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Figure S1. Schematic contrasting (a) the SST with central core and solar heating system with the (b) the CT which is of the same geometry and volume as the SST is similarly installed to serve one toilet block but the CT has no heating or central core.






Supplementary Materials 2: Sampling Variability Study
· Sampling variability
The microbial communities extracted from effluent and sludge samples using the phenol extraction method (M1) described in the previous section were compared with the Qiagen (manufacturer, city, Hilden, Germany) DNeasy PowerSoil Isolation kit (M2) and MPBio (manufacturer, city, CA, USA) FastSPIN DNA kit (M3) to ascertain bias in DNA extraction methods. Manufacturers’ guidelines were followed for M2 and M3 (Supplementary Materials 2 Table S1). To determine variation in communities observed between and within samples, we compared communities between three subsamples taken from within an effluent flush and a 50 mL sludge sample and between three sperate effluent flushes and 50 mL sludge samples (Supplementary Materials 2 Figure S1). Samples used for the variability study were taken at the same time.
Table S1. DNA extraction methods evaluated in this study.
	METHOD
	Sludge Sample (g)
	Lysis Tube
	Time for Bead Beating Step
	Elution Volume (μL)
	DNA Purification
	Reference

	M1
	0.25
	Lysing Matrix E tube
	10 min
	50
	-
	Griffiths et al., 2000; Keating et al., 2016

	M2
	0.1
	Lysing Matrix E tube
	10 min
	100
	Spin filter; Matrix binding DNA
	 

	M3
	0.25
	PowerBead tube
	10 min
	100
	MB filter
	 



· Sequencing output
A total of 7,870,980 paired-end reads (accessible at https://www.ncbi.nlm.nih.gov/sra/PRJNA544293) were returned, totaling 2.0 × 109 bases and with a mean sample read count of 65,592 ± 29,196. The mean phred quality score was 34.25 ± 0.88, and 85.7% of bases had a phred score of 30 or greater. Merging of paired-end reads generated 3,598,278 sequences for analysis after singletons were removed. In total, 4740 OTUs clustered at 97% similarity. 273 ± 212 reads were observed in the negative control (0.4% of the mean read count). As such, no adjustment was made to sample sequences with respect the negative control.
· Variability in sampling methods
· Extraction kit variability
Extraction kits M2 and M3 extracted the most DNA from effluent and sludge samples, respectively (Supplementary Materials 2 Table S2 and Figure S2), which correlated with PCR product in effluent but not sludge (Supplementary Materials 2 Figure S3). There was no significant difference between extraction methods and rarefied sample richness (Supplementary Materials 2 Figure S4). We observed different community structures and taxa abundances between the extraction methods (Supplementary Materials 2 Figure S5), and therefore, conclude that confidence in conclusions drawn between data generated using different extraction methods is highly limited. For future experiments, we recommend using a kit extraction method rather than a phenol extraction method for effluent and sludge samples as the yield is sufficient for next generation sequencing (NGS) and the method does not involve hazardous materials.
· Between and within sample variation
There were no significant dissimilarities between effluent samples (Supplementary Materials 2 Figure S6), suggesting that observing the community is one flush sample sufficiently represents the effluent community. It appears that there is heterogeneity between the sample samples (Supplementary Materials 2 Figure S7), although one replicate did not yield sufficient DNA for analysis, and thus, statistical tests could not be conducted with confidence; the indication from the data is that future studies of sludge should consider multiple sample replicates to account for sample heterogeneity, however, this needs to be tested statistically.
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  Figure S2. The sampling regime to determine bias observed between the three extraction methods (M1-3), and between and within samples. *One replicate in sludge samples 1.1 and 1.2 yielded 19 and 21 sequences, respectively, and thus, were excluded from analyses.
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Figure S3. The DNA concentrations obtained by the three extractions methods (M1-3) from effluent and sludge. The boxes represent the interquartile ranges, the horizontal lines the medians, and the whiskers the minimum and maximum ranges no further than 1.5 * the interquartile range. Points represent outliers beyond this range. Significantly more DNA was obtained using M2 and M3 for effluent and sludge, respectively (Supplementary Materials 2 Table S2), and for effluent, this correlated with PCR product (Supplementary Materials 2 Figure S4).
Table S2. ANOVA and Tukey’s HSD post-hoc results for the effect of extraction method on effluent and sludge pre- and post-amplification DNA concentrations.
	Group
	Material
	ANOVA
	Tukey’s HSD

	
	
