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Pollution Characteristics of Antibiotic Resistance Genes in Xizhijiang -Dongjiang River Basin, Guangdong
Province, China
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(1.State Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry,Chinese Academy of Sciences, Guangzhou 510640,
China; 2.Agro—Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China)

Abstract: Contamination from antibiotic resistance genes( ARGs ) has become an environmental issue all over the world. In this study, we
sampled water and sediments during dry season at ten sites in the Xizhijiang—Dongjiang River Basin, Guangdong province. SYBR Green—
based real—time quantitative PCR was used to assay the abundance of three representative sulfonamides resistance genes (sull, sul2, and
sul3) and two integrase genes(intl and int2 ). These five genes were all detected in both water and sediment samples, implying ARG con-
tamination of water in the Xizhijiang—Dongjiang River basin. The absolute abundance and relative abundance of sull and sul2 were highest,
suggesting that they both were predominant ARGs. A positive correlation( R?>=0.64 ) was found between the relative abundance of the ARGs
in water and that in the sediments. In both water and sediments, there was a positive correlation between relative abundance of sull and int1
(R*>>0.95, P=0.000<0.01), sull and sul2( R*>0.8, P=0.002<0.01), and sul2 and int1(R*>>0.8, P=0.004<0.01). From tributaries to the main
stream, antibiotic resistance gene became enriched. Special attention should be paid to ARGs contamination in this region.
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Figure 1 Sampling sites in the Xizhijiang—Dongjiang River Basin
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L' each),2 wL#i4z DNA,0.125 pL Taq DNARA (S
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Table 1 Basic information of sampling sites

G R @ HE T T B P T3
st DRI b DX MR K 114°14'12" 22°45'50" e S PRSI
s2 TR e X el 24 [l 114°1527" 22°43'53" e SL VUL
53 VRHIBFHBUE A 114°19'53" 22°45'51" kT PRELT
4 HINGURERL A E T 114°26"24" 22°44'42" oK PRI S
85 SECM 17 S P XA B Pt 11427'13" 22°47'59" Bk VAT S
s6 SO T E A DK 4 114°29'28" 22°56'38" Yok iy VRT3
s7 HOH T AR B 4B 114°64'68" 22°97'73" AT ERIS S
S8 AT A L T 2 114°28'22" 23°1'35" PYRCT. RIS
S9 R T MR X et 114°27'19" 23°10'51" AL ARILTE
810 AU TR X SR - 114°21'42" 23°08'53" ARIL ISR

R 2 HEBIREERERRISHTOLESE PCR BTASH
Table 2 Primers used for real-time PCR in the study
H R 5149 SIFSI(5'—3") B KRB/ C PR bp ik
sull Qsul1/F CGCACCGGAAACATCGCTGCAC 62 163 [30]
Qsull/R TGAAGTTCCGCCGCAAGGCTCG
sul2 Qsul2/F TCCGGTGGAGGCCGGTATCTGG 62 191 [30]
Qsul2/R CGGGAATGCCATCTGCCTTGAG
sul3 Qsul3/F TCCGTTCAGCGAATTGGTGCAG 62 128 [30]
Qsul3/R TTCGTTCACGCCTTACACCAGC
int1 Qint1/F CAGTGGACATAAGCCTGTTC 55 160 [31]
Qint1/R CCCGAGGCATAGACTGTA
int2 Qint2/F GTTATTTTATTGCTGGGATTAGGC 55 166 [22]
Qint2/R TTTTACGCTGCTGTATGGTGC
168 rDNA 690F TGTGTAGCGGTGAAATGCG 62 140 [22]
829R CATCGTTTACGGCGTGGAC
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Figure 2 Melting curves of Real-time PCR for target genes
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Jels g . MERESL 5 Fh ARGs 198 &K AR
FN R E TR ST R BRPE X BR . 251
S PCR WA R (20 wL):10 wL SYBR ® Premix
Ex Taq™ II (Tli RNaseH Plus),0.8 WL FW . RW 5[#7(10
MM each),0.4uL ROX Dye I ,2 pL 4z DNA,0.125
L Taq DNA BB 475 UpL),6 pLddH,0. #5658
PCR JZ R : (1) AR :95 °C 1 min; (2)PCR 4734 .
95 °C 751 15 s, 1B 2k 40 5,72 “CIEA 40 s(HE 615 5%
45,40 DGR 5 (3) Al th Ze kel .95 °C 15 #2, J5 60
C 1 min, BAECTTEA MR AFE AL RT-PCR 47 3545 5]
BCT B, XF 07 A o il 2 A5 20 FF fb mp i 24 35 R i) 75
i (copiess WL DNA), Sl B R AR S i 24 56
175 & (copies+ g™ B, copies- L"),
1.6 BS54

