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Table S1 Summary of the rain fall events on each sampling period






Table S2 Sampling time information







Table S3 DNA recovery efficiencies of four procedures.
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Determination of DNA recovery efficiency
DNA recovery efficiency was determined using E.coli JM109, which has seven 16S rRNA gene copies (Stoddard et al. 2015). 16S rRNA gene copies were normalized to the initial cell number.
E. coli was cultured in Luria–Bertani medium at 37℃ for 18 h with vigorous shaking and stored on ice. E. coli cells were enumerated under an epifluorescence microscope by SYBR Green I staining (Honjo et al. 2006). An E. coli culture (100 L; 1.3 × 106 cells/µL) was trapped on a 0.2-µm nucleopore polycarbonate filter (47 mm diameter; Advantec, Japan) and transferred into a tube containing ISOIL for bead-beating (Nippon Gene, Japan) to evaluate DNA recovery. For DNA extraction without filter trapping, 100 µL of E. coli culture were directly added to the tube.
DNA extraction was based on the manufacturer’s protocol. Because the polycarbonate filter is soluble in chloroform, we evaluated whether chloroform extraction would enhance DNA recovery. For this purpose, 400 µL of chloroform were added to the tube before the addition of lysis buffer. With the exception of this chloroform treatment, the procedures were performed in accordance with the manufacturer’s protocol. 
	E. coli 16S rRNA genes were enumerated using primers and TaqMan hydrolysis probes (Suzuki et al. 2000). qPCR was performed using a Roche LightCycler 480 System (Roche diagnostics, Germany). qPCR was performed in a reaction volume of 20 µL. Each reaction contained 200 nM of each primer, 100 nM of each probe, and 1× LightCycler 480 Probe Master (Roche). qPCR was conducted by initial denaturation at 95℃ for 10 min; followed by 45 cycles of denaturation at 95℃ for 10 s, annealing at 60℃ for 30 s, and extension at 72℃ for 1 s. 16S rRNA gene copy numbers were normalized to copy numbers of the E. coli 16S rRNA gene. The cell number determined by qPCR was normalized to the cell number determined by cell counting; this was regarded as the recovery efficiency.
The obtained DNA recovery efficiencies agree with the similar previous study (Sauer et al. 2011; DNA recovery efficiency were 15.3 ± 2.7 %) 
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Table S4 Primers used for screening of tetracycline resistant bacteria
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Table S5 Primers and probes used in quantitative PCR assays
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Table S6 Statistics table for Fig. 2



Results for pairwise PERMDISP analysis. The numeric values in the table are P value from each pairwise comparison with the adjusted significance level (=0.01/3). The P values from the overall PERMIDISP analysis were 0.03, 0.02, 0.001, and 0.001 for physicochemical parameters, bacterial abundance and chlorophyll a, microbial functioning, and bacterial community structure, respectively.



Table S7 Statistics table for Fig. S3 


Results for pairwise PERMANOVA analysis coupled with PERMDISP. The numeric values in the table are P value from each pairwise comparison with the adjusted significance level (=0.01/3). The P values from the overall PERMANOVA analysis were 0.001, 0.003, 0.001, and 0.001 for physicochemical parameters, bacterial abundance and chlorophyll a, microbial functioning, and bacterial community structure, respectively.



Table S7 (continued)

Summary table for PERMANOVA corresponding to Fig. S3

Physicochemical parameters (Fig. S3a)
Factor	df	SS	F	#Perm	Pr(>F)	
Place	2	1.2079	10.547	999	0.001
Residuals	37	2.1188	

Bacterial abundance and chlorophyll a (Fig. S3b)
Factor	df	SS	F	#Perm	Pr(>F)	
Place	2	4.3341	7.1342	999	0.003
Residuals	37	11.2389	

Microbial functioning (Fig. S3c)
Factor	df	SS	F	#Perm	Pr(>F)	
Place	2	1.6140	7.7085	999	0.001
Residuals	37	3.8735	

Bacterial community structure (Fig. S3d)
Factor	df	SS	F	#Perm	Pr(>F)	
Place	2	5.8489	7.0381	999	0.001
Residuals	37	15.3740	
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Table S8 Identified tetracycline resistant environmental isolates carrying tet genes 
[image: ]



Cp (Cycle number)









Log concentration (gene copies per reaction)




