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1. Introduction to Genome assembly

2. De novo genome assembly 

3. Practical: Short-read assembly with SPAdes

4. Practical: Hybrid Assembly for short- and long-read data



1. Introduction to Genome assembly
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Assembly
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• Assembly is the process of combining short
sequences into longer sequences.

• Factors affecting assembly quality include sequencing
coverage and repetitive regions.

• Contigs are continuous sequences assembled from
overlapping sequencing reads.



Genome assembly approaches

De novo Genome Assembly Reference-based Genome Assembly 

millions – billions of short 
sequence reads

Each sequence read aligned to reference genome
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Comparison of two genome assembly approaches
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De novo assembly Reference-based Genome Assembly

Advantages: 

✅ Does not require a reference genome

✅ Can identify novel sequences and variants

Advantages: 

✅Requires lower sequencing coverage

✅Fast and computationally efficient

✅High accuracy when a suitable reference is available

Disadvantages: 

❌Requires high sequencing depth

❌ Computationally resource

❌ May produce gaps and assembly errors

Disadvantages: 

❌Depends on the reference genome

❌May miss novel sequences



2. De novo genome assembly 
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De novo genome assembly approaches
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• Overlap Layout Consensus

• De Bruijn Graphs



Overlap Layout Consensus
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Workflow:
• Compare reads to identify overlapping regions

• Determine how the reads should be arranged

• Generate consensus sequences.

• Used for long-read assembly

Disadvantages:
This method is not practical for datasets containing millions of
short reads.

Example: sequencing data containing 1 million reads

→ Number of read pairs to compare: 1 million × 1 million = 1
trillion comparisons.

AGGTACTGATA
CTTATACGATCGCGAC 

AGGTACTGATA 
GTACTGATACGATCGC

CTGATACGATCGCG 
GGTACTGATACGA

AGGTACTGATACGATCGCGAC

AGGTACTGATA CTTATACGATCGCGAC

GTACTGATACGATCGC
CTGATACGATCGCGGGTACTGATACGA

Layout

Overlap

Consensus



De Bruijn graphs are a key algorithmic technique in de novo 
genome assembly

A kmer is a sub-string with length k extracted from a given DNA sequence

Disadvantages:
Difficult to resolve repetitive regions
and sequencing errors in the genome
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Tools used for genome assembly
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Short Read Long Read Hybrid

SPAdes Canu Unicycler

ABySS Flye MaSuRCA

SOAPdenovo2 NextDenovo OPERA-MS

... ... ...



3. Practical: Short-read assembly with SPAdes

Short reads sequencing data (Illumina)

genome assembly assessment

Quality check

Quality filtering (Option)

FastQC 

fastp

De novo genome assembly SPAdes

QUAST
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Short-read assembly with 
SPAdes
Tool: SPAdes

Input: Raw FASTQ files or paired-end data after quality 
filtering

Tool Parameters: 
Operation mode: Assembly and error correction 
Single-end or paired-end short-reads: Paired-end: list 
of dataset pairs
FASTA/FASTQ file(s): collection: Trimmomatic on 
collection: paired
Set coverage cutoff option: auto
Select optional output file(s): e.g. add additional 
output Contigs stats

Click Run Tool
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kmer default: 21, 33, 55



SPAdes output data
• The assembled genome data are stored in a FASTA file

 SPAdes scaffolds (fasta): scaffold sequences

 SPAdes contigs (fasta): contig sequences
• FASTA file extensions: .fa, .fna, hoặc .fasta 

• Each contig/scaffold consists of: 

 A header (contig/scaffold name)

 A sequence line.

Question:
How many contigs/scaffolds were assembled?
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Perform QUAST on Galaxy

Background:
QUAST can evaluate assemblies using reference genomes, as
well as without reference genomes. QUAST produces detailed
reports, tables and plots which show the different aspects of
assemblies.
(QUAST: quality assessment tool for genome
assemblies, Bioinformatics, Volume 29, Issue 8, 15 April 2013, Pages
1072–1075, https://doi.org/10.1093/bioinformatics/btt086)

QUality Assessment Tool (QUAST)

Tool: Quast Genome assembly Quality

Tool Parameters: 

• Assembly mode: Individual assembly

• Contigs/Scaffolds: SPAdes on data..: scaffolds/ or contigs
(fasta)

• Type of assembly: Genome

• Use a reference genome: “No”. Select “Yes” to compare the
assembly with the reference genome.

https://doi.org/10.1093/bioinformatics/btt086


QUAST results report: HTML format
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Sample ID: E.coli 327 (ERR13363635)



Basic statistics

Contig sizes
• Number of contigs
• Number of large contigs (i.e. > 1000 bp)
• Largest contig length
• Total assembly length
• Misassemblies
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N50
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Total genome size: 390

