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S1: SUPPLEMENTARY METHODS

DNA extraction and 16S rRNA sequencing

Approximately 0.5 g of biofilmed sand in the surface (~1 cm) of filters was used for
DNA extraction using a DNeasy Power Soil Isolation Kit (QIAGEN, Germany)
according to the manufacturer’s recommendations. A total of 104 DNA samples were
then sent to the Beijing Genomics Institute (BGI, China) for 16S rRNA sequencing
using the V4-specific primer pair 515F/806R with an amplicon size of 250 to 300 bp.
The 16S rRNA sequences were analyzed using the QIIME2 pipeline (v2019.4)(Bolyen
et al., 2019) to infer amplicon sequence variants (ASVs). The taxonomy of the
representative sequences was classified with the RDP classifier. Based on the ASVs

obtained, we then calculated the beta diversities.

Statistical analysis

All analyses were conducted in the R Environment (v 3.6.2). For beta-diversity analyses,
we used phyloseq to calculate Bray-Curtis distance on ASV counts normalized via
variance-stabilizing transformation. We carried out unconstrained principal coordinate

analysis using the pcoa() function. All plots were generated with ggplot2.

Dissimilarity and correlation analysis of microbial community

A comparison of community dissimilarity between before and every time point after
backwashing was performed by calculating Bray-Curtis distances with adonis()

function in the vegan package. The Pearson correlation coefficient was calculated by a
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cor() function using the mean of 3 replicates from each condition at each time point and

visualized by using the corrplot package.

Differential abundance testing

The DESeq2 package was used to implement negative binomial generalized models to
test the effect of experimental factors on the abundance of individual ASVs. The models
set collection time point as fixed effects. Within each time point after backwashing,
Wald tests were performed to compare every time point (Oh, 6h, 12h, 24h and 48h)
against before backwashing. For each contrast, effect size shrinkage was performed
using the IfcShrink() function to rank ASVs by effect size and for visualization. To
account for multiple tests within and across contrasts, all comparisons performed within
two types of filter sands were pooled together before using false discovery rate (FDR,
Benjamini—-Hochberg procedure) to adjust P values. Groups of differentially abundant
ASVs with similar responses were identified by performing hierarchical clustering
(Ward’s algorithm) on shrunken log fold changes with the hclust() function, details of

the cluster numbers displayed in Figures S2 and S4.
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S2: SUPPLEMENTARY FIGURES
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Figure S1. Variations in concentrations of total organic carbon (TOC), oxidation-
reduction potential (ORP), conductivity (COND), turbidity (NTU), and dissolved
oxygen (DO) in two types of sand filters. MS, manganese sand filter; QS, quartz sand

filter.
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Figure S2. Optimal clusters based on elbow methods in hierarchical clustering analysis

of differentially abundant ASVs at 2-h (A) and 4-h (B) EBCT.
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Figure S3. Changes in relative abundance of bacterial phyla before backwashing and
at each time point after backwashing in two types of sand filters at three EBCTs.
Proteobacteria were further classified into class level: Alpha-, Beta-, Delta-, and

Gamma-proteobacteria. Others represent total relative abundance of all other phyla.
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Taxonomy
Phylum / Class / Genus

WPS-2 / Unclassified / Unclassified
Verrucomicrobia / Verrucomicrobiae / Prosthecobacter

Verrucomicrobia / [Spartobacteria] / Candidatus Xiphinematobacter

Verrucomicrobia / [Pedosphacrac] / Unclassified
Unclassified / Unclassilied / Unclassified
TM6 / SIA-4 / Unclassilied
Spirochaeles / [Leplospirae] / Turneriella
Proteobacteria / Unclassified / Unclassified
Proteobacteria / Gammaprotcobacteria / Unclassificd
Proteobacteria / Gammaproteobacleria / Thermomonas

