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Importance of Cassava

• Important food security crop in Africa 

• Feeds more than 500 million people in Africa, Asia and Latin 
America 

• Drive Africa economic development (indutrial usage) 



Cassava mosaic disease (CMD)

60444 TME3 
CMD resistant



Cassava project

• PacBio sequencing 

• Illumina HiSeq sequencing 

• Optical map scaffolding 

• Hi-C sequencing 

New assembly



Zurich - TME3 
Breakpoints = 1108 
Insertions = 253 
Deletions = 146 
Bac = 0/10 
Id = 96.52 %
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New Cassava project

• Assembly close to biological 
reality 

• Identify resistant gene(s) 

5  clusters

950 000 CPU hours 
(108 years)

90 Tera 

2 years



New Cassava project
Selection of sequencing technology 

Data fastq ONT

Program Guppy/
Nanoplot

Time 24 h

Storage 50 Gb

RAM 256 Gb

CPU 32 cpus

Computer Working 
station

100 kb (100 000 bp)
Repeat region

Illumina paired-end
2x 250 bp + 175 bp

20 kb
PacBIO

20 kb
ONT

85 kb
ONT ULR

Guppy/Nanoplot



New Cassava project
Selection of sequencing technology 

Raw data from 10 flow cells -> 500 Gb

Data fastq ONT

Program Guppy/
Nanoplot

Time 24 h

Storage 500 Gb

RAM 256 Gb

CPU 32 cpus

Computer Working 
station



ONT raw data



New Cassava project
Assembly validation : BAC 

Data fastq PacBio

Program SMRT ccs

Time 24 h

Storage 25 Gb

RAM 256 Gb

CPU 32 cpus

Computer HPC



ONT raw data BAC sequences



New Cassava project
ONT assembly Data fastq/fasta

Program CANU/Flye/
WTDBG2

Time 3 - 28 days

Storage 50 Gb -6 T

RAM 512 Gb

CPU 60 cpus

Computer
HPC 


Dragon2/Lm3/
Nic4/Durandal



New Cassava project
ONT assembly Data fastq/fasta

Program CANU/Flye/
WTDBG2

Time 3 - 28 days

Storage 50 Gb -6 T

RAM 512 Gb

CPU 60 cpus

Computer
HPC 


Dragon2/Lm3/
Nic4/Durandal

WTDBG2

Reads Min size 5 Kb 
Overlap length 3 kb 
#Overlapping reads 3

Reads Min size 3 Kb 
Overlap length 3 kb 
#Overlapping reads 3

Reads Min size 3 Kb 
Overlap length 2 kb 
#Overlapping reads 3

Reads Min size 0 Kb 
Overlap length 2 kb 
#Overlapping reads 3

Reads Min size 5 Kb 
Overlap length 2 kb 
#Overlapping reads 3

Flye

Reads Min size 0 Kb 
#Reads polishing 1

Reads Min size 0 Kb 
#Reads polishing 2

Reads Min size 5 Kb 
#Reads polishing 1

Reads Min size 8 Kb 
#Reads polishing 1

CANU

Reads Min size 8 Kb 
#Default values

3 days 7 days 28 days

750 000 CPU hours



ONT raw data BAC sequences

WTDBG2 Flye CANU



New Cassava project
BAC mappingData plots/txt

Program Nucmer/
BLAST/BLASR

Time 3 days

Storage NA

RAM 512 Gb

CPU 60 cpus

Computer HPC 

Basic Local Alignment Search Tool 
BLAST

AGGT

Ref BACs (78kb)

30 Kb hit Contig 
20 Kb Hit Contig 

Basic Local Alignment with Successive Refinement  
BLASR

Ref BACs (78kb)

78Kb hit Contig (60%)



New Cassava project
BAC mappingData plots/txt

Program Nucmer/
BLAST/BLASR

Time 3 days

Storage NA

RAM 512 Gb

CPU 60 cpus

Computer HPC 
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New Cassava project
BAC mappingData plots/txt

Program Nucmer/
BLAST/BLASR

Time 3 days

Storage NA

RAM 512 Gb

CPU 60 cpus

Computer HPC 

Zurich 
Breakpoints = 1108 
Insertions = 253 
Deletions = 146 
Bac = 0/10 
Id = 96.52 %

Gembloux 
Breakpoints = 294 
Insertions = 66 
Deletions = 59 
Bac = 7/10 
Id =  93.61%



ONT raw data BAC sequences

WTDBG2 Flye CANU



New Cassava project
Illumina polishingData fasta/fastq

Program Pilon

Time 7 days

Storage 35 Gb

RAM 512 Gb

CPU 32 cpus

Computer HPC 

Flye contigs (94%)

Illumina (250 fold)

Flye contigs (97%)



ONT raw data BAC sequences

WTDBG2 Flye CANU

Polished 
Assembly

Illumina



New Cassava project
Optical mapData fasta/cmap

Program Bionano camp

Time 7 days

Storage 250 Gb

RAM 1T

CPU 60 cpus

Computer AWS



ONT raw data BAC sequences

WTDBG2 Flye CANU

Polished 
Assembly

Illumina Bionano

Corrected 
Assembly



New Cassava project
Contamination checkData Blast report

Program Kraken

Time 4 days

Storage 300 Gb

RAM 256 Gb

CPU 32

Computer HPC



ONT raw data BAC sequences

WTDBG2 Flye CANU

Polished 
Assembly

Illumina Bionano

Corrected 
Assembly

Nt Database

Decontaminated 
Assembly



New Cassava project
Protein predictionData Fasta

Program MAKER

Time 30 days

Storage 500 Gb

RAM 256 Gb

CPU 160

Computer HPC



ONT raw data BAC sequences

WTDBG2 Flye CANU

Polished 
Assembly

Illumina Bionano

Corrected 
Assembly

Nt Database

Decontaminated 
Assembly

RNAseq

Decontaminated 
Assembly

Decontaminated 
Proteins



Organisation

Durandal 
110 T 

160 cpus/4nodes 
60 cpus/512 Gb

Lemaitre3 Vega Nic4 Dragon2

Cassava: 
• Raw data 
• Scripts/job 
• History 
• Assemblies 
• Scaffolding 
• Contams 
• Proteins

EC2(AWS)

NAS 50T



ONT raw data BAC sequences

WTDBG2 Flye CANU

Polished 
Assembly

Illumina Bionano

Corrected 
Assembly

Nt Database

Decontaminated 
Assembly

RNAseq

Decontaminated 
Assembly

Decontaminated 
Proteins

Project end



ONT raw data BAC sequences

WTDBG2 Flye CANU

Polished 
Assembly

Illumina Bionano

Corrected 
Assembly

Nt Database

Decontaminated 
Assembly

RNAseq

Decontaminated 
Assembly

Decontaminated 
Proteins

Project end



Data management

• Reproducibility - Portability - Collaborations

GIGA clusters

CECI clusters 

AWS clusters



Data management

• Reproducibility - Portability - Collaborations

Use Git

https://github.com/nextflow-io/awesome-nextflow



Best practice

• Reproducibility 
• Code versioning 
• Identify repetitive tasks



ONT raw data BAC sequences

Reference 

1. Reads mapping 

Reference 

2. Alignment creation (Minimap 2)Reference 

3. Consensus - fasta readerReference C
Used for 

Genome Walker (Long Reads)


