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An investigation of resistance genes in bacteria from vegetables adjacent
to the swine farms in Southern China

LIU Zhenzhen, LI Liang, SUN Jian, LIAO Xiaoping, LIU Yahong

(College of Veterinary Medicine, South China Agricultural University/National Laboratory of
Safety Evaluation (Environmental Assessment) of Veterinary Drugs (SCAU), Guangzhou 510642 ,China)

Abstract ; [ Objective ] This experiment was conducted to investigate the resistance genes in bacteria from
vegetable samples adjacent to the swine farms in Southern China. [ Method] PCR and sequencing were
performed to detect the resistance genes of aminoglycoside, tetracycline, beta lactamase, quinolone, ma-
crolide and clindamycin. [ Result and conclusion ] Tetracycline resistance genes had a wide distribution
range (the ground detectable rate of this kind of gene was 90% (9/10) both in accessory bacteria and
endophytic bacteria). There were different resistance genes between accessory bacteria and endophytic
bacteria from vegetables, and accessory bacteria had richer resistance genes than endophytic bacteria.
The detectable rates of resistance genes in accessory bacteria of A, B, C, D, E, F, G, H, I and J samples
were 77.78% (21/27), 92.59% (25/27), 92.59% (25/27), 51.85% (14/27), 33.33% (9/27),
92.59% (25/27),77.78% (21/27), 7.41% (2/27), 81.48% (22/27) and 77.78% (21/27),
respectively ; the detectable rates of resistance genes in endophytic bacteria were 0 (0/27), 11.11%
(3727), 11.11% (3/27), 11.11% (3/27), 29.63% (8/27), 48.15% (13/27), 29.63%
(8/27), 33.33% (9/27), 25.93% (7/27) and 22.22% (6/27), respectively. The results indicate
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that the resistance problem in bacteria, especially accessory bacteria from vegetables, is probably very se-

rious. It can even inhibit the growth of crops and threaten animal and human health through food chain to

which enough importance should be attached.

Key words : vegetable sample; resistance gene; accessory bacterium; endophytic bacterium; swine farm
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Tab.1 Vegetable samples selected from Southern China

FE G Gt B SRR m/g
A NG 5.03
B EE2 5.31
C He 3k 12.71
D # 5.00
E EE2 14.12
F H 3 5.13
G H 3 5.20
H H 10. 66
I #H 10.62
J Ak 17.02

L1.2 EZAAEME  WRE AW ILUAEL T
NA g NB N B 5 AR Y SR R A
UCAFREN  JC/K T PBS Sy b 5t ¥ 12N W 7% s
rTag DNA Z& 4 fiff . DL2000 DNA Marker , dNTP Mix-
ture \DNA $2BUGRA 7 £ Bacterial DNA Kit 544 T
T (ORI ) A BRA R it s IR WA VU BEF Biowest 23
g

1.2 FHi&

1.2.1 #&eRE BINSCHCREIE IR S Bk
A /5 RAE AP TS A, 7] — 48 7 5 1 R A YRR
TR DyFe b 42350 B A i 9 3 A R AR B SR 1Y
25 IR N SRR R AR A, FLIE A 1. SR AR
U BIRE RO VR TR P (4 °C) , 7 BV IR 75 52 36 48 ik
ok .

