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Overview

2

16S

ITS



Objectives

Analyses of mibrobial
communities

High-throughput
sequencingof 
16S/18S RNA 

amplicons 

Illumina data, 
sequencedat great

depth

Bioinformaticsdata 
processing

Abundance
table
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WITH
operational taxonomic 

units (OTUs) and
their taxonomicaffiliation. 



OTUsfor ecology
Operational Taxonomy Unit:
a grouping of similar sequences that can be treated as a single «species»

Strengths:
ÁConceptually simple

ÁMask effect of poor quality data
ÁSequencing error

ÁIn vitro recombination (chimera)

Weaknesses:
ÁLimited resolution

ÁLogically inconsistent definition 
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Objectives: a count table
Affiliation Sample1 Sample2 Sample3 Sample4 Sample5 Sample6

OTU1 SpeciesA 0 100 0 45 75 18645

OTU2 SpeciesB 741 0 456 4421 1255 23

OTU3 SpeciesC 12786 45 3 0 0 0

OTU4 SpeciesD 127 4534 80 456 756 108

OTU5 SpeciesE 8766 7578 56 0 0 200
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Why FROGS was developed ?

Most solutions are oftendesigned for specialistsmaking access difficult for the whole 
community (command lines).

We developed the pipeline FROGS: « Find Rapidly OTU with Galaxy Solution» usable with 
command lines or within interface.
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Who is in the current FROGS group?
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Material
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Samplecollection and DNA extraction
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« Meta-omics» using next-generation sequencing 
(NGS)

10

Metagenomics Metatranscriptomics

Amplicon sequencing Shotgun sequencing RNA sequencing

Who is here? What can they do? What are they doing?

Wolfe et al., 2014

DNA RNA

Almeida et al., 2014
Dugat-Bony et al., 2015



The geneencodingthe smallsubunitof the 
ribosomal RNA 

The most widely used gene in molecular phylogenetic studies

Ubiquistgene : 16S rDNA in prokaryotes ; 18S 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 v138.1 - 2021: available SSU/LSU sequences to over 10,700,000)
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Secondary structure of 

the 16S rRNAof 

Escherichia coli
In red, fragment R1 including regions V1 and V2;

in orange, fragment R2 including region V3;

in yellow, fragment R3 including region V4;

in green, fragment R4 including regions V5 and 

V6;

in blue, fragment R5 including regions V7 and 

V8;

and in purple, fragment R6 including region V9.

Uniting the classification of cultured and 

uncultured bacteria and archaea using 16S 

rRNA gene sequences

Pablo Yarza, et al.

Nature Reviews Microbiology 12, 635ï645 

(2014) doi:10.1038/nrmicro3330

V1

V2

V3

V4

V5

V6

V7

V8

V9

12



The geneencodingthe smallsubunitof the 
ribosomal RNA 
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Othertargets
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Bacterial lineages vary in their genomic contents, which suggests that different genes might be 

needed to resolve the diversity within certain taxonomic groups.

The genes that have been proposed for this task include those encoding :

Á 23S rRNA, 
Á DNA gyrase subunit B (gyrB), 
Á RNA polymerase subunit B (rpoB), 
Á TU elongation factor (tuf), 
Á DNA recombinase protein (recA), 
Á protein synthesis elongation factor-G (fusA), 
Á dinitrogenaseprotein subunit D (nifD),
Á InternalTranscribedSpacer(ITS)for Fungi.



Othertargets

15

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

Á This gene is essential and ubiquitous in bacteria

Á is sufficiently large in size for use in analysis of microbial communities.

Á It is a single-copy housekeeping gene that encodes the subunit B of DNA gyrase, a type II 
DNA topoisomerase, and therefore plays an essential role in DNA replication. 

Á 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 for Bacteria.



