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Abstract

Motivation: Metagenomics leads to major in microbial ecology and biologists need user
friendly tools to analyze their data on their own.

Results: This Galaxy-supported pipeline, called FROGS, is designed to analyze large sets of ampli-

con and produce tables of O ic Units (OTUs) and their
taxonomic affiliation. The clustarmg uses Swarm. The chlmara removal uses VSEARCH, combined
with original ple idatie The iati returns an innovative multi-

affiliation output to highlight databases conflicts and uncertainties. Statistical results and numer-
ous graphical illustrations are produced along the way to monitor the pipeline. FROGS was tested
for the detection and quantification of OTUs on real and in silico datasets and proved to be rapid,

robust and highly sensitive. It with the mothur, UPARSE and
QIIME.
Av-lllbl"ly and implementation: Source code and i ions for i i i com/
0GS.git. A ion website: .toulouse.inra.fr.

Contact: geraldine.pascal@inra.fr

y y data are available at Bioinformatics online.
1Introduction (Hess et al., 2011; Hooper et al., 2012; Jovel et al., 2016) to the
The expansion of high-throughput sequencing of rRNA amplicons  study of in ystems and the search for

has opened new horizons for the study of microbial communities.
By making it possible to study all micro-organisms from a given
environment without the need to cultivate them, metagenomics has

biomarkers of pollution (Andres and Bertin, 2016; de Vargas et al.,
2015). Determining the composition of a microbial ecosystem, at
low cost and great depth, is still largely based on the amplification
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FROGS: a powerful tool to analyse the diversity of
fungi with special management of internal transcribed

spacers

Maria Bernard @ !, Olivier Rué!, Mahendra Mariadassou® and

Géraldine Pascal®
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Abstract

wnpmn-nmmmmmmmm-um-m.*mmmm

mmwmmmmmnuh—
weakness

chain reaction may produce non-overlapping reads in a significant fraction of the
metabarcoding

pipelines lose part of the information and

jpictures of th i of the environment under study We developed a solution that
Mpmdmme-«mummmmummmmum-me
ngal and real

accurate picture of ful tests using
md-mm:—:uuwmmmmm-wuuwm
Galaxy-based web interface.

Key words: fungi. ITS;

Introduction

Im-kmmbmm-xhlm

qdmh-‘mh-’“mmm
studies currently focus on the bacterial fraction of micyobial
communities but the fungal fraction is equally important, as
fungl are and provide several 12)

for bacteria.
@TS), but these are more difficult to manipulate The main
problem with ITS is size polymorphism, with a size range of
361-1475 bases in UNITE 7.1 [3 (unlike 165 where 95% of the
mm:h@mmu:sm_
studies describing ITS data analyses process either (i) paired
-dn-thnlhnulmo—hmmnm

Mhmdﬂu“hl“ﬂmimm
of the 165 rRNA gene, which is widely used and highly suitable

benefit of information contained in longer sequences |4, 5|

in particular for

and mecagenamacs data

y in o borg rad po i,

led to major advances in many fields of microbial ecology, from the ~ and sequencing of biodiversity marker genes, also called amplicons, ‘Submitted: 19 April 2071, Recetved (in revised formy: 19 july 2071
study of the impact of microbiota on human and animal pathologies such as rRNA genes and ITS. The clustering of sequences into © The Author(y) 2001 Al or
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How to use FROGS

AAn

e Command line</> e Galaxy instances via web &5

FROGS_3 Remove chimera Remove PCR chimera in each sample (Galaxy Version 4.1.0+galaxy1)

remove_chimera.py
o lnput _ blom Cluste rlng . blom \ D © © | 6:FROGS.2 Clustering swarm: seed_sequences.fasta
--input-fasta clustering.fasta \ Aoundsnc e

BIOM file

--non-chimera remove chimera.fasta \ et e e e e e s o s s by e e e

Abundance file (format: BIOM)

--out-abundance remove_chimera.biom \ DD T T e ——
--summar y remove_cC h ime ra. h t ml It contains the count by sample for each sequence.

