
Aligning reads: tools and theory



A simple case of string matching
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Difficult in practice
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Challenges:  
Human genome is large and complex

• Volume of data: ~3 Gbp  
• ~50% of genome is repeat regions that cannot be covered by reads 

– Simple repeats, tandem, interspersed 

– Transposons 

– Segmental duplications where mapping is unclear 
• Gap or unfinished regions  

– peri-centromere, sub-telomere 

– ~5Mb unique to ethnic groups (e.g., African, Asian)  
• Finishing errors(1/10,000bp), miscalled base incorporated 



Challenges:  
Genome is continuously changing

Genome Reference Consortium: “…working to 
create assemblies that better represent 
diversity and provide more robust substrates 
for genome analysis.” 

novel assembly algorithm 

correcting assembly errors (fix patches) 

addition of new alternate loci (patches) 

filling in gaps



• Ensembl, UCSC and NCBI all use the same genome assemblies or 

builds provided by the GRC (i.e GrCh37 = hg19) 
• Patches are provided by the GRC, but incorporated as updates by 

each database at different intervals 
• At any point in time, the sequence can vary between databases but 

coordinates are unchanged 
• Always use the same biological database for all reference data!  

Challenges:  
Sources of genome reference sequence  



GRCh37 vs. GRCh38

• Closing the gaps; more complete 

genome information 
• 8000 nucleotides altered  
• Several misassembled regions 

corrected  
• 261 alternate loci across 178 

regions (improved diversity) 
• Sequence information for 

centromeres 



You can obtain corresponding coordinates of a 
different genome build, if you have a set of 
coordinates from a known build using the LiftOver 
tool (UCSC)

LiftOver at UCSC

https://genome.ucsc.edu/cgi-bin/hgLiftOver
https://genome.ucsc.edu/cgi-bin/hgLiftOver


Challenges: short read NGS data

• Short reads: 50-150 bp (versus a very long reference)  

– Non-unique alignment 

– Sensitive to sequencing errors  
• Massive amount of short reads: one lane produces ≥ 150 

million 100 nucleotide reads  
• Small insert size: 200-500 bp libraries  



Challenges: non-exact matching

ATCTCCATAGGACTAGAAGTAG

ATCTCCATAGCACTAGAAGTAG

ATCTCCATAGGAC-AGAAGTAG
ATCTCCATAGGACTAGAAGTTAG
ATCTC---AGGACTAGAAGTAG

Insertion
Deletion

Substitution

Reference

3bp deletion



Local alignment vs Global alignment
Local alignment matches the query with a substring (k-mer) of the reference 

Tailored towards finding regions of highly similar sequence and aligning around 
those by working outwards to align the rest

A global alignment performs end-to-end alignment between the query and the 
reference



Insertion
Deletion

Substitution

Reference

3bp deletion

General concepts: edit distance

ATCTCCATAGGACTAGAAGTAG

ATCTCCATAGCACTAGAAGTAG

ATCTCCATAGGAC-AGAAGTAG
ATCTCCATAGGACTAGAAGTTAG
ATCTC---AGGACTAGAAGTAG



CGTCCCTCAGATTGGAA–CCTCGCTT

TCCCTCAGAATGGAAACCTCGCT

Edit distance =3

General concepts: edit distance

Reference

Read



Building an index
For each read we need to scan the entire 
corpus as fast as possible 

Having an index of the reference genome 
provides an efficient way to search 

Once index is built, it can be queried any 
number of times 

Indexes are genome and tool-specific 



Alignment tools can be grouped based on 
indexing method

Some examples include: 

Hash-based 

Suffix arrays 

Burrows-Wheeler Transform



Splice-aware alignment
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Splice-aware alignment tools: 

HISAT2, STAR, MapSplice, SOAPSplice, Passion, SpliceMap, 

RUM, ABMapper, CRAC, GMAP-GSNAP, HMMSplicer, Olego, 

BLAT  

There are excellent aligners available that are not splice-aware. These 

are useful for aligning directly to genes. However, you will lose isoform 

information. 

Bowtie2, BWA, Novoalign (not free), SOAPaligner

Splice-aware alignment

https://ccb.jhu.edu/software/hisat2/index.shtml
https://code.google.com/p/rna-star/
http://www.netlab.uky.edu/p/bioinfo/MapSplice
http://soap.genomics.org.cn/soapsplice.html
https://trac.nbic.nl/passion
http://www.stanford.edu/group/wonglab/SpliceMap/
http://www.cbil.upenn.edu/RUM/
http://hkbic.cuhk.edu.hk/software/abmapper
http://crac.gforge.inria.fr/
http://research-pub.gene.com/gmap/
http://derisilab.ucsf.edu/index.php?software=105
http://zhanglab.c2b2.columbia.edu/index.php/OLego
http://genome.ucsc.edu/goldenPath/help/blatSpec.html
http://bowtie-bio.sourceforge.net/bowtie2/manual.shtml
http://bio-bwa.sourceforge.net/
http://www.novocraft.com/main/index.php
http://soap.genomics.org.cn/soapaligner.html


Alignment for RNA-seq

Use the genome and GTF from the same 
source (i.e. Ensembl, NCBI, UCSC) 

Choose an aligner that can allow for a 
read to be “split” across distant regions 
to account for splice events 

Evaluate your computational resources 
and use an aligner that would work best 
within the confines of the available 
memory and CPU
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