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What metabolic functions are
present in the environment?




Concepts

Metabarcoding principle

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

Microorganism genomes

DNA
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Abundancy table displaying microbial diversity per samples

Taxonomic Samplel Sample2 Sample3
affiliation
OTuU1 Species A 3500 6300 210
0oTu2 Species B 0 460 36
OTU3 Species C 400 700 500

PCR amplification of marker (16S, 18S, ITS...)

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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What metabolic functions are presents in a microbial community ?




Based on PICRUSt2

PICRUSt (Phylogenetic investigation of communities by reconstruction of unobserved states)
is an open-source tool.
It is a software for predicting functional abundances based only on marker gene sequences.

correspondence

) Seroch for upeiies.

PICRUSt2 for prediction of metagenome
functions

PICRUSt2 is composed of 4 python applications.

No graphic interface exists to run PICRUSt2 for non-expert users.

Douglas, G.M., Maffei, V.J., Zaneveld, J.R. et al.
PICRUSt2 for prediction of metagenome
functions. Nat Biotechnol 38, 685688 (2020).
https://doi.org/10.1038/s41587-020-0548-6

(Supplementary Fig. 1% and enabling
redictions of complex phenotypes and
databases.
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distinguishod. Purthermore, the baclerial genomes and gene familics (Fig. 1k more  (IMG) database’”. Phylogenetic placcment
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https://doi.org/10.1038/s41587-020-0548-6

How it works 7

1. Places the OTUs into a reference phylogenetic tree. FROGSFUNC_stepl placeseqs
2. Predicts number of marker and function copy number in each OTU. € S8 E0INET = ool o)iallagl o= i
3. Calculates functions abundances in each sample. FROGSFUNC_step3_functions

4. Calculates pathway abundances in each sample. FROGSFUNC_stepd._pathways

It runs only on 16S, ITS or 18S



FROGSFUNC stepl placeseqs




FROGSFUNC stepl placeseqs

FROGSFUNC_stepl_placesegs is the first step of PICRUSt2.

It inserts your studied sequences into a reference tree.

By default, this reference tree is based on 20,000 16S sequences from genomes in the Integrated
Microbial Genomes database. The script performs this step, which specifically:

= Aligns your study sequences with a multiple-sequence alignment of reference 16S, ITS or 18S
sequences with HMMER.

= Finds the most likely placements of your study sequences in the reference tree with EPA NG
or SEPP .

= Produces a treefile with the most likely placement for each sequence as the new tips with
GAPPA.


https://github.com/picrust/picrust2/wiki/Sequence-placement
https://img.jgi.doe.gov/
http://hmmer.org/
https://github.com/Pbdas/epa-ng#build-instructions
https://github.com/smirarab/sepp
https://github.com/lczech/gappa

FROGSFUNC stepl placeseqs

#*
@ ;?;ﬁ::i?: fasta sequences  samplel sample2 sample3
OTU/ASV1  species A >AGGAG.. 3500 6300 210
PICRUStZ OTU/ASV2  species B >ATGAG.. 0 460 36
reference tree
OTU/ASV3  species C >AGGCT.. 400 700 500
v
_ cluster »
\
\

BB N sequence
closest reference ‘

sequence
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2 input files are required for FROGSFUNC_stepl_placesegs analysis:
= fasta file of OTU/ASV sequences (it can be from FROGS Filters step)

= biom file of OTU/ASV abundances with taxonomic affiliation information (it can be
from FROGS Affiliation OTU step)



FROGSFUNC stepl placeseqs

FROGSFUNC step1_placeseqs Places the OTUs into a reference phylogenetic tree. (Galaxy Version 4.0.0+galaxy1)

¥ Favorite = Options

Sequence file

D O O 2%: FROGS OTU Filters: otuFilter_sequences fasta - | =

The sequence file to analyse (format: fasta). (--input-fasta)
Biom file

[} 18] [ 33: FROGS Affiliation OTU: Pintail100affiliation_abundance.biom - =

The abundance file to analyse (format: biom). Taxonomic affiliations rmust be inside (FROGS Affiliation OTU step). (--input-biom)

Taxonomy marker

@ 165
OIS
O 185

Taxonomic marker of interest, (--ref-dir)

Placement tool ) ) X X
epa-ngiIs very memory and computing power intensive
1 1 O epa-ng
epa-ng is the only choice

© sepp
for ITS and 18S
Since epa-ng is greedy
then it may force to
reduce the dataset to

Placement tool for insertion of sequences into the reference tree, SEPP is a low-memory alternative to EPA-ng for placing sequences. (--placement-tool)

Minimum alignment length

0.2

Proportion of the total length of an input sequence that must align with reference sequences, All other will be out, (default: 0,80 (--min-align]

run. Email notification
. Mo

Send an email notification when the job completes,

v




Input files

= Sequences file: The OTU/ASV fasta sequence file.

= biom file: The OTU biom file. Taxonomic affiliations must be done before (biom file form
FROGS Affiliation OTU tool).

= taxonomy marker: 16S, ITS and 18S only available.
4 If your OTUs/ASVs are based on another marker, you cannot use this tool.

= placement tool: EPA-NG or SEPP are placement tools for insertion of sequences into the
PICRUSt2 reference tree. SEPP is a low-memory alternative to EPA-ng for placing sequences.
So, if the tool crashes with EPA-ng, try again with SEPP.

