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Unit 2: Illumina libraries, de novo assembly 
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Unit 1 review

• The Illumina (Solexa) method

• How Illumina sequencing works

• How to export Illumina data

• How to clean raw Illumina data

• Serapure magnetic beads

• Qubit fluorometry
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Unit 2 overview

• Inferring larger sequences from short 
read data

• Read mapping to reference sequences

• How to assemble de novo contigs from 
reads

• How to map contigs/reads to references

• Shotgun Library Prep I (Tomorrow)

• Shotgun Library Prep II (Monday)
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DNA sequence alignment

• Multiple sequence alignment

• CLUSTAL (Higgins & Sharp. 1988)

• Started with phylogenetics

• Now used extensively in:

• Genomics

• Physiological research

• Human medicine 
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‘Assembling’ genomes = DNA sequence alignment

‘Assembling’ Illumina data = DNA sequence alignment



NGS and DNA sequence alignment

• Aligning millions of small (or large) 
reads is a computationally difficult 
task

• In the early days of NGS, the available 
multiple sequence alignment methods 
were not scalable 

• This led to various approaches being 
developed that can be summarized as 
either de novo assembly or reference 
alignment



Assembly Terminology

• Reads – short DNA sequences from the Illumina sequencer; these can 
be single or paired

• Contigs – consensus sequences inferred from alignments of reads

• Scaffolding – linking of non-contiguous DNA sequences with known 
gap sizes 

• K-mer
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De novo assembly

Image from the Sequencing Center



De novo assembly

• Used to infer larger sequences from 
small reads

• Greedy algorithm assemblers

• Graph method assemblers

• Both assemblers combine reads into 
larger sequences (i.e. ‘contigs’)



De novo assembly: Greedy algorithms
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Change-making problem: Someone has made a purchase and 
we need to deliver 36 pence worth of change in an imaginary 
currency system where there are only four coins:
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Global optimum reached in 4 steps! 



Greedy algorithms don’t always reach the 
optimal solution…

Image by Swfung8 used under a Creative Commons license

A greedy algorithm is any algorithm that follows the problem-
solving heuristic of making the locally optimal choice at each 
stage. In many problems, a greedy strategy does not produce 
an optimal solution, but a greedy heuristic can yield locally 
optimal solutions that approximate a globally optimal solution 
in a reasonable amount of time.

Text mostly from Wikipedia ☺
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Applying greedy algorithms to short read DNA 
sequences

Images by data-science-sequencing.github.io

Reads Assembly Contig

Real sequence: AGATTATGGC
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De novo assembly: Graph methods

Image by David Eppstein used under a Creative Commons license

Represent an important step forward in de novo assembly 
because graph methods use algorithms to reach global optima 
rather than use local optima to estimate the global optimum as 
we just learned with greedy algorithms.  

Two main types:

• String graphs

• De Bruijn graphs (most assemblers)



De Bruijn graphs

• Breaks reads into smaller units called 
k-mers (k)

• Algorithm looks for reads that overlap 
with k-1 nucleotides

• Each De Bruijn graph has Euler and 
Hamiltonian cycles



De Bruijn graphs

Image from biostars.org



De Bruijn graphs

• K-mer size can be specified

• Why use different k-mer sizes?



K-mer size



K-mer size

Some assembly summary stats: NG50, N50, L50



N50

• Summarizes the length of contigs in de novo assembly.

• N50 is like a mean or median but it gives greater weight to longer 
contigs 

Image from bioinformaticshome.com

Example of N50 = 70. It means that half 
(50%) of the assembly includes contigs 
with at least a length of 70.  



Coverage depth



Known insert (or gap) size of paired-end data 
can help improve assemblies
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Reference Mapping

Image from galaxyproject.github.io



Reference mapping

• Maps reads to a reference sequence 
provided by the user

• The reference sequence is typically a 
genome (nuclear or mitochondrial), 
but also could be something small like 
a mtDNA barcode (e.g. 16S or CO1)



Reference mapping

• Uses many of the same algorithms 
and alignment strategies of de novo 
assembly  

• Differs in that it is only aligning reads 
to the reference sequence and not 
reads to each other (as in de novo 
assembly)



Reference mapping

• Longer DNA sequences are inferred by 
taking the consensus sequence of the 
mapped reads

• As in de novo assembly read coverage 
can be used to assess confidence in an 
inferred DNA/genomic sequence



Reference mapping

• Burrows-Wheeler Aligner (BWA)

• Sequence Alignment Map (SAM)

• Binary Alignment Map (BAM)



Burrows-Wheeler transform

• ‘Block-sorting compression’

• Rearranges a character string into runs of similar characters

• Is used for reference mapping because it compresses text in an 
optimal manner

Image from Wikipedia ☺
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Sequence Alignment Map

Image from Wikipedia ☺



Binary Alignment Map

Image from Wikipedia ☺

• BAM is the compressed version of the 
SAM format

• Allows for more efficient processing to 
analyze (e.g. summary stats, 
visualization etc.) reference maps at 
large scales



Visualizing reference maps
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Visualizing reference maps

SAMtools



Visualizing reference maps
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Reference bias

Image from Seven Bridges Genomics



Reference bias

Image from Seven Bridges Genomics
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Reference bias

Image from Seven Bridges Genomics

Reads

Reference sequence

Insertion not in the Reference Sequence
or 

Deletion not in the Reads



Summary

• What method is best for your Illumina 
data?

• Depends on the application…



Summary

• Whole genome sequencing (de novo 
assembly + reference mapping)

• Sequencing of hundreds of loci like 
UCEs (de novo assembly)

• Gene expression analysis 
with transcriptomes (reference 
mapping)
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Getting ready

• Navigate to the ‘NGS_course’ directory we made last week

• mkdir Unit_2


