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CS4330: Combinatorial Methods in Bioinformatics

Primer on de novo 

genome assembly
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1



Wong Limsoon, CS4330, AY2023/24

Types of genome assembly
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Sequencing produces 

reads which are quite short

These reads need to be 

assembled into a genome 

De novo assembly

Mapping or reference-

based assembly

Reference-guided 

assembly for long reads
Image credit: Wikipedia
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Image credit: Torsten Seemann

De novo genome assembly
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Reconstruct original genome from sequence reads only
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“Shakespearomics”

Original text

“Friends, Romans, countrymen, lend me your ears”

4Image credit: Torsten Seemann
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Overlap layout consensus
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Overlap layout 

consensus is an 

assembly method 

that takes all reads 

and finds overlaps 

between them, then 

builds a consensus 

sequence from the 

aligned overlapping 

reads

https://bioinformaticsworkbook.org/dataAnalysis/GenomeAssembly/Intro_GenomeAssembly.html#gsc.tab=0
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De Bruijn graph (DBG) & k-mers
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Chop the reads into k-mers

Construct DBG from k-mers

Representing a sequence 

in terms of its k-mer

components

Find Eulerian/Hamiltonian 

path in graph

Derive the genome 

sequence from path

Image credit: Jang Il Sohn
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Genome assembly 
is hard

A puzzle with millions to billions 
of pieces (N)

Read length is short relative to 
genome (102 vs 109 bp)

Lots of overlap to check

Compare each pair of pieces to 
find overlap (N2)

Lots of sky; i.e. short repeats

Lots of dirty pieces; i.e. 
sequencing errors

Multiple copies; i.e. long repeats
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Some of these difficulties are mitigated by 

3rd-gen sequencing’s long read length
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https://doi.org/10.1101/048603 
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To do the next 

exercise, you need 

to know a little 

about cell-free 

DNA

Let’s watch this video on cell-
free DNA together

https://www.youtube.com/watch?
v=F8eNSMWI01g

Watch the first 2-8 minutes

https://www.youtube.com/watch?
v=RtabLZcjXDo
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https://www.youtube.com/watch?v=F8eNSMWI01g
https://www.youtube.com/watch?v=RtabLZcjXDo
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Exercise
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Does the GC content bias in DNA sequencing coverage 

have a big impact on genome assembly?

Does it have a big impact on tumour purity determination 

from cell-free DNA?

Does it have a big impact on non-invasive pre-natal 

testing using cell-free DNA?
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Popular tools

Check these out 
yourself
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Popular tools

Check these out 
yourself
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Self-guided practice
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Bilal Wajid & Erchin Serpedin, “Do it yourself guide to 
genome assembly”, Briefings in Functional Genomics 
15(1):1-9, 2016. Supplementary section

https://oup.silverchair-cdn.com/oup/backfile/Content_public/Journal/bfg/15/1/10.1093_bfgp_elu042/4/supplementary_section.pdf?Expires=1707709054&Signature=XAkgvw4oZYD1vN4b0U2VYFQjwnNeefMa7HGCXmj~kP4zwoHrABxsjlmJ4BCR9QcHALMkCDBJzv0aOtLsfGr7A-B~CAmFDyeY4QDRJ2vV0jLxOrQ07cmjh~zzXxiwuT-nSlh40Ns7bT3sh1sBcahXFUibqPhS~9tLHDVJ4hJsx0-52Q2UZfEAJL8vmXEgAt5s8UOgKA~n~b3ok0gEqNoE4HxNrC7HS5V7~8e9~w7MervMOgoJVjhJGPKwORPlbSElnDmRxlQ-I-l-bmov6JcNP5usnKkig8SQsNvmrqFFRPBthCYoMmkUkLfMk4U-OLw95z9C2225lzZyQP2eA3zTJw__&Key-Pair-Id=APKAIE5G5CRDK6RD3PGA
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Good to read

Sequence assembly. https://en.wikipedia.org/wiki/Sequence_assembly

B. Wajid & E. Serpedin, “Do it yourself guide to genome assembly”, Briefings in 
Functional Genomics, 15(1):1-9, 2016. https://doi.org/10.1093/bfgp/elu042
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https://en.wikipedia.org/wiki/Sequence_assembly
https://doi.org/10.1093/bfgp/elu042

