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Feedback:
What are your needs in “metagenomics’?

454 / MiSeq ?

Your background ?




9amto 5 pm

2 short coffee breaks

morning and afternoon

i

12.30to0 2.00 pm

Lunch




Overview

Objectives

Material: data + FROGS

Data upload into galaxy environment
Demultiplex tool

Preprocessing

Clustering + Cluster Statistics
Chimera removal

Filtering

Affiliation + Affliation Statistics
Normalization

Tool descriptions

Workflow creation

Download data

Some figures
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OTuUl Species A 18645
OTU2 Species B 741 0 456 4421 1255 23
OTU3 Species C 12786 45 3 0 0 0
OTU4 Species D 127 4534 80 456 756 108

OTU5 Species E 8766 7578 56 0 0 200




Objectives

The current processing pipelines struggle to run in a reasonable time.

The most effective solutions are often designed for specialists making access difficult for the
whole community.

In this context we developed the pipeline FROGS: « Find Rapidly OTU with Galaxy Solution ».




Vlaterial




Sample collection and DNA extraction




« Meta-omics » using next-generation sequencing
(NGS)
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Who is here? What can they do? What are they doing?



The gene encoding the small subunit of the
ribosomal RNA

The most widely used gene in molecular phylogenetic studies
Ubiquist gene : 165 rDNA in prokayotes ; 185 rDNA in eukaryotes

Gene encoding a ribosomal RNA : non-coding RNA (not translated), part of the small subunit of
the ribosome which is responsible for the translation of mRNA in proteins

Not submitted to lateral gene transfer

Availability of databases facilitating comparison
(Silva 2015: >22000 type strains)
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Uniting the classification of cultured and
uncultured bacteria and archaea using 16S
rRNA gene sequences

Pablo Yarza, et al.

Nature Reviews Microbiology 12, 635-645
(2014) doi:10.1038/nrmicro3330
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The gene encoding the small subunit of the
ribosomal RNA

O 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 bp

CONSERVED REGIONS: unspecific applications
VARIABLE REGIONS: group or species-specific applications




Steps for Illumina sequencmg

primer forward ~ Primer reverse

chromosome \d < -

15t step : one PCR

L3
PCR product | -

2" step: one PCR s T I,
3 step: on flow cell, the cluster generations ((";;‘;

4t step: sequencing
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Amplification and sequencing

« Universal » primer sets are used for PCR amplification of the phylogenetic biomarker

The primers contain ters used for the sequencing step and barcodes (= tags = MIDs) to
distinguish the samples (multiplexing = sequencing several samples on the same run)

Adapter A BarcodeSequence LinkerPrimerSeguence Target Sequence ReversePrimer Adapter B

——

I —

exemple: V4

exemple: V3 Desired Sequence



Randomly fragment genomic DNA and ligate adapters to both ends of the
fragments.

Cluster generation

Prepare Genomic DNA Sample

Attach DNA to Surface

e
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Bind single-stranded fragments randomly to the inside surface of the flow
cell channels.

Attach DNA to surface

Bridge Amplification

Add unlabeled nucleotides and enzyme to initiate solid-phase bridge

Bridge amplification




Cluster generation

Fragments Become Double Stranded Denature the Double-Stranded Molecules Complete Amplification

The enzyme incorporates nucleotides to build double-stranded bridges on Denaturation leaves single-stranded templates anchored to the substrate,
the solid-phase substrate.

Several million dense dusters of double-stranded DNA are generated in
each channel of the flow cell.
Fragments become double stranded Denature the double-stranded molecule

Cycle of new strand synthesis and denaturation to make
multiple copies of the same sequence (amplification)
Reverse strands are washed




Sequencing by synthesis

Determine First Base

The first sequencing cycle begins by adding four labeled reversible
terminators, primers, and DNA polymerase.
Light signal is more strong in cluster

Image First Base

After laser excitation, the emitted fluorescence from each duster is captured
and the first base is identified.

Determine Second Base

A

|aser

The next cycle repeats the incorporation of four labeled reversible
terminators, primers, and DNA polymerase.,




Sequencing by synthesis

Image Second Chemistry Cycle Sequencing Over Multiple Chemistry Cycles
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After laser excitation, the image is captured as before, and the identity of The sequencing cycles are repeated to determine the sequence of bases in
the second base is recorded. a fragment, one base at a time.
Barcode is read, so cluster is identified.
After first sequencing (250 or 300 nt of Reverse strand), fragment form
bridges again and Forward strand can be sequenced also.




Région constante

ADN ‘—‘—\

[ R T T ]
Région variable
@ PCRs
Index lllumina
I [ T .

Adaptateur lllumina Adaptateur lllumina




|[dentification of bacterial populations
may be not discriminating

0 ARNTr 16S total 1500
F V3 V4 R
] ] ] I
Amplicon

mmmm Constant regions

v Divergent regions



Amplification and sequencing

Sequencing is generally perform on Roche-454 or platforms.
Roche-454 generally produce ~ 10 000 reads per sample
MiSeqg ~ 30 000 reads per sample

Sequence length is >650 bp for pyrosequencing technology (Roche-454) and for the
MiSeq technology in paired-end mode.




Methods




3@0 4
“ >/> vt s ) maremecns %)
© a Q : 4
° ° ° f ° ‘ ° ?
Which bioinformatics solutions -

QIIME Installation problem

Command lines
UPARSE Global clustering ;

command lines FROGS
MOTHUR Not MiSeq data without normalization

Global hierarchical clustering
Command lines

MG-RAST No modularity
No transparence

QIIME allows analysis of high-throughput community sequencing data UPARSE: Highly accurate OTU sequences from microbial amplicon reads

J Gregory Caporaso et al, Nature Methods, 2010; doi:10.1038/nmeth.f.303 Edgar, R.C. et al, Nature Methods, 2013, dx.doi.org/10.1038/nmeth.2604

Introducing mothur: Open-source, platform-independent, community-supported software for describing and The metagenomics RAST server — a public resource for the automatic phylogenetic and functional analysis of
comparing microbial communities. metagenomes

Schloss, P.D., et al., Appl Environ Microbiol, 2009, doi: 10.1128/AEM.01541-09 F Meyer et al, BMC Bioinformatics, 2008, doi:10.1186/1471-2105-9-386




FROGS ?

Use platform Galaxy

Set of modules = Tools to analyze your “big’

data

Independent modules

)

Run on lllumina/454 data 16S, 18S, and 23S

New clustering method

Many graphics for interpretation

User friendly, hiding bioinformatics
infrastructure/complexity

Galaxy Sigenae

Tools

FROGS - FIND RAPIDLY OTU
WITH GALAXY SOLUTION

FROGS pipeline

Upload archive from your
computer

Demultiplex reads Split by
samples the reads in function
of inner barcode.

FROGS Pre-process Illumina
Step 1 in metagenomics
analysis from Ilumina
(165/185) : denoising and
dereplication.

FROGS Clustering swarm
Step 2 in metagenomics
analysis : dustering.

FROGS Remove chimera
Remove PCR chimera in each
sample.

EROGS Affiliation otu 165
Step 3 in metagenomics
analysis : Taxonomic
affiliation of each OTU's seed
by RDPtools and BLAST

EROGS abundance
normalisation Step 4 in
metagenomics analysis
(optional) : Abundance
normalisation

EROGS Filters Step in
metagenomics analysis from
Tllumina (165/185) : Filters
on Clusters/OTUs.

FROGS Clusters stat Process
some metrics on dusters.

FROGS BIOM to TSV Converts
a BIOM file in TSV file.

n

FROGS Pre-pracess llumina (version 1.0.0)

Input type:
Files by samples ~
samples files can be provided in single archive or with two files (R1 and R2) by sample.
Reads already contiged 2:
No v

The inputs contains 1 file by sample : Reads 1 and Reads 2 are already contiged by pair.

Samples
Samples 1

Name:

The sample name.
Reads 1:

R1 FASTQ file of paired-end reads.
reads 2:

R2 FASTQ file of paired-end reads.
Add new Samples

Reads 1 size:

The read1 size.

Reads 2 size:

The read? size.

Expected amplicon size:

The expected size for the majority of the amplicons (with primers).

Minimum amplicon size:

The minimum size for the amplicons (with primers).

Maximum amplicon size:

History Z o

Unnamed history
5.0 GB o

4219: FROGS Filters: @ { %
® (0%
@0 R
§316: FROGS Filters: @ &

summary.

§215: FROGS Filters: @ ( %
abundance table.tsy

14: FROGS Clusters @ %
stal ummary.html

13: FROGS Clusters @ ( &
stat: summary.html

$:12: FROGS Affiliation® [ %
otu 165:
excluded data_report.html

4. 11: FROGS Affiliation® [
otu 168: tax_affil iom

10: FROGS Remove & ) R
chimera
excluded data_report.hitml

9: FROGS Remove @R
chimera
non_chimera_abundance.biom

8: FROGS Remove @0 R
chimera: non_chimera.fasta

7: FROGS Clustering @ (J ¢




FROGS Pipeline

Upload File from Genotoul »®

outl (bam, txt, tabular,
fastgsanager, csfasta, qual, bed, off,
gtf, wcf, sam, fasta, pdf, ¥sq, tar.gz,
b, pna, =ff, pileup, pileupgz, zipd

Data acquisition

FROGS Pre-process

Archive file

dereplicated_file (fasta)
count_file (tabular)

surmmary_file (ktml)

Pre-process

FROGS Clustering swarm
Sequences file

Count file

seed_file (fasta)

abundance_biom (hiom1)

swarms_composition (tabular)

FROGS Remove chimmera
Seguences file

Shundance file

FROGS Affiliation OTL M
OTU seed sequence

abundance file

non_chimera_fasta (fasta)
out_sbundance_biom (biom1)
out_abundance_count (tabular)

surnrary_file (html)

Chimera

biom_affiliation (hiom1)

surnrmary (html)

Affiliation




FROGS Demultiplex: reads x . .
Demultiplexing
Barcode file

Select fastg dataset

demultiplexed_archive (data)
undemultiplexed_archive (data)

summary (tabular)

Upload File from Genotaul »® FROGS Pre-process x® FROGS Clustering swarm FROGS Remove chimera »® FROGS Affiliation OTU 3%

outl (bam, tzt, tabular, Archive file Sequences file Sequences file OTU seed sequence
fastgsanger, csfasta, qual, bed, off,
gtf, wcf, sam, fasta, pdf, xsq, tar.gz,
bw, png, sff, pileup, pileupgz, zip) count_file (tabular) seed_file (fasta) non_chimera_fasta (fasta) biom_affiliation (biam1)

dereplicated_file (fasta) Count file Shbundance file Ahundance file

summary_file {html) abundance_biom (hiom1]} out_abundance_biom (biom1) sumrmary (html)

Data acquisition swarms_caompasition (tabular) out_abundance_count (tabular)

Pre-process - summary_file (html)

Affiliation

Chimera




FROGS Abundance normalisation %

Sequences file

Shundance file

output_fasta (fasta)
output_biom (biom1)

surmmary_file (html)

Lpload File from Genotoul ®

outl (ham, txt, tabular,
fastgsanger, csfasta, qual, bed, off,
gtf, wcf, sam, fasta, pdf, ¥sq, tar.gz,
bwe, pnag, sff, pileup, pileupaz, zip)

Data acquisition

FROGS Pre-process

Archive file

dereplicated_file (fasta)
count_file (tabular)

surmmary_file (html)

Pre-process

FROGS Clustering swarm
Sequences file

Count file

seed_file (fasta)
abundance_biom (biom1)

swarms_composition (tabular)

FROGS Remove chimera
Sequences file

Abundance file

FROGS Affiliation 0T %
OTU seed sequence

Ahundance file

non_chimera_fasta (fasta)
out_abundance_hiom (hiom1)
out_abundance_count (tabular)

surmmary_file (html)

Chimera

biorn_affiliation (hiom1)

summary (htrml)

Affiliation




Upload File from Genotoul »®

outl (bam, txt, tabular,
fastgsanger, csfasta, qual, bed, off,
gtf, vcf, sam, fasta, pdf, ¥sq, tar.gz,
bw, pna, sff, pileup, pileupgz, zip)

Data acquisition

FROGS Pre-process »® FROGS Clustering swarm

Archive file Sequences file

dereplicated_file (fasta) Count file

count_file (tabular) seed_file (fasta)

surnrary_file (html) abundance_biom (biom1)

swarms_composition (tabular)

T e

FROGS Clusters stat %

Abundance file

surnrmary_file (html)

Cluster
Statistics

FROGS Affiliations stat X

Abundance file

surnrary_file (html)

Affiliation
Statistics
FROGS Remave chimera x FROGS Affiliation OTU %
Sequences file OTU seed sequence
shundance file Abundance file
non_chimera_fasta (fasta) biom_affiliation (biom1)
out_abundance_biom [(biom1] summary (html}
out_shundance_count (tabular)
. Affiliation
surmmary_file {html)
Chimera
FROGS Filters x
Sequences file
Abundance file
output_fasta (fastal
output_biom (hiom1)
output_excluded (tabular) Filters

output_summary (html)




Upload File from Genotoul »® FROGS Pre-process »®

outl (bam, txt, tabular, Archive file

fastgsanger, csfasta, qual, bed, off,
gtf, vcf, sam, fasta, pdf, ¥sq, tar.gz,
bwe, pna, sff, pileup, pileupgz, zip) count_file (tabular

dereplicated_file (fasta)

surnrary_file (html)
Data acquisition

Pre-process

FROGS BIOM to TSY % FROGS BIOM to std BIOM %
Abundance file abundance file

Seguences file output_biom (bhiom1)
tsv_file (tabular) output_metadata (tabular)

multi_affi_file (tabular)
Convert to
Convert to TSV standard Biom

FROGS Clustering swarm
Sequences file

Count file

seed_file (fasta)

abundance_biom (biom1)

swarms_composition (tabular)

FROGS Clusters stat %

Abundance file

surnrmary_file (html)

Cluster
Statistics

FROGS Affiliations stat X

Abundance file

surnrary_file (html)

Affiliation
Statistics
FROGS Remave chimera x FROGS Affiliation OTU %
Sequences file OTU seed sequence
shundance file Abundance file
non_chimera_fasta (fasta) biom_affiliation (biom1)
out_abundance_biom [(biom1] summary (html}
out_shundance_count (tabular)
. Affiliation
surmmary_file {html)
Chimera
FROGS Filters x
Sequences file
Abundance file
output_fasta (fastal
output_biom (hiom1)
output_excluded (tabular) Filters

output_summary (html)




