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Fig. S1. Study area: municipality of São José do Vale do Rio Preto, located in the upland 

region of Rio de Janeiro state, in southeastern Brazil. 
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Fig. S2. Ponds around agricultural areas used for crop irrigation: (A) LA (22°19'31.70"W, 

42°91'97.11"S) with 245 m2; (B) LB (22°19'21.71"W, 42°91'84.11"S) with 147 m2; (C) LC 

(22°11'46.41"W, 42°95'11.76"S) with 665 m2 and (D) LD (22°14'92.83"W, 42°.88'17.84"S) 

with 294 m2. 
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Fig. S3. Agarose gel electrophoresis (1.4%) of the PCR products using the primers for 

blaGES (A), blaTEM (B) and blaSHV (C) genes. S1 and S2 correspond to the sampling period:  

high (S1; on March 14, 2019) and low monthly rainfall (S2; on November 25, 2019). Water 

samples are represented by capital letters followed by the number of replicates: LA (LA1, 

LA2 and LA3), LB (LB1, LB2 and LB3), LC (LC1, LC2 and LC3) and LD (LD1, LD2 and 

LD3). CCA corresponds to the ceftriaxone resistant bacterial strains isolated from LA: 

Escherichia sp. (CCA 1.2 and 1.3); Klebsiella sp. (CCA 2.1, 2.2 and 2.3). (M) Molecular 

size marker - 100bp Plus DNA ladder, Promega. 
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Fig. S4. Agarose gel electrophoresis (1.4%) of the PCR products using the primers for the 

sul1 (A) and sul2 (B) genes. S1 and S2 correspond to the sampling period: high (S1; on 

March 14, 2019) and low monthly rainfall (S2; on November 25, 2019). Water samples are 

represented by capital letters followed by the number of replicates: LA (LA1, LA2 and 

LA3), LB (LB1, LB2 and LB3), LC (LC1, LC2 and LC3) and LD (LD1, LD2 and LD3). 

CSA and CSD correspond to the sulfamethoxazole resistant bacterial strains isolated from 

LA and LD, respectively: Enterobacter sp. (CSA 2.3); Escherichia sp. (CSA 1.1; CSD 1.2 

and 1.3); Aeromonas sp. (CSA 2.2); Proteus sp. (CSA 2.1A). (M) Molecular size marker - 

100bp Plus DNA ladder, Promega. 
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Fig. S5. Agarose gel electrophoresis (1.4%) of the PCR products using the primers for the 

intI1 (A) and intI2 (B) genes. S1 and S2 correspond to the sampling period: high (S1; on 

March 14, 2019) and low monthly rainfall (S2; on November 25, 2019).  Water samples are 

represented by capital letters followed by the number of replicates: LA (LA1, LA2 and LA3), 

LB (LB1, LB2 and LB3), LC (LC1, LC2 and LC3) and LD (LD1, LD2 and LD3). CSA, CSB 

and CSD correspond to sulfamethoxazole resistant bacterial strains isolated from LA, LB and 

LD, respectively: Escherichia sp. (CSA 1.1; CSD 1.3); Enterobacter sp. (CSA 2.3, 5.1 and 

5.2); Pantoea sp. (CSB 1.1). (M) Molecular size marker - 100bp Plus DNA ladder, Promega. 
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Fig. S6. Individual rarefaction curves of the water samples collected from ponds LA 

(purple), LB (blue), LC (green) and LD (yellow) in S1 (dark tones) and in S2 (light tones). 

Replicates are represented by capital letters followed by the number of replicates: LA 

(LA1, LA2 and LA3), LB (LB1, LB2 and LB3), LC (LC1, LC2 and LC3) and LD (LD1, 

LD2 and LD3). 
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Fig. S7. Relative abundance of bacteria classes in water samples collected in LA (purple), 

LB (blue), LC (green) and LD (yellow) in S1 (dark tones) and in S2 (light tones). The bars 

represent the standard deviation. Asterisks (dark pink - S1 and light pink - S2) represent the 

statistical difference among the ponds in the two samplings (parametric data submitted to a 

one-way ANOVA and nonparametric data submitted to Kruskal-Wallis). A red asterisk 

represents the statistical difference between the samplings of each pond (parametric data 
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submitted to the t test and nonparametric data submitted to Mann-Whitney). The data 

represented by "others" are formed by more than one taxon and they were not statistically 

analyzed.  
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Fig. S8. Relative abundance of bacteria genera in water samples collected in LA (purple), 