Othertarget
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See for gyrB: 

Article of StéphaneChaillou



Stepsfor Illumina sequencing

Á 1st step: one PCR

Á 2nd step: one PCR

Á 3rd step: on flow cell, the cluster generations

Á 4th step: sequencing
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P5 P7V3 V4



Amplification and sequencing

« Universal» primersetsareusedfor PCRamplificationof the phylogeneticbiomarker

The primers contain adapters used for the sequencingstep and barcodes(= tags = MIDs) to
distinguishthe samples(multiplexing= sequencingseveralsampleson the samerun)

example: V3 example: V4
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Illumina sequencing
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Illumina video:
https://www.youtube.com/watch?v=fCd6B5HRaZ8

https://www.youtube.com/watch?v=fCd6B5HRaZ8


Cluster generation
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Prepare Genomic DNA Sample Attach DNA to Surface Bridge Amplification

Bridge amplificationAttachDNA to surface
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Fragments Become Double StrandedDenature the Double-Stranded Molecules Complete Amplification

Cluster generation

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

Fragments becomedouble stranded Denaturethe double-strandedmolecule
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Determine First Base Image First Base Determine Second Base

Sequencing by synthesis

Light signal is more strong in cluster



23

Image Second Chemistry Cycle Sequencing Over Multiple Chemistry Cycles

Sequencing by synthesis

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. 



PCRs

Sequencing

Read 1

Read 2

Index 1

DNA

Illumina adapter Illumina adapter

Illumina index

Divergentregion

Constant region
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Identification of bacterial populations 
may be not discriminating 

15000 RNAr16S genetotal

V3 V4F R

Amplicon

Constant regions

Divergent regions
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Amplification and sequencing

Sequencingis generallyperform on Roche-454 (obsoletenow) or IlluminaMiSeqplatforms or
OxfordNanoporeTechnologyplatform.

Readquantity: ~10 000 reads per sample (454), ~30 000 reads per sample(MiSeq), up to
severalTeraof data(ONT).

Sequencelengths: >650bp (Roche-454), 2 x 250bp or 2 x 300bp (MiSeq), Longestread> 2Mb
(ONT)
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Methods
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FROGS Pipeline

Pre-process
Affiliation

Clustering

Chimera

OTU Filters Affiliation Filters



9 biostatisticstools
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25 tools in 
total
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Minimal pipeline for bacterialampliconanalysesFROGS Pipeline

Pre-process
Affiliation

Clustering

Chimera

OTU Filters Affiliation Filters

Convertto TSV
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Pre-process

Affiliation

ITSX filter

Clustering

Chimera

Minimal pipeline for ITS ampliconanalysesFROGS Pipeline

OTU Filters

Affiliation Filters

Convertto TSV



Pre-process

Clustering

Affiliation

Chimera

Cluster Stat

OTU Filters

Demultiplexing

Normalization
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Affiliation Stat

PhylogeneticsTree

ITSX

Affiliation postprocess

FROGS Tools for Bioinfomaticsanalyses

Resultfiles

Currently
running

Waiting to run

Affiliation filter

BIOM to std BIOM

BIOM to TSV

TSV to BIOM



Composition 
visualisation

Sample
clustering

Alpha diversity

Structure 
visualisation

Beta diversity

Import R data
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Multivariate
analysisof 
variance

FROGS Tools for Statisticanalyses

Resultfiles

Currently
running

Waiting to run

DESeq2 preprocess

DESeq2 
Visualisation



Whatkindof data ?
2 Histories

ITS data

METABARFOOD 
project

ITS.tar.gz

16S fastqsequencesin an archive 
tar.gz 

Food environment

chaillou_withprimers_64renamedsa
mples_V1V3_10000seq_R1R2.tar.gz
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Demultiplexingtool
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skip



Barcoding?
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ATGGCTG CTTTGCTA TTGGGAC GCAGCTG



Demultiplexing
Sequencedemultiplexingin functionof barcodesequences:

Á In forward

Á In reverse

Á In forwardand reverse

Removeunbarcodedor ambiguoussequences
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Demultiplexingforward
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Single-end sequencing

Paired-end sequencing

R1 R2

Adapter A

Barcode Fwd

Primer Fwd

Ampliconsequence targeted

Primer Rv

Adapter B



Demultiplexingreverse
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Single end 
sequencing

Paireend sequencing

Adapter A

Barcode Rv

Primer Fwd

Ampliconsequence targeted

Primer Rv Adapter B

R1 R2



Demultiplexingforward and reverse
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Single end 
sequencing

Paireend sequencing

Adapter A

Barcode Rv

Primer Fwd

Ampliconsequence targeted

Primer Rv Adapter B

Barcode Fwd

R1 R2



Demultiplexing 41

The tool parametersdependon the input data type

You have 
onlyR1 seq.