FROGS Demultipley reads x . . FROGS abundance normalisation %
Demultiplexing

Barcode file Sequences file

FROGS affiliations stat %

Select fastq dataset Abundance file
Abund fil
dermultiplexed_archive (data) output_fasta (fasta) nnoanee e
undernultinlexed_archive (data) output_biom (hiom1) summary_file (html)
summary (tabular) summary_file (html) Affiliation
Statistics
Upload File from Genotoul x FROGS Pre-process FROGS Clustering swarm FROGS Remove chimera ® FROGS Affiliation OTL
outl (bam, txt, tabular, Archive file Sequences file Sequences fila OTU seed sequence
fastgsanger, csfasta, qual, bed, off, ) ) ) ] )
gtf, vcf, sam, fasta, pdf, xsq, tar.gz, dereplicated_file (fasta) Count file Abundance file Abundance file
bw, pna, sff, pileup, pileupaz, zip) count_file (tabular) seed_file (fasta) non_chimera_fasta (fasta) biom_affiliation {hiom1)
surmary_file (html) abundance_biom (biom1) out_abundance_biom (biom1) summary (html)
Data acquisition Swarms_composition (tabular) out_abundance_count (tabular)
- Affiliation
Pre process - summary_file (html)
Chimera
FROGS BIOM to TSV % FROGS BICM to std BIOM % FROGS Clusters stat % FROGS Filters ®
shundance file Abundance fila fsbundance fila Sequencas fils
Sequences file output_biom (biom1) summary_file (html} Shundance file
tsv_file (tabular) output_metadata (tabular) output_fasta (fasta)
multi_affi_file (tabular) Cluster output_biom (biom1)
Convert to Statistics output_excluded (tabular) Filters

Convert to TSV standard Biom output_summary (html)




Demultiplexing

Home made script Home made script Home.made
script
 Normalization Afflition
Statistics
RDPClassifier
tar.gz format flash (1.2.11) and NCBI
New for Galaxy cutadapt S (v2.1.1) VCHIME of Blast+ (2.2.29)
(1.8.3) warm tve. L. VSEARCH package e
:O. on Silva SSU
I (1.1.3)
Data acquisition
Pre-process Affiliation
Chimera
Home made Home made I_Iome'mtade
: scrip
script script Home made
Cluster script
Convert to Statistics Filters

Convert to TSV standard Biom




Together go to visit FROGS

In your internet browser (Firefox, chrome, Internet explorer) :

http://sigenae-workbench.toulouse.inra.fr/ 4 Enter your login and
y password from GenoToul

L3

Logged in as gpascal@toulouse.inra.fr | History
WELCOME TO GALAXY WORKBENC ‘09 Unnamed history
Saved Histories
G 0 bytes
o _c, geno E Saved Datasets
'L‘s‘ i"'| toul Saved Pages © vour history is er
Qé} () bioinfo . API Keys Data' on the left

Public Name

its from Sigenae Platform. Galaxy objectives are:
2 biogists.
ure,



http://sigenae-workbench.toulouse.inra.fr/

-_ Sigenae - Welcome gpascal

Tools

search tools

Upload Data
Download Data

AVAILABLE
TOOLS

Text Manipulation (e-learning)
Filter and Sort

Join, Subtract and Group

Convert Formats
BED Tools
Graph/Display Data

FASTA manipulation

FASTQ manipulation
{e-learning)

SAM/BAM manipulation : Picard
{(beta)

SAM/BAM manipulation:
SAMtools (e-learning)

Fetch Sequences

Sequences Queries
VCF Tools

BWA - Bowtie (e-learning)

BLAT

m

Analyze Data

WELCOME TO GALAXY WORKBENCH
o0 EN0 =

bloinfo

Galaxy is a workbench available for biologists from Sigenae Platform. Galaxy objectives are:
e Make bioinfo Linux tools accessible to biogists.
+ Hide the complexity of the infrastructure.
¢ Allow creation, execution and sharing of workflows.

TOOL CONFIGURATION
AND EXECUTION

¢ When you access or reload to your Galaxy webpage, please find all your histories saved in the following
menu : "User” / "Saved histories”.

T@Warnings :

# Your data are stored in worky/ directory. Consequently, BioInfo Genotoul platform reserves the right to
purge all files not accessed since 120 days on work/ disk space.

Sigenae support : sigenas-support@listes.inra.fr
If you have some question about Galaxy, please consult your EAQ

& How to cite Galaxy workbench ?

Depending on the help provided you can cite us in acknowledgements, references or both.

Examples :

Research teams can thank the Toulouse Midi-Pyrenees bioinformatics platform and Sigenae group, using
in their publications the following sentence @ "We are grateful to the genotoul bicinformatics platform
Toulouse Midi-Pyrenees and Sigenas group for providing help and/or computing and/or storage

m

Using 26.6 GB

History - O

Unnamed history
0 bytes 2

O vour history is empty. Click 'Get
Data’ on the left pane to start

DATASETS HISTORY




Data acquisition
Demultiplexing

Pre-process

Chimera

Filters
Affiliation

Biom to TSV

Cluster Stat

Affiliation Stat

Biom to std Biom

Sigenae - Welconie mbernar

Tools

FROGS - FIND RAPIDLY OTU
WITH GALAXY SOLUTION

FROGS pipeline

EROGS Upload archive from
your computer

EROGS Demultiples reads
Split by samples the reads in
function of inner barcode,

FROGS Pre-process Step 1 in
metagenomics analysis:
dennising and dereplication.

EROGS Clustering swarm Step
2 in metagenomics analysis @
clustering.

EROGS Remowve chimera Step
3 in metagenomics analysis @
Remove PCR chimera in each
sample.

EROGS Filters Filters OTUs on
sewveral criteria.

EROGS Affiliation OTU Step 4
in metagenomics analysis
Taxonomic affiliation of each
OTU's seed by RDPtools and
BLAST

EROGS BIOM to TSY
Converts 3 BIOM file in TSY
file.

FROGS Clusters stat Process
some metrics an clusters.

EROGS affiliations stat
Process some metrics on
taxonomies,

EROGS BIOM to std BIOM
Converts a FROGS BIOM in
fully compatible BIOM.

EROGS Abundance
normalisation

FROGS Pre-process (version 1.4.2)

Sequencer:

lllurmina =

Select the sequencer family used to produce the sequences.

Input type:

Files by samples =

Samples files can be provided in single archive or with two files (R1 and R2) by sample.

Reads already contiged ?:

Mo -

The inputs contain 1 file by sample : Reads 1 and Reads 2 are already contiged by pair,

Samples
Samples 1

Name:

The sample name.

Reads 1:

E1 FaSTQ file of paired-end reads.

reads 2:

=

k2 FASTQ file of paired-end reads.

Add new Samples

Reads 1 size:

The read1 size.

Reads 2 size:

The read? size.

Expected amplicon size:

Maximum amplicon length expected in approximately 90% of the amplicons.

Minimum amplicon size:

The minimum size for the amplicons,

History - o

FROGS analysis
4447 MB &

® 7R

Affiliations stat: summary.html

224: FROGS BIOMto @& §
std BIOM: blast metadata.tsv

223: FROGS BIOMto @ ¥
std BIOM: abundance.biom

§222: FROGS BIOMin @ ( &
TSV: multi hits.tsv

221: FROGS BIOMto @ § %
T8Y: abundance.tsv

220: FROGS ® (%
Affiliations stat: summary.html

4219: FROGS Clusters @ § %
stat: summary.html

4i18: FROGS Affiliation @ § %
OTU: report.html

16: FROGS Clusters ® 0%
stat: summary.html

15: FROGS Filters:; @0 R
report.html
14: FROGS Filters: ® (%

excluded.tsy

13: FROGS Filters: @0 R
abundance.biom

12: FROGS Filters: @08
sequences .fasta

Waiting to run

Currently
running

Result files




Upload data




Upload File from Genotoul »®

outl (bam, txt, tabular,
fastgsanager, csfasta, qual, bed, off,
gtf, wcf, sam, fasta, pdf, ¥sq, tar.gz,
b, pna, =ff, pileup, pileupgz, zipd

Data acquisition

FROGS Pre-process

Archive file

dereplicated_file (fasta)
count_file (tabular)

surmmary_file (ktml)

Pre-process

FROGS Clustering swarm
Sequences file

Count file

seed_file (fasta)

abundance_biom (hiom1)

swarms_composition (tabular)

FROGS Remove chimmera
Seguences file

Shundance file

FROGS Affiliation OTL M
OTU seed sequence

abundance file

non_chimera_fasta (fasta)
out_sbundance_biom (biom1)
out_abundance_count (tabular)

surnrary_file (html)

Chimera

biom_affiliation (hiom1)

surnrmary (html)

Affiliation




What kind of data ?
4 Upload — 4 Histories

Multiplexed data 654 data \ MiSeq miSeq contiged fastq\
, , R1 fastq + R2 fastq in archive tar.gz
Pathobiomes Freshwater sediment
rodents and ticks metagenome Farm animal feces Farm animal feces
, metagenome metagenome
multiplex.fastq 454 fastq.gz
sampleA_R1.fast
barcode.tabular SRA number T § ;2105|2§i5?23005eq_9s
\ SRR443364 j sampleA_R2.fastq \ o /




15T CONNEXION RENAME HISTORY

History = T click on Unnamed history,

Write your new name,

Unnamed history

0 bytes ' Tap on Enter.

ﬂ Your history is empty. Click 'Get
Data' on the left pane to start

History - T
Historigue renomme
0 bytes 0 [

) vour history is empty. Click 'Get
Data’ on the left pane to start




History gestion

Keep all steps of your analysis.

Share your analyzes.

At each run of a tool, a new dataset is created. The data are not overwritten.
Repeat, as many times as necessary, an analysis.

All your logs are automatically saved.

Your published histories are accessible to all users connected to Galaxy (Shared Data / Published
Histories).

Shared histories are accessible only to a specific user (History / Option / Histories Shared With Me).

To share or publish a history: User / Saved histories / Click the history name / Share or Publish



Saved Histories

-_ Sigenae - Welcome mbernard Analyze Data Using 2%

Logged in as mbernard@toulouse.inra.fr
Logout

Saved Datasets

Saved Pages

APl Keys

Public Name

Saved Histories _
Analyze in progress ]

search history names and tags An d |yse O K
Advanced Search

Analyze in waiting

[ MName pdated 1 Status

i current
[ | Contiged - history
~7h
[[] | MiSeq contiged |« 11 EI 12| 0 Tags Shared 175.9 MB ago ours ~ 3 hours ago
. ~ 12 hours  ~ 10 hours
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Demultiplexing tool




FROGS Demultiple: reads
Barcode file

Select fastg dataset

Demultiplexing

Upload File from Genotaoul

outl (ham, txt, tabular,

fastgsanger, csfasta, qual, bed, off,
gtf, wcf, sam, fasta, pdf, xsq, tar.gz,
bwe, pnag, sff, pileup, pileupgz, zip)

dermultiplexed_archive (data)
undermultinlexed_archive (data)

summary (tabular)

x FROGS Pre-process x

Archive file

dereplicated_file (fasta)

count_file (tabular)

surnrnary_file (html)

Data acquisition

Pre-process

FROGS Clustering swarm
Sequences file

Count file

seed_file (fasta)

abundance_biom (biom1)

swarms_composition (tabular)

FROGS Remove chimera
Sequences file

Ahundance file

FROGS Affiliation OTL

OTU seed sequence

Ahundance file

norn_chimera_fasta (fasta)
out_abundance_biom (biom1)
out_abundance_count (tabular)

surnrnary_file (html)

Chimera

biom_affiliation (hiom1)

surmmmary (html)

Affiliation







Demultiplexing

Sequence demultiplexing in function of barcode sequences :
In forward

In reverse
In forward and reverse

Remove unbarcoded or ambiguous sequences




Demultiplexing forward

Adapter A Primer Fwd _ Primer Rv
. 1
Barcode Fwd Amplicon sequence targeted Adapter B
Single end
sequencing

Paire end sequencing

Rl .

R2




Demultiplexing reverse

Adapter A Primer Fwd _ Primer Rv Adapter B
Amplicon sequence targeted ~ Barcode Rv
Single end
sequencing
., ... AEE——

Paire end sequencing
Rl e __________________________________________________________________________________________1
R2 P\ — S ———————————




Demultiplexing forward and reverse

Primer Fwd
Adapter A Primer Rv Adapter B
—
~ Barcode Rv

Barcode Fwd Amplicon sequence targeted

Single end
sequencing

Paire end sequencing

Rl —————_—_—_—_—_—_—_—EEEEE—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_——

R2
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< multiplexed >

Format: Barcode

BARCODE FILE is expected to be
= first column corresponds to the sample name (unique, without space)
= second to the forward sequence barcode used (None if only reverse barcode)
= optional third is the reverse sequence barcode (optional)

Take care to indicate sequence barcode in the strand of the read, so you may
the reverse barcode sequence. Barcode sequence must have the same length.

Example of barcode file.
The last column is optional, like this, it describes sample multiplexed by both fragment ends.

MgArd00001 ACAGCGT ACGTACA




< multiplexed >

Format ; FastQ

FASTQ : Text file describing biological sequence in 4 lines format:

= first line start by "@" correspond to the sequence identifier and optionally the sequence
description. "@Sequence_1 descriptionl"

= second line is the sequence itself. "ACAGC"

= third line is a "+" following by the sequence identifier or not depending on the version

= fourth line is the quality sequence, one code per base. The code depends on the version
and the sequencer

@HNHOSKDO1ALDOH
ACACCETCAGAGGGGTACCAGTCAGCCATGACGTAGCACETACA
+
CCCFFFFFFHHHHHJJIJJJHHFF@DEDDDDDDD(@CDDDDACDD




< multiplexed >

How it works 7

For each sequence or sequence pair the sequence fragment at the beginning (forward
multiplexing) of the (first) read or at the end (reverse multiplexing) of the (second) read will be
compare to all barcode sequence.

If this fragment is equal (with less or equal mismatch than the threshold) to one (and only one)
barcode, the fragment is trimmed and the sequence will be attributed to the corresponding
sample.

Finally fastq files (or pair of fastq files) for each sample are included in an archive, and a
summary describes how many sequence are attributed for each sample.




