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Pollution characteristics of bacteriophage resistance genes in pig farm wastewater treatment system effluent
and surrounding rivers

YANG Yi-wen', CHEN Ying—xi', CAI Ying—feng', XING Si-cheng', WU Rui-ting', CHEN Ning—xue', LIAO Xin—di"*"

(1.College of Animal Science, South China Agricultural University, Guangzhou 510642, China; 2.National Engineering Research Center for
Breeding Swine Industry, South China Agricultural University, Guangzhou 510642, China; 3.Key Laboratory of Tropical Agriculture Envi-
ronment of South China, Ministry of Agriculture , Guangzhou 510642, China)

Abstract: In this study, five typical pig farm wastewater treatment systems were selected as the research objects. The effluent, upstream
water, and downstream water samples were collected, and the bacteriophage DNA was extracted. Real-time PCR technology was used to
detect the abundances of tetracycline resistance genes (tetG, tetX, and tetW), sulfonamide resistance genes (sull and sul2), macrolide
resistance genes (ermA and ermB), B—lactam resistance genes (blazen), chloramphenicol resistance genes (cmlA), and integrin genes (intl]
and intl2). The results showed that the detection rate of phage resistance genes in the effluent was lower than that in the river samples.

Among them, cmlA was only detected in 1/5 of the effluent samples, and sull was only detected in 2/5 of the effluent samples. However, cmlA

WA :2020-06-11 R HH:2020-07-14

BB IR (1991—) 5B 7 R M 5L, FE NS E IR SR E SIS . E-mail: yiweny@foxmail.com

SBIEMEE BEWHF  E-mail:xdliao@scau.edu.cn

BETE ) ARE RHELOUH s L 05 6 (R SURITE & 314 (2018B020205003)

Project supported : Guangdong Technological Innovation Strategy of Special Funds(Key Areas of Research and Development Program ) (2018B020205003 )



2632

VRIEIN ity F396F 114

and sull were detected in all the river samples. The average absolute abundance of sul2 was 4.09 + 0.16, which was significantly higher than

that of the other antibiotic resistance genes (P<0.05). There was a significant strong positive correlation between the abundance of cmlA

and the abundances of blamy and sull, respectively (P<0.05). Furthermore, there was a strong positive correlation between the abundance

of intll and the abundances of cmlA, blarsy, and sull, respectively (P<0.05). There was no significant difference between the abundances of

cmlA and sull in different pig farm samples. However, there was a clear difference among the abundances of other genes in different pig

farm samples. The abundance of total resistance genes in the effluent was significantly lower than that in the upstream samples and

downstream samples (P<0.05). This study shows that there is a high abundance of bacteriophage resistance genes in the effluent of typical

pig farm wastewater treatment systems, but it does not have a significant impact on the surrounding rivers.

Keywords : bacteriophage; antibiotic resistance gene; wastewater treatment system; pig farm; river
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Table 1 PCR primer information of resistance genes and

integrants
2P IR Ay 22l S
Genes Primer names Sequences References
tetG tetG-F GCAGAGCAGGTCGCTGG [11]
tetG-R CCYGCAAGAGAAGCCAGAAG
tetX tetX—F GAAAGAGACAACGACCGAGAG [12]
tetX—-R ACACCCATTGGTAAGGCTAAG
tetW tetW-F GAGAGCCTGCTATATGCCAGC [13]
tetW-R GGGCGTATCCACAATGTTAAC
sull sull-F CGCACCGGAAACATCGCTGCAC [14]
sull-R TGAAGTTCCGCCGCAAGGCTCG
sul2 sul2-F TCCGGTGGAGGCCGGTATATGG [14]
sul2-R CGGGAATGCCATCTGCCTTGAG
ermA ermA-F GGTTTGCTATTGATGGTGGAA [14]
ermA-R GAACGCGATATTCACGGTTTA
ermB ermB-F AAAACTTACCCGCCATACCA [15]
ermB-R TTTGGCGTGTTTCATTGCTT

GCKGCCAACTTACTTCTGACAACG [16]

[)[(lv‘mz [)l(l'rr. w—F

blarzy—R ~ CTTTATCCGCCTCCATCCAGTCTA

cmlA cmlA-F GCCAGCAGTGCCGTTTAT [17]
cmlA-R GGCCACCTCCCAGTAGAA

intll intl1-F GGCTTCGTGATGCCTGCTT [18]
intl1-R CATTCCTGGCCGTGGTTCT

intl2 intl2-F GTTATTTTATTGCTGGGATTAGGC [18]
intI2-R TTTTACGCTGCTGTATGGTGC
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PEIE A ermA , AT 475 () L U] 3 R AS 550 F1 3/5 B9
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FE XA 5 Th i 6 3 K AL B 2R 455 KA 2
JE) 3 T S e T A A B DR A SR S YRR .
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Table 2 Detection of resistance genes and integron genes in

different sampling sites

22 BEAETREERNSEREEAXE

XoF BT A A i o %) I R AR ey P i DR R A A
g5 LB S AN S I K Ak B R G H KR 3 el e
A e o B R A A B R R (R 3) , i
AP L ] swi2 0973 F B e, =ik 4.09+0.16,
2 T IR R BPUEIE A terX (3.24+0.19) Fl tetG
(3.22+0.29) (P<0.05) ; tetX Fl terG [ 26 %F =F &5 i 5 7
TR e 2 oM L ] sull (2.46+0.39) F UU 4 25 2K P
FEH 1etW(2.38+0.18) (P<0.05) 5 sull Fl tetW 14 246 %5} F
FEY blamw(2.18£0.22) W FJEZ R A B & X5,
T RPN BERGUE L ermB(2.04+0.18) FI
ZRPIPEFL emlA(1.93+0.34) (P<0.05) ; KIF A K
PUPESE B ermA W F- 24 4056 3 B 551G, oM 1.05+0.28 , 2
FARTF HA BT RE N (P<0.05) . 34 TR inel 1
intl 2 WLABEASIN 5 A 50 v A = B2, P38 =F B 45
52k 3.70+0.15 F112.28+0.18 .,