* Migale - https://galaxy.migale.inrae.fr/ Ex
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AAN

FROGS docs and help @

o =2 \Website: https://frogs.toulouse.inrae.fr

e ) Githu
e [EHNews

0: https://github.com/geraldinepascal/FROGS.git

etter: subscription request at frogs-

support@inrae.fr
e ?Need help

= frogs-support@inrae.fr for generic questions

= help-migale@inrae.fr for bugs/quotas/errors with Galaxy
Migale instance

\@ 0]©)
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TP1: Introduction to Galaxy
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Sequencing data
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FASTQ format

@ST-E00114:1342:HHMGVCCX2:1:1101:3123:2012 1:N:0:TCCGGAGA+TCAGAGCC

CTTGGTCATTTAGAG
+

***<<*AEF???***

@ST-E00114:1342:HHMGVCCX2:1:1101:11556:2030 1:N:0:TCCGGAGA+TCAGAGCC
CATTGGCCATATCAT

+

AAAE??2<<*??7?%**

Meaning

@Identifierl (comment)
19,9,.9.9,9.9,9,9.9.9.9.9,.0.9,.9,.90.9,9.9.9,90.9,.0.9.9.9.9,9.9.9.0.9.9,.9.9.9.9.9.0.9.9.9.9.99.9.99.99.9.90.9.0

+

QQQQRQRQRRQQQAAAAQQRQQQQAAAAQRQQAQQAAAAQQQQQAAAAQQRQQQAAAAQQQRQ
@Identifier2 (comment)
19,9,.9.9.9.9,9,9.9.0.9.9.0.9.9.9.9,.0.9.9,9.9,.0.9,9.90.9.9.9.9.0.9.9.9.9.9.9.9,.0.9.9,9.9,.90.9.9,9.9,.0.9.9.9.9.999.909.999.99.00.
+

QQQRQQRQRRAQRARRAQRAARAARRARRARRAARAARRARRARRARRAARAARAARRARRARRARQRRQNA

©00
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Quality score encoding

Sanger
Solexa
Illumina 1.3+
Illumina 1.5+
Illumina 1.8+
PacBio

33 59 64 73 104 126

I I I I I I
ASCII code !"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]”_"abcdefghijklmnopgrstuvwxyz{|}~
I

I I
Phred+33  @.....ovvvieennnennnennns 26...31....... 40 | |
Solexa+64 | B — - T ——— 40 |
Phred+64 | | [~ J £ PP 40 |
Phred+64 | | | 3..... L P 41 |
Phred+33  0.2......civevneennnennns 26...31........ 41 | |
Phred+33 [Bhamniaseseie e 200 it =17 | RER—— A0} iereitaitsitete B Oselieisiisiioieaitolisite ielislis e lsieNolloiloilailelte fellails e i NsN ol elle el s el e lalielal sl loile 93
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Quality score

Measure of the quality of the identification of the nucleobases
generated by automated DNA sequencing

Phred Quality Score Probability of incorrect base call Base call accuracy

10
20
30
40
50
60

1in 10 90%

1in 100 99%

11in 1000 99.9%
11in 10,000 99.99%
11in 100,000 99.999%
1in 1,000,000 99.9999%

©00
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FASTQ compression

e Compression is essential to deal with FASTQ files (reduce
disk storage)

e extension: file.fastqg.gz

e Tools are (almost all) able to deal with compressed files 1l
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Quality control
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Quality control

e The results must be interpreted in relation to what has been

One of the most easy step in bioinformatics....

.. but one of the most important

check if everything is ok
Indicates if/how to clean reads

Shows possible sequencing problems

sequenced

(GROIOR .
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Reads are not perfect

Q33 =99.95%
PacBio HIFl N\
-~ PacBio HiFi
= lllumina NovaSeq Q31 =99.92
3 J.9¢
—— ONT Bonito
3 Q18 = 98.3%
3
©
~
@
-3
=
90 92 94 96 98 100
Read accuracy (%)

This work is licensed under a Creative Commons Attribution-ShaF8AfKE 2.

) - P . x - X ol X -CX
— L ) R . X - O ) st & s -0 N
] . L - - — - X B ——— - -
x == . ) - — T ————— .
DNA : PCR Flow cell Cluster Sequencing
Ste Sample —» . — Fragmentation —» =i = A :
P P extraction 9 amplification hybridization generation by Synthesis
Error Mutagenesis Oxidative Oxidative Polymerase Cluster PCR Phasing Fluorophore
source damage damage mistakes errors crosstalk
Error Biological DNA DNA Sequencing Sequencing
: PCR errors
category variants damage damage errors errors
Detection <+— |gnored Called —»

Sequencing error profiles of llumina sequencing instruments [3]

oXole
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Why QC’ing your reads?