= minimum alignment length: Proportion of the total length of an input sequence that must
align with reference sequences. All other will be out.


http://biom-format.org/documentation/format_versions/biom-1.0.html

Output files

FROGSFUNC _step1_placeseqs: frogsfunc_placeseqs.biom @ F N
FROGSFUNC_step1_placeseqgs: frogsfunc_placeseqgs_closests_ref sequences.txt @ F K
FROGSFUNC _step1_placeseqs: frogsfunc_placeseqgs.fasta @ F R
FROGSFUNC_step1_placeseqs: frogsfunc_placeseqs_excluded.tsv @& F XK
FROGSFUNC_step1_placeseqgs: frogsfunc_placeseqgs_tree.nwk @ F XK

FROGSFUNC_step1_placeseqs: report.hitml @ F A




FROGSFUNC stepl placeseqgs: report.html

Insertion in reference tree summary

Clusters Abundance

Removed : 0

Removed : 0

Here, all our sequences have found a
place inside the PICRUSt2 reference tree.

" Inserted : 495 " Inserted : 547.520

The html report file describes which OTUs are contained or not in the phylogenetic tree.
Note that PICRUSt2 uses its own reference tree to affiliate OTUs from reference sequences.

The report file indicates for each OTU which is the closest PICRUSt2 reference sequence, and compares it to the original FROGS taxonomy.
Clicking on the sequence ID gives you more information about it /G| database.



https://img.jgi.doe.gov/

Where are my OTUs inserted in the phylogenetic
reference tree ? nttps://jgi.doe.gov/

PICRUSt2
Nb closest ID PICRUSt2 closest

Cluster 1 sequences FROGS Taxonomy (JGI) reference name

Cluster_1 84849 Bacteria;:FirmicutesBacilli;Lactobacillales Listeriaceae;Brochothrix:Brochothrix thermosphacta 2576861686 Brochothrix
thermosphacta FSL
F&-1036

Cluster_10 4188 Bacteria;Bacteroidota;Bacteroidia:Flavobacteriales Flavobacteriaceae;Flavobacterium;Flavobacterium sp. 2617271209 Flavobacterium hydatis
D5M 2063

Cluster_100 696 Bacteria;Proteobacteria;Gammaproteobacteria;XanthomonadalesXanthomonadaceae;Stenotrophomonas;Multi- 2531839535 Stenotrophomonas

affiliation maltophilia EPM1

Cluster_101 752 Bacteria;Bacteroidota;BacteroidiaFlavobacterialesWeeksellaceae;Chryseobacterium;Chryseobacterium sp. 2639762901 Chryseobacterium jeonii
DSM 17048

Cluster_102 524 Bacteria;Bacteroidota;Bacteroidia;FlavobacterialesWeeksellaceae;:Chryseobacterium; Chryseobacterium antarcticum 2609460311 Chryseobacterium

antarcticum LMG 24720

first part of the table




Where are my OTUs inserted in the phylogenetic

reference tree ?

Taxonomy (JGI) of the closest reference sequence from the OTU
inserted in the reference tree under the following format:
Kingdom;Phylum;Class;Order;Family;Genus;Species

!

PICRUSt2 closest taxonomy

Bacteria;Firmicutes;Bacilli;Bacillales Listeriaceae;Brochothrix;Brochothrix thermosphacta

Bacteria:Bacteroidetes Flavobacteriia;FlavobacterialesFlavobacteriaceae;Flavobacterium;Flavobacterium hydatis
Bacteria:Proteobacteria:Gammaproteobacteria;Xanthomonadales Xanthomonadaceae: StenotrophomonasStenotrophomonas
maltophilia

Bacteria;Bacteroidetes Flavobacteriia;Flavobacteriales Weeksellaceae:Kaistella;Chryseobacterium jeonii

Bacteria;BacteroidetesFlavobacteriia;FlavobacterialesWeeksellaceae;Kaistella;Chryseobacterium antarcticum

second part of the table

Lowest
same
taxonomic
rank
between
NSTI FROGS and
NSTI Confidence PICRUSt2 Comment

0.0089 Good Species /

Nearest Sequenced Taxon Index (NSTI) is the phylogenetic
distance between the OTU/ASV and the nearest

0.021
sequenced reference genome.
0.0073 Good Species identical
taxonomy
012 Good Family /
0.042 Good Species /



https://www.nature.com/articles/nbt.2676

NSTI confidence

According to the NSTI score, we guide you in the confidence you can bring to the issue affiliation
of PICRUSt2. Four levels are given:

= 0<Good<0.5

= 0.5<=Medium<1
= 1<=Bad<?2

= To exclude >=2

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.

Q) For example, a NSTI lower than 0.5, with “species” as lowest common

taxonomic rank between FROGS and PICRUSt2 will product a good prediction.



FROGSFUNC stepl placesegs: report.html

Lowest same taxonomic rank between FROGS and PICRUSt2 :
Lowest common taxonomic rank between FROGS and

PICRUSt2 affiliations.
Comment :
= jdentical taxonomy: if the FROGS and PICRUSt2
taxonomic affiliations are identical.
= jdentical sequence: if the OTU/ASV sequence is

Lowest .
same strlctly the same as the reference sequence
. .
taxonomic
rank
between
FROGS
NsTI and
PICRUSt2 closest taxonomy NSTI Confidence PICRUSt2 Comment
Bacteria:Firmicutes;BacilliBadillales;Listeriaceae;Brochothrix:Brochothrix thermosphacta 0.0089 Good Species !
Bacteria:Bacter :Flavobacteriia;Flavobacteriales;Flavobacteriaceae;Flavobacterium;Flavabacterium hydatis 0.021 Good Genus /
monas  0.0073 Good Species identical




FROGSFUNC step2 copynumbers




FROGSFUNC step2 copynumbers

It runs hidden-state prediction (hsp) to predict function abundances with castor-R of each OTUs

placed in the PICRUSt2 reference phylogenetic tree.