Fig. S1 Standard curve of tet(A), tet(B) and tet(M) for qPCR assay. Each qPCR assay include standard curve with plotting crossing point (Cp) value vs. log10 values of the gene copy number. Cp value was determined by second derivative method. A limit of quantification was defined as the lowest gene copy number (7.5 copies per reaction) within the linear range of quantification.
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自動的に生成された説明] 
 c
Fig. S2 	Depicted image of stagnant water in combined sewer overflow structure. The largest structure had a weir measuring 3900 mm long × 550mm 
high. There are 28 release outlets on the H- waterway and D-waterway.  
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Fig. S3 Principal Coordinate Analysis (PCoA) of physicochemical and ecological variables from 3 stations sampled in 3 phases. Points indicate a) physicochemical parameters, b) bacterial abundance and chlorophyll a, c) bacterial community functions, and d) bacterial community composition samples, color denotes the stations, and shape indicates the phases.
a
b
c
d
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Fig. S4 The box-and-whisker plots tet(A), tet(B) and tet(M) genes at stations A, B and C in 3 different phases. X denotes the tet genes from grab sewer sample.
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		Table S2. Sampling date information

		Station 		phase		Sampling date		Sampling time		Discription in 
Fig. 3 & 5

		A		Ph1		9/24/2014		9:20		A-1-1

		A		Ph1		9/24/2014		22:00		A-1-2

		A		Ph1		9/24/2014		22:30		A-1-3

		A		Ph1		9/25/2014		12:40		A-1-4

		A		Ph2		7/13/2014		10:00		A-2-1

		A		Ph2		7/13/2014		12:45		A-2-2

		A		Ph2		7/13/2014		16:30		A-2-3

		A		Ph2		7/14/2014		10:00		A-2-4

		B		Ph1		9/24/2014		9:40		B-1-1

		B		Ph1		9/24/2014		23:00		B-1-2

		B		Ph1		9/24/2014		23:25		B-1-3

		B		Ph1		9/25/2014		13:10		B-1-4

		B		Ph2		7/13/2014		10:20		B-2-1

		B		Ph2		7/13/2014		13:10		B-2-2

		B		Ph2		7/13/2014		17:15		B-2-3

		B		Ph2		7/14/2014		10:20		B-2-4

		B		Ph3		7/16/2015		20:00		B-3-1

		B		Ph3		7/17/2015		2:30		B-3-2

		B		Ph3		7/17/2015		11:00		B-3-3

		B		Ph3		7/17/2015		12:00		B-3-4

		B		Ph3		7/17/2015		13:30		B-3-5

		B		Ph3		7/17/2015		17:30		B-3-6

		C		Ph1		1/14/2015		22:30		C-1-1

		C		Ph1		1/15/2015		6:30		C-1-2

		C		Ph1		1/15/2015		8:00		C-1-3

		C		Ph1		1/15/2015		9:00		C-1-4

		C		Ph1		1/15/2015		10:30		C-1-5

		C		Ph1		1/16/2015		7:30		C-1-6

		C		Ph2		3/3/2015		14:30		C-2-1

		C		Ph2		3/3/2015		20:00		C-2-2

		C		Ph2		3/3/2015		22:00		C-2-3

		C		Ph2		3/3/2015		23:00		C-2-4

		C		Ph2		3/4/2015		0:00		C-2-5

		C		Ph2		3/4/2015		10:00		C-2-6

		C		Ph3		5/12/2015		10:00		C-3-1

		C		Ph3		5/12/2015		12:30		C-3-2

		C		Ph3		5/12/2015		13:30		C-3-3

		C		Ph3		5/12/2015		15:00		C-3-4

		C		Ph3		5/12/2015		18:00		C-3-5

		C		Ph3		5/12/2015		19:00		C-3-6

		A grab sewer		PhX		1/13/2016		11:00		sewer
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DNA extraction process Recovery (n=3)
Tube 6.8-7.7%
Tube with Chloroform treatment 16.0-20.7%
Filter 0.2-4.0%
Filter with Chloroform treatment 11.0-19.4%
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Target gene
Accession number of
reference sequence



(and PCR product size)
Composition



Position
(nt)



annealing
(℃ )



