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qPCR and dPCR information. Thermocycling conditions for the qPCR assays 
(HF183/BacR287, CPQ_056, GFD, DG3, and Sketa22) were as follows: 10 min at 95°C 
followed by 40 cycles of 15 s at 95°C and 1 min at 60°C. Thermocycling conditions for the 
dPCR assays (ToBRFV, BCoV) were as follows: 50°C for 40 min, 95°C for 2 min, followed by 40 
cycles of 94°C for 5 s and 55°C for 30 s. 

The equivalent sample volume analyzed for qPCR assays was 4 mL sample (2 µL template 
from 100 µL eluent). The equivalent sample volume analyzed for dPCR assays was 60 mL 
sample (15µL template in two pooled wells from 100 µL eluent). The dPCR mean partition 
volume was 0.7 nl. The mean dPCR partitions measured were 50869.7 partitions (variance 
6192 partitions). The mean dPCR target copies per partition was 0.00011 target copies per 
partition (variance 1.64 x 10-7 target copies per partition). 

Exclusion of GFD in logistic regression analysis. For GFD, quasi-perfect separation was 
observed with salinity and enterococci concentration, as the GFD marker was detected in all 
samples at Sites A and B (i.e., for all salinity values lower than 33.8 ppt and all enterococci  
concentrations >10 MPN/100mL, GFD was detected). Because these variables almost perfectly 
predict the detection of GFD, logistic regression is not a suitable method for the analysis of the 
data.

BCoV as an RNA processing control. BCoV was used as an RNA control in this study with 
acceptance criteria of falling between 0.1x to 10x of the mean method blank BCoV 
concentration for each batch. A downward concentration trend over time and difference 
between batch preparations were observed, suggesting that stock degradation may be 
occurring during storage at 4°C between uses (Figure S7). Conversely, no decay or difference 
across batches in the study was observed for the DNA control Sketa22 (Figure S8), suggesting 
that it is a more stable control. Future work should focus on identifying an RNA control with 
similar performance and stability as Sketa22. 
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Tables

Table S1. Primer and probe sequence information for selected assays.

Assay Sequence (5’ to 3’) Reference

HF183/B
acR287

F: ATCATGAGTTCACATGTCCG
R: CTTCCTCTCAGAACCCCTATCC
P: FAM-CTAATGGAACGCATCCC-MGB
IAC: VIC-AACACGCCGTTGCTACA-MGB

1

CPQ_056 F: CAGAAGTACAAACTCCTAAAAAACGTAGAG
R: GATGACCAATAAACAAGCCATTAGC
P: FAM-AATAACGATTTACGTGATGTAAC-MGB

2

ToBRFV F: TCAGTGTCTGTTTGGTCGATAA
R: GGAACGACTTTGAACTGAAACC
P: FAM-AGAGCGGACGAGGCAACTCCTG-ZEN/IBHQ

3

GFD F: TCGGCTGAGCACTCTAGGG
R: GCGTCTCTTTGTACATCCCA
P: FAM-ACGTCAAGTCATCATGGCCCTTACGC-ZEN/IBHQ

4,5

DG3 F: TTTTCAGCCCCGTTGTTTCG
R: TGAGCGGGCATGGTCATATT
P: FAM-AGTCTACGCGGGCGTACT-MGB

6

Sketa22 F: GGTTTCCGCAGCTGGG
R: CCGAGCCGTCCTGGTC
P: FAM-AGTCGCAGGCGGCCACCGT-TAMRA

1

BCoV F: CTGGAAGTTGGTGGAGTT
R: ATTATCGGCCTAACATACATC
P: FAM-CCTTCATATCTATACACATCAAGTTGTT-BHQ1
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Table S2. Temporal sampling campaign univariate analysis results used to screen correlations 
for inclusion into logistic regression analysis. Variables with correlations with p-values less than 
0.25 are bolded and were included in the logistic regression analysis. 
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MST Marker Variable Tested P-Value for Correlation

