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OBJECTIVES

More than 95% of the genes

A N50 contig > the gene size

A N50 scaffold > 1 Mb

Less than 5% of undetermided bases

B Prior knowledges about the genome complexity
Size of the genome
Heterozygous part of the genome
Repeated part of the genome
= Use K-mers count modelling

I Need to decide the sequencing and assembly strategy
Do | have HMW DNA? => long reads, long fragments, optical maps
« easy » genome : lllumina only
« hard » genome : hybrid strategy
Sequencing technology access ? Cost?
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k-mers from

K-MERS COUNTING

—

ACC ACTTACCATGC
ACC ACTTACCATGC
C ACTTACCATGCGC
TITACTTACCATG CGCAA
ACTTACCATGCGCAATAT
ACTTACCATGCGCAATAT
TACCATGCGCAATATATG
ACCATGCGCAATATATGG GC
CATGCGCAATATATGGT GCAGCTAAT

ATGCGCAATATATGGTT

12-mers counting

k-mers from unique regions

repeated regions

TGGTTGCGTAGC
AGCGATGCAGCT
CATGCGCAATAT
GTAGCGATGCGC
CCATGCGCAATA
ACCATGCGCAAT
GCGATGCAGCTA
TACTTACCATGC
TGCGCAATATAT
TTACTTACCATG
ATGCGCAATATA
CTTACCATGCGC
TACCATGCGCAA
ACTTACCATGCG
GCGCAATATATG

PhrpbrPrrrbrrRrnnn W

TAGCGATGCGCT
TTTACTTACCAT
CGATGCAGCTAA
CTTTTACTTACC
CGCAAITATATGG
TTACCATGCGCA
TTTTACTTACCA
GCTGGTTGCGTA
CGCTGGTTGCGT
ACCTTTTACTTA
CTGGTTGCGTAG
GATGCAGCTAAT
ATGGTTGCGTAG
GCGCTGGTTGCG
CCTTTTACTTAC
GCAATATATGGT

4

4
3
3
3
3
3
2
2
P
2
2
2
2
P
2

GCTTGCGTAGCG
CAATATATGGTT
TGCGCTGGTTGC
CTTGCGTAGCGA
ATGCAGCTAATT
TGCTTGCGTAGC
ATGCGCTGGTTG
AGCGATGCGCTG

1
1
1
1
1
1
1
1

k-mers from error
containing reads

ATGCAGCTAAT 1
CGATGCAGCTAC 1
AGCGATGCAGCA 1
CGATGCGCTCGT 1
GTAGCGATGCGA 1
GCGATGCGCTCG 1
AGCGATGCGCTC 1
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Cea THE K-MER SPECTRUM

Erroneous k-mers

Unique k-mers from homozygous regions.

e

k-mers from duplicated regions.

e
T
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Cea THE K-MER SPECTRUM

What is the expected k-mer coverage?

G =Genome size

C =Genome coverage

n = Number of reads

[ =Reads size

C,. = Expected k-mer coverage

ifG > kthenG — k =~ G and

C(U-k+1) n(—-k+1)
B [ B G

C
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Cea THE K-MER SPECTRUM

The number of

distinct errouneous

kmer follow a - |
Pareto law The number of distinct unique k-mers

I from heterozygous regions follows a
Gaussian of mean C;. /2

v

The number of distinct unique k-mers

from homozygous regions follows a
Gaussian of mean. Cy

/ The number of distinct k-mers from a
region repeated n times follows a
Gaussian of mean n * Cj,

/
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Cea EXAMPLE K-MERS COUNT MODELLING

Step 1: lllumina sequencing of 100 bp reads of Quercus robur.
Step 2: 31-mers counting with Jellyfish (Marcais et al., Bioinformatics (2011)
Step 3 : 31-mers spectrum modelling

Ghetero = 177 Mb (20%)
Ghome = 380 Mb (46%)
Grepeat = 262 Mb (34%)
Giorar =819 Mb

=> One Allelic variant every 155 bp in average
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GENOME ASSEMBLY METHODS