Try to answer to (not always) simple questions:

e Are data conform to the expected level of performance?
= Size / Number of reads / Quality
e Residual presence of adapters or indexes?

e (Un)expected techincal biases?

e (Un)expected biological biases?

Warning

QC without context leads to misinterpr'é:)““?é\)ﬂéD

Ex
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TP2: Quality control
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Demultiplexing
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Multiplexing principle

Step 1 : Amplification of selected fragments

Specific primer
(Amplification of the
targeted DNA region)

3!
Heterogeneity spacer

5'- TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG - 3

Specific primer Amplification

’

5’

Forward

Fragment of interest

MiSeq Adapter Linker
(hybridization to the (primer hybridization)

ATCGTACG - Sample 1
ACTATCTG - Sample 2
TAGCGAGT - Sample 3
CTGCGTGT - Sample 4
TCATCGAG - Sample 5

(increase diversity 5’ -— -3’ Specific primer
during the first sequencing cycles Amplification €G———— Reverse

for cluster identification) .

ACAG ACTGTC

ACAG A ACTGTC

ACAG AC ACTGTC

ACAG ACT ACTGTC 5'- GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG - 3’

]
= =
7

Step 2 : Add Illumina adaptor sequences and indexes to multiplex samples

5’- AATGATACGGCGACCACCGAGATCTACAC - 3/

Adapter PS

flowcell)
/ 5’-TCGTCGGCAGCGTC - 3’
! L — ’ inker F
5 'y — 3 \ e
T Index ig - Amplification
Index 3'- e ¥ — — -5’
(sample multiplexing) 5 _— . — ]

Amplification (—; Index i,
inker R

5’- GTCTCGTGGGCTCGG - 3’
Adapter P7
5'- CAAGCAGAAGACGGCATACGAGAT - 3’

D00

II:REPUBLICIQSUE &%RA@
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Demultiplexing by bioinformatics

[Data]

Sample ID index index2
Samplel ATTACTCG

Sample2 TCCGGAGA

Sample 1
Sample3 ATTACTCG  GCCTCTAT
 — Sample4d TCCGGAGA GCCTCTAT
s O ——
L ———————————
L —— Sample 4
o
L ————
=i ———"1

(GROIOR .
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Demultiplexing tool

e Assign each read to FASTQ files depending on barcode found

e BARCODE FILE is expected

= first column corresponc
without space)

to be tabular:

s to the sample name (unique,

= second to the forward sequence barcode used (None if

only reverse barcode)

= optional third is the reverse sequence barcode (optional)

(GROIOR .
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Advices

e 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.

e Forthe 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.

 |fyou 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.

©00
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FROGS preprocess

From Short reads
demultiplex 454 Long reads
tool orillumina

) TARarchive file

@ FROGS_1 Pre-process:
dereplicated.fasta [fasta) o

B FROGS_1 Pre-process:
count.tsv (tsv) {

FROGS_1 Pre-process:
report.html (html} {

BY SA
REPUBLIQUE

This work is licensed under a Creative Commons Attribution- Shargwﬁ‘kg 2.
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What FROGS preprocess does?

e Merging of R1 and R2 reads with vsearch [4], flash [5] or pear [6] (only in command line)

Deletes sequences without good primers

Finds and removes adapter sequences with cutadapt
Deletes sequence with not expected lengths

Deletes sequences with ambiguous bases (N)
Dereplication

removing homopolymers (size = 8) for 454 data

quality filter for 454 data

(GROIOR .
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Merging of paired-end reads

P5
515F
index
806R \
P7
46 bp overla
SBSF B P P
(515F) 150 bp
P5 > index
‘ P/
150 bp SBSR
(806R)
' 254 bp '
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TP FROGS preprocess
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Clustering
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Sequencing data are noised

PCR errors 165 sequence diversity ‘

Chimera formation

Expected Results
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How to deal with these noised sequences?

e Comparison all against all

m \ery accurate

= Requires a lot of memory and/or time
e Clustering

m closed-reference / open-reference

= denovo

e Denoising

©00
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Vocabulary

e Alot of terms for features built by softwares

m OTUs, zOTUS, ASVs, ESVs...
A recent review establishes the vocabulary [7]