LB (blue), LC (green) and LD (yellow) in S1 (dark tones) and in S2 (light tones). The bars 

represent the standard deviation. Asterisks (dark pink - S1 and light pink - S2) represent the 

statistical difference among the ponds in the two samplings (parametric data submitted to a 

one-way ANOVA and nonparametric data submitted to Kruskal-Wallis). A red asterisk 

represents the statistical difference between the samplings of each pond (parametric data 

submitted to the t test and nonparametric data submitted to Mann-Whitney). The data 

represented by "others" are formed by more than one taxon and they were not statistically 

analyzed.  
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Fig. S9. Relative abundance of OTUs associated with isolated antimicrobial resistant 

bacterial genera (identified using MALDI-TOF) in water samples collected in LA (purple), 

LB (blue), LC (green) and LD (yellow) in S1 (dark tones) and in S2 (light tones). The bars 

represent the standard deviation. Asterisks (dark pink - S1 and light pink - S2) represent the 

statistical difference among the ponds in the two samplings (parametric data submitted to a 

one-way ANOVA and nonparametric data submitted to Kruskal-Wallis). A red asterisk 



12 
 

represents the statistical difference between the samplings of each pond (parametric data 

submitted to the t test and nonparametric data submitted to Mann-Whitney).  
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Table S1. Physical-chemical characteristics of the water collected from the four ponds. 

Samplings were in two periods of the year: at the beginning (low volume of rainfall) and at 

the end of the rainy season (high volume of rainfall).  

 

Parameters LA LB LC LD 

First sampling (S1) 

Salinity (ppt) 

 

0.01  

 

0.01  

 

0.01  

 

0.01  

pH 6.5 7.1 7.3 6.9 

Temperature (°C) 24  23.7  32.8  27.3  

Second sampling (S2) 

Salinity (ppt) 0.01  0.01  0.02  0.01  

pH 7.2 7.2 10.1 7.4 

Temperature (°C) 21.2  20.4  27.5  24.3  
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Table S2: Sequence of primers used for the amplification of antimicrobial resistance genes and genes encoding integrases 1 

Gene Primers Sequence (5’-3’) Reference Amplification 
conditions 

intI1 
 

intM1-UF ACGAGCGCAAGGTTTCGGT 
 [27] 
 

94ºC - 10 min; 30 
X (94º - 30 sec; 
53º - 30 sec; 72º - 
2 min); 72º - 7min 

intM1-DR GAAAGGTCTGGTCATACATG 
 

intI2 
intM2-UF GTGCAACGCATTTTGCAGG 
intM2-DR CAACGGAGTCATGCAGATG 

 

blaCTX-M-½ 
mCTX-1/2-F ATGTGCAGYACCAGTAA 

 [28,29] 

95ºC - 10 min; 30 
X (95º - 30 sec; 
55º - 30 sec; 72º - 
45 sec); 72º - 10 
min 

mCTX-1/2-R CGCTGCCGGTTTTATCSCCC 
 

blaCTX-M-8 
mCTX-8-F AACRCRCAGACGCTCTAC 
mCTX-8-R TCGAGCCGGAASGTGTYAT 

 

blaCTX-M-14 
mCTX-14-F GGTGACAAAGAGARTGCAACGGAT 
mCTX-14-R TTACAGCCCTTCGGCGATGA 

 

blaSHV 
mSHV-F CTTGACCGCTGGGAAACGG 
mSHV-R AGCACGGAGCGGATCAACGG 

 

blaTEM 
mTEM-F CCCTTATTCCCTTTYTTGCGG 
mTEM-R 
 

AACCAGCCAGCCWGAAGG 
 

blaGES 
mGES-F AGCAGCTCAGATCGGTGTTG 
mGES-R CCGTGCTCAGGATGAGTTG 

 

blaMOX-1, blaMOX-2, blaCMY-1, blaCMY-8 a CMY-11 MOXM-F GCTGCTCAAGGAGCACAGGAT 

 [30] 

94ºC - 3 min; 25 
X (94º - 30 sec; 
64º - 30 sec; 72º - 
1 min); 72º - 7 
min 

MOXM-R CACATTGACATAGGTGTGGTGC 
 

blaCMY-2 a CMY-7, blaCMY-31 CITM-F TGGCCAGAACTGACAGGCAAA 
CITM-R TTTCTCCTGAACGTGGCTGGC 

 

blaDHA-1, blaDHA-2 DHAM-F AACTTTCACAGGTGTGCTGGGT 
DHAM-R CCGTACGCATACTGGCTTTGC 

 

blaACC ACCM-F AACAGCCTCAGCAGCCGGTTA 
ACCM-R TTCGCCGCAATCATCCCTAGC 

 

blaMIR, blaACT EBCM-F TCGGTAAAGCCGATGTTGCGG 
EBCM-R CTTCCACTGCGGCTGCCAGTT 

 

blaFOX-1 a FOX-5b FOXM-F AACATGGGGTATCAGGGAGATG 
FOXM-R CAAAGCGCGTAACCGGATTGG 
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*M = A or C; H = A or C or T; Y = C or T; K = T or G; R = A or G 2 

