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Introduction
Short-read draft genome assemblies (< 150 bp)
• Limits the extent of post-genomic analyses

Long-read genome assemblies (< 30 kbp)
• Substantially better assemblies
• Chromosomal contiguity lacking

Scaffolding technologies
• Hi-C and BioNano
• Close to chromosomal level contiguity

AIM is to assemble complete chromosomes from data fragments 
called reads that represent nucleotide base pairs A/T/C/G

>Read1
ATTTACGTTACTTTTAAGCCCTTTGGGTTAAATGCATTTTAAGCCTTC

Source for images: Wikimedia Commons
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Computational challenges in 
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Dependency to environment and software 
dependency management

Dependency ‘Hell’
• “50% of software can be successfully built or 

installed”
Computational environment
• “Installing or building SW necessary to run the code in 

question assumes the ability to recreate the 
computational environment of the original researchers”

Conda package management
• Resolves the dependencies among the software packages
• Easy software installation
• BioConda covers most of the software required for the 

assembly pipeline
• Creates a virtual environment
Docker
• Almost completely resolves the dependency to 

environment



BioConda in Conda and in Quay registry
BioConda software packages

Docker images for BioConda software packages



Docker

• Implements a virtualised operating system
• Containers share the Linux kernel with the host 

machine

• Dockerfile is used to build an image
• DockerHub/Quay can be used for distribution
• Container are executed using root rights
• Singularity and udocker execute containers 

in user mode

(Combe et. al, IEEE Cloud Computing, 2016)



Documentation of parameter values
• “Incomplete documentation of parameters involved 

meant as few as 30% of analyses using the popular 
software structure could be reproduced”

Common Workflow Language (CWL)
• Parameter values have to be written into a .yml file in 

workflow definitions

Parameter values for software



CWL
CWL is a specification to describe a workflow
• Command line is wrapped into a text file
• Parameters are delivered in .yml file
• Workflow definition is separated from tool wrappers
• Has multiple implementations
• Scales to different computing environments

Reference implementation
• Supports automated software installation using 

BioConda and Docker while workflow progresses
• Has beta support for both udocker and singularity
• Does not support parallel runs in scatter feature

https://www.commonwl.org



Reproducibility
Reproducibility of the results in publications
• More than 70% of researchers have tried and failed to

reproduce another scientist's experiments, and more than
half have failed to reproduce their own experiments

CWL
• Resolves repeatability and reproducibility issues together with BioConda and Docker

GitHub
• Versioned distribution channel for software

Data distribution
• NCBI / EBI



Tool Software 
dependencies Environment Parameter 

values Reproducibility Repeatable 
workflow

Conda / 
BioConda

Docker

CWL



Assembly pipeline



Short-read preprocessing

DockerHub BioCondaGitHub

assembly.cwl

Docker
Images

conda
packages

assembly.ymlPacBio and 
Illumina reads

Assembly
FASTA

trimmomatic.cwl

Merging haplotypes

repeatmasker.cwl

repeatmodeler.cwl

haplomerger.cwl

Long-read 
preprocessing

correct.cwl

Long-read assembly and polishing

arrow.cwlassemble.cwl

trim.cwl

centrifuge.cwl

Short-read polishing

bowtie2.cwl samsort.cwl pilon.cwl

hdf5check.cwl



Using BioConda

• Installing software packages or docker images
• Canu v1.6 had a dependency issue

• Version vs. build: v1.6 build 5
• Docker images elected

• Docker images run slower than direct 
installations from BioConda

• Applies specifically for the program Canu

• BioConda packages do not always run correctly
• RepeatModeler failed to predict custom repeats



Using udocker

Pros
• Does not require root rights
• Easy to debug

Cons
• Hard to install

• May require custom installation depending on Linux version 
• Inconsistencies in behaviour in comparison to docker

• Soft links inside the docker images may create issues



Using CWL v1.0

Learning curve
No ‘if clause’ available
• One cannot create branches in workflow

CWL requires read-only access for docker but not for udocker
• May lead to discrepancies in the design of container images

Build number cannot be defined for BioConda packages



Reassembling reference genomes



Quality of genome assembly
• Requirements defined by National Human Genome Research Institute 