Pre-process tool




FROGS Demultiples reads
Barcode file

Select fastqg dataset

Demultiplexing

Upload File from Genotaul

outl (ham, txt, tabular,

fastgsanger, csfasta, qual, bed, off,
gtf, wcf, sam, fasta, pdf, xsq, tar.gz,
bwe, pnag, sff, pileup, pileupgz, zip)

derultiplexed_archive (data)
undemultiplexed_archive (data)

summary (tabular)

x FROGS Pre-process x

Archive file

dereplicated_file (fasta)

count_file (tabular)

surnrmary_file (html)

Data acquisition

Pre-process

FROGS Clustering swarm
Sequences file

Count file

seed_file (fasta)

abundance_biom (hiom1)

swarms_composition (tabular)

FROGS Remove chimera
Sequences file

Ahundance file

FROGS Affiliation OTL

OTU seed sequence

Ahundance file

norn_chimera_fasta (fasta)
out_abundance_biom (biom1)
out_abundance_count (tabular)

surnrary_file (html)

Chimera

biom_affiliation (hiom1)

surmmary Chtml)

Affiliation




From
demultiplex AIre.ady
contiged
tool

FROGS Pre-process Illumina %

' Archive file

dereplicated_file (fasta)
count_file (tabular)

summary_file (html)

Pre-process



Amplicon-based studies general pipeline

Pre-process ‘ Refs \ taxonomic coverage?

’ l \ Y
e >| assignment statistics (o, B, V)
sampling —— amplification — sequencing — : g' —» » phylogeny
gorep leation network analysis
» clustering y
exhaustive sampling? | universal markers? error rates? quality threshold?
DNA/RNA extraction? | universal primers? GC biais? length filtering?
polymerase errors?
chemistry, physics and randomness bioinformatics bioinformatics
(preparation) (actual analyses)



Pre-process

Delete sequence with not expected lengths
Delete sequences with ambiguous bases (N)
Delete sequences do not contain good primers

Dereplication

+ removing homopolymers (size = 8 ) for 454 data

+ quality filter for 454 data



Seguencern
| 454 $)
Select the sequencer family

OR |}

N

Samples 1

Samples

The sample name.

Sequence file:
[ #]

#ASTQ file of sample.

Add new Samples

FROGS Pre-process (version 1.2.00

Segquencer
[ Mumina |

w2elect the seauencer family used to oroduce the sequences,
Input type:

| Files by samples 4 |
Samples files can be provided in single archive or with two files (R1 and R2) by sample.

ﬁ'ea.ds already contiged 7:
(Na %]
The inputs contains 1 file by sample : Reads 1 and Reads 2 are already contiged by pair.

Samples
Samples 1

The sample name.

Reads 1:

[ #]

R1 FASTOQ file of paired-end reads.
reads 2:

[ ¢

R2 FASTQ file of paired-end reads.

Add new Samples

Reads 1 size:

!

The readl size.
Reads 2 size:

!

The read2 size.

Expected amplicon size:

!

Minimum amplicon size:

!

The minimum size for the amplicons (with primers).

Maximum amplicon size:

!

The maximum size for the amplicons {(with primers).

5" primer:

The 5" primer sequence (wildcards are accepted).

3" primer:

The 3" primer sequence (wildcards are accepted).

Maximum amplicon length expected in approximately 90% of the amplicons (with primers).

~

OR

OR

Input type:
Archive -
Samples files can be provided in single archive or with two files (R1 and R2) by sample.

o)

Archive file:

[ 1: fwork/frogs/Donnees_simulees/500WEPL_setA.tar.gz
The tar file containing the seguences file(s) for each sample.

Reads already contiged 7

Yes
The archive contains 1 file by sample : Reads 1 and Reads 2 are already contiged by pair.
Minimum amplicon size:

380
The minimum size for the amplicons.

Maximum amplicon size:

The maximum size for the amplicons.

Sequencing protocol:

lllumina standard
The protocol used for sequencing step: standard or custom with PCR primers as sequencing primers.

5' primer:
| ACCGGAGGCAGCAG |
The §' primer sequence (wildcards are accepted). The orientation is detailed below in ‘Primers parameters'.

3" primer:
| AGCATTACATACCCTGGOTY |
The 3' primer sequence (wildcards are accepted). The orientation is detailed below in ‘Primers parameters'.
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Lengths distribution

3k

2k

Nb sequences

1k

Ok o i
390 400 410 420

Length

-0- 100_10000seq_sampleAl -~ 100_10000seq_sampleA2
100_10000seq_sampleA3 -+ 100_10000seq_sampleB1
=¥ 100_10000seq_sampleB2 -~ 100_10000seq_sampleB3
100_10000seq_sampleCl - 100_10000seq_sampleC2
=& 100_10000seq_sampleC3

[ Samples A only ] [ Samples B only ] [ Samples C only ]

Lengths distribution Lengths distribution Lengths distribution
2500 2500 2500
2000 1 2000 B 2000
0w
g 1500 g 1500 g 1500
] {' ] ]
o o o
& [ & &
o 1000 o 1000 o 1000 8
z z _ z
500 ] f 500 " { /\ 500 /\ _
o | ! J I 1 B \ .
'/"\/\ : [ W ro | A Y B {1 ' / \ ; \/
0 Z - - o Pau— 0 o' Bl AW [ e 8 R Y 0 y Bg¥ ) " )
390 400 410 420 390 400 410 420 390 400 410 420
Length E— Length E— Length

<9~ 100_10000seq_sampleAl == 100_10000seq_sampleA2
100_10000seq_sampleA3

=0~ 100_10000seq_sampleB1 = 100_10000seq_sampleB2
100_10000seq_sampleB3

-9~ 100_10000seq_sampleCl == 100_10000seq_sampleC2
100_10000seq_sampleC3




Cleaning, how it work ?

Filter contig sequence on its Minimum amplicon size:

length which must be between 380

min-amplicon-size and max- The minimum size for the amplicons.
amp“con_size Maximum amplicon size:

500
The maximum size for the amplicons.

use cutadapt to search and trim
primers sequences with less than
10% differences




Go to practice

Cleaning, how it work ?

dereplicate sequences and return one uniq fasta file for all sample
and a count table to indicate sequence abundances among sample.

In the HTML report file, you will find for each filter the number of
sequences passing it, and a table that details these filters for each
sample.
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MiSeq
R1 R2

Flash, how it works ?

To contig read1 and read2 with FLASh with :

a minimum overlap equals to

[(R1-size + R2-size) - expected-amplicon-size] ex: (250+250) - 450 =50

and a maximum overlap equal to

[expected-amplicon-size] with a maximum of 10% mismatch among this overlap

[90% of the amplicon are smaller than [expected-amplicon-size] ]




Amplicons size

MiSeq
R1 R2

1250

Max amplicon size

Min amrplicon size

1000
5

500

Jaquinp

Amplicons size

_Min arrplicon size

1250

qy
Size

1000

750
500

J_quny

(J]
B
)

Q

(1)

| .

Q.

()
s

(@)
O

Size

250
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FROGS Pre-process (version 1.4.2)

Sequencer:

Hlumina -
Select the sequencer family used to produce the sequences.

Input type:
Archive -
Samples files can be provided in single archive or with two files (R1 and R2) by sample.

Archive file:

1: /work/ffrogs/Donnees_simulees/Formation/100spec_90000s52q_9samples.tar.gz -
The tar file containing the sequences file(s) for each sample.

Reads already contiged ?:

Yas -
The archive contains 1 file by sample : Reads 1 and Reads 2 are already contiged by pair.

Minimum amplicon size:

380
The minimum size for the amplicons.

Maximum amplicon size:

500

The maximum size for the amplicons.

7~
Sequencing protocol:

Hlumina standard -
\ The protocol used for sequencing step: stzindard or custom with PCR primers as sequencing primers.

5' primer:
[ACGGGAGGCAGCAG |
The 5" primer sequence (wildcards are accepted). The orientation is detailed below in 'Primers parameters'.

3' primer:
AGGATTAGATACCCTGGTA|
The 3' primer sequence (wildcards are accepted). The orientation is detailed below in 'Primers parameters'.

Execute




FROGS Pre-process (version 1.4.2)

Sequencer:

lumina -
Select the sequencer family used to produce the sequences.

Input type:
Archive -
Samples files can be provided in single archive or with two files (R1 and R2) by sample.

Archive file:

1: /work/frogs/Donnees_simulees/Formation/100spec_90000s5eq_9samples.tar.gz -
The tar file containing the sequences file(s) for each sample.

Reads already contiged ?:

Yag -

The archive contains 1 file by sample : Reads 1 and Reads 2 are already contiged by pair.
Minimum amplicon size:

380
The minimum size for the amplicons.

Maximum amplicon size:

500 Primers are already removed

The maximum size for the amplicons.

Sequencing protocol: ]

Custom protocol (Kozich et al. 2013) 1
The protocol used for sequencing step: gtandard or custom with PCR primers as sequencing primers.

Execute




Clustering tool




FROGS Demultiples reads
Barcode file

Select fastqg dataset

Demultiplexing

Upload File from Genotaul

outl (ham, txt, tabular,

fastgsanger, csfasta, qual, bed, off,
gtf, wcf, sam, fasta, pdf, xsq, tar.gz,
bwe, pnag, sff, pileup, pileupgz, zip)

derultiplexed_archive (data)
undemultiplexed_archive (data)

summary (tabular)

x FROGS Pre-process x

Archive file

dereplicated_file (fasta)

count_file (tabular)

surnrmary_file (html)

Data acquisition

Pre-process

FROGS Clustering swarm
Sequences file

Count file

seed_file (fasta)

abundance_biom (hiom1)

swarms_composition (tabular)

FROGS Remove chimera
Sequences file

Ahundance file

FROGS Affiliation OTL

OTU seed sequence

Ahundance file

norn_chimera_fasta (fasta)
out_abundance_biom (biom1)
out_abundance_count (tabular)

surnrary_file (html)

Chimera

biom_affiliation (hiom1)

surmmary Chtml)

Affiliation




Why do we need clustering ?

Amplication and sequencing and are not perfect processes

FEROIG >| assignment statistics (o, B, V)
sampling —— amplification — sequencing — dereplication —> » phylogeny
clustering network analysis
exhaustive sampling? | universal markers? Error rates ? quality threshold?
DNA/RNA extraction? | universal primers? GC biais? length filtering?

polymerase errors?

chemistry, physics and randomness

Fréderic Mahé communication



. Natural variability ?
Technical noise?
Contaminant?
Pseudogene?
Chimeras?
Expected Results

Fréderic Mahé communication 71




expected

natural variability?
technical noise?

contaminant?

chimeras?

To have the best accuracy:

Method: All against all

= Very accurate

= Requires a lot of memory and/or time

=> Impossible on very large datasets without

strong filtering or sampling

72



How traditional clustering works ?




Input order dependent results

A B
‘?3 wfas
I :f;ﬁij )
L0

start with A start with B

decreasing length,
decreasing abundance,
external references




Single a priori clustering threshold

ey B oo B
.o '; ‘;’ 0...' .} .; .o‘. .: o
¥ W

compromise threshold natural limits of clusters

: unadapted threshold _



Swarm clustering method

ACGT ACGT ACGT
AGGT A-GT A--T

differences 1 1 2

Cluster grows iteratively

.

initial seed (randomly picked explore the amplicon space no more closely related amplicons,
from amplicon dataset) the process stops (equivalent to the

Fréderic Mahé communication L L,

Traiff|




Comparison Swarm and 3% clusterings

radius (97%)

Radius expressed as a percentage of identity
with the central amplicon (97% is by far the
most widely used clustering threshold)




Comparison Swarm and 3% clusterings

TARA V9 (264 samples) TARA V9 (908 samples)

10°% - 105 -

1
(=]
1

(=]
!

More there is
sequences, more
abundant clusters

are enlarged (more
amplicon in the
OTU).

b

(=]
1]
1

crown size (numbers of amplicons in the OTU)
crown size (numpers O1T amplicons In e Ui u)
(=]

identity (%)
r

_4
C.
1

w More there are
sequences, more
2 B o 7 e of there are artefacts
seed abundance (numbers of copies) seed abundance (numbers of copies)

Fréderic Mahé communication

clusters produced with swarm using d = 1



SWARM

A robust and fast clustering method for amplicon-based studies.

The purpose of swarm is to provide a novel clustering algorithm to handle large sets of
amplicons.

swarm results are resilient to input-order changes and rely on a small local linking threshold d,
the maximum number of differences between two amplicons.

swarm forms stable high-resolution clusters, with a high yield of biological information.

Swarm: robust and fast clustering method for amplicon-based studies.
Mahé F, Rognes T, Quince C, de Vargas C, Dunthorn M.

Peerd. 2014 Sep 25;2:€593. doi: 10.7717/peerj.593. eCollection 2014.
PMID:25276506



FROGS Clustering swarm x FROGS Clustering swarm (version 2.1.0)

Sequences file Sequences file:

Count file 2: FROGS Pre-process Illumina: dereplicated.fasta -
The seguences file.

abundance_biom (txt)
seed_file (fasta) Count file:

3: FROGS Pre-process Illumina: count.tsv -
It contains the count by sample for each sequence.

swarms_compaosition (tabular)

Aggregation maximal distance:

3
Maximum distance between sequences in each aggregation step.

Performe denoising clustering step?:

If checked, clustering will be perform in two steps, first with distance = 1 and then with your input distance

Execute

1st run for denoising:
Swarm with d = 1 -> high OTUs definition
linear complexity

2"d run for clustering:
Swarm with d = 3 on the seeds of first S warm
guadratic complexity

Gain time |

Remove false positives !

PeerJ PrePrints 2:e386v1. 2014. doi: 10.7287/peerj.preprints.386v1

Swarm: robust and fast clustering method for amplicon-based studies.
Mahé F, Rognes T, Quince C, de Vargas C, Dunthorn M.