2 input files are required for FROGSFUNC_step2_copynumbers analysis:

= Tree file (format newick nwk): The file contains the tree informations from
FROGSFUNC stepl placeseqgs (FROGSFUNC stepl placeseqs output :
frogsfunc_placeseqgs_tree.nwk)

= OTUs biom file: The abundance file to analyse i.e. FROGSFUNC_step1_placeseqgs tool output
file (format biom). (frogsfunc_placeseqs.biom)



FROGSFUNC step2 copynumbers

FROGSFUNC_step2_copynumbers runs hsp twice:

= Prediction of the copy numbers of the marker gene (16S, ITS or 18S) in order to normalize the
OTU abundances table thereafter.

= Prediction of the functions abundances, using different databases:

EC : https://enzyme.expasy.org/

KO : https://www.genome.jp/kegg/ko.html

PFAM : http://pfam.xfam.org/

COG : https://www.ncbi.nlm.nih.gov/research/cog-project/
TIGRFAM : https://tigrfams.jcvi.org/cgi-bin/index.cgi
PHENO : https://phenodb.org/



https://enzyme.expasy.org/
https://www.genome.jp/kegg/ko.html
http://pfam.xfam.org/
https://www.ncbi.nlm.nih.gov/research/cog-project/
https://tigrfams.jcvi.org/cgi-bin/index.cgi
https://phenodb.org/

FROGSFUNC step2 copynumbers

PICRUSt2
reference tree

Pre-calculated gene Pre-calculated
family/function marker copy
copy numbers per + + numbers per
reference genome reference genome
closest reference
‘ sequence cluster

sequence

\
0080000000000

Inference of gene
family/function copy
numbers per ASV/OTUs

Inference marker copy
numbers per ASV/OTUs




FROGSFUNC step2 copynumbers

FROGSFUNC_step2_copymmbers Predicts number of marker and function copy number in esch OTL. (Galaxy Version 4.0.0=galaxy 1)

Biom file

[N i [ ] T0r FROGEFUNC_stepi_placeseqs: frogsfunc_placesens biom

The soundance file to analyse L FROGEFUNC _stepl_placessgs tool outout fle (frogsfunc_olscesegs biom). {--input-iom)

Treefile

O 1] [ ] 66 FROGEFUNC _stepi_placeseqs: frogefune_placesens_tree mak

The fie containg the tree information from FROGEFUNC _stenl_piacsseas tool (frogefunc_placeseqs_tres nwk). (--tras)
Taxonomic marker
165
onms
018
Taxonomic marker of interest
Function table
[3 select/Unselect 5

® BC || = KO <

165 : at beast "EC or/and KO’ should be chosen (EC for Metacyc pathway analysis or/and KO for KEGG pathway analysis) - others values are option

H5P method

mp

O emp_prab

O pic

O =cp

) subtres_zverz

Email notification

®

Ty Favorite » Options

Function table choice: Which default pre-calculated count table to use ?

=  For 16S rRNA gene you can choose between: ‘EC’, ‘KO’, ‘PFAM’,
‘COG’, ‘TIGRFAM’, and/or ‘PHENO’.
You must select at least ‘EC’ or ‘KO’ because for next FROGSFUNC
tools, the information from Metacyc (EC) or KEGG (KO) are required.

-4 For ITS and 18S markers, ‘EC’ is only available.

=& averaging (subtree_average), continuous traits prediction with phylogenticindependent contrast {pic), continuous traits reconstruction using




Outputs

FROGSFUNC_step2_copynumbers: frogsfunc_copynumbers_marker.tsv @ F R

FROGSFUNC_step2_copynumbers: frogsfunc_copynumbers_predicted_functions.tsv @ F xR

FROGSFUNC_step?_copynumbers: report.html @ K




FROGSFUNC step2 copynumbers: report.html

Cluster/sequence number according to NSTI threshold

Mb kept sequances

500k

400k

300Kk

200k

100k

0
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P W W Ay

0.38

-

Mb clusters: 464 .
# Nb sequences (cluster abundance): 516 584 WOUId IIke to keep.

vvvvvvvv

It is interesting to find a compromise between the guidance provided by
the PICRUSt2 authors and the amount of reusable information you

On the graph above, keeping 464 OTUs, we keep the information before
the plateau, that is, from this point on, the more OTUs we keep the more
we degrade the accuracy. So, here NSTI = 0.38

But this depends strongly on the datasets.

e L P T, P T Yy A B . T P Ty P ~
P A Bl AR T Al o B R B gl o0 o P Al DD g o e e e e : o -
oo o Yorero o Yoo nlo Pololo o Yool ol G'-Jga R N e N G NN
M5TI value
Nb clusters -# Nb sequences (cluster abundance)

@ This graph allows you to set the “NSTI cut-off” parameter of the next tool




FROGSFUNC step2 copynumbers:
copynumber predicted functions.tsv

sequence
Cluster_1
Cluster_1e
Cluster_18e
Cluster_181
Cluster_182
Cluster_183
Cluster_184
Cluster_18c
Cluster_18&
Cluster_187
Cluster_18g
Cluster_189
Cluster_11
Cluster_118
Cluster_111
Cluster_112
Cluster_113
Cluster_114

EC:1.1.1.1

L B T I T L O L - T - = B - < B~ R FU R - S
[T T - I - Y I - T < < O - - < Y < T = - < < < T = R

EC:1.1.1.18

[T T o e L T B T O o A T T - B L

g pa =
w
WM m oM D mm D mmmmmmm D@ m

[

EC:1.1.1.18&
a a
a a
a 1
a a
a a
a a
a a
a a
a a
a a
a a
a a
a 1
a a
a a
a a
a a
a a

EC:1.1.1.181

W oW WM D mm D mmmmm e mm @ m
WM m oM D mm D mmmmmmm D@ m

EC:1.1.1.182

W oW W WM mm e ®m®mmmmmm D@ m
WM m oM D mm D mmmmmmm D@ m

Required file for FROGSFUNC_step3_functions tool.




