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OTUdor ecology

Operational Taxonomy Unit:
a grouping of similar sequences that can be treated as a sirgplecies»

Strengths:
A Conceptually simple

A Mask effect of poor quality data
A Sequencing error
A In vitro recombination (chimera)

Weaknesses:
A Limited resolution

A Logically inconsistent definition



Objectives: a count table
e Ltiston | Sarnel | Sarlez | Samp | Saviot | Sanpies | S

OTuUl SpecieA 18645
OTuU2 Specied 741 0 456 4421 1255 23
OTU3 Specie 12786 45 3 0 0 0
OTuU4 SpecieD 127 4534 80 456 756 108

OTUS Specie€ 8766 7578 56 0 0 200




Why FROGS was developed ?

Most solutions are ofteniesigned for specialistaaking access difficult for the whole
community (command lines).

We developed the pipelineROG=< Find Rapidly OTU with Galaxy Solutisiusable with
command lines or within interface.
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Samplecollection and DNA extraction




« Meta-omics» using nexgeneration sequencing

(NGS)

DNA
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Thegeneencodinghe smallsubunitof the
rilbosomal RNA

The most widely used genenmolecular phylogenetistudies
Ubiquistgene :16S rDNAN prokaryotes 18S rDNAN eukaryotes

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

Not submitted to lateral gene transfer

Availability of databases facilitating comparison
(Silva v138.12021:available SSU/LSU sequences to d@700,000
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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, 635i 645
(2014) doi:10.1038/nrmicro3330
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Thegeneencodinghe smallsubunitof the
rilbosomal RNA
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CONSERVED REGIONS: unspecific applications
VARIABLE REGIONS: group or species-specific applications




Othertargets

Bacteriallineages vary in their genomic contents, which suggests that different genes might be
needed to resolve the diversity within certain taxonomgroups.

Thegenes that have been proposed for this task include those encoding

23SrRNA

DNAgyrase subunit ByyrB),
RNApolymerase subunit BoB),
TUelongation factor tuf),
DNArecombinase proteinrécA),

protein synthesis elongation facteé fusA),
dinitrogenaseorotein subunit Dr§ifD),
Internal Transcribedspace(ITSYor Fungi



Othertargets

gyrBhas a higher rate of base substitution than 16S rDNA does, and shows promise for
community-profiling applications.

Thisgene is essential and ubiquitouskacteria
is sufficiently large in size for use in analysis of micralmaimunities.

It is a singlecopy housekeeping gene that encodes the subunit B of DNA gyrase, a type Il
DNA topoisomerase, and therefore plays an essential role in DNA replication.

Furthermore the gyrBgene is also present in Eukarya and sometimes in Archaea but it
shows enough sequence dissimilarity between the three domains of life to be used
selectively foiBacteria.



Othertarget

See fogyrB:
Article ofStéphaneChaillou
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gyrB amplicon sequencing: A comparative
analysis with 165 rDNA V3-V4 amplicon
sequencing

Simon Poirier’, Olivier Rué®, Raphaélle Peguilhan', Gwendoline Coeuret',
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Abstract
Meat and seafood spoilage ecosystems harbor extensive bacterial genomic diversity thatis
mﬂyh:ﬂuhnamﬂlmninrdmhﬂwihnahgsmdshmwihdf
ferent spoilage metabolic potential. To decipher the ir i y of such micro-
bhm.uadﬂmmmgawﬂeammmhgmmﬁm;emhimﬂeqmm

dthe p fit of an allemative genetic marker, gyrB, which
encodes the subunit B of DNA gyrase, a type Il DMA topoisomerase. A comparison between
165 rDNA-based (V3-V4) amplicon sequencing and gyrB-based amplicon sequencing was

Editor: George-John Nychas, Agricuural
University of Athens, GREECE carried out in five types of meat and seafood products, with five mock communities serving
Recsived: July 6, 2018 as quality controls. Our resulls revealed that bacterial richness in these mock communities
112018 and food samples was estimated with higher accuracy using gyr8 than using16S rDNA.
) However, for Fimnicutes species, 35% of putative gyri3 reads were actually identified as
Poblishodt Soplember 25, 2018 ssqmdaguﬂpmmg,mrf which encodes subunit B of topoisomerase IV; we there-
wﬂgmsmatm‘- open 1 a ref database of published sequences of both gyr8 and pare for
uaeinalauhaeqt.ieﬂanames Despite this co-amplification, the deviation between relative
Gofhn Comrann Afeitosion L owcs, which ing quantification and qPCR quantification was comparable to that

figures, is avaitable for download at DOI: 10.6084/
md figshare 7083254,

ubswvedhriasmmmahhshdmmsmﬂwmﬂwbeusedw
cessfully alongside 165 rDMA to determine the species composition (richness and even-
ness) of food microbiota. The major benefit of gyrB sequencing is its potential for improving
taxonomic assignment and for further investigating OTU rich at the subspecies level,
thus allowing more ac m-o( ples. Indeed, 80% of the reads of the 165
rDNA dataset were repr d by thi 16S rDNA-based OTUs that could nat be

igned at the species-level ﬂ\essmdadssmmmwmuwﬂ-basad
OTuUs, which differentiated various lineages down to the subspecies level. The i
mmammmmmmmmmdﬁaangmmdm




Stepdor Illluminasequencing

primer forward Primer reverse

chromosome M t./

A 1ststep: one PCR

A 2ndstep: one PCR R product
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Amplification and sequencing

« Universab primer setsare usedfor PCRamplificationof the phylogenetidiomarker

The primers contain adarters used for the sequencingstep and barcodes(= tags = MIDs)to
distinguishthe samplegmultiplexing= sequencingeverakampleson the samerun)

Adapter A BarcodeSequence LinkerPrimerSequence Target Sequence ReversePrimer Adapter B
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example V3 Desired Sequence example V4




llluminasequencing
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Clustergeneration

Prepare Genomic DNA Sample Attach DNA to Surface Bridge Amplification
~ Adapter
. W " DNA
“: .;\ : fragment
7 X ull !
s ﬁa “ Dense lawn

¥ . e — A
(;, b ﬁ I ll \ i||!V | ":' 'Ii '
K4 1Y 1 | | . |
2 7'.,", “»'v l | | ' | | | | | 1 | | ‘ |l '
7 R iV 2”7 i
g8 :‘\ a—: l ' ‘ S
. /;ﬁ A 1 B AR
.':p- 'ﬁ ii | | |l |
Randomiy fragment genomic DNA and ligate adapters to both ends of the Bind single-stranded fragments randomly to the inside surface of the flow Add unlabeled nucleotides and enzyme to initiate solid-phase bridge
fragments. cell channels. amplification.

AttachDNA to surface

Bridge amplification




Cluster generation

Fragments Become Double StrandeDenature theDoubleStrandedMolecules
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The enzyme incorporates nucieotides to build double-stranded bridges on
the solid-phase substrate.

Denaturation leaves single-stranded templates anchored to the substrate.

Fragmentsdecomedoublestranded Denaturethe doublestrandedmolecule

Complete Amplification

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

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




Sequencing bgynthesis

Determine First Base Image First Base Determine Second Base

The first sequencing cycle begins by adding four labeled reversible After laser excitation, the emitted fluorescence from each duster is captured The next cycle repeats the incorporation of four labeled reversible
terminators, primers, and DNA polymerase. and the first base is identified. terminators, primers, and DNA polymerase.

Light signal is more strong in cluster




Sequencing bgynthesis

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 cydles 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 of Reverse strand), fragment form
bridges again and Forward strand can be sequenced also.
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Amplification and sequencing

Sequencings generallyperform on (obsoletenow) or lllumina MiSeqplatforms or
OxfordNanoporeTechnolog\platform.

Readquantity. per sample (454), ~30 000 reads per sample (MiSeq, up to
severalTeraof data (ONT)

Sequencdengths (Roched54), 2 x 250 bp or 2 x 300bp (MiSeq, Longestread > 2Mb
(ONT)
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FROGS Pipeline

# FROGS Pre-process X

TAR archive file

dereplicated_file (fasta)
count_file (tabular)

summary_file (html)

Pre-process

# FROGS Clustering swarm %

A FROGS Remowve chimera X

Sequences file

Abundance file

Sequences file

Count fila

non_chimera_fasta (fasta)
out_abundance_biom (biom1]

out_abundance_count
(tabular)

summary_Ffile (html)

& FROGS OTU Filters X

& FROGS affiliation »

oTu

OTU seed sequence

Abundance file

biom_affiliation (biom1]

summary (html)

sead_file (fasta)
abundance_biom (biom1)

SwWarms_composition

(tabular)

Chimera

Sequences file

Abundance file

output_fasta (fasta)
output_biom (biom1)

output_excluded
(tabular)

output_summary (html)

OTUFilters

Affiliation

A FROGS Affiliation Filkers

Sequences fila

Abundance file

output_biom (biom1)
output_fasta (fasta)
output_impacted (tabular)
output_multihit (tabular)

output_summary (html)

Affiliation Filters




# FROGS Demultiplex reads %
Barcode file

Select fastq dataset

FFROGS ITSx x

Sequences fila

Abundance file

# FROGS Clusters stat %

Abundance file

demultiplexxed_archive (tar)
undemultiplexed_archive (tar)

summary (tabular)

& FROGS Pre-process X

TAR archive file

dereplicated_file (fasta)
count_file (tabular)

summary_file (html)

out_fasta (fasta)
out_abundance_biom (biom1)
out_excluded (fasta)

summary_file (html)

# FROGS BIOM to std BIOM X

Abundance file

output_biom (biom1)

summary_file (html)

& FROGS Affiliations stat X%

Abundance file

summary_file (html)

& FROGS Remove chimera X

Sequences file

Abundance file

output_blast_details (tabular)

non_chimera_fasta (fasta)

out_abundance_biom (biomi)

& FROGS Affiliation *
postprocess

Segquences file

Abundance file

biem_out (biom1)
fasta_out (fasta)

compo_cut (tabular)

& FROGS Affiliation x
oTu

OTU seed sequence

Abundance file

bicm_affiliation (biom1)

summary (html)

