATGCTTAATCAGTGAG
orf 513 F:ATGGTTTCATGCGGGTT 475 L06418 [53] ARE  Cal F:AACGGCATGATGAACCTGAA 547 NCO03384  [54]
R:CTGAGGGTGTGAGCGAG R:ATCCCAATGGCATCGTAAAG
ISCR2 F:CACTGGCTGGCAATGTCTAG 1793 AF231986 [56] CmlA F:GGCCTCGCTCTTACGTCATC 683 AJ487033 [57]
R:CTTTGGACCGCAGTTGACTC R:GCGACACCAATACCCACTAGC
A 16StRNA F:CGGTGAATACGTTCYCGG 193 KC554673  [20] Flor F:ATGACCACCACACGCCCCG 1213 DQ206638  [20]
R:AAGGAGGTGATCCRGCCGCA R:AGACGACTGGCGACTTCTCG
L5 RS /T 0.05 5 0.01 1, & WITE 95% 5% 99% 1 A7 X [1]

PUAR R PUMERE A RO F5 DUBOR T AR H AR
P v ity ) 4% DU 34 1Y CT (TSR bR i 2, AR
AFES CT A5 3] 13 AE b & B R BP0 #5 DU,
I LLEE R 95 D08y L 3 o (g, 1 0 W BRAL R AT
Mo TR 8 40 B0 i s ST JSORE I TR 85 4 118 248 %)
BRI ANE CIA: WP

copies - wL™ =[x/(a+b)x660 |x107°x6.02x10%
o HRIHREE  ng e w75 MR bp; b W H
BRI  bpo 2B BUPR HE D 22 19 R (B KT 0.98,
FRE T T 1, SR TR G 9 I AR E=107 -1,
E Y5 RN AE 0.8~1.2, B T 1 BRERAE

X FH IBM SPSS Statistics 22 % 085 #E 17 7 22 4
A, IF R A e B D A G 20 A 7 ¥R 2847 40 A, 24 P

M, S
=

WEHASITFE X LR #E25% . M Origin 9.01F

E]O

2 #ER5iTiR

2.1 RE4IE L1 ARGs #1 MGEs B4 H &R
A5 X AN [ b B A g8 v 32 A L R AT A U
4G 6 KIS AZ (WUPRER e 1A T il e 2 S
T AE R X B-NBER) Ptk 4 R B Bl it A%
TG Fint 1ane U, 4 AT 5V R] X orf 513 FI
ISCR2) V) M2 4174 16S rRNA K4 o X He /A LA b HE A
TEA AL PP A Hh 22 5 G5 SR ISR 2 iR . 7EIR A&
32 Fh ] ARG HE 4 K2 6 AT A (2et G sl T gn-
rA gnrS.aadA2 aadD) M 1 FI AR sg L ctb Gne 1 . %
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2 FEAGIE LA ARCs MGEs B 165 rRNA B4 H # 2 K 48 tH &
Table 2 Types and detection rates of ARGs, MGEs and 16S rRNA in soil of different treatments

Ai’:ﬁfcs ({ii CK CIP DF DF+CIP DF(CIP) Aﬁﬁfﬁ i_[i CK  CIP  DF DF+CIP DF(CIP)
A 165 rRNA + + + + Tl ek sul 1 + + + + +
G 1 1 1 1 1 sul Tl - - - - -
BIRE25iEl (s int | + + + + sullll - - _ _ _
int I - - - - HibA 3 1 1 1 1 1
orf 513 - - - - PUPR tetA - - - - -
ISCR2 - - - - tetB - - - - _
B 4 1 1 1 1 tetC. - - - - -
ST S qnrA + + + + tetD - - - _ _
qnrS + + + + tetE - - - - -
B 2 2 2 2 2 tetG + + + + +
EESLEES aacC2 - - - - Bt 6 1 I 1 1
aacC4 - - - - FARmEAE Catl - - - - -
aadAl - - - - CmlA - - - - _
aadA2 + + + + Flor - - - - -
aadB - - - - HiA 3 0 0 0 0 0
aadD - - - + B-MRtIZ: crx-m - - - - -
aac(3)-1a - - - - OXA _ _ _ _ _
aac(3)-1la - - - - SHV - - - - _
aph(3)-1la - - - - TEM - - - - _
Bt 9 1 1 1 2 HitA 4 0 0 0 0 0

TE o+ R A s - FoRToki

Note : + indicates check out;— indicates no check out.