Cluster stat tool




FROGS Demultiples reads x

Demultiplexing
Barcode file

Select fastg dataset

dermultiplexed_archive (data)
undemultiplexed_archive (data)

surnrmary (tabular)

Upload File from Genotoul x FROGS Pre-process x FROGS Clustering swarm

outl (bham, txt, tabular, Archive file Sequences file
fastgsanger, csfasta, qual, bed, off,
gtf, vcf, sam, fasta, pdf, xsq, tar.gz,

dereplicated_file (fasta) Count file

FROGS Remove chimera

FROGS Affiliation OTL

bw, png, sff, pileup, pileupgz, zip) count_file (tabular) seed_file (fasta)

summaty_file (ktrml) abundance_biom (biom1)
Data acquisition

swarms_composition (tabular)

T e

FROGS Clusters stat %

LShundance file

surmmaty_file (ktrml)

— Cluster
S Statistics

Sequences file

Ahundance file

OTU seed sequence

Abundance file

non_chimera_fasta (fasta)
out_abundance_biom (biom1)
out_abundance_count (tabular)

summaty_file (ktrml)

Chimera

biorn_affiliation (hiom1)

summary (htrml)

Affiliation
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Sigenae - Welcome mbernard _

|»

Tools Clusters distribution Seqguences distribution Samples distribution History = o
deepTools - 15: FROGS Filters: ®JE 4

sequences.fasta
FROGS - FIND RAPIDLY OTU
WITH GALAXY SOLUTION
FROGS pipeline

FROGS Upload archive from
YyOur computer

14: FROGS Remove @ B
chimera: report.html

13: FROGS Remove @ %8
chimera:
non chimera abundance.biom

EROGS Demultiplex reads Split
by sa.mples _the reads in . 12: FROGS Remove @ ®
function of inner barcode. . M Ost Of OTUS are si ngletons chimera: non chimera.fasta

£ROGS Pre-process Step L in Clusters size summary

metagenaomics analysis: 11: FROGS Clusters ® | %

denoising and dereplication. stat:
summary swarm did3.html

FROGS Clustering swarm Step Clusters size distribution = Clusters size distribution (decile) T
2 in mgtagenomics analysis ¢ = Famt i, dEtelbessy 2
CVE e 1ok Decile Value ## ppplication Software
FROGS Remowve chimera Step 3 s fusrflocal/bioinfo/src/galaxy-
in metagenomics analysis hin 1 dev/galaxy-dist/tools/FROGS/tools
Remove PCR chimera in each 12 5K Jfclusters_stat.py (version @ 1.1.0)
sarnple, q q Command : fusr/local/bioinfo
fero/galany-dev/galany-dist/tools
m Filters 0TUs an 7 1 JFROGS/toals/clusters_stat.py
SEYEE B, 10k --input-hiom /galaxydata
FROGS Affilistion OTU Step 4 5 1 /database/fils
in metagenomics analysis @ . HOO &A=
Taronomic affiliation of each E 4 1
OTU's seed by ROPtools and @ 7.5k HTHL file
BLAST g MWedian 1
]
FROGS BIOM to TSY Converts 10: FROGS Clustering @ %
a BIOM file in TSY file. g ] swarm:
ok swarms composition did3.tsv
FROGS Clusters stat Process
some metrics on clusters, 7 1 E (EEEEE et ® [ %
FROGS affiliations stat Process .- 8 5 swarm: abundance did3.biom
some mefrics on taxonomies,
8: FROGS Glustering ~ @ %
FROGS BIOM to std BIOM ] 2 swarm: L
Converts a FROGS BIOM in seed sequences did3.fasta
fully compatible BIOM. Ok bl e 13,337
e e T T —— - All 7: FROGS Pre-process: @ (] 3%
report.html

normalisation

84




Clusters distribiution Sequences distribution Samples distribution
Clusters
141 81,838
Clusters size sum mary [ After filtering little OTUs ]
Clusters size distribution = Clusters size distribution {decile)
tenn Decile Value
Reset zoom
hin 3]
1000
1 5]
2 8
B00
3 a0
L]
]
i 4 7o
g 600
= Median 12
400 _ ] 145
¥ 2248
z00 . a 412
o 894
0 hax 13,337

Al




Clusters size details

Most of OTUs are singletons

Show 10 -~ entries Search:

Clusters size

Cluster size “ Number of cluster % of all clusters
[ 1 4 595 77.36 ]
2 566 14.58
3 1585 2.61
4 After 83 1.40
clustering
42 0.71
6 29 0.49
7 22 0.37
g 13 0.22
9 B 0.10
10 B 0.10




Clusters distribution Sequences distribution Samples distribution

Cumulative sequences proportion by cluster size

125
100
e Clusters with size <= 3966 | IVlOSt of sequences are contained in bi
4 Al 50 14%sequences
i
e 50
25
0
o P R O R G O S O S Y SN S P . S - LS
AT G AT LT AT G AT T AT 6T AT G AT 6T AT Y AT e AT O AT T AT Y A T AT 0T At Y AT O At Y AT Tt G AT Y AT e AT e AT e Y AT Y At T AT Y A T AT Y A A
L o ﬁ\\\m,\ﬁ.\%%ﬁ,}q}{t,vﬂn,b\,bm,bfo,bﬁmﬁmﬂvhﬁmﬂ mﬁﬁmﬁmﬁaﬁ%@@@g@@ﬂuﬁﬁa@ﬁm@@éqﬁo;.,o;nqﬁ:-ﬁﬁgmgmﬁﬁgﬁﬂﬁﬂmxuxﬂNﬂ:%\qvmqvfoﬂuﬁ-,bﬁ,bﬂv
B R T T R e O T T W e
Cluster size
The small OTUs
represent few M B Sefect grea fo zoom in.
sequences




Sequences 367 OTUs of sampleAl 58 % of the specific OTUs of sampleAl

are common at least represent around 5% of sequences
once with another Could be interesting to remove if individual —m
Show 10 ~ entries . . .
sample variability is not the concern of user
Samples information
Sample 4 Shared clusters Own clusters Shared sequences Own sequences
PU—— PR—
100_10000seq_sampleAl 367 513 9,447 528
100_10000seq_sampleA2 365 430 9,476 503
100_10000seq_sampleA3 384 483 9,478 494
100_10000seq_sampleB1 395 548 9,397 572
100_10000seq_sampleB2 375 508 9,455 515
100_10000seq_sampleB3 376 562 9,388 579
100_10000seqg_sampleC1 372 539 9,413 hh2
100_10000seq_sampleC2 389 550 9,408 567
100_10000seq_sampleC3 361 516 9,442 525
Showing 1 to 9 of 9 entries Previous 1 MNext




Hierachical clustering

Hierarchical classification
on Bray Curtis distance

O 100_10000seq_sampleC3
O 100_10000seq_sampleC

O
[ Newick tree available too ]

O 100_10000seq_sampleC2
O
o (O 100_10000seq_sampleB2
(100 _10000seq_sampleB1

O O O100_10000seq_sampleB3

(0100 _10000seq_sampleA2

o
(100 _10000seq_sampleA

. ) () 100_10000seq_sampleA3
Samples distribution tab




Chimera removal tool




FROGS Demultiples reads x
Barcode file

Select fastg dataset

dermultiplexed_archive (data)
undemultiplexed_archive (data)

surnrmary (tabular)

Upload File from Genotoul x FROGS Pre-process

outl (bham, txt, tabular, Archive file

fastgsanger, csfasta, qual, bed, off,
gtf, vcf, sam, fasta, pdf, xsq, tar.gz,
b, png, sff, pileup, pileupgz, zip) count_file (tabular)

dereplicated_file (fasta)

summaty_file (ktrml)
Data acquisition

Pre-process

Demultiplexing

FROGS Clustering swarm
Sequences file

Count file

ceed_file (fasta)

abundance_biom (biom1)

swarms_composition (tabular)

FROGS Clusters stat %

LShundance file

surmmaty_file (ktrml)

Cluster
Statistics

FROGS Remaove chimera »® FROGS Affiliation OTU %
Sequences file OTU seed sequence
shundance file abundance file
non_chimera_fasta (fasta) biom_affiliation (hiom 1}
out_abundance_biom (biom1) summary (html}

out_abundance_count (tabular)

Affiliation

summaty_file (ktrml)

Chimera

4 )

Our advice:
Removing Chimera after
Swarm denoising + Swarm d=3, for
saving time without sensitivity loss

91



What is chimera ?

PCR-generated chimeras are typically created aborted amplification
when an aborted amplicon acts as a primer for bbb
a heterologous template. Subsequent

chimeras are about the same length as the

non-chimeric amplicon and contain the *
forward (for.) and reverse (rev.) primer e g y
sequence at each end of the amplicon. next cycle’s ‘primer
Chimera: from 5 to 45% of reads (Schloss
2011)

chimeric sequence

for.
Fichot and Norman Microbiome 2013 1:10

doi:10.1186/2049-2618-1-10



A smart removal chimera to be accurate

[ We use a sample cross-validation ]
/ Sample A \ / Sample B \

al | x1000 bl ' x1000
b ' x500 d e X500
cETTTTT x100 h I X100
d s x50 | T x50
e I x10 fl | x10
f ] x10
gl | ' X5 j

chimera by normal sequence —> For FROGS “g” is a chimera, “g” is removed
Vsearch by Vsearch

—> FROGS increases the detection specificity
Its “ parents ” are Its “ parents ” are

presents absents

“d " is view as 031 e e 2 [: For FROGS “d” is not a chimera }
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Filters tool




FROGS Demultiples reads x
Barcode file

Select fastg dataset

dermultiplexed_archive (data)
undemultiplexed_archive (data)

surnrmary (tabular)

Upload File from Genotoul x FROGS Pre-process

outl (bham, txt, tabular, Archive file

fastgsanger, csfasta, qual, bed, off,
gtf, vcf, sam, fasta, pdf, xsq, tar.gz,
bw, prg, sff, pileup, pileupaz, zip)

dereplicated_file (fasta)
count_file (tabular)

surmmary_file (html)
Data acquisition

Pre-process

Demultiplexing

FROGS Clustering swarm

Sequences file

Count file

seed_file (fasta)
abundance_biom (hiom1)

swarms_composition (tabular)

FROGS Clusters stat %

Abundance file

surnrary_file (html)

Cluster
Statistics

FROGS Remoye chimera

Sequences file

Ahundance file

»® FROGS Affiliation OTL X%
OTU seed sequence

Abundance file

non_chimera_fasta (fasta)
out_abundance_biom (hiom1)
out_abundance_count (tabular)

surmmary_file (html)

Chimera

biom_affiliation (hiom1)

summary (htrml)

Affiliation

FROGS Filters x
Sequences file

Abundance file

output_fasta (fasta)
output_biom (hiom1)
output_excluded (tabular) Filters

output_surmmary (html)




4 )

Affiliation runs long time

. y

/Advise: \

Apply filters between “Chimera Removal ” and “Affiliation”.
Remove OTUs with weak abundance and non redundant before affiliation.

k You will gain time ! /




Filters

Filters allows to filter the result thanks to different criteria et may be used after
different steps of pipeline :

On the abundance
On RDP affiliation
On Blast affiliation

On phix contaminant



FROGS Filters x
Sequences file

Abundance file

output_fasta (fasta)
output_biom (biom1)
output_excluded (tabular)

output_summary (html)

Filters

4 filter sections

FROGS Filters (version 1.1.0)

Sequences file:
I 12: FROGS Remove chimera: non_chimera.fasta j
The sequence file to filter (format: fasta).

Abundance file:
| 19: FROGS affiliation OTU: affiliation.biom -l
The abundance file to filker {format: BIOM),

*** THE FILTERS ON OTUS IN SAMPLES, OTUS SIZE and SEQUENCE PERCENTAGE:

I Anply filters j
If yau want ta filter OTUs an their abundance and occurrence.

Remove OTUs that are not present at least in XX samples; how many samples do you choose? ;

Fill the field only if you want this treatment.

Abundance filters

Proportion/number of sequences threshold to remove an OTU:

Fill the field only if you want this treatment. Use decimal to express proportion (0.01 for 1%) integer to express number of sequence {1 for singleton),

When sorted by abundance, how many OTU do you want to keep ?:

Fill the fields only if you want this treatment,
* %% THE FILTERS ON RDP:

I Apply filters j
If wou want to filker OTUs an their tazonomic affiliation produced by ROP.

Rank with the bootstrap filter:

[oomen 3] RDP affiliation filters

Minimum bootstrap % (between 0 and 1):

*** THE FILTERS ON BLAST:

I Apply filters 'l

If you want to filter OTUs on their takonomic affiliation produced by Blast.,

Maximum e-value (between 0 and 1):

Fill the field only if you want this treatment

Minimum identity % (between 0 and 1):

BLAST affiliation filters

Fill the field only if you want this treatment

Minimum coverage % (between 0 and 1):

Fill the field only if you want this treatment

Minimum alignment length:

Fill the field only if you want this treatment
*#** THE FILTERS ON CONTAMINATIONS:

I Apply filters j
If wou want to filker OTUs on classical contaminations.,

Cotaminant databank:

[orix =] Contamination filter

The phix databank (the phix is a contral added in Illumina sequencing technolagies).




Input

FROGS Filters (version 1.1.0)

Sequences file:

I 12: FROGS Remove chimera: non_chimera fasta | Fasta sequences and its
The seguence file to filter (format: fasta), . . o
corresponding abundance biom files

Abundance file:

| 15: FROGS affiliation OTU: affiliation.biom |
The abundance file to filker (format: BIOM],

Filter 1 : abundance

¥** THE FILTERS ON OTUS IN SAMPLES, OTUS SIZE and SEQUENCE PERCENTAGE:

I Apply filkers 'I

If you want to filter OTUs on their abundance and ococurrence.

Remove OTUs that are not present at least in XX samples; how many samples do you choose? :

I

Fill the field only if you want this treatment.

Proportionfnumber of sequences threshold to remove an OTU:
1.00005
Fill the field only if you want this treatment, Use decimal to express proportion (0.01 for 12%) integer to express number of sequence (1 for singleton).

When sorted by abundance, how many OTU do you want to keep ?:
=Tl

Fill the fields anly if you want this treatment.,




Input

FROGS Filters (version 1.1.0)

Sequences file:

I 12: FROGS Remove chimera: non_chimera fasta | Fasta sequences and its
The seguence file to filter (format: fasta), . . o
corresponding abundance biom files

Abundance file:

| 15: FROGS affiliation OTU: affiliation.biom |
The abundance file to filker (format: BIOM],

*** THE FILTERS OMN RDP:
Apply filkers =

]

If you want to filter OTUs on their taxonomic affiliation produced by RDP.

Rank with the bootstrap filter: F||ter 2 & 3:
Damain = . .
affiliation

!