& FROGS TSV_to_BIOM X
Abundance TSV File

Multi_hits TSV Fila

biom_file {biom1)

sequence_file (fasta)

A FROGS BIOM to *®
TSV

Abundance file

Sequences file

(optional)

tsv_file (tabular)

multi_affi_file (tabular)

# FROGS Clustering swarm X

Sequences file

Count file

sead_file (fasta)
abundance_biom (biom1)

swarms_composition

out_abundance_count
(tabular)

summary_file (html)

A FROGS OTU Filters %
Seguences file

Abundance file

output_fasta (fasta)
output_biom (biom1)

output_excluded

& FROGS Tree x

OTUs sequence file

# FROGS Affiliation Filtars X
Sequences fila

Abundance fila

output_biom (biom1)
output_fasta (fasta)

output_impacted (tabular)

(tabular)
......................................... # FROGS Abundance ® (tabular) Biom file output_multihit (tabular)
"""""" normalisation output_summary (html)
# FROGSSTAT Phyloseq x out_tree (nhsx) output_summary (html)
Import Data 5 Sequence file -
bund il html (html)
Abundance biom file with Abundance file
taxonomical metadata % output_fasta (fasta)
Sample tsv file output_biom (biom1]
Tree file (optional) el summary_file (Rtml) s
e S
ata (rdata] J" FROGSSTAT Phyloseq Alpha % #& FROGSSTAT Phylaseq x & FROGSSTAT Phyloseq x & FROGSSTAT DESeqZ2 ®
html (html) Diversity Structure Visualisation Sample Clustering Preprocess :
Phyloseq object (format rdata) Phyloseq object (format rdata) Phyloseq object (format rdata) Phyloseq object (format rdata)
& FROGSSTAT Phyloseq »®

Composition Visualisation

Phyloseqg object (format rdata)

alphaD (tabular)
html (html)

html (htrml)

# FROGSSTAT Phyloseq Beta X

Diiversity

Phyloseq object (format rdata)

The beta diversity distance

matrizx file

matrix file

The beta diversity distance

htrnl (html)

html (html)

html (html)
# FROGSSTAT Phyloseq x
Multivariate Analysis Of 2

Variance
Phyloseq object (format rdata)

The beta diversity distance
matrix file

html (html)

dds (rdata)

# FROGSTAT Deseqg2 H3
Visualization

Phyloseq object (format rdata)

DESeq2 object (format rdata)

html (html)




ROGS Pipeline

Minimal pipeline fobacterialampliconanalyses

# FROGS Pre-process X

TAR. archive file

dereplicated_file (fasta)
count_file (tabular)

summary_file (html)

Pre-process

# FROGS Clustering swarm ¥

Sequences file

Count file

A& FROGS Remove chimera X
Sequences file

Abundance file

seead_file (fasta)
abundance_biom (biom1)

swarms_composition
(tabular)

non_chimera_fasta (fasta)
out_abundance_biom (biom1])

out_abundance_count

(tabular)

summary_file (html)

Chimera

A FROGS Affiliation »
oTu

OTU seed sequence

Abundance file

biom_affiliation (biom1)
summary (html)

# FROGS OTU Filters L
Affiliation

Sequences file

Abundance file

output_fasta (fasta)
output_biom (biom1)

output_excluded
(tabular)

output_summary (html)

OTUFilters

& FROGS EIOM to »
TSV

Abundance file

Sequences file

(optional)

tswv_file (tabular)

multi affi file (tabular]

& FROGS affiliation Filters %

Sequences file

Convertto TSV

Abundance file

output_biom (biom1)
output_fasta (fasta)
output_impacted (tabular]
output_multihit (tabular)

output_summary (html)

Affiliation Filters




# FROGS Pre-process ¥

FROGS Pipeline

Minimal pipeline for IT&mpliconanalyses

TAR. archive file

dereplicated_file (fasta)
count_file {tabular)

summary_file (html)

Pre-process

# FROGS Clustering swarm %

& FROGS Remove chimera X

Sequences file

Abundance file

Seqguences file

Count file

sead_file (fasta)
abundance_biom (biom1)

swarms_compaosition

{tabular)

nan_chimera_fasta (fasta)
out_abundance_biom {biom1)

out_abundance_count
(tabular)

summary_file (html)

Chimera

A FROGS OTU Filtars %

# FROGS [TSx

Sequences file

Abundance file

Seguences file

Abundance file

output_fasta (fasta)
output_biom (biom1)

output_excluded
{tabular)

output_summary (html)

OTUFilters

out_fasta (fasta)

out_abundance_biom (biem1)

out_excluded (fasta)

summary_file (html)
A FROGS Affiliation o
oTu

# FROGS Affiliation Filters %

Sequences file

Abundance file

OTU seed sequence

Abundance file

biom_affiliation (biom1)

summary (html)

Affiliation

output_biom (biom1)

output_fasta (fasta)

output_impacted (tabular)
output_multihit {tabular)

output_summary (html)

Affiliation Filters

A FROGS BIOM to »
TSV

Abundance file

Sequences file

{optional)

tsv_file (tabular)

multi_affi_file (tabular)

Convertto TSV




Demultiplexing

Pre-process

Clustering

Chimera

OTUFilters

ITSX

Affiliation
Affiliation filter

Affiliation postprocess

PhylogeneticsTree
Cluster Stat

Affiliation Stat

I+

Tools

METAGENOMICS
FROGS
FROGS Demultiplex reads

Attribute reads to samples
in function of inner barcode.

FROGS Pre-process
merging, denoising and
dereplication.

FROGS Clustering_swarm
Single-linkage clustering on
sequences

FROGS Remove chimera
Remowve PCR chimera in
each sample.

FROGS OTU Filters Filters
OTUs on several criteria.

FROGS ITSx Extract the
highly variable ITS1 and
ITS2 subregions from ITS
sequences.

FROGS Affiliation OTU
Taxocnomic affiliation of each
OTU's seed by RDPtools and
BLAST

FROGS Affiliation Filters
Filters OTUs on several
affiliation criteria.

FROGS Affiliation
postprocess Optionnal step
to resolve inclusive
amplicon ambiguities and to
aggregate OTUs based on
alignment metrics

FROGS Abundance
normalisation Normalize =
OTUs abundance.

FROGS Tree Reconstruction
of phylogenetic tree

FROGS Clusters stat Process
some metrics on clusters.

FROGS Affiliations stat
Process some metrics on
taxonomies.

Analyze Data

FROGS Pre-process Step 1 in metagenomics analysis: denoising and dereplication. (Galaxy Version 1.5.0)

Sequencer
Hlumina
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 ?

No

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

Samples
1: Samples

Name

The sample name.
Reads 1

00| &1 | OO | No fastq dataset available,
R1 FASTQ file of paired-end reads.

reads 2

O | 81 | OO | No fastq dataset available,
R2 FASTQ file of paired-end reads.

=+ Insert Samples

Reads 1 size

The read1 size.

Reads 2 size

The read?2 size.

Expected amplicon size

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

BIOM tostd BIOM

FROGS BIOM ta TSV
Converts a BIOM file in TSV

file. BIOM to TSV

FROGS TSV _to BIOM

Converts a TSV file in a

BIOM file. TSV to BIOM

~ Options

Waiting to run

Currently
running

Resultfiles

History = o
.

FROGS analysis —

4447 MB

4225: FROGS @7 R

Affiliations stat: summary.html

224: FROGS BIOMto @ (
std BIOM: blast metadata.tsv

§223: FROGS BIOMto ® [
std BIOM: abundance.biom

§222: FROGS BIOMto @ ( 3%
I8Y: multi hits.tsv

221:FROGS BIOMto @ R
T8V: abundance.tsv

£220: FROGS @ B
affiliations stat: summary.html

4219: FROGS Clusters ® [ %
stat: summary.html

.:18: FROGS Affiliation ® § 3
OTU: report.html

417: FROGS Affiliation ® § 33
OTU; affiliation.biom

16: FROGS Clusters @R
stat: summary.html

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

excluded.tsv

13: FROGS Filters: @R
abundance.hiom

12; FROGS Filters; @R
sequences.fasta




FROGS Tools fetatisticanalyses

Tools

OTUS STRUCTURE AND
COMPOSITION ANALYSIS

1 — = FROGSSTAT Phyloseg
Import R data Import Data from 3 files:
biomfile, samplefile, treefile

Composition = EROGSSTAT Phviosea
visualisation  with bar plot and
composition plot

= FROGSSTAT Phyloseg Alpha
Diversity with richness plot

Alphadiversity

®» FROGSSTAT Phvlozeg Beta
q q Diversity distance matrix
Betadiversity
= FROGSSTAT Phyloseg
Structure Visualisation with
heatmap plot and ordination

Structure oot

visualisation | oassr ey

Sample Clustering of
samples using different

Sample linkage methods
clustering = FROGSSTAT phylosen
Multivariate Analysis Of
Variance
Multivariate
analysisof
: DIFFERENTIAL
variance ABUNDANCE ANALYSIS
FROGSSTAT DESeq2
Preprocess import a
Phyloseq object and prepare
DESqu)I’eprocess it for DESeq?2 differential

abundance analysis

FROGSTAT Deseq2
Visualization to extract and
visualize differentially
abundant OTUs

I»

m

FROGS Pre-process Step 1 in metagenomics analysis: denoising and dereplication. (Galaxy Version 1.5.0)

Sequencer

w Options

‘ Tllumina

- ‘

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 ?

|N0

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

Name

The sample name.

Reads 1

O|&| O | No fastg dataset available.

R1 FASTQ file of paired-end reads.

reads 2

O|& | O | No fastq dataset available.

R2 FASTQ file of paired-end reads.
=+ Insert Samples

Reads 1 size

The read1 size.

Reads 2 size

The readz size.