JH SPSS 16.0 B A #1747 Ab 3, >R ] one-
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11 585

2 EREHH
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2RI N, 10 AR S KAE R TR i vh
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il I DR Bt 3 M R

Kl 3 o, AKAERTTRRYIREd b, sull Fl inel 4
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F sull sul2 Flint2 PR E Y EE swld Fine2 Kt
LR SRR a0 R o Horp sull 5 sy, TEKAE
H135(3.05+3.01 )x108 copies+ L™, ZEVTF ik (1.63+
1.74)x10° copies- g™ sul3 )& miflk, FEKFEH L
(7.79+5.49 ) x10° copies * L', ZEPT TR ¥ v Ay (4.88+
5.32)x10° copies g™, P& & Sk V- AHZE =B 2.
intl FEPRIEIE R T i FELH,  JKARE ke 22 A S0
P TR L AR 25— B

AN ] R A R U AL A o b Y e R A
(ARGs )4 %t F2 i (F=2.104, P=0.052 ) - 5 4 H B
IR . B S9 LAk, Btk B R 4 X = i (F=1.966,
P=0.08) FEA[R]RAE s KA TR IF3AT H B S 1Y
AR
22 MAEENMHEEBNEE

BrAE R PP RARD B2 (H PR 5 16S-
rRNA JEP B FOAE ) BR sull 1 inel 5 54 A1 (P=

R MEFRNMEREMFE

Table 3 Absolute abundance of Antibiotics resistance genes in samples

KRR S sull sul2 sul3 intl ini2 16S-rRNA
S1 IREE 3.45+0.12x10’ 1.12+0.09x107 1.25+0.19x10° 2.34+0.22x10’ 2.59+0.55x10’ 8.01£0.06x10°
Mivaty 3.54+0.2x10’ 7.17+0.17x10° 7.52+0.37x10* 2.47+0.25x107 3.08+0.18x10° 2.01+0.38x10°
S2 TKEE 4.09+0.13x10° 1.10£0.10x10® 2.34+0.22x10° 2.18+0.13x10* 9.79+0.11x10° 2.04+0.48x10°
YR 4.28+0.15x10° 1.12+0.06x10° 1.19+0.07x10° 3.37+0.15x10¢ 1.34+0.35x10° 6.18+0.17x10°
S3 IKEE 9.94+0.48x10° 2.75+0.21x10° 1.62+0.11x10° 7.24+1.51x10° 7.29+0.07x10° 4.67+1.13x10°
VLR 4.53+0.05%x10° 6.40+0.20x10’ 1.66+0.10x10° 3.62+0.50x10° 2.83+1.58x10° 8.35+0.86x10°
S4 IKFE 2.33+0.25x10° 1.17£0.15x10* 5.58+0.23x10° 1.99+0.19x10° 1.49+0.27x10° 1.32+0.28x10"
YR 6.37+0.23x107 1.08+0.07x107 1.48+0.20x10° 3.04+0.21x107 3.80+0.11x10° 3.88+0.79x10°
S5 KR 4.54+0.86x10° 2.70+0.27x10* 1.27+0.03x10° 3.34+0.68x10° 1.56+0.35x10° 3.74+0.35x10°
I AL 2.61+0.17x10° 4.48+0.19x107 6.33+0.29x10° 1.84+0.15x10° 2.71+0.12x10° 6.11+0.29x10°
S6 IKFE 4.4+0.27x10° 2.77+0.27x10* 4.80+0.29x10° 2.44+0.84x10° 1.51+0.13x10° 4.57+1.53x10°
UL 2.57+0.35x10° 6.33+0.32x107 4.34+0.14x10° 1.43+0.14x10° 2.70+0.28x10° 2.40+0.29x10°
S7 IKEE 9.78+0.21x10° 2.51+0.28x10° 2.35+0.22x10° 1.17+0.09x107 4.63+0.35x10° 1.14+0.14x10°
VLAWY 1.25+0.09x10° 1.49+0.31x10° 1.60+0.08x10° 6.44+2.20x10° 3.56+0.32x10° 5.10+1.38x10°
S8 IKEE 3.21+0.1x107 8.69+0.25x10° 2.71+0.21x10° 2.14+0.25x107 6.13+0.27x10° 1.23+0.16x10°
VLAWY 9.24+0.58x10° 1.37+0.29x10° 1.74+0.17x10° 5.89+1.39x10° 5.34+0.13x10° 7.05+1.17x10°
S9 IKFE 3.6+0.32x10° 1.25+0.19x10° 1.44+0.32x10° 1.42+0.05x10° 5.81+0.12x10° 3.09+0.14x10°
MikAL] 1.00+0.02x10° 2.08+0.02x107 2.65+0.28x10° 4.81+0.30x10’ 3.64+0.28x10° 3.43+0.47x10°
S10 IKAE 8.65+0.42x10’ 2.54+0.12x107 4.33£0.35x10° 6.49+0.24x107 1.44+0.11x10° 5.77+0.25x10°
VLAWY 2.25+0.22x107 5.31+0.27x10° 1.42+0.17x10° 1.65+0.34x107 2.85+0.07x10° 1.43+0.43x10°