FROGSFUNC step2 copynumbers:
copynumber predicted marker.tsv

SEqUENCE 165 rBNA_ Count metadata M5TI
Cluster_1 1 0.00891
Cluster_10 1 0.021249
Cluster_100 1 0.007370999999999999
Cluster_101 1 (.11353599999999998
Cluster_102 1 0.042736 4 Required file for FROGSFUNC_step3_functions tool.
Cluster_103 1 0.01323
Cluster_104 1 0.007503
Cluster_103 1 0.006364
Cluster_10& 1 0.027795999999999998
Cluster_107 1 0.63742
Cluster_108 5 0.012044



FROGSFUNC step3 functions




FROGSFUNC step3 functions

FROGSFUNC_stepl_placeseqs: FROGSFUNC_step2_copynumbers: FROGSFUNC_step3_functions:
frogsfunc_placeseqs.biom frogsfunc_copynumbers_marker.tsv frogsfunc_functions_marker_norm.tsv
16S copy S1 S2 S3
number
OTUl 3500 6300 210 ° OTUl1 3500/7 6300/7 210/7
OoTu2 0 460 36 OTU2 0/4 460/4 36/4
L4 oTU2 4 a——
OTU3 400 700 500
oTU3 1 0OTU3 400/1 700/1 500/1
a“..
% A
.‘..
FROGSFUNC_step3_functions: «n® * FROGSFUNC_step2_copynumbers:
frogsfunc_functions_marker_norm.tsv S A . frogsfunc_copynumbers_predicted_functions.tsv
&'

EC1.1.1.1 EC1.11.2 ECl1.1.13

500 07Ul 2 0 2
oTu2 0 9 0oTuU2 1 0 0
oTu3 400 500 OTU3 2 4 2

FROGSFUNC_step3_functions:
frogsfunc_functions_unstrat.tsv

51 s2 s3
EC:1.1.1.1 1800 5460 1129

EC:1.1.1.2 1600 | 2800 | 2000

EC:1.1.1.3 1800 3200 1060




FROGSFUNC step3 functions

FROGSFUNC_step3_functions Calculates functions abundances in each sample. (Galaxy VYersion 4.0.0+ galaxy1)

% Favorite = Cptions

Biom file
D © | 70:FROGSFUNC_stepl_placeseqs: frogsfunc_placesegs.biom =
The abundance file i.e. FROGSFUNC_step_placeseqs tool output file (frogsfunc_placeseqs.biom). (--input-biom)
Function file
=
. Please note that here Galaxy puts the same
tsv file in both entries. Change the 15t

0 1] [ | 72: FROGSFUNC_step2_copynumbers: frogsfunc_copynumbers_predicted_functions.tsv

Copy number table of functions present in the predicted genome for each OTU i.e, FROGSFUNC_stepZ_copynumbers tool output file (frogs
(--function)

Marker file

D O D 73: FROGSFUNC_step?_copynumbers: frogsfunc_copynumbers_marker tsv A (=]

Cluster/sequence number according to NSTI threshold

Table of predicted marker copy number i.e, FROGSFUMNC_step2_copynumbers cutput (frogsfunc_copynumbers_marker.tsv). (--marker)
NSTI cut-off

0.38 <

Any sequence with an MN5Tl above this threshold will be out. (default: 2) (--rmax-nsti)

Email notification

. Mo

Send an email notification when the job completes.

]
- '@‘ This parameter can be set using FROGSFUNC_step2_copynumbers: report.html
v Execute —b




Outputs

T8: FROGSFUNC _step3_functions: frogsfunc_functions_unstrat.tsv
TT: FROGSFUNC_step3_functions: frogsfunc_functions_excluded.tsv
T6: FROGSFUNC_step3_functions: frogsfunc_functions weighted_nstitsv

T5: FROGSFUNC _step3_functions: frogsfunc_functions_marker_norm.tsv

T4: FROGSFUNC_step3_functions: report.html

@& F XK
@ F X
@ F A
@& F XK

@ & %




FROGSFUNC step3 functions: report.html

How many OTUs/sequences Metagenome functional profile summary
are kept after the process?

Clusters Abundance

Removed - 30,936

" Kept : 464 " Kept: 516,584

OTUs are out if the NSTI associated is above the threshold. In this example all OTUs with a NSTI > 0.38.
Here, only 464 OTUs are kept in the functional inference process.




What is the distribution of gene/function
abundances in the samples ?

<«—— Displays the distribution on all samples
=3

Show 10 4 entries Search:
- Samples T Weighted NSTI Nb gene retrieved
BHTO.LOTO 0.043 4,490
BHTO.LOTO3 0.0e 4,633
BHTO0.LOTO4 0.042 4,830
BHTO0.LOTOS 0.049 4,740
BHTO0.LOTO6 0.064 4,675

BHTO.LOTO7 0.048 4,662
0.06 4,830
0.039 4,676

CDTO.LOTO2 4,293

O CDTO.LOTO4 4,457

Displays the distribution on selected samples

d
€ Display distribution [




What is the distribution of gene/function
abundances in the samples ?

The innermost circle represents the highest
hierarchical level of gene families according to
Metacyc or Kegg databases.

The more we go outwards, the more the
hierarchical level becomes precise until indicating
the identifier of the gene family.




