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OUTLINE

• How to start genome assembly ? 

• Different types of genome assembly 

• Assembly algorithms 

• Assembler software
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SO YOU WANT TO START A DE NOVO  
GENOME ASSEMBLY PROJECT 

1. What is the size of the genome? 
2. What will be your sequencing “recipe”? 
3. Do you have the computational resources? 

–i.e. a machine with 32 processors, 512GB RAM 
4. Do you have the time? Personnel? Bioinformatics 

experience?
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Assuming you have a good reason to sequence and assemble a genome. 

Marc Tollis, Ph.D. : De Novo Genome Assembly Using Next Generation Sequence Data, 2016  
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De novo Assembly : Refers to the reconstruction of contiguous sequences without 
making use of any reference sequence

Assembly : Computational reconstruction of a longer sequence from smaller 
sequence reads

GLOSSARY

Contig : A contiguous linear stretch of DNA or RNA consensus sequence. 
Constructed from a number of smaller, partially overlapping, sequence fragments 
(reads)

Scaffold : Two or more contigs joined together using read-pair information
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reads1. contigs2. 3. scaffolds

PE reads with known distances

Must assemble from scratch

Reference genome

Map reads with bwa, bowtie etc…

In sequence assembly, two different types can be distinguished: 

de novo assembly

Reference-based assembly

DE NOVO SHORT READ ASSEMBLY VS. SHORT READ 
MAPPING ASSEMBLY 

ASSEMBLY PROCESS
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DE NOVO ASSEMBLY BASIC
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Shotgun reads1.

4. (optional) gaps between contigs are filled in by mapping reads back to the scaffolds

Assemble reads into contigs2.

Use paired-end info to determine 
order of (and distance between) 
contigs

3. Order contigs onto a scaffold

PE reads with known distances

ASSEMBLY ALGORITHMS

• Overlap-Layout-Consensus (OLC) 

• Eulerian / de Bruijn Graph (DBG)
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“K-MER” CONCEPT
• A k-mer is a sub-string of length k 

• A string of length L has (L - k + 1) k-mers 

• Sequencing reads must be sub-sampling into k-mers 

• Example read L=8 has 5 k-mers (8 - 4 + 1) when k=4 

• AGATCTGA

• AGAT

•  GATC

•   ATCT

•    TCTG

•     CTGA
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Modified form “De Novo Genome Assembly of NGS data” pdf by Torsten Seeman

OVERLAP - LAYOUT - CONSENSUS (OLC)
• Overlap 

• All against all pair-wise comparison 

• Build graph : nodes=reads, edges=overlaps 

• Layout 

• Analyse/simplify/clean the overlap graph 

• Determine Hamiltonian path (NP-hard) 

• Consensus 

• Align reads along assembly path 

• Call bases using weighted voting
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Modified form “De Novo Genome Assembly of NGS data” pdf by Torsten Seeman



OLC : OVERLAP EXAMPLE
• True sequence (7 bp) 

• AGTCTAT 

• Reads (3 x 4 bp) 

• AGTC, GTCT, CTAT 

• Pairs to align (3) 

• AGTC + GTCT, AGTC + CTAT, GTCT + CTAT 

• Best overlaps
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Modified form “De Novo Genome Assembly of NGS data” pdf by Torsten Seeman

• AGTC---

• ---CTAT

• (poor)

• AGTC-

• -GTCT

• (Good)

• GTCT--

• --CTAT

• (ok)

OLC : OVERLAP GRAPH

• Nodes are the 3 read sequences 

• Edges are the overlap alignment 
with orientation 

• Edge thickness represents score 
of overlap
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Modified form “De Novo Genome Assembly of NGS data” pdf by Torsten Seeman

Good

Ok

Poor



OLC : LAYOUT - CONSENSUS

• Optimal path shown in green 

• Un-traversed weak overlap in 
red 

• Consensus is read by 
outputting the overlapped 
nodes along the path 

• aGTCTCTat
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Good

Ok

Poor

OLC : SOFTWARE
• Pharap, CAP3, PCAP 

• Smaller scale assemblers 

• Celera Assembler 

• Sanger-era assembler for large genomes 

• Arachne, Edena, CABOG, Mira 

• Modern Sanger/hybrid assemblers 

• Newbler (gsAssembler) 

