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Bacterial communities
• Bacterial species live in communities, rather than individual species
• They interaction, depend and talk to each others
• These dynamic communities referred to as microbiome
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Microbiome studies

However, culture based approach 
exhibit various disadvantages:
 Time and labor consuming
 Most of the species can not be 

cultured in lab conditions
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From sample to data (16S rRNA gene sequencing)
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Extract 

DNA

Amplify one

common gene
“PCR”

atcccgtactaccg
atcccgtagtaccg
atcccgtggtaccg
atcccgttataccg
atcccgtcctaccg

Determine
DNA

sequence

Each sequence is mapped to a 
species

Pseudomonas
Cupriavidus
Acidovorax
Arthrosipra
Gracilibacter

=
=
=
=
=

Illum
ina

M
iseq

atcccgtactaccg
atcccgtagtaccg
atcccgtggtaccg
atcccgttataccg
atcccgtcctaccg

atcccgtactaccg
atcccgtagtaccg
atcccgtggtaccg
atcccgttataccg
atcccgtcctaccg

Thousands – millions of 
sequences
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PCR of 16S 
rRNA gene

Extract

DNA

17 bacterial
species

Amplify one

atcccgtactaccg
atcccgtagtaccg
atcccgtggtaccg
atcccgttataccg
atcccgtcctaccg

sequencing

Microbiome & 16S rRNA metagenomics

atcccgtactaccg
atcccgtagtaccg
atcccgtggtaccg
atcccgttataccg
atcccgtcctaccg

atcccgtactaccg
atcccgtagtaccg
atcccgtggtaccg
atcccgttataccg
atcccgtcctaccg

Thousands of
sequences

atcccgtactaccg

atcccgtagtaccg
atcccgtggtaccg

atcccgttataccg

atcccgtcctaccg

atcccgtactaccg

atcccgtagtaccg

atcccgtggtaccg

atcccgttataccg
atcccgtcctaccg

Hunderds more 
sequences
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16S rRNA Metagenomics Analysis Pipeline
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Forward ReverseAssembly
(MiSeq)

Reads 

Clipped ReadsDemultiplexing and 
primer clipping

Quality 
filtering

Low quality 
reads

Denoising

Sequencing 
errors

IPED: Denoising 
algorithm for PE 

Illumina MiSeq data

454 Pyrosequencing 
Illumina (MiSeq)

PacBio (SMRT)
Ion Torrent (PGM)

Nanopore (MinION)
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Chapter 2 & 3: Training artificial intelligent model to 
handle this problem



7

I) Selection of datasets where the ground truth is known (Mock dataset)
What does the machine report A G - A G T C G A T

What should the machine report A G C A G G C - A T
Status T T D T T S T I T T

II) Identification of features contributing to the sequencing errors
e.g. Position in the read

III) Data split 

Training
subset

Testing
subset

IV) Selection of the best 
performing model

For this purpose, we have 
developed two artificial 
intelligence tools:
A) NoDe for 454
B) IPED for MiSeq
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Denoising algorithms concept
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ATCCC–TACTACCGA–CCCGTACTACC–G
ATCCC–TACTACCGA–CGCGTACTACC–G
ATCCC–TACTACCGA–CCCGTACT–CC–G
ATCCC–TACTACCGA–CCCGTACTACCCG

Substitution  (Count = 5)

Deletion        (Count = 3)

Insertion        (Count = 2)

Correct         (Count = 100)

X = correctly marked 
erroneous positions

Modified Pre-cluster (mothur using C++)

The Classifier
(i) Extracting quality-features for each position (Perl)
(ii) Running a pre-trained classifier (WEKA using JAVA)
(iii) Marking the potentially erroneous positions (Perl)

ATCCC–TACTACCGA–CCCGTACTACC–G
ATCCC–TACTACCGA–CXCGTACTACC–G
ATCCC–TACTACCGA–CCCGTACTXCC–G
ATCCC–TACTACCGA–CCCGTACTACCXG

ATCCC–TACTACCGA–CCCGTACTACC–G Representative Read
(Count = 110)
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UNOISE 0.18% 14 sec

Pre-cluster 0.18% 12 sec

IPED 0.10% 70 sec

Chapter 3: IPED comparative analysis
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16S rRNA Metagenomics Analysis Pipeline
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Forward ReverseAssembly
(MiSeq)

Reads 

Clipped ReadsDemultiplexing and 
primer clipping

Quality 
filtering

Low quality 
reads

Denoising

Sequencing 
errors

Chimeric 
reads

Chimera
DetectionCATCh: Chimera Detection

IPED: Denoising 
algorithm for PE 

Illumina MiSeq data

454 Pyrosequencing 
Illumina (MiSeq)

PacBio (SMRT)
Ion Torrent (PGM)

Nanopore (MinION)
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Chimeric problem
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PCR cycle 1

PCR cycle 2

PCR cycle 3

Species A Species B
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Chimeric problem

This hybrid sequence is not real, it could be mistaken as a false NOVEL species

Chimeric rate in Next generation sequencing run can reach up to 45% of the reads.

