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Materials and Methods
Quantitative PCR (qPCR) Assays

A subset of biofilm samples was initially analyzed at 5, 10, 50, and 100-fold dilutions to
determine the optimum dilution for gene quantification. A 10-fold dilution was found to yield
optimum quantitation for DNA extracts and was utilized for all samples. Each qPCR assay
consisted of a total reaction volume (20 pL) with 10 pL PowerUp™ SYBR® Green Master Mix,
2 pL each of forward and reverse primers (10 uM), 5 uL of diluted DNA extract, and 1 pL

molecular-grade water.

Following each qPCR assay, melt curves were generated and analyzed to verify specific
target amplification based on positive controls. Gene concentrations for each sample were
quantified in triplicate, and the mean value was used for subsequent statistical analysis. If only
two of the three replicates yielded positive detections in the qPCR assay, then the mean value of
the two positive replicates was used in subsequent analyses (Kimbell et al., 2018; Pruden et al.,
2012). Standard curves for qPCR assays were produced by ten-fold serial dilution of plasmid
DNA yielding 10° to 10° copies per reaction. Standard curves and negative controls were
conducted in triplicate and were included with each 96-well plate. All gPCR negative controls
failed to yield amplification above the limit of quantification for each assay. Copy numbers of
target genes were log;, transformed to meet the assumptions of normality for statistical analysis
(Burch et al., 2013). Relative abundance of each target gene was normalized to 16S rRNA gene
copies for statistical analysis. All gPCR assays were conducted on a Roche LightCycler® 96
(Roche Molecular Diagnostics, Pleasanton, CA) at the Marquette University Water Quality

Center in Milwaukee, WI.
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Droplet Digital PCR (ddPCR) Assays

All details for ddPCR assays are provided in the manuscript text. Supplementary Table

2 shows the MIQE guidelines that were followed for qPCR and ddPCR experiments.

Supplementary Table 1. Primers, annealing temperatures, amplification efficiencies, and R?
values for qPCR analysis of target genes.
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Supplementary Table 2: MIQE Guidelines/Checklist

Item to check Importance* Comments
Experimental Design
Definition of experimental and control groups E Yes
Number within each group E Yes
Assay carried out by core lab or investigator’s lab? D Yes
Power analysis D NA
Sample
Description E Yes
Volume or mass of sample processed E Yes
Microdissection or microdissection E NA
Processing Procedure E Yes
If frozen — how and how quickly? E Yes
If fixed — with what, how quickly? E NA
Sample storage conditions and duration E Yes
Nucleic acid extraction
Quantification — instrument/method E Yes
Storage conditions: temperature, concentrations, duration, E
Yes
buffer
DNA or RNA quantification E Yes
Quality/integrity, instrument/method, e.g. RNA integrity/R E
e NA
quality index and trace or 3’:5’
Template structural information E Yes
Template modification (digestion, sonication, E
. . NA
preamplification., etc.)
Template treatment (initial heating or chemical E
. NA
denaturation)
Inhibition dilution or spike E NA
DNA contamination assessment of RNA sample E NA
Details of DNase treatment where performed E NA
Manufacturer of reagents used and catalogue number D Yes
Storage of nucleic acid: temperature, concentration, E
c Yes
duration, buffer
RT (if necessary)
c¢DNA priming method + concentration E NA
One- or 2-step protocol E NA
Amount of RNA used per reaction E NA
Detailed reaction components and conditions E NA
RT efficiency D NA
Estimated copies measures with and without addition of RT D NA
Manufacturer of reagents used and catalogue number D NA
Reaction volume (for 2-step RT reaction) D NA
Storage of cDNA: temperature, concentration, duration, D
NA
buffer
ddPCR target information
Sequence accession number E Yes
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Amplicon location D No
Amplicon length E Yes
In silico specificity screen (BLAST, etc.) E No
Pseudogenes, retro-pseudogenes or other homologs D NA
Sequence alignment D NA
Secondary structure analysis of amplicon and GC D NA
content
Location of each primer by exon and intron E Yes
Where appropriate, which splice variants are targeted? E No
ddPCR oligonucleotides
Primer sequences and/or amplicon context sequence E Yes
RTPrimerDB identification number D NA
Probe sequences D NA
Location and identity of any modifications E NA
Manufacturer or oligonucleotides D Yes
Purification method D NA
ddPCR protocol
Complete reaction conditions E Yes
Reaction volume and amount of RNA/cDNA/DNA E Yes
Primer, (probe), Mg and dNTP concentrations E Yes
Polymerase identity and concentration E Yes
Buffer/kit catalogue no. and manufacturer E Yes
Exact chemical constitution of the buffer D NA
Additives (SYBR green I, DMSO, etc.) E Yes
Plate/tubes catalogue No and manufacturer D Yes
Complete thermocycling parameters E Yes
Reaction setup D Yes
Gravimetric or volumetric dilutions D Yes
Total PCR reaction volume prepared D Yes
Partition number E NA
Individual partition E NA
Total volume of the partitions measured (effective reaction E NA
size)
Partition volume variance/SD D Yes
Comprehensive details and appropriate use of controls E Yes
Manufacturer of ddPCR instrument E Yes
ddPCR validation
Optimization data for the assay D Yes
Specificity (when measuring rare mutations, pathogen E NA
sequences etc.)
Limit of detection of calibration control D Yes
If multiplexing, comparison with singleplex assays E NA
Data analysis
Mean copies per partition E Yes
ddPCR analysis program E Yes
QOutlier identification and disposition E NA
Results of no-template controls E Yes
Examples of positive(s) and negative experimental results as E
Yes
supplemental data
Where appropriate, justification of number and choice of E NA
reference genes
Where appropriate, description of normalization method E NA
Number and concordance of biological replicates D Yes
Number and stage (RT of ddPCR) of technical replicates E NA
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Repeatability (intraassay variation) E NA
Reproducibility (interassay/user/lab etc. variation) D Yes
Experimental variance or CI E Yes
Statistical methods used for analysis E Yes
Data submission using RDML (real-time PCR data markup D No

