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Supplementary Experimental Procedures

DNA extraction from FFPE tissue 
DNA was extracted from FFPE tissue using the truXTRAC kit from Covaris (Covaris, Woburn, MA). Sections (10 µm-thick) cut from tissue blocks were mounted onto glass slides. With the aid of an H&E-stained reference section, tumor tissue was microdissected from the sections with a sterilized scalpel and placed in a Covaris microTUBE Screw-Cap containing 100 µl of Tissue SDS Buffer. The sample was then de-paraffinized and re-hydrated in an E220 Covaris sonicator (Duty Factor: 10%; Peak Incident Power: 175 watts; cycles per burst: 200; duration: 5 minutes). Proteinase K solution was added, and the sample was re-sonicated for 10 seconds (using the same E220 settings) and incubated in a heat block (12 h at 56°C to allow protein digestion, followed by 1 h at 80°C for reversal of formaldehyde cross-links). Samples were purified and eluted with DNA spin columns from the truXTRAC kit.

BRAF and KRAS Sanger sequencing (primers and PCR conditions)
BRAF: (forward primer 5'-TCATAATGCTTGCTCTGATAGGA-3' and reverse primer 5'-GGCCAAAAATTTAATCAGTGGA-3'; HiFi HotStart polymerase from Zymo Research (Zymo Research, Irvine, CA); 40 cycles of 95°C for 1 minute, 60°C 1 minute, 72°C 1 minute).
KRAS: (forward primer 5'-TGTATCAAAGAATGGTCCT-3' and reverse primer 5'-CCTTATGTGTGACATGTTC-3'; HiFi HotStart polymerase from Zymo Research; 40 cycles of 95°C for 1 minute, 53°C for 1 minute, 72°C for 1 minute. PCR products were checked for correct size using gel electrophoresis.

Genome-wide bisulfite sequencing
Pre-capture libraries were created as per Kapa Biosystems’ "adapter-ligation-first" protocol, which was provided with the reagents for the SeqCapEpi system (Roche-NimbleGen, Rotkreutz, Switzerland).
The bisulfite-conversion control (consisting of the lambda phage genome; spike-in volume of 5.8 µl) was added to the sample DNA (1 µg in 53 µl) in a Covaris microTUBE AFA snap-cap. The DNA sample was sheared for 5 minutes using a Covaris S2 sonicator (Duty Factor: 10%; Peak Incident Power: 175 Watt; cycles per burst: 200) to obtain fragments with an average size of 180–220 bp. A 1-µl aliquot of each sample was assessed on an Agilent 2200 TapeStation with D1000 ScreenTape and reagents to verify successful sonication. End repair, A-tailing, ligation of indexed methylated adapters, and dual-Solid Phase Reversible Immobilization (SPRI) size selection were carried out according to the SeqCapEpi CpGiant protocol. The libraries were bisulfite-converted using the Zymo Research EZ DNA Methylation-Lightning Kit (8 minutes at 98°C, 60 minutes at 54°C). The whole elute from the spin column (22 µl) was then PCR-amplified (2 minutes at 95°C, with 12 cycles of 30 seconds at 98°C, 30 seconds at 60°C, 4 minutes at 72°C and then 10 minute at 72°C, and held at 4°C) in 30 µl of HiFi HotStart Uracil Ready Mix and Pre-PCR Oligos (Kapa Biosystems). PCR products were cleaned up with AMPure beads and libraries were analysed on the Agilent 2200 TapeStation (as above).
For each sample, the SeqCapEpi hybridization reaction contained amplified DNA library (1 µg), universal and indexed blocking oligos, and bisulfite capture enhancer (10 µl). After hybridization (~70 hours), bead-capture, and serial washes, the whole bead-bound DNA libraries were amplified (45 seconds at 98°C, with 16 cycles of 15 seconds at 98°C, 30 seconds at 60°C, 30 seconds at 72°C and then 1 minute at 72°C, and held at 4°C) and sequenced (four libraries per lane) on an Illumina HiSeq2500 instrument (Illumina, San Diego, CA) together with a 10% spike-in of a non-indexed PhiX library (Illumina, San Diego, CA). A median of 50 million-125bp paired-end reads per sample and 30X coverage were generated. 