= OTUs /ASVs /swarm clusters

ASVs are identical denoised reads with as few as 1 base pair difference between variants,
representing an inference of the biological sequences prior to amplification and

sequencing errors

OTUs are formed with a % threshold clustering

Swarm clusters are a third feature type

©00
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OTU paradigm

e Operational Taxonomic Unit

A) Bulk sample W B) Amplicons W C) Sequences ml D) OTUs
[ -
o o o oo@e T
. ® @ W Tag ’ \
. SPECIE51 ® . PCR errors ® . jumps I . "
S 2. s [ e b ’
P- Chimeras a g el a - ~ ::__ - "
" . . ..
Sp.4 Sk bias Sequencing ® / \
Sp. 5 bias & i \ /
- &
. Cryptic species & o9 -
| Clustering a®
P Centroids

©00
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Operational Taxonomic Units

OTUs: a Proxy for « Bacterial Species »

97% ID Clostridium _—\
| difficile /
’ OoTu 1l - -

OTU 2 Bacillus cereus

OTuU 3
Escherichia coli

I |

Phylogenetic tree of 16S rRNA

Shigella flexneri

This work is licensed under a Creative Commons Attribution- Shar%’WF‘k% 2. y\é L‘ Easeq .O' l@
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Operational Taxonomic Units

(a)

100.0-/ mIntraspecies
M |nterspecies
M Intragenus

©

©

o
1

(e}

©

o
1

..............................

98.5-

©

@

o
1

16S rRNA gene sequence similarity (%)
3
T

©

N

o
[

96.5-

65 70 75 80 85 90 95 100
ANI (%)

s
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Operational Taxonomic Units
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ASV paradigm

e Amplicon Sequence Variants

A) Bulk sample W B) Amplicons W C) Sequences m D) OTUs
& -
o & oo o@e e
) ® ® [ ] Tag / \
. Species 1 ® o PCR errors ® & jumps 1 ® ]
. 2. e 3 o0 _ . ’
P- Chimeras a . Primé} a - ~ - :-__ - "
. . ...
Sp.4 bias Sequencing \
Sequ. errors _ @ . 5
-0 |[F-0. ||| )
S5p.5 bias & i@ \ Y,
i L
. Cryptic species & o9 -
® oo Denoising |

Haplotypes

ASV are inferred by a de novo process in which biological sequences are discriminated
from errors on the basis of the expectation that biological sequences are more likely to be
_
repeatedly observed than are error-cont e €NCES |
'm 34
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ASV resolution

UPARSE DADA2
1.00- 42 pregnant 1.00 - 42 pregnant
waomen women
Variant
0.75 - 075 - L1
= L2
: o s
= 0.50-= S 0.50 -
g H p
L [
Ls
0.25- 0.25 - .
L6
0.00 - - - - - - SEslsesislisSslanan L 0.00 - - - -- - - e T I T P R L LT "
Sample Sample

e ASVresolution changes the composition for these samples

REPUBLIQUE - -
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Swarm

Swarm [8] is a notably different sequence clustering approach, which, while technically a
clustering algorithm, may also be considered a denoising method when using the
fastidious method with d=1. It relies on the maximum number of differences between
reads (local linking threshold) and forms clusters that are resilient to input-order changes,
thus creating stable, high-resolution features (herein referred to as swarm-clusters). When
using the fastidious method with d=1, swarm aims to produce clusters centered around
real biological sequences, where clusters represent sequence variants.

Since FROGS uses swarm (with the fastidious method with d=1) and strongly promotes
denoising by chimera removal and cluster filtering, FROGS produces ASVs.
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Why Swarm?

e Fixed clustering threshold is a real problem

e OTUs construction is input-order depenent
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Swarm: A smartidea
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Swarm

e Arobust and fast clustering method for amplicon-based studies

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

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

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

e Default: forms a lot of low-abundant OTUs that are in fact artifacts and need to be
removed

e Swarm (fastidious method + d=1) clusters + filters » ASVs
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d: the small local linking threshold

ACGT ACGT ACGT
AGGT A-GT A--T

differences 1 1 2

. 50 %&é TEE

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
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Swarm steps
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Which method to choose?