Ab B A GO ST A R S DU PR SRR R
G390 2R 202 173 F1 176 (R HE SE PRV H A S R A H )
G 2P IL N 7E CK  CIP & DF Ab B G 1 R
J91/9,4E DF + CIP .DF(CIP) Zb BR P kS 136 4y 2/9., 7
FIER I Y 4 Fh MGEs AR Y ine 1, 7E45 A0 BR P A 4G
R 174, [T #5 AL BE R 247K H 16S tRNA A H %
H /1,
2.2 AE4LIELIEH ARGs it | FNAENEE ST

HJ T ARG AN AL B - e R ARGs Flline T 1Y
WRBERHIE , DL RSNV BXT 1358 ARGs Line 1 FlI
YT 52 IR, AR5 F H q-PCR F A, e BiUA% Ak 2 v
RGN 2448 vy () BE PR (AR 3% 2 1 PCR KL H 45 5% ) , 3%
PUPR 2R 2B FE A (retG) SR SSHIMEFIEA (sul 1) |
G R IL (aadA2) BV T TR e 1 L P
(gnrA) . T 283 A T Gine 1), XEARTA] A 38RE 5 b Y
FRIE R AT AT . 45 H SRR bR i 26 R 78
0.985~0.995 Z [1] , 4" HE WK E7E 0.88~1.01 Z 1], &1 1
RIS A ) Ak 34 4 38 v 25 A JEE DR 4 o =
2.2.1 AJFILEPE AT ARGs vine 1 FI4H B 194 B HE

K77 81 dJi , H e R TR H bRk R AEAS ] b

2 Xof Y J3E 1 PR B 3 K, 7E 107~10"° copies - ¢! 2 1]
(1) o 45 Ab P e Ge00s i T 25 0 1 56 TR gnr A B9 RGE H
WIELE 10"°~10" copies- g Z 0], 5 CKAH L, DF \DF +
CIP.DF (CIP) Zb 38 rf gnrA 4 %5 72 B #4 I 2 38 (1K)
1b, P<0.05) . 7E CK . CIP &b 2 o1 U 35 2 25 i p 35E [H]
terG VRS i ZE B0 VE 2 D sul T RS H vk B 24 78 10°~
10" copies-g ' Z A (Bl 1c &l 1e) , A IEME 1T AP I
aadA2 K HHE BEAE 107~10° copies - g7 Z [A] (&
1) ; /£ DF . DF+CIP 1 DF (CIP) Zb Bt et G A5 13 R FE
5 O e B AE 102~10™ copies 'gfl) R sul |
(R HY & FEFE 102~10" copies - g™") Fll aad A2 (K Hy ¥ &
TE 10"~10" copies - g™') ; i INHG 24 3 405 CK
CIP Zb I L , terG sul T | aadA2 [ 46 % = FE 236 fin
3~ EEE G, H 22 IR 8 B E K F (P<0.05) . 7
DF . DF+CIP F1 DF (CIP) &b B o i T (K H iR B2
10" copies-g"' /247 (K 1d) , 16S rRNA K H ¥ B 7E 10
copies+¢ ' /£ 47 ([l 1a) , 5 CK . CIP AL B v ine T ¥ E
(10" copies-g ' /& 47 ) Fl 16S rRNA FJ ¥ B (10" copies -
g AEAT )M I B I L AR, Ho 2 Rk B
IKF(P<0.05) o Z5G LR o, B NG ZE (4 kb B b
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1018
10" 16S rRNA (a)
16 a b
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1014
]013
]012
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CK cIp DF
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10°
107

Copies/copies-g™

CK cIp DF
b3

DF+CIP DF(CIP)

10
10" qnrA (b)
10

10

10"

10"

102

loll d c c
10]0
10°
10°
107

Copies/copies-g™

CK cIpP DF
Qb
intl (d)

DF+CIP DF(CIP)

1018
1017
1016
1015
1014
10" a a a
102 b
loll
10]()
10°
10°
107

ey

Copies/copies-g™

CK CIp DF
ab 3

addA2 (f)

DF+CIP DF(CIP)

lolx

1017

1016

1015

1014

1013

10 b b a

]oll

]010

g

108 c

107 I_T_I —
CK CIP DF

Qb

Copies/copies- g™

DF+CIP DF(CIP)

ANTF)/ING FREFOR A AT AR R PR RE AE A R AE B 8 P (19 22 5 |2 24 (P<0.05)

Different lowercase letters indicate significant differences at 0.05 level between antibiotic resistance genes of each type in different treatment soils

1 AEAER TR RAERFMERER u | EHREENZ N

Figure 1 Effects of different treatments on antibiotic resistance genes, int [ and 16S rRNA in ustic cambosols
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