Output

frogstfunc functions unstrat.tsv

classification

Oxidoreductases;Acting on the CH-OH group of donors;With NAD+ or NADP+ as acceptorEC:1.1.1.1
Oxidoreductases;Acting on the CH-OH group of donors;With NAD+ or NADP+ as acceptor,EC:1.1.1.100
Oxidoreductases;Acting on the CH-OH group of donors;With NAD+ or NADP+ as acceptorEC:1.1.1.103
Oxidoreductases;Acting on the CH-OH group of donors;With NAD+ or NADP+ as acceptonEC:1.1.1.105
Oxidoreductases;Acting on the CH-OH group of donors;With NAD+ or NADP+ as acceptonEC:1.1.1.108
Oxidoreductases;Acting on the CH-OH group of donors;With NAD+ or NADP+ as acceptonEC:1.1.1.11
Oxidoreductases;Acting on the CH-OH group of donors;With NAD+ or NADP+ as acceptonEC:1.1.1.122
Oxidoreductases;Acting on the CH-OH group of donors;With NAD+ or NADP+ as acceptorEC:1.1.1.125

Required file for FROGSFUNC_step4 pathways tool.

db_link
https:/fwww.genome.jp/dbget-bin/www_bget?EC:1.1.1.1
https://www.gencme,jp/dbget-bin/ www_bget?EC:1.1.1.100
https://www.genome.jp/dbget-bin/fwww_bget?EC:1.1.1.103
https://www.gencme,jp/dbget-binfwaww_bget?EC:1.1.1.103
https://www.genome,jp/dbget-bin/www_bget?EC:1.1.1.108
https://www.genome,jp/dbget-bin/www_bget?EC:1.1.1.11
https:/fwww.genome.jp/dbget-bin/www_bget?EC:1.1.1.122
https://www.genocme,jp/dbget-bin/fwww_bget?EC:1.1.1.125

="~ From this table of abundance it is quite possible to make
statistical analyses on it to understand the information.

ohbservation_name
EC:1.1.1.
EC:1.1.1.100
EC:1.1.1.103
EC:1.1.1.105
EC:1.1.1.108
EC:1.1.1.11
EC:1.1.1.122
EC:1.1.1.125

BHTO.LOTON
13205

20029

177

]

142

16
2213

BHTO.LOTO3
15364

21513

2011

0

194

0

109

503

BHTO.LOTO4
13783

23461

334

127

1636




Output
Function excluded

Cluster FROGE_taxonomy PECRUSLZ_taxonomy NET
Cluster_107  BacterizFrmicutes Bl Mycoplasmatales MycoplasmataceasrCandidatus Baclloplasmanminown spedes Bacteniz Tenenoutes MolSoutes Haloplzsmatales Haloplasmataceae HaloplasmaHaloplasma_contractis 063742
Cluster_122 BactersFrmicutes Bac T Erysiosiotrichs’es Eryspelotrichacess Faecatalea Mult- affation BacterizFirmicutes; Bac T lactobaciis'es Enteroooocacese Enterooooous Enterooooous_paliens QUETSE24
Cluster_ 124 BacterizFrmicutes Oostidia Chistensenelizles Christensenslacese Christensenelizoess B-7 grougrunknown spedes BacterizFrmicutes Dostridiz Eubacterizles:Christenseneliaceas Christensenela Christensenslis_minuts 0A0828
Cluster_144  BacterizFrmicutes Oostidia Oostridia UCG-014unbnown fam@yrunknown genus;gut metagenome BacterizFrmicutes Oostridiz Eubacterizles;:Oostridiace e Butyricioocows; Butyricioocous_pulicasconum 07263233
Cluster_152  BacterizSpirochaetotaSpirochastiz Spirochaetales Spirochastacesenminown genusunknown spedes Bacterz Soirochastes Soinochastiz Spirochastales Spirochastaceas Treponema Treponema_caldarum 053047
Cluster_16 Bacteris Fusobacterots Fusobacterms Fusohactenzles Leptotrichizceas Hypnogyciousunknown spedes Bacteriz Frmicutes Dostridiz Eubacterizlesundassifiedundassified Costridiales_bacterum_Frm_0E 130032 7 Qe e 0e0e e
Cluster_ 166 BacterizBactercidotzBacteroidiz Bacteroidales Akenellzceas Rikenelizceas RCD gut grovgrunknown spedes Bacteriz Bactenoidetes Bactenoidia Bactercidales Ddoribacteraceas Butyricimonas Butyricimonas_vinosa 0959354
Chuster_172  BacteraActnobactenots Actinobactens Actinomyceta’ss Actinomycetaceas Actinomyoes ACtnomyces visoosws BacterzActinobacters Actnomycetia Micromonospora'es Micromonosporacese Az anos Asanoa_shivanenss OLABE63 ODDONN00A
Cluster_178  Bacteria;PatescbactenaSaccharimonadia Saccharimonadales SaccharimonadaceaeCandidatus Saccharimonasunknown spedes  BacteriaProteobacteria; Betaprotecbacteria; Burkholderniales Comamonadaceae Acdovorax; Addovorax_dtrull 0. T926350000000001
Cluster_ 188 BacterizBacteroidotz Bacteroidiz Flavobacterizles Weskselacessunknown genusunsnown spedes Bacterz Bacteroidetes Flavobacterz Flavobactenz'es Weekselaceas Apoacter Apioacter_menzats 0381465
Cluster 204 BacterizFusobactenots Fusobacteniz Fusobacterisles FusobacteriaceasFusobacterium Multi- affiliation Bacterz Freicutes Megatvicutes Velonalizles VelonelizceaeVelonel s Vel lonaa_magns 1281097
Cluster_234  Bacteria-Bactercidota;Bacteroidis Bacteroidales; PrevotellaceseAloprevotellarunknown spedies Bacteriz-Bacteroidetes; Bacteroidia- Bacteroidales Prevotelizceae AlloprevoteliasAloprevotella_rava 061578 19999900099
Cluster_25 BacteriaFrmicutes Badii Mycoplasmatales Mycoplasmatacess Candidatus Bacloplasmanunbnown spedies BacterizFrmicutes:Oostridis Eubacterislesundassifiedhumdassified:-Oostridiales_bacterium_WE202-01 QLEG45E6
Cluster 282 BacterzActronscterots Corobacterz Conobacterz'es Atopobizceas DeenslznDizensl s umbonats BacterzAct nobacterzActinomycstiz Makamurslizles Nakamurs soeas Makamurs s M akamurs a_mutoartts Q731 14799500005050
Chester_266  BacteniaPatescbactena Gracibsctena Candidates Perbactensuminown famlyunknown genusmetagenoms Bacterns;Proteobactens; Epslonprotecbactena Mautiisles; Nitratiruptoraceas: Mitratinuptor Nitratineptor_sp. 1027285
Chester_355  BacteriasActinobacterniota Addimiorobia; Microtrichales Sumatobacteraceaenumimown Genus unknown speces BacterzFirmicutes Clostridia; Eubacterisles Syntrophomonadscess Dethiobacter Dethiobacter_slkaphius QLaTER1S
Cluster_358  BacteriztActinobactenotarConobacteniaConobactenales AtopobiaceaerDleneliznumbnown spedes BacterizrActinobactenatActinemycstiz Streptomycetales Streptomycetateas Streptomyces Streptomyoes_sp. 0835450
Cluster_ 373 BacteriziActinobactenotsiActinobactenz Actnomycetales Actinomycetacess Actinomyces Actinomyoss 5o BacterizActinobactenz Actinomycetiz; Propion’bactenizles Propionbacterscess Cutioacterum Progion oacterum_humerusi 0530083
Chuster_35

