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Overview

MicrobiomeNet is a comprehensive database and visualization
platform aiming to integrate microbial associations with their metabolic
profiles for mechanistic insights.

(d Database:

(;_}} >12,000 GEMs (->Slide 23)

~5.8M microbial interactions
~30K phenotype asscociations

@ Microbiome Net

L p - O Visualization:
S L‘E‘x I « metabolic network at both pathway and global
L metabolism levels
i * microbial interaction netwok
. NS - INE: 2\
O Statistics:

* Neighborhood Map (->Slide 24 )
« Metabolism Compatibility Map (->Slide 25)

Refer to the corresponding slides for more details on GEMs, the Neighborhood Map, and the Metabolism
Compatibility Map.



Design

MicrobiomeNet allows intuitively mining of known microbial associations (i.e. co-
occurrences patterns) within the context of their metabolite profiles (i.e. GEMSs) for
mechanistic insights. The underlying assumption is that the direct metabolic
iInteractions are rare among their known statistical associations. Focusing on a query
microbe, MicrobiomeNet provide the a three-step sequential strategy to identify the
potential metabolic interaction among the reported statistical associations :

1. Search and identify its known co-occurrence patterns through established microbial
assocaition network based on literature .

2. Investigate metabolic patterns and paired indexes for the associated microbes through
Neighbourhood Map & Metabolism Compatibility Map.

3. Visually compare the metabolic processing at global metabolism and pathway levels.



Usage

Built around the above mentioned strategies, MicrobiomeNet supports six
query categories as input, including:

* microbe: -> Slide 5

Note:
* metabolite: -> Slide 13 Based on the similarity of the result page,
_ , the use case of metabolite and enzyme
* enzyme: -> Slide 13 input are grouped together, while

phenotype, gene, and drug input are

« phenotype: -> Slide 18
grouped together.

« gene/snp: -> Slide 18
e drug: -> Slide 18




Start from a

microbe




Microbe Input

Type your query microbe
here. Select from the

Wiskcmrme o RilcestibmelicE autocomplete list for fastgr
and more accurate searching.
-- Explore microbial statistical associations and metabolic profiles for functional insights

| @ ® Microbe ) Metabolite ©) Enzyme ) Phenotype O Gene/S
SeleCt the type Of Please enter an item: Eschenchia coli @
|nput Examples: 1 #2

980K

12.4K 135
Click to get the
Microbial Interactions GEMSs Pathways reSUIt Summary
Study Scenario EMP Ontology Genus Species Strain Metabolite  Reaction Enzyme|
76 133 19 (empo_3) 1951 5898 12088

4362 7861 1800

Use our example data
for testing




Result Summary

Text summary of the
microbial interactions
Search Result

and GEMs found for the
Query microbe: Faecalibacterium prausnitzii q uery m ICrO be
A total of 237 microbial interaction are found for Faecalibacterium prausnitzii, including 219 positive ones and 18 negative ones. 10 GE irrfevel were folund. You can visualize and find more details

by clicking icons in the summary table below.

The GEM view and pathway view for higher-level taxonomy are displayed as a combination of all GEMs within the specific taxon, as the GEMs are constructed at the strain level.

Statistics Summary

Microbe Microbial GEM View Pathway Reaction Metabolite Neighbourhood Metabolism
interactions Map Compatibility Map

Faecalibacterium 237 B < & iy 3710 B8 1804 BB K] K]

prausnitzii

View statistics and hyperlinks for detailed information.
Click the icons to access the results table or navigate
to the corresponding visualization page.




Microbial associations

Metabolic interactions obtained
for the query microbe. Click a

Update the lauout of

the network here.

node or an edge to highlight it
and display detailed information.

Specify habitat

an d con t e X-t Filter | Network ;
(d isease/l ifestyle , Habitat Select habitats, e.g Human, Saline &

% | Healthy | % | Colon adenoma x

only appliable for ™~ -~
human) here e

» | Hypertension

Computation All selected (8) ~
Direction Both v
Speficify method, 7 * .
. ] Taxonomy All sel 6) v H
direction and Specify
. Update
threshold to filter taxonomy level
h ‘t k Detailed Table
t e n e WO r . Search (=] Clear h ere
D Source Target Weight Context Method
[j Faecalibacteriu: Subdoligranulu 0.9991 Human;Distal Gu Pearson correla’
C] Faecalibacteriu' Oscillospira gu: 0.9967 Human;Distal Gu Pearson correla
D Prevotella mela Faecalibacteriu 0.9959 Human;Distal Gu Pearson correla

sella oral Faecalibacteriu: 0.9958 Human;Distal Gu Pearson correla

Select and

Associations for Faecalibacterium prausnit
O Lachnoclostridium
O Fusobacterium ulcerans

o) Cloacilbcﬁeré u wacg Egtemclo@ﬁﬂﬁmﬁis

uso O Streptococcus intermedius
O Tyzzerell

Bl Association: 0.456

O Roseburia faecis .
O Aiistipes putredinis O Phocaeicéia BriBkR~e

Bacteroides uniformis

Eubacteriales OBrachyspira O Bifidobac]