Single-end data
AMPtk Anacapa  BIOCOM-PIPE Cascabel CoMA DADA2  dadasanke APSCALE
eDNAflow FROGS gDAT JAMP  LotuS2 MetaWorks MICCA  mothur DZZ';‘;Z »
i i DANIEL Paired-end
NextITS nf-core/ampliseq  OBITools PipeCraft2 QIIME 2 SCATA PIPITS data
SEED2 USEARCH VSEARCH  Tourmaline  VTAM REME

Galaxy

macOS
R Anacapa  APSCALE  CoMA
eDNAfiow AMPtk Barque BIOCOM-PIPE P
dadasnake Cascabel Dadaist2 JAMP DADAZ 9DAT MICCA
M K mothur nf-core/ampliseq
etaWorks OBITools  PIPITS VSEARCH
NextiTS PEMA PipeCraft2  USEARCH
DAnIEL \ FROGS Lotus2 QIIMEN Tourmaline VTAM
SCATA j . \ SEED2
Windows

‘Web-based (including Galaxy)
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Advantages and inconvenients

e Which type of features to prefer may be context-dependent, and both may even be used in
the same study

e ASV demonstrate a biologically informative fine-scale resolution [9]
e Butdifficult to separate noise from a real signal in low abundant reads [10]

e ASVs represent stable and reproducible units across studies whereas OTUs are dataset-
specific features (swarm clusters are not )

= problematic for longitudinal and very big studies

1 FROGS will soon offer the choice between swarm and dada2 for ASV creation
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Chimera removal

Biological sequence X

Biological sequence ¥

Chimera formed from X and ¥
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Chimera detection strategies

e Reference based: against a database of «genuine» sequences
= dependant of the references used
e De novo: against abundant sequences in the samples i

e FROGS uses vsearch [4] as chimera removal tool
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A little extra: the sample-cross validation

e FROGS adds a sample-cross validation

Sample cross-validation

/ Sample A \ / Sample B \ / Sample A \ / Sample B \

a I x1000
b T x500
¢ I x100
d s x50

el 1x10
f x10

&

“d” is identified as
chimera

b ey x1000
d s X500
h I X100
i P x50
f ) x10

X5/

e x10

g

“d” is identifued as
normal sequence

a I x1000
b s x500
C I x100
d I x50
el x10

x5/

o x10_
gL x5

“g” is identified as
chimera

b s x1000
d s x500
h I X100
i I x50

L — 4 {0
el x10
(—
.8 x5

“g” is identified as
chimera

| FR0GS: s chimers

REPUBLIQUE
This work is licensed under a Creative Commons Attribution-ShaF8AfKE 2.

NRAZ. NS Ho:le


http://creativecommons.org/licenses/by-sa/2.0/

Chimera rates in samples

e From5t040%in 16Sdata e Few with ITS (<10%)

Samples % Observed Chimera content

ABI3730 454 FLX Titanium

Vi-v9 V1-v3 V3-V5 V6-V9
MC 5.99+3.07 14261034 14.75*+945 13.49+8.52
gut 771646 22.90+8.56 16.03+2.86 17.76*£3.76
oral 22613 20.55*11.73 10.98*+4.01 9.10%5.02
skin 349%5.77 11.15*+1.36 7.51£2.49 573=1.69
vaginal 6.31+6.64 12.60*+6.70 662351 3.00£1.65

*Values are averages = STDEV calculated from multiple replicates of MC, and
from replicates of multiple clinical samples originating from different body sites.
doi:10.1371/journal.pone.0039315.t001
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TP Frogs remove chimera
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Abundance/Prevalence filters
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How to filter clusters?

e Low abundant sequences
e Clusters not shown in few replicates

e Contamination
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TP Frogs cluster filters
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Taxonomic affiliation
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Comparison of approaches
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Table 1 Number of taxonomic groups identified by each classifier among lllumina 16S rRNA

gene sequences (SRR3225706) from a mock microbiome sample [33]. Counts are provided

with and without including any sequences in the RDP training set that are labeled as

belonging to the 20 expected genera

From: IDTAXA: a novel approach for accurate taxonomic classification of microbiome sequences