ToBRFV Enterococci 0.49

ToBRFV Tidal Stage 0.34

ToBRFV Temperature 0.99

ToBRFV Salinity 0.82

ToBRFV Location 0.098

ToBRFV Time 0.11

ToBRFV Rainfall 0.012

DG3 Enterococci 0.23

DG3 Tidal Stage 0.15

DG3 Temperature 0.19

DG3 Salinity 0.03

DG3 Location 0.99

DG3 Time 0.46

DG3 Rainfall 1.00

Table S3. Results of multivariable logistic regression model for ToBRFV and DG3 detection. P-
values adjusted in each family (ToBRFV, DG3) of tests using the Benjamini-Hochberg (BH) 
correction. * indicates a significant result. 
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ToBRFV

Term β Estimate Standard Error P-value Adjusted P-
value

Intercept -0.97 0.57 0.090 N/A

Site: B 1.11 0.63 0.076 0.10

Site: C -0.42 0.65 0.52 0.52

Time: Morning -1.04 0.53 0.051 0.10

Rainfall in 
previous day

1.49 0.54 0.0062 0.025*

DG3

Term β Estimate Standard Error P-value Adjusted P-
Value

Intercept -0.86 6.28 0.65 N/A

Enterococci 
concentration

<-0.001 0.002 0.41 0.41

Water 
temperature

-0.0026 0.27 0.41 0.41

Salinity -0.096 0.053 0.27 0.41

Flood Tidal 
Stage

2.66 1.75 0.13 0.41

Transitional 
Tidal Stage

1.92 1.5 0.20 0.41

Table S4. Results from random grab samples taken throughout the sampling campaign at sites 
of interest. Positive MST marker detections are bolded and highlighted in red. 

Sample Enterococci HF183/Ba CPQ_056 ToBRFV DG3 GFD
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concentration 
(MPN/100mL)

cR287 crAsspha
ge-like

Stream 1 41 Nondetect Nondetect Detect Nondetect Detect

Stream 2 41 Nondetect Nondetect Nondetect Nondetect Detect

Stream 3 216 Detect Detect Detect Nondetect Detect

Outfall <10 Nondetect Nondetect Nondetect Nondetect Nondetect

Seaweed <10 Nondetect Nondetect Nondetect Nondetect Nondetect
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Figures 

Figure S1. Completed Environmental Microbiology Minimum Information (EMMI) guidelines 
from Borchardt et al. 2021.8
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Figure S2. Standard curves for HF183/BacR287, CPQ_056 (crAssphage), DG3, and GFD 
assays. Eight standard curves produced for each assay. Slope generated from all standard 
curves, y-intercept generated for each batch using the batch-specific y-intercept control. 
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Figure S3. (A) Example thresholding for ToBRFV partition data. Threshold was set at 40 RFU 
across all instrument runs from precision profile testing. (B) Example thresholding for BCoV 
partition data. Threshold was set at 50 RFU across all instrument runs from precision profile 
testing. 
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Figure S4. Salinity measurements in ppt over time for each sample in the temporal sampling 
campaign stratified by site. Two samples (B4-23E and C4-23E) are missing salinity data 
because of instrument malfunction, shown by a gap in the line. 
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Figure S5. Heatmap of three MST markers across sites and dates of the sampling campaign. 
Detects are shown in red and non-detects are shown in white. The letter on the end of the date 
refers to the time of day the sample was collected, with M representing “morning” and E 
representing “evening”. Site is shown on the x-axis, with A representing the most upstream site 
(marsh), B representing the stream site, and C representing the beach site.



12

Figure S6. Results from lateral spatial sampling campaign, where samples 1, 2, and 3 were 
taken across the canal at Site A, samples 4, 5, and 6 were taken across the canal at Site B, and 
samples 7, 8, and 9 were taken across the canal at the mouth of the canal. The top graph 
shows enterococci concentration (MPN/100 mL) for each group of lateral samples with error 
bars representing lower and upper 95% confidence limits, and the bottom heat maps shows the 
detection of MST markers for each sample. 
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Figure S7. BCoV concentrations (cp/µL template) measured in each sample over the course of 
the study. Downward trend over time and difference in batches used was observed, suggesting 
that decay may be occurring while BCoV control was stored in the fridge. 

Figure S8. Sketa22 Cq values measured in each sample over the course of the study. No 
downward trend or difference in batches was observed, and sample Cq values are tightly 
clustered. 
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