Expected amplicon size

Waiting to run

Currently
running

Resultfiles

History = o

FROGS analysis
444.7 MB &

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

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

§223: FROGS BIOMto @ R
std BIOM: abundance.biom

§222: FROGS BIOMto @ ¥
T8Y: multi hits.tsv

221: FROGE BIOMto @ ( 8
I18Y: abundance.tsv

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

219: FROGS Clusters @ § &
stat: summary.html

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

4 17: FROGS affiliation ® 3%
OTU: affiliation.biom

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

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

excluded.tsv

13: FROGS Filters: @08
abundance.hiom

12: FROGS Filters: ®0R
sequences.fasta




Whatkind of data?
2 Histories

ﬁGSfastq sequencesn an archive\ ﬁl‘ S data \
tar.gz

_ METABARFOOD
Foodenvironment project
chaillou_withprimers_64renameds ITS tar.gz
mplesVlVSlOOOOsequRZ.tajz




T

Demultiplexindool




Barcoding?




Demultiplexing

Sequencalemultiplexingin function of barcodesequences
A Inforward

A In reverse
A Inforward and reverse

Removeunbarcodedor ambiguoussequences




Demultiplexindorward

Adapter A PrimerFwd _ PrimerRv
BarcodeFwd Ampliconsequence targeted . Adapter B

Singleend sequencing

Pairedend sequencing

R1 R2

e




Demultiplexingeverse

Adapter A PrimerFwd _ PrimerRv Adapter B
Ampliconsequence targeted BarcodeRv
Single end
sequencing

Paireend sequencing

R1 R2




Demultiplexindorward and reverse

PrimerFwd _
Adapter A PrimerRv Adapter B
BarcodeFwd | Ampliconsequence targeted . BarcodeRv
Single end
sequencing

Paireend sequencing

R1 R2




Thetool parametersdependon the input data type

FROGS Demultiplex reads (version 1.1.0)

Barcode file:

1: barcode.tabular j

This file describes barcodes and samples (one line by sample tabulated separated from
barcode sequence(s)), See Help section

single or Paired-end reads: You have

I Single vl

Select between paired and single end data Only Rlseq

Select fastq dataset:

[

Specify dataset of your single end reads

bharcode mismatches:

LI

Mumber of mismatches allowed in barcode

barcode on which end 7:

[ Forvard <] Whereisthe barcode

at the 1d or both?

seqon thereads?

Reve
Both ends

FROGS Demultiplex reads x
Barcode file
Select fastq dataset

demultiplexed_archive (data)

undemultiplexed_archive (data)
summary (tabular) Demultiplexing

FROGS Demultiplex reads (version 1.1.0)

Barcode file:
1. barcode. tabular j

This file describes barcodes and samples (one line by sample tabulated separated from
barcode sequence(s)). See Help section

Single or Paired-end reads: You have Rl
IPaired vI
Select between paired and single end data and R$eq

Select first set of reads:

[ ]

Specify dataset of your forward reads

Select second set of reads:

[ ]

Specify dataset of your reverse reads

barcode mismatches:

LI

Mumber of mismatches allowed in barcode
barcode on which end ?:

I Forward 'l

Reverse
Both ends

at the begining of the forward end or of the reverse end or both?




Input
example

FROGS Demultiplex reads Attribute reads to samples in function of inner barcode. (Galaxy Version 2.0.0) = Options MgArdo001 ACAGCGT

Barcode file MgArd000s ACAGTAG
- — MgArd0017 ACGTCAG

€1 | O | 24: barcode_forward.tabular S MgArd0025 ACTCAGT
This file describes barcodes and samples (one ine by sample tabulated separated from barcode sequence(s)). See Help section MgArd0o038 ACTCGTC
MgArdoode AGCAGTC

_ MgArd00s4 AGCTATGE
single - MgArd0062 AGCTCGC
Select between paired and single-end data MgArdo073 AGTATCT
MgArd0081 AGTCTGC

Sinnle ar Paired-and reads

Select fastqg dataset

& DO |6: multiplex.fastg - |

Specify dataset of your single end reads

Barcode mismatches

| if index is in only at forward:
tabular file with 2 columns
sample names + barcodes

o

Number of mismatches allowed in barcode

Barcode on which end ?

| Forward - |
The barcode is placed either at the beginning of the forward end or of the reverse end or both?

" Execute




AdViceS Foryour own data

A Do not forget to indicate barcode sequence as they are in the fastq sequence file, especially if
you have data multiplexed via the reverse strand.

A For the mismatch threshold, we advised you to let the threshold to 0, and if you are not satisfied
by the result, try with 1. The number of mismatch depends on the length of the barcode, but
often those sequences are very short so 1 mismatch is already more than the sequencing error
rate.

A If you have different barcode lengths, you must demultiplex your data in different times
beginning by the longest barcode set and used the "unmatched" or "ambiguous" sequence with
smaller barcode and so on.

A If you have Roche 454 sequences in sff format, you must convert them with some program like
sff2fastq


https://github.com/indraniel/sff2fastq

O Ut UtS With barcodemismatches >1
p seguence can corresponding
_ to several samples.

Sequences that match at onl

9: FROGS Demultiplex @ § ¥ #Ear_"ple count one sample are affected to
reads: report ——— | ambiguous 0| this sample but
MgArdo009 91

the others (ambiguous) are
not re-affectedto a sample.

8: FROGS Demultiplex @& J i MgArdoo17 166
reads: undemultiplexed.tar.gz Mgard0038 1208

MgArd0029 193

7: FROGS Demultiplex @& [ %2

reads: demultiplexed.tar.gz | unmatched 245 Sequences
MgArd0o001 118 without known
MgArdo081 246 barcode.

MgArd00o46 401 So these
Mgard0054 243 sequencesre
Mgardoo73 474 non-affected to

MgArd0062 a sample.

A tararchive is created b
grouping one (or a pair
of) fastqfile per sample
with the names indicated
In the first column of the

barcode tabulafile.



Format:Barcode

BARCODE FILE is expected to be tabulated:

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

Take care to indicate sequence barcode in the strand of the read, so you may need to reverse
complement 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.



Format [FastQ

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

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

A second line is the sequence itself. "ACAGC"

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

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

ACDD




How itworks ?

Foreach 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.



Preprocesgool




From
demultiplex
tool

MiSeq
Fastq R2 Already
merged

MiSeq
Fastg R

|

FROGS Pre-process Illumina

 Archive file

dereplicated_file (fasta)
count_file (tabular)

summary_file (html)

Pre-process



Ampliconbasedstudiesgeneralpipeline

Pre_proce SS taxonomic coverage?
| |
r—— >| assignment statistics (o, B, V)
sampling —— amplification — sequencing — S % » phylogeny
dereplication —
~ 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 bioinformatics bioinformatics
(preparation) (actual analyses)



Preprocess

Merging of R1 and R2 reads

Delete sequences without good primers
Finds and removes adapter sequences
Deletesequence with not expected lengths
Delete sequences with ambiguohases (N)

v > > > Dy D

Dereplication

p>X

+ removinghomopolymergsize = 8 ) for 454 data

p>X

+ quality filter for 454 data



Example for:

FROGS Pre-process merging, denoising and dereplication. (Galaxy Version r3.0-3.0)

| = Options |

AllluminaMiSeqdata
A1 sample
ANon joined

uencer

Ilumina

ele e sequencing technology 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

e inputs contain 1 file by sample : R1 and R2 are already merged by pair.
Samples
1: Samples

Name

IsamplaA i

The sample name.

Reads 1

D fh (e |Il: http:/fgenoweb.toulouse.inra.fr/~formation/15_FROGS/FROGS_ini/D.

TA/samples_R1.fastg

R1 FASTQ file of paired-end reads.

reads 2

[I-_'l-| ) | (| ”2: http://genoweb.toulouse.inra.fr/~formation/15_FROGS/FROGS_ini/D.

R2 FASTQ file of paired-end reads.
| 4 Insert Samples |

Reads 1 size

250

The maximum readl size.

Reads 2 size

250

The maximum read?2 size.

mismatch rate.

0.1

The maximum rate of mismatches in the overlap r

Merge software

Vsearch

ge paired-end reads.




Minimum amplicon size

340

The minimum size for the amplicons.

Maximum amplicon size

430

The maximum size for the amplicons.

Sequencing protocol

Illumina standard

The protocol used for sequencing step: standard or custom with PCR primers a=s sequencing primers.

&' primer

CCGETCAATTC

ameters'.

e S OrTer SR Uenee (WITaCaTOs oS SCC=pted). The orient

3" primer

CCOCNGCTGCT

e 3 pri zequence (wildcards are accepted). The orientation is detailed below in 'Primers parameters'.

' Ewecute

N

degenerateprimer
areaccepted
(IUPAC code)




FROGS Pre-process Step 1 in metagenomics analysis: dencising and dereplication. (Galaxy Version 1.5.0) |v Options |

Sequencer

s )

ncer family used to produce the sequences.

Input type

. file by zample - |
Exampldor: me
p amples files can be provided in single archive or with one file by sample.

Samples

ARoche 454 data  Somples

Name

A1 sample @ l
g sample name.

AOnlyoneread(454proces$ Sequence file

[0 | o Il: fwork/formation/FROGS/454.fastg.gz '|

FASTQ file of carmes

|+ Insert Samples |

Minimum amplicon size

380

The minimum size for the amplicons {with primers).

Maximum amplicon size

500

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

5' primer

ACGGGAGGCTAGTAG

=] primer sequence |wildcards are accepte

3" primer

AGGATTAGATACCCTGGETA

The 3" primer sequence [wi

cards are accepted). The orienta

v Execute




Exampldor:

FROGS Pre-process Step 1 in metagenomics analysis: denoising and dereplication. (Galaxy Version 1.5.0) » Options |

AllluminaMiSeqgdata
A9 samplesin 1 archive
AJoined

AWithout sequenced®CR
primers(Kozichprotocol)

Sequencer

— 4

Humina

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

S

[ [ | £ | O |[ 1: fwork/project/frogs/Formation/100spec_90000seq_9samples_Hantagulumic.tar.gz -
The tar file containing the sequences file(s) for each sample.

Reads already contiged ?

S

fes

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.

Sequencing protocol

ICustcm protocol (Kozich et al. 2013)

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

S SE—

" Execute




Whichprimersfor 16S ?