© Pseudomonas verq@ Bacterdides OOsciIIosp’ijrella O Bacteroides stérck Micﬂ)bel : Faec&]ib&ctel’ium
uminococcus C}iscillospira Blautia O jscbact . e
Q Clos'ridQnR N o Ruminccoccuso ) O Dorea formicigenq prau SthII
o Lachnospiraceae O Lachrobacteri . . .-
Ocatruakdtinein pa QLT o Microbe2: Bacteroides fragilis

OSubdoIigranulum
O Aneurinibacillus O Ocea
O Ruminacprskestirmaipeoli@Blautia obeum

Coprobacillus cateniformis
i Siegrobacter termitidis
Hold llo birevo'te"a T O Eggerthia catengfgriitured Bacteroidetes bac
oldemanella biformis

q O streptococglis equinus b
OEggerthélla lenta O Mitsuokella multacid libacterium prausjfitzii O Butyrivibrio crog§@tiis i tes bacteriun
O Oscillospira giMliermondii

Metabolic context:

O Peptococcus niger O Minthomonadaceae

i O Eubacterifn limos 4 phy|pamasr SIdraR GibARSH

O BacillusO) Flavonifract i i N I2ay)
Q5P iSAd BRFARIBEHOR MR RS i GR inalis o

O [Eubacterium] siraeyy e (%)
O Clostridium felsineum O ium moorei O Lachnospigh pectinoschiz@ Bilophil& Corynebal
O Yersinia (o) Peptostreptocooc&s anaerobius uminococcus [

OR
Helicobacter O [Clostridium] leptum
T :splanchnicus
o Megasﬂm WhagLshisP 'O Cateni

bamnunpnmwia@smmﬁ@

O Lacrimispora sphencidescoccus

ium prausnitzii and ides fragilis

OGO
O Bacteroides ovdtu§aecali o
b O Caulobag
O Thermoclostridium Af

Healthy
. . Faecalibacteriu: Sporobacter ter 0.9953 Human;Distal Gu Pearson correla Colon adenoma
h Ig h | Ig ht an D Bifidobacteriun Faecalibacteriu' 0.9879 Human;Distal Gu Pearson correla Hyperlension
. . D Faecalibacteriu Xanthomonada 0.9699 Human;Distal Gu Pearson correla Colon carcinoma
I nte raCt I O n 0 n t h e D Faecalibacteriu' Subdoligranulu 0.8998 Human;Distal Gu Pearson correla Prehypertension
Mmoo eain ol Aena TTe e mo

network

Navigate to the GEM view to visually
compare the metabolic capacity of
the selected microbes.




GEM view

Select to color the
network by
different microbes

Network Comparison Node Edge
Faecalibacterium prausnitzii is selected! Please
use ¥V on the right to select another microbe
before the index calculation.

Metabolism: | Primary metabolism v

Index: = Competition v

isGiant: / /I

Select at least two microbes for competition and
compelmentarity indexes calculation (Slide 25). Use the
"Filter" icon to specific the taxa.

Submit
Network Comparison Node Edge []

or by different = —L ™~

patwhays

Show the seed
metabolite (Slide 25)
on the network

Highlight the

ﬁ%ine, serine, alanine, Amino acid 1
I n t e rest ed [ Histidine metabolism  Amino acid 1

D Lysine metabolism Amino acid
pathways ==

D Methionine and ¢ no acid 1

Click to access the
pathway view

d:  Show ¥
action node: ~ Hide v

[} Alanine and aspartate m Amino acid 1
D Arginine and proline me Amino acid 1

[} Glutamate metabolism - Amino acid 1

€ metabolis Amino acid 1

Tryptophan metabolism Amino acid 1

/ D Tyrosine metabolism  Amino acid 1

Current selection

Faecalibacterium prausnitzii

~——Colorby: | Pathway ~

|/ Background: = Blue-gradient v
Search pathway
. Search [®=] Clear
[] Pathway Metabolism - Link = Color

&
s
&~
é_g_d - e s 2cpi
&~
- <<<<<<<
5 E Click to change
=_ the color for | =L =D=ry = =
each pathway e =

Faecalibacterium prausnitzii

Filter the metabolic |
network by |

Note: The GEM view can also be accessed directly from the microbial association network,

Neighborhood Map, and Metabolism Compatibility Map for comparing paired microbes.



