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Sequencing Contract
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Genome Assembly Project

Sample 
collection and 
preparation

Sequencing Assembly

• Sample collection

• Sample sterilization

• gDNA extraction

• gDNA QC

• Transportaion

• Sequencing library construction

• Library QC
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Sequencing Platforms
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Sequencing Platforms

NovaSeq 6000 HiSeq X Ten HiSeq 4000

Output Range 167–6000 Gb 900–1800 Gb 125–1500 Gb

Run Time 19–40 hr <3 days 3.5 days

Reads per Run 1.4–20 billion 3–6 billion 2.5 - 5 billion

Maximum Read Length 2 × 150 bp 2 × 150 bp 2 × 150 bp

Samples per Run 4–48 8–16 6 - 12

Relative Price per Sample Higher Cost Lower Cost Mid Cost

X Ten is NOT 10X !

Short read:

• High accuracy

• Deep coverage

• Cheap

• Illumina SLR
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Sequencing Platforms

Sequel RS II

Average read length 10 - 15 Kb 10 Kb

Throughput per cell ~5 - 10 Gb 500 Mb ~ 1 Gb

SMRT Cells per run 1 - 16 1 - 16

Movie lengths per SMRT Cell 30 mins - 6 hrs 30 mins - 6 hrs

• Single Molecular Real Time

• Long read length

• No PCR, less bias

• Higher error rate

• More expensive

• Read length distribution

ONT
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Sequencing Considerations & Experimental Design

1304KHS-0092/CKVAopDA4_2.fastq.gz

D1B7JACXX_SD1_29_3_GCCAAT_L002_R1_001.fastq.bz2

C3BC5ACXX_NoIndex_L004_R1.fastq.gz
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Sequencing Considerations & Experimental Design
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Sequencing Considerations & Experimental Design

•PE 300bp? PE 600bp?

•MP 8KB? MP 12KB?

•Sequencing depth?
Illumina

•Bluepinning?

•Sequencing depth?
PacBio or 

ONT?

Illumina SLR or 
10X?

Bionano
mapping?

Hi-C on 
Illumina?

Genetic maps 
available?
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Genome Assembly: The Concepts

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4231593/
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Genome Assembly Algorithms: OLC, DBG & SG

• OLC: Overlap-Layout-Consensus

• Suitable for long reads 

• Newbler, Celera Assembler, PCAP, etc.
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Genome Assembly Algorithms: OLC, DBG & SG

• DBG: De Bruijn Graph

• An n-dimensional De Bruijn graph of m symbols is a directed graph representing overlaps 

between sequences of symbols

• Each read is broken into fixed-size k-mers. A graph is directly constructed where each vertex is 

a k-mer and each edge indicates two adjacent k-mers overlapping by k – 1 letters.

• Suitable for short reads

• Velvet, AllPath-LG, ABySS, etc.

https://en.wikipedia.org/wiki/Directed_graph
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Genome Assembly Algorithms: OLC, DBG & SG

• SG: String Graph

• In graph theory, a string graph is an intersection graph of curves in the plane; each curve is 

called a "string". Given a graph G, G is a string graph if and only if there exists a set of curves, or 

strings, drawn in the plane such that no three strings intersect at a single point and such that the 

graph having a vertex for each curve and an edge for each intersecting pair of curves is 

isomorphic to G.

• Falcon

https://en.wikipedia.org/wiki/Graph_theory
https://en.wikipedia.org/wiki/Intersection_graph
https://en.wikipedia.org/wiki/Curve
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Hybrid Genome Assembly Strategies: Option 1

Polish 
Assembly

Scaffolding 
with long 
read and 
MP data

Denovo 
assembly 
of Illumina 

data

Data QC

• Data integrity 

(md5sum)

• FastQC and 

MultiQC

• Fastp

• Trimmomatic

• Trim Galore!

