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1. Introduction1

2

Although most ChIP-Seq experiments focus on finding ‘peaks’ of enrichment, a growing number of3

studies compare ChIP-Seq data across samples (Creyghton et al 2010). A natural step in normalizing4

ChIP-Seq data when comparing peaks between samples is to scale by library size as is commonly done5

for RNA-Seq data (Mortazavi et al. 2008). However different samples have different signal-to-noise ratios6

(SNRs) i.e. different levels of background reads. Therefore, peaks in different samples with the same7

heights can have different relative heights compared to their respective background levels. This issue was8

recognized by (Zhen et al. 2012), but their method allows one to compare only two samples at a time,9

and is thus unsuitable for group comparisons.10

11

2. Methods12

13

We suggest a modified scaling factor that scales only by the total number of reads mapped into called14

peaks rather than by whole library size. The set of called peaks for a set of samples is taken to be the15

union of the set of called peak intervals for each sample. This is typically only 1-2% of the genome. By16

effectively ignoring the differing levels of background, our method implicitly accounts for the different17

SNRs across samples. Since our method is implemented after peak calling, control samples used for peak18

calling are not required for normalization for purposes of comparing samples. Additionally, our method19

allows for implementation of standard downstream statistical analyses such as sample clustering and20

linear model fitting, as distinct from MAnorm, another ChIP-Seq normalization method, which allows21

only for pairwise comparison of peaks between two samples after normalization (Zhen et al. 2012). If22

we find N called peaks, we compute the scaled peak height for sample i and peak j as the original peak23

height Xij scaled by the sum of all peak heights for that sample:24

Zij =
Xij∑N
j=1 Xij

(1)
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