	Df
	F Value
	p-Value
	M1-M2
	M1-M3
	M2-M3

	Pre-amp
	Effluent
	2
	79.75
	<0.001
	<0.001
	<0.001
	0.001

	Pre-amp
	Sludge
	2
	8.31
	0.001
	0.817
	0.001
	0.010

	Post-amp
	Effluent
	2
	18.63
	<0.001
	<0.001
	0.001
	0.141

	Post-amp
	Sludge
	2
	1.96
	0.158
	N/A
	N/A
	N/A
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Figure S4. Correlations between pre- and post-amplification DNA concentrations extracted using the three extraction methods for A) effluent (extraction method n = 9; r = 0.803) and B) sludge (M1 n = 18, M2 n = 9, M3 n = 6; r = 0.296); r = Pearson’s R. The blue line represents the linear regression line and the shaded area the 95% confidence interval.
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Figure S5. Rarefaction curves for each sample extracted using the three extraction methods. There was no significant different between the rarefied sample richnesses at 5000 sequences (M1: 665 ± 84; M2: 711 ± 90; M3: 672 ± 78; ANOVA, f = 1.668, p = 0.198).
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Figure S6. PCoA of microbial community dissimilarities observed in each effluent flush sample, extracted using the three extraction methods (PermANOVA: 100,000 permutations, Flush 1 significantly dissimilar: Df: 1, F = 9.51, p = 0.004; Flush 2 significantly dissimilar: Df: 1, F = 8.52, p = 0.004; Flush 3 significantly dissimilar: Df: 1, F = 14.10, p = 0.004). Bray–Curtis dissimilarity method; the values in square brackets indicate the percentage of variance explained by that component. Ellipses indicate 95% confidence intervals.
[image: ]Figure S7. Microbial community dissimilarities observed in the three effluent flush samples, extracted using each extraction method (PermANOVA: 100,000 permutations, M1 not significantly dissimilar: Df: 1, F = 0.77, p = 0.512; M2 not significantly dissimilar: Df: 1, F = 1.39, p = 0.234; M3 significantly dissimilar: Df: 1, F = 2.38, p = 0.038). Bray–Curtis dissimilarity method; the values in square brackets indicate the percentage of variance explained by that component. Ellipses indicate 95% confidence intervals.
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Figure S8. Microbial community dissimilarities observed between sludge samples, extracted used M1. One of the S1A samples did not yield enough DNA for sequencing and was excluded from analysis, thus, statistical testing was not possible. Bray–Curtis dissimilarity method; values in square brackets indicate the percentage of variance explained by that component. Ellipses indicate 95% confidence intervals.
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Figure S9. Rarefaction curves for the time series samples, normalised to the sample with the lowest read count. A plateaued curve suggests that increasing sampling effort would not yield any additional OTUs. R package: vegan 2.5.2.
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Table S3. The mean relative abundances of selected OTUs for the four sample types across the time series. Tukey’s HSD posthoc tests were performed on every significantly different OTU from the data set. Significant values (<0.05) are italicised.
	
	Mean Relative Abundance (%)
	ANOVA
	Tukey’s HSD Posthoc Test

	OTU
	CT Effluent
	CT Sludge
	SST Effluent
	SST Sludge
	p Value
	CT Sludge &
CT Effluent
	SST Effluent & CT Effluent
	SST Sludge & CT Effluent
	SST Effluent & CT Sludge
	SST Sludge & CT Sludge
	SST Sludge & SST Effluent

	OTU 2
	20.37
	1.06
	15.62
	0.73
	<0.001
	<0.001
	0.211
	<0.001
	<0.001
	0.999
	<0.001

	OTU 6
	4.79
	2.94
	4.77
	4.45
	0.018
	0.038
	1.000
	0.957
	0.040
	0.102
	0.963

	OTU 9
	0.61
	7.42
	0.35
	5.44
	<0.001
	<0.001
	0.965
	<0.001
	<0.001
	0.001
	<0.001

	OTU 11
	0.08
	0.23
	0.09
	3.27
	<0.001
	0.971
	1.000
	<0.001
	0.976
	<0.001
	<0.001

	OTU 12
	2.90
	0.32
	4.12
	0.25
	<0.001
	<0.001
	0.179
	<0.001
	<0.001
	0.999
	<0.001

	OTU 14
	0.11
	0.51
	0.44
	10.54
	<0.001
	0.914
	0.957
	<0.001
	0.999
	<0.001
	<0.001

	OTU 15
	0.46
	3.14
	0.04
	3.20
	<0.001
	<0.001
	0.629
	<0.001
	<0.001
	0.998
	<0.001

	OTU 17
	2.33
	0.30
	2.59
	0.07
	<0.001
	<0.001
	0.950
	<0.001
	<0.001
	0.953
	<0.001

	OTU 18
	3.98
	1.89
	1.45
	0.32
	<0.001
	<0.001
	<0.001
	<0.001
	0.728
	0.001
	0.042

	OTU 24
	1.47
	0.08
	3.00
	0.04
	<0.001
	0.005
	0.003
	0.004
	<0.001
	1.000
	<0.001

	OTU 48
	0.48
	0.01
	1.35
	0.02
	<0.001
	0.140
	0.001
	0.162
	<0.001
	1.000
	<0.001

	OTU 425
	0.14
	3.96
	0.03
	0.39
	<0.001
	<0.001
	0.988
	0.841
	<0.001
	<0.001
	0.650
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Figure S10. Pearson’s product moment correlations coefficients between input parameters and the relative abundance of dominant phyla (mean relative abundance >1%) in (a) CT effluent (b) SST effluent; (c) CT sludge; and (d) SST sludge. Data from time points 1 to 8; taxa with zero abundance at any time point were excluded from analysis. Environmental parameters are grouped into temperature, loading parameters, solid, oxygen demands, chemicals and organisms.
Water 2020, 12, x; doi: FOR PEER REVIEW	www.mdpi.com/journal/water
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