1.2.2 @R (AT R) BRI XGE
K RE T SE AR R 1% 19 G TIR AR
FUTECR 0. 02% il — 20 AR A R 1 min,
PR BCR 75% oK CBEHR A 1 min, 5% 5 H
PBS R 3 U, A 1 min. ISR K S8,
R T A TAE G WTCE T AR TR 2V
0.1~0.5 ecm FNEE B 0.5 em x0.5 em B/)h
Y. B AR A B ROSRIBC 10 g DI4FR9ZE i, LA 20 mL
Er AR 0.008 5 kg + L™ NaCl R AIAF S
0 0.01% kit -20 ARG, T 4 CRIAFTR
P01 K IS 0 VR G B K B R R R & 107701077
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FERE 3 NEE 30 min J5,A1E T 25 CHEEE; I
FaPRESE S . NAEAHTR PRI B 10 g VTGP 2E
o fmA 20 mL & RS EE S~ 0.008 5 kg - L' 1Y
NaCl i FABSr 00 0.01% ki - 20 AR5
W, T4 CHRMTRM L b, AR 75% ToK
LR 1 min, FERFSECH 5% TR M
WIZH 5 min, TGP K 7840k, TR 4RI T
Jo 103 VR R B P B R L SR 4 . B 100
pL BFEE BRI NB JiFRi T 37 ClHIR R 7 d s
F 24 h, SRIG KRG SRR O KB EE R B 2 1072
1077 107, B 200 L Fi B ES 5) Uk A T NA AR
b B 3 AR IEE 30 min 5 {5]E T 25 C

TEIRIGFRAE GRS d.

1.2.3 AR KA 100 ~200 SR
(AR BERR BRI NA SF-Az , I 10 mL KB SR KK B
PR R, ¥ # E. Z. N. A. Bacterial DNA Kit i 71|
ERIULH] 3PN B DNA.

1.2.4  3l4a it 546 WS Sk iE
FHR LR 5 19 15 3, b b e KR TR BRA
FIA LS. K510 F K o R K R4 T 100 F5 76 RE
FECE 4 CUKEE, 51 R & F ok b Bt 514 0
%2.

1.2.5 BaAERNAE  PCR PRI GHK
LR P Blast F2F7 £E GenBank ™ Hiit H (14 3% [H 7
GIHATHRIPERE R S HT

®2 KBEATRAMSIMREEH

Tab.2 PCR primers and conditions used in this study

fiit 24 38 A 515 (5'—-3") PR/ bp iR KR/ C
W i S
qnrS GCAAGTTCATTGAACAGGGT™
] 428 54.0
TCTAAACCGTCGAGTTCGGCG
qepA CCAGCTCGGCAACTTGATAC"’
) 570 60.0
ATGCTCGCCTTCCAGAAAA'!
oqrA CTCGGCGCGATGATGCT!
392 57.0
CCACTCTTCACGGGAGACGA!
ogxB TTCTCCCCCGGCGGGAAGTAC™! s 20
CTCGGCCATTTTGGCGCGTA '
DY
tet(C) CTTGAGAGCCTTCAACCCAG A18 5.0
ATGGTCGTCATCTACCTGCC™ '
tet( G) GCTCGGTGGTATCTCTGCTC! !
] 468 55.0
AGCAACAGAATCGGGAACACH
tet(L) TCGTTAGCGTGCTGTCATTC ®
267 55.0
GTATCCCACCAATGTAGCCG™
tet(Q) AGAATCTGCTGTTTGCCAGTG!” 169 550
CGGAGTGTCAATGATATTGCA '
tet(W) GAGAGCCTGCTATATGCCAGC!” 168 60.0
GGGCGTATCCACAATGTTAAC '
tet( X) CAATAATTGGTGGTGGACCC! 468 8.0
TTCTTACCTTGGACATCCCG '
GRS S
InuA GGTGGCTGGGGGGTAGATGTATTAACTGG™ 3 7.0
GCTTCTTTTGAAATACATGGTATTTTTCGA'® '
InuF CACCATGCTTCAGCAGAAAATGATC! 1 200 550
TTACTTGTTGTGCGGCGTC ' '
IsaA CGCTCCAGCTGTATGAGAACTGC
1 200 55.0

TCAAGCGATTGACTTCTTTTTTG!
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4352 Continue to tab. 2

ik 243 35 [l 195 (5'-3") TR bp B KR/ C
KIFNBESE
mefA AGTATCATTAATCACTAGTGC

TTCTTCTGGTACTAAAAGTGG 3 26.0
ereA AACACCCTGAACCCAAGGGACGH!