Minimum bootstrap %o (between 0 and 1):

**% THE FILTERS ON BLAST:

I Lpply filkers vI

If you want to filker OTUs on their taxonomic affiliation produced by Blast,

Maxzimum e-value (between 0 and 1}:

il

Fill the field only if you want this treatrment

Minimum identity % (between 0 and 1):
0.95

Fill the field only if you want this treatment

Minimum coverage % (between 0 and 1):
0.95|
Fill the field only if you want this treatment

Minimum alignment length:
400
Fill the field only if you want this treatment




Input

FROGS Filters (version 1.1.0)

Sequences file:

I 12: FROGS Remove chimera: non_chimera fasta | Fasta sequences and its
The seguence file to filter (format: fasta), . . o
corresponding abundance biom files

Abundance file:
| 15: FROGS affiliation OTU: affiliation.biom |
The abundance file to filker (format: BIOM],

Filter 4 :
contamination

*¥** THE FILTERS ON CONTAMINATIONS:

| Apply filkers v|

If you want to filker OTUs on classical contaminations,

cotaminant databant: Soon, several contaminant banks

I phix 'l

The phix databankfthe phixis a control added in Hllumina sequencing technologies),
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Filters by OTUs ~ Filters by samples <:“ Configuration tabs

Filters summary

OTUs Abundance

< Kept: 141 Removed: 1 566

/
|
|
Removed: 1 210 " Kept 81 837

Filters intersections

Draw a Venn to see which OTUs had been deleted by the filters chosen (Maximum & options):

[C] Present in minus of 3 samples
[C] Abundance = 5e-05

Al Venn




OTUs Abundance

- Kept: 516 Eemoved: 36 217

On simulated data, singleton are:
~99,9% are chimera
and
~0,1% are sequences with
sequencing errors, non clustered

Eemowved: 20 946 Kept: 820 361

Removing little OTUs (conservation rate =0.005%)
and non shared OTU (in less than 2 samples)



Venn on removed OTUSs

0
All blast coverage = 0.895

ﬂﬂ
==
| =+

o
=4
—+

o

=
—+
[

Close




Affiliation tool




FROGS Demultiples reads »® . .
Demultiplexing

Barcode file

Select fastg dataset

dermultiplexed_archive (data)
undermultinlexed_archive (data)

summary (tabular)

Upload File from Genotoul x FROGS Pre-process x FROGS Clustering swarm

outl (bam, txt, tabular, Archive file Sequences file
fastgsanger, csfasta, qual, bed, off,
gtf, wcf, sam, fasta, pdf, xsq, tar.gz,

dereplicated_file (fasta) Count file

b, png, sff, pileup, pileupgz, zip) count_file (tabular) seed_file (fasta)
surmmary_file (html) abundance_biom (hiom1)

Data aCQUISItIOI‘I swarms_composition (tabular)

Pre-process -

FROGS BIOM o TSW X FROGS Clusters stat %
Abundance file Shundance file
Sequences file summary_file (html)

tsy_file (tabular)

rulti_affi_file (tabular) Cluster
Statistics

Convert to TSV

FROGS Remove chimera

Sequences file

Ahundance file

»® FROGS Affiliation OTU %

OTU seed sequence

Abundance file

non_chimera_fasta (fasta)
out_abundance_biom (hiom1)
out_abundance_count (tabular)

summary_file (htrml)

Chimera

biom_affiliation (hiom1)

summary (htrml)

Affiliation

FROGS Filters x
Sequences file

Shundance file

output_fasta (fasta)
output_biorm (hiom1)
output_excluded (tabular) Filters

output_surmary (html)




FROGS Affiliation OTU %
OTU seed sequence

Abundance file

biom_affiliation (biom1)

summary (html)

Affiliation

FROGS Affiliation OTU (version 0.7.0)

Using reference database:

silval23 165 v
Select reference from the list

OTU seed sequence:

‘ 89: FROGS Filters: sequences.fasta

OTU sequences (format: fasta).

Abundance file:

‘ 90: FROGS Filters: abundance.biom

OTU abundances (format: BIOM).

Execute

silval23 235
silval19-1 185




1 Cluster = 2 affiliations

Double Affiliation vs SILVA 123 (for 16S, 18S or 23S), SILVA 119 (for 18S) or Greengenes with :

1. RDPClassifier* (Ribosomal Database Project): one affiliation with bootstrap, on each taxonomic subdivision.

Bacteria(100);Firmicutes(100);Clostridia(100);Clostridiales(100);Lachnospiraceae(100);Pseudobutyrivibrio(80); Pseudobutyrivibrio
xylanivorans (80)

2. NCBI Blastn+** : all identical Best Hits with identity %, coverage %, e-value, alignment length and a special
tag “Multi-affiliation”.

Bacteria;Firmicutes;Clostridia;Clostridiales;Lachnospiraceae;Pseudobutyrivibrio;Pseudobutyrivibrio ruminis; Pseudobutyrivibrio xylanivorans

Identity: 100% and Coverage: 100%

* Appl. Environ. Microbiol. August 2007 vol. 73 no. 16 5261-5267. doi : 10.1128/AEM.00062-07
Naive Bayesian Classifier for Rapid Assignment of rRNA Sequences into the New Bacterial Taxonomy.
Qiong Wang, George M.Garrity, James M. Tiedje and James R. Cole

** BMC Bioinformatics 2009, 10:421. doi:10.1186/1471-2105-10-421




Affiliation Strategy of FROGS

Blastn+ with “Multi-affiliation” management

Bacteria | Firmicutes| Clostridia | Clostridiales | Lachnospiraceae | Pseudobutyrivibrio | 16S unknown species

Bacteria| Firmicutes| Clostridia| Clostridiales | Lachnospiraceae | Pseudobutyrivibrio| 16S Butyrivibrio fibrisolvens

Bacteria | Firmicutes| Clostridia | Clostridiales | Lachnospiraceae | Pseudobutyrivibrio| 16S rumen bacterium 8/9293-9

Bacteria| Firmicutes|Clostridia | Clostridiales|Lachnospiraceae | Pseudobutyrivibrio| 16S Pseudobutyrivibrio xylanivorans

5 identical blast best hits on SILVA 123 databank




Affiliation Strategy of FROGS

Blastn+ with “Multi-affiliation” management

Bacteria | Firmicutes| Clostridia | Clostridiales | Lachnospiraceae | Pseudobutyrivibrio | 16S unknown species

Bacteria| Firmicutes|Clostridia | Clostridiales|Lachnospiraceae | Pseudobutyrivibrio| 16S Butyrivibrio fibrisolvens

Bacteria| Firmicutes| Clostridia| Clostridiales | Lachnospiraceae | Pseudobutyrivibrio| 16S rumen bacterium 8|9293-9

Bacteria| Firmicutes|Clostridia | Clostridiales|Lachnospiraceae | Pseudobutyrivibrio| 16S Pseudobutyrivibrio xylanivorans

FROGS Affiliation:

Bacteria | Firmicutes| Clostridia| Clostridiales | Lachnospiraceae | Pseudobutyrivibrio | Multi-affiliation
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85% of RDP iterations have affiliated the sequence

1St CO‘ u m n = R D P to the species « Psychrobacter immobilis »

#rdp_tax_and_bootstrap
Bacteria;(1.0);Actinobacteria;(1.0);Actinobacteria;(1.0);Bifidobacteriales;(1.0);Bifidobacteriaceas;(1.0);Metascardovia; (1.0);Metascardovia criceti DSM 17774
Bacteria;(1.0);Fibrobacteres;(1.0);Fibrobacteria;{1.0);Fibrobacterales;(1.0);Fibrobacteraceas; (1.0);Fibrobacter; (1.0);Fibrobacter succinogenes subsp. succing 45 585:(1.0);
Bacteria;(1.0);Firmicutes;(1.0);Bacilli;{1.0);Bacillales;(1.0);5taphylococcaceas; (1.0);Nosocomiicoccus; ( 1.0);unknown species;(0.92);
Bacteria;(1.0);Protecbacteria;(1.0);Gammaproteocbacteria;(1.0);Pseudomonadales; (1.0);Moraxellaceas; (1.0);Psychrobacter;{1.0);Psychrobacter immaobilis; (0.85);
Bacteria;(1.0); Thermotogae; (1.0); Thermotogae: (1.0); Thermotogales;(1.0); Thermotogaceae; (1.0);Petrotoga; (1.0):Petrot Nga mioctherma;(0.73);
Bacteria;(1.0);Protecbacteria;(1.0);Alphaproteobacteria;(1.0);Rhizobiales; (1.0);Phyllocbacteriaceae; (1.0);Pseudahrensia sunknown species; (0.77);
Bacteria;(1.0);Bacteroidetes;(1.0); Cytophagia;(1.0); Cytophagales;(1.0);Cytophagaceae; (1.0);Persicitalea; (1.0);Persici ngahamensis;(1.0);
Bacteria;(1.0);Protecbacteria;(1.0);Deltaprotecbacteria; (1.0);Bdellovibrionales; (1.0);Bdellovibrionaceas; (1.0);Bdellovib sllovibrio bacteriovorus;(1.0);

100% of RDP iterations have affiliated the
sequence to the genus « Psychrobacter ».
FROGS BIOM to TSV~ % Bootstrap values are between O and 1

 Abundance file

' Sequences file

tsv_file (tabular)
multi_affi_file (tabular)



How works RDP ?

/Query

Words 8 letters

k Words frequency

~

/

Words 8 letters

k Words frequency

J

|

Compare words frequencies ]

Affiliation




ow works RDP ?

/ Databank

Bacteria Eukaryota

Genus_A Genus_B Genus_C

Result:
Bacteria(100) ; Genus_A(50) ; Sp1(25)




The dysfunctions of RDP 7

/ Databank

Bacteria Eukaryota

Genus_A Genus_B Genus_C

sp 4 NN sp7[ ]

Sp 5 TN /

OTU query [T

Result:
?




The dysfunctions of RDP n°1 ?

/ Databank

~

Bacteria Eukaryota

Genus_A Genus_B Genus_C

sp 4 T
Sp 5 TN

OTU query T

Order dependent

Result:
Bacteria(100); Genus_A(33); sp1(33) OR Bacteria(100); Genus_B(66); sp5(33)



The dysfunctions of RDP n°2 ?

/ Databank

~

Bacteria Eukaryota

Genus_A Genus_B Genus_C

\ 900 species 100 species
D
OTU query Influenced by
heterogeneity in last

Result: ranks
Bacteria(100); Genus_A(90); spX(0.1) OR Bacteria(100); Genus_B(10); spX(0.1)




The dysfunctions of RDP n°3 ?

/Data bank

~

Bacteria Eukaryota

sp 4 DN 1
Sp 5 TS 1
Sp 6 I

OTU query T

Result:

ﬁ



The dysfunctions of RDP n°3 ? S—

/Databank \

Bacteria Eukaryota

sp + NI )
sp 5 I
sp 6 NI

OTU query [T
Influenced by the

Result: divergences position
Bacteria(100); Genus_A(50); sp1(20)
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2nd to 7th columns — Blast

blast_taxonomy blast_subject

Bacteria; Bacteroidetes; Flavobacteriia; Flavobacteriales; Flavobacteriaceae; Pibocella; Fibocella pont AYETEEE4, 1, 1447
Bacteria; Proteobacteria; Deltaproteobacteria; Desulfobacterales; Desulfobacteraceas; Desulfofrigus; Desulfofrigus oceanense AFD99064,1,1523
Bacteria; Protecbacteria; Alphaproteobacteria; Rhizobiales; Fhyllobacteriaceae; Pseudahrensia; Pseudahrensia aquimaris GLUETE117.1.1441

Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales; Hyphomicrobiaceae; Methylorhabdus; Methylorhabdus multivorans AFO04845,1.1337
Bacteria; Proteobacteria; Gammaproteobacteria; Methylococcales; Methylococcaceae; Methylovulum; Multi-affiliation multi-subject
Bacteria; Proteobacteria; Epsilonproteobacteria; Campylobacterales; Campylobacteraceas; Campylobacter; Campylobacter fetus  multi-subject
Bacteria; Proteobacteria; Gammaproteobacteria; Thiotrichales; Thiotrichaceae; Cocdeimonas; Cocleimonas flava AB495251.1.1512

Bacteria; Bacteroidetes; Cytophagia; Cytophagales; Flammeovirgaceae; Reichenbachiella; Reichenbachiella agariperforans multi-subjsct

Bacteria; Proteobacteria; Gammaproteobacteria; Aeromonadales; Succnivibrionaceae; Succnivibrio; Sucdnivibrio dextrinosolvens Y17600.1,1463

7
blast_perc_identity

blast_perc_query_coverage

blast_evalue

N\
blast_aln_length

100.0 100.0 0.0 421
100.0 100.0 0.0 427
100.0 100.0 0.0 401
100.0 100.0 0.0 400
100.0 100.0 0.0 425
100.0 100.0 0.0 40z
100.0 100.0 0.0 426
100.0 100.0 0.0 420
\ 100.0 1000 0.0 401J




2nd to 7th columns — Blast

DOMAIN

Kingdom
Phylum

Class
Order

blast_taxonomy blast_subject blast_perc_identity
Bacteria; Bacteroidetes; Flavobacteriia; Flavobacteriales; Flavobacteriaceas; Pibocella; Fibocella ponti AYET7E554.1,1447 100.0
Bacteria; Proteobacteria; Deltaproteobacteria; Desulfobacterales; Desulfobacteraceas; Desulfofrigus; Desulfofrigus oceanense AF099064,1,1523 100.0
Bacteria; Protecbacteria; Alphaproteobacteria; Rhizobiales; Phyllobacteriaceae; Pseudahrensia; Pseudahrensia aquimaris GUS75117.1.1441 100,00

100.0
Bacteria; Proteobacteria; Gammaproteobacteria; Methylococcales; Methylocoocaceas; Methylovulum; Multi-affiliation multi-subject 100.0
Bacteria; Proteobacteria; Epsilonprotecbacteria; Campylobacterales; Campylobacteraceas; Campylobacter; Campylobacter fetus  multi-subject 1000
Bacteria; Proteobacteria; Gammaproteobacteria; Thiotrichales; Thiotrichaceae; Cocleimonas; Cocleimonas flava AB495251.1.1512 100.0
Bacteria; Bacteroidetes; Cytophagia; Cytophagales; Flammeovirgaceae; Multi-affiliation ;Multi-affiliation multi-subject 100.0
Bacteria; Proteobacteria; Gammaproteobacteria; Aeromonadales; Succinivibrionaceae; Succnivibrio; Succnivibrio dextrinosolvens ¥17500.1.1463 100.0

Cluster_5 has 4 identical blast hits, with
different taxonomies as the species level

Family

Genus
Species

Subspecies

blast_perc_query_coverage
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

blast_evalue
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Does
Kennard
Play
Classical
Or

Folk
Guitar
Songs?

blast_aln_length
421
427
401
400
425
402
426
420
401




2nd to 7th columns — Blast

blast_taxonomy

Bacteria; Bacteroidetes; Flavobacteriia; Flavobacteriales; Flavobacteriaceas; Pibocella; Fibocella ponti

Bacteria; Proteobacteria; Deltaproteobacteria; Desulfobacterales; Desulfobacteraceas; Desulfofrigus; Desulfofrigus oceanense
Bacteria; Protecbacteria; Alphaproteobacteria; Rhizobiales; Phyllobacteriaceae; Pseudahrensia; Pseudahrensia aquimaris
Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales; Hyphomicrobiaceae; Methylorhabdus; Methylorhabdus multivorans