136

433 1117 1243 1435

L@.-LJ»EJ»

V1 V2 m V3 Vo
& ==
B V1-V3 ~510 bp for Roche 454
V3-V4 ~428 bp for MiSeq PE
V3-V5 ~548 bp for Roche 454
V4 | ~252 bp for HiSeq
~562 bp for Roche 454 1 V6-V9

V1-V9 (Full-length) :‘

Pacific Biosciences

NGS platforms

llluminaMiSeqPE (Pair End)

lllumina HiSeq/iSeq100 (Earth
Microbiome Project)

Estimated insert size
to read (E. coli)

427 bp

16S region PCR primers Sequencing

V3v4 341F & 805R 250 bp x 2 or 300 bp x 2

V4 515FB & 806RB 250 bp 150 x 2

Name of primer Sequence
F=forward, R=reverse .

8F AGAGTTTGATCCTGGCTCAG
27F AGAGTTTGATCMTGGCTCAG
336R ACTGCTGCSYCCCGTAGGAGTCT
337F GACTCCTACGGGAGGCWGCAG
337F GACTCCTACGGGAGGCWGCAG
341F CCTACGGGNGGCWGCAG
515FB GTGYCAGCMGCCGCGGTAA
518R GTATTACCGCGGCTGCTGG
533F GTGCCAGCMGCCGCGGTAA
785F GGATTAGATACCCTGGTA
805R GACTACHVGGGTATCTAATCC
806RB GGACTACNVGGGTWTCTAAT
907R CCGTCAATTCCTTTRAGTTT
928F TAAAACTYAAAKGAATTGACGGG
1100F YAACGAGCGCAACCC
1100R GGGTTGCGCTCGTTG
1492R CGGTTACCTTGTTACGACTT

Cf.http://help.ezbiocloud.net/16srrna-and-16srrna-gene/
56



What doedhe Preprocesgool do?

v v > D>y D>y D

> D

Merging of R1 and R2 readsh vsearch flash
or pear (only in command line)

Delete sequences without good primers
Finds and removes adapter sequences) cutadapt

. VSEARCH: a versatile open sout@a for metagenomics
Deletesequence with not expected lengths Rognes TElouriT, Nichols BQuinceC, Mahé F.

. . Peerd20160ct18;4:e2584eCollectior2016.
Delete sequences with ambiguous bases (N)

Bioinformaticg2011) 27 (21):2952963.doi:10.1093/bioinformatics/btr507
Derep“ca’[ion FLASHfast length adjustment of short reads to improve genorassemblies
TanjaMagogcSteven LSalzberg

Bioinformatics (2014) 30 (5):64820 doi.org/10.1093/bioinformatics/btt593

. . PEAR: a fast and accurate Illumina PaiteddreAd mergeR
+ removinghomopolymergqsize = 8 ) for 454 data J.ZhangK.Kobert T.Flouri A. Stamatakis,

+ quality filter for 454 data EMBnetlournal, Vol17 noHoi : 10.14806/e}.17.1.200
Cutadaptremoves adapter sequences from highroughput sequencing reads
Marcel Martin



Howworkreadsmerging?

WITHVSEARCH




Theaimof Vsearchsto mergeR1with R2

Case of a sequencing of overlapping sequences: case of 16S V3-V4 amplicon MiSeq sequencing:

Imagine a real amplicon sequence of 400bp
400bp

Imagine a Miseq paired sequencing of 2x250bp
R1: 250bp

>

R2 : 250bp
<€

Reconstructing amplicon sequence is possible thanks to the overlap region

Merged sequence length : 400bp, with 100bp overlap



Theaimof Vsearchsto mergeR1with R2

Case of a sequencing of over-overlapping sequences:

Imagine a real amplicon sequence of 200bp
200bp

Imagine a Miseq paired sequencing of 2x250bp
R1 : 250bp

>

R2 : 250bp
<€

FROGS takes in charge this case in trimming over bases
200bp

Merged sequence length : 200bp, with 100% overlap




Practice:




Exercise

Goto « 165» history

Launchthe pre-procesgool onthat dataset

[Hobjective understandVsearchsoftware




16Sdatasetpresentation

A real analysis provided I8téphaneChaillouet al.

bacterial communities.

8 environment typesEnvTypé:
AMeat MhGround Beef, Ground veal, Poultry sausage, Diced bacon

ASeafood hCookedschrimps Smoked salmon, Salmon filet, Cod filet

Chailloy S. et al (2015). Origin and ecological selection of core andsfoexdfic bacterial
communities associated with meat and seafood spoilage. ISE)3.1051118.



16Sdatasetpresentation

From Chaillou paper, we produced simulated data: A with 10% chimeras

A 64 samples of 16S amplicons A Primers for VAV3:

< : ApQ ! D!'D D! DD ' D Q
A R1 and R2 overlapping reads of 300 bases. N eee crie Fel ©
ApQ [/ VD/V"D/ /] D/ DD¢! !¢ o0Q
A 8 replicates per condition

A with errors among the linear curve 2.54e2.79e1 | - | | | |
Chailloy S. et al (2015). Origin and ecological selection of core andsfoeaific bacterial

communities associated with meat and seafood spoilage. IS®{B)3.1051118.



FROGS Pre-process merging, denoising and dereplication. (Galaxwy Version 3.2.1)

= Options

Sequencer
| Hlumina - |
Select the =equencing technology used to produce the zequences.

Input type

| TAR Archive - |

Samples files can be provided in a single TAR archive or sample by sample (with one or two files each).

TAR archive file

A O |1: http://genoweb.toulouse.inra.fr/~formation/15_FROGS/Webinar_data/chaillou_withprimers_s4renamedsam... ~r|

The TAR file containing the sequences file(s) for each sample.

Are reads already merged ?

|N-:r

The archive contains 1 file by sample :

Reads 1 size

R1 and RZ pair are already merged in one sequence.

|3m1

The maximum readl size.

Reads 2 size

| 300

The maximum read?2 size.

Mismatch rate.

0.1

The maximum rate of mismatch in the overlap region

Merge software

| Vsearch

Select the software to merge paired-end reads.

Would you like to keep unmerged reads?

ves [0 |

Mo @ Unmerged reads will be excluded; Yes : unmerged reads will be artificially combined with 100 M. (default No)



Minimum amplicon size

| 400

The mynimum size for the amplicons (with primers).

Maxim a mpl icon size

| 580

The maxim size the amplicons (with primers).
Sequencing ocol

| Humina standé‘d

The protocol useo\for sequenclng stdg: standard or custom with PCR primers as sequencing primers.
5' primer

| AGAG GATCCT¥ CTCAG

The 5' primer sequenge (wildcards are au:-:epted N he orientation is detailed below in 'Primers parameters' help section.

3' primer

| CCAGCAGCCGCG GTM\ \

The 3' primer sequence (wNdcards are accepted). The orientatio

" Execute

Amplicon length distribution before trimmin

» 10K

5

U

c

3

a

w

el

Z 0 & — -a-t_...LM.n..- - A

350 400 450 500 550
Length

i= detailed below in 'Primers parameters’ help section.



Minimum amplicon size

400
The minimum size for the amplicons (with primers)
Maximum amplicon size

580

The maximum size for the amplicons (with primers)
Sequencing protocol

Ilumina standard

The protocol used for sequencing step: standard or custom with FCR primers as sequencing primers

5' primer

AGAG GATCCTGGCTCAG

The 5' primer sequence (wildcards are accepted). The orientation is detailed below in 'Primers parameters' help section N . B

3' primer PrimershA Y pQ TIbh c

CCAGCAGCCGCGGTAAT
The 3' primer sequence (wildcards are accepted). The orientation is detailed below in 'Primers parameters' help section

ExireadR1 Ex:readR2

@63_Oreference=otu_00517 position=1..300 @63_Oreference=otu_00517 position=1..308rors=5%G
AGAGTTTGATCCTGGCgatgaacgctagcgggaggcttaacacatgcaagccgagggg AT TAGCGCGGCTGCacggagttagecggtgcttattetictggtacctticagctacttacac
tagaattagcttgctaatttgagaccggcgcacgggtgcgtaacgcgtatgcaacttgccctactgaaaagtaagtaggtttatccccagataaaagtagtttacaacccataaggccgtcatcctacacgcgggatggce
ggatagcccagagaaatttggattaatactttataatagactgaatggcatcatttagttttgaaagattt  tggatcaggcttccacccattgtccaatattcctcactgctgcctcccgtaggagtctggtcegtgtctcag
atcgcagtaggataggcatgcgtaagattagatagttggtgaggtaacggctcaccaagtcgacgatct taccagtgtgggggttcaccctctcaggccccctaaagatcgtcgacttggtgagccgttacctcaccaa
ttagggggcctgagagggtgaaccccca ctatctaatcttacgcatgcct

N
4 R2 primer musbe reversetranscribed



Exercise

Doyou understandhow enter your primers?
Whatisthe « FROGS®reprocess dereplicatedfasta» file ? <
Whatisthe « FROGS®reprocesscounttsv»file? =

Explorethe file « FROGS8reprocessreport.ntml » =

2= T A

Wholoosea lot of sequence8®




Exercise

Howmanysequencesretherein the input file ?
Howmanysequenceslidy 2 i KIF @S GKS pQ LINAYSNXK

Howmanysequencestill are after pre-processinghe data?

© © N o

Howmuchtime did it taketo pre-processhe data?
10. Whatisthe lengthof your mergedreadsbefore preprocessing

11. Whatcanyoutell about thesamplesbasedon ampliconsize distributions ?



Answerl

Doyouunderstandhow enter your primers?

Minimum amplicon size

|4I:II:I |

The minimum size for the amplicons (with primers).

Maximum amplicon size

|58|:| |

The maximum size for the amplicons (with primers).

Sequencing protocol

| Illumina standard

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

5' primer

| AGAGTTTGATCCTGGCTCAG |

The 5' primer sequence (wildcards are accepted). The orientation is detailed below in 'Primers parameters' help section.