B Greedy approaches

B Graph-based: Overlap-Layout-Consensus (OLC)

B Graph-based: De Bruijn Graph (DBG)
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GREEDY APPROACHES

I Greedy assembler for Sanger data Reads _
PHRAP (1994) r

The TIGR assembler (1995)
CAP3 (1999)

1. Overlap => 2. Select largest alignment => 3. Merge 2 seq=> 4.goto 1

B Greedy assembler for short reads
SSAKE
SHARCGS
VCAKE
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OVERLAP-LAYOUT-CONSENSUS (OLC)

Overlap Consensus

e —

S~ GCGTATAAGCTATACGCT

CG

|

B The OLC problem: the time
Overlap step: O(N?) computation time (N = number of sequenced bases)
Use K-mers to Seed & extend overlaps.

Major OLC programs
Celera Assembler
Newbler (optimised for 454, no more supported and limited read size to 2kb)
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DE BRUIJN GRAPH (DBG)

Genome
AGC CGCT mmPp GCG

4-mers overlap graph
A — AG
\ <
/ C ~— GC
C
I Sequencing errors: method for reads corrections
I Cannot span repeats with length < K
I Future development: long reads integration (PacBio and Nanopore):
reads alignment to the graph => haplotype phasing, repeat resolution
i Major DBG programs
Velvet
Soapdenovo?2 (Luo et al 2012): very popular
Abyss, SGA (Simpson 2009, Simpson and Durbin 2011): low memory
Allpath-LG (Gnerre et al., 2010): good continuity with special recipe

Minia (Chikhi and Rizk 2012 ): very low memory
Spades (Bankevich et al., 2012): high continuity

CGCT =— ACGC =— CG +~——
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TECHNOLOGIES FOR LONG READS

SEQUENCING

I PacBio reads from Pacific Bioscience RS Il
I Moleculo reads from Illumina Truseq Long synthetic reads

B MinlON reads from Oxford Nanopore Technology

B How can you integrate long reads?
1) Directly in the assembly process with a OLC method

2) After assembly by aligning the long reads to the contigs
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Ce—a WHAT CAN WE DO WITH LONG READS ?

B Solving repeated regions
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Ce—a WHAT CAN WE DO WITH LONG READS ?

B Solving of large insertions/deletions containing regions
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Ce—a WHAT CAN WE DO WITH LONG READS ?

Contigd Contig7
(allele B) (allele B)
I L

I Haplotypes phasing

CEA | 30 Juin 2015 | PAGE 17



—— OAK GENOME ASSEMBLY

Assembly workflow 1 Assembly workflow 2

454 reads + Moleculo reads
Nextera library

454reads  3-5kb, 58 kb, 8-11kb OLC asembly newbier) N -
' Nextera library
OLC assembly (newbler) ', 'r _ Contigs 3-5kb, 5-8 kb, 8-11kb
. . Haplotypes Phasing
Contigs +  Mate-pair reads (newbler graph Wé&ﬂ‘ '
'v Scaffolding (Sspace) Super Contigs + Mate-pair reads
Scaffolds 'v Scaffolding (Sspace)
‘ Gap closing (Gapcloser) Scaffolds
p— " Gap closing (Gapcloser)
V2 assembly
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OAK GENOME ASSEMBLY

Assemblies metrics
V1 (454 + Nextera) V2 (454 + Moleculo + Nextera)

N Contigs
N50 Contigs (Kb) 29.27 65.44
L50 Contigs 11278 6 291
N90 Contigs (Kb) 5.82 15.37
LS0 Contigs 45 896 22470
Contigs Cumul Size (Gb) 1.19 1.39

N Scaffolds
MN50 Scaffolds (Kb)
L50
MN90 Scaffolds (Kb)
LS0
%N
Scaffolds Cumul Size (Gb)

B Improvment of the scaffolds continuity in V2
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CONCLUSION

B What are the assembly strategies and how to decide ?

Genome complexity « easy » « hard »

¥ ¥

Sequencing technology  Short reads Long reads

v ¥

Assembly method De Bruijn Graph Overlap-Layout Consensus
(DBG) (OLC)
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