CTTCACATCCGGATTCGCTCGA! 20 %00
ofr TGAAGTATAAAGCAGGTTGGGAGTCAM " 50

ACCATATAATTGACCACAAGCAGCH?
ermA GTTCAAGAACAATCAATACAGAG

GGATCAGGAAAAGGACATTTTAC 2 >0
ermB GAAAAGGTACTCAACCAAATA

AGTAACGGTACTTAAATTGTTTAC 639 2.0
BT
aac(3")-llc AACCGGTGACCTATTGATGG

TGTGCTGGCACGATCGGAGT M %83
aadAl AGGTAGTTGGCGTCATCGAG

CAGTCGGCAGCGACATCCTT o9 8.3
aadB GCGAAATCTGCCGCTCTG

TGCGAGCCTGTAGGACTC 42 >8.0
aph(3")-1I TCTGAAACATGGCAAAGGTAG

AGCCGTTTCTGTAATGAAGGA 82 >0
aph(3')-1V AGAACGAGATGACGTTGGAG

AGTTGGTCAAGACCAATGCG HO37 2.3
aph(4") -la TCCGGAAGTGCTTGACATTG

GGATGCCTCCGCTCGAAGTA 340 8.3
B-NBERE
blay, GTTACTCACACACGGAAGGT

TTTTATAGTAGCGGGTCTGG 800 2.0
blacry e CTCAGAGCATTCGCCGCTCA

CCGCCGCAGCCAGAATATCC 843 2.0
blagy, ATATCTCTACTGTTGCATCTCC

AAACCCTTCAAACCATCC 019 26.0

2 gﬁ%'—ﬁﬁ*ﬁ 92.59% (25/27) 51.85% (14/27) 33.33% (9/27) .

2.1 Bk#EmMEMARPHAEENRUESR
10 ASERSERE i 210 03 B A 4 BRI FE
XF AT 6 255 27 Firiig 24 BE PRIAG D). A 37 B B B A= 4
TR 245 5 DR A 5 1 00 DL T 1, 2T 24 6 PR Y 288091 3
B, AB.C.D.F.G.IHJHEGPHREME T Fiko
ML, K ) 32 100% (6/6) . A B rpAs il 5]
15 R, Kt AR 83.33% (5/6) , MiAEdh H
H RTINS 1 1 2T 24 2 P A6 S % 16. 67% (1/6) .
AT 24 R R 2B H T HIRE, A ~ T FF it H i 24 2 P
Gt 2 IR 77, 78% (21/27) .92.59% (25/27) .
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92.59% (25/27) 77.78% (21/27) 7. 41% (2/27) .
81.48% (22/27) 1 77.78% (21/27). Hifi B . C.F
FE i R i 245 35 PRUAGE HE S8R g iy, 2818 92, 59% . A 245 5
A ATIE IR E (B 1) a2 25 2 I AE 10 M55
Yyl S RE 5 v ¥ 4 A, % 100% (10/10)
PUBR IS RIR N ER 2 S B 1 28 0 B- P o e 26
T 24 55 DR Ay A ) 26 3  90%  (9/10) , MR AT 25 2 T
R R 80% (8/10) . LA Y, #E I H
B3 5% 2 B A= 4 B HP e 6 2K 2 L 1A 1) 40 A i L 2
AEH T 1z 0, s R 2 T 24 3 TR 1Y o3 A Bl
iz
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Fig.1 The number of resistance genes in epiphytic bacteria iso-