language)
* Essential information (E) submitted with the manuscript if applicable to the study. Desirable information (D)
submitted if possible. NA = not applicable, Yes = provided in manuscript, No = not performed or provided in
manuscript.
*Table adapted from (Bustin et al., 2009).

Illumina Sequencing of Biofilm Samples

To prepare biofilm microbial communities for DNA sequence analysis, the V4 hypervariable
region of 16S rRNA genes was PCR-amplified from purified DNA using primers 515F/806R
with Nextera adapters (Illumina, Inc., San Diego, CA) (Caporaso et al., 2012; Garner et al.,
2019). One extraction blank and mock community (#HM-782D, BEI Resources) were included
in the sample set. Reactions (25 pL total volume) were set up as follows: 12.5 uLL KAPA HiFi
HotStart ReadyMix (Roche Sequencing, Pleasanton, CA), 5 uM 515F primer, 5 uM 806R
primer, 7.5 pL HyClone DNA-free water, and 2 pL diluted DNA extract. PCR thermal cycling
conditions were as follows: 5 min at 95°C, 40 cycles of 95°C for 30 s, 50°C for 30 s, and 72°C
for 90 s, followed by 5 min at 72°C. PCR products were initially screened by electrophoresis on
1.5% agarose gels. Triplicate PCR products were pooled in ~75 pL samples, with amplicons less
than 100 bp removed using 56 pL. Agencourt AMPure XP beads in each (Beckman Coulter,
Brea, CA). Final products were resuspended in 40 pL. 10 mM Tris-EDTA. Sample library
preparation was prepared according to the Illumina MiSeq protocol in the Nextera XT Index kit
(Illumina, Inc., San Diego, CA) using 2X KAPA HiFi HotStart ReadyMix (Roche, Basel,
Switzerland). Indexed [LL1] [LL1]PCR amplicons were cleaned with AMPure XP beads and the
SequalPrep Normalization kit (Thermo Fisher Scientific, Waltham, MA). Sequencing was
conducted on the Illumina MiSeq platform using a 2x250-cycle paired-end protocol at the
University of Wisconsin-Milwaukee Great Lakes Genomics Center in Milwaukee, W1

(http://greatlakesgenomics.uwm.edu).
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Primer and barcode sequences were removed from reads using cutadapt (Martin, 2011).

3

Processing of sequence reads was conducted using the open statistical program ‘R’ utilizing the
‘DADAZ2’ package, which is a model-based approach for correcting amplicon errors without
sequence similarity clustering to construct amplicon sequence variants (ASVs).(Rosen et al.,
2012) Based on quality profiles, the last 20 base pairs of forward and reverse reads were
removed. Two maximum expected errors were permitted. Any reads with ambiguous bases (N)
were removed and reads with quality scores lower than 10 were removed. Chimeric reads were

checked using the “consensus” method and removed. Taxonomic classification for the resulting

ASVs was assigned using the SILVA v132 reference database.(Quast et al., 2013)

ASVs that were classified as mitochondria, chloroplast, or eukaryota were removed.
Additional thresholds were set to identify and remove ASVs potentially derived from the mock
community, extraction/PCR blank, and non-target samples that were included in the sequencing
run: 1) any ASVs that were exact matches to those in the mock community were removed; 2)
any ASVs that were three times more abundant in the blank sample (negative control) than
across the dataset were removed; 3) any ASVs that were ten times more abundant in the non-

target dataset than the drinking water pipe biofilm samples were removed.