Reference



F: 5'-GGCCTCAATTTCCTGACG-3' 1838-1855



R: 5'-AAGCAGGATGTAGCCTGTGC-3' 2190-2209



F: 5'-TTGGTTAGGGGCAAGTTTTG-3' 396-415



R: 5'-GTAATGGGCCAATAACACCG-3' 1036-1054



F: 5'-GCTCGGTGGTATCTCTGCTC-3' 1-20



R: 5'-AGCAACAGAATCGGGAACAC-3' 449-468



F: 5'-GGTTTTGAACGTCTCATTACCTGAT-3' 93-117



R: 5'-CCAATGGAAAAGGTTAACATAAAGG-3' 170-194



F: 5'-GTTAAATAGTGTTCTTGGAG-3' 969-988



R: 5'-CTAAGATATGGCTCTAACAA-3' 1606-1625



F: 5'-GATGGCATACAGGCACAGAC-3' 513-532



R: 5'-CAATATCACCAGAGCAGGCT-3' 921-940



F: 5'-TTATACTTCCTCCGGCATCG-3' 716-735



R: 5'-ATCGGTTCGAGAATGTCCAC-3' 1600-1619



F: 5'-GGGAGCGTCGAAAAAGG-3' 100-116



R: 5'-ACAGCAAAGCGGAAACAACC-3' 1191-1210



27F: 5'-AGAGTTTGATCCTGGCTCAG-3' 8-27  (in Eschericia.coli ) Eden et al. (1991)



690R: 5'-TCTACGCATTTCACC-3' 690-704 (in E.coli ) Huber et al. (1998)



515F: 5'-GTGCCAGCMGCCGCGGTAA-3' 515-533  (in E.coli ) Turner et al. (1999)



1492R: 5'-GGTTACCTTGTTACGACTT-3' 1510-1492 (in E.coli ) Eden et al. (1991)
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Target gene Oligonucleotide Composition Product size References



tetA-F 5'-TCAATTTCCTGACGGGCTG-3'
tetA-R 5'-GAAGCGAGCGGGTTGAGAG-3'
probe (tetA -2) FAM-TCGCACAAAGGCGAAC-BHQ1 This study
tetB-F 5'-GAGACGCAATCGAATTCGG-3'
tetB-R 5'-TTTAGTGGCTATTCTTCCTGCC-3'
probe (tetB -2) Cy5-ACGGTGTGGGTGCTAT-BHQ2 This study
tetM-F 5'-GGTTTCTCTTGGATACTTAAATCAATCR-3'
tetM-R 5'-CCAACCATAYAATCCTTGTTCRC-3'
probe (tetM -2) FAM-ATGCAGTTATGGARGGGATACGCTATGGY-BHQ1



R=A,G;   Y=C,T



tet (M)
94bp



Knapp et al. (2010)



91bp
tet (A)



Nolvak et al. (2013)



tet (B)
228bp Srinivasan et al. (2008)
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Physicochemical parameters (for Fig.2a) Significance level 0.003333
PERMDISP phase 1 phase 2 phase 3
phase 1
phase 2 0.008
phase 3 0.18 0.131



Bacterial abundance and chlorophyll a  (for Fig.2b)
PERMDISP phase 1 phase 2 phase 3
phase 1
phase 2 0.009
phase 3 0.178 0.116



Microbial functioning (for Fig.2c)
PERMDISP phase 1 phase 2 phase 3
phase 1
phase 2 0.003
phase 3 0.001 0.044



Bacterial community structure (for Fig.2d)
PERMDISP phase 1 phase 2 phase 3
phase 1
phase 2 0.175
phase 3 0.001 0.165
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For Fig.2
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Physicochemical parameters (for Fig.S3a) Significance level 0.003333
            PERMDISP
PERMANOVA



station A station B station C



station A 0.026 0.014
station B 0.007 0.669
station C 0.001 0.002



Bacterial abundance and chlorophyll a (for Fig.S3b)
            PERMDISP
PERMANOVA



station A station B station C



station A 0.313 0.001
station B 0.28 0.011
station C 0.001 0.002



Microbial functioning (for Fig.S3c)
            PERMDISP
PERMANOVA



station A station B station C



station A 0.913 0.002
station B 0.985 0.001
station C 0.003 0.001



Bacterial community structure (for Fig.S3d)
            PERMDISP
PERMANOVA



station A station B station C



station A 0.007 0.086
station B 0.002 0.001
station C 0.001 0.001



Significant difference detected in PERMANOVA came from the difference in the 
centroid and/or the differences in dispersion (suggested by PERMDISP)
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PERMANOVA

station A station B station C

station A 0.313

0.001

station B 0.28 0.011

station C

0.001 0.002

Microbial functioning (for Fig.S3c)