• Used for 454 NGS “long” reads 

• Can be used for IonTorrent flowgrams too
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EULERIAN APPROACH
• Break all reads (length L) into (L - k + 1) k-mers 

• L = 50, k = 31 gives 20 k-mers per read 

• Construct a de Bruijn graph (DBG) 

• Nodes = one for each unique k-mer 

• Edges = k-1 exact overlap between two nodes 

• Graph simplification 

• Merge chains, remove bubbles and tips 

• Find a Eulerian path through the graph 

• Linear time algorithm, unlike Hamiltonian
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Modified form “De Novo Genome Assembly of NGS data” pdf by Torsten Seeman

DBG : SIMPLE
• Sequence (6 bp) 

• AACCGG 

• k-mers (k=4) 

• AACC ACCG CCGG 

• Graph
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Modified form “De Novo Genome Assembly of NGS data” pdf by Torsten Seeman

(ACC)



DBG : REPEATED K-MER
• Sequence (7 bp) 

• AATAATA 

• k-mers (k=4) 

• AATA ATAA TAAT AATA (repeat) 

• Graph
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DBG : ALTERNATE PATHS
• Sequence (7 bp) 

• CAATATG 

• k-mers (k=3) 

• CAA AAT ATA TAT ATG 

• Graph
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DBG : VARIATION IN A DE BRUIJN GRAPH 
• Variation in sequence produces a bubble in a de Bruijn graph 

• Sequences 

• AATCGACAGCCGG

• AATCGATAGCCGG
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Modified form “Genome Assembly Using de Bruijn graph” pdf by Biostatistics 666

DBG : SOFTWARE
• Velvet 

• Fast, relatively easy to use, multi-threaded 

• AllPaths-LG 

• Designed for larger genomes, robust 

• AbySS 

• Runs on cluster to get around RAM issues, integrates well with 
cluster job schedulers 

• Ray 

• Designed for MPI/SMP clusters
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GENERAL STEPS IN A GENOME ASSEMBLY WORKFLOW 
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DAV Dominguez, et al., “Ten steps to get started in Genome Assembly and Annotation”, F1000Res. 2018 Feb 5;7



ASSEMBLER SOFTWARE
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https://en.wikipedia.org/wiki/Sequence_assembly

VELVET: USING DE BRUIJN GRAPHS FOR DE NOVO SHORT READ ASSEMBLY 
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***Velvet needs about 20-25x coverage and paired reads



VELVETOPTIMISER
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VelvetOptimiser is a multi-threaded Perl script for automatically optimising 
the three primary parameter options (K, -exp_cov, -cov_cutoff) for the 
Velvet de novo sequence assembler. 

• http://www.vicbioinformatics.com/software.velvetoptimiser.shtml 

• Dependencies 

• Velvet => 1.1 

• Perl => 5.8.8 

• BioPerl => 1.4 

• GNU utilities : grep sed free cut 

SPADES

�26



SPADES
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MaSuRCA
• New hybrid approach 

• de Bruijn graph + Overlap-based 
assembly 

• Transform large numbers of paired-end 
reads into a much smaller number of 
longer ‘super-reads’ 

• Assemble combinations of illumine 
reads together with longer reads from 
454 and Sanger sequencing technology 

• Maryland Super-Read Celera Assembler
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A POST-ASSEMBLY GENOME-IMPROVEMENT TOOLKIT 
(PAGIT)

PAGIT WORKFLOW

�30



CANU
• To specialize in assembling PacBio or Oxford Nanopore sequences
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30x-60x coverage is the recommended minimum

CANU WORKFLOW (CONT)
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• Improve the accuracy of bases 
in reads 

• Trim reads to the portion with 
high-quality sequence 

• Order the reads into contigs, 
generate consensus sequences 
and create graphs of alternate 
paths



BEST ASSEMBLY ADVICE

• Remember : your goal is to have a genome assembly 

• Require more than one assembler 

• In the end you will have many assemblies to choose from 

• Use a lot of assembly tools for a lot of k values 

• Large k can better resolve repeats 

• Comes at coverage cost 

• The whole process should take a few months
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Marc Tollis, Ph.D. : De Novo Genome Assembly Using Next Generation Sequence Data, 2016  

Q & A
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