(NIH) (https://www.genome.gov/10000923)
• The accuracy of the assembled nucleotides is at least 99.99% (1 error in 10,000 

nucleotides)

Human chromosome 
karyotype (~3 Gb)

• Decontaminated, ordered contigs (each > 30 kb) form 
contiguous chromosomes

• Size of each gap is estimated
• Each chromosome has at least 95% completeness

Source for images: Wikimedia Commons

https://www.genome.gov/10000923)


Assembly of three model organisms
P. falciparum

• 1987 in Netherlands
• Continuous in-vitro culture
• DNA extracted from haploid developmental phase (red blood cells of host)

C. elegans
• 1951 near Bristol, UK
• Propagated in cultures and distributes to multiple labs internationally

D. melanogaster
• Reference assembly from libraries in 1990, 1998, 1999

Source for images: Wikimedia Commons



Reference quality achieved?
P. falciparum

accuracy: yes
contiguity: yes
completeness: yes

C. elegans
accuracy: yes
contiguity: no
completeness: yes

Reference Assembly
Genome size (nt) 23,292,622 23,350,454
Sequence count 14 14
Quast genome fraction (%) 100 99.648
Quast aligned length (nt) 23,292,622 23,276,411
Number of Ns (nt) 0 0
Gap count 0 0
GC content (%) 19.34 19.33
Longest sequence (nt) 3,291,936 3,294,056
Accuracy of mismatches and indels 
in coding regions 100% 99.988%

Accuracy of mismatches and indels 
in non-coding regions 100% 99.922%

Reference Assembly
Genome size (nt) 100,286,401 102,615,360
Sequence count 7 54
Quast genome fraction (%) 100 96.997
Quast aligned length (nt) 100,286,401 97,651,504
Number of Ns (nt) 0 0
Gap count 0 0
GC content (%) 35.44 35.44
Longest sequence (nt) 20,924,180 11,799,614
Accuracy of mismatches and 
indels in coding regions 100% 99.994%

Accuracy of mismatches and 
indels in non-coding regions 100% 99.925%

Reference Assembly
Genome size (nt) 137,547,960 129,695,906
Sequence count 7 61
Quast genome fraction (%) 99.644 91.514
Quast aligned length (nt) 137,057,808 126,646,721
Number of Ns (nt) 490385 0
Gap count 268 0
GC content (%) 42.08 42.17
Longest sequence (nt) 32,079,331 25,791,812
Accuracy of mismatches and 
indels in coding regions 100% 99.992%

Accuracy of mismatches and 
indels in non-coding regions 100% 99.951%

D. melanogaster
accuracy: yes
contiguity: no
completeness: no

360 / 5,515 = 6.5%
mutated proteins

121 / 20,081 = 0.60% 120 / 13,911 = 0.86%



Conclusions

CWL together with the programs conda and docker can
• create a repeatable pipeline
• reproduce the results
• create a reusable pipeline

Assembly Assembly

Reads

Plasmodium falciparum

==



Conclusions

CWL together with the programs conda and docker can
• create a repeatable pipeline
• reproduce the results
• create a reusable pipeline

Reference

Reads1

Assembly

Reads2

Plasmodium falciparum

≈≈



Conclusions

CWL together with the programs conda and docker can
• create a repeatable pipeline
• reproduce the results
• create a reusable pipeline

Assembly

Reads

Assembly

Reads

Plasmodium 
falciparum

Caenorhabditis 
elegans



Conclusions

CWL together with the programs conda and docker can
• create a repeatable pipeline
• reproduce the results
• create a reusable pipeline
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The resulting assemblies are close to reference quality



Next steps

• Support Hi-C and BioNano scaffolding technologies
• Support Nanopore long reads
• Integrate workflow to HPC cluster
• Replace udocker with Singularity
• Use CWL to automate genome annotation



https://www.researchgate.net/publication/331459007_Common_Workflow_Language_CWL-
based_software_pipeline_for_de_novo_genome_assembly_from_long-_and_short-read_data

https://github.com/vetscience/Assemblosis
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