            PERMDISP

PERMANOVA

station A station B station C

station A 0.913

0.002

station B 0.985

0.001

station C

0.003 0.001

Bacterial community structure (for Fig.S3d)

            PERMDISP

PERMANOVA

station A station B station C

station A 0.007 0.086

station B

0.002 0.001

station C

0.001 0.001

Significant difference detected in PERMANOVA came from the difference in the 

centroid and/or the differences in dispersion (suggested by PERMDISP)
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Bacterial Type of  Homology results of 16S rDNA sequence from the isolates Homology results of translated nucleotide (blastx) from the
isolates tet  gene 16S rDNA tet  sequence sequence identities (%) are shown isolates sequence identities (%) are shown 



#1 tet (A) LC611439 -  >99% match to that of Klebsiella pneumoniae -



#3 tet (A) LC611440 -
 >99% match to that of Escherichia fergusonii , Shigella flexneri , E. coli , S. sonnei , S.
boydii , E. albertii , S. dysenteriae , and Pseudescherichia vulneris -



#4 tet (A) LC611441 -
 >99% match to that of Escherichia fergusonii , Shigella flexneri , E. coli , S. sonnei , S.
boydii , E. albertii , S. dysenteriae , and Pseudescherichia vulneris -



#5 tet (A) LC611442 -  >99% match to that of Escherichia marmotae , and E. fergusonii -



#9 tet (M) LC611443 LC610786
 >99% match to that of Shigella flexneri , Escherichia fergusonii , E. coli , S. sonnei , S.
boydii , and E. albertii



 100% match tetracycline resistance ribosomal protection protein
from E. coli,  and Salmonella enterica .



#11 tet (B) LC611444 LC610785
 >99% match to that of Shigella flexneri , Escherichia fergusonii , S. sonnei , E. coli ,   S.
dysenteriae , and E. marmotae,



 >99% match to TetB from Streptococcus suis, Klebsiella
pneumoniae, and Acinetobacter baumannii.



#12 tet (A) LC611445 LC610784
 >99% match to that of Escherichia fergusonii , Shigella flexneri , E. coli , S. sonnei , and
S. boydii



 100% match to TCR/Tet family MFS transporter from E. coli,
and TetA from Pseudomonas aeruginosa.



#15 tet (A) LC611446 -
 >99% match to that of Escherichia fergusonii , E. coli , Shigella flexneri , S. sonnei , S.
boydii , E. albertii , and Pseudescherichia vulneris -



#18 tet (A) LC611447 -
 >99% match to that of Escherichia fergusonii , E. coli , Shigella flexneri , S. sonnei , S.
boydii , and E. albertii -



DDBJ accession no. of 
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Station Date
Total



precipitation
(mm)



Maximum
intensity
(mm / h)



Duration
(hours)



Total precipitation ×
Maximum intensity



/ Duration



Storage pipe
operation Phase a



A and B 2014/9/24 58.5 25 8 182.8 No Ph1
A and B 2014/7/13-14 17.0 6.5 25 4.4 No Ph2



B 2015/7/16-17 71.5 8.5 25 24.3 Yes Ph3
C 2015/1/15-16 27.0 9 11 22.1 No Ph1
C 2015/3/3-4 15.5 3 9 5.2 No Ph2
C 2015/5/12 21.0 6.5 8 17.1 Yes Ph3



 Data were obtained from Japan Meteorological Agency (http://www.jma.go.jp/jma/)
a Strong (phase1 and phase3) and weak (phase2) precipitation was distinguishted by obtained arbitary
  number (total precipitation×maximum intensity / Duration) at threshold 10. 










Station Date

Total

precipitation

(mm)

Maximum

intensity

(mm / h)

Duration

(hours)

Total precipitation ×

Maximum intensity

/ Duration

Storage pipe

operation

Phase 

a

A and B 2014/9/24 58.5 25 8 182.8 No Ph1

A and B 2014/7/13-14 17.0 6.5 25 4.4 No Ph2

B 2015/7/16-17 71.5 8.5 25 24.3 Yes Ph3

C 2015/1/15-16 27.0 9 11 22.1 No Ph1

C 2015/3/3-4 15.5 3 9 5.2 No Ph2

C 2015/5/12 21.0 6.5 8 17.1 Yes Ph3

 Data were obtained from Japan Meteorological Agency (http://www.jma.go.jp/jma/)

a 

Strong (phase1 and phase3) and weak (phase2) precipitation was distinguishted by obtained arbitary

  number (total precipitation×maximum intensity / Duration) at threshold 10. 