«=x |nformation (FROGS taxonomy, PICRUSt2 taxonomy, NSTI) about removed sequences that have a NSTI

Chuster_41

«== Vvalue above the NSTI threshold chosen in this step.

Comimalle e e ———— T ——
Cluster_ 438 BacteriztActinobacteniotatActinobactenia Microcoocales; Microbacteriaceas Microbacterium: Microbacterium phyllosphaerae BacterizActinobacterz Actinomycetiz: Progionbactenizles Propionpacterizceas Miorolunatus Mionolunatus_sagamtharsnsis 041153500000 000008
Cluster_ 453  BacterizFrmicutes Bacli Mycoplasmatales Mycoplasmataceseuninown genusmunknown spadies BacterizFrmicutes Oostridiz Eubacterialesundassifiednumdaszified:Oostridiales_bacterium_WEI02-01 0713615
Cluster_46 BacteriaFusobactenota FusobactemaFusobactenales FusobactenaceaeCetobacterumuninown spedes BacterizFrmicutessClostridia; Eubacterizlesundassifiedundassified-Costridiales_bacterium_Firm_08 1377319
Cluster_ A7 Bacteris Bactenoidots Bacteroidis Bacteroida’es Aikenelaceas Aikenelizceas RCY gut grovgrunknown spedes Bacterz Bacteroidetes Bacteroidiz Bacteroidales Aikenallaceas Alstipes Alstipes_inoos 1044135
Cluster_ 496 BacterizFrmicutes:Costridia Peptostreotocooca’es - Tizsierssles Peptos treptococcacess Proteccatsl s Proteccatels sphenizg Bacteriz Frmicutes:Clostridia; Eubactens’es; Peptostreptococcaceas Paenidostridium; Paenidostidium_sorde’S 0432676
Cluster 7 Bacteriafrmicutes Bacil Erysipelotrichales; Brysipelotichacese ZOR000Eunknown spedies BactenzFrmicutesDostridiz Eubactenizles:Christenseneliaceas Thristensenelia Christensenslis_minuts 0925652
Cluster 77 Bacters Actnopacterots Act nobacters Act nomycetales Acinomycetaceas Truspersl z Multi-affation Bacteriz Actinobactena Actinomycetia Streptomycetales Streptomycetaceas Streptomyoss Candidatus_Streptomycss_massfensis QLAETO55

Cluster 97

BacterizFusobactenotz Fusobactermz Fusobactenzles Fusobactenaceas Cetobactenumuninown spedes

BacterizFrmicutes:Oostridiz Eubacterialesundassifiedhumdassified-Clostridiales_bacterium_Frm_08

1273517



Output
functions marker norm

normalized  BHTO.LOTO1  BHTO.LOTOS  BHTO.LOTO4  BHTOLOTOS  BHTO.LOTOE  BHTO.LOTOY

Cluster_1 1.0 402.0 433.0 911.0 1232.0 653.0
Cluster_10 0.0 0.0 0.0 16.0 6.0 0.0
Cluster_100 0.0 0.0 0.0 0.0 0.0 0.0
Cluster_101 0.0 0.0 0.0 0.0 0.0 0.0
Cluster_102 0.0 0.0 0.0 0.0 0.0 2.0
Cluster_103 0.0 0.0 0.0 0.0 0.0 0.0
Cluster_104 0.0 0.0 0.0 0.0 1.0 0.0
Cluster_105 0.0 0.0 0.0 0.0 1.0 3.0
Cluster_106& 0.0 0.0 0.0 0.0 0.0 0.0
Cluster_108 0.0 0.0 0.0 1.4 0.2 0.4
Cluster_109 0.0 0.0 0.0 0.0 0.0 0.0
Cluster_11 3.0 0.0 4.0 11.0 3.0 0.0

16S/1TS/18S abundance table normalized by
the number of markers per genome.




FROGSFUNC step4 pathways




FROGSFUNC step4 pathways

FROGSFUNC_step4_pathways is the fourth step of PICRUSt2.
It infers MetaCyc/KEGG pathway abundances based on EC/KO number abundances.
There are 3 steps performed at this stage:

= Regroups EC/KO numbers to MetaCyc/KEGG reactions.
= |Infers which MetaCyc/KEGG pathways are present based on these reactions with MinPath.
= Calculates and returns the abundance of pathways identified as present.