Sequence1
atcccgtactaccg

Sequence 2
tagctacgtacgatatcccgta tacgat

Chimera

12



Copyright © 2014 
SCK•CEN

Uchime ChimeraSlayer Pintail Decipher Perseus

Extract the scores and features of these tools

CATCH
Second layer artificial 

intelligence
ChimeraNot 

Chimera

13

CATCh Training/Running
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Chapter 4: Chimera Detection Challenges

ATCCCGTAATCG

ATCGATGCATGTACGAT

Region from parent A

Region from parent B

Chimeric Range

GTTGGAT ATCGATGCATGTACGATParent1 sequence

Parent2 sequenceGTTCGAAATCGATGCATGTACGAT

Parents with low divergence

ATCCCGTAATGCATGTACGAT

ATCCCGTA ATGCATGTTCTAGCTAGC
Bimera

ATCCGTA ATGCATCTAGCTAGCATGCAT
Trimera

Tetramera

Chimeric Range
Length added by the smaller parent 

Divergence
A measure of the differences between parents

Number of parents
Number of parent read forming the chimeras
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Chimeric range

Se
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ty
Se
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iti
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ty

Divergence

CATCh
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CATCh Comparative Analysis

Reference tools De novo tools
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C
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C
AT

C
h

Sensitivity 78 67 29 57 85 60 53 62 70

Specificity 97 98 75 97 96 97 96 96 95

How sensitive is the 
tool in detecting all 

chimera

How specific is the tool 
not to falsely detect 
non-chimeric reads
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16S rRNA Metagenomics Analysis Pipeline
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Forward ReverseAssembly
(MiSeq)

Reads 

Clipped ReadsDemultiplexing and 
primer clipping

Quality 
filtering

Low quality 
reads

Denoising

Sequencing 
errors

Chimeric 
reads

Chimera
Detection

OTU3
OTU1

OTU2

OTU 
Clustering

Pr
oc

es
si

ng

CATCh: Chimera Detection

NoDe & IPED: Denoising 
Algorithms for 454 
Pyrosequencing and 
Illumina MiSeq

DynamiC: Over-merging
Pr

e-
pr

oc
es

si
ng

OCToPUS pipeline

454 Pyrosequencing 
Illumina (MiSeq)

PacBio (SMRT)
Ion Torrent (PGM)

Nanopore (MinION)



Copyright © 2014 
SCK•CEN

16S rRNA Metagenomics Analysis Pipeline

UPARSE

17

Reads 

Forward ReverseAssembly
(MiSeq)

Clipped ReadsDemultiplexing and 
primer clipping

Quality 
filtering

Low quality 
reads

Denoising

Sequencing 
errors

Chimeric 
reads

Chimera
Detection

OTU3
OTU1

OTU2

OTU 
Clustering

Roche (454 Pyrosequencing) 
Illumina (MiSeq)

PacBio (SMRT)
Ion Torrent (PGM)

Nanopore (MinION)

16 rRNA amplicon sequencing

IPED

CATCh

mothur

Optimized CATCh, mothur, 
IPED, UPARSE and 

SPAdes
(OCToPUS)

OCToPUS pipeline
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Benchmark - accuarcy
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Benchmark
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Benchmark – data retrieval
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Benchmark – Computational cost
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Wide range of applications
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Summary
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Forward ReverseAssembly
(MiSeq)

Reads 

Clipped ReadsDemultiplexing and 
primer clipping

Quality 
filtering

Low quality 
reads

Denoising

Sequencing 
errors

Chimeric 
reads

Chimera
Detection

OTU3
OTU1

OTU2

OTU 
Clustering

Pr
oc

es
si

ng

CATCh: Chimera Detection

NoDe & IPED: Denoising 
Algorithms for 454 
Pyrosequencing and 
Illumina MiSeq

DynamiC: Over-merging
Pr

e-
pr
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es

si
ng

OCToPUS pipeline

454 Pyrosequencing 
Illumina (MiSeq)

PacBio (SMRT)
Ion Torrent (PGM)

Nanopore (MinION)
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Publications
CATCh: Mysara et al., AEM (2015)
NoDe: Mysara et al. BMC Bioinformatics (2015)
iPED: Mysara et al. BMC Bioinformatics (2016)
DynamiC: Mysara et al. GigaScience (2017)
OCToPUS: Mysara et al. FEMS Ecology (2017)

Future work – Extend expertise
• New long-read sequencing technologies 

(NanoPore, PacBio)

• Complex mock communities (n > 200)

• Shotgun metagenomics 

https://github.com/M-
Mysara/OCToPUS
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Future work

 New long-read sequencing technologies
NanoPore

 PacBio

 Challenging 16S rRNA amplicon sequencing pipelines
 Complex mock communities (n > 200 strains)
 Strain / subspecies variation detection