Pathways

Click the icons for further GEM view,
Neighborhood Map and Metabolism
Compatibility Map visulization.

Voronoi plot
displaying the
pathways involving
the query microbe.
Grey indicates that
the pathway is
missing in the
given microbe.

Pathway Summary

N

93 pathways involve in Faecalibacterium prausnitzii . More exploration of GEM view ¢ , Neighborhood Map [/ , and Metabolism Compatibility Map [

Lipid metabolism

the network layout.

The structure of the pathway view is similar
to the GEM view. Additionally, users can
select options in the left panel to show the
cofactors of each reaction. By switching to
drag mode, users can also manually adjust

eeeeeeeeeeeeeee

H Other J / (o
Click each shapetogoto | ST P
[J nad  Nicotinamide adenine dinucleotic
the coresponding pathway ST

. () nadh Nicotinamide adenine dinucleotic

view S i

[ Pyruvate

[ aacoa Acetoacetyl-CoA
[ nadph tinamide adenine eoti
() 3hbeoa (8)-3-hydroxybutanoyl-CoA(4-)

Search reactions

@ 3nbeoeier— @aacoalc]

M=

oate metabolism in Faecalibacterium prausnitzii
L]
L] ‘O "

L]
/. o NNK
@ butfe} = L] @ @ b2coalc]

@ 3btcoalc]
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Neighborhood Map

Query microbe: Faecalibacterium prausnitzii |

Introduction to the
\ The Ne\ghboumood Map displays the taxonomic and metabolic distance pmxlm“les of the queriad microbe and its associated microbes, if any exist in our database. Both distances are calcula . . .
N ei g h b 0o rh 00 d . normalized to a scale of 0 1o 1 for comparison purposes using the collected GEMs. The taxonomi distance is derived from a phylogenetic iree bt using the NCBI Taxonomy AP, which conve D eta' | ed N fo rn |at on

The metabolic distance is determined based on the presence or absence of specific reactions in the given taxa.

Map. More is displayed here
- The colored circles represent the taxa that reported to be associated with Faecalibacterium prausnitzii, with green circles indicating a positive correlation and blue circles indicating a negativg . .
lanati f upon clicking the
ex p a n a I O n re e r Mouse over to see the labels and Click to get details; click and drag to zoom-in and double-click to zoom-out completely. O d t
to Slide ots.

Current selection: eroides fragilis

Metabolic distance: 0.51775

v

The colored dots show B o e -
the associated taxa {g}< Click and Navigate

stan
‘O [=]
=) -]
[ ]
[ ]
1 [ ]
®

obtained for the query l to the GEM view for
microbe, with green - visual comparion
indicating a positive : | ||| "
correlation and blue )

indicating a negative
correlation. g -

o 0.2 0.4 0.6 0.8 T

Metabolic Distance
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Metabolism Compatibility Map

Introduction to the
Metabolism
Compatibility Map.
More explanation
refer to Slide

\
T

The colored dots
are same as in the
Neighborhood Map.

To ensure the x-axis /
and y-axis follow the
same expanding
trend, the y-axis

Query microbe: Faecalibacterium prausnitzii

The colored circles represent the taxa that reported to be asst

oclated with Faecalibacterium prausnitzii, with green

two micrabes, while the complementarity index quantifies the potential complementarity from one

The Metabolism Compatibility Map integrates the competition index and the complementarity index as the axes. The competition index is defined as the similarity in nutritional requirements, estimated bj

microbe to another.

circles indicating a positive correlation and blue circles indicating a negative corre

Mouse over to see the labels and Click to get details; click and drag to zoom-in and double-click to zoom-out completely. G

uses 1-competition.

Complementarity Index

/ ® oCuery @ rosit £ ® neg ati nkn
I/ 1 ‘
| .
0.8 | ° L AR * L]
{ B
| ¢
= LT SR
3 o ®
S 06 o e ol »
P
§ 0 LT
°
8 (T
£
0 .0
g o4 Rt
\ *®
- @ o ® 5
®
'Y
.
0.2
0
[ 0.02 0.04 0.06 0.08 0.1 0.12 0.14

El

e

Current selection: Bacteroides fragilis
Complementarity index: 0.13950 @

Competition index: 0.63261 @

Complementarity Index

Detailed indexes are
displayed here upon
clicking the dots.