1¥: a:copies+ L™ b:copies+g™ dry sediment.
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Figure 4 Relative abundance of antibiotic resistance genes
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*F4-1 UEEREBEXESTER(R)

Table 4—1 Correlation analysis of antibiotics resistance genes(R?)

o KA TR

sull sul2 sul3 intl int2 sull sul2 sul3 intl int2

IR sull 1 0.847 -0.059 0.962 -0.173 0.658 — — — —

sul2 0.847 1 -0.103 0.822 -0.206 — 0.697 — — —

sul3 -0.059 -0.103 1 -0.041 0.953 — — 0.335 — —

int1 0.962 0.822 -0.041 1 -0.143 — — — 0.737 —
int2 -0.173 -0.206 0.953 -0.143 1 — — — — -0.042
T sull 0.658 — — — — 1 0.972 0.099 0.964 -0.554
sul2 — 0.697 — — — 0.972 1 0.107 0917 -0.487
sul3 — — 0.335 — — 0.099 0.107 1 0.129 0.670
int1 — — — 0.737 — 0.964 0.917 0.129 1 -0.586

int2 — — — — -0.042 -0.554 -0.487 0.670 -0.586 1
®4-2 pUEEEMBEXESTER(P)
Table 4-2 Correlated analysis of antibiotics resistance genes(P values )
FH KA YR

sull sul2 sul3 intl int2 sull sul2 sul3 intl int2

K sull 0.000 0.002 0.872 0.000 0.634 0.039 — — — —

sul2 0.002 0.000 0.777 0.004 0.567 — 0.025 — — —

sul3 0.872 0.777 0.000 0911 0.000 — — 0.232 — —

intl 0.000 0.004 0911 0.000 0.693 — — — 0.015 —
int2 0.634 0.567 0.000 0.693 0.000 — — — — -0.907
TR sull 0.039 — — — — 0.000 0.000 0.785 0.000 0.097
sul2 — 0.025 — — — 0.000 0.000 0.770 0.000 0.153
sul3 — — 0.232 — — 0.785 0.770 0.000 0.723 0.034
int1 — — — 0.015 — 0.000 0.000 0.723 0.000 0.075
int2 — — — — -0.907 0.097 0.153 0.034 0.075 0.000
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I
)
=}

e
&

<
S
G
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Figure 5 Regression analysis of antibiotics resistance genes

between water and sediment
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