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Why do we align?

Why do we align?
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Why do we align?

What do we learn?

[Reinert et al., 2015, Pfeifer, 2017]
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What do we align to?

What do we align to?
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What do we align to?

What do we need?

Reference sequence: the nucleotide sequence of the chromosomes of a
species 2

Optional annotations: the gene/transcript models for a genome;
includes the coordinates of the exons of a transcript on a reference
genome, optionally the strand, gene name, coding portion of the
transcript.

2see discussion on reference genomes in [Ballouz et al., 2019]
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What do we align to?

Sources for reference genomes

Ensembl
I http://www.ensembl.org

UCSC
I https://genome.ucsc.edu/

NCBI
I https://www.ncbi.nlm.nih.gov/

Gencode
I https://www.gencodegenes.org/

Organism-specific databases
I (e.g., http://toxodb.org/toxo/)

Always note the source and version of your reference genome.
Look out for chromosome naming conventions.

Luce Skrabanek (ABC, WCM) Aligning reads to a genome 11 February, 2020 7 / 29

http://www.ensembl.org
https://genome.ucsc.edu/
https://www.ncbi.nlm.nih.gov/
https://www.gencodegenes.org/
http://toxodb.org/toxo/


What do we align to?

Annotations

The chromosome names must match those in your reference genome;
annotations must correspond to the same reference genome build as your

reference genome fasta file.
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What do we align to?

Gene models can vary dramatically

Luce Skrabanek (ABC, WCM) Aligning reads to a genome 11 February, 2020 9 / 29



What do we align to?

Which annotation should you use?

[Jänes et al., 2015, Zhao and Zhang, 2015, Wu et al., 2013]Luce Skrabanek (ABC, WCM) Aligning reads to a genome 11 February, 2020 10 / 29



What do we align to?

Storing annotation information

Represent genome coordinates and gene descriptions/names
multiple formats: GFF2, GFF3, GTF3, BED, SAF...

3http://genome.ucsc.edu/FAQ/FAQformat#format4
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How do we align?

How do we align?
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How do we align?

Aligners

Genomic aligners
I BWA [Li and Durbin, 2009],

Bowtie2
Splice-aware aligners

I STAR [Dobin et al., 2013],
TopHat, HiSAT2

Pseudo alignment
I Salmon, kallisto, RSEM

Challenge

Mapping millions of reads
accurately and in a reasonable

amount of time, despite
complications from sequencing
errors, genomic variation and

repetitive elements.
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How do we align?

Genomic aligner: BWA

BWA uses a canonical seed-and-extend paradigm. BWA is based on the
Burrows-Wheeler Transform and uses the FM-index4 to search for exact
string matches.

This has a very small memory footprint.

4Full-text Minute-space, or Ferragina and Manzini [Ferragina and Manzini, 2010]
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How do we align?

FM-index backwards search
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How do we align?

BWA-MEM

BWA MEM [Li, 2013] is the next generation in the BWA family, and is one
of the few that works well for both 70bp reads and long sequences up to a
few megabases.

1 allows long gaps
2 the allowable error rate adjusts with sequence length
3 can report multiple non-overlapping local hits

As for BWA, uses a canonical seed-and-extend paradigm, grouping seeds that are
colinear and close to each other as a chain.
Each seed is extended using a banded affine-gap-penalty dynamic programming,
stopping when the difference between the best and the current extension score is
above some threshold, avoiding extension through poorly aligned regions
Keep track of the best extension score reaching the end of the query sequence. If
the difference between the best score reaching the end and the best local alignment
score is below a threshold, the local alignment will be rejected even if it has a higher
score.
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How do we align?

Mapping to the transcriptome

1 Alignment of exon-exon spanning reads
2 Multiple isoforms
3 Identification of novel splice junctions

STAR uses an indexed suffix array [generated using
both the genomic sequence, and the sequence
spanning known exon-exon boundaries
(transcriptome)], to find MMPs (longest possible
perfect matches), identifies "anchor alignments", and
stitches them together.

STAR can also identify novel junctions, if it finds
enough reads as support. Users can define how many
reads must span a novel junction, and how many
bases must be covered on either side of the junction.
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How do we align?

Splice-aware aligner: STAR [Spliced Transcripts Alignment
to a Reference]
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How do we align?

Running STAR

STAR has many parameters (familiarize yourself with the manual)! See [Ballouz et al.,
2018] for a discussion of how parameter selection affects mapping (e.g., handling of
multi-mapped reads, intron sizes).
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Output files

Output files
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Output files

SAM files

Each line of the optional
header section starts with @,
and includes information
such as chromosomes names
(SN) and their lengths (LN).
The vast majority of lines
within a SAM file are
compact representations of
the read alignments where
each read is described by the
11 mandatory entries and a
variable number of optional
fields [Li et al., 2009].
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Output files

SAM FLAG field

The FLAG field includes
information about the
mapping of the individual
read. It is a bitwise flag,
compactly storing answers
to multiple binary Yes/No
questions as a short series
of bits where each of the
single bits can be
addressed separately.

See https://broadinstitute.github.io/picard/explain-flags.html to interpret bit flag values.
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Output files

CIGAR [Concise Idiosyncratic Gapped Alignment Report
string]
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Output files

SAM OPT field

The number of optional SAM/BAM fields, their value types and the information stored
within them depends on the alignment program and can vary substantially.
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Output files

Exploring SAM/BAM files

The most widely used tool to explore and manipulate SAM/BAM files is
samtools.
There are many options to subset reads based on SAM fields such as
chromosomal location, or FLAG value, or mapping quality.
samtools view <in.bam>
Use egrep to subset reads based on the optional tags.
Most downstream applications also require the BAM file to be indexed by
reference sequence position, to allow the efficient retrieval of all reads
aligning to a locus.
samtools index <in.bam>
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