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Abstract

Dietary habits have been proven to have an impact on the microbial composition
and health of the human gut. Over the past decade, researchers have discovered that gut
microbiota can use nutrients to produce metabolites that have major implications for hu-
man physiology. However, there is no comprehensive system that specifically focuses
on identifying nutrient deficiencies based on gut microbiota, making it difficult to inter-
pret and compare gut microbiome data in the literature. This study proposes an analytical
platform, NURECON, that can predict nutrient deficiency information in individuals by
comparing their metagenomic information to a reference baseline. NURECON integrates
a next-generation bacterial 16S rRNA analytical pipeline (QIIME2), metabolic pathway
prediction tools (PICRUSt2 and KEGG), and a food compound database (FooDB) to en-
able the identification of missing nutrients and provide personalized dietary suggestions.
Metagenomic information from total number of 287 healthy subjects was used to estab-
lish baseline microbial composition and metabolic profiles. Users can upload their 16S
sequence data to NURECON for analysis. The uploaded data is analyzed and compared
to the baseline for nutrient deficiency assessment. Visualization results include gut micro-
bial composition, related enzymes, and nutrient abundance. NURECON is a user-friendly
online platform that provides nutritional advice to support dietitians’ research or menu

design. The system is freely available at https://nurecon.cgm.ntu.edu.tw/.

Keywords: Metagenomics, 16S rRNA, Web-based system, User-friendly Design, Preci-
sion nutrition, Database
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I #4573+ % (DryLab) #5 %3] (WetLab) %zt * ¥ ¢ A F Fo g &
Ao HENEFIRERLR -
2. M ens 71 Bk G @ anddd Bl gk o
3. SR ME TR AT R > L F RBIRLEE BT A o
u

4, RITFH M BEE R F AT > AT R B il o

& o

LR S Nt SRR RN RS L LE RN T ek

DBkt - B e R B AR 3 40T &erit % 0 Figlam [52] - Miro [53] & $h B4

et

B W fE B2 XA % (Design Thinking, D.T.) » § &~ BFBEE R
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L7@ % FP gt r S pFapes

e —%‘ E F 2 Am A & et i o Al (prototype) 3K 3t PF s Figma [54] ~
Adobe XD [55] &+ #:4 7 1500 5 8 4 5 g o

ErBEREE DARPTRI LG SRR RAEEE AR R EER
¢ 7> i %P 425V 3 HTML /CSS/JavaScript B % 7 Bootstrap [56] ~ MUI [57]
AR S A A S BBl 2 & (Responsive Web Design,
RWD) 7 52k 3 (layout) o 5 7 Peid #-24 F T d#cdpia 2 (render) = & 45 )
F o w B FHARA Y & i 4o DataTables [58] ~ RAWGraphs [59] ~ D3 [60] & 5% & >
HEFHRM A BIE A R RN 0 @ T3 F 65 JSON (JavaScript Object

Notation) ;8 F v 3|3 VB Lad o
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1.8 EZ8P#E

Pif-  REMEIFEYATG AR

AR AATIRART A R Z A A PR CBEEEFERNZ &
iR o B FHRHEY 54 ST E O QUME2 2 {44 % B3] 0 54 +
FEENEEE A PR ERARFARIATRER R L EES

w3 Bixit > F ﬂi;fg_),’%“ﬁv% o4 o

P EERTAERTRY
EFAEKAR S AT R TR S 6 R E

A LG B AR R E RN o s BAFRRET R B2

SH
G

BERTFI R A PELFER L RRTHLHTRIE G e H
¥ &3¢ (Responsive Web Design, RWD) e T2k 3- @ = 5 A in> riig* f ¢ w
(User-Centred Design, UCD) it R B % F - 4% st A 457k o L F £ @4