You have R1 
and R2 seq.

Whereis the barcode
seqon the reads?
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if index is in only at forward: 
tabular file with 2 columns
sample names + barcodes

Input 
example



Advices
Á 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.

Á 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.

Á 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.

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

sff2fastq
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For yourown data

https://github.com/indraniel/sff2fastq


Outputs

A tar archive is created by  
grouping one (or a pair 
of) fastqfile per sample 
with the names indicated 
in the first column of the 
barcode tabular file.

With barcode mismatches >1
sequence can corresponding 

to several samples.
Sequences that match at only 

one sample are affected to 
this sample but 

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

Sequences 
without known 

barcode. 
So these

sequencesare 
non-affected to 

a sample.
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Format: Barcode
BARCODE FILE is expected to be tabulated:

Á first column corresponds to the sample name (unique, without space) 

Á second to the forward sequence barcode used (None if only reverse barcode)

Á 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.

MgArd00001 ACAGCGT ACGTACA
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Format : FastQ
FASTQ : Text file describing biological sequence in 4 lines format:

Á first line start by "@" correspond to the sequence identifier and optionally the sequence 

description. "@Sequence_1 description1"

Á second line is the sequence itself. "ACAGC"

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

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

and the sequencer

@HNHOSKD01ALD0H

ACAGCGTCAGAGGGGTACCAGTCAGCCATGACGTAGCACGTACA

+

CCCFFFFFFHHHHHJJIJJJHHFF@DEDDDDDDD@CDDDDACDD
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How it works ?
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.
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Pre-processtool
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Pre-process
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MiSeq 
Fastq R1

MiSeq 
Fastq R2

From
demultiplex

tool

Already 
merged

454 ITS



Amplicon-basedstudiesgeneralpipeline
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Pre-process



Pre-process

Á Merging of R1 and R2 reads

Á Delete sequences without good primers

Á Finds and removes adapter sequences

Á Delete sequence with not expected lengths

Á Delete sequences with ambiguous bases (N)

Á Dereplication

Á + removing homopolymers(size = 8 ) for 454 data

Á + quality filter for 454 data

51



52

Example for:

ÅIllumina MiSeqdata

Å1 sample

ÅNon joined

Pre-processexample1

Parameters for the 
merging



53

Pre-processexample1

[V5] 16S variability

Primer sequences

degenerateprimer 
are accepted
(IUPAC code)
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Examplefor:

ÅRoche 454 data

Å1 sample

ÅOnlyone read(454 process)

Pre-processexample2

[V3 ςV4] 16S variability

Primer sequences
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Pre-processexample3

Sequencingtechnology

One file per sample and all files are contained in a archive

Paire-end sequencing all ready joined

[V3 ςV4] 16S variability

No more primers

Examplefor:

ÅIllumina MiSeqdata

Å9 samplesin 1 archive

ÅJoined

ÅWithout sequencedPCR 
primers(Kozichprotocol)



Whichprimersfor 16S ?
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Name of primer
F=forward, R=reverse

Sequence

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

NGS platforms 16S region PCR primers
Estimated insert size 
to read (E. coli)

Sequencing

Illumina MiSeqPE (Pair End) V3V4 341F & 805R 427 bp 250 bp x 2 or 300 bp x 2

Illumina HiSeq/iSeq100 (Earth 
Microbiome Project)

V4 515FB & 806RB 250 bp 150 x 2
Cf.http://help.ezbiocloud.net/16s-rrna-and-16s-rrna-gene/



What does the Pre-processtool do?

Á Merging of R1 and R2 reads with vsearch, flash 
or pear (only in command line)

Á Delete sequences without good primers

Á Finds and removes adapter sequences with cutadapt

Á Delete sequence with not expected lengths

Á Delete sequences with ambiguous bases (N)

Á Dereplication

Á + removing homopolymers(size = 8 ) for 454 data

Á + quality filter for 454 data

VSEARCH: a versatile open source tool for metagenomics.
Rognes T, FlouriT, Nichols B, QuinceC, Mahé F.
PeerJ. 2016 Oct18;4:e2584. eCollection2016.

