
Supplementary Information

Alfred: Interactive multi-sample BAM alignment

statistics, feature counting and feature annotation

for long- and short-read sequencing

BAM statistics, feature counting and feature annotation

Alfred provides a wide range of QC metrics, some of general relevance such
as the insert size distribution and others more targeted to specific sequenc-
ing assays, such as the on-target rate for capture assays (Figure 1). A list of
alignment statistics provided for each sequencing assay is available in Table 1.
As input, Alfred accepts BAM and CRAM files [Hsi-Yang Fritz et al., 2011].
Alfred’s functions are competitive with respect to runtime and memory usage
compared to commonly used tools in each of its application areas (Table 2). As
exemplary applications, we

1. calculated quality control statistics for a whole-exome sample with multi-
ple read-groups,

2. computed read-depth at a given set of target intervals using DNA sequenc-
ing data,

3. performed gene counting for an RNA sequencing data set, and

4. generated down-sampled browser tracks for a ChIP sequencing data set.

For each application, we compared Alfred v0.1.12 to a commonly used method
in that category, specifically QualiMap v2.2.1 [Okonechnikov et al., 2016], Bed-
tools v2.27.1 [Quinlan & Hall, 2010], htseq-count v0.11 [Anders et al., 2015] and
Homer v4.9.1 [Heinz et al., 2010].
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Figure 1: Exemplary Alfred Charts: Nucleosome pattern and DNA pitch for an
ATAC-Seq library (left) and on-target rate as well as target coverage distribution
for a whole-exome capture library (right).

DNA-Seq DNA-Seq RNA-Seq ChIP-Seq or Chart Type
Alignment Metric WGS WES/Capture ATAC-Seq
Mapping Statistics Table
Duplicate Statistics Table
Sequencing Error Rates Table
Base Content Distribution Grouped Line Chart*
Read Length Distribution Line Chart*
Base Quality Distribution Line Chart*
Coverage Histogram Line Chart*
Insert Size Distribution Grouped Line Chart*
InDel Size Distribution Grouped Line Chart*
InDel Context Bar Chart*
GC Content Grouped Line Chart*
On-Target Rate Line Chart*
Target Coverage Distribution Line Chart*
TSS Enrichment Table
DNA pitch / Nucleosome pattern Grouped Line Chart*
Spliced Alignments Line Chart*
Feature Counting Table
Feature Annotation Table

*Interactive charts

Table 1: Alignment Statistics

Application Alfred QualiMap2 Bedtools htseq-count Homer
DNA WES QC 412s (0.8GB) 916s (3.3GB)
DNA Loci Read Depth 131s (0.8GB) 533s (0.1GB)
RNA Feature Counting 95s (0.2GB) 1252s (1.4GB) 2055s (1.6GB)
ChIP-Seq Browser Tracks 616s (1.2GB) 636s (0.5GB)

Table 2: Runtime (in seconds) and peak memory usage (in gigabytes) for se-
lected applications
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Haplotype-resolved consensus computation

Alfred implements functionality to analyze sequence alignments in a haplotype-
resolved manner. As an example, we illustrate in Figure 2 a dotplot of the
haplotype-specific consensus sequences derived from error-prone long reads of a
heterozygous complex structural variant previously identified in Phase 3 of the
1000 Genomes Project [Sudmant et al., 2015]. We first split the long read data
set into haplotype-specific BAM files using Alfred’s split subcommand. This
function takes a BAM file and a phased SNP backbone as input and then outputs
two haplotype-specific BAM files. For each haplotype-specific BAM file, we then
used Alfred’s consensus function to collect all reads at a given alignment posi-
tion to compute a haplotype-specific consensus sequence [Rausch et al., 2009].
The consensus computation has three processing steps: (1) Building of a multi-
ple sequence alignment guide tree using pairwise overlap alignments with affine
gap penalties [Gotoh, 1986], (2) progressive alignment of all sequences along
the guide tree, and (3) derivation of a consensus sequence from this multiple
sequence alignment. Notably, the average sequencing error rate was 10.6% and
10.9% for the individual long reads in each of the two haplotypes. The con-
sensus computation greatly improves this error rate to 3.5% and 3.8%. The
two haplotype-specific consensus sequences can then be aligned using Alfred’s
pairwise alignment algorithm (pwalign subcommand). The pwalign command
generates a linear alignment using dynamic programming, where the relative
order of nucleotides in each sequence is preserved. Such an alignment is ideal
for insertions and deletions but fails to capture more complex rearrangements
such as inversions. To visualize complex rearrangements a classical dotplot can
be used, and the dotplot of the haplotype-specific consensus sequences is shown
in Figure 2.
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Figure 2: Haplotype-specific dotplots: dotplot alignments of haplotype1 con-
sensus sequence compared to the reference (left) and haplotype2 consensus se-
quence compared to the reference (right). In haplotype2 an inverted duplication
occurred.
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