Classified to genus level® Groups present in the mock community Absent from mock
(%) community®
Root Domain Phylum Class Order Family Genus Order Family Genus
Using the RDP training set BLAST 97.9 1 0 0 0 0 0 17 0 0 24
IDTAXA 94.2 1 0 1 1 2 5 14 0 1 2
MAPSeq 96.5 1 0 0 0 0 4 15 0 2 G
QIIME 95.4 1 0 0 0 0 0 16 0 0 T
RDP 93.3 1 1 2 3 6 8 15 0 2 G
Classifier
SINTAX 94.2 1 1 1 4 3 3 14 1 0 3
SPINGO 96.5 1 0 0 0 0 0 17 0 0 3
With expected genera excluded from training BLAST 17.3 1 0 0 0 0 0 ] 0 0 65
data IDTAXA 0.01 1 1 1 2 3 4 "] 0 2 2
MAPSeq 24.6 1 0 0 2 5 11 "] 1 8 20
QIME 13.5 1 0 0 0 0 0 "] 0 0 16
RDP 3.83 1 1 2 3 6 9 "] 0 3 12
Classifier
SINTAX 8.76 1 1 1 T 5 4] "] 1 1 9
SPINGO 26.7 1 0 0 0 0 0 ] 0 0 15
“Percent of total sequences from the mock community that were classified to the genus rank
POther rank levels (root, domain, phylum, and class) all had counts of zero
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RDP problems

e Dependstoo much on the databank used!

e Gives one affiliation for each feature with bootstrap, on each
subdivision

Bacteria; (1.0);Actinobacteriota; (1.0);Actinobacteria;

(1.0);Propionibacteriales; (1.0);Propionibacteriaceae; (1.0);Cutibacterium;
(1.0);Cutibacterium acnes; (0.57);
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The FROGS recommandation

e Use Blast and not RDP
e Check Blast metrics to avoid concluding too fast

e Take care of the reference databank used!

Bacteria;Actinobacteriota;Actinobacteria;Propionibacteriales;Propionibacteriace
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The FROGS databanks

e Command line: you can use your own databank
e Galaxy
= You have access to several databanks
= Admins have to add your databank
e The file must be well formated, we can do it for you

e A For private databanks, contact us!
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The FROGS extra: the multi-affiliations

e FROGS gives all identical hits

Bacteria;Firmicutes;Bacilli;Staphylococcales;Staphylococcaceae;Staphylococcus;S

xylosus
Bacteria;Firmicutes;Bacilli;Staphylococcales;Staphylococcaceae;Staphylococcus;S

saprophyticus

Strictly identical (V1-V3 amplification) on 499 nucleotides

e FROGS can’tdecide if it’s one or another

e You have to check if you can choose between multi-
affiliations
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To help you

e https://shiny.migale.inrae.fr/app/affiliationexplorer

e avery user-friendly Shiny web app, allowing users to modify
very simply the affiliations from a FROGS abundance file
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Filter ASVs on their affiliation
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Affiliation filters

e Remaining contamination?
e Want to analyse onlythe Firmicutes?
e 2 modes

= Deleting: remove ASVs

= Hiding: only the affiliation is modified, not the abundance
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Phylogenetic tree
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FROGS tree

e This tool builds a phylogenetic tree thanks
to affiliations of ASVs contained in the
BIOM file

* Needed to compute beta-diversity indices
based on phylogenetic distances

* |nteresting to explore poor-characterized
environments

Dechloromonas denitrificans ED1T (AJ318917)
Nitrate-contaminated groundwater clone (KF956439)
Dechloromonas sp. HZ (AF479766)

BTEX-contaminated groundwater clone (JF800678)
Freshwater iron seep clone (JQ906361)
Gallionella ferruginea (LO7897)
Sideroxydans lithotrophicus ES-1 (DQ386264)
Coal-tar-waste-contaminated groundwater clone (FJ810588)

Iron-rich microbial mat clone (AB600426)
Sulfurisoma sediminicola BSN1 (AB842427)
Sulfuritalea hydrogenivorans DSM 22779 (AB552842)

Hydrocarbon-contaminated groundwater clone (JQ278757)

Burkholderia fungorum BH370 (LN868266)
Arsenic-contaminated soil clone (GU731258)

urikholderia ferrariae FeGI01 (DQ514537)
Uranium mining waste clone (FM877659)

Subsurface aquifer sediment clone (JX223896)
Rhodoferax saidenbachensis ED16 (FJ755906)
Rhodoferax ferrireducens CH1-46 (KC855480)

Diesel-contaminated groundwater clone (JQ861862)
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OTUI2 - - - — - — - - — - — - i
Arsenic-contaminated aquifer clone (GU647070)
Deep aquifer clone (KF836237)
OTUAd - — - — - — - - - — r
Ideonella dechloratans CCUG 30977T (X72724)
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FROGSfunc: function inference
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Concepts

Metabarcoding principle

Determine the diversity of a environment by amplification and sequencing of a genetic marker.