7 FBicehlo R Xi bbh MBS RS A+ 204

PRz AL FRADE

e

BROLEREERFATFRETHEE  FTPLAEU FHR K AT
HR B E AT LI S K D) B TR AL o R g
MBFATPFAAASITEREGFEL S TR CRA LR 2 QRS
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=~ e

2.1 NURECON i 3uixif

NURECON £_- ?X*ﬁkd AP AT E o 2 FRIBLACFRF R
Fena b b o i A {s s 4 Python (version 3.7.12) # fie Django 1= % »
4 14 JavaScript & jQuery 3¢ B B B2 * F 46 o 7R SQLite (version
333.0) e ARTERAAE R AEBEARRAFTHEE M &P BEEFRRE L
#KEGG FH R [45] - * &4 ~ F %372 & 4 7 2 FooDB 7 # & [47] -
HEREFTHER ER MR @ FF & @5 fEH Mk BIOM
( Blological Observation Matrix file ) ¥2 FASTA ( DNA sequence alignment file ) # 5% >
BIOM 4% P} 2 B 7|4k (T4 #g H = (Operational Taxonomic Units, OTU & Amplicon
Sequence Variants, ASV) £ B 7| ifficen& 2 F 3 > FASTA 2 7 R 2 2B 7
(representative sequence ) F 3 o 4h % kR¥ 1k p EasyMAP[36] ¢ QIIME2[35] &
é%?ﬁ%%&ﬁﬁﬂ%%%%ﬁﬂoﬁﬁ,%%Q#ﬂ%#@’iéWﬁ EER BT

AR R S LR SV E X

11
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Input File

System Workflow

Summary Report

% 2.1: NURECON %
*%ﬁ ( fasta) i 4 %] R ER

16s TRNA uploaded files (.biom .fna)

Project name

l

Uploaded files
pre-processing

Subjects list

! l
Species Classifier

(SPINGO)

¥
Function Prediction

(PICRUSt2) Baseline

v
databases

Production Prediction

(KEGG)
v

Food Prediction

(ILP, FOODB)

Gut microbial
composition

Related enzyme

Related Compound
(Nutrition)

Food recommendation

#.3% 3% # - NURECON 7 &

" ASV % (biom) £ & 4 {55 5]

&% & f\:iﬂalJ‘T\A\*q’/u b & g?:‘f ;@ﬂ‘#"fﬁ

7 (SPINGO) ~ jic# ¥ 2 %) # it g ] (PICRUSt2) ~ | HEL L LR A4
(KEGG) o 12 FE e 23] (Integer Linear Programming ) 4-%H3a B & 47 & (7 & i
it RHEAMER S E DA IR AT L2

Bk B aE 2

AEFTHE (@
K % (species) FAp e ~ AR FHREREPIEZLE L2 FE I

Byt aqE o

22 HHRBEATERL L

fe

4o

%%%’A\*%%WE‘ )

B R
) L F S RARARITR ¢ G
: Eyi

SHE~ UCD AR > P At * XL FrER/EFZHEFA

B ook ki * Bootstrap P OV E LB RET S HFRS o KER

Bootstrapmade #% i & 7 $HE>T B A BT ¥ b

B2 FAULE 1 A 47 AJE -

12

* 2 [01]] > ¥ # jQuery ¥ Datatable

. ¥ F 4% > RAWGraphs £ zEpid & 3¢
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22 B TR

2.2.1 Bootstrap #F = 38 33\ B

Bootstrap ¥_— v =3 4 F K e VR [56] 0 % Stk * Bootstrap 5.0.2 & A
5 #8 CSS 22 JavaScript $ 38 & sch p i 2 B 22 2 L BN 5 R T K blde
SFRABAL ST REEREEIMRT » FAAFfL > 51 » Modal #3Et2ir e it
B REATRE TRT > B AR SRERT FIETL B R
FAFH o5 x Card 7 B e EF PN NB AN FHRET 85 F s
Boo-FEMFEELEH LS 5]~ Popovers B e B F A B
AR TRPRAF L LT HFETR AL