Click the image icon
to see the rank of the
selected microbe's
index compared to
the index calculated
for all other microbes
and the query
microbe.
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Start from a
metabolite or

an enzyme

n this section, only the result pages that differ from the microbe input results are shown.



MetabOI ite/Enzyme |n put For a metabolite, the name is

accepted as input. For an enzyme,
names at four different levels as

Specify the query defineq by the Enzyme
type before type in Commission (EC) are supported.
the input

) Microbe ® Metabolite C) Phenotype ) Gene/SNP ) Drug

Please enter an item: e.qg. L-tryptophan

(Optional) specify a microbe: e.g. Escherichia coli

Examples:

Use our example for

testing An optional condition

allows specifying an
interested microbe based
on the real biological
context.




Result Summary

The GEMs
identified can
metabolize the

query

Query Metabolite: Butyrate

e (ID: but) is found to involve in the metabolism of 9 GEMs in species Faecalibacterium prausnitzii

The GEM view and pathway view for higher-level taxonomy are displayed as a combination of all GEMs within the spi

Result summary using the first
example of metabolite input. The
result page for enzyme is the same.

Click the icon to access the
corresponding visualization pages. Refer

metabolite/enzyme,
providing insights

into potential Microbe 11
metabolic

interactions.

/T~

In this example, since we have specified
the microbe Faecalibacterium prausnitzii,
the result table displays information for
this species. The metabolic profile
represents the ensemble of GEMs within
this species. If no microbe is specified, all
the GEMSs found will be displayed here.

Reactions T} Pathways Tl Data source T}

Faecalibacterium BTCOAACCOAT; Butanoate
prausnitzii BUTKr metaboli

to Slides 8 and 9 for the GEM view and
association network.

. Kingdom 1! Phylum 1}
GEM View hNﬂ:lghbourhood patibility Association View

Map

Agora;CarveMe & [Bs |E7) <3 Bacteria Bacillota

The pathway includes the input
metabolite butyrate in
Faecalibacterium prausnitzii. Click to
navigate to the pathway view

The reaction includes the input
metabolite butyrate in
Faecalibacterium prausnitzii.
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Pathway View

Butanoate metabolism visulization
witchin for the selected species
Switching Change the lauout of : : o
to drag g 4 ed Faecalibacterium prausnitzii with
mode to nodes and edges. related reaction highlighted.
/
manua”y ~— Network et * Y Butanoate metabolism in Faecalibacterium prausnitzii M
adjust the > Mot | Per . O
Color by: Pathwa v *
pathway JETT
|ayOUt. /ﬁzo:::de: :::: : @ 3hbeoaiel— @ aacoa|c] /.NNK
/ Background: = Blue-gradient v T K’——\
@butc] - @ bteoalc} > @b2coalc]
Search metabolites \\__/
— Search and
Showthe | |0o s highlight pa—
[J btd_RR R_R__2_3_Butanediol .
COfaCtO rs () nad Nicotinamide adenine dinucleotic metabontes
for the e and reactions 4. @ nbutcoald
reaCtionS g naclhD Ei(;:na:ﬁde adenine dinucleotic here
g :;f E::::i = .MH\/’ @ accoalc] @ 4hdxbutn[c]
] aac Acetoacetyl-CoA 4/\
i thﬁls.cgftéon of ;c.he g The opacity edges and
Butyryl-CoA:acetate CoA-transferase . .
Bt ki v \ghlighted reactions nodes indicate that the

metabolite and reaction are
not present in the selected
micorbe




Neighborhood Map Metabolism Compatibility Map

® o @ associated @ Unknown @ cuery @ associate d k
Current selection: Bartonella bovis 1 ‘ Current selection: Gemella asaccharolytica
1
Metabolic distance: 0.84740 Complementarity index: 0.12958 @
@ @ ®

Taxonomic distance: 0.62183 is ! Competition index: 0.81392 @

GEM view: 5% 1
@ x
g «o» ]
s 06 £ 06
] -
a S
g £
c
2 g 04
e ;

'he blue dots are the -
0.2
micorbes found in GEMs that
.
. T can metabolize the quer : oo pavi .
Faecalibacterium prausnitzii and Gemella asaccharolytica
0 0.2 0.4 0.6}
0

metabolite/enzyme.
Note: The introduction of ] P
the maps is same as the I e

for microbe query in Slide
11 and 12. More 5 il e
explanations can be found —
in Slide 24 and 25. o Navigate to the pathway view
o ‘ / | in GEM view by clicking the |
icon on the left panel
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Start from:
- phenotype

-gene/snp
- drug

n this section, only the result pages that differ from the microbe input results are shown.