Bioinformatics (2011) 27 (21):2957-2963. doi:10.1093/bioinformatics/btr507
FLASH: fast length adjustment of short reads to improve genome assemblies

TanjaMagoc, Steven L. Salzberg

Bioinformatics (2014) 30 (5):614ς620 doi.org/10.1093/bioinformatics/btt593
PEAR: a fast and accurate Illumina Paired-End reAdmergeR

J. Zhang, K. Kobert, T. Flouri, A. Stamatakis, 

EMBnetJournal, Vol17 no1. doi : 10.14806/ej.17.1.200
Cutadaptremoves adapter sequences from high-throughput sequencing reads

Marcel Martin
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How workreadsmerging?
WITHVSEARCH
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The aimof Vsearchisto mergeR1 with R2

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

59



The aimof Vsearchisto mergeR1 with R2

Case of a sequencing of over-overlapping sequences:
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Practice:
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Exercise

Goto « 16S» history

Launchthe pre-processtool on that dataset

Ҧobjective: understandVsearchsoftware
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16S datasetpresentation:
A real analysis provided by StéphaneChaillouet al.  

Comparison of meat and seafood bacterial communities.

8 environment types (EnvType) : 

ÁMeat ҦGround Beef, Ground veal, Poultry sausage, Diced bacon

ÁSeafood ҦCooked schrimps, Smoked salmon, Salmon filet, Cod filet

63

Chaillou, S. et al (2015). Origin and ecological  selection of core and food-specific bacterial 
communities associated with meat and seafood spoilage. ISME J, 9(5):1105-1118.



16S datasetpresentation:

From Chaillou paper, we produced simulated data:

Á 64 samples of 16S amplicons

ÁR1 and R2 overlapping reads of 300 bases.

Á 8 replicates per condition

Áwith errors among the linear curve 2.54e-1 2.79e-1

Áwith 10% chimeras

ÁPrimers for V1-V3:
Á рΩ !D!D¢¢¢D!¢//¢DD/¢/!D оΩ

Á рΩ //!D/!D//D/DD¢!!¢ оΩ

64

Chaillou, S. et al (2015). Origin and ecological  selection of core and food-specific bacterial 
communities associated with meat and seafood spoilage. ISME J, 9(5):1105-1118.

BH VH MV DL CD SF FS FC
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Vsearchis recommended (in command line, prefer pear)
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Ex: readR1
@63_0 reference=otu_00517 position=1..300
AGAGTTTGATCCTGGCTCAGgatgaacgctagcgggaggcttaacacatgcaagccgagggg
tagaattagcttgctaatttgagaccggcgcacgggtgcgtaacgcgtatgcaacttgccctactgaaaa
ggatagcccagagaaatttggattaatactttataatagactgaatggcatcatttagttttgaaagattt
atcgcagtaggataggcatgcgtaagattagatagttggtgaggtaacggctcaccaagtcgacgatct
ttagggggcctgagagggtgaaccccca

Ex: readR2
@63_0 reference=otu_00517 position=1..300 errors=5%G
ATTAGCGCGGCTGCTGGcacggagttagccggtgcttattcttctggtaccttcagctacttacac
gtaagtaggtttatccccagataaaagtagtttacaacccataaggccgtcatcctacacgcgggatggc
tggatcaggcttccacccattgtccaatattcctcactgctgcctcccgtaggagtctggtccgtgtctcag
taccagtgtgggggttcaccctctcaggccccctaaagatcgtcgacttggtgagccgttacctcaccaa
ctatctaatcttacgcatgcct

N.B.
Primersƛƴ рΩ Ҧ оΩ ǎŜƴǎ

R2 primer must be reverse transcribed



Exercise

1. Doyouunderstandhow enter yourprimers?

2. What is the « FROGSPre-process: dereplicated.fasta» file ?

3. What is the « FROGSPre-process: count.tsv» file ?

4. Explorethe file « FROGSPre-process: report.html »

5. Wholoosea lot of sequences?
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Exercise

6. How manysequencesare there in the input file ?

7. How manysequencesdidƴƻǘ ƘŀǾŜ ǘƘŜ рΩ ǇǊƛƳŜǊΚ

8. How manysequencesstill are after pre-processingthe data?

9. How muchtime did it taketo pre-processthe data ?

10. What is the lengthof yourmergedreadsbeforepreprocessing?

11. Whatcanyoutell about the samples, basedon ampliconsize distributions ?
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Doyouunderstandhow enter yourprimers?