XA it O oo PR A5 A B 1k R DR R 2 Al A 5
JE DR 3= B R AT LR 5 A DG4 23 BT, R A Spearman
PR ZREL, WA TG, 45 SR WA 1 R . 25 SRR, B
I (K tetW F blazsy . intl2 Fl ermB , VA K intl2 F tetW 2.
] A, HAr otk JE PR 22 1] 34 5 i 2 TE AH G (P<0.05)
Hoh S B YU emiA 43 515 B- N BEM S P
I (A bl FIVEE i 23 B0 1 JE ] sul 1 22 [B] A7 7 58 1 A
X (P<0.05) ; B4 T IL N inel ] 50 51 S HUPERE A blaen |

R HEmPREERARESERAXFE

¥
Pi?}efms blar cmlA sull sul2 ermB ermA te1G tetW- tetX inil ] intl2 Table 3 The logarithm of the copy number of resistance genes and
H A + - - 4+ o+ -+ o+ o+ o+ 4+ integron genes in samples
K B + -+ o+ o+ -+ o+ o+ 4+ o+ L F B 1eN
G r b s e éﬂi fffﬁs oM BK T
D + - - o+ o+ -+ + o+ o+ 4+ Minimum Maximum Average
E + - = 4+ o+ o+ o+ o+ o+ o+ o+ blame B-MIMENEZE  0.41+0.30  2.84+0.02  2.18+0.22de
E A + + o+ o+ o+ o+ o+ o+ o+ o+ o+ cmlA AERLE ND 3.10+0.05 1.93+0.34e
g A sull T ND 3.10:0.05  2.46+0.39d
C o+ o+ o+ o+ -+ o+ o+ o+ sul2 Tl 2.82+¢0.08  5.17+0.01  4.09:0.16a
D + o+ + + o+ o+ o+ o+ o+ ermB KIR TR ND 3.00£0.28  2.04+0.18e
E + 0+ + + + + o+ + ermA KA B ND 2.89+0.01 1.05+0.28f
A R tetG PUERER S ND 421+0.05  3.22+0.29¢
g + o+ o+ o+ - - -+ o+ tetW PUPR R 1.37£0.14  3.94x0.16  2.38+0.18d
C + + + 4+ + + + + + + + tetX PUFRZE 1.68+0.58 4.46+0.01 3.24+0.19b
D + + o+ + +  + o+ + o+ o+ 4 intl1 BET 2.15+0.50  4.30+0.00 3.70+0.15b
E + + o+ + +  + o+ + o+ o+ 4 intl2 BET 0.63£0.12  3.13+0.03 2.28+0.18d
1 “A~E" RN RS KA B R G, +7 s A I 45 2Ry TR A A NG PR R IR AN R R R 2 1] 22 53 . 25 (P<0.05) s ND £ 7R

(P TN R K2R ] 5
Note: "A~E" mean the different pig farm wastewater treatment
systems, "+" means the result is positive,"=" means the result is negative.

R R
Note: Different lowercase letters indicate significant differences
among different genes(P<0.05) ;ND indicates a negative test result.
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emlA Fl sull Z [A] 52 5 I EAH G (P<0.05) o DL R4S R R
HHAE 3 192 7K A B 2R 255 7K R S 3009 ) TR A 4
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HBRES ., FERPOPEIER emlA FOi 2P0k
sull ) FFETES 2 AEA B3 225 (P>0.05) ;
M B — P Bk e 28 4701k 5L DX bl 7555 3 B B 266 %) = Ji
R, 0 2.69+0.29, 1 3 & T HABRE 17 (P<0.05) ; it
JHe 2 B 1 5 TR sul2 HE 5 1 B (4.58+0.21) Fil C(4.50+
0.16) /i 3= 1 i 2 & F LA A% 4 (P<0.05) ; KIF
B2 PU Ik BE K ermB 645 1 C(2.62+0.16) H Y F i
H T HANE Y (P<0.05) s KIF N ERSHTIEFEIA ermA
TR E P B R, o 1.4320.4; PR KP4k
tetGTER I AP i F B f i, 9 3.62+0.34 5 tet W E
$5 B(2.88+0.35) H 1) - i Fie 5 s et X TEME 7 E Y
FHE R, 3.68+0.25,
2.4 ¥E3% B K Ab I 2 St H K AT b T i 2K R oh
BT EEENAT EE

X6 3 1 K A B R 48 K DI U RN R Ui K
o v TR AR A P R ) T B AT A0 AT S AR R
PR G K 9 R JE R ) B T B (2.01+0.21) 2
FAR T F 7 (3.03+0.13) F R I (2.88+0.16) Hr i

=
! |

sulz 021 0.32 0.49
ermB 0.05 0.23 0.30 0.60
ermA 052 047 0.57 0.20 0.26
tetG | 0.59 0.58 0.60 0.54 0.39
et 0 0.13 0.23 0.68 -
X 0.25 0.34 0.40 0.47 0.39
intll - - - 0.37 0.28
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Figure 1 Heatmap of correlation analysis between different gene abundances
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