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Figure S1. Editing is significantly increased in SLE patients (dataset taken from (Rai et al., 

2016)), Related to Figure 1. The compared cohorts are healthy controls (blue) and SLE patients (red). 

Paired comparisons were evaluated using the Wilcoxon test. The global levels of editing were assessed 

by determining (A) the editing in Alu elements (Alu Editing Index - AEI) and (B) the number of hyper 

edited (HE) sites (normalized by the number of mapped reads) per sample. 

 



  

 

 

Figure S2. The signal cleanness of recoding sites at hyper edited regions, Related to Figure 3. 

 (A) Percentage of all mismatches and (B) the nucleotide frequencies of the neighboring nucleotides 

around the A-to-G sites  

  



Supplemental Tables 

Table S2. Elevated APOBEC proteins levels in SLE, Related to Figure 2. 

Gene name Fold Change between ISM-high 

patients and controls 

Wilcoxon p-value 

APOBEC3A 2.58 5.25e-08 

APOBEC3B 2.48 0.00237 

APOBEC3F 1.80 1.96e-08 

APOBEC3G 1.48 4.28e-08 

APOBEC3H 1.84 0.000885 

 

  



Supplemental Experimental Procedures 

Reads alignment 

The reads were aligned to the human genome (hg19) using STAR 2.4.2 (Dobin et al., 2013), using 

alignment parameters that limit the number of mismatches to 0.1 of the mapped length and accept only 

uniquely aligned reads (default parameters except alignIntronMax - 1000000, alignMatesGapMax - 

1000000, outFilterMismatchNmax - 999, outFilterMismatchNoverReadLmax  - 0.1, 

outFilterMultimapNmax - 1, outReadsUnmapped - Fastx, quantMode – GeneCounts). This resulted in 

three output files for each sample (an alignment file, a fastq file containing all the unmapped reads, and 

a file containing the number of reads per gene) that were used in the next analyses. 

Hyper Editing 

RNA editing by ADAR1 usually happens in clusters. Thus, many heavily edited reads may differ from 

the DNA to the extent that standard schemes fail to align them correctly (Carmi et al., 2011). A 

recently described pipeline enables the measurement of such heavily edited reads (Porath et al., 2014). 

It was observed  that HE is closely correlated with ADAR1 activity (Paz-Yaacov et al., 2015; Porath et 

al., 2014).  In this approach, the reference genome and the reads are transformed, changing all As to Gs 

in order to map the reads. 

We extracted HE levels for every sample (this reflects the general level of editing in the sample (Porath 

et al., 2014)), as well as a list of the sites at which HE was detected. As input to the pipeline we used 

only reads that were not mapped to the genome (typically 10%-15% of reads per sample). We used the 

suggested parameters and Hg19 genome, except for the fraction of A-to-G out of all mismatches, which 

was set to 0.8. The numbers of hyper-edited sites were normalized by the number of the mapped reads 

in each sample. Two samples in which we identified a very high rate of clustered A-to-C substitutions 

(more than 70% of all clustered substitutions found in the sample) were excluded from this analysis 

and from all further calculations using sites detected by it, since A-to-C clustered substitutions were 

previously shown to result from an Illumina machine artifact (Dohm et al., 2008). 

Alu editing index 

As most of the editing sites in the human genome (over 90%) are concentrated in Alu genomic regions, 

AEI gives a good approximation of the global editing level and ADAR1 editing efficiency in the 

sample (Bazak et al., 2014a).  

Reads that were aligned to Alu elements were collected and mismatches between them and the 

reference genome (hg19) were identified. To get a reliable collection of mismatches, mismatches with 

a Phred score lower than 30 or those reported as SNPs in dbSNP (SNP build 135) were filtered out 

(Eisenberg et al., 2005). To eliminate putative sequence errors the results were further filtered using a 

probabilistic model assuming an a priori sequencing error rate of 0.001 (corresponding to Phred score 

of 30). This was achieved by applying Benjamini-Hochberg multiple testing correction for all Alu 

adenosines, with a false discovery rate (FDR) of 0.05. Over 90% of all Alu evaluated had A-to-G 

mismatch dominance (i.e. that the relative part of A-to-G mismatches is higher than all others 

combined), which further supports the cleanness of the signal. However, for the calculations of the 

editing levels we used all Alu elements (to avoid biases caused by choosing dominant A-to-G Alus 

only) as described below . 

A straight forward comparison of editing levels, based on the editing rates at all sites, is quite 

complicated and requires ultra-high coverage due to the fact that most adenosines in Alu elements are 

edited to at least some extent (though usually to a low degree, less than 1% of adenosines) (Bazak et 

al., 2014a, 2014b). Hence, any set of detected sites in a given sample may represent only a small 

random fraction of the editing sites. Thus, the number of reads supporting a specific mismatch is not a 

good measure of the effect in the whole sample. 

To apply all the above to our data set, we used the AEI (Alu Editing Index). This index gives the 

average editing level across all adenosines in Alu elements weighted by their expression, which is the 

ratio of A-to-G mismatches (presumably due to deamination to inosines), over the total number of 

nucleotides aligned to an Alu repeat (both adenosines and presumed inosines). This index averages over 

millions of adenosines, which as previously described, (Bazak et al., 2014b) makes it rather robust to 

statistical noise. 

Recoding Editing Sites Analyses 

The examination of editing rates at non-synonymous, pre-known editing sites was limited to 60 sites, 

which were expressed by at least 10 samples in each group, so that n≥10 for each group of the 

Wilcoxon test.   



Protein prediction was assessed using a list of edited sites filtered from known SNPs (dbSNP135 

(Sherry et al., 2001) and highly polymorphic HLA genes, but with conserved editing sites (Pinto et al., 

2014) included). The amino acid sequence (as found in the NCBI database) was queried and the 

"mutated" AA was planted in the right place of the sequence generating peptides of 21 AA long (where 

the edited AA is in the middle). The affinity of each peptide in the couple (edited and non-edited form) 

for the predicted HLA alleles of the samples were evaluated using NetMHCPan 4.0 (Jurtz et al., 2017) 

for K-mers (window) of between 8-11 AA long. 

 

Expression analysis 

The gene annotations for the expression analysis were obtained from the UCSC gene tables (Karolchik 

et al., 2003). The number of reads aligned to each gene was calculated by STAR. 

Number of Epitopes Prediction  

The number of epitopes per peptide chain was calculated by combining three algorithms: a proteasomal 

cleavage algorithm (Ginodi et al., 2008), a TAP binding algorithm (Peters et al., 2003), and the MLVO 

MHC binding algorithm (Vider-Shalit and Louzoun, 2011) as previously described in (Agranovich et 

al., 2013). 

Since the used algorithms only apply to the 39 most common alleles in Caucasian population, the 

epitopes were computed for the 35 HLA alleles of the relevant samples. The results were weighted 

according to the allele frequency in the global human population. The efficiency of these algorithms 

and their quality has been systematically validated (previously) vs. epitope databases and was found to 

induce low false positive (FP) and false negative (FN) error rates (Maman et al., 2011a, 2011b). The 

number of epitopes was calculated for both the sequence and the average of three randomly scrambled 

versions of it, in order to assess whether the number of epitopes is affected by the sequence of the 

peptide or the AA composition (a biochemical effect).  
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