3' primer

| CCAGCAGCCOCGOTAAT — |
The 3' primer sequence (wildcards are acce

orientation is detailed below in 'Frimers parameters’ help section.

v Execute

R2 primer musbe reversetranscribed
Usehttps:// www.bioinformatics.nl/cgi
bin/emboss/revseq



https://www.bioinformatics.nl/cgi-bin/emboss/revseq

Answer2 & 3

Whatisthe « FROG®reprocess dereplicatedfasta» file ?

Whatisthe « FROGS®8reprocesscounttsv» file ?

>06_5349:3ize=4 reference=otu 00630 position=1..300 errora=20%T
AGRCCEECECACGEETGCGTAACGCEIATGCARTCIGCCITTCACAGAGGEATAGCCCAGRGARRATITGEATTARTACCICATR
>56_3551;size=1 reference=otu_ 00880 positicn=1..300 errors=21%L4
ARGRCCGGOGCACGGETGCETARCGCGTATGCRATCTGCCTITCACAGRGEGATAGCCCAGAGRRARTTTGLATTARTACCTCAT

T C
poaiticn=1..300
T

»53_322:size=1 reference=ctu_01408,ctu_ 00830 ampliceon=1..300,1..30
ATTGARCGETGECGECATGOCTACGCETATGCARTCTGCCTTTCACAGRGEEATAGCCCAGAGRRATTTGEATTARTACCTCAT
>56_2589;3ize=1 reference=otu_ 00880 positicn=1..300 errora=21%C
CAGRCCGGCGCACGEETGOGTAACGCETATGCARTCTGCCT TTCACAGAGGGATAGCCCAGRAGARATTTGEGATTRAATACCTCAT
»56_7560;3ize=1 reference=otu_ 00880 position=1..300 errors=21%C
CAGRCCEECECACEEEIECETARCGCETATGCARTCTECCITTCACAGAGEGATAGCCCAGAGARATTTGEATTARTACCTCAT
>36_626;3ize=]1 reference=otu 00680 position=1..300 errors=21%C
CAGRCCEECGCACEEETECETARCGCETATGCAR T CTECCITTCACAGAGEGATAGCCCAGRGRARATTTGEATTARTACCTCAT
»53_el128;3ize=1 reference=otu 00231,o0tu_00941,o0tu 00620 amplicon=1..300,1..300,1..30

—_— — r — r — ’ r
CIGECTCAGGATGRACGCCETARCGCETATGCARTCTECCITTCACAGAGEGATAGCCCAGAGARATTTGEATTARTACCTCAT
>51 6#860;3ize=1 reference=otu 00788,0tu 00680 amplicon=1..300,1..300 positicn=1..300

— — r -

LELE LT

Y e 1 o a1 g gt 1 Y g Y

Fastasequenceof all clean andlereplicated
sequenca.e.only one copy of each
sequence i&ept

#id
06_5949
56_3551
53_3z2

56_2539
56_7560
36_626

53_gl28
51_6860
TR RROF

563997
59§

595144
59_5852
60_1696
59_g656

C3 11472

[ = T = R}

=)

e T e T e O e T e T T e T e T

[T T T s T R

=]

1 BHT0.LOTO3 BHTO.LOTO4 BHTO.LOTOS BHT0.LOTO0G
a a a i a a a a
q o a i a a q q
q a a a a 0 q q
a a a i a a a a
q a ] i a Q q q
a a a i a a a a
q a a a a 0 q q
q a ] i a Q q q
n n n n in n n n
a a a a a a a i
a a a a a ] a i
q a a a 0 q a a
a a a a a a a i
q o a a a q a i
q a ] a Q q ] i
n N [a] n n n [a] [ul

counttable for each sequence in each
sample

(=T e S =]

-

e T e T e O e T e T T e T e T

(=)

111

==

=]



[ Answer4 ]

Nb sequences

600k

400k

200k

Summary

By moving the mouse over the
graphic,new information appears

input sequences :

585651

572,451 572,451

paired-end assembled with 5' primer

You can sort
data in the

572,409

with 3" primer

@ merged

with expected length ‘
merged : 569,321 seq ( 97.21%)

-

569,321

with expected length

Details on merged sequences

Show 10 % entries

before

/samd‘ ' process kept
tab I e by BHTO.LOTO1 9,282 97.90

clicking on
the column
headers

BHTO.LOTO3 9,173

BHTO.LOTO4 9,171

97.83

97.79

paired-end
assembled

9,087

8,984

8,969

569,321

with 5
primer

9,087

8,984

8,969

View in full screen

Print chart

Download PNG image
Download JPEG image

Download PDF document

Download SVG vector image

| B

without N

with 3°
primer

9,087

8,984

8,968

T~

You can
download
graphics or
table in
different
formats

& CSV

Search:
with expected without
length N
9,087 9,087
8,974 3,974
8,968 8,968



Answerb

€) 53: FROGS Pre-process: report.html @ & x Dataset generation errors

error

An error occurred with this dataset: Dataset 53: FROGS Pre-process: report.html

## Application Tool execution generated the following error message:
Software: preprocess.py (version: 3.2.2)
Command: fgalaxydata/galaxy-preprod/my_tools/FROG Fatal error: Exit code 1 ()
Traceback (most recent call last):
< > File "/galaxydata/galaxy-preprod/my tools/FROGS dev/app/preprocess.py”™, line 1290, in <module>
process({ args )
']'i: ﬂ E. File "/galaxydata/galaxv-preprod/my_tools/FROGS_dev/app/preprocess.py™, line 1141, in process

raise_exception({ Exception{ "\n\n#ERRCR : The filters have eliminated all sequences (see summary for more details).\n\n" ))
File "/galaxydata/galaxy-preprod/my tools,FROGS dev,/lib/frcgsUtils.py”, line 45, in raise_exception

x raise excepticn
e 2: FROGS Pre-process: count.tsv | & R Exception:

#ERRCE. : The filters hawve [Eliminated all sequences] {zee summary for more details).

€) 5\: FROGS Pre-process: dereplicated. = 4 x
fast

If your outputs are
red, click on the bug
to readthe error
message

Summary

Nb sequences

200k

it is likely that you did not enter the 3'
primer in the right direction eend assembed with 5 primar with 2 primar with expected langth witho N

merged



[ Answerb ]

paired—end assembled SUMmm ary
A” OUtpUtS are green 572,451 seq ( 97.75%)
but check the

report.html

Nb sequences

65: FROGS Pre-process: report.hitml

64: FROGS Pre-process: count.tsv

paired-end assembled with 5" primer with 2' primer with expected length without N
63: FROGS Pre-process: dereplicated.fasta

merged

ONNBNI AY 0Q LINRAYSNI &¢
Primers must be similar with 10% of
errors (~1 or 2 bases per primer)



Answerb

FROGS Pre-process merging, denoising and dereplication. (Galaxy Version 3.2.1) = Options

Sequencer

Hlumina

Select the sequencing technology used to produce the sequences.
Input type
TAR Archive
Samples files can be provided in a single TAR archive or sample by sample {(with one or two files each).
TAR archive file

3| &1 | O | 1: /work/gpascal/FROGS_Formation/chaillou_withprimers_64renamedsamples_W1V3_10000seq_R1R2.targz

The TAR file containing the sequences file(s) for each sample.
Are reads already merged ?

MNo

The archive contains 1 file by sample : R1 and R2 pair are already merged in one sequence.
Reads 1 size
300
The maximum readl size.
Reads 2 size
300
The maximum read2 size.
Mismatch rate.
0.1
The maximum Mate of mismatch in the overlap reoiss

Merge software if your sequencesavelow

Veearch .. .
Select the software to merge paired-end Tegds. qualltles you Can Increase
Would you like to keep unmerged reads? thIS parameter

Butcarreful!

Yes No
Mo @ Unmerged reads will be excluded; Yes : un

To check thesequenceguality use
FASTQ((esentin galaxytools)

FastQC: fastq/sam/bam

Fas=tQC:Read QC reports using
FastQC

= PR

Quality scores across all bases (Sanger [ llluming 1.9 encoding)

1 2 5 4 5 6 7 8 9 1519 25-28 35-39 50-59 80-82  110-119 140-1489 170-17% 200-209 230-239
Position in read (bp)




[ Answere, 7& 8 ]

Howmanysequencearetherein the input file ? X i
Howmanysequenceslidy 2 4 KI @S GKS pQ LINAYSNXK
How manysequencestill are after pre-processinghe data?

Summa ry with expected length

569,321 seq (97.21%)

Ul rlEeen 1 £t aSldSyosa Kl @S 569321 | gNgk v $ A
sequencedefore sequences are

preprocessing still after
585 651 preprocessing



Answer9

3: FROGS Pre-process: dereplicat o 4 x

Howmuchtime did it taketo pre-processhe data ?