Answer1

70

N.B.
Primersƛƴ рΩ Ҧ оΩ ǎŜƴǎ

R2 primer must be reverse transcribed
Use https:// www.bioinformatics.nl/cgi-

bin/emboss/revseq

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


What is the « FROGSPre-process: dereplicated.fasta» file ?

What is the « FROGSPre-process: count.tsv» file ?

Answer2 & 3
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Fastasequenceof all clean and dereplicated
sequencei.e.only one copy of each 

sequence is kept

count table for each sequence in each 
sample



Answer4
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By moving the mouse over the 
graphic, new information appears

You can 
download 
graphics or 

table in 
different 
formats

You can sort 
data in the 
table by 

clicking on 
the column 

headers



Answer5
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If youroutputs are 
red, click on the bug 

to readthe error
message 

it is likely that you did not enter the 3' 
primer in the right direction 



Answer5
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All outputs are green 
but check the 
report.html

9ǊǊƻǊ ƛƴ оΩ ǇǊƛƳŜǊ ǎŜǉǳŜƴŎŜΦ
Primers must be similar with 10% of 

errors (~1 or 2 bases per primer)
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if yoursequenceshave low
qualities, youcanincrease

this parameter
But carreful!

To check the sequencequalityuse 
FASTQC (presentin galaxytools)

Answer5



Answer6, 7 & 8
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Total numberof 
sequencesbefore

preprocessing: 
585 651

!ƭƭ ǎŜǉǳŜƴŎŜǎ ƘŀǾŜ ǘƘŜ рΩ ǇǊƛƳŜǊ569 321 
sequences are 

still after 
preprocessing

How manysequencesare there in the input file ?
How manysequencesdidƴƻǘ ƘŀǾŜ ǘƘŜ рΩ ǇǊƛƳŜǊΚ
How manysequencesstill are after pre-processingthe data?



Answer9
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Click on «i »

Retrieve the tool 
parameters

Stdoutcontains FROGS 
command lines and time 

execution

How muchtime did it taketo pre-processthe data ?



What is the lengthof yourmergedreadsbeforepreprocessing?

Answer10

Select all samples



What is the lengthof yourmergedreadsbeforepreprocessing?

Answer10

at the bottom of the table



What is the lengthof yourmergedreadsbeforepreprocessing?

Answer10

Before preprocessing:
343 < sequence length < 570 
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Answer11

« Filet Cabillaud» samples « Saumon Fumé» samples «.ǆǳŦ IŀŎƘŞ» samples

For each EnvType, we can observe different amplicon sizes. They correspond to different species. 
N.B.amplicons with same size can represent different species.

Whatcanyou tell about the samples, basedon ampliconsize distributions ?



Preprocess tool in brief
Take in charge

Illumina

454

Mergeddata

Not mergeddata

Without primers

OnlyR1or onlyR2

Toodistant R1 and R2 to be
merged

Over-overlappingR1 R2

82

Take in charge

Archive .tar.gz

Fastq

Fasta

With only1 primer

Multiplexeddata

Demultiplexeddata



Processed data by FROGS in brief
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Clustering tool
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Whydo weneedclustering?
Amplicationand sequencingand are not perfectprocesses

polymerase errors?

Error rates ?

86Fréderic Mahé communication



Expected Results

87Fréderic Mahé communication

Natural variability ?
Technical noise?
Contaminant?

Chimeras?



Expected Results

88Fréderic Mahé communication

Natural variability ?
Technical noise?
Contaminant?

Chimeras?

16S variability
Cf.RRNDB (ribosomal RNA operonsdatabase)

max. 21 copies of 16S in bacteria(Photobacteriumdamselae)
ex. E. coli7 copies



To have the best accuracy:

Method: All againstall

ÁVeryaccurate

ÁRequiresa lot of memory and/or time

=> Impossible on very large datasets without 
strong filtering or sampling
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How traditionalclusteringworks?

90Fréderic Mahé communication



Input order dependent results

91Fréderic Mahé communication



Single a priori clustering threshold

Fréderic Mahé communication 92



Fréderic Mahé communication

Swarmclusteringmethod

93

This sequences is the seed 
of the cluster.

Only the seed is kept for 
next processes.