FROGSFUNC_step3_functions: FROGSFUNC_step4_pathways: frogsfunc_pathways_unstrat.tsv

T N

, i | 1CMET2-PWY 1289.7451 14852474  1233.5908
EC:1.1.1.1 1800 5460 1129 | oicRUSTS f |

EC:1.1.1.2 1600 2800 2000 ' U ANAEROFRUCAT-PWY 904.7455  1565.5453  1227.6231
: families to pathways |

EC:1.1.13 1800 3200 1060 L ANAGLYCOLYSIS-PWY 1501.0804 18053271  1544.3206

ARG+POLYAMINE-SYN 0 493391 45.6559


http://omics.informatics.indiana.edu/MinPath/

FROGSFUNC step4 pathways

FROGSFUNC_stepd4_pathways Calculates pathway abundances in each sample. [Galaxy Version 4.0.0+galaxy1)

7 Favorite - Options

Function abundance file

O 0 O 78 FROGSFUNC_step3_functions: frogsfunc_functions_unstrat.tsv - =

TSV function abundances table from FROGSFUMC_step3_function tool, frogsfunc_functions_unstrat.tsv [unstratified table). (--input-file)

Taxonomic marker

© 165
QIrs
O 185

Feromomie marker of imerest If this option is set, the pathway abundances file
Pathway reference _ _ (frogsfunc_functions_unstrat.tsv) is normalized:
«——— Metacycis the only choice for ITS and 185 values are divided by sum of columns, then

multiplied by 1076 (Count Per Million values).

@ Metacyc
O Kegg

Far 165 marker, choose Metacgyc or KEGG in accordance with your choice in the FROGSFUNC_step2_copynumbers tool, For ITS or 185 marker, Metacyc is the on

Do you want to normalize the final output table ?

o o . This normalization allows to compare the samples
B between them. But to perform more precise

“alues are divided by sum of calumns, then multiplied by 10*& [CPM values). [--normalisation]

Email notification statistical analysis, some tools as DESeq2 need the
® e non-normalized abundance table to perform the
Send an email notification when the job completes, normalization by themselves.

So be careful which table to use for further analysis.




Outputs

80: FROGSFUNC_stepd_pathways: frogsfunc_pathways_unstrat.tsv @ F X

9 FROGSFUNC_stepd_pathways: report.html @ #F X




FROGSFUNC step4 pathways: report.html

Pathway abundances per sample

<— Displays the pathway distribution on all samples

& csv
Show 10 ¢ entries Search:
o Samples T Nb pathway retrieved
BHTO.LOTO1 350
BHTO.LOTO3 362
BHTO.LOTO4 369
BHTO.LOTOS 364
BHTO.LOTOG 360
BHTO.LOTOT 357

BHTO.LOTOS 368
367
(] COTO.LOTO2 333
O COTO.LOTO4 344

A

Displays the pathway distribution on selected samples




What is the distribution of pathway abundances in the
samples ?

For more pathway details,
double-click on a the
interest pathway name.




Output
Pathway abundance tables

Abundance of each pathway
inside each sample.

dlassification db_link observation_name BHTOLOTOM BHTOLCTOZ  BHTOLOTOd  BHTOLOTOS
Biosynthesis:Cofactor, Carrier, and \itamin Biosynthesis:Camier Biosynthesis:1CMET2- PWY http=/ fbiocyc ong METASN EW- IMAGE  type=PATHWAY Siobject=1CMET 2- PWY 1CMET2-PWY i 5375 E114 5523
Degradation,Utiization/ Aszimilation-Aromatic Compound Degradationunknow:3- HY DROKYPHENYLACETATE- DEGRADATION- PAWY hitp=/ foiocyc ong METAN EW- IMAGE  type=PATHWAY Siobject=3- HYDROXIYPHENYLACETATE-DEGRADATION-PWY  3-HYDROXYPHENYLACETATE- DEGRADATION- PWY 40 50 147 65
Biosynthesiz-Secondsry Metabolfite BiosynthesisSiderophore and Metallophore BiosynthesizA EROBACTINSYN-PWY hitp=/ foiocyc.ong METAN EW- IMAGE? type=PATHWAY Siobject=AEROBACTINSY M- PWY AEROEACTINSYN-PAY ] 1] 5 T
Superpsthways Superpsthwaysunknow ALL-CHORISMATE- PWY hittpz/ /oiocycong METANEW- IMAGE type=PATHWAY Sobject=ALL-CHORISMATE- PWY ALL-CHORIEMATE-PWY &1 215 444 211
Generation of Precursor Metabolites and Energy-FermentationcFermentation to Short-Chain Fatty AcdsANAEROFRUCAT-PWY hitpsiocyc ong METASN EW- IMAGE type=PATHWAY Siobject=AMAERCFRLCAT- PWY AMAERCFRUMCAT-PWY 7998 7020 8141 FE N
Generation of Precursor Metabolites and Energy-Glycolysisunknow ANAGLYCOLYSIS- PWY hittp=/ fbiocycong META N EW- IMAGE type=PATHWAY Bobject=ANAGLY COLYSIS- PWY ANAGLYCOLYSIS- PWY T T445 8141 7353
Degradation,Utiization/ Assimilation:Amino Acd Degradation;Proteinogenic Amino Add DegradationsARGDEG- WY http=/ fhiocyc ongMETASN EW- IMAGE  type=PATHWAY Siobject=ARGDEG- PWY ARGDEG-PWY 3 1] 47 el
BiosynthesisAmino Acid Biosynthesis-Proteinogenic Amino Acd Biosynthesis ARGEYN- PWY hittp=/ foiocycong METAS N EW- IMAGE? type=PATHWAY Buiobject=ARGSYN- PWY ARGEYN-PWY 6527 SE11 6431 6372

T

External link on the pathway

[}
Ay ’

"= From this table of abundance it is quite possible to make
statistical analyses on it to understand the information.