Tool: FROGS Pre-process

Name: FROGS Pre-process: dereplicated.fasta
m Created: Tue 09 Mar 2021 05:00:30 PM (UTC)
287,252 sequences ;'Lekse'f' ?152'4 M
format: fasta, database: 2 Format: fasta
Galaxy Tool ID: FROGS_preprocess_3_2_2
## Application Galaxy Tool Version: 3.2.2
. . . Tool Version:
Software: preprocess.py (version: 3.2.2) Too! Standard Output: wtdout
Command: fgalaxydata/galaxy-preprod Tool Standard Errar: stderr
fmy_tools/FROGS_dev/app/preprocess.py Tool Exit Code: 0
History Content API ID: d7ff127129500fa8

illumina --output-dereplicated fgalaxydata

. . . Job API ID: 45c5decf7bd9dael
/galaxy-prod/my_job_working_directory History API ID: 96f266d5ffa0aeh3
fO00/380/380454 UUID: 58d5bf75-595e-412b-8c08-a16dbbeg110a

foalaxy_dataset_731997.dat --ou

Input Parameter Value 4 [§
Sequencer illumina
oy ~u
Ll ﬂ L= Iﬂ ﬁ‘ , Input type archive
K TAR archive file 1: http://genoweb.toulouse.inra.fr/~formation/15_FROGS5/Webinar_data/chaillou_withprimers_&4renamedsamples_V1V3_10000seq_R1R2.targz
Are reads already merged ? paired
Reads 1 size 300
Reads 2 size 300
Mismatch rate. 0.1
Merge software vsearch

Click on 4 »

Would you like to keep unmerged, reads? False
Minimum amplicon size 400
Maximum amplicon size 580
Sequencing protocol standard
5' primer AGAGTTTGATCCTGGCTCAG
3' primer CCAGCAGCCGCGGTAAT

Stdoutcontains FROGS
command lines and time
execution

Retrieve the tool
parameters



[ AnswerlO ]

Whatisthe length of your mergedreadsbefore preprocessin@

Show

Al %  entries

Select alsamples

Samples 1
BHTO.LOTO1
BHTO.LOTO3
BHTO.LOTO4

BHTO.LOTOS5

BUTN I MTNA

process

9,282

9,173

9171

9,109

Q1G22

kept

97.90

97.83

97.79

97.56

Q7 QiR

paired-
end
assembled

9,087

8,984

8,969

8,890

Q QoK

with

5.
primer
9,087
8,984

8,965

8,890

2 Q0K

with

3.
primer
9,087
8,984

8,968

8,888

2 QoA

Search:

with
expected
length

9,087

8,974

8,968

8,887

2 Q0

without
N

9,087

8974

8,968

8,887

2 00A



[ AnswerlO ]

Whatisthe length of your mergedreadsbefore preprocessing

B4 VHIU.LLIDY =t ) Yr.uy Y uUby YUY =N sl Yubo =H0lsl’
VHTO.LOTO8 9436 97.34 9,193 9,193 9,193 9,185 9,185
VHTO.LOT10 9,165 97.65 8,984 8,984 8,983 8,950 8,950

LB e LU |+ Display amplicon lengths | | Display preprocessed amplicon lengths

AN

at the bottom of the table



[ AnswerlO ]

Whatisthe length of your mergedreadsbefore preprocessin@

Amplicon length distribution before trimming and filtering

10k

5k

Nb sequences

-‘-—L.—l-‘.‘l-r g
350 400 450 500 550

-0~ BHTO0.LOTO1
BHTO.LOTO6
CDTO0.LOTO2

% CDTO0.LOTO7
DLTO.LOTO1
DLTO.LOTO6

% FCTO0.LOTO1
FCTO.LOTO6
FSTO.LOTO1

- 172V _

-~ BHTO.LOTO3
BHTO.LOTO7?
-+ CDTO0.LOTO4
-+ CDTO0.LOTO8
DLTO.LOTO3
- DLTO.LOTO?
-0~ FCTO.LOTO2
FCTO.LOTO?
=+~ FSTO.LOTO2

Length

- BHTO.LOTO4
- BHTO.LOTO8
8- CDTO.LOTO5
-~ CDTO0.LOTO9
-+ DLTO.LOTO04
- DLTO.LOTOS8
-~ FCTO.LOTO3
-9 FCTO0.LOTOS8
=¥ FSTO.LOTO3

=+ BHTO.LOTO5
- BHTO.LOT10
CDTO.LOTO6
- CDTO.LOT10
% DLTO.LOTO5
DLTO.LOT10
- FCTO.LOTOS5
-+~ FCTO0.LOT10
FSTO.LOTOS

Before preprocessing:
343 < sequence length < 570



[ Answerll ] What canyoutell about thesamplesbasedon ampliconsize distributions ?

Preprocessed Amplicon Length distribution

s 10k

[«V]

(W)

|y

3

[«}]

2 YRR Y

0

=z 0 ) A ‘-A _— -_\.i.L.-.\- J‘\-_.—A H’ "'. ) .8 e
375 400 425 450 475 500 525

Length

[ « Filet Cabillauc samples ] [ « Saumon Fumeé samples ] [«. dzdz¥ I»Baﬁnﬁleﬁ]

Preprocessed Amplicon Length distribution Preprocessed Amplicon Length distribution Preprocessed Amplicon Length distribution
8k 5k 8k
6k 6k
w5k "
@o @
g g
= @ o
o 4k T 2 4k
b @ g
= ‘ Z 25k z
2k ~ 2k
| JLAJJA WL |
o A e Mo Mfl -\ A ARJAA. . 1. 0 Y 3 ST | ' P
375 400 425 450 475 500 525 375 400 425 450 475 500 525 375 400 425 450 475 500 525
Length Length Length
FCTO.LOTO1 FCTO.LOTO2 FCTO.LOTO3 =& FCTO.LOTOS SFT0.LOTO1 SFTO.LOTO2 SFTO.LOTO3 =& SFTO.LOTO4 BHTO.LOTO1 BHTO.LOTO3 BHTO.LOTO04 -k BHTO.LOTOS
FCTO.LOTO06 FCTO.LOTO7 -+ FCTO.LOTO8 -® FCTO.LOT10 SFT0.LOTO5 SFTO.LOTO6 -+ SFT0.LOTO7 -& SFTO.LOTOS8 BHTO0.LOTO6 BHTO.LOTO7 -+ BHTO.LOTO8 -® BHTO.LOT10

For eaclEnvTypewe can observe different amplicon sizes. They correspond to different species.
N.B.amplicons with same size can represent different species.



Preprocess tool in brief
 [encaolill  [Taeinchage

lllumina Archive .tar.gz

454 / Fastq /
Mergeddata v Fasta N
Not mergeddata v With only 1 primer N
Without primers v Multiplexeddata N
OnlyR1or only R2 N Demultiplexeddata v
Toodistant R1 and R2 toe v

merged

OveroverlappingR1 R2 v



Processedata by FROGShne

Legen
Primer Forward
rimer Re
tttttttt
ead
* Case where
ece ut
454
- —— ™
c
v
9
L+ 11]
=
W
. Y
/:U | —— -\I
c
¢
o
D
—
1]
o
o J




Legend

| Primer Forward

lllumina Standard sequencing protocol : LI Primer Reverse
primers are not included in reads
— ! !

~

Single-end

primer before FROGS
processing

— DMA target
* —— * = Remove reverse Read

* Case where a pre-processing
is necessary, outside FROGS

N 7

o ] ' Length of the sequenced target
' ) < length of one read

Supported since version 3.0

| |

-

c

Q

[]

E Length of the sequenced

- —— target < the sum of the

g lengths of the two reads
| .|

Length of the sequenced target >= the

———— _ L ——————————— | sum of the lengths of the two reads

Supported since version 3.0 with
option "keep unmerged reads” in

preprocess Tool
. J




Clusteringool




Whydo we needclustering?

Amplicatiorandsequencin@nd are noperfectprocesses

—>{ assignment

statistics (at, B, V)

. pu . denoising
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 86




Natural variability ?
Technical noise?
Contaminant?
Chimeras?

Expected Results

Fréderic Mahé communication 87




Natural variability ?
Technical noise?
Contaminant?
Chimeras?

Expected Results

16Svariability
Cf.RRNDB (ribosomal Rperonsdatabase
max. 21 copies of 16Slmacteria(Photobacteriundamselag
eX.E. coli7 copies

Fréderic Mahé communication 88




To have the best accuracy:

Method: Allagainstall

AVeryaccurate

A Requiresa lot of memory and/or time

=> Impossible on very large datasets witho

strong filtering or sampling

89



ks?

Howtraditionalclusteringwor

90

Fréderic Mahé communication



Input order dependent results

i B
.:.. ..;; .00,
o}'?i;:’t . .:‘?;:‘

decreasing length,
decreasing abundance,

Fréderic Mahé communication external references 91




Single a priori clustering threshold

ey B o B

compromise threshold natural limits of clusters

S . : unadapted threshold
Fréderic Mahé communicatlion 92




Swarnmclusteringmethod

ACGT ACGT ACGT
AGGT A-GT A--T

differences 1 i T2

.

initial seed (randomly picked
from amplicon dataset)

no more closely related amplicons,
the process stops (equivalent to the
Kruskal algorithm when d = 1)

explore the amplicon space

Fréderic Mahé communication 93




Comparisorswarmand 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)




Comparisorswarmand 3%clusterings

_» TARA V9 (264 samples) A TARA V9 (908 samples)
10° - 107~
& °
o o © : ©
5 ] 2 %0 @
107 = = = 10°— o
=) : o® % 5
0g P =
.é o 0379 %;@ Q;.‘Zo g
£ 10°- ) ?92 450 .Oo Ew‘
g o g@ab g ?{%ﬁgzo 2
% o o 8 . ﬁ?}g?’wf& X : c§z.
o Srke: ~: o .
s g% 0@ %f‘*::if s 5 More thereis
310 n o ol 9&??‘9 g D 5 810
g S ' % sequencesmore
H » 5 ; S BTN abundant clusters
o 5T b R R areenlarged (more
i denityo)  E L g amplicon in the
» - N cluster).
% i e More thereare
sequencesmore
10 10" 1o 107 10* B there are artefacts
seed abundance (numbers of copies) seed abundance (numbers of copies)

Fréderic Mahé communicatio

clusters produced with swarm using d = 1



SWARM

Arobustandfastclustering method for amplicebhased studies.

The purpose o$warmis to provide a novel clustering algorithm to handlege sets of
amplicons

swarmresults areresilient to inputorder changeand rely on amalllocallinking thresholcd,
the maximum number of differences between two amplicons.

swarmforms stable highresolution 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 Single-linkage clustering on seguences (Galaxy \Version 3.2.1) * Options

Sequences file

(i I |2: FROGS Pre-process: dereplicated.fasta
The dereplicated sequences file (format: fasta).

Count file

fEI | |3: FROGS Pre-process: count.isy

It contains the count by sample for each sequence (format: TSV,

v |

FROGS guidelines version

Mew guidelines from wversion 3.2

Denoizing step prior to a d3 clustering 15 no more recommended since FROGS 3.2, but vou can stll choose it
Agg

regation distance clustering

Maximum number of differences between sequences in each aggregation swarm step. (recommended d=1)

Refine OTU clustering

-fastidious optionJwhich is recommended and only usable in association with a distance

" Execute

\

longer but moreaccurate

O—O small 0TU (made of 2 rare amplicons)

{_ virtual amplicon

PeerPrePrint:e386v1. 2014doi: 10.7287/peerj.preprints.386v1
Swarm: robust and fast clustering method fampliconbased studies.

