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Text Manipulation
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GraPhlAn
MetaPhiAn
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LEfSe
A) Format Data for LEfSe
B) LDA Effect Size (LEfSe)
C) Plot LEfSe Results
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E) Plot Differential Features
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Workflows
= All workflows

1, BRI

PHTER

two or more biological conditions (or classes, see figure below). It emphasizes both statistical significance and biological relevance, allowing researchers to identify differentially abundant feature
consistent with meaningful (subcl ). LEfSe first robustly identifies features that are statistically different among biological classes. It then performs additional tests to ¢
differences are consistent with respect to expected biological behavior.

Specifically, we first use the non-parametric factorial Kruskal-Wallis (KW) sum-rank test to detect features with significant differential abundance with respect to the dass of interest; biclogical si¢
investigated using a set of pairwise tests among subclasses using the (unpaired) Wilcoxon rank-sum test. As a last step, LEfSe uses Linear Discriminant Analysis to estimate the effect size of ea
feature and, if desired by the investigator, to perform dimension reduction.

LEfSe consists of six modules performing the following steps (see the figure below).

The first step consists of upleading your file by using Galaxy's "Get-Data / Upload-file”

The next steps are

A) Format Data for LEfSe: selects the structure of the problem (classes, subclasses, subjects) and formats the tabular abundance data for the B module

B) LDA Effect Size (LEfSe): performs the analysis using the data formatted with module A and provides input for the visualization modules (C, D, E, F)

€) Plot LEfSe Results: graphically reports the discovered biomarkes (output of B) with their effect sizes

D) Plot Cladogram: graphically represents the discovered biomarkers (output of B) in a taxonomic tree specified by the hierarchical feature names (not available for non-hierarchical features)
E) Plot One Feature: plots the row values of a feature (biomarker or not) as an abundance histogram with dasses and subclasses structure (only one feature at the time)

F) Plot Differential Features: plots the row values of all features (biomarkers or not) as abundance histograms with classes and subclasses structure and provides a zip archive of the figures
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Bodysite ﬁﬁ'ﬁj\iﬂﬁ;ﬁosd

Todysite nueosel nueosel nueosel nueosel non_mueosel  non_mueosel  mon_musesel
subsite . /= or 2/ Nyt oral oral ut skin nesal skin
4 —Dﬁf??:]? QEQ)j
id <Subsite IWE{T# ( 1 CIXTT= 1672 1875 1672 158005010 1023 1023
Facteria N —,_ . 09399 0. 99993 0. 939593 0. 999553 0. 939547 0. 999827 0. 939977 0. 939887
= ’=y

Bactena|Act1I\dbﬁgprE1j—1jg 0.311037 0.000BR43E3 0. 00446132 0.0312045 0.0007T3R4Z 0. 358354 0.781108 0. 603002
BacteriaBacteroidetes 0. 0883602 0.804293 0.00983343 0. 0303581 0. 859638 0.0195298 0.0212741 0. 145729
Bacteria|Firnientes 0. 484223 0173411 0. 715345 0.513048 0. 1p4552 0. 177861 0. 185178 0. 188564
Bacteria|Frotechasteria 0.0914284 0.0180378 0. 285884 0. 105543 0.00841215 0. 430863 0. 0225884 0. 0532684
Bacteria|Firnientes|Clostridia 0. 080041 0. 170248 0. 00483188 0. 0485328 0. 122702 0. 0402301 0. 0480614 0. 135201
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FARERSTURISE EAEZ=ML, @ ( Get Data->Upload File ) , BARREIITE :

Download from web or upload from disk

Regular = Composite

Name Size Type Genome Settings Status

L hier_table.txt 63.5 KB Auto-de.. * Q unspecified (7) v L 100%

- BRI AHE

(2 Paste/Fetch data || Pause  Reset  Start || Close

3. LEfSe o#7-2 5% A ) Format Data for LEfSe &5/t

| A) Format Data for LEfSe (Galaxy Version 1.0) « Options

0' M Upload a tabular file of relative abundances and class labels (possibly also subclass and subjects labels) for LEfSe - See samples

below - Please use Galaxy Get-Data/Uploag£ilg. i e-Type: tabula 3 Az, A E2 PAS
Text Manipulation : F