79

Functional inference

Assuming that an organism has a metabolic function by the presence in the organism's genome of a

known sequence having that function.

-
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Metabolic pathway

Microorganism genomes PCR amplification of marker (16S, 18S, ITS...)
e DNA I L ‘ i
O extraction —— — Sequencing ,' |", “. ’| I"n
OOCD O - e _— l. ,' ".| l‘ I\ ',.
O Bioinformatics
analysis with
FROGS
P
Abundancy table displaying microbial diversity per samples
Taxonomic Samplel Sample2 Sample3 s
affiliation
ASV1 Species A 3500 6300 210
ASV2  Species B 0 460 36 -
ASV3 Species C 400 700 500
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What metabolic functions are presents in a microbial community ?
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Based on PICRUSt2

e PICRUSt [13] (Phylogenetic investigation of communities by
reconstruction of unobserved states) is an open-source tool.

e |tis asoftware for predicting functional abundances based
only on marker gene sequences

e PICRUSt2 is composed of 4 python applications.

e No graphic interface exists to run PICRUSt2 for non-expert
users.
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How it works

1. Places the ASVs into a reference phylogenetic tree and
oredicts of marker copy number in each ASV.

2. Predicts number of function copy number in each ASV and
calculates functions abundances in each sample and ASV
abundances according to marker copy number.

3. Calculates pathway abundances in each sample.
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FROGSfunc placeseqgs and copynumber

p"
@ :EEZE:;C fasta sequences samplel sample2 sample3
ASV1 species A >AGGAG.. 3500 6300 210
PICRUStZ ASV2 species B >ATGAG.. 0 460 36
rEference tree ASV3 species C >AGGCT.. 400 700 500
A cluster »
R sequence
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FROGSfunc placeseqs and copynumber

PICRUSt2
reference tree

Pre-calculated

marker copy
+ numbers per
reference genome

closest reference ;
sequence cluster
sequence

000008 e 8000

Inference marker copy
numbers per ASV
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NSTI

e NSTI scores are simply the average branch length that separates each ASV in your
sample from a reference bacterial genome, weighted by the abundance of that ASV in

the sample.

e PICRUSt2 sets NSTI threshold to 2 per default. Some studies have shown that this
threshold is permissive. Thus, it is important to see if the taxonomies between
PICRUSt2 and FROGS are quite similar or not, in order to potentially choose a more
stringent threshold afterwards.

m 0<Good<0.5
m 0.5<=Medium<1
m ]<=Bad<2

m To exclude>=2
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FROGSfunc functions

FROGSFUNC 1 abundance ASV FROGSFUNC 1 marker.tsv ..... w  FROGSFUNC 2 marker norm.tsv
BN
ASV1 3500 6300 ASV1 ASV1  3500/7 6300/7 210/7
ASV2 0 460 36 + ASV2 4 - ASV2 0/4 460/4 36/4
ASV3 400 700 500 ASV3 1 ASV3 400/1 700/1  500/1
FROGSFUNC_2 marker_norm.tsv FROGSFUNC_2 EC_copynumber_predicted.tsv «\ FROGSFUNC 2 functions unstrat EC.tsv
-.m - EC1112| ECL113 s1 sz S3
ASV1 ASV1 0 2 EC:1.1.1.1 1800 5460 1129
ASV?2 0 115 9 x ASV?2 1 0 0 — EC:1.1.1.2 1600 | 2800 | 2000
ASV3 400 |700! 500 ASV3 - A . EC:1.1.1.3 1800 3200 1060

00
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FROGSfunc pathways

FROGSFUNC 2 functions unstrat EC.tsv FROGSFUNC_3 pathways_unstrat per sample and per reference

EC:1.1.1.1 1800 5460 1129 FTTT T T Tt | 1CMET2-PWY 1289.7451 14852474  1233.5908
| |

EC:1.1.1.2 1600 | 2800 | 2000 | PICRUST2 map of gene : ANAEROFRUCAT-PWY 904.7455 15655453  1227.6231
: families to pathways |

EC:1.1.1.3 1800 3200 1060 ] ANAGLYCOLYSIS-PWY 1501.0804 18053271  1544.3206

ARG+POLYAMINE-SYN 0 493391 456559
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