• ErrorCorrection

• Velvet

• ALLPATHS-LG

• ABySS

• SOAPdenovo2

• MIRA

• SGA

• And many more

• SSPACE

• SOAPdenovo2

• SOPRA

• PBJelly

• OPERA-LG
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Hybrid Genome Assembly Strategies: Option 1

Polish 
Assembly

Scaffolding 
with long 
read and 
MP data

Denovo 
assembly 
of Illumina 

data

Data QC
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Hybrid Genome Assembly Strategies: Option 2

Polish 
assembly

Error 
correction 
with short 
read PE 

data

Denovo 
assembly 

of long 
reads

Data QC

• Canu

• Falcon and 

Falcon-Unzip

• HGAP4

• Celera Assembler

• mugqic/genpipes/

pacbio_assembly

• Arrow/Quiver

• Pilon
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Hybrid Genome Assembly Strategies: Option 3

Polish 
assembly

Assembly 
of short 
and long 

reads

Data QC

• MaSuRCA

• Spades

• MIRA

• CABOG
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Hybrid Genome Assembly

Assembler Algorithm Input

Arachne OLC Sanger

CAP3 OLC Sanger

TIGR Greedy Sanger

Newbler OLC 454/Roche

Edena OLC Illumina

SGA OLC Illumina

MaSuRCA De Bruijn/OLC Illumina/PacBio

MIRA De Bruijn/OLC Illumina/PacBio/454/Sanger

Velvet De Bruijn Illumina

ALLPATHS De Bruijn Illumina/PacBio

ABySS De Bruijn Illumina

SOAPdenovo De Bruijn Illumina

Spades Paired De Bruijn Illumina/PacBio

CLC De Bruijn Illumina/454

CABOG OLC Hybrid 

Falcon String graph PacBio

StriDe String graph + De Brujin Illumina

• Every species has it’s 
own surprises and 
characters

• Every sequencing 
chemistry has it’s 
strengths and 
weaknesses

• Every assembler has 
it’s own set of 
heuristics.
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An Example Workflow To Assemble A Bacteria Genome

http://sepsis-omics.github.io/tutorials/modules/cmdline_assembly/
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Assembly Assessment and Improvement At Scaffolds Level

Polish 
assembly

GapClosing (Gapfiller, IMAGE, GapCloser, …)

‘Patching’ to improve accuracy (SEQuel, PAGIT, 
Pilon, …)

Contiguity: Standard metrics

Correctness (REAPR, QUAST, KAT, FRCbam, 
mapping, …)

Completeness (BUSCO/CEGMA, known genes, 
transcripts)

Contamination (Kraken, Blobtool, …)
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Assembly Assessment: Standard Metrics

• Standard metrics
• Assembled size, # of contigs, # of scaffolds, N50, size of the longests

contig, size of the longest scaffold, etc. 
• N50: The  length of the longest sequence such that the sum of sequences 

longer than it reaches half of the assembled size
• NG50: The  length of the longest sequence such that the sum of sequences 

longer than it reaches half of the genome size
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Assembly Assessment: Correctness Check with REAPR

• Uses the same principle of feature response curve 
(FRC)

• Captures trade-off between quality and contiguity
• Identifies erroneous positions
• Breaks sequences at suspicious positions
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Assembly Assessment: Completeness and Contamination Check
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Assembly Assessment: Completeness and Contamination Check 
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Hi-C/PGA: Using Streptophyta (plant) scaffolds in C3
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Assembly Assessment: More Examples of Contamination Check

• Example 2: Puccinia co.

• Example 3: Puccinia tr.

../../../../MyrtleRust/Puccinia/Refseq_pfbv_02_2018/Pco.kraken_run1.out.cut.krona.html
../../../../MyrtleRust/Puccinia/Refseq_pfbv_02_2018/Ptr.kraken_run1.out.cut.krona.html
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Assembly Improvement To Pseudo Chromosome Level

Chr-level 
assembly

Genetic Maps

Optical mapping 
(BioNano)

3D Chromatin 
Interaction

Chromonomer

BioNanoAnalyst
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Genome Assembly Post-Processing

Publish to 
Public 

Domain

Visualization 
and Release

Gene 
Prediction 

and 
Functional 
Annotation

Repeat 
Detection 

and 
Genome 
Masking

Genome Annotation
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A Complete Genome Project Workflow

Applications:

• Pan genome construction

• Comparative genomics

• Gene mining

• Genotyping and marker discovery

• Population genetics

• Evolution

• GWAS

• GS
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Conclusions

» Genome assembly can be complicated

» Experimental design is critical

» 4Cs: Contiguity/Correctness/Completeness/Contamination

» Assemblies are not perfect

» Species specific difficulties (repeat, polymorphism, ploidy)

» Sequencing chemistry

» Regions not clone/sequence/assemble well 

» Software heuristics

» Know when to stop!

Funds Quality
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