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Types of genome assembly

Sequencing produces
reads which are quite short

These reads need to be —

assembled into a genome  *u l—i —

De novo assembly | =esed | Denorofes mb'v‘
Mapping or reference- —

based assembly % b —"

Reference-quided
assembly for long reads

Image credit: Wikipedia



De novo genome assembly
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Image credit: Torsten Seemann

Reconstruct original genome from sequence reads only
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“Shakespearomics”

Original text

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

We have
reached a
consensus !

* Reads

ds, Romans, count
ns, countrymen, le
Friends, Rom

send me your ears;
crymen, lend me

* Overlaps
Friends, Rom
ds, Romans, court
ns, courtrymen, de
crymen, lend me
- Eend me your ears;

 Majority consensus

Friends, Romans, courtrymen, lend me your ears; (1 contig)

Wong Limsoon, CS4330, AY2025/26 Image credit: Torsten Seemann



Overlap layout consensus

Overlap layout
consensus iS an 1. Find all read-read overlaps 1
assembly method

that takes all reads 2. tayout ..
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and finds overlaps
between them, then 3. consensus e =
builds a consensus

sequence from the
aligned overlapping

reads

4. Scaffolds /\/\

https://bioinformaticsworkbook.org/dataAnalysis/GenomeAssembly/Intro_GenomeAssembly.html#gsc.tab=0



De Bruijn graph (DBG) & k-mers

AAAGGCGTTGAGGTT

Chop the reads into k-mers

AAAG
AAGG
Construct DBG from k-mers "eece.
CGTT
GTTG
DBG represents a sequence TIGA
c c GAGG
In terms of its k-mer AGCT
components
Find Eulerian/Hamiltonian
path in graph AT

AGGC CGTT

Derive the genome
sequence from path

GGCG GCGT

Image credit: Jang Il Sohn
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How could we possibly assemble this segment of DNA?
All the reads are the same!

Gene Copy 2
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Some of these difficulties are mitigated by

3rd-gen sequencing’s long read length

a) De novo Assembly

e

Reconstruct the genome sequence directly from the
sequenced reads (blue). Longer reads will span more
repetitive elements (red), and produce longer contigs.

b) Chromosome Scaffolding

Order and orient contigs (blue) assembled from overlapping
reads (black) into longer pseudo-molecules. Longer spans
are more likely to connect distantly spaced contigs,

especially those separated by long repeats (red).

¢) Structural Variation Analysis
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Chromosome B

- ChemosomeA
Identify reads/spans (red) that map to different
chromosomes or discordantly within one. The longer the

read/span, the more likely to capture the 3V, and will hava
improved mappability to resolve SVs in repetitive element.

d) Haplotype Phasing

Link heterozygous wariants (X/O) into phased sequences
representing the original maternal (red) and paternal (blua)
chromosomes. Longer reads and longer spans will be able
fo connect more distantly spaced variants.

Wong Limsoon, CS4330, AY2025/26
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To do the next exercise, you need to know
a little about cell-free DNA and fragment

length histogram

Normal cfDNA
From apoptotic white blood cells

Circulating Tumor DNA
Usuall y 166 —180 bp 250000 (ctDN;g) Fraction
0% (Healthy)
200000 1-10% ctDNA
Fetal cfDNA (cffDNA) Zn  Raw Global 10-25% IDNA

25-50% ctDNA
50-70% ctDNA

() Histogram 150000
—>

100000 !
50000 ’/\//

0

HD

From apoptotic trophoblasts

Usually shorter than normal cfDNA

Cell free DNA (cfDNA)
100 150 200 250 300 350 400

- - men rom m 51
Circulating tumour DNA (ctDNA) Fragments from Blood Plasm Fragment Length
From tumour cells via necrosis, stress induced pathways, etc.

Usually shorter than normal cfDNA
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Exercise

0.08 2 2
0.07
c
50.06
=
Soo0s
£
=
©0.04
5
S 003
5]
& 0.02
0.01

0 i -
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

%GC (100-base windows)
@ genome @ lon Torrent PGM @ !lumina HiSeq (low-input Fisher et al. with Kapa)
() Complete Genomics @ !llumina HiSeq (low-input Fisher et al.)

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 genome
assembly tools

Check these out

yourself

Wong Limsoon, CS4330, AY2025/26

1. SPAdes (5t. Petersburg genome assembler):
* Website: http:/cab.spbu.ru/softwarefspades/
* SPAdes is designed to work with various sequencing technologies, including lllumina,
lon Torrent, and PacBio.
2. Velvet:
* Website: https://www.eblac.uk/~zerbino/velvet/
* Velvet is known for its efficiency in handling large datasets and is often used for short-
read de novo assembly.
3. S50APdenovo:
* Website: https://soap.genomics.org.cn/fscapdenovo.html
* S50APdenovo is a widely used assembler for de novo genome assembly, and it
supports large genomes.
4. ALLPATHS-LG:
* Website: https:/software.broadinstitute.org/allpaths-lg/blog/
* ALLPATHS-LG is particularly useful for high-coverage data and is known for its
accuracy in assembling large genomes.
5. Canu:
* Website: https://canu.readthedocs.io/en/latest/
* Canu is specifically designed for single-molecule sequencing technologies like

PacBio and Oxford Nanopore.
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Popular genome
assembly tools

Check these out

yourself

Wong Limsoon, CS4330, AY2025/26

6. MaSuRCA (Maryland Super-Read Celera Assembler):

* Website: http:/f'www.genome.umd.edu/masurca.html
* MaSuRCA is designed to assemble genomes from a combination of lllumina and long

reads.

7. ABySS (Assembly By Short Sequences):

* Website: https:/fwww.bcgsc.ca/platform/bicinfo/software/abyss

* ABySS is suitable for assembling genomes using short-read sequencing data.

&. IDBA (lterative De Bruijn Graph De Nove Assembler):

4=}
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* Website: http://i.cs.hku.hk/~alse/hkubrg/projects/idba/
* IDBA is designed to handle metagenomic data and short-read sequences.
. Megahit:
* Website: https:/github.com/voutcn/megahit
* Megabhit is a fast and memory-efficient assembler, often used for assembling large
and complex metagenomic datasets.
. Unicycler:
* Website: https:/github.com/rrwick/Unicycler
* Unicycler is designed for bacterial genome assembly and can handle both short and

long reads.
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Self-guided practice

Bilal Wajid & Erchin Serpedin, “Do it yourself guide to

genome assembly”, Briefings in Functional Genomics
15(1):1-9, 2016. Supplementary section
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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

Good to read

Sequence assembly.

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