The 
abundances of 
each sequence 
in the cluster 

are added 
together.

And the total 
abundance is 
given to the 

seed.



ComparisonSwarmand 3% clusterings

94Fréderic Mahé communication



ComparisonSwarmand 3% clusterings

More there is 
sequences, more 
abundant clusters 
are enlarged (more 

amplicon in the 
cluster).

More there are 
sequences, more 

there are artefacts

95Fréderic Mahé communication



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. 

swarmresults 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.
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Swarm: robust and fast clustering method for amplicon-based studies.

Mahé F, Rognes T, Quince C, de Vargas C, Dunthorn M.

PeerJ. 2014 Sep 25;2:e593. doi: 10.7717/peerj.593. eCollection 2014.

PMID:25276506



longer but more accurate

97
PeerJPrePrints2:e386v1. 2014. doi: 10.7287/peerj.preprints.386v1
Swarm: robust and fast clustering method for amplicon-based studies.
MahéF, RognesT, Quince C, de Vargas C, DunthornM.



Cluster stat tool
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Practice:
LAUNCH CLUSTERINGAND CLUSTERSTATTOOLS
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Exercise

Goto « 16S» history

Launchthe ClusteringSWARMtool on that datasetwith guideline3.2 i.e. aggregationdistance=1

Ҧobjectives:

Á understandthe outputsfrom clustering

Á understandthe ClusterStatutility
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Exercise

1. Howmanyclustersdo youget?

LaunchFROGSClusterStat tools on the previousabundancebiomfile
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Exercise
2. Interpret the boxplot: Clusterssizesummary

3. Interpret the table: Clusterssizedetails- Howmanysinglesingletonsdo you find?

4. Whatcanwe sayby observingthe sequencedistribution?

5. HowmanyclustersshareάBHT0.LOT08έwith at leastoneother sample?

6. Howmanyclusterscouldwe expectto beshared?

7. Howmanysequencesrepresentthe 106specificclustersof άCDT0.LOT06έΚ

8. Thisrepresentswhat proportionof άCDT0.LOT06έΚ

9. Whatdo youthink about it?

10. Howdo youinterpret the « Hierarchicalclustering» ?

The «Hierachicalclustering» isestablishedwith
a Bray Curtis distance particularlywell adapted

to abundancetable of veryheterogenousvalues 
(verybigand verysmallfigures).
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Most of clusters are singletons
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Answer1, 2 
& 3



Most of sequences are contained in big clusters

The smallclusters 
representfew 

sequences
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Answer4



~30 % of the specific clusters of CDT0.LOT06
represent around ~1% of sequences

Could be interesting to remove if individual 
variability is not the concern of user

201 clusters of BHT0.LOT08
are common at least once 

with another sample
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Answer5 to 
9



Samples distribution tab

Hierarchical classification 
on Bray Curtis distance

Newicktree available too, can be copied and pasted an tree viewer
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Answer10
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Answer10

N.B.: Hierarchicalclusteringis
not all a phylogenetictree !
Pleaseconsultwith caution.

Open in FigTree
v1.4.4

Not veryclear



Chimeraremovaltool
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Whatischimera?
PCR-generated 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 
sequence at each end of the amplicon.

Chimera: from 5 to 45% of reads (Schloss
2011)

Fichotand Norman Microbiome2013 1:10 
doi:10.1186/2049-2618-1-10
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A smart removal chimera to be accurate

ά dέisviewas 
chimeraby 

Vsearch
Itsά parentsέ are 

presents

ά dέisviewas 
normal sequence

by Vsearch
Itsά parentsέare 

absents

x1000

x500
x100
x50
x10

SampleA

a
b

c
d
e

x1000

x100
x50

x500

x10

SampleB

b
d
h
i
f

Weuse a samplecross-validation

Ý For FROGS άŘέ ƛǎ ƴƻǘ ŀ ŎƘƛƳŜǊŀ
Ý For CwhD{ άƎέ is ŀ ŎƘƛƳŜǊŀΣ άƎέ ƛǎ ǊŜƳƻǾŜŘ
Ý FROGS increases the detection specificity
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x10f
x5g

x10e
x5g



Practice:
LAUNCH THE REMOVECHIMERATOOL
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Exercise

Goto « 16S» history

Launchthe « FROGSRemoveChimera» tool

Followby the « FROGSClusterStat» tool

Ҧobjectives:

Á understandthe efficiencyof the chimeraremoval

Á makelinksbetweensmallabundantOTUsandchimeras

113
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Exercise
1. Understand the «FROGS remove chimera : report.html»

a. How many clusters are kept after chimera removal? 

b. How many sequences that represent ? So what abundance?

c. What do you conclude ? 