Bacteria; Proteobacteria; Gammaproteobacteria; Methylococcales; Methylocoocaceaes; Methylovulum; Multi-affiliation

blast_subject

AYS7E654.1.1447
AF099064,1.1523
GUS75117.1.1441
AFO04845.1.1337

multi-subject

blast_perc_identity
100.0
100.0
100.0
100.0
100.0

[ Bacteria; Froteobacteria; Epsilonprotecbacteria; Campylobacterales; Campylobacteraceae; Campylobacter; Campylobacter fetus

multi-subject

] 100.0

Bacteria; Proteobacteria; Gammaproteobacteria; Thiotrichales; Thiotrichaceae; Cocleimonas; Cocleimonas flava

Bacteria; Bacteroidetes; Cytophagia; Cytophagales; Flammeovirgaceae; Multi-affiliation ;Multi-affiliation

AB495251.1.1512
multi-subject

Bacteria; Proteobacteria; Gammaproteobacteria; Aeromonadales; Succinivibrionaceae; Succnivibrio; Succnivibrio dextrinosolvens ¥17500.1.1463

100.0

100.0
100.0

Cluster_6 has 38 identical blast hits, with
different taxonomies as the species level

blast_perc_query_coverage
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

blast_evalue
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

blast_aln_length
421
427
401
400
425
402
426
420
401




2nd to 7th columns — Blast

blast_taxonomy

Bacteria; Bacteroidetes; Flavobacteriia; Flavobacteriales; Flavobacteriaceas; Pibocella; Fibocella ponti

Bacteria; Proteobacteria; Deltaproteobacteria; Desulfobacterales; Desulfobacteraceas; Desulfofrigus; Desulfofrigus oceanense
Bacteria; Protecbacteria; Alphaproteobacteria; Rhizobiales; Phyllobacteriaceae; Pseudahrensia; Pseudahrensia aquimaris
Bacteria; Proteobacteria; Alphaproteobacteria; Rhizobiales; Hyphomicrobiaceae; Methylorhabdus; Methylorhabdus multivorans
Bacteria; Proteobacteria; Gammaproteobacteria; Methylococcales; Methylocoocaceas; Methylovulum; Multi-affiliation

Bacteria; Froteobacteria; Epsilonprotecbacteria; Campylobacterales; Campylobacteraceae; Campylobacter; Campylobacter fetus

Bacteria; Froteobacteria; Gammaproteobacteria; Thiotrichales; Thiotrichaceae; Cocleimonas; Cocleimonas flava

blast_subject
AYS7E654.1.1447
AF099064,1.1523
GUS75117.1.1441
AFO04845.1.1337
multi-subject
multi-subject
AB495251.1.1512

blast_perc_identity
100.0
100.0
100.0
100.0
100.0
100.0
100.0

[ Bacteria; Bacteroidetes; Cytophagia; Cytophagales; Flammeovirgaceae; Multi-affiliation ;Multi-affiliation

multi-subject

] 100.0

Bacteria; Proteobacteria; Gammaproteobacteria; Aeromonadales; Succinivibrionaceae; Succnivibrio; Succnivibrio dextrinosolvens ¥17500.1.1463

100.0

Cluster_8 has 2 identical blast hits, with
different taxonomies as the genus level

blast_perc_query_coverage
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

blast_evalue
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

blast_aln_length
421
427
401
400
425
402
426
420
401




Blast variables : e-value

The Expect value (E) is a parameter that describes the number of hits one can "expect" to see by
chance when searching a database of a particular size.

The lower the E-value, or the closer it is to zero, the more "significant" the match is.




Blast variables :
ast perc identity

|dentity percentage between the Query (OTU) and the subject in the alighment
(length subject = 1455 bases)

Score Expect Identities Gaps Strand

760 bits(411) 0.0 411/411(100%) 0/411(0%) Plus/Plus

fuery 1 TGEGERATATTGCACRATGEEEEEARCCCTGATGCAGCGACGCCEOGTIGOGEEATGRACGE 60
FEPETT ettt et e e e e e e et bbbl

Sbject 331 IGGGRRAATATTGCACAATGGGGGGARCCCTGATGCAGCGACGCCOGCGTGCGERATGACGE 390

Query 61 CCTTCGGGETTeT AR ACCGCTTTTAATTOGCAGCARGCAGTTTTACTGIGAGT GTACTTTT 120
FETTET R e e e e e e e e e e e e e eyl
Sbject 391 CCITCGGGITGTARACCGCTITIAATTGGGAGCAAGCAGTTITTACTGTGAGTGTACTTIT 450

Query 121 TGAATAAGCACCGGCTARCTACGTGCCAGCAGCCGOGETARTACCTAGGGTGCARGCGTT 180
FETTEEEEEr et e e e e e e e e e r e e eyl
Skjct 451 TIGAATAAGCACCGGCTARCTACGTGCCAGCAGCCGOGGTAATACGTAGGGTGCALRGCGTT 510

Query 181 GICCOGGRAATTATTGGGCGTARRGAGCTCOGTAGGCGETITIGICGOGICTIGETIGTIGAARGTC 240
FEEEETEErr et e e e e e e e e e e e eyl
Skject 511 GICCOGGRAATTATTGGGCGTARRGAGCTCOGTAGGCGEITIGICGOGICTIGETIGIGAARGTC 570 \\\‘ 4‘///

Query 241 CATCGCTTARCGGIGGATTITGCGCIGGGTACGEGCAGGCTAGAGTGTAGTAGEGGAGRCT 300
FELTEEEEEr e e e e e e ey et e e e eyl
Sbjet 571 CATCGCTITARCGGIGGATTITGCGCIGGGTACGGGCAGGCTAGAGTGTAGTAGEGGAGRCT 630

Query 301 GGRAATTCCCGGIGIAACGGTGRAATGTGTAGATATCGGCARGARCACCARTGECGARGEE 3460
FEETE R e e e e e e e e e e eyl
Sbjet 631 GRAATTCCCGGIGIAACGGTGGAATGTGTAGATATCGGCARGARCACCARTGRCGARGEE 690

Query 3681 AGGICICIGGGCTATGACTRACGCIGAGFAGCGARAGCGTGGGRAGCGARC 411
FEEDTETETEr et e et e e et r et e rrertny
Sbject 691 AGGICICIGGGCTATGACTRACGCIGAGFAGCGARAGCGTGEGRAGCGARC 741




Blast variables :
ast perc identity

|dentity percentage between the Query (OTU) and the subject in the alighment
(length subject = 1455 bases)

Score Expect Identities Gaps Strand
614 bits(332) Se-172 385/411(94%) 5/411(1%) Plus/Plus
fuery 1 TGEGERATATTGCRCAR TEEEEEEARCCCTGAT GCAGCGACGCCGCGTGOGEEATGACGE &0 ///7 ‘\\\

Ferrrreerrrererrrerer e trrre et e e e e
Sbjct 140728 TGGGGAARTATTGCACAATGGGCGARARGCCTGATGCAGCGACGCCGOGTGCGEGATGACGS 1407387

Query 61 CCTTCGGETITGTARACCGCTITTARTTGGGAGCARGCAGTTTTACTGTRAGTGTACTTTT 120
FEEETrerrrrr e e reerrrrerrrrt | I T rerrrrer i
Sbjct 140788 CCITCGGGITGIARRCCGCITITGATIGGRAGCARGC-G——--AGAGTGAGTGTACCTIT 140842

Query 121 IGAATAAGCACCGECTARCTACGT RCCAGCAGCCGCGETARTACGTAGGGTGCAAGCGTT 180
FEEETEEEErrr et e e e e et e e e e et
Sbjct 140843 CRRATARGCACCGGCTARCTACGTGCCAGCAGCCGCGETARATACGTAGSGIGCARGCOGTT 140902

Query 181 FICCEEAATTATIGEECETARAGAGCTCGIAGEUGEITIGICGCGICTGETIGIGARRGTC 240

Ferrrrerrrreerrrrr e reerrreerrrre e trrr e e
Sbjct 140503 ATCCGEAATTATTGGGCOGIAARAGRGCICGIAGECGGITCGICGCGICIGEIGTIGARAGTIC 1409462 \\\‘ ‘///
Query 241 CATCGCTTAACGEIGEAT I TGCGCIGEEIACGEECAGGCT AGAGTGTAGTAGGGGAGACT 300

Ferrreeerrrererrrr e eerrreerrr e reeer e errnd
Sbjct 140963 CRAICGCITARCGGIGGATCIGOGCCOGEETIACGEECGERCTIGEAGTIGCEETAGGEGAGACT 141022

Query 301 FERATTCOCGETGTARCGETGEAAT G TCTAGATATCGGCARGRRCACCARTGGCGARGEC 360
FEEETEErrrr e e e e e e e et
Sbjct 141023 GRAATTCCOGGIGTIAACGGIGERAATGIGTAGATATCGEGARGRARCACCRARTGGOGARGEE 141082

Query 361 AGGTCICTGEGCTAT GACTGACGCT RAGGAGCGRARACCETGGLAGCGARC 411

Feerreerrrrr ot rrrerrr et re e e e
Sbjct 141083 AGGICICTGEGCCGITACTGACGCTRAGGAGCGRARAGCETGRGLAGCGARC 141133




Blast variables :
ast perc query coverage

Coverage percentage of alignment on query (OTU)

Scora Expeact Identities Gaps Strand

760 bits(411) 0.0 411/411(100%) 0/411(0%) Plus/Plus

Query <:::> TGEGERATATTGCRCAR TGEEEEEARCCCTGAT GCAGCGACGCCGCGTGOGEEATGACGE &0
FETTLEE e et e ettt e e ettt

Sbjct 331 TIGGGGRATATTGCACARATGGGGGGAACCCTGATGCAGCGACGCCGCGTIGOGEEATGACE: 350

Query &1 CCTTCGGETITETARACCGCTITTAATTGGGAGCARGCAGTTTTACTGTGAGTGTACTTTT 1240

FELETEEEErr e e e e e e e e e e e ernnd
Sbject 391 CCTICGGGITGIARACCGCTITTAATTGGGAGCARAGCAGTTTTACTGTGAGTGTACTTTT 450

Query 121 TGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGETARTACGTAGGGTGCAAGCGTT 180
FEEETEEEErr e e e e e e e e e e e et
Skjct 451 TGAATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGETAATACGTAGGGTGCAAGCGTT 510

Query 181 GICCGGAATTATTGGGCGTARAGAGCTCGTAGGCGEITIGICGCGICTIGGTGIGARRGTC 240

FEEETEEEErr et e e e e e e e e e ernnd
Skjet 511 GICCGGRAATTATTGGGCGTARAGAGCTCGTAGGCGGITIGICGCGICTIGGTGIGARRGTC 570 \ /

Query 241 CATCGCTTAACGGIGGATTTGCGCIGEGTACGEGCAGGCTAGAGTGTAGTAGGGGAGACT 300
FELETEEEErr et e e e e e e e e ernnd
Sbjet 571 CATCGCTITAACGGIGGATTTGCGCIGEGTACGEGCAGGCTAGAGTGTAGTAGGGCGAGACT 630

Query 301 GGAATTCCCGGIGTAACGGTGGAATGTGTAGATATCGGCARGRACACCAATGGCGARGEC 360

FEETTEEEErr e e e e e e e e e e et
Sbjet 831 GGAATTCCCGGIGTAACGGTGGAATGTGTAGATATCGGCARGRRACACCAATGGCGARGEC 6590

Query 361 AGSTICICIGGECIATGACTGRACGCIGAGGAGCFARAGCGTFEEEAGCEAMC

FELLTEEETE e et e et e e e et e ety
Sbjct 691 AGGTICICIGGGCIATGACTRRACGCIGAGGAGCFARAGCGTRGERAGCRALC 741




Blast variables : blast-length

Length of alignment between the OTUs = “Query” and “subject” sequence of database

OTUl 100 98 400

OTU2 100 98 500 < | ]




Divergence on the composition of microbial
communities at the different taxonomic ranks

. Taxonomic | Average Average
RDPClassifier . ranks divergence of the | divergence of the
M/ affiliations of the | affiliations of the
NCBI blastn+ 10 samples (%) 10 samples (%)
500setA 100setA
Kingdom 0.00 0.00
Phylum 0.46 0.41
Class 0.64 0.50
Order 0.94 0.68 Report on
Familly 1.18 0.78 abundance tab|e’
Genus 1.76 1.30 | Identlcal | the multiple
Speci 23.87 34.80 q q .. .
PEEE V3-V4 m identical affiliations




Only one best hit

Multiple best hit

Taxonomic | Average Average Taxonomic
ranks divergence of the | divergence of the ranks
affiliations of the affiliations of the
10 samples (%) 10 samples (%)
500setA 100setA
Kingdom 0.00 0.00 Kingdom
Phylum 0.46 0.41 Phylum
Class 0.64 0.50 Class
Order 0.94 0.68 Order
Familly 1.18 0.78 Familly
Genus 1.76 1.30 Genus
Species 23.87 34.80 Species
Taxonomic
ranks
With the

FROGS guideline

Kingdom

Phylum
Class
Order
Familly

Genus

Species

Median
divergence of the
affiliations of the
10 samples (%)

0.00
0.46
0.64
0.93
1.17
1.60
6.63

Median \

divergence of the
affiliations of the
10 samples (%)

0.00
0.38
0.57
0.81
1.08
1.43
1.53

Median
divergence of the
affiliations of the
10 samples (%)

0.00
0.41
0.50
0.68
0.78
1.00
5.75

Median \

divergence of the
affiliations of the
10 samples (%)

0.00
0.38
0.48
0.64
0.74
0.76
0.78




Careful: Multi hit blast table is non exhaustive |

" Chimera (multiple affiliation)
" V3V4 included in others

= Missed primers on some 16S during database building




Do not forget, with filter tool

i In
we can filter the data put

FROGS Filters (version 1.1.0)

Sequences file:

I 12: FROGS Remove chimera: non_chimera fasta | Fasta sequences and its
The seguence file to filter (format: fasta), . . o
corresponding abundance biom files

Abundance file:
| 15: FROGS affiliation OTU: affiliation.biom |
The abundance file to filker (format: BIOM],

¥** THE FILTERS ON RDP:

I Apnply filkers 'I

If you want to filter OTUs on their taxonomic affiliation produced by RDP.

