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Processing sequencing reads

Sequenced DNA fragments
(DNA library)

Unknown genome
De novo assembly (contigs)

Read mapping (alignments)

gene discovery (annotation)

Known genome (reference)

chip-Seq, RNA-Seq, SNP calling etc.



Sequence alignments

• Arranging two or more sequences such as to maximize 
the length of the common regions between the two

• It is a very well developed field – the roots of the 
bioinformatics started with various alignment software

• We will only cover pair-wise alignments searching a 
database with a query

• High throughput sequencing poses special constraints: a 
very large number of very short reads - traditional 
methods were not feasible



Alignment concepts

AGCAAGTATGTAAGGGCGCAGAAAAGCAAAG

GCAAG GCAAG

perfect match one mismatch

GCAAG GCAAG

insertion vs ref. deletion vs ref

NOTE: mismatches or indels can be longer than 1 base!  

It gets complicated very quickly 

Alignment scoring depends on mismatch scoring (different across bases!), 
gap open, gap extension penalties

indels



Repetitive and
low complexity regions

GCAAG

GCAAGTATGGGGCAAGGAAAAGCAAG 

TATATATATATATATATATATATATA 

TATA



Short Read Mappers (aligners)

• Using heuristics to quickly identify locations (hits) 
where the reads match

• Heuristics  not all hits will be found!

• Tradeoff: resource usage vs speed vs accuracy vs
usability

• Each domain of application may have more 
appropriate tools



A few popular aligners

• BWA, bowtie, SOAP2, Shrimp, BFAST and many 
others

There is no single best tool, the issues to consider: 

1. documentation  can we figure out how it works

2. input features  what type of input can it handle

3. reporting features   will it produce the type of output that we 
can use

4. performance  is it feasible to run on my resources



Aligner features

• Some cannot handle indels (insertion/deletions)  these 
tools are typically extremely fast will run on a laptop for 
even large genomes (bowtie)  application Chip-Seq

• May or may not use the quality score during the alignment

• Reporting alignments:

– unique alignments only (note that this is an ill defined concept!)
– best alignments above a cutoff 
– all possible alignments (can slow down the process greatly)



CPU time to align 1 million reads

from: http://www.massgenomics.org/short-read-aligners



Read placement for 2 million reads
from the human genome

from: http://www.massgenomics.org/short-read-aligners



BWA by Heng Li

Install it from with the shell script that was sent out via email
Also available from the website. Once installed it should look like this:



Alignin reads with BWA

For BWA is three step process (this is different 
for each aligner):

1. Index the genome – this only needs to be 
done once for each genome  bwa index …

2. Create  the alignment  bwa aln …

3. Report the alignment  bwa samse …



We need a genome first

Use the data from lecture 2 to place the genome into a separate 
file (see shell script in the download)



Index the genome

Switch to the folder that contains your genome and run the command.

It will create a few extra files there.



Create a FASTQ query sequence

• Open the genome in a text editor

• Select some sequences from the beginning of 
chromosme 1  (about 60 sequences)

• Paste this sequence into a new file 

• Create and save this as a valid FASTQ file. Add 
arbitrary quality values like AAA, or anything else



My test query sequence 



Run and report BWA

The file example.sam is the final output of the aligment



The result of the alignments



Homework 5

Create a FASTQ file using the first 60 or so bases from 
chromosome 1 of the yeast genome. The file should 
have four sequences:

1. first is perfect match
2. contains one mismatch (past the 10 base)
3. contains a deletion (past the 10 base)
4. contains an insertion (past the 10 base)

Align your file with BWA and print out your SAM file

Tip: remember to add or delete quality scores if the sequence length changes


