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What can we find with 
Mapping 
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What can we find with 
Mapping 
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Tools for Mapping 
bowtie - an ultrafast, memory-efficient short read aligner
http://bowtie-bio.sourceforge.net/index.shtml

BWA - Burrows-Wheeler Aligner
http://bio-bwa.sourceforge.net/

SOAPaligner - Short Oligonucleotide Analysis Package
http://soap.genomics.org.cn/soapaligner.html

http://bowtie-bio.sourceforge.net/index.shtml
http://bio-bwa.sourceforge.net/
http://soap.genomics.org.cn/soapaligner.html
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bowtie
The bowtie-build indexer

• bowtie-build builds a Bowtie index from a set of DNA sequences.  
• bowtie-build outputs a set of 6 files with suffixes  
- .1.ebwt,  
- .2.ebwt, 
- .3.ebwt,  
- .4.ebwt,  
- .rev.1.ebwt, 
- .rev.2.ebwt. 

• These files together constitute the index: they are all that is needed to 
align reads to that reference. The original sequence files are no longer 
used by Bowtie once the index is built. 

• bowtie-build -f human.fasta human

http://bowtie-bio.sourceforge.net/manual.shtml#TOC


bowtie
The bowtie aligner

bowtie [options] <ebwt> {-1 <m1> -2 <m2> | --12 <r> | <s>} [<hit>]

Input

paired-end

OutputIndex
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http://bowtie-bio.sourceforge.net/manual.shtml#TOC


bowtie
The bowtie aligner

bowtie [options] <ebwt> {-1 <m1> -2 <m2> | --12 <r> | <s>} [<hit>]

Input OutputIndex

options  

• Input
• Alignment
• Reporting
• Output
• SAM
• Performance

http://bowtie-bio.sourceforge.net/manual.shtml#TOC


bowtie
options  

• Input
- -q, reads in fastq format
- -f, fasta input in fasta format
- -5 <int>, trims <int> bases from the 5’ end
- -3 <int>, trims <int> bases from the 3’ end

• Alignment
• Reporting
• Output
• SAM
• Performance



bowtie
options  

• Input
• Alignment

- -v <int>, Report alignments with at most <int> mismatches; mutually exclusive with -n 
- -n <int>, Maximum number of mismatches permitted in the "seed"; 0, 1, 2, 3 
- -e <int>, Maximum permitted total of quality values at all mismatched positions; 70
- -l <int>, The "seed length"; 28 
- -I <int>, The minimum insert size for valid paired-end alignments; 0
- -X <int>, The maximum insert size for valid paired-end alignments; 250 

• Reporting
• Output
• SAM
• Performance



bowtie
options  

• Input
• Alignment
• Reporting

- -k <int>, Report up to <int> valid alignments per read or pair; 1
- -a, Report all valid alignments per read or pair
- -m <int>, Suppress all alignments for a particular read or pair if more than <int> reportable 

alignments exist for it
- --best, Make Bowtie guarantee that reported singleton alignments are "best"

• Output
• SAM
• Performance



bowtie
options  

• Input
• Alignment
• Reporting
• Output

- --all <fileame>, Write all reads for which at least one alignment was reported to a file with 
name <filename>

- --un <filename>, Write all reads that could not be aligned to a file with name <filename>.

• SAM
• Performance



bowtie
options  

• Input
• Alignment
• Reporting
• Output
• SAM

- --S, Print alignments in SAM format.

• Performance

http://samtools.sourceforge.net/SAM1.pdf


bowtie
options  

• Input
• Alignment
• Reporting
• Output
• SAM
• Performance

- -p, Launch <int> parallel search threads; 1
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Burrows-Wheeler-Aligner
Fast and moderate memory footprint (<4GB)
SAM output by default
Gapped alignment for both SE and PE reads
Effective pairing to achieve high alignment accuracy; 
suboptimal hits considered in pairing.
Limited number of errors (2 for 32bp, 4 for 100 bp, ...)
The default configuration works for most typical input.

- Automatically adjust parameters based on read lengths and 
error rates.

- Estimate the insert size distribution on the fly
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Burrows-Wheeler-Aligner
bwa 

index (indexing of the reference)
- bwa index -a bwtsw db.fasta

aln (actual alignment of the short reads)
- bwa aln db.fasta short_read.fastq > aln_sa.sai

samse (creating of SAM output of the single reads)
- bwa samse db.fasta aln_sa.sai short_read.fastq > aln.sam

sampe (creating of SAM output of pair-end reads)
- bwa sampe database.fasta aln_sa1.sai aln_sa2.sai read1.fq read2.fq > aln.sam

bwasw (actual alignment of the long reads)
- bwa bwasw database.fasta long_read.fastq > aln.sam

- bwa bwasw database.fasta long_read1.fastq long_read2.fastq > aln.sam



Burrows-Wheeler-Aligner
bwa index



Burrows-Wheeler-Aligner
bwa aln



Burrows-Wheeler-Aligner
bwa samse

bwa sampe



Burrows-Wheeler-Aligner
bwa bwasw
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SOAPaligner (SOAP2)
2bwt-builder (creates index of the 
reference sequence) 
- 2bwt-builder peach_chloro.fasta

soap (aligner mapping the read)
- single reads: soap –a <reads_a> -D <index.files> -o <output></output>
- paired-end reads: soap –a <reads_a> -b <reads_b> -D <index.files> -o 

<PE_output> -2 <SE_output> -m <min_insert_size> -x <max_insert_size> 
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SOAPaligner (SOAP2)