Bisulfite sequencing pre-processing
Sequencing reads were trimmed with Trimmomatic software (1) discarding reads with quality scores of <20, and aligned to the GRCh37/hg19 human reference genome using Bismark and Bowtie2 software (2, 3). Bisulfite conversion efficiency was assessed by alignment of the reads to the lambda genome (Bisulfite-conversion control). DNA methylation data was quality-controlled with the R package TEQC (4). Although duplicate reads were <10% for all samples, the deduplication tool from Bismark was used to remove PCR artifacts. Cytosine methylation calls were then generated using Bismark Methylation Extractor to obtain a file containing the total coverage and the methylation coverage at each CpG site. Prior to further downstream analysis, the reads from the forward and reverse strands were collapsed into one strand. 
Sequencing reads on chromosomes X and Y were excluded to eliminate potential artifacts originating from the presence of a different proportion of males and females.
A multidimensional scaling (MDS) of the distances between the samples was made using the cmdscale function from the stats R package (R Core Team 2016, R: A language and environment for statistical computing; http://www.R-project.org/). The distances were calculated using the arcsine-transformed methylation proportions. The Euclidean distance over the top 100,000 most variable CpG sites was used to summarize the difference between the methylation of any pair of samples. The rgl R package (Adler D et. al., Package ‘rgl’. R package version 0.99.9) was used to generate a three-dimensional plot of the MDS.

Detecting differential methylation using the BiSeq R-package
BiSeq first detected clusters of CpGs within the targeted genomic regions (5). Clusters were defined as those containing CpG sites that are covered across 80% of the samples in each of the pairwise comparisons (SSA/Ps and cADNs vs their matched normal controls). In addition, clusters contained a minimum number of 3 CpGs with each CpG no more than 500bp away from the neighbouring CpGs. 
As described in the package guidelines, within each CpG cluster and for each sample, a smoothing function was applied using local regression. These values were fitted to a beta regression model and tested for group effect using a Wald test. Hyper- and hypomethylated cytosines and regions were defined relative to the normal mucosa. 
	The P-values obtained from the test were corrected for multiple hypothesis using a hierarchical testing procedure, as described in Heberstreit K et al (5) The size-weighted FDR was set at 0.1 and the weighted FDR at 0.05. DMR boundaries were defined using a maximum distance of 50bp between neighbouring CpG sites.
DMCs and DMRs were filtered for a methylation difference >0.1 and P-value <0.01 for downstream analysis unless otherwise stated. To investigate the extension of hypermethylation (Figure 2D), DMCs were affiliated to a CpG island using the track available from UCSC Table Browser (6) and to a 4000bp window around a TSS (2000bp upstream and 2000bp downstream flanking regions) using the data set comprising 64,102 genes from the Ensembl version 75 (R-package EnsDb.Hsapiens.v75; Rainer J., R package version 2.99.0). 
To affiliate DMRs to genes (Figure 2E and 4D), DMRs within peri-TSS windows were filtered for length (>3bp) and percentage overlap with a probe region (>25%), and then annotated to the closest gene using the Ensembl version 75. For each gene, the DMR closest to the TSS was chosen and the remaining DMRs were removed.
Plots were generated using the R packages ggplot2 (7), VennDiagram (8), and UpSet (9).
	
Pyrosequencing
Primers were designed with PyroMark Assay Design Software 2.0 (Qiagen, Hilden, Germany). Parameters for PCR primers were set as follows: 20-30 nucleotides in length with an inclusion of maximum one CpG site and an optimal amplicon length set to 200 nucleotides. Only primer sets with quality scores of >80% were used. The sequencing primer settings were: length: 20-25 nucleotides; maximum distance from the target: 15 nucleotides. See Supplementary Table 5 for more information on primers and PCR conditions. Plots and hierarchical clustering heatmaps were generated with GraphPad Prism (www.graphpad.com) and pheatmap (Kolde R., Package ‘pheatmap’. R package version 1.0.8), respectively. The accuracy of the candidate DMR-based biomarker for detecting and differentiating the two types of precancerous lesions was calculated with a support vector machine model (10, 11).