PICRUStE @ B0 ‘

GraPhlAn Select whether the vectors (features and mggﬂita |im;§mﬁiﬁzmr columns

mewphian i oStrpas o 1< BEIETIAESURSSAE(TEE , BIA Rows m

LEfSe / Select which row touse asclass | ERERSERETE . FRiEEE

[ ALFormat Datafor LESe | | #2:class = ! -
B)LDA Effect Size [LEfSe) Select which row to use as subclass | _~

ERETAMETS  TEE no subelass
C) Plot LEfSe Results [ no subdass o . ! -

D) Plot Cladoaram n =

D) Plot Cladogram Select which row to use as subject
———— %&g*-“ O prors— A7

E) Plot One Feature [ #1:5amplelD oM T3

F) Plot Differential Features

Eilter and Sort
Join, Subtract and Grou, ‘ Yes h |

Per-sample normalization of the sum of the values to 1M (recommended when very low values are present)

Get Genomic Scores

eienesin < s==pz . =5

b 1 job has been successfully added to the queue - resulting in the following datasets: |e J‘éﬁ'}i@l}] , gu%ﬁ%ﬁ*ﬁﬁiﬁ%ﬁ{@&
[(ZRrmapn e e B | <—IRITLERSFEIR , WRSHEGIIERTR

You can check the status of queued jobs and view the resulting data by refreshing the History pane. When the job has been run the status will change from ‘running’ to ‘finished' if completed successfully or
‘error' if problems were encountered.
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B) LDA Effect Size (LEfSe) (Galaxy Version 1.0) ~ Options
[x] Select data
|5 - e Y

Format Data for LEfSe on data 1 et_ﬁéél:%jﬂt 5

Text Manipulation

BICRUSt Alpha value for the factorial Kruskal-Wa test among classes A NN N
Graphian - &— Kruskal-Wallis {30 i E<IREE
MetaPhlAn
MetaPhlAn2 Alpha value for the pairwise Wilcoxon test between subclasses
: ATASEY Lt

LEfse = <— Wilcoxon @IS E<REE

Al Format Data for LEfSe

Threshold on the legarithmic LDA score for discriminative features N
N L Ry
= <— LDAIRERE-REE

C) Plot LEfSe Results i

D Plot Cladogram Do you want the pairwise comparisons among subclasses to be performed only among the subclasses with the same name?

E} Plot One Feature No -

E) Plot Differential Features
Filter and Sort

Set the strategy for multi-class analysis

All-against-all (more strict) -
Join, Subtract and Grou

Get Genomic Scores

AR

d_PBacteria.p__Firmicutes.c_ Bacilli.o_Lactobacillales.f Lactobacillaceae.g  Lactebacillus. s uncultured Lactcbacillus sp_ 2. 36913507904 -
d__Bacteria.p__Protecbacteria.c__Epsilonprotecbacteria. o Canpylobacterales.f_Helicobacteraceae.g  Helicobacter.s Helicobacter garmani 1.90764877721 -
d_Bacteria.p_ Bacteroidetes.c__Bacteroidia, o_Bacteroidales.f_Prevotellaceas.g_ Prevotella s__Prevotella unclassified 4. 78542262878 -

d_Bacteria.p_Protechacteria. c_Deltaprotecbacteria. o__Desulfovibrionales. f__Desulfovibrionaceas.g_Desulfovibrio. s__uncultured_Desulfovibrio_sp_ 1. 90627010197 -
I__Bacteria.p__Candida 1bacteria.c__Saccharibacteria genera ilncertae_sedis. o__saccharibacteria genera incertae_sedis.f__Saccharibacteria genera incertae_szedis 3. dUIUTTTZ0Ye groupl I
09273315396 0. 027323722447

d__Bacteria.p_Lentisphacrae 2. 10308505856 -

d__Bacteria.p__Firmicutes.c__Clostridia o__Clostridiales.f__Lachnospiraceae. g__Parasporobacteriun. s__Parasporobacterium_unclassified  2.62164049461 -

d__Bacteria.p_ Firmicutes.c_ Clostridia o__Clostridiales.f_Lachnospiraceae.g_ Hespellia. s__uncultured_Hespellia_sp.  2.66322086159 -
d__Bacteria.p__Protechacteria.c__Ganmaproteebacteria.a__Alteromonadales.f__Shevanellaceae 1. 60651878154 -

d__Bacteria.p_ Firmicutes.c__Clostridia.o__Clastridiales.f__Peptostreptococcaceas.z__Filifactor 3. 3604965062 -