Microsoft_Excel_______.xlsx
Table_S1

		Table S1. Summary of the rain fall events in this study

		Station		Date		Total precipitation (mm)		Maximum intensity (mm / h)		Duration  (hours)		Total precipitation × Maximum intensity / Duration		Storage pipe operation		Phase a

		A and B		9/24/14		58.5		25		8		182.8		No		Ph1

		A and B		2014/7/13-14		17.0		6.5		25		4.4		No		Ph2

		B		2015/7/16-17		71.5		8.5		25		24.3		Yes		Ph3

		C		2015/1/15-16		27.0		9		11		22.1		No		Ph1

		C		2015/3/3-4		15.5		3		9		5.2		No		Ph2

		C		5/12/15		21.0		6.5		8		17.1		Yes		Ph3

				 Data were obtained from Japan Meteorological Agency (http://www.jma.go.jp/jma/)

				a Strong (phase1 and phase3) and weak (phase2) precipitation was distinguishted by obtained arbitary

				  number (total precipitation×maximum intensity / Duration) at threshold 10. 
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Station phase Sampling date Sampling time Discription in
Fig. 3 & 5



A Ph1 9/24/2014 9:20 A-1-1
A Ph1 9/24/2014 22:00 A-1-2
A Ph1 9/24/2014 22:30 A-1-3
A Ph1 9/25/2014 12:40 A-1-4
A Ph2 7/13/2014 10:00 A-2-1
A Ph2 7/13/2014 12:45 A-2-2
A Ph2 7/13/2014 16:30 A-2-3
A Ph2 7/14/2014 10:00 A-2-4
B Ph1 9/24/2014 9:40 B-1-1
B Ph1 9/24/2014 23:00 B-1-2
B Ph1 9/24/2014 23:25 B-1-3
B Ph1 9/25/2014 13:10 B-1-4
B Ph2 7/13/2014 10:20 B-2-1
B Ph2 7/13/2014 13:10 B-2-2
B Ph2 7/13/2014 17:15 B-2-3
B Ph2 7/14/2014 10:20 B-2-4
B Ph3 7/16/2015 20:00 B-3-1
B Ph3 7/17/2015 2:30 B-3-2
B Ph3 7/17/2015 11:00 B-3-3
B Ph3 7/17/2015 12:00 B-3-4
B Ph3 7/17/2015 13:30 B-3-5
B Ph3 7/17/2015 17:30 B-3-6
C Ph1 1/14/2015 22:30 C-1-1
C Ph1 1/15/2015 6:30 C-1-2
C Ph1 1/15/2015 8:00 C-1-3
C Ph1 1/15/2015 9:00 C-1-4
C Ph1 1/15/2015 10:30 C-1-5
C Ph1 1/16/2015 7:30 C-1-6
C Ph2 3/3/2015 14:30 C-2-1
C Ph2 3/3/2015 20:00 C-2-2
C Ph2 3/3/2015 22:00 C-2-3
C Ph2 3/3/2015 23:00 C-2-4
C Ph2 3/4/2015 0:00 C-2-5
C Ph2 3/4/2015 10:00 C-2-6
C Ph3 5/12/2015 10:00 C-3-1
C Ph3 5/12/2015 12:30 C-3-2
C Ph3 5/12/2015 13:30 C-3-3
C Ph3 5/12/2015 15:00 C-3-4
C Ph3 5/12/2015 18:00 C-3-5
C Ph3 5/12/2015 19:00 C-3-6



A grab sewer PhX 1/13/2016 11:00 sewer










Station  phase Sampling date Sampling time

Discription in

Fig. 3 & 5

A Ph1 9/24/2014 9:20 A-1-1
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B Ph3 7/16/2015 20:00 B-3-1

B Ph3 7/17/2015 2:30 B-3-2

B Ph3 7/17/2015 11:00 B-3-3

B Ph3 7/17/2015 12:00 B-3-4

B Ph3 7/17/2015 13:30 B-3-5

B Ph3 7/17/2015 17:30 B-3-6

C Ph1 1/14/2015 22:30 C-1-1

C Ph1 1/15/2015 6:30 C-1-2

C Ph1 1/15/2015 8:00 C-1-3

C Ph1 1/15/2015 9:00 C-1-4

C Ph1 1/15/2015 10:30 C-1-5

C Ph1 1/16/2015 7:30 C-1-6

C Ph2 3/3/2015 14:30 C-2-1
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