RNA-sequencing 
[bookmark: __DdeLink__6695_521726947]	Sequencing reads were quality-controlled with FASTQC (Andrews S. 2010; available online at: http://www.bioinformatics.babraham.ac.uk/projects/fastqc) and aligned to the GRCh37/hg19 human reference genome using Salmon (12). The software-generated pseudo-counts were loaded into R using the tximport package (13). As described in the package, an offset that corrects for changes to the average transcript length across samples was calculated. Downstream analysis was made with edgeR to perform differential expression tests (14). A negative-binomial generalized log-linear model was fit to the read counts of each gene. Furthermore, to account for baseline differences between tissue donors, we used an additive model without an interaction term to compare read counts in precancerous lesions with those in matched normal mucosa. Likelihood ratio tests were performed for each comparison (SSA/Ps vs normal, cADNs vs normal), and genes with P-values of <0.05 and log2 fold changes of >1 were considered as differentially expressed. 
	An MDS plot of the distances between gene expression profiles in three dimensions was generated using the plotMDS.DGElist function from edgeR. The function converts counts to log-counts-per-million to calculate distances between samples based on log2 fold changes of the top most variable 500 genes. The rgl R-package (Adler D. et. al., Package ‘rgl’. R package version 0.99.9) was used to generate a three-dimensional plot.
	The 10,000 genes with the most variable expression were used for hierarchical clustering of the samples, performed with the pheatmap R package (Kolde R., Package ‘pheatmap’. R package version 1.0.8). Samples were clustered with the complete linkage method using the Pearson correlation as the distance between them.

In-situ hybridization (ISH) 
[bookmark: __Fieldmark__2081_521726947]The ISH protocol used is based on branched-DNA technology (15, 16) and reagents from Advanced Cell Diagnostics (Hayward, CA, USA). In brief, 20 pairs of primary oligonucleotide probes were hybridized to a given RNA, each pair targeting 2 consecutive 20-to-30-nt regions at a given position in the transcript. Each hybridized probe pair was then bound by a series of complementary amplification molecules. This approach markedly enhances signal detection sensitivity, but it also ensures high specificity since the amplification cascade begins only after both members of the primary probe pair have hybridized to the target transcript. Because it entails synthesis of branched DNA molecules, this ISH protocol is expensive. However, it can be used with the same automatic robotic instrumentation routinely used for immunohistochemistry in any pathology laboratories, with considerable cost reduction. 

Code repository
	The bioinformatic code for all analyses is available on the public repository GitHub: https://github.com/sorjuela/serrated_pathway_paper


Supplementary Figure legends

[bookmark: SFig1]Supplementary Figure 1: Integrative Genomics Viewer (IGV) snapshot showing CpG methylation in the RUNX3 DMR. Tracks corresponding to serrated tumors (3 CIMP(+) cancers, 16 SSA/Ps) are shown in pink with matched normal tissues in light pink. Conventional pathway tumors (3 CIMP(-) cancers, 15 cADNs) are shown in blue with normal tissue in light blue. Track-bar heights indicate the methylation level (%) at the CpG site. Note that, in all tumors, methylation levels in the 5' region of RUNX3 (right side) exceed those in matched normal mucosa. In SSA/Ps and to an even greater extent in CIMP(+) cancers, the hypermethylated region also extends into the 3' region of the locus (left side).