Proteobacleria / Gammaproteobacieria / Pseudoxanthomonas

Proleobacleria / Gammaproleobacieria / Pseudomonas
Proteobacteria / Gammaproteobacteria / Luleimonas
Proteobacteria / Gammaproleobacteria / Legionella
Proteobacteria / Gammaproteobacteria / Enhydrobacter
Proteobacieria / Gammaproieobacleria / Crenothrix
Proleobacteria / Gai ybacleria / Acinelobacler
Proteobacleria / Dellaproteobacleria / Unclassified
Proleabactleria / Dellaprolecbacteria / Bdellovibrio
Proteobacteria / Deltaproteobacteria / Anacromyxobacter
Proteobacteria / Betaproteobacteria / Zoogloea
Proteobacieria / Betaproteobacteria / Unclassified
Proleobacleria / Belaproleobacleria / Sphaerotilus
Proleobacteria / Betaproleobacieria / Simplicispira
Proteobacteria / Betaproteobacteria / Rubrivivax
Proteobacteria / Betaproteobacteria / Rhodoferax
Proteobacteria / Betaproteobacteria / Pelomonas
Proteobacieria / Belaproteobacteria / Methylotenera
Proteobacleria / Belaproteobacteria / Methylobacillus
Protcobacteria / Betaproteobacteria / Mcthylibium
Protcobacteria / Betaprotcobacteria / Leptothrix
Proteobacteria / Betaproteobacteria / K82
Proteobacteria / Betaproteobacteria / Hydrogenophaga
Proteobacieria / Betaproteobacteria / Duganella
Proleobacleria / Betaproleobacteria / Acidovorax
Protcobacteria / Alphaprotcobacteria / Woodsholca
Proteobacteria / Alphaproteobacteria / Unclassified
Proteobacteria / Alphaproteobacteria / Sphingobium
Proteobacteria / Alphaproteobacteria / Shinella
Proteobacteria / Alphaproteobacteria / Rhodobacter
Protcobacteria / Alphaprotcobacteria / Reyranella
Protcobacteria / Alphaproteobacteria / Pedomicrobium
Proteobacteria / Alphaproteobacteria / Novosphingobium
Proteobacteria / Alphaproteobacteria / Mycoplana
Proteobacteria / Alphaproteobacteria / Methylobacterium
Proteobacteria / Alphaproteobacteria / Hyphomicrobium
Protcobacteria / Alphaprotcobacteria / Devosia
Protcobacteria / Alphaprotcobacteria / Caulobacter
Proteobacteria / Alphaprotcobacteria / Azospirillum
Proteobacteria / Alphaproteobacteria / Azorhizobium
Proleobacteria / Alphaproleobacleria / Aminobacier
Planctomycetes / Planctomycetia / Unclassified
Planctomycetes / Planctomycetia / Planctomyces
Planctomycetes / Planctomycetia / Gemmata
Planctomycetes / OM190 / Unclassified
Planctomycetes / C6 / Unclassilied
OD1 / ZB2 / Unclassilied
NKBI19 / TSBWO8 / Unclassificd
Nitrospirae / Nitrospira / Nitrospira
Gemmatimonadetes / Gemmatimonadetes / Unclassified
Gemmatimonadetes / Gemmatimonadetes / Gemmatimonas
Firmicutes / Bacilli / Bacillus
Chlorollexi / Unclassified / Unclassified
Chloroflexi / Chloroflexi / Unclassified
Chloroflexi / Anacrolineae / Unclassified
Chlorobi / OPB56 / Unclassified
Chlamydiae / Chlamydiia / Unclassified
Bacteroidetes / Flavobacteriia / Fluviicola
Bacieroidetes / Flavobacteriia / Flavobacierium
Bacleroideles / Flavobacieriia / Cloacibacierium
Bacteroidetes / Flavobacteriia / Chryscobacterium
Bacteroidetes / Cytophagia / Unclassified
Bacteroidetes / Cytophagia / Runella
Bacteroidetes / Cytophagia / Rudanella
Bacleroideles / Cylophagia / Leadbelierella
Bacleroideles / Cylophagia / Emticicia
Bacteroidetes / Bacteroidia / Unclassified
Bacteroidetes / [Saprospirae| / Unclassified
Bacteroidetes / | Saprospirae| / Haliscomenobacter
Actinobacteria / Thermoleophilia / Gaiella
Actinobacteria / Actinobacteria / Unclassified
Actinobactcria / Actinobacteria / Mycobacterium
Actinobacteria / Actinobacteria / Arthrobacter
Actinobacteria / Acidimicrobiia / Unclassified
Acidobacteria / Solibacteres / Unclassified
Acidobacleria / Holophagae / Unclassified
Acidobacteria / Acidobacteria—6 / Unclassificd
Acidobacteria / [Chloracidobacteria] / Unclassified
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Figure S4. Modules of differentially abundant ASVs in manganese and quartz sand

filters. Classification of differentially abundant ASVs in each distinct group detected

through hierarchical clustering. Each tile indicates number of classified ASVs in a

particular group. Settings of color are the same as in Figure 3.
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