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Breakfast of champions

Introduction NGS: Fastfood of biosciences 2



Don’t drop it on your feet

Introduction Over 9000 3



Genomics on a black friday

Introduction This and that, these and those. A Quarter-pounder WITH cheese. 4



Soo, what now?

Introduction Contamination? It’s just a couple extra outliers, right? Right? 5



Oligonucleotides

Oligonucleotide≡ k-mers (in DNA)≡words

Frequency of -overlapping- fixed-lenght words in a sequence

ACGACTGC ⇒ {ACGA, CGAC, GACT, ACTG, CTGC}
CGAC
GACT
ACTG
CTGC

Introduction Oligonucleotides 6



Composition in oligonucleotides

4 nucleotide word frequencies⇒ Genomic signature

Introduction Oligonucleotides 7

Chromosome 22, Homo sapiens, Becq J, PC



The genomic signature

▶ Species-specific

▶ Quantitatively comparable

▶ Suitable for phylogeny - Chapus C., 2005

▶ Globally homogeneous

Introduction Oligonucleotides 8

Deschavanne P. et al.,Mol Biol Evol., 1999Dufraigne C. et al., NAR, 2005



Size DOmatters

Introduction Oligonucleotides 9
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Horizontal Gene Transfer (HGT): Parametric methods

«Sequences that are new to a bacterial genome,

i.e. those introduced through horizontal transfer,

often bear unusual sequence characteristics

and thus can be distinguished from ancestral DNA»

Introduction HGT Detection 10

Lawrence & Ochman, PNAS, 1998



Benchmark of features and metrics

Introduction HGT Detection 11

Becq et al. Plos One 2010



HGTs in Aspergillus fumigatus

Introduction HGT Detection 12

Mallet L. et al., BMC genomics, 2010



Transfer likelihood and potential donors

Introduction HGT Detection 13

Mallet L. et al., BMC Genomics, 2010



GOHTAM (PROGECT)

▶ Database & webserver for genomic signature

Introduction HGT Detection 14

Ménigaud S., Mallet L. et al., Bioinformatics, 2012



Suspicion

▶ OrthoMCL
▶ Core genome = singletons
▶ Putative = All - 1
▶ Accessory = 2∼ 8

Introduction HGT Detection 15



Need for tools, efficient ones

Blobology - Kumar S. et al., Front Genet. 2013∼ 20000 contigs

MetaWatt - Strous M., et al., Front Microbiol. 2012 struggles with
eukaryotes

Our own scripts - Of course

Take on metagenomics

Take on long noisy reads

Introduction HGT Detection 16
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github.com/itsmeludo

PhylOligo - Olignonucleotide frequencies and distance matrix

PhyloSelect - Identify prototype sequences from species mixes

PhyloSelect.R - NJ tree and interactive exploration of branching

PhyloSelect.py - clustering (hdbscan) qnd visualisation (t-SNE)

Contalocate - Learns composition and locates species-specific
regions

Software 17



Distance matrix

Genomic signature of each contig
All vs. all contigs
Euclidean distance or Jensen-Shannon divergence

Software Phyloligo 18



Distance matrix

Genomic signature of each contig
All vs. all contigs
Euclidean distance or Jensen-Shannon divergence

Software Phyloligo 18



PhyloSelect.R

Software Phyloselect 19
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PhyloSelect.py

Software Phyloselect 20

Clusters found by hdbscan



Sliding window genome scan

Genomic signature of 5kb windows, 100bp step

JSD or Euclidean distances

Host subset vs. whole assembly

Conta subset vs. whole assembly

Distribution of distances⇒ double thresholds

Software Contalocate 21



Thresholds determination

Software Contalocate 22
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Example of filtering

red: distance to the Burkholderia prototype
black: distance to theMagnaporthe prototype

Software Contalocate 23



Example of filtering

red: distance to the Burkholderia prototype
black: distance to theMagnaporthe prototype

Software Contalocate 24



Examples

Examples 24



Magnaporthe oryzae TH12

Examples 25

Phytopathogen fungus. ∼40Mb
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Ganoderma lucidum

Examples 26

Fungus used in traditional chinese medicine. ∼43Mb
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Hypsibius dujardini - The infamous Tardigrade

Examples 27



Hypsibius dujardini

Examples 28

Survival winner, Genome size debated 55∼350 Mb



Hypsibius dujardini

Examples 29

Survival winner, Genome size debated 55∼350 Mb
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Aeschynomene evenia

Examples 30

Crop plant,∼460 Mb



Aeschynomene evenia

Examples 31

Crop plant,∼460 Mb



Same player go again

red: distance to the Burkholderia prototype
black: distance to theMagnaporthe prototype
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PacBio Metagenome

Human Microbiome Project MockB Shotgun

Benchmark synthetic sample Set 1 (7 SMRT Cells using P4-C2) (43
Gb tar.gz)

20 known species

Equimolar ribosomal RNA operon counts

∼ 350000 raw reads ( 13∼17% error)

PhylOligo ran. It dumped a 450G compressed matrix.

PhylSelect.py awaits its turn on the cluster

Metagenomics 33



At last

Almost completely functional toolbox

Highly efficient implementation

Work on assembled data

Filter species-specific regions (keeps HGTs in place)

Do not fragment the assembly at repeated regions

Can be launched iteratively for multiple contaminations

Assemblies might exhibit complex structures

PacBio might makes it harder to find contaminants

*Might* work on unassembled PacBio data

Admins hate it, click here to know why!
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Go back to work!

Conclusions 35


