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Assemblies – 2 strategies: mapping and de novo

Mapping 
– used for closely related genomes.

– Reference to map against has to be closesly related to genome to analyze
– Useful for close outbreaks and species with little variation (small accessory genome) e.g. 

Mycobacteroum tuberculosis

De novo assembly
– Used for diverese genomes (large accessory genome) and new speices
– Long reads can help to get more complete assemblies

In routine diagnostics: De-novo used by default, mapping used for closely related outbreaks and mycobaceria
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De novo assembly
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– De novo is a Latin term that means "anew," "from the 
beginning," or "afresh.”

– Arranging/Assembling the reads (jigsaw pieces) to complete 
genomes.

– Why do we have to assemble the reads?

– species without reference genomes, for characterizing the 
genetic variants present in the species (Chen et al., 2021).
The end goal of a sequence assembler is to produce long 
contiguous pieces of sequence

– Greedy algorithm and De Bruijn graph are the most used 
algorithms by the assembly tools.

– Short read assembly - Illumina (Spades, Unicycler)
– Long read assembly - Nanopore, PacBio (Flye)

– Hybrid assembly - Best of two worlds (Unicycler, Trycycler)

https://doi.org/10.1038/nmeth.1935



Assembly software used over time
Various asssemly software available. Spades and Unicycler widely used. 
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De Bruijn graph theory – A lecture on its own!!!
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Kmer split eg kmer = 3 
ATG

GCT

TGC

CTA

Node

Kmer: represent the length of nucleotide bases

Black arrows in the image - edges

Walk through the generated graph layout only once – find the shortest distance that connects the nodes and 
reconstruct the original genome sequence – Eulerian path

Multi graph with k-1 mer

https://towardsdatascience.com/genome-assembly-using-de-bruijn-graphs-69570efcc270



Challenges for good genome assemblies
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– Sequencing errors - misassembly
– Uneven sequencing depth and coverage
– Computational resources, and cost
– repetitive regions, ribosomal regions

– Optimal read length: longer than the longest repeat 



Commonly used values

– N50: sequence length of the shortest contig at 50% of the total assembly length
– N90: sequence length of the shortest contig at 90% of the total assembly length

– L50: count of smallest number of contigs whose length sum makes up half of genome size
– Assembly size: sum of the length of all contigs

– Coverage: can mean 1 of 3 things. We typically use sequence coverage
• Sequence coverage (or depth) is the number of unique reads that include a 

given nucleotide in the reconstructed sequence.
• Physical coverage, the cumulative length of reads or read pairs expressed as a 

multiple of genome size.
• Genomic coverage, the percentage of all base pairs or loci of the genome covered by 

sequencing.
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What do we use in the course?

Unicycler (Short reads)

https://github.com/rrwick/Unicycler

• Only individual bacterial isolates
• Short reads, long reads
• Circulization of the genomes
• Better handling of misassembly, 

repeat regions, and recovering 
plasmid sequences.

Flye (long reads)

https://github.com/fenderglass/Flye

• Individual and mixed community
• Long-reads only.
• Plasmid recovery.

Hybrid assembly – Unicycler

• Combining the accuracy 
(Illumina) with closing the gaps 
(long reads)

Output from assemblies:
• assembly.fasta - the assembled genome
• assembly.gfa - assembly graph
• Log file – Coverage, contig length, N50

Coverage on reads C=L*N/G, where
C - Coverage
L - Read length
N - Number of reads sequenced
G - Genome Size of the bacteria of interest

Recommended coverage for WGS - 30 to 50x

https://github.com/fenderglass/Flye


Visualizing the assembly

Bandage - https://rrwick.github.io/Bandage/ Sample SaH1P10622 – input graph file from assembly step – assembly.gfa
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Illumina only (Unicycler) Nanopore only (Flye) Hybrid (Unicycler) 

https://rrwick.github.io/Bandage/


Unicycler graphs – Illumina only 
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Very good quality – good graph Good quality – more complex graph Poor quality – highly fragmented graph

The good The bad The ugly
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QUIZ – What type of assembly is this?
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Nanopore

QUIZ – What type of assembly is this?
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QUIZ – What type of assembly is this?



3/22/23 Microbial Bioinformatics Blockkurs Page 15

Illumina

QUIZ – What type of assembly is this?
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QUIZ – What type of assembly is this?
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Hybrid assembly

QUIZ – What type of assembly is this?



Unicycler graphs – data quality and sequencing depth matter

Coverage plot
– Tablet genome browser

– Input: bam / bai files generated by Pilon
– Output: graph with coverage
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Coverage of chromosome set to 1
Coverage of plasmids higher



Polishing the assembly

Polishing used for:

– Trying to correct the errors/improve draft 
genome assembly 

Software for Polishing

– Pilon for short reads (Alignment method)
– Medaka for long reads (neural networks)
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https://doi.org/10.1371/journal.pone.0112963

Polishing using Pilon



Assembly quality - Metaquast

– To assess the assembled genome quality from the 
de novo assemblers.

– Parameters like - Contig length, N50, GC content.

– Contig length - For WGS it translates to the 
expected genome size of the bacteria of interest.

– N50 - used to assess the contiguity of an 
assembly.

– Metaquast - input - assembly.fasta and raw reads
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