MahéF,RognesT, Quince C, de VargasDtinthornM.



Cluster statool




FROGS Clusters stat Process some metrics on clusters. (Galaxy Version 3.2.1)

= Options
Abundance file
| & O |E-: FR.OGS Clustering swarm: abundance.biom -
Clusters abundance (format: BIOM].




Practice:

LAUNCHCLUSTERINANDCLUSTERSTADOLS




Exercise

Goto « 165» history
Launchthe ClusteringSWARMool on that datasetwith guideline3.2 i.e. aggregationdistance=1

[Hobjectives:
A understandthe outputsfrom clustering

r

A understandthe ClusterStautility




Exercise

1. Howmanyclustersdoyouget?

LaunchFROGE& lusterStattools on the previousabundancediomfile

FROGS Clusters stat Process

some metrics on clusters.




Exercise

Interpret the boxplot Clusterssizesummary

Interpret the table: Clusterssizedetails- How many singlesingletonsdo you find?
What canwe sayby observingthe sequencedistribution?
HowmanyclusterssharecBHD.LOD8E with at leastone other sample?
Howmanyclusterscouldwe expectto be shared?
Howmanysequencesepresentthe 106 specificclustersof ICDD.LOD6E K
Thisrepresentswhat proportion of &CDD.LOD6E K

B O O = W N

Whatdo youthink aboutit? The «Hierachicatlustering» is establishedwith
a Bray Curtis distangaarticularlywell adapted

10. Howdo youinterpret the « Hierarchicatlustering» ?
to abundanceable ofveryheterogenoussalues

(verybig andverysmallfigures).




Answerl, 2
& 3

Clusters distribution Sequences distribution

Clusters size summary

S0k
g0k
70k
B0k

S0k

Cluste r size

40k

30k

20k

10k

Samples distribution

Clusters

19,888

569,321

Sequences

Most of clusters are singletons

Clusters size distribution

All

Decile

Min

Median

Mlax

Value

84,850




Cumulative sequences proportion by cluster size

125

a0

75

20

Y sequences

o o LR . g T S - U - -G - G VU S - S U O B o4 B o o YRR YR .
'b",hh"" Q#'n‘!""s‘p FP P P 0, P PP R S P P P P P 0 R P 0 8’ o " P00 00 B P g P R P R P P P AP q" ‘m‘a} B b"'q'g LSy "'u"o 1"‘“" >l
R S I U R -,_n,:'.b_nﬁq R N ﬁ,,,n Bt et et ,;-g-

Cluster size

M.B.: Select area to Zoom in.

Thesmallclusters
representfew
sequences




Answers to
9 Total clusters Shared clusters Own clusters Total sequences Shared sequences Own sequences
BHTO.LOTON 491 114 277 9,087 8,709 378
BHTO.LOTO3 433 140 293 8,974 8,679 295
EHTO.LOTO4 474 152 322 8,968 8,646 322
EHTO.LOTOS 475 153 322 8,887 8,565 322
EHTO.LOTOG 490 156 334 8,996 8,662 334
BHTO.LOTOY a3 165 366 5,059 8,690 369
BHTO.LOTOS 430 201 229 8,715 8,486 229
BHTO.LOT1O 40 e a0e 8,938 8,630 308
201 clusters oBHTO.LOTO8
CDTO.LOTO2 A90 9,259 8,767 492
are common at leasbince
COTO.LOTO4 1 an2 8,917 8,609 308
with another sample
CDTO.LOTOS 380 241 139 8,516 8,377 139
p— S—
COTO.LOTOE 362 256 106 8,370 8,264 106
CDTO.LOTOY 4809 100 389 i

~30% of the specific clusters GIDTO.LOTO6
represent around-1%of sequences "
ST B2 = 6 Could be interesting to remove if individuat

l CDTO.LOTI0 465 157 308 variability is not the concern afser 8 l

COTO.LOTOS 356 162 304




Answerl0

\0<8FCTH.LOTGE
FCTO.LOTO1 . . L. .
Hierarchical classificatio

FCTO.LOTOS on Bray Curtis distance

FCTO.LOTO3

FCTO.LOTOT

COTO.LOTI1D
CDTO.LOTOY

CDTO.LOTOD

CDTO.LOTOE
COTOD.LOTOS

COTOLOTO4

COTOLOTOS [ Newicktree available too, can be copied and pasted an tree vie]/ver

COTO.LOTOZ

(({((COT0.LOTO2,CDTO.LOT08):0.312,(CDTO.LOTO4, {((COTO.LOTOS, CDTO.LOT06):0.518,(CDT0.LOTOS,{CDTO.LOTO7, COTO.LOT10):0.533):0.582):0.757):0.816):0.840, ({(FCT0.LOTO7, (FCTO.LOTO3,FCTO.LOTO5):0.257):0.262,
((FCTO.LOTO1,FCTO.LOTOS):0.352,(FCTO.LOTO6,{(FCTO.LOTO2, FCTO.LOT10):0.427):0.631):0.805):0.832, ({(MVTO.LOTO7,SFT0.LOT03):0.493, (FSTO.LOTO6, (SFT0.LOTO6,(SFTO.LOTOS,
(SFT0.LOTO1,5FT0.LOTO07):0.132):0.345):0.354):0.570):0.655, ({(MVTO.LOTO6, (MVTO.LOTOS, MVTO.LOT08):0.439):0.511, ((FSTO.LOTOZ, (FSTO.LOTO3,FSTO.LOTOS):0.147):0.179,{(SFT0.LOTO2,
(SFT0.LOTO4,5FT0.LOT05):0.211):0.227, ((MVTO.LOTO1, MVTO.LOT03):0.161,(MVTO.LOTOSZ, MVTO.LOT10):0.341):0.466):0.526):0.661):0.681,(DLT0.LOTO4, ({((DLTO.LOTOS,DLTO.LOT06):0.173, (DLTO.LOTOS, (VHTO.LOTO7,
(VHTO.LOTO1, VHTO.LOT0S):0.095):0.184,(DLTO.LOTO1, DLTO.LOT03):0.231):0.267):0.325):0.411, ((BHTO.LOTO4, (BHTO.LOTOS, ((BHTO.LOTO1,BHTO.LOTOT):0.224, (BHT0.LOT0S, BHT0.LOT06):0.231):0.309):0.352):0.462,
((VHTO.LOTO3,VHTO.LOT06):0.387,(VHTO.LOTOZ, (BHTO.LOT10,(VHTO.LOTO4, VHTO.LOT10):0.272):0.336):0.401):0.463):0.590):0.711, (BHT0.LOTO3, ((FSTO.LOTO7, (FSTO.LOTO1,
(FSTO.LOTOS,FSTO.LOT10):0.254):0.388):0.408, (DLTO.LOTO7,DLTO.LOT10):0.440):0.666):0.734):0.745):0.827):0.856):0.875):0.911):0.938);

Sampledistribution tab
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Chimeraemovaltool




Whatis chimera?

PCRgenerated chimeras are typically created
when an aborted amplicon acts as a primer for
a heterologous template. Subsequent
chimeras are about the same length as the
non-chimeric amplicon and contain the
forward (for.) and reverse (rev.) primer
seguence at each end of the amplicon

Chimera: from 5 to 45% of readSchloss
2011)

Fichotand NormarMicrobiome20131:10
doi:10.1186/204926181-10

aborted amplification
e s

\4

next cycle’s “primer”

chimeric sequence v
for. rev.

H




A smartremoval chimera tbe accurate

|

We use asamplecrossvalidation ]

-

@

ammy X1000 b X1000
b x500 d s X500
ch X100 h s X100
dE x50 | I x50
e x10 | —— 4 K
x10 e x10

SampleA \ / SampleB \

X5/Q x5/

ad ¢ isviewas ad ¢ isviewas Y ForFROG&ER¢ Ada y2d | OKAYSN
chimeraby normalsequence Y ForCwh D{ishad I¥KA YSN} = a3¢ A3
Vsearch by Vsearch Y FROGS increases the detection specificity

lts dparentsE are lts Gparentse are
presents absents




Practice:

LAUNCH THEEMOVEHIMERA OOL




Exercise

Goto « 16S» history
Launchthe « FROG&emoveChimera» tool
Followby the « FROGE&|lusterStab tool

[Hobjectives:
A understandthe efficiencyof the chimeraremoval
A makelinksbetweensmallabundantOTUsandchimeras




FROGS Remove chimera Remove PCR chimera in each sample. (Galaxy Version 2.2.1)

* Options

Seguences file

| | &y DO |5: FROGS Clustering swarm: seed_sesquences.fasta

The sequences file (format: fasta).

Abundance typea

| BIOM file

Saelact the type of file where the abundance of each sequence by sample is storad.

Abundance file

| D |E: FROGS Clustering swarm: abundance.biom

It contains the count by sample for each sequenca.

v Exacute




Exercise

1. Understand the £ROGS remove chimera : report.html»
a. How many clusters are kept after chimera removal?

b. How many sequences thegpresent ?“Sowhat abundanc®
c. What do you conclude ?

2. What is the size of the largestmoved clusteof chimeras?




Exercise

3. Rename html output in Chimera_report.htmi

Launch 4£ROGEIlusterStap tool onnon_chimera_abundance.biom

4. Compare the HTML files
a. Of what are mainly composed singleton ? (compare with previous summary.html)

b. What are their abundancg
c. What do you conclude ?




[ Answerl ]

Remove summary

Clusters Abundance

Removed - 14.336
1

Removed - 13957

" Kept:554.985

Here, chimera clusters Removed clusters are low
represent many clusters ~30% abundance clusters.
but very fewsequences.