2. What is the size of the largest removed cluster of chimeras?
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Exercise
3. Rename html output in Chimera_report.html

Launch «FROGS ClusterStat» tool on non_chimera_abundance.biom

4. Compare the HTML files

a. Of what are mainly composed singleton ? (compare with previous summary.html)

b. What are their abundance?

c. What do you conclude ?
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Here, chimera clusters 
represent many clusters ~30% 

but very few sequences.
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Answer1

5931 clusters are kept.
The 13957 removedclusters 

represent~2.5 % of sequences

Removed clusters are low 
abundance clusters.
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Answer2

Answer3

92 chimeras are 
detected but only 
10 are removed 
because 82 have 
been invalidated 

by the cross 
validation

The largest cluster 
of chimeras 

contained 19 
sequences.
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Answer4

After clustering

After chimera 
removing

Most small clusters 
are composed of 

chimeras



OTU Filtertool
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OTU Filter

121

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

the OTU is deleted.

Criteria:

The OTU prevalence: The number of times the OTU is present in the environment, i.e. the 

number of samples where the OTU must be present.

OTU size: An OTU that is not large enough for a given proportion or count will be removed.

Biggest OTU:Only the X biggest are conserved.

Contaminant: If OTU sequence matches with phiX, chloroplastic/mitochondrial 16S of A. 

Thaliana or your own contaminant sequence.
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1

2

3

4

One tool, 4 criteria
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Prevalence

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

1
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OR

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

sequences.

Here, user wants that each OTU has an abundance 
at least equals to 2 sequences-> single singleton 

will be removed.

2
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Here, user wants to keep the 50 biggest OTU.

3
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4

OR

OR

Remove phiXsequence (use as 
buffer while sequencing)

Remove chloroplasticand 
mitochondrial 16S sequences of 

A. Thaliana

Place in your history (with getadata
tool) your own file of contaminant 

sequences in fastaformat.



Practice:
LAUNCHTHE OTU FILTER TOOL
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Exercice:
Goto history« 16S» history

Launch« OTUFilter» tool with non_chimera_abundance.biom, non_chimera.fasta

Use3 criteria to filter OTUs:

Á OTU must be present at least in 4 samples
Á Each OTU must represented a minimum of 0.005 % (1) of the totality of the sequences

Á OTU of phiX(2) must be removed

Ҧobjective: playwith filters, understandtheir impactson falses-positivesOTUs
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(2) https://www.illumina.com/products/by-type/sequencing-kits/cluster-gen-sequencing-
reagents/phix-control-v3.html

(1) Nat Methods. 2013 Jan;10(1):57-9. doi: 10.1038/nmeth.2276. Epub2012 Dec2.
Quality-filtering vastly improvesdiversityestimatesfrom Illumina ampliconsequencing.
BokulichNA1, SubramanianS, FaithJJ, GeversD, Gordon JI, Knight R, Mills DA, CaporasoJG.



Exercice:
1. What are the output files of  άh¢¦ CƛƭǘŜǊέ ?

2. 9ȄǇƭƻǊŜ άCwhD{ CƛƭǘŜǊ Υ ǊŜǇƻǊǘΦƘǘƳƭέ file. How many OTUs have you removed ? How many 
OTUs do they remain ? Which sample loses the most OTUs and for what reason?

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

4. How many own OTU remains in BHT0.LOT08 ? To retrieve this information, which tool do 
you need to launch previously ?
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Answer1

Outputs

0.005% = 0.00005
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Answer2
To tabs to explore
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Answer2

Sort by Kept to find 
the answer 

This sample have 
only very small 
clusters that are 

shared by very few 
other samples.
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Answer3

Å No phiXsequence.
Å Most clusters are both 

small and not shared 
by 4 samples.
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Answer4

summary.html of 
ClusterStattool

Because of the "prevalence 
= 4" criterion, there is no 
longer an "own cluster" for 
any sample.


