
Supplementary file 1.0: Additional methods 

 

RNA extraction methods 

As described in [1] RA-MAP blood was collected in Tempus Blood RNA Tubes (Applied 

Biosystems) and the RNA extracted using MagMAX RNA isolation kits (Ambion). This included 

removal of globin mRNA using GLOBINclear human 20 reaction kits (Ambion) according to the 

manufacturer’s protocol. Additional blood for isolation of PBMCs was collected into EDTA 

Vacutainer collection tubes (BD) and separated using Leucosep separation tubes (Greiner). 

For subsequent microarray analysis, amplified RNA was hybridized to beadchips and scanned 

on an Illumina Beadstation 500. Illumina’s GenomeStudio version 2011.1 with the Gene 

Expression Module v1.9.0 was used to generate signal intensity values. Non-normalised 

control and sample probe data were exported from GenomeStudio, background subtracted, 

and quantile normalised using Limma’s neqc function [2]. The data were then filtered for 

probe signal intensity where probes were retained if they had a p value < 0.05 in at least 10% 

of samples. Probes were aggregated to genes using Limma’s avereps function.  

 

Cell specific RNA from the NEAC cohorts was extracted as described previously [3, 4]. In brief 

RNA was immediately extracted from total CD4+ T cells or B lymphocytes using an RNeasy 

Mini kit or AllPrep DNA/RNA Mini kit (both from Qiagen), and then subject to quality control 

using an Agilent 2100 Bioanalyzer (Agilent). The median RNA integrity number in the samples 

analyzed was 9.4. Complementary RNA generated from 250 ng total RNA (Illumina TotalPrep 

RNA Amplification kit) was hybridized to either an Illumina Whole Genome 6 version 3 (using 

CD4+ lymphocyte samples obtained prior to 2012) or a 12HT BeadChip (using CD4+ T cell 

samples obtained in or after 2012, and all B cell samples) (both from Illumina).  For the 

subsequent methylation analyses four hundred nanogram of DNA was bisulphite-converted 

and DNAm quantified using the Infinium MethylationEPIC BeadChip (Illumina). After 

independent preprocessing and functional normalization  of CD4+ T- and B-cell data, probe 

filtering was performed and surrogate variable analysis used to estimate confounding 

variables (surrogate variable analysis package) as described in [4].  
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Expression and methylation analysis 

Analysis of differential expression (DEG) and methylation (DMS) between IGS high and low 

eRA groups was performed using linear models using the limma R package. Differentially 

expressed genes (DEGs) were defined as genes with unadjusted p-value <0.05 and an absolute 

fold change >1.5. For methylation analysis, CpG sites exhibiting an absolute delta beta value 

of >0.1 and unadjusted p-value <0.05 were considered differentially methylated (DMSs). For 

both no multiple test correction was done for this as the basis for exploratory pathway 

analysis. 

To assess the association between DNA methylation and gene expression, all CpGs remaining 

after pre-processing were first mapped to annotated genes based on the Illumina EPIC Human 

Methylation array annotation file, i.e. CpGs that were within a gene or its promoter region 

within 2kb. Only CpG-gene pairs containing a DMS or a DEG were analysed. Then, for each 

DEG or DMS, the paired gene expression and methylation profiles were tested for significant 

Pearson correlation coefficients (Benjamini-Hochberg, BH-adjusted p-value<0.05). 

DMSs positions were overlapped with defined chromatin states corresponding to primary 

peripheral blood T helper (E043) and B cell (E032) epigenomes obtained from NIH Roadmap 

Epigenomics [5] using the LOLA R package [6]. The E043 and E032 15-state HMM models were 

downloaded from http://egg2.wustl.edu/roadmap and collapsed into five intuitive chromatin 

state annotations (Transcription start site, TSS flank, Enhancer, Transcribed and Repressed) 

as described in [4]. Transcription factor binding site (TFBS) enrichment analyses were 

performed using ENCODE phase 2 data generated using ChIPseq [7] and predicted TFBSs from 

the JASPAR database [8] (datasets downloaded from http://databio.org/regiondb). The 20bp 

region encompassing the DMSs were overlapped with TFBSs using the runLOLA function 

which applies Fisher’s exact tests to calculate their significance (p-value < 0.05).   
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