Code for these analyses can be found on GitHub:

https://github.com/NewtonLabUWM/DrinkingWaterPipe Ecology.
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Supplementary Figure 1. Diagram of different biofilm sample locations from chloraminated cast iron
drinking water main. Sample locations included biomass surface (BS), pipe surface scrape (PS), tubercles
(TUB), and under tubercles (UT). Biomass surface samples were collected in areas with increased
corrosion deposits and/or biofilm development. Pipe surface samples were collected by swabbing areas of
the pipe with the least amounts of biofilm development.
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Supplementary Figure 2. Absolute abundance of 16S rRNA genes in different biofilm
microenvironments from a cast-iron drinking water main as measured with droplet digital PCR (ddPCR)
(Figure A) and quantitative PCR (qPCR) (Figure B). The biofilm microenvironments include biomass
surface (BS), pipe surface (PS), tubercle (TUB), and under tubercle (UT). Each bar represents a different
sample category which includes triplicate biofilm samples (n=3). The mean absolute gene abundance (left
y-axis: log;y gene copies/cm?, right y-axis: log;o gene copies/g) for each of the biofilm samples is plotted
on the y-axis with one standard deviation. The right y-axis only applies to corrosion tubercle (TUB)
samples, which were analyzed by weight.
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Supplementary Figure 3: Comparison of absolute gene abundance of antibiotic resistance genes, metal
resistance genes, and int/1 as measured with ddPCR and qPCR assays. The biofilm microenvironments
include biomass surface (BS), pipe surface (PS), tubercle (TUB), and under tubercle (UT). Each biofilm
sample is also categorized by top (T) or bottom (B) pipe sample location. Each point represents the
average of technical replicates for each biofilm sample (n=3). The mean absolute gene abundance (left y-
axis: log;o gene copies/cm?, right y-axis: log;, gene copies/g) for each of the biofilm samples is plotted.
The right y-axis only applies to corrosion tubercle (TUB) samples, which were analyzed by weight.
ddPCR concentrations are denoted with solid black circles and qPCR concentrations are denoted with red
squares. The quantification limit (QL) is also plotted for each gene.

S10



log4o gene copies/16S rRNA copies log4, gene copies/16S rRNA copies

log4o gene copies/16S rRNA copies

1x100 v ry 1%1001—5
vy A ¢  blaSHV o blaTEM | @ Bottom UT
'g' o . --- u A . - O TopUT
1101 A T O 1x101<4 o y A . g | Y BotomBs
—_— . — B — A Top BS
M m o o . m OO0 4 BottomPS
(@) o ¢ (] o [ ]
1%10-2- ° 1%10°2- A ° o TopPS
A " H Bottom TUB
O TopTUB
1x10-3 1%10-3
1x100 1%100
COpA v A czeD| ® Bottom UT
-~ ¢ . v e o O TopUT
1x10-1_ _ 1x10.1_ L lo) — _ v Bottom BS
" ¢ T o= A TopBS
* - e o (m ¢ Bottom PS
o v —
1x10-2- o° - = B[ 1x1024 o m H | ¢ ToPs
[ ] H Bottom TUB
A O TopTUuB
1x10-3 1%10-3
1x100 > 1%x10°
v intl1 © suli | ® BottomUT
° A ° A
-l / « ° O TopUT
1x1014 © T - 1%10-1- _ . v Bottom BS
° — 4 A A TopBS
v o ° 0 - o ¢ Bottom PS
1%10-2- 1%10-2- v o o TopPS
™ H  Bottom TUB
A A O TopTuB
1x10-3 1%10-3

Supplementary Figure 4. Relative abundance of antibiotic resistance genes, metal resistance genes, and
intl1 in different biofilm microenvironments from a cast-iron drinking water main as measured with
droplet digital PCR (ddPCR). The biofilm microenvironments include biomass surface (BS), pipe surface
(PS), tubercle (TUB), and under tubercle (UT). Each biofilm sample is also categorized by top or bottom
pipe sample location. Each point represents the average of technical replicates for each biofilm sample
(n=3).
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Supplementary Figure 5. Sample information for drinking water pipe samples (left). Shannon alpha
diversity measurements of microbial communities characterized by 16S rRNA gene sequencing (right).
Color of points denote biofilm microenvironments (sample type). Point labels indicate sample number as
in table on left.
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Supplementary Figure 6. Relationships between relative abundance of most abundant bacterial genera
observed in biofilm samples from cast iron water main. Color denotes the result from correlation analysis
using Spearman’s rank sum correlation with Spearman’s rho value plotted for each comparison. The Rho
value for statistically significant relationships are also included (p values < 0.05). The lowest available

taxonomic classification for each observed ASV is provided.
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