 3 

 4 

 
 

sul1 Sul1-F GAATAAATCGCTCATCATTTTCGG  [31] 95ºC - 10 min; 30 
X (95º - 1 min; 
52º - 45 sec; 72º - 
1 min); 72º - 1min 

Sul1-R CGAATTCTTGCGGTTTCTTTCAGC 
 

sul2 

Sul2-F ATGGTGACGGTGTTCGGCATTCTGA  [31] 95ºC - 10 min; 30 
X (95º - 1 min; 
55º - 45 sec; 72º - 
1 min); 72º - 1min 

Sul2-R CTAGGCATGATCTAACCCTCGGTCT 
 

qnrA 
 

QnrAm-F AGAGGATTTCTCACGCCAGG 

 [32] 

95ºC - 10 min; 25 
X (95º - 45 sec; 
58º - 45 sec; 72º - 
15 sec); 72º - 3 
min 
 

QnrAm-R TGCCAGGCACAGATCTTGAC 
 

qnrS 
 

QnrSm-F GCAAGTTCATTGAACAGGGT 
QnrSm-R TCTAAACCGTCGAGTTCGGCG 

 

qnrB QnrBm-F GGMATHGAAATTCGCCACTG* 
QnrBm-R TTTGCYGYYCGCCAGTCGAA* 

 

qnrC QnrCm-F GCGAATTTCCAAGGGGCAAA 

 [33] 

95ºC - 10 min; 25 
X (95º - 45 sec; 
58º - 45 sec; 72º - 
15 sec); 72º - 3 
min 
 

QnrCm-R ACCCGTAATGTAAGCAGAGCAA 
 

qnrD QnrDm-F AGGTGTAGCATGTATGGAAAAGC 
QnrDm-R ACATTGGGGCATTAGGCGTT 

 

qnrVC QnrVCm-F GAGYTKTATGGTTTAGAYCCTCG* 
QnrVCm-R TGTTCYTGYTGCCACGARCA* 

 

qepA 

QepA-F GCAGGTCCAGCAGCGGGTAG  [34] 95ºC - 10 min; 
25X (95 ºC - 45 
sec; 58 ºC por 45 
sec; 72 ºC - 15 
sec); 72º - 15 min. 

QepA-R CTTCCTGCCCGAGTATCGTG 
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Table S3: Identification of strains grown on CHROMagar supplemented with 50 µg/ml 

ciprofloxacin 

Genera LA LB LC LD 

Escherichia sp. 0* 0 0 3 

  

* Number of strains identified using MALDI-TOF 
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Table S4: Identification of strains grown on CHROMagar supplemented with 8 µg/ml 

ceftriaxone 

Genera LA LB LC LD 

Acinetobacter sp. 0* 0 5 0 

Bacillus sp. 0 2 4 4 

Chryseobacterium sp. 2 6 6 1 

Elizabethkingia sp. 0 3 0 0 

Enterobacter sp. 0 0 0 1 

Escherichia sp. 3 0 0 3 

Klebsiella sp. 3 0 1 0 

Proteus sp. 0 0 0 1 

Pseudomonas sp. 2 0 3 0 

Stenotrophomonas sp. 0 0 4 0 

     

* Number of strains identified using MALDI-TOF 
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Table S5: Identification of strains grown on CHROMagar supplemented with 60 µg/ml 

sulfamethoxazole 

Genera LA LB LC LD 

Aeromonas sp. 2* 0 0 0 

Bacillus sp. 0 1 0 2 

Citrobacter sp. 0 0 2 1 

Cronobacter sp. 1 0 0 0 

Enterobacter sp. 4 0 1 1 

Escherichia sp. 1 1 2 2 

Klebsiella sp. 1 1 1 2 

Pantoea sp. 0 1 1 0 

Proteus sp. 2 0 1 1 

Pseudomonas sp. 3 0 6 0 

Serratia sp. 0 4 0 0 

 

* Number of strains identified using MALDI-TOF 
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