Rank with the bootstrap filter: FI |ter 2 & 3:
IDDmain 'I . .
affiliation

Minimum bootstrap %o (between 0 and 1):

0.8

**% THE FILTERS ON BLAST:

I Lpply filkers vI

If you want to filker OTUs on their taxonomic affiliation produced by Blast,

Maxzimum e-value (between 0 and 1}:

Fill the field only if you want this treatment
Minimum identity % (between 0 and 1):
0.95

Fill the field only if you want this treatment
Minimum coverage % (between 0 and 1):

0.95|
Fill the field only if you want this treatment

Minimum alignment length:
400
Fill the field only if you want this treatment




Affiliation Stat




FROGS Demultiples reads »® . .
Demultiplexing

Barcode file

Select fastg dataset

dermultiplexed_archive (data)
undermultinlexed_archive (data)

summary (tabular)

Upload File from Genotoul x FROGS Pre-process x FROGS Clustering swarm

outl (bam, txt, tabular, Archive file Sequences file
fastgsanger, csfasta, qual, bed, off,
gtf, wcf, sam, fasta, pdf, xsq, tar.gz,

dereplicated_file (fasta) Count file

b, png, sff, pileup, pileupgz, zip) count_file (tabular) seed_file (fasta)
surmmary_file (html) abundance_biom (hiom1)

Data aCQUISItIOI'I swarms_composition (tabular)

Pre-process -

FROGS BIOM o TSW X FROGS Clusters stat %
Abundance file Shundance file
Sequences file summary_file (html)

tsy_file (tabular)

rulti_affi_file (tabular) Cluster
Statistics

Convert to TSV

FROGS Affiliations stat %

LShundance file

FROGS Remove chimera
Sequences file

Ahundance file

surmmaty_file (ktml)

Affiliation
Statistics

»® FROGS affiliation OTU 3%
OTU seed sequence

Abundance file

non_chimera_fasta (fasta)
out_abundance_biom (hiom1)
out_abundance_count (tabular)

summary_file (htrml)

Chimera

biom_affiliation (hiom1)

summary (htrml)

Affiliation

FROGS Filters x
Sequences file

Shundance file

output_fasta (fasta)
output_biorm (hiom1)

output_excluded (tabular) Filters

output_surmary (html)




FROGS Affiliations stat (version 1.1.0)

FROGS Affiliations stat (version 1.1.0)

Abundance file:

I 93: FROGS Affiliation OTU: affiliation.biom
0OTUs abundances and affiliations (format: BIOM),

Rarefaction ranks:

|Class Order Family Genus Species

The ranks that will be evaluated in rarefaction, Each rank is separated by one space.

Affiliation processed:
FROGS hblast =

iliation processed. If your affiliation has been processed with an external tool: use 'Custom’,

Abundance file:

| 93: FROGS affiliation OTU: affiliation.biom |
OTUs abundances and affiliations (format: BIOM),

Rarefaction ranks:

|Class Order Family Genus Species
The ranks that will be evaluated in rarefaction, Each rank is separated by one space,

ffiliation processed:
FROGS rdp =

lation processed. If your affiliation has been processed with an external toal: use 'Custom’,

Taxonormy distribution

Alignment distribution

Taxonormy distribution Bootstrap distribution

Affiliation processed:
Custom -
Select the type of affiliation processed. If your affiliation has been processed with an external tool: use 'Custom’.

Taxonomic ranks:

|Domair| Phylum Class Order Family Genus Species
The ordered taxonomic ranks levels stored in BIOM. Each rank is separated by one space.

Taxonomy tag:

|taxor'|om'yr |

The metadata title in BIOM for the taxonomy.

Bootstrap tag:

The metadata title in BIOM for the taxonomy bootstrap.

Identity tag:

The metadata tag used in BIOM file to store the alignment identity.

Coverage tag:

The metadata tag used in BIOM file to store the alignment OTUs coverage.




-_ Sigenae - Welcome mbernard Jat:

ool Taxonomy distrioution Alignment distrioution History o N
RAD3TCTY STACKS

imported: SOOWEPL_seth [
RADseqSTACKS importe _se .
451.3 MB &=

METHYLATION - BISULFITE
Bisulfite BISMARK

106: FROGS Clusters stat: @ § 8
summary.html|

DEEPTOOLS
deepTools 105: report _download @ %
FROGS - FIND RAPIDLY OTU Show [10 ~| entries Search: 103: ¥search Clusters stat @ ¢ &
WITH GALAXY SOLUTION = @R
. 102: FROGS Affiliations stat:
ineli Taxonomies by sample

FrUGS pipeling v
FROGS pipeline ¥ P summary.html

FROGS Upload archive fram 209,1 KB

your computear ”  Ssamples “ Nb domai Nb phylum Mb class Nb order Mb family Nb genus Nb species Nb sequences farmat: html, database: 7

FROGS Demultiplex reads ## Application Software:

Split by samples the reads in W \500taxas_with_Error_Power_Law-01-reads 1 29 59 128 243 491 492 81472 affiliations_stat.py (version: 1.1.0)
FREHER @ (AR berEEes. Command: fusrflocalfbioinfo

) ¥ 00taxas_With_Errar_Power_Law-02-reads 1 29 59 130 243 491 492 B2 466 fsrefoalary-dev/galaxy-dist/tools
FROGS Pre—g. rocess St.ep lin fFROGS/tools/affiliations_stat.py
PIEEEEEMMICS S| M /500taxas_with_Errar_Power_Law-03-reads 1 29 59 130 243 491 493 82,159 —input-biom /galaxydata/database

denoising and dereplication. Hilesf054/dataset_54829.dat

—-output-file fwork/galasy-dev/data

FROGS Clustering swarm 500taxas_With_Errar_Power_Law-04-reads 1 29 59 130 243 491 492 51,985 =]} .
Step 2 in metagenomics U &A=
SREWES 8 EEEn) S00taxas With_Error_Power_Law-05-reads 1 29 59 130 241 487 488 82,039 WML file

FROGS Remove chimera Step

3 in metagenaormics analysis : E00taxas_With Error_Power Law-06-reads 1 29 59 130 244 493 494 a1,758

101: swarm cluster stat ® 8

r
r
r
Remowve PCR chimera in each
sample. [T S00taxas_‘With_Errar_Power_Law-07-reads 1
r
r
r

29 g8 130 244 481 492 81,714 100: FROGS BIOM to std ® R
FROGS Filters Filters OTUs on BIOM: blast metadata.tsy
several criteria. 500texas_With_Error_Power_Law-08-reads 1 29 58 129 243 493 494 82,255
FROGS Affiliation OTU Step 4 99: FROGS BIOM to std ® 8
i metapEnemics snalsis | 500taxas, With_Error_Power_Law-09-reads 1 29 59 130 244 493 494 52,113 BIOM: abundance.biom
Taxonomic affiliation of each o0 R
OTU's seed by RDPtools and S00taxas Wik Errar Power | aw-10-reads } Bl 58 128 240 487 489 82 300 e FIROEE b0l D 1150
BLAST B N\ B B multi hits.tsv

FROGS BIOM to TSV Converts With selection: Class i arefaction i distribution 97: FROGS BIOM to TS¥: @ ¢/ R
a BIOM file in TSW file. abundance.tsw

FROGS Clusters stat Process

: Showing 1 to 10 of 10 entries Frevious 1 Mext 96: FROGS Affiliations statt @ § &
some metrics on clusters,
L summary.html
FROGS Affiliations stat 285.0 KB
Process some metrics on format: html, database: 2
taxonomies. ## Application Software:

affiliations_stat.py (version: 1.1.0)

FROGS BICOM to std BIOM o
me Command: fustflocal/bioinfo

Converts a FROGS BIOM in hd




-_ Sigenae - Welcome gpascal

Tools

Split by samples the reads in
function of inner barcode.

FROGS Pre-process Step 1in
metagenomics analysis:

denoising and dereplication.

FROGS Clustering swarm
Step 2 in metagenomics
analysis : clustering.

FROGS Remove chimera Step
3 in metagenomics analysis @
Remove PCR chimera in each
sample.

FROGS Filters Filters OTUs on
several criteria.

FROGS Affiliation OTU Step 4
in metagenomics analysis :
Taxonomic affiliation of each
OTU's seed by RDPtools and
BLAST

FROGS BIOM to TSV Converts
a BIOM file in TSV file.

FROGS Clusters stat Process
some metrics on clusters.

FROGS Affiliations stat
Process some metrics on
taxonomies.

Taxonomy distribution

[100%)]

[95% - 1008

[90% - 95%[

Coverage

[80% - 0%

[50% - 80%[

[0% - 50%[

Alignment distribution

[0% — 503

Number of OTUs among their alignment results

1] o o 22
0 0 L] 20
0 0 0 10
0 0 0 2
1] o o 1]
0 0 L] 0
[50% - 80%] [80% - 90%[ [90% - 95%] [95% - 100%]
|dentity

by QTUs

by sequences

89

[100%]

25

50

73

100

History - 0

Formation 9samples
20.3 MB &/ =

21: FROGS BIOMto @ { &
TSV: multi hits.tsv

20: FROGS BIOMto ® { &
TSV: abundance.tsv

19: FROGS Affiliations & § &
stat: summary.html

230.0 KB

format: html, database: 2

## Application Software:
affiliations_stat.py (version:
1.1.0) Command: fusr/local
/bioinfo/src/galaxy-dev/galaxy-
dist/tools/FROGS/tools
Jaffiliations_stat.py --input-biom
Jaalaxydata/database/files
J060/dataset_60522.dat
--output-file /work/galaxy-
dev/data

BOO A

HL file

18: FROGS Affiliation <@ { 3
OTU: report.html




Available only after
AFFILIATION TOOL

-

N\

Samples size ~8500
sequences

~

)

Rarefaction tab

Rarefaction

Rarefaction curves

250

200

150

Mb Family

100

50

Tk 2k 3k 4k S5k Gk 7k gk

Mb sampled sequences

-0 demofrogs_samplel -+ demofrogs_sample? demofrogs_sample3

demoFrogs_sampled - demoFrogs_sample5

The curve continues
torise

/ The number of \

sequences per
sample is not large
enough to cover all

families

of the bacterial
\ %




Available only after
AFFILIATION TOOL Rarefaction

4 ) _ 4 )
Rarefaction curves The curve slows to
Samples size ~85 000 . rise with ~50 000
sequences sequences
NG / NS /
w 500 — -y
=
% 250 //r i\\
With 60 000
o sequences, we catch

10k 20k 30k 40k S0k &0k 70k 50k
almost all genus of

Mb sampled sequences bacteria

& 500taxas_With_Error_Power_Law—01—reads \ /
=+ 500taxas_With_Error_Power_Law—02-reads

500taxas_With_Error_Power_Law—03-reads
== 500taxas_With_Error_Power_Law—-04-reads

2= S0raxas_With_Error_Power_Law—05%—reads




Taxa distribution Taxa distribution

root | Bactetia 1mo  Firmicutes sz]

Zoom in on
firmicutes

Detail on selected:

Detail on selected:

ame Size Global % Parent %

Hame Size Global % Parent %
root 248197 root 246197
Bacteria 246197 100000 100.000 Biacteria 246197 1000000 100.000
Proteobacteria 105524 42862 42862 Firmicutes 20212 5210 .10
Detaprotecbacteria 35957 14 517 34103 Cloztridia 12142 4932 BO.O73
Dezulfobacterales 32328 1313 $9.832 Clostridiales 10385 428 85.530

Dezulfobactarales nb children: 2

Clostridiales nb children: 20

Font size:|1 s :I Colors start depth:|2 :I Close Font size:m Colors start demh:m Cloge



Taxonormy distribution Eootstrap distribution
Number of sequences by bootstrap on affiliation

100k [1 0]

Domain: 81 838 sequences
Fhylurm: 81 838 sequences
Zlaz=: #1 B38 sequences

B0k B0 955 sequences
Family: #9 701 sequences
Denus: FB 378 sequences
U gk 42 729 sequences
o
=
[y
b
0 40k
=
20k
Dk | [
[0% - S0%] [50% - B0%[ [B0% - 90%] [90% - 95%] [95% - 100%] [100%]
[ Domain [ Phylum M Class Order M Family M Genus Lpecies

by OTUs




Taxonomy distribution Alignment distribution

Number of OTUs among their alignment results

]
[100%] ] 0 (1] (1] [
25
[95% - 100%] 0 0 (4] (1] 1 1
w o [90% - 5% [V} [V} i 1] (1] i}
&n 50
E
5
0 [80% - 0% 0 0 (4] (1] (4] (4]
L
[50% — B0%[ 0 0 0 (1] (] 0
[o9 — 50%] 1] 1] (1] (1] (] 0 -
[0% — 50%] [50% — S0%[ [B0% — S0%[ (205 — 95%[ [95% - 100%] [100%]
|dentity
by OTUs

by sequence




Taxonomy distribution Alignment distribution

Number of sequences among their alignment results

[100%] 0 (] (V] o 1657 74495
-
Identity: 4%
[95% — 100%] [V} 0 1] 1] Coverage: 5% T
Nb sequences: 1657
u [90% - 95%] (1] [i] (1] [i] o o
i
:
i [B0% - 90%[ (1] L1} 1] [1] 1] [1]
[So8 - B0%] [1] L1} 1] [1] i1 [1]
[o% — S0%[ [1] L1} 1] [1] i1 [1]
[0%6 — SO [50% — S09[ [30% — 20%[ [90% — 953%[ [95% — 100%[ [100%]

|dentity

m

L

20k

40k

60k

B0k



Normalization




FROGS Demultiples reads »® FROGS Abundance normalisation

. Demultiplexing . FROGS Affiliations stat %
Barcode file Sequences file
. Abundance file
Select fastg dataset Abundance file
demultiplexed_archive (data) output_fasta (fasta) summary_file (htmi)

undermultinlexed_archive (data) output_biom (hiom 1)

Affiliation
summary (tabular) summary_file (html) Statistics

Lpload File from Genotoul »® FROGS Pre-process »® FROGS Clustering swarm FROGS Rermove chimera »® FROGS Affiliation OTU %
outl (bam, txt, tabular, Archive file Sequences file Sequences file OTU zeed sequence
fastgsanger, csfasta, qual, bed, off, ) i ' ! ;
gtf, wof, sam, fasta, pdf, xsq, tar.gz, dereplicated_file (fasta) Count file Ahundance file ahundance file
bw, pna, ff, pileup, pileupgz, zip) count_file (tabular) seed_file (fasta) non_chimera_fasta (fasta) biam_affiliation (biom1)
summary_file (html) abundance_biom (biom1) out_abundance_biom (biom1) surmmary (html)
Data acquisition .
9 swarms_compaosition (tabular) out_sbundance_count (tabular) Affiliati
- iliation
Pre plelE= - summary_file (htrml)
Chimera
FROGS Filters x
FROGS BIOM to TSW M FROGS BIOM to std BIOM % FROGS Clusters stat %
: Sequences file
Abundance file Ahundance file Shundance file .
' i Shundance file
Sequences file output_biom (biom1) summary_file (html)
. output_fasta (fasta
teyv_file (tabular] output_retadata (tabular) PHL- I: :I
multi_affi_file (tabular) Cluster output_biam (biam 1)
Convert to Statistics output_excluded (tabular) Filters