lated from vegetables
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A~ ] FE b 24 3 A A L R 43 )2 0(0/27) |
11.11% (3/27) 11.11% (3/27) . 11.11% (3/27) .
29.63% (8/27) .48.15% (13/27) .29.63% (8/27) .
33.33% (9/27) \25.93% (7/27) F122.22% (6/27). }
L FRE R 24 55 DR AR e iRy (48.15% ), i=m T
it 245 35 PR 2 31t 26 1) HRE ) (33.33% ) . O
H E . G.1.J ¥ &, & RN & B.C.D A5 (H
BIm T A RS A 2R (0. 00% ) . % LS4 i BT
A 2 TR AT 24 DR H AR O, AT LA HY B SR A
R AR AR (1) P A AR (L 2) B AT 24 2
DRI A S A 22 00 1), I LB A 40 B A ) i 24 25 [
L AR 20 T 0 =5 & DT 24 3 DY) 29 A Y LR B (I
2), PUBR ISR R IR R 2T 25 B 7E 9 MBS Y
AR NAEMBRFES T HAE M, AR R
90% (9/10) , 2 FEWH 1 25 . B-P e e 288 Mk T 25 = 1
W T A A% T 24 5 DY) ) A 238 49 00l Sk 50% (5/10)
40% (4/10) 30% (3/10) F130% (3/10). HHFE i,
DUPRZRASFI I PN P 2R i 24 25 R 1) 20 A e D2 R 7
JAZ ). X EU B AR 20 P i 225 35 DR A 43 AT s 50, W A T
2T 24 35 DA 7 B A A0 B P A HE 2R 100% (10/10)
T AE N A 20 TR R %5 30% (3/10) , AT D B A 4

2.2

By H M VA TR AS 0 24 5 DR ) A S T B N 2R AT AT
2. PUBRERIS AN R IR DAY 1 Tk 24 2 PR 7 BT 24 248 1 A
LR RS R 2 5 90% (9/10) , Ho o3 A i [ 2

Az,
14
12} N
\
ol D
6f ) S
2 4 )
0 A B C D F J
BRI A
[ #hrrggs KIFPIBE R B vifim 2k
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Fig. 2 The number of resistance genes in endophytic bacteria