Phenotype/Gene/Drug Input

For a phenotype or a drug, the
name is accepted as input. For a

Specify the query gene or a snp, Gene symbols and
type before type in SNP identifiers are accepetable.
the input

O Microbe O Metabolite © Enzyme otype © Gene/SNP O Drug

Please enter an item: Ulcerative Colitis
Q. Search

(Optional) specify a microbe: e.g. Escherichia coli

Examples: #1 #2

An optional condition
allows specifying an
interested microbe based
on the real biological
context.

Use our example for
testing




Result summary using the first
example of metabolite input. The

Result Summary |

result page for enzyme is the same.
Text summary of || Search Result /‘
the aSSOCIated }vPhenotype: Ulcerative Colitis

taxa fou nd for ) cerative Colitis has been reported to be associated to 81 taxa at different taxonomy levels , including 56 posit CI ICk the ICOn to access the
th e | n put The GEM view and pathway view for higher-level taxonomy are displayed as a combination of all GEMs within { corres pon d | n g Vi su al | Zation p ag es. Refer
pheotype/gene/d to Slides 8 and 9 for the GEM view and
rug, Ulcerative association network.

Microbe T. Relation T} Host Tl Rank T! Reference Tl

COI Itls I n th IS GEM View Neighbowrhaod Association View
Map
RIPCOCIRERIS Increase Homo Sapiens & K] species PubMed
erythropolis P p e
Faecalibacterium . - 2 \
prausnitzii Increase Homo Sapiens & [ G g species PubMed
Roseburia hominis Increase Homo Sapiens ] i [4 < species PubMed
[RumingEaecus] Increase Homo Sapiens & 4 4] species PubMed

torques

Campylobacter

. , 2 .
e Increase N & 4 i species /Pui)Med

/ L
Table detailing the associated microbes, Find the original
including information on host type, relation study
pattern, and other relevant data
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Neighborhood Map Metabolism Compatibility Map

@ rositive-association @ negative-association @ Both directions Unknown @ :ositive-asscciation ® regative-association @ sotn directions
T o et 3
s s | esses e Taxonomic distance: 0.90021 08 ! Competition index: 0.63261 (>
GEM view: {5} I GEM view: 5%
| ‘“: 4 ||||I||I||||. it
° /A\ o o Gcmpe?lt?nn Index o o
Note: The introduction of the The colored dots show the associated
maps is same as the for taxa obtained for the query
microbe query in Slide 11 and phenotype/gene/drug, with green
12. More explanations can be indicating a positive correlation, blue
found in Slide 24 and 25. indicating a negative correlation, and
red indicating both directions as
found in different studies..
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GEMs

Genome-scale metabolic models(GEMSs): It
2%
« Computational models that represent the metabolic | ©
capabilities of an organism, encompassing the entire i
set of metabolic reactions taking place within an @
organism.

* Informative: Microbial metabolites, reactions,
pathways and global metabolsm

* Preditive : Metabolite requirements and production, @
interaction with the host and within
microbial communities.




Neighborhood Map

Neighborhood Map, display as a scatter plot, integrates metabolic
distance (x-axis) and taxonomic distances (y-axis) for all taxa covered in
MicrobiomeNet based on GEMSs, using E. coli as the reference point.

 Metabolic distance:
Determined based on the presence or absence of specific reactions in the

given taxa.

« Taxonomic distances:
Extract from a phylogenetic tree built using the NCBI Taxonomy API, which

converts a list of classifications into a tree.

Both distance are normalized to a scale of 0 to 1 for comparison purposes.



Metabolism Compatibility Map

Metabolism Compatibility Map, display as a scatter plot, integrates
complementarity index (x-axis) and competition index (y-axis) for all
taxa covered in MicrobiomeNet based on GEMs.

« Seed metabolite:
The minimal group of external compounds required by a specific organism to
produce all other compounds in its metabolism.

« Competition index:
The similarity of the nutrition requirement of two microbes, denoted by the proportion
of shared seed metabolites.

« Complementarity index:
The potential for one microbe to produce the seed motabolite required by another
microbe.

Both indices are asymmetrical, and the mean values are used in our tool. The original scale is
maintained for comparison, as the indices are calculated within the same framework.