Convert to TSV standard Biom output_summary {html}




Normalization

Conserve a predefined number of sequence per sample:
update Biom abundance file

update seed fasta file

May be used when :

Low sequencing sample

Required for some statistical methods to compare the samples in pairs
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FROGS Demultiples reads »® FROGS Abundance normalisation

. Demultiplexing . FROGS Affiliations stat %
Barcode file Sequences file
. Abundance file
Select fastg dataset Abundance file
demultiplexed_archive (data) output_fasta (fasta) summary_file (htmi)

undermultinlexed_archive (data) output_biom (hiom 1)

Affiliation
summary (tabular) summary_file (html) Statistics

Lpload File from Genotoul »® FROGS Pre-process »® FROGS Clustering swarm FROGS Rermove chimera »® FROGS Affiliation OTU %
outl (bam, txt, tabular, Archive file Sequences file Sequences file OTU zeed sequence
fastgsanger, csfasta, qual, bed, off, ) i ' ! ;
gtf, wof, sam, fasta, pdf, xsq, tar.gz, dereplicated_file (fasta) Count file Ahundance file ahundance file
bw, png, sff, pileup, pileupgz, zip) count_file (tabular) seed_file (fasta) non_chimera_fasta (fasta) biorm_affiliation (biom1)
summary_file (html) abundance_biom (biom1) out_abundance_biom (biom1) surmmary (html)
Data acquisition o
9 swarms_compaosition (tabular) out_sbundance_count (tabular) Affiliati
- iliation
Pre plelE= - summary_file (htrml)
Chimera
FROGS Filt x
FROGS BIOM fo TS % FROGS BIOM to std BIOM % FROGS Clusters stat # FROGS TSV to BIOM X e
Abundance file Abundance file Ashundance file Abundance TSV File sequences fils
, S . Abundance file
Seguences file output_biom (biom1) summary_file (html) Multi_hits TSV File
tsv_file (tabular) output_metadata (tabular) biom_file (biom1) output_fasta (fasta)
multi_affi_file (tabular) Cluster sequence_file (fasta) output_biom (biom1)
Convert to Statistics output_excluded (tabular) Filters
Convert to TSV standard Biom Convert TSV to output_summary (html}

Biom




TSV to BIOM

After modifying your abundance TSV file you can again:
generate rarefaction curve
sunburst

Careful :

do not modify column name
do not remove column
take care to choose a taxonomy available in your multi_hit TSV file

if deleting line from multihit, take care to not remove a complete cluster without removing all
"multi tags" in you abundance TSV file.

if you want to rename a taxon level (ex : genus "Ruminiclostridium 5;" to genus
"Ruminiclostridium;"), do not forget to modify also your mult_hit TSV file.




TSV to BIOM

FROGS TSV to BIOM (version 1.0.0)

Abundance TSV File:
29: FROGS BIOM to TSV abundance.tsv -
Your FROGS abundance TSV file. Take care to keep intact column name.

Multi_hits TSV File:

30: FROGS BIOM to TSV multi_hits.tswv -
T3V file describinh multi blast hit.

Extract seed FASTA file:

B

If there is a 'seed_sequence’ column, yvou can extract seed sequence in a separated FASTA file.




Tool descriptions




O what it does

FROGS Pre-process filters and dereplicates amplicons for use in diversity analysis.

O Inputs/Outputs

Inputs
By sample your sequences and their qualities.

Illumina inputs

Usage: The amplicons have been sequenced in paired-end. The amplicon expected length is
inferior than the R1 and R2 length. R1 and R2 can be merge by the common region.
Files: One R1 and R2 by sample (format EASTO)

Example: spla_R1.fastq.gz, splA_R2.fastg.gz, splE_R1.fastg.gz, splB_R2.fastg.gz
R
Usage: The single end sequencing cover all the amplicons or the R1 and R2 have already been

overlaped.

Files: One sequence file by sample (format EASTO).
Example: splA.fastg.gz, splB.fastg.gz

454 inputs

Files: One sequence file by sample (format FASTO)
Example: splA.fastg.gz, splB.fastg.gz

These files must be added sample by sample or provide in an archive file (tar.gz).

Remark: In an archive if vou use R1 and R2 files they names must end with _R1 and _R2.



Outputs
Sequence file (dereplicated.fasta):

Only one file with all samples sequences (format EASTA). These sequences are dereplicated: stricthy identical sequence are
reprezented only one and the initial count is kept in count file.

Count file (count.tsv):

This file contains the count of all unig sequences in each sample (format TSVY).

Summary file (excluded_data.html):

This file presents the ordered filters and the number of sequences passing these (format HTML).

Filtering summary =
400k
M0k
§
]
]
H
ik
belwe proceds oserapped with expeciad kength with ' wrimer with ¥ primer with un-e-::bjl-en:v- it M
I amsamples
Show 10 « entries Search:

Filtering by sample
Sample * before process overlapped  with expecied length with 5" primer  with 3’ primer  with expected length (2] without N
sampled 90,126 50,126 90,126 B9 ST 69,657 89,687 B9,687

sampleB 213043 209,801 o o 0 0 o

Showing 1 to 2 of 2 eniries Previous 1 Mext




© How it works

Steps

Illumina

For uncontiged data: contig readl and read2 with a
maximum of 10% mismatch in the overlaped region (FLASH)

Filter contig sequence on its length which must be between
Minimum amplicon size" and "Maximum amplicon size"

Remove sequences where the two primers are not persent
and remove primers sequence (cutadapt). The primer
search accept 10% of differences

Filter sequences an its length and with ambiguous nucleaotids

Dereplicate sequences

454

Remove sequence where the two primers are not persent,
remove primers sequence and reverse complement the
sequences with strand - (cutadapt). The primer search
accept 10% of differences

filter sequences an its length, with ambiguous nucleotids,
with at least one homopolymer with size =7nt and with

distance between two poor qualities ()= 10) of <= 10 nt

Dereplicate sequences




O Advices/details on parameters

Primers parameters

The primers must provided in 5' to 3' orientation.

Example:
5' ATGCCC GTCGTCGTAAAATGC ATTTCAG 3
Value for parameter 5' primer: ATGCC
Value for parameter 3' primer: A CAG
Amplicons sizes parameters
The two following images shown two examples of perfect values fors sizes parameters.

Amplicons size

1250

az1s uodidiue xep

1000

730

azis uodid .ue iy

JZ15 Uoh|dwe pajdadxy

Mumber

500

250

0 -

L T T T O T, TR . T T o T T e T T o, T o, T,
R U 1 e SN o S M B W ).

Size

Amplicons size




Workflow creation




Workflow Canvas | frogs v1.0 o Details

Tool: (beta) FROGS Filters

(beta)
Version: 1.0.0
(beta) FROGS Clusters stat x
. (beta) MNone: ¥
(beta) FROGS Clustering swarm X%
) EItI}EtE?) FIE;)GtS}Pre—pmcess x (beta) ) Cluster file ‘ Biom File
Upload File x | umina (beta Data input 'biom’' {txt)
outl (bam, txt, fastgsanger, | - Archive file | ' Fasta File
: o Count file

csfasta, qual, bed, aff, gtf, vcf, sam,

Data input 'fasta' (fasta
fasta, pdf, xsq, tar.gz, bw, pna) P ( )

|' : dereplicated_file (fasta)

Remove phiX: v

| ) abundance_biom (txt)
|
]

*' Sequences file ‘ ‘ summary_file (html)
]

count_file (tabular) .
seed_file (fasta) (beta) FROGS Remove chimera %
summary_file (html) - (beta)
swarms_composition (tabular) PhiX databank: ¥
| phix -

- Abundance file

*¥** THE FILTERS ON OTUS
IN SAMPLES, OTUS SIZE and
SEQUENCE PERCENTAGE :

Apply filters -

non_chimera_fasta (fasta)

out_abundance_biom (txt)

(beta) FROGS Filters (beta) X out_abundance_count (tabular)
--Remove OTUs that are not

) Sequences file ‘
!
|
|
|

summary_file (html)

I' Biom File present at least in XX
" Fasta File samples; how many samples
do you choose? : v
summary (=t 2
ry (bd) | (beta) FROGS Affiliation otu 165 X ]
fasta_output (fasta) I LEs (beta) FROGS Clusters stat x --When sorted by abundance,
web (html) ) 1 OTU abondance in biom format (beta) how many OTU do you want
. I d | . 1 to keep 2: ¥
biom_output (txt) I ' OTU seed sequence in fasta format ' Cluster file I:l
krona (html) 2 biom_affiliation (txt) 3 summary_file (html) .
| --proportion/number of
summary_file (html) 7 sequences threshold to
(beta) FROGS Clusters stat x remove an OTU: v
eta usters sta
‘ (beta) 0.0000:

+ Cluster file ‘ *%% THE FILTERS ON RDP :

No filters -

summary_file (html)

*** THE FILTERS ON BLAST :
No filters -




Your Turn! —9

EXERCISE 9

o ... ... _....-."".-.cC. . . . O 2. . 2. ... ... .."© OO ... .. . ...° 9.9 .99 .99 9. . 9. . 9. 9. ..,



FROGS_april_2016_Pratice.pptx#61. Exercise 9

Download your data




This tool will save your datasets in your
work on genotoul

You have to download one per one your files (/work/username/dataset-archive-
XXX.tar.gz). Then, you could work on these

files in your work on Genotoul.

55: FROGS Affiliation @ { ¥

Download my Galaxy dataset (version 1.0)

0OTu:
excluded data report.html Directory on Genotoul { /fwork/username/DIRTOCOMPLETE/):
11.4 KB Jwork/gpascal/
format: html, database: ? 9P
## Application Software: Your file to upload in your work:
affiliation_OTU.py (version: 0.4.0)
Command: Jusr/local/bicinfo 51: FROGS BIOM to TSV: abundance.tsv v
ﬁ;cé%i}l??ﬁﬁ:;gfaéﬁ;jftftmlE O R Name of your file (name.extension):
——reference fﬁavefgamxy_ abundance_table_100WEP L.tsvi
test/bank/FROGS/silva_119-1
Iprokaryores ohers Tles Careful, this option do
{?;;igé;i;l_pmkawntes.fasta Add new Others files é .
not work very well

= ®© 7=

HML Tile




Some figures




Some figures - Fast

_ TIME with complete pipeline without Filters

50 000 40 min
400 000 4 hrs
3 500 000 2 days

10 000 000 5 days




Speed on real datasets

9 600 000 sequences of a complete MiSeq run /
Preprocess : 9 300 000 sequences ~ 15 min
/
Swarm clustering : 680 000 clusters ~ 10 hrs
/
Chimera removal : 556 700 non-chimeric cl.. ~ 15 min

Filtering™: 556 200 OTUs

*Filter OTU abundances at 0.005%

SINoy IT ~

PhiX removal ~8 min

/

RDP affiliation ~ 25 min

Blast affiliation ~ 5 min

.5




Simulated datasets, for testing FROGS’
Accuracy

Dacteria ««

- 500 species, covering all bacterial phyla

- Power Law distribution of the species abundances
- Error rate calibrated with real sequencing runs
- 20% chimeras

- 10 samples of 100 000 sequences each (1M sequences)

Simulated dataset : 1M sequences
J
SWARM : 109 000 clusters
Y
VSEARCH: 21 000 clusters
J

filters : 0.005% 505 OTUs



FROGS’ Accuracy

10 artificial samples of 100 000 sequences

25 sets of species

20, 100, 200, 500 or 1000 different species
power law or a uniform distribution

5 to 20% of chimera

1.10*!! sequences were treated with FROGS, UPARSE and MIOTHUR, with their guidelines, to
compare their performances

— Divergence on the composition of microbial communities at the different taxonomic ranks




FROGS’ Accuracy
— divergence at “genus” rank
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FROGS’ Accuracy
o~ LOST & False OTU
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FROGS’ Accuracy
— Lost & False OTU

V4v4 Power Law
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Conclusions




Why Use FROGS ?

User-friendly

. Fast

454 data and lllumina data

=  sequencing methods change but same tool
= easier for comparisons
=  Clustering without global threshold and independent of sequence order
=  New chimera removal method (Vsearch + cross-validation)
=  Filters tool
= Multi-affiliation with 2 taxonomy affiliation procedures
= Cluster Stat and Affiliation Stat tools
=  Alot of graphics

* Independant tools




How to cite FROGS

In waiting for the publication:

Pipeline FROGS on http://sigenae-workbench.toulouse.inra.fr/

Poster FROGS: Escudie F., Auer L., Bernard M., Cauquil L., Vidal K., Maman S., Mariadassou M.,
Hernadez-Raquet G., Pascal G., 2015. FROGS: Find Rapidly OTU with Galaxy Solution. In:
Environmental Genomics 2015, Montpellier, France,

http://bioinfo.genotoul.fr/fileadmin/user upload/FROGS 2015 GE Montpellier poster.pdf



http://sigenae-workbench.toulouse.inra.fr/
http://bioinfo.genotoul.fr/fileadmin/user_upload/FROGS_2015_GE_Montpellier_poster.pdf

To contact

FROGS:

frogs@toulouse.inra.fr

Galaxy:

sigenae-support@listes.inra.fr

Newsletter — demande d’abonnement:

mailto:sympa@listes.inra.fr?subject=sub%20frogs-newsletter

frogs-newsletter-request@listes.inra.fr



mailto:geraldine.pascal@toulouse.inra.fr
mailto:sigenae-support@listes.inra.fr
mailto:sympa@listes.inra.fr?subject=sub frogs-newsletter
mailto:frogs-newsletter-request@listes.inra.fr

Next training sessions

20" to 23t June 2016 (complete) and 10t or 13t October 2016

4 days : 1 Galaxy day
2 FROGS days
1 Statistics phyloseq day (under R)

Galaxy e-learning (user account)

And soon FROGS e-learning




If we have time

Play with TSV to BIOM.

Change clustering option ad compare.

Make a phylogenetic tree from sequences.fasta built with Filter Tool.
— use the document about phylogeny.fr




