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Next Generation Sequencing

● NGS gives millions of 
short reads (30-
200bp) instead of 1 
longer read (up to few 
kb)
– Desk-size devices,

– costly chemistry (in 
1000$ range for ~1TB 
of data) 

– error rates ~0.0001



  

Single molecule sequencing

● Oxford nanopore 
MiniION on the ISS 
(Aug 2016) 

● Single molecule 
sequencing is in the 
prototype phase – gives 
even longer reads (up 
to 100kb), but with large 
error rate (~10%) 

● Small devices for single 
use are promised to 
cost below 1000$



  

How to map a  short sequence 
to the genome?

● We frequently sequence DNA originating from a 
genome closely related to a known one (e.g. 
human patient samples, bacteria, viruses, etc)

● Even though they are closely related, they are not 
identical (remember, mutations?)

● Sequence reads are short (30-100), genomes are 
long (up to 10^10)

● Obviously we need faster methods than Dynamic 
programming



  

Text searching algorithms

● Exact searching (Knuth-Morris-Pratt, Boyer-
Moore) : not applicable

● Many reads and one genome – we would like to 
index the genome to be able to process the reads 
quickly

● We need to take errors and variants into account, 
but hopefully not too many of them in a single read

● We should consider text indexes (Suffix trees, suffix 
arrays and Burrows-Wheeler transform)



  



  



  



  

 



  



  



  



  



  



  



  

Something about SNPs

● Single nucleotide polymorhism (SNP) a position 
in the genome where a natural variation in 
population occurs



  

Genotyping vs. Sequencing

● Many commercial 
services offer genotyping 
(usually not sequencing) 
for very low prices

● Some of this information 
might be important if you 
are sick

● Most of the information 
provided by such 
companies is pure noise 
and correlative data

● Data security is a big 
issue



  



  

BWT mapping summary

● Effective tools are used in short read mapping 
using BWT and FMI

● Index can be linear in genome size and match 
finding with small (<3) number of mismatches is 
feasible

● Large number of mismatches works against 
these methods



  

Even faster read mapping?

● Sometimes we can agree to a worse mapping 
efficiency (some random reads not mapped) if it 
increases the speed of overall mapping

● This is in particular true in cases where we want 
to count reads rather than identify the variants

● One such case is mRNA expression profiling, 
when we are interested in relative abundances 
of fragments of the reference sequence



  



  

RNAseq Reads mapped to the genome



  

STAR – ultrafast read mapping 
(Dobin et al. 2012)



  

Alignment free RNA 
quantitation

● Sailfish method 
(Patro et al. 2014)

● We can simply count 
unique k-mers in the 
reads and use only 
those to quantify 
transcripts

● 25x speed 
improvement, without 
much loss in 
accuracy



  

Kallisto - even faster quantitation

● Kallisto method (Bray 
et al. 2015)

● Introducing a graph of 
overlapping k-mers for 
the different 
transcripts as an index

● Better implementation 
gives another 10x 
speed improvement
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