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Limitations of inferring transcription factor binding using ATAC-Seq and DNase-Seq 
 
 
 
George F. Steinhardt and David J. Waxman, Department of Biology and Bioinformatics Program, 
Boston University 
 
 
Digital genomic footprinting uses genome-wide DNase-seq data to infer sites of transcription factor 
(TF) occupancy in intact chromatin, based on the ability of a bound TF to inhibit local DNA digestion 
by DNase-I [1] ⁠. Comparisons o            
differential DNase-Seq cutting profiles when anchored at a TF binding motif. Further, each TF is 
expected to show a unique DNase-I cutting profile owing to its characteristic pattern of TF-DNA 
interactions [1] ⁠. We investigated this proposal     -I data as well as 
ChIP-seq data for 22 distinct TFs are available [2] ⁠. We found that aggregate DNase-I cutting profiles 
generated at individual TF motifs have distinct cutting patterns, however, these patterns are largely 
unchanged when TF bound genomic loci are compared with unbound loci, as defined by overlap with 
the TF’s ChIP-seq peak set. Similar analyses were carried out using ATAC-seq-based chromatin 
accessibility data, which relies on transposase insertion for DNA fragment release from open 
chromatin sites, and is suggested to be well suited for digital genomic footprint calling [3] ⁠ . Digital 
genomic footprinting profiles generated from ATAC fragment release data were also similar for TF-
bound and TF-unbound motifs for the same set of 22 TFs. Substantial differences were seen between 
the DNase-I and ATAC cutting profiles at each TF motif, suggesting each method has its own unique 
intrinsic sequence bias for DNA cutting. Further, comparison of the cutting profiles generated from 
purified genomic DNA to those of intact chromatin showed little evidence for chromatin-associated TF-
DNA interactions with either DNase-I or ATAC. Analysis of the purified genomic DNA cutting patterns 
for DNase-I and ATAC cutting confirmed that each cutting method has a unique intrinsic sequence 
bias, with ATAC showing ~1,000-fold range of cutting frequencies, 4-fold greater than the range seen 
with DNase-I. Previous efforts have been made to call footprints at individual genomic loci using 
DNase-seq data and the algorithm PIQ [4] ⁠. Here, PIQ         
intact chromatin for the set of 22 TFs, using both DNase-seq and ATAC-seq datasets. Digital genomic 
footprints were correctly called for a subset of the 22 FPs by PIQ using both datasets, with ATAC 
generally outperforming DNase-I, however, the true positive rate was < 20% for 14 of the 22 TFs, as 
determined by comparison to ChIP-seq data. Studies in progress will investigate whether this 
performance is improved using the algorithm msCentipede[5] ⁠, which use      
a background for footprint calling.   
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