 Shotgun metagenomics
 Taxonomy versus metabolic potential
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 Types
 Two-color arrays: Rhodospirillum rubrum, Cupriavidus metallidurans
 Affymetrix: Pseudomonas aeruginosa
Nimblegen: Arthrospira sp. PCC8005
 Agilent: Cupriavidus metallidurans

 In-house facilities
 Two-color microarrays
 Affymetrix arrays

 Analysis
MIC: BioConductor
 RDB: Partek

Group 1

Group 3

Group 3
Group 2

Group 2

Monsieurs et al., 2011, Van Houdt et al. 2012, 
Crabbe et al. 2011, Crabbe et al. 2010, Pycke et 
al, 2010, Badri et al. 2014, Mastroleo et al. 2009, 
…

Microarrays
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Transcriptomics via RNA-seq

 Application area
MIC
Arthrospira sp. PCC8005
Clostridium bytiricum
Pseudomonas aeruginosa

 BIS
To be started

 Analysis
 BWA / Bowtie
 EdgeR



Copyright © 2014 
SCK•CEN

Overview

Flow cytometry

Genomics

Transcriptomics Metagenomics
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 De novo genome assembly
 Based on 454 pyrosequencing data
 Based on Illumina HiSeq data
 Annotation  GenoScope - MaGe
CmetScope
ArthroScope

 Applications
MIC: Metal resistant bacteria
 BIS: Lemna minor (~ 400 Mbp genome)

Arne Van HoeckJanssen et al., 2010, Monsieurs et al., 2013, Monsieurs et al., 2014a, Monsieurs et al., 2014b

Genome assembly
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Bacterial resequencing - workflow

Quality Control

Read in Data

BWA aligner

Incorrect 
mapped reads

Insert size 
plotting

SNP detection 
& validation

Quality Control

SNP’s and 
small indels

Large 
insertions

Large 
Deletions

BWA / Samtools / 
GATK genomic suite
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Bacterial re-sequencing

ISRme3

IS1086

agrS agrS

MUT2 MUT3

ISRme15

ISRme5

normal Insertion
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Facilities

 Bio-informatics server – calculations 
 24 processors – 3.2 GHz
 96 Gb memory
 6.0 Tb hard drive (RAID5 configuration)

 Data server - storage
 1 Tb hard drive in RAID10 configuration
 Automatic backup to EqualLogic tapes
 Storage of all raw microarrray and sequencing data

 FERMI cluster
Details to be added
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Slide title

 To be added?: Slides Roel on Affymetrix and Partek
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16S rRNA metagenomics algorithms

36
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Proteogenomics pipeline

Genomic DNA
sequence

Translation to 6 
reading frames

Proteomics data

Filter peptides 
mapping to 

genomic DNA

Blast

Get positions of 
peptide in 

genomic DNA

Compare with 
structural 
annotation

Mascot EMBOSS 
Transeq
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Proteogenomics
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Phylogenetic footprinting

Cluster motif models: 
Markov clustering (MCL) of output 
motif models based on the Pearson 
Correlation Coefficient

List of motif 
models

List of motif 
models

List of motif 
models

List of motif 
models

Motif Sampler AligACE MEME Weeder GLAM

List of motif 
models

gene A

AgrR

Compare between ≠ species
Protein A
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Other pipelines

Genomic DNA
sequence

Structural annotation: 
gene prediction

Proteomics data -
peptides

proteogenomics

5’

3’ 5’

3’

Validate 
CDS

Correct 
CDSnew CDS

- Short proteins
- Correct start & stop

Proteogenomics
Phylogenetic footprinting

Cluster motif models: 
Markov clustering (MCL) of output 
motif models based on the Pearson 
Correlation Coefficient

List of motif 
models

List of motif 
models

List of motif 
models

List of motif 
models

Motif Sampler AligACE MEME Weeder GLAM

List of motif 
models

gene A

AgrR

Compare between ≠ species
Protein A
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Phenotypic Biomarkers

Green Fluorescence

Re
d 

Fl
uo
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sc

en
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2 parameters

41

Multivariate data

# cells
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Introduction: Amplicon sequencing and data analysis  

42

Extract

DNA

Known microbial
composition

PCR 

Amplification

Chimera

Sequencing

454, MiSeq, SMRT, 
PMG, MinION

ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG

spurious sequences

Sequencing  
errors

Extract

DNA

PCR 

Amplification

Sequencing

454, MiSeq, SMRT, 
PMG, MinION

ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG
ATCCCGTAGTACCGATCCCGTAGTACCG

Mock Samples

16S rRNA Amplicon 
Sequencing

- Avoids the time/labour consuming culture base approaches.
- Allows the detection of unculturable bacteria.
- Can Target a wide range of bacterial species.

Over-
merging
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Flow Cytometry
Create Fingerprint 

model
A
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Culture-based approach

44

However, culture based approach 
exhibit various disadvantages:
 Time and labor consuming
 Most of the species can not be 

cultured in lab conditions
 Do not provide a real time 

assessment of microbial community
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Flow cytometry – test case


