Rheumatoid arthritis-relevant DNA methylation changes identified in ACPA-positive asymptomatic individuals using methylome capture sequencing
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Supplementary Information

[bookmark: _GoBack]Methylation sequencing protocol

The methylC-capture sequencing (MCC-Seq)1 2 protocol was developed and optimized in Roche NimbleGen R&D where SeqCap Epi Enrichment System protocol (Roche NimbleGen) was carried out for the capture. Specifically, a whole-genome sequencing library was prepared and bisulfite converted, amplified and a capture enriching for targeted bisulfite-converted DNA fragments was carried out. The captured DNA is further amplified and sequenced. Sequencing of the MCC-Seq libraries was performed on the Illumina HiSeq2000/2500 system using 100 bp paired-end sequencing. More specifically, whole-genome sequencing libraries were generated from 700 to 1,000 ng of genomic DNA spiked with 0.1% (w/w) unmethylated λ DNA (Promega) previously fragmented to 300–400 bp peak sizes using the Covaris focused-ultrasonicator E210. Fragment size was controlled on a Bioanalyzer DNA 1000 Chip (Agilent) and the KAPA High Throughput Library Preparation Kit (KAPA Biosystems) was applied. End repair of the generated dsDNA with 3′- or 5′-overhangs, adenylation of 3′-ends, adaptor ligation and clean-up steps were carried out as per KAPA Biosystems' recommendations. The cleaned-up ligation product was then analysed on a Bioanalyzer High Sensitivity DNA Chip (Agilent) and quantified by PicoGreen (Life Technologies). Samples were then bisulfite converted using the Epitect Fast DNA Bisulfite Kit (Qiagen), according to the manufacturer's protocol. Bisulfite-converted DNA was quantified using OliGreen (Life Technologies) and, based on quantity, amplified by 9–12 cycles of PCR using the Kapa Hifi Uracil+DNA polymerase (KAPA Biosystems), according to the manufacturer's protocol. The amplified libraries were purified using Ampure Beads and validated on Bioanalyzer High Sensitivity DNA Chips, and quantified by PicoGreen. 

The hybridization procedure of the amplified bisulfite-converted library was performed as described by the manufacturer, using 1 μg of total input of library, which was evenly divided by the libraries to be multiplexed, and incubated at 47 °C for 72 h. Washing and recovering of the captured library, as well as PCR amplification and final purification, were carried out as recommended by the manufacturer. Quality, concentration and size distribution of the captured library was determined by Bioanalyzer High Sensitivity DNA Chips.

MCC-Seq data processing
MCC-Seq paired-end raw reads were first trimmed for quality (phred33 >= 30), length (n >= 50) and Illumina adapters using Trimmomatic v. 0.36 3. The survival reads were then aligned per sequencing lane to the pre-indexed reference genome by Bismark software v.0.18.2 4 with bowtie2 v. 2.3.1 5 in pair-end mode and with default parameters. Lane bam files were merged and then de-duplicated using picard v. 2.9.0 6. Methylation calls were obtained using the Bismark “bismark_methylation_extractor”. BisSNP v0.82.2 7 was run on the de-duplicated bam files to call variants. To avoid potential biases in downstream analyses, CpGs overlapping a SNP (from dbSNPs 137) and CpGs located within ENCODE DAC blacklisted regions or Duke excluded regions (http://hgwdev.cse.ucsc.edu/cgi-bin/hgFileUi?db=hg19&g=wgEncodeMapability) were discarded 8. CpGs covered by less than five reads were also discarded.
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