
Problem
When reference genome assemblies are updated, the peaks from DNA
enrichment assays such as ChIP-Seq and FAIRE-Seq need to be called
again using the new genome assembly. Researchers need ways to
compare the peaks called for the new genomes to understand what
was reproduced with the new genome what is new, and what might
have been missed.

PeakMatcher is an open-source package that aids in validation by
matching peaks across two genome assemblies using the alignment of
reads or within the same genome. PeakMatcher calculates recall and
precision while also outputting lists of peak-to-peak matches.
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Our Method
PeakMatcher uses aligned reads to match peaks across genome
assemblies. The user will need to align the same set of reads to both
the source and target genomes.

For the source genome, PeakMatcher takes a peak list (e.g., from
MACS) and aligned reads (e.g., from a BAM file) as input.
PeakMatcher builds an interval tree from the peak list. The interval
tree is used to select reads that overlap with the peaks. The names of
those reads are then written out to a file.

For the target genome, PeakMatcher takes a peak list, aligned reads,
and overlapping read names as input. PeakMatcher selects the
aligned reads by name and constructs an interval tree from their
alignment coordinates. Peaks are checked for overlaps with the reads
using the interval tree and sorted into two categories: matched and
unmatched.

Availability
PeakMatcher and associated documentation are available on GitHub
(https://github.com/rnowling/peak-matcher) under the open-source
Apache Software License v2. PeakMatcher was written in Python 3
using the intervaltree library.
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Application to Aedes aegypti FAIRE Seq
We evaluated PeakMatcher on two data sets. The first data set was
FAIRE-Seq (Formaldehyde-Assisted Isolation of Regulatory Elements
Sequencing) of DNA isolated embyros of the mosquito Aedes aegypti
[2, 4].

We implemented a peak calling pipeline and validated it on the older
(highly fragmented) AaegL3 assembly [5]. PeakMatcher matched
92.9% (precision) of the 121,594 previously-called peaks from [2, 4]
with 89.4% (recall) of the 124,959 peaks called with our new pipeline.

Next, we applied the peak-calling pipeline to call FAIRE peaks using the
newer, chromosome-complete AaegL5 assembly [3]. When applied to
all of the peaks, Peak- Matcher matched 78.8% (precision) of the
124,959 AaegL3 peaks with 76.7% (recall) of the 128,307 AaegL5
peaks.

PeakMatcher found matches for 14 of the 16 experimentally-validated
AaegL3 FAIRE peaks from [2, 4]. We validated the matches by
comparing nearby genes across the genomes. Nearby genes were
consistent for 11 of the 14 peaks; inconsistencies for at least two of
the remaining peaks were clearly attributable to differences in
assemblies.
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Our Solution
We introduce PeakMatcher, an open-source package that aids in
validation by matching peaks across two genome assemblies.
PeakMatcher uses the alignment of the same set of reads to two
genomes to match peaks across the assemblies. PeakMatcher
calculates recall and precision while also outputting lists of matched
and unmatched peaks for further downstream analyses.

Why Not Whole-Genome Alignment?
With the wide array of whole-genome alignments programs such as
MUMmer available, why did we opt for a new approach? In our tests
on the Aedes FAIRE-Seq peaks, we were only able to match (recall)
40% of peaks by coordinate from a whole-genome alignment between
the AaegL3 and AaegL5 assemblies. Our approach (PeakMatcher) was
able to match up 78.8% of the peaks. We do not consider this a fair
"head-to-head" comparison, however.


