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https://github.com/rrwick/Unicycler#2022-update

https://doi.org/10.1371/journal.pcbi.1005595


What is Unicycler

= Assembly pipeline for bacterial genomes

Use cases:

– Short reads only
– Long reads only
– Short and long reads from the same isolate (best case)

Why use Unicycler:
– It circularizes replicons
– Produces assembly graph in addition to contigs FASTA file
– Handles plasmid-rich or repetitive genomes
– Can use long reads of any depth and quality
– Filters out low-depth contigs (useful in case of low level contamination)
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Background

Limitations of short reads
– Accurate but short reads are smaller than many repetitive elements in bacterial genomes
– Assembly of a full genome often not possible
– Incomplete genomes hinder large-scale comparative genomic studies
– Short reads don’t have enough info to resolve repeats but long reads do => hybrid assembly
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As repeats are added, the graph becomes increasingly tangled

Source: https://github.com/rrwick/Unicycler#2022-update



Unicycler pipeline

SPAdes 
– Short read assemby
– Made by performing a De Brujin graph assembly with a wide range of k-mer size 
– Each assembly builds on the previous one, allowing SPAdes to get the advantages from:

– Small k-mer assemblies = more connected graph
– Large k-mer assemblies = better resolved repeats

– When assembling Illumina reads, 
Unicycler functions as SPAdes optimizer
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Unicycler pipeline

Multiplicity
– Goal: distinguish between single copy contigs and repeat contigs
– Read depth can be indicative of multiplicity if genome single chromosome
– Greedy alorithm uses read depth and connectivity
– Multiplicity of 1 assigned to contigs close to median depth and with one connection at 

either end 
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Unicycler pipeline

Bridging 
– Scaffolding by building bridges between single copy contigs using the path information in 

the SPAdes assembly
– Bridges made using long reads can resolve larger repeats
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Unicycler pipeline

Bridge application
– Multiple possible bridges, some may be conflicting
– Quality score assigned to each bridge

– Number of reads supporting the bridge
– Length of contigs to be bridged
– Alignment quality between read consensus and graph path
– Read depth consistency between contigs
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Bridges applied in order of decreasing quality



Unicycler pipeline

Merging & polishing
– Reducing rate of mismatches and small errors using the accurate short reads
– Pilon 
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Modes

Conservative
– Bridge quality cutoff high
– Low risk of misassembly
– Least likely to produce a complete genome
– Use when high accuracy needed

Normal
– Bridge quality cutoff intermediate

Bold
– Lower quality bridges used
– Greater risk of error
– Use when completeness more important than accuracy
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Performance evaluation of Unicycler

1. Simulated read sets from 12 reference genomes

2. Real read sets from E.coli K-12

3. Novel Klebsiella pneumoniae isolate genome (no reference genome)

- Comparison to other pipelines and tools 
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Metrics

Misassemblies
– cases where a contig aligns to the reference genome in multiple pieces, not as a 

single continuous alignment, indicating a structural error in the contig
– For simulated reads, misassemblies indicate assembler mistake
– In E.coli, false positive misassemblies also possible

Small-error rate
– Mismatches
– Indels

NGA50 
– Length of contig-to-reference alignment
– A correctly assembled contig will have a single, unbroken alignment to the reference
– A misassembled contig will be divided into multiple smaller alignments
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Simulated read sets
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- Variety of genome sizes 
and complexities 



Simulated read sets
M.tuberculosis

reference genome

Long read set 
60% accuracy

10 kbp

7 depths 
(0.25x - 16x)

Long read set 
60% accuracy

25 kbp

7 depths 
(0.25x - 16x)

Long read set
75% accuracy

10 kbp

7 depths
(0.25x - 16x)

Long read set
75% accuracy

25 kbp

7 depths 
(0.25x - 16x)

Long read set
90% accuracy

10 kbp

7 depths 
(0.25x - 16x)

Long read set
90% accuracy

25 kbp

7 depths
(0.25x - 16x)

Short read set
125 bp read length

50x depth
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x6

- For each strain there are 6 short-read sets and 42 hybrid-read sets 

Example:



Comparing to different pipelines/tools 

Short read assembly evaluation
– Unicycler
– SPAdes
– ABySS

3/23/23 Microbial Bioinformatics Blockkurs Page 15

Hybrid assembly evalutation
– Unicycler
– SPAdes
– npScarf
– Cerulean



Simulated read sets – short read assembly evaluation
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Misassemblies Small errors

n=360 per assembler



Simulated read sets – short read assembly evaluation
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NGA50



Simulated read sets – hybrid assembly evaluation
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Misassemblies Small errors

n=2520 per assembler



Simulated read sets – hybrid assembly evaluation
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NGA50



Real E.coli K-12 read sets – hybrid assembly

– Short reads produced on Illumina MiSeq
– Long reads from different platforms (ONT, PacBio, different flow cells and chemistries) 
– Accuracy assessed by comparison to the reference genome (Sanger-based capillary 

sequencing at the University of Wisconsin in 1997)
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NGA50

Unicycler produced larger contigs at lower long-read depths than other assemblers

NGA50 overall lower 
compared to simulated 
reads

Why? 



Klebsiella pneumoniae de-novo assembly 
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– K.pneumoniae isolate INF125
– Virulent strain from urine of a Melbourne hospital patient
– Real time analysis

– Sequencing can be stopped when complete assembly reached

Results:
– 240 subsets of reads (after each minute of sequencing)

– Unicycler completed assebbly with data generated in 45 min (depth = 5.3x)
– npScarf with data generated in 76 min (9x)
– SPAdes with data generated in 102 min (12.1x)
– Miniasm with data generated in 213 min (25.3x)

Overall time? 



Klebsiella pneumoniae de-novo assembly 
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Summary
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– Unicycler performed well on both short-read-only and hybrid-read sets

– Larger contigs than other assemblers
– Fewer misassemblies
– Genome sufficiently resolved with low-depth long reads (conserving 

resources)



Updates 

– Unicycler was initially made in 2016, back when long reads were sparse and 
noisy

– Unicycler was designed to use low-depth and low-accuracy long reads to 
scaffold a short-read assembly graph to completion, i.e. short-read-first hybrid 
assembly

– Nowadays, Nanopore sequencing yield is now much higher and improved 
accuracy

– Long-read-first assembly is a viable approach (Trycycler and Polypolish)
– Unicycler still the best tool for short-read-first hybrid assembly of bacterial 

genomes and short-read-only bacterial genome assembly 
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Future

– Improved accuracy of long read sequencing 
– Long read only assembly
– Real time assembly and stopping sequencing when 

assembly complete
– Ultimately lowered costs
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Thank you

Questions?
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