isolated from vegetables
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i A3 | SRRN 28055 B S rh AR IR B A= A A=
I TR FEA TN 24 55 R H I 0 A R A A B, AR A Y
A= AP TR A DU T 6 ST 24 25 I, A i R 100%
(6/6) 1M1 A FF i i PN A 20 TR B A HB A T 24 35
BRI, G0 232 O, HASE o 1% B 26 A8 7 v LR D 3] 1 2K i
R K 02 16.67% (1/6) T H FE i Y N A
YT ARTI R T 6 ST 2 3L K R 100% (6/6)
XATRE S B ST P AE R BRI SR RE T A R B
BeT5 GuR ol 55 R 2R BB 26 A TR L PN 2B 40 B RIT A 7 3R
BEANFA O, WA 20 B 7E A 1k 9 B B i LR AF
23], NG IR AR S ), A0 W] R 2 e T L 2
PN AE PEAR 58, T — MR AR AR A TS 43 25 3. Ku-
mar 25 UHIFSE T R K PR 40 3 MG FH 2 IR A
TP R SRRHERINEI,3 F/EY m]
A S R A 4 R R TS RO SR T &R, U P SR
XA R SO A R BT TEACHE 5T, B AR 2
PR T I S T 24 BE DAL 10 M08 37 119 i SR A i v
YA o34 K 22 100% (10/10) , Ho oA Fil it fe) ™
(1, 3X AT fe 5 M 2R 25 W) oA BURE T B E PE
S8 RPN A Tz A, T HL AT LR R T A
B, FESE R Al B R i AT SR 7R RN Ol
J 2 R . AR B X TN A B AR E I R
PR (B TEYE ) o3 B AR SEAT ORI A 5 W 147 i
i 245 PMQR JEPR A7 JH 2, Kl ] gnrA (qnrB |
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gnrD .gnrS F aac (6’ ) -Ib-cr F:[H. Hata L [15] g e 1
WGHUH Shigella flexneri 2b WG IR EARF LT qnrS
FEH. Jacoby 25 VOV E i 45 v (A W Klebsiella pneu-
moniae RN T qnrB JED . &G N R B X #
PR I IR 2l 4 15 7 FF B Hh A DU 2] gnrA  gnrB | qnrS 3
[Al. Rodriguez-Martinez 2t AN 26 [ AR A LA
I R AN B AR KT 2] T gnrA JE[H. Wang 250 )N
DA LG R B AR A I ) T grrd FE[R. Wu 2502
A 7 A H DA PR 43 B RS I 3 grrA (qnrB
qnrS PR AN [ SFe U5 1% 4 T 1 4 25 30 nes 5 T A i 2%
FRE DAL, 150 P w2 TS 2 B PR A A AR H T
FEARIFZE Y, 55 35 B 2 400 B A0 P9 A 40 B o g 3R
RN 2555 D A R A R, T X 26 4 A AR 7T fig
FELET™ B (1 T 245 0] R0 3 AT g A H T4 S0 it FH % Pl
IR RSN NE R BE G T 3
MIBTAE R L. HE S 2 VR R S P AR R AR
SRSy, S BRI T Jl e — MU AL 3R
Jil i SRR Y DNA, A1 5 PCR AN E) 5 A
UK Pk R A (tetB/P tetM . tetO | tetT . tetW ) 1 1%
TE. AR AR5 R PCR Jr iR se T 90035 1 3e4m
DNA 1 9 B PUFR R Bt R I AAAE RS Yok
SRR, PRI O R U R PR R terD
AN, oA 8 Fhpu kL (tetA (tetB tetC tetG tetl te-
10 tetQ F tetX) 0] K 4. Chee-Sanford 25 %
PCR-DGGE FIF7 31 /3 A H AR AE 77 48 5 B ik 1) 2 3t o
) 8 T F A2 MR (A L 4 2 11 (RIPP) (79 DU 2R 2% i
ZHEEA, 43 RS2 tetO tet(Q | tetW tetM . tetB/P .tetS tetT
N otrA  TEHAWTF 22 35 58 37 ARG 5 | A 37555 114 ] ] A
B rp L R I B s 25 B [H] 1ot W tet T tetM  tet O, 5
B 3 T LA 10 A 2 T 245 4 R 1 5 5 37 ) o B 5 it )
ZAFAER. A G S AE it B .CF .G F1 T (1% B A= 2
P i A DU 2] 5 B g B 2R 2Tt 24 5 AL Schmitt
25 1 PCR J7 S AIE W] T - 38 v DU 3R K 1 24 3%
PRI 2R, 3X S A I ) 25 3 02— B0, TN [
PSR HTAE 28 X5 AT TE A AN [F) 9 T 24 45k PR T s o
BUAE R 25 5 K SR AR Z 0, B 20U 451 (Can 3
BE A5 ) R Ty 2 45 DR R Y S ), AR MERE 25 R 25
FERHATTEM G BARA S R T 10 Mg 6
SERE R 4 i 24 5L AT 9, (AN — e R |
UESE T 24 55 X ) APk L SR AE S ) 37 8 &R 40 5
BB 2 LR R T e 1. 53 4, i T ifi 24 3 R mT L
A B LR R ST (ANBORL e T S 1)
b, I HLRBEAE B0 w1 AR B0 i 2 ], B AR
http://xuebao.scau.edu.cn
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NI,

A A A T AR X 10 AN [ 3 i SR A
ooty B 200 T T DA A 20 T 14 T 2 DR 49 A O
i PCR 4550 P 1) D5 PEAS DN S S TR R
B-PBENE S WV RS R P9 I 2R FbR vl 2 R 3L
6 25 27 Phif 253 4, 25 R A B, PR AR 4 i v DU 3R 2K 26
Tt 245 3 DR A G 1 230 R 0] i, 6 2 200 T 485 5 1 1 24 2
PN TE RS 340 2 50 H 0 L PN AR 20 5 A )32 0
PEAN I Gpit 5 F RS A 40 B S 24 1 DR 8 1 0 2 2241
W W2 T R R T I E A
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