[bookmark: SFig2]Supplementary Figure 2: Methylation changes at the MLH1 / EPM2AIP1 locus and EPM2AIP1 gene expression change. A. IGV snapshots (left: bar chart mode; right: heatmap mode) showing the CpG methylation pattern at the MLH1 / EPM2AIP1 DMR. Selected samples of each tumor type are shown, along with their matched samples of normal mucosa (color-coded as in Supplementary Figure 1.) Note that, in SSA/Ps, hypermethylation is restricted to the EPM2AIP1 promoter, but in CIMP(+) cancers it also involves the MLH1 promoter. B. Bisulfite pyrosequencing of the EPM2AIP1 promoter region showing methylation levels (y-axis) at each of the region’s 21 CpG sites (x-axis) in 4 SSA/Ps, 4 cADNs, and 4 unmatched samples of normal mucosa (archival samples). D. Box-and-whisker plots showing EPM2AIP1 expression levels (RNA-sequencing) in the prospectively collected samples.

Supplementary Figure 3: IGV snapshots showing CpG methylation patterns in the precancerous lesions of our verification series for (A-F) the 6 DMR-based biomarker candidates verified in our study. For comparison purposes, patterns in the same lesions are shown for the DMR-based biomarker panels developed by Hinoue et al. (17) to identify (G-K) CIMP colon cancers (CIMP-high and CIMP-low) and (L-P) CIMP-high colon cancers in particular, as well as for the 2 markers (Q-R)  included in the stool DNA assay for colon cancer and advanced precancers described by Imperiale et al. (18) (See Supplementary Figure 1 for color coding of tissues.) Vertical bar heights indicate methylation levels (%) at indicated CpG sites. Asterisks indicate the lesions that would not have been detected by each marker.

[bookmark: SFig4]Supplementary Figure 4: Performance of the 6 candidate biomarkers in the verification study. Bisulfite pyrosequencing was used to assess methylation levels at the 6 DMRs in FFPE tissue samples. A. Linear thresholds and accuracy of the 6 DMRs in distinguishing between the 31 SSA/Ps, 24 cADNs, and 6 normal mucosa samples described in Figure 3 and Supplementary Table 3. Estimated mean methylation level thresholds for distinguishing SSA/Ps from cADNs and normal mucosa samples were 8.58% for LOX, 14.6% for LEF1-AS1, and 17.07% for SFRP4; those that distinguished normal mucosa from lesional samples of either class were 13.66% for SYT9, 9.73% for LINC00693, and 9.2% for ZNF793 with a linear support vector machine (SVM). Scores were computed with the leave-one-out cross-validation method. *Overall accuracy was estimated with 3 SVMs and a one-vs-one voting scheme. B. Hierarchical clustering of FFPE samples of proximal-colon TSAs (n=5), cancers (n=9), normal mucosa (n=6) based on the mean methylation level over all CpGs in each DMR for each sample. 

[bookmark: SFig5]Supplementary Figure 5: IGV snapshots showing the CpG methylation pattern at the HUNK locus (A) and the mRNA expression pattern of this gene (B) in the tumors included in our study. Tracks are shown for each tumor and its matched sample of normal mucosa (as represented in Supplementary Figure 1). Track-bar heights indicate the methylation level (%) at the CpG site; the peaks across exons in panel B are proportional to the number of reads.

Supplementary Figure 6: IGV snapshots showing (A) the methylation pattern at the ZIC5 / ZIC2 locus and (B) mRNA expression patterns of the two genes in the tumors included in our study. Tracks are shown for each tumor and its matched sample of normal mucosa (as represented in Supplementary Figure 1). The height of vertical bars in panel A indicates the level of methylation (%) at a given CpG site, while the peaks across the three exons of each gene in panel B are proportional to the number of reads. Note in panel A that this genomic locus contains multiple hypermethylated DMRs, but the level of hypermethylation is higher in SSA/Ps (e.g., insets). However, ZIC5 and ZIC2 are expressed exclusively in SSA/Ps and neither in cADNs nor in the normal mucosa (panel B).

[bookmark: SFig7]Supplementary Figure 7: MDS plots of (A) the transcriptomes of our fresh-tissue samples (17 SSA/Ps, 15 cADNs) and those of the 21 SSA/Ps and 10 cADNs reported by Kanth et al, (19) and (B) the transcriptomes of the 10 hyperplastic polyps, 21 SSA/Ps and 10 cADNs also described in the latter report.
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