Application example




Impact of host genetics and abiotic stresses on caecal
microbiota composition in four different laying hen
lines?

R+: R-:
Low efficient bird High efficient bird

Divergently
selected on feed
efficiency
since 40 years

Weeks of age

STANDARD CONDITION .. 27 28 29 30 31
22°C and optimal feeding

FEED STRESS
Optimal = Low energy




FROGS results:

FROGS analysis reconstructed a microbiota including 601 OTUs, of which 93 are retained as differentially
abundant between lineages and/or between diets.

correspond max_NSTI =0.23

FROGSFUNC -> filter on NSTI and %id and %cov
95% id and 95% cov

Cluster/sequence number according to NSTI threshold

(¥ o,
M ___________________________________
. ® %id
2(5) ' :. ® %cov
i o Ghend o
§ 75 1
5o 70 :
0 0,2 0,4 0,6 0,8 1 1,2 1,4 16
NSTI
S
Nb clusters - ar\l;li (@ ister aby lance)
NSTI <0,5: 4% & % > 95%
Id7 & COV/o > o :
468 OTUs 77,8%

o/ _ (o)
93,7% des séquences 266 OTUs 44,2% -> 48,8 % of sequences

The higher the NSTI, the lower the %id and %cov. ;i
It is therefore interesting to filter also on these criteria.




FROGSFUNC — Statistics

classification db_link observation_name 120003c104_A 120003c704b_ 120004p104 T
Hydrolases;Acting on acid anhydrides;Acting on acid anhydrides to facilitate cellular and subcellular movement;EC:3.6.4.12 https://ww EC:3.6.4.12 101387 113108 91203
Hydrolases;Acting on acid anhydrides;Acting on acid anhydrides to facilitate cellular and subcellular movement;EC:3.6.4.13 https://ww EC:3.6.4.13 16112 11742 12595
Hydrolases;Acting on acid anhydrides;Acting on acid anhydrides to facilitate cellular and subcellular movement;K02314 https://ww K02314 10767 12183 9802
Hydrolases;Acting on acid anhydrides;Acting on acid anhydrides to facilitate cellular and subcellular movement;K03550 https://ww K03550 10620 11865 9647
Hydrolases;Acting on acid anhydrides;Ac . . 10626 11868 9651
ycrolsesacting on acid anpyaricesnc FROGSFUNC_step3_functions: frogsfunc_functions_unstrat.tsv o = o
Hydrolases;Acting on acid anhydrides;Acting on acid anhydrides to facilitate cellular and subcellular movement;K03579 https://ww K03579 206 11 64
Hydrolases;Acting on acid anhydrides;Acting on acid anhydrides to facilitate cellular and subcellular movement;K03580 https://ww K03580 294 1 298
Hydrolases;Acting on acid anhydrides;Acting on acid anhydrides to facilitate cellular and subcellular movement;K03654 https://ww K03654 22404 16982 20990

Stat analysis done on differential analysis of OTUs:
DESeq2 in 4 steps under R:

Comparison of 2 lines (R+/R-) in each condition.
Comparison of 2 (ctrl/low energy) diets in each line.

NB: use of the more conservative pvalues correction method of Benjamini & Yekutieli




Results on iIPATH3 map

The differential analyses follow the same pattern at the level of OTUs and functions:

1. No difference between lines by modifying the diet
2. No difference between lines when animals were fed with the low-energy diet

3. In control diet, differentially abundant KEGG functions between R+ and R-

Py '|-==== R 'Iﬁ_ fatty acid biosynthesis, starch and sucrose,
"%-Zi& B By By amino sugar and nucleotide sugar metabolisms
e ;;—L ' !
P 2 il
L= _ =_J==4L | | carbohydrate metabolism (in particular
e cm) o | r_::_=ai FT pyruvate, and glycolysis), fatty acid biosynthesis
_!ﬂ i) f = and degradation, and protein metabolism with
NN B N ! various amino acid metabolisms.
E T i i el -|I d- ; f B | i
' 1 R
|
—_n__. r . . .
Ml L_-_J T H Interestlngly, the an!mal of thesc_e t.wo lines al.so
jESES ' present differences in terms of lipid metabolism




Results on iPATH3 map

4.

In R+ line, differentially abundant KEGG functions between control and low diets

fatty acid biosynthesis, starch and sucrose,
amino sugar and nucleotide sugar metabolisms

carbohydrate metabolism, protein metabolism
with various amino acid metabolisms, and
various other metabolisms




Future developments

Adaptation of FROGSSTAT tools to be used by FROGSFUNC outputs

News outputs from FROGSFUNC to explore iPATH3 maps

Adaptation of FROGSFUNC to filter on %id and %cov

—r

1PA

B
L

https://pathways.embl.de/

@ Pathway maps~ Tools Share Help~

Interactive Pathways Explorer v3
Interactive Pathways Explorer (iPath) is a web-based tool for the visualization, analysis and customization of various pathway
maps.

iPath provides extensive map customization and data mapping capablities. Colors, width and opacity of any map element can be changed using various types
of data (for example KEGG KOs, COGs or EC numbers). Our help pages provide the full list of supported data types and required formats. Check the video
tutorials to get started. All maps in iPath can be easily converted to various bitmap and vector graphical formats for easy inclusion in your documents or
further processing.

Available maps

EasIF=

° Metabolism Secondary metabolites

Gives an overview of the complete metabolism in An overview of pathways involved in biosynthesis of
i i

biological systems

7 By L&y
7tk
—/tH

secondary metabolites

Antibiotics ) 1 (. Microbial metabolism

An overview of pathways involved in the Covers microbial metabolism in diverse

o——+—e—a biosynthesis of various antibiotics environments

- pull Display

-—

E Display

Legacy versions of iPath are available at http://pathways2.embl.de