d__Bacteria.p_ Firmicutes.c_ Clostridia.o_Clostridiales.f_Lachnospiraceae.z__Acetatifactor.s__Acetatifactor_unclassified 3. 81613410947 -

d__Bacteria.p_ Bacteroidetes.c__Bacteroidia. o_Bacteroidales.f_ Porphyrononadaceae. z__Odoribacter.s_Odoribacter_unclassified  2.69693280971 grouph 2.73424451632  0.0338856065141
d__Bacteria.p__ctinobacteria.c__detinobacteria,o__Corichacteriales.f__Coricbacteriacese.g Olsemella 1, 77876382916 -
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= Galaxy / Hutlab Analyze Data
+
ook = C) Plot LEfSe Results (Galaxy Version 1.0) ~ Options
[x] - Select data A e
e
Text Manipulation [3 | e | & ||3: B) LDA Effect Size (LEfSe) ondata 2 | e EE'J)\Y#F ! %”’D%jﬁz -
BICRUSE Set text and label options (font size, abbreviations, ...) = Text 1 label 4] IRIEFBREFNE |
Sl Default
MetaPhiAn R Advanced S FEASENE S
MetaPhlAn2 Set some graphical options to personalize the output

LEfSe Default e

A) Format Data for LEfSe

) L0A Effect Size (LEfSE) .
png

Set the dpi resolution of the output

WEHRE e
FASTURE + png,pdf.sve .
Loy

D) Plot Cladogram
El Plot One Feature

150

Fl Plot Differential Features

Eilter and Sort

WHEFRERAOT (NRERS SR |, TENMREBNLSHFFEE | REIF

B groupA I groupB I groupC

5_Barnesiella_unclassified
Anaeroplasma_unclassified
wia_genera_incertae_sedis
p_Tenericutes
o_Anaeroplasmatales
ncertae_sedis_unclassified
andidatusSaccharibacteria
wria_genera_incertae_sedis
f_Anaeroplasmataceae
'ria_genera_incertae_sedis
¢_Mollicutes
»ria_genera_incertae_sedis
g_Anaeroplasma
s_Lactobacillus_reuteri
roteobacteria_unclassified
roteobacteria_unclassified
‘roteobacteria_unclassified
‘roteobacteria_unclassified
roteobacteria_unclassified
o_Desulfovibrionales
f_Desulfovibrionaceae
Jitured_Ruminococcus_sp_
g_Bilophila
_uncultured_Bilophila_sp_
“ultured_Robinsoniella_sp_
g_Robinsoniella

_ Odoribacter_unclassified
g_Odoribacter
Todospirillales_unclassified
g_Ruminococcus2
iminococcus2_unclassified
rodospirillales_unclassified
Todospirillales_unclassified
p_Bacteroidetes
¢_Bacteroidia
o_Bacteroidales
o_Erysipelotrichales
f_Erysipelotrichaceae
<_Erysipelotrichia
9_Blautia
s_Blautia_unclassified
elotrichaceae_unclassified
elotrichaceae_unclassified
f_Enterobacteriaceae
o_Enterobacteriales
Acertae_Sedis_unclassified
g_Escherichia
f_Leuconostocaceae
._Escherichia_unclassified
¢_Gammaproteobacteria
“certae_Sedis_unclassified
s_Bacteroides sp_TP_5
s_uncultured Blautia_sp_
g_Collinsella
s_Collinsella_unclassified

o
=
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2 3 4
LDA SCORE (log 10)

B D ) Plot Cladogram ( S#URESLE C FE1L )
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Tools = D) Plot Cladogram (Galaxy Version 1.0) ~ Options
[x] Select data
Text Manipulation 0 | & | O || 3: B) LDA Effect Size (LEfSe) on data 2 -
b Set structural parameters of the cladogram
GraPhlAn
Default -
MetaPhlAn
MetaPhlAn2 Set text and label options (font size, abbreviations, ...)
LEfSe Default -

Al Format Data for LEfSe
B) LDA Effect Size (LEfSe

Set some graphical options to personalize the output

Default -
C) Plot LEfSe Results
D) Plot Cladogram OQutpurt format
E) Plot One Feature e hd
F) Plot Differential Features Set the dpi resolution of the output
Filter and Sort 139 -