70100 60 40 40 3030 20

195

N50 = 60

The length of the contig crossing 50% mark of the assembly



L50
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Total genome size = 390

70100 60 40 40 3030 20

195

L50 = 3

The number of contigs crossing 50% mark of the assembly



Question: 

Based on the QUAST analysis, evaluate the assembly quality of E. coli 327 (ERR13363635) using 

the following criteria:

1. Number of contigs and scaffolds

2. Largest contig

3. Assembly quality metrics: N50, L50, and misassemblies

4. Compare the total genome length and GC content (%) of the assembly from E. coli 327 with 

the E. coli reference genome (Escherichia coli str. K-12 substr. MG1655: 

https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_000005845.2/).
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Filter contigs/scaffolds by length (optional)

Tool: Filter sequences by length

Tool Parameters
• Fasta file: Assembled genome sequences
• Minimal length: Enter the minimum contig length 

to retain. e.g. Select contigs longer than 500 bp
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4. Practical: Hybrid Assembly for short- and 
long-read data
Hybrid Assembly:
First, assemble the genome using either short-read or long-read data, then polish the assembly using the
remaining read data.

 Short-read-first assembly: Assemble the genome using short reads first, then use long reads to provide
structural information about the genome.

 Long-read-first assembly: Assemble the genome using long reads first, then use short reads to correct
errors in the contig.

Short reads 

Long reads

Alignment
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Click to navigate 
to the folder 
containing the 
short- and long-
read data

Select the Illumina 
data format.

Hybrid assembly with Unicycler

Tool: Unicycler

Tool Parameters:
• Paired or Single end data:

Paired Collection

• Select a pair collection: Raw
FASTQ files or paired-end data after
quality filtering (short reads)

• Select long reads: ONT
sequencing data
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Unicycler Input Data Options: 

Unicycler can run with Illumina data alone.

Unicycler can run with Nanopore long-read data alone.

Unicycler can run with a combination of Illumina and Nanopore data.

Unicycler output data

• Final Assembly: Genome sequence assembled using Unicycler

• Final Assembly Graph: Assembly graph constructed from short- and long-
read data

• SPAdes graphs: Assembly graph constructed from short-read data using
SPAdes
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Edit Dataset Attributes for Unicycler output (optional)

1. Select the assembly 
file to edit (File: Final 
Assembly)

3. In Edit Dataset Attributes → Datatypes, 
set Target datatype to fasta.gz  →  Create 
Dataset
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2. Click “View”



Question: 

Compare the quality of short-read and hybrid short- and long-read genome assemblies of E. coli 327 
against the reference genome Escherichia coli str. K-12 substr. MG1655.

1. Which assembly is closest to the reference genome?

2. Which assembly has the longest contig?

3. Compare the total assembly length with that of the reference genome.

4. Compare N50 and L50 values.

5. Compare the number of misassemblies.

6. Compare the GC content (%) of each assembly with that of the reference genome.
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https://www.ncbi.nlm.nih.gov/datasets/genome/

Enter the species name for which genome data will be 
retrieved

Reference genomes retrieval



Example: Reference genome data for Escherichia coli 
str. K-12 substr. MG1655 (DOI: 10.1038/s41598-020-64074-5)

• Download link for the Escherichia coli str. K12 strain: 
https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_000005845.2/ /

=> Click FTP to open the data download directory.
*_genomic.gbff.gz: GenBank data

*_genomic.fna.gz: the genome sequence file 

*_genomic.gff.gz: genomic feature file in GFF3 format
28



Upload reference genome files to Galaxy
• Upload the genomic feature file (GFF) and the genome sequence file (FASTA)
• How to upload data: Choose Upload → Choose local file → Start → Close
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Tools: Quast Genome assembly Quality
Tool Parameters: 
• Assembly mode: Co-assembly
• Contigs/Scaffolds: Assembled genome sequences
• Type of assembly: Genome
• Use a reference genome: “Yes”

 Reference genome: Genome sequence in FASTA format (.fna)
 Genomic feature positions in the reference genome: gff file

Select the genome 
assembly files

Multiple genome assembly quality assessment with QUAST

Select the previously 
uploaded reference 
genome files
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QUAST results with the reference genome
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Click here to view 
the full report
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The analysis history of E. coli 327 (ERR13363635) has been shared on the Galaxy Australia platform and can be accessed at 
the following link:
https://usegalaxy.org.au/u/tam-tran/h/wgs-ecoli-327



Summary
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1. Two approaches to genome assembly

• De novo genome assembly

• Reference-based genome assembly

2. Genome assembly tools

• Many bioinformatics tools are available for assembling genomes from sequencing data.
Choose the appropriate tool and workflow based on the sequencing data and genome
characteristics.

• Higher sequencing coverage generally leads to a more complete assembly.

• Combines short-read data with long-read data to leverage their complementary strengths.
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