5931 clusters ar&ept.
The 1395femovedclusters
represent~2.5 % ofequences




[ Answer2 ]

Kept Kept Removed Removed Abundance of the most Detected Detected Abundance of the most
Sample nb abundance nb abundance abundant removed nb abundance abundant detected
VHTO.LOTO2 205 8,862 366 410 19 446 19
— The largest cluster
MVTQ.LOTI0 253 9,312 166 180 10 of chimeras 304
VHTO.LOTOS 262 8,853 308 332 10 contained 19
sequences.
VHTO.LOTO1 197 8,831 361 378 ) .
92 chimeras are
Attributes Convert Format  Dat detected but Only
10 are removed
Answer3
Edit Attributes because82 have
— Name: beeninvalidated
I 11: FROGS Remove chimera: report.html :!J F n ames:
AL _ by the cross
Chimera_report.html : :
validation
Info:
## Applicatio 11: Chi £ html
Software :.u"gaTI ) 2= ) ® /X

/galaxy-preprod/my_tools |



[ Answer4 ]

Cluster size T Number of cluster % of all clusters
1 19,118 96.13 After clustering
2 148 074
3 22 011
4 10 .05
Most small clusters
are composed of
IPEIES
Cluster size T Number of cluster % of all clusters
; e 5058 After chl_mera
removing
2 48 0.81
3 15 0.25

4 7 0.12




OTUFlIltertool




OTUFIlter

Goal:This tool deletes OTU among conditions enter by user. If an OTU reply to at least 1 criteria,
the OTU is deleted.

Criteria:

TheOTU prevalencelhe number of times the OTU is present in the environmeatthe
number of samples where the OTU must be present

OTU sizeAn OTU that is not large enough for a given proportion or count will be removed
Biggest OTLONIly the X biggest are conserved.

Contaminantlf OTU sequence matches withiX chloroplastiémitochondrial 16S of A.
Thaliana or your own contaminant sequence.




FROGS OTU Filters Filters OTUs on several criteria. (Galaxy Version 3.2.2) + Options

Sequences file
g1 O | 9: FROGS Remove chimera: non_chimera.fasta - |

The sequence file to filter (format: fasta).

Abundance file

One tOOl, 4 C”tena O | 10: FROGS Remove chimera: non_chimera_abundance.biom - |
The abundance file to filker (format: BIOM).

Minimum prevalence

4 |

Fill the field only if you want this treatment. Keep OTU if it is present in at least this number of samples.

Minimum OTU abundancy as proportion or count. We recommend to use a proportion of 0.00005.

| as proportion - |

Minimum proportion of sequences abundancy to keep OTU

| 0.00005 |

Fill the field only if vou want this treatment. Example: 0.00005, recommended by Bokulich et al 2013, to keep OTU with at least 0,005%
of all sequences).

M biggest OTUs

Fill the fields only if you want this treatment. Keep the N biggest OTU.

Search for contaminant OTU.

| Use contaminant fasta file from the server - |

Either vou use yvour own contaminant fasta file or you select one among available ones.

Contaminant databank

| phix - |

For example the phiX databank (the phiX is 3 control added in Hlumina sequencing technologies).

ONOIO10




FROGS OTU Filters Filters OTUs on several criteria. (Galaxy Version 3.2.2)

- Options |

Sequences file

’ 3 | W | 4 || 9: FROGS Remove chimera: non_chimera.fasta

The sequence file to filker (format: fasta).

Abundance file

’ 3 | ] | i || 10: FROGS Remove chimera: non_chimera_abundance.biom

The abundance file to filker (format: BIOM).

Minimum prevalence

a Prevalence

15 number of samples.

Fill the field only if you want this treatment. Keep OTU if it 15 present in at [£as

Here, user wants that each OTU are
present in at least 4 samples.




e/’ ~
] )
f
| Minimum OTU abundancy as proportion or count. We recommend to use a proportion of 0.00005. :
|
| | as proportion - | :
| [
: Minimum proportion of sequences abundancy to keep OTU :
|
| | |0.00005 | :
|
[ Fill the field only if vou want this treatment. Example: 0.00005, recommended by Bokulich et al 2013, to keep OTU with at least 0,005% :
Il of all sequences). |
A |
I [
: O R I
|
: Minimum OTU abundancy as proportion or count. We recommend to use a proportion of 0.00005. :
|
| | as count - | :
I [
: Minimum number of sequences to keep OTU :
I [
: | 2 | [
1 Fill the field onWNEyou want this treatment. Ex: 2 to keep OTU with at least 2 sequences, so remove single singleton. :
1 /
[ _7

4 4 )

Here, user wants that each OTU has an abundanc
at least equals to 2 sequencessingle singleton

Here, user wants that each OTU has an abundance
representing at least 0.005% of total number of

sequences. will be removed.

- . J




N biggest OTUs

20

Fill the fields only If you want this treatment. Keep the N biggest OTU.

4 )

Here, user wants to keep the 50 biggest OTU.

- J




Search for contaminant OTU.

| Use contaminant fasta file from the server - |

Either you use your own contaminant fasta file or vou select one amo

emovephiXsequence (use as
buffer while sequencing)

Contaminant databank

| phix 3
For example the phiX databank (the phiX is a control added in lumina sequencing technologies).
Search for contaminant OTU.
| Use contaminant fasta file from the server - |

Either vou use vour own contaminant fasta file or you select one among available ones.

Contaminant databank
|Arabidcpsis TAIR10 Chloroplast and mitochondrie RemOV&hlorOplaSticand e |
For example the phiX databank (the phix is a control added in Illum mitochondrial 168 SequenceS o)

OR A. Thaliana

Search for contaminant OTU.

| Use contaminant fasta file from the history - |

Either you use your own contaminant fasta file or vou select one among available ones.

Select a contaminante reference from history

[ | | 2] | ) ||31:ccmtarninant.faata

Place in your history (witgetadata
e e e tool) your own file of contaminant
sequences ifastaformat.

o ™ " N N N




Practice:

LAUNCH HEOTU FILTEROOL




Exercice:

Goto history« 16S» history

Launch« OTUFIlter» tool with non_chimera_abundancleiom, non_chimeraasta
Use3 criteriato filter OTUs

A OTU must be present at least in 4 samples
A Each OTU must represented a minimum of 0.005 é6the totality of thesequences

A  OTU ophiX® must be removed

[Hobjective: playwith filters, understandtheir impactson falsespositivesOTUs

() Nat Methods 2013 Jan;10(1):59. doi: 10.1038hmeth2276.Epub2012Dec2. @ https://www.illumina.com/products/bytype/sequencingkits/clustergensequencing
Quiality-filtering vastly improvesdiversity estimatesfrom Illumina ampliconsequencing reagents/phixcontrol-v3.html
BokulichNA1,Subramaniars,FaithJJ Geverd, Gordon JI, Knight R, Mills @&aporasdG.




Exercice:

1. What are the output filesott h ¢ ! Q@A f 0 SNE

2.9ELJ 2NB aCwh D{ feA HowraNy OYUsNavé JpUINEntoed ?vHow many
OTUs do they remaip Whichsample loses the most OTUs and for what reason?

3. Build the Venn diagram on the two filterdowmany OTUs have you removed with each
filter ?

4. How many own OTU remainsBHTO.LOTO® Toretrieve this information, which tool do
you need to launcipreviously ?




FROGS OTU Filters Filters OTUs on several criteria. (Galaxy Version 3.2.2) - Options
Answerl Sequences file

i |9: FROGS Remove chimera: non_chimera.fasta

The sequence file to filter (format: fasta).

Abundance file

th O | 10: FF{OGS Remove chimera: non_chimera_abundance.biom 16: FR OTU Filters: rthtml ®f | x
The abundance file to filker (format: BIOM).
Minimum prevalence 15: FROGS OTU Filters: excluded.tsv @ S n
| 4 14: FROGS OTU Filters: abundance.biom @& & %
Fill the field only if vou want this treatment. Keep OTU if it is present in at least this number of samples.

12: FROGS OTU Filters: sequences.fasta @& #F R
Minimum OTU abundancy as proportion or count. We recommend to use a proportion of 0.00005.
| as proportion - |

Minimum proportion of sequences abundancy to keep OTU

,vl 0.00005 l |

Fill the field only if you want this treatment. Example: 0.00005, recommended by Bokulich et al 2013, to keep OTU with at least 0,005%

| sequences).
0.005% = 0.00005 H“ms
| |

Fill the fields only if vou want this treatment. Keep the N biggest OTU.

Search for contaminant OTL.

| Use contaminant fasta file from the server - |

Either yvou use vour own contaminant fasta file or you select one among available ones.

Contaminant databank

| phix l - |

For example the phiX databank (the phix is a control added in Illumina sequencing technologies).

' Execute




[ Answer2 ]

To tabs to explore
4

Filters by COTUs Filters by samples

Filters summary

OTUs

7 Kept: 495

Abundance

Removed : 7.467

Kept - 547,518




[ Answer2 ]

Filters by OTUs Filters by samples

/

Details by samples

Sort byKeptto find
entries th e answer

Show 10 %

Sample r—
name Initial Kept 7
—
SFT0.LOTOG 433 34
SFTO.LOTO7 276 66
SFTO.LOTO1 308 70
SFTO.LOTOS 324 88
CDT0.LOTO2 234 92
MVTO.LOT10 253 96
SFTO.LOTO3 197 a7
BHTO.LOTON 172 98
CDT0.LOTO7 187 99
SFTO.LOTOS 214 105

Showing 1 to 10 of 64 entries

4 samples

pr—
376

N—

189

216

215

141

155

93

72

87

107

Present in less than

Abundance < 0.005% (i.e

28 sequences )

=
398

—

210

238

236

142

157

99

74

88

108

X Csv

Search:

Present in databank of
contaminants

0

This sample have
only very small
clusters that are

shared by very few
other samples.

0

Previous 2 3 4 5 b T Mext




[ Answer3 ]

Filters intersections

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

Present in less than 4 samples

bundance < 0.005% (i.e 28 sequences )

Present in databank of contaminants

£ Venn

Present in les n 4 samples

47

SEqUC

A NophiXsequence.
A Most clustersare both

small and not shared
by 4 samples.




[ Answer4 ]

summary.html of

ClusterStatool

Becausef the "prevalence
= 4’ criterion, there is no

longer an "own cluster" for
any sample.




