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ABSTRACT

STARR-Seq is a high-throughput technique for directly identify-
ing genomic regions with enhancer activity [1]. Genomic DNA
is sheared, inserted into artificial plasmids designed so that DNA
with enhancer activity trigger self-transcription, and transfected
into culture cells. The resulting RNA is converted back into cDNA,
sequenced, and aligned to a reference genome. “Peaks” are called
by comparing observed read depth at each point to an expected
read depth from control DNA using a statistical test. Examples
of peak calling methods based on read depth include MACS2 [4],
basicSTARRSeq, and STARRPeaker [3].

It is challenging to accurately distinguish between real peaks
and artifacts in regions where mean read depth is low but the
variance is high. Fortunately, enhancer activity is strongly corre-
lated with sequence content. We propose using sequence-based
machine learning models in a semi-supervised framework to filter
peaks. 501-bp sequences centered on the ~11k STARR peaks from
[1] were extracted from the Drosophila melanogaster dm3 genome.
Randomly-sampled 501-bp sequences were used as a negative set.
Peaks were filtered using a Bonferroni-corrected significance value
(@ = 0.05) to create a “high-confidence” subset of ~2.2k peaks. A Lo-
gistic Regression model with k-mer count features was trained on
the high-confidence peak sequences and their negatives and used
to classifying the remaining ~8.8k peak sequences. The self-trained,
sequenced-based model identified an additional ~3.7k candidate en-
hancers (“medium confidence”). The remaining ~5k STARR peaks
were considered “low confidence” peaks.

We plotted histograms of the read depth log-fold change for
the three sets of peaks (high, medium, and low confidence) (see
Figure 1). The distributions for the medium- and low-confidence
peaks overlapped significantly. The sequence-based model identi-
fied enhancer candidates that would otherwise be filtered out using
read depth alone.

We called peaks for the 4 D. melanogaster FAIRE-Seq data sets
from [2]. Sequencing data were cleaned with Trimmomatic, aligned
to the dm3 genome with bwa backtrack, and filtered for mapping
quality (q < 10) with samtools. MACS2 called ~61k FAIRE peaks.
The STARR peaks overlapped with the FAIRE peaks with precisions
of 52.7% (high-confidence peaks), 40.6% (medium-confidence peaks),
and 22.5% (low-confidence peaks).
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Figure 1: Read Depth Log-Fold Changes for High-, Medium-,
and Low-confidence STARR Peaks
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