Join, Subtract and Grou
.
Get Genomic Scores

R

a: g_ Collinsella

b: g Odoribacter

c: 0__Bacteroidales

d: g_ Saccharibacteria_gene
e: f_Saccharibacteria_gener
f: o__Saccharibacteria_gener
g: f__Leuconostocaceae

h: g_ Clostridiales_Family_XI
1 g_ Blautia

j: @__Robinsoniella

k: g Ruminococcus2

I: g__Erysipelotrichaceae_uni
m: f__Erysipelotrichaceae

n: o__ Erysipelotrichales

o: g_ Rhodospirillales_unclas
p: f__Rhodospirillales_unclas
q: g_ Bilophila

r: f__Desulfovibrionaceae

s: 0__Desulfovibrionales

t: g Escherichia

u: f__Enterobacteriaceae

v: 0 _Enterobacteriales

w: g_ Proteobacteria_unclas:
x: T _Proteobacteria unclassi
y: 0 Proteobacteria_unclass
z: g__Anaeroplasma

a0: f__Anaeroplasmataceae

al: o__Anaeroplasmatales
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Hl groupC
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B E ) Plot One Feature ( BIEAF—/MIFERRERRFRIEIRE )
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Text Manipulation

PICRUSt

GraPhlAn

MetaPhlAn

MetaPhlAn2

LEfSe
A) Format Data for LEfSe
B) LDA Effect Size (LEfSe
C) Plot LEfSe Results
D) Plot Cladoaram

LEfSe TE£34fT SOP

Analyze Data

E) Plot One Feature (Galaxy Version 1.0) ~ Options

The formatted datasets

|k | & O | 2: A) Format Data for LEfSe on data 1 15 %Eifﬂt%jﬂt -
The LEfSe output I %iéﬁ%j’#ﬁ

Select the feature names am?g biomarkers or all features

7 biomarker BfERFIE .
<— HIREAB—A biomarker HH{T{EE]

O|l&a o I 3: B) LDA Effect Size (LEfSe) on data 2

Biomarkers only

Select the feature to plot

d__Bacteria.p__Acti..ceae.g__Collinsella

Set some graphical options to personalize the output

E] Plot One Feature Default -
E) Plot Differential Features Output format
Filter and Sort png B

Join, Subtract and Group
Get Genomic Scores
microPITA

Extract Features

Set the dpi resolution of the output

150 -

Phenotype Association

SFRER

Actinobacteria.c__Actinobacteria.o__Coriobacteriales.f _Coriobacteriace

|c|a§s: groupB| clasé: groupC

clasls: groupA

0.0008

0.0006

0.0004

Relative abundance

0.0002

—

0.0000

EE : B AESERRLLRT  BREEREPRISER R Z A mRIAENTIYE B
HEAFRZEFRTRLENPAE.

PR F ) Plot Differential Features (A EFHMFSEFEIRE , AIRES E EARKL)
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= Galaxy / Hutlab Analyze Data
foois = F) Plot Differential Features (Galaxy version 1.0} ~ Options
[ The formatted datasets
et Maninuinhon 03 | 1 | O || 2: &) Format Data for LEfSe on data 1 -

BRI The LEfSe output
GraPhlAn
O3 | 28 | OO || 3: B) LDA Effect Size (LEfSe) on data 2 -
MetaPhlAn
MetaPhlAn2 Do you want to plot all features or only those detected as biomarkers?
LEfSe Biomarkers only -
A) Format Data for LEfSe

Set some graphical options to personalize the output
B) LDA Effect Size (LEfSe

C) Plot LEfSe Results
D} Plot Cladogram

Default -

Output format

E) Plot One Feature st =
F) Plot Differential Features Set the dpi resolution of the output
Filter and Sort 158 =
Join, Subtract and Grou,
.
Get Genomic Scores

microPTTA

S E M FUXBET | EBRRBEM—KE , F JLA&H biomarker ( FFER94F )
HIRE., —RBRNENI SR E , BERMERF , 2B FNER—MRUERENR |, TEE
KR EREIATEE S biomarker TEAR G HAIRIXEIRE.,

6. ERTE

6: E) Plot One Feature @ 4 x
on data 2 and data 2

5: D) Plot Cladograme | @ & %

L] data 3
| 345.8 KB

format: pngastaRe e LT RIF Bl

clade_sep parameter too large,

Inwgedﬁwgﬁ??ﬁﬂs
R i s

Image in png format

4: C) Plot LEfSe Result @ 4 x
s on data 3

3: B) LDA Effect Size AR AR
{LEfSe} on data 2

2: A) Format DataforlL @ 4 %
EfSe ondata 1

1: hier table.txt & & n
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