B RE et (layout) » & o A AR PFOPESHELIFE T AREY A 0 TR

~

KAFHFBR TR AL AFY 23 ¥ F  a{H > (AHBEBREER?

hT R 0 2 RER B SRR s ] R o W
Lﬁ%ﬁﬁ! é_:_%&{’iar’ﬁ_l'v‘l’:: -/E%Eh' T__‘F:Ikﬁ‘;\—’] #ﬁ@i’ué—flj

BRNE w ek > Layout 72 (breakpoint) 3Kk 5 <576px ~ >768px 2 >992px

(Class infix : None, md, Ig) » #2375 # &7 2 M ARC e Bk T AEH R

% (selectproject) F o ® > AW MTHFF ~ T~ T WEFHT 7 LI EB
BAMA AN 42T (FRD e p s PR R R ARE Ry R AR
EEE R THT o Ak RSP E G e R o

13
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.
.\'1 NURECON HOME  TUTORIAL ~  MANAGE  SELECTPROJECT  ANALYZE ~  NTU  nureconzhaogi@test.com ﬂ
v NTUIOB O NTUCEP O NTUBEBI O NTUTEC
@ Last update @ Last update @ Last update @ Last update

Fri03/2417:32

Baseline : Taiwan Baseline : Taiwan Baseline : Taiwan Baseline : Taiwan
SRR10988580 SRR19181317 James N1
SRR10988581 SRR19181379 John N2
SRR10988582 SRR19181380 Mary N3
SRR10988583 SRR19181381 Patricia N4
SRR10988584 SRR19181382 Robert o1
SRR10988585 SRR19181388 02
SRR10988586 SRR1918139%6 03
SRR10988587 SRR19181397 04
SRR10988588 SRR19181398 05
SRR10988589 SRR19181399 06

=3 e
1536*713px (Laptop, ASUS PRO-UX434FLC)

& NURECON

Atter analyzing the project, click the View Result button to see the result.

The project name will show on top of the page.
¥ NTUIOB

.'\; NURECON =

O NTUCEP
@ Last update

@ Last update @ Last update .
Fri 03/2417:32
Fri 03/24 17:32
Baseline : Taiwan
Baseline : Taiwan Baseline : Taiwan

- -

O NTUBEBI O NTUTEC
O NTUCEP
@ Last update @ Last update
@ Last update
Baseline : Taiwan Baseline : Taiwan

Baseline : Taiwan

e

820*1180px (Tablet, iPad Air) 390%844px (Phone, iPhone 14)

B 2.2: Bootstrap g * >t i zh k& od 234 ~d FI T SRR AL P BT )
R % (3 F AT R 2992px) ~ T AE (F F AT AR 2768px) 2 S48 (F HF AT A A
<576px) ¢ kR RBEL TR BEE A 42 1 BEEF S o

14
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22 B E L FRRE

222 AJAX 2t 9 Rk

L 3 L:}iﬁtr ( Asynchronous JavaScript and XML, AJAX ) & f5 85 o &5 4 F
B2 {8 PPR B A cngle o P #8551 API (Application Programming Interface )
Brafle o A2 FEFPET G TR RT O FRPRELCHTHRE TR L AT
FoR A LFani "ﬁ"@:% °
bk f SRR T G FIFRAS THERS S ERR T F AE B h
RLETELATARERY o B AJAX BT @ AT 5 0 4 R 3

Fie KM -

2.2.3 jQuery ¥ Datatable & 3% &

JavaScript #7 B 3 ¢ jQuery SV B B F EH B (selector) Fiz &2 H G
fWiv > d G F mF F L { # HTML DOM (Document Object Model ) & 3] 7%
% > @ 3% JavaScript ¥ DOM # iTerag 4 Bed vl 2 XL > w B enF R A L7 -
RSB @e @%@ jQuery :T LEH Bt el 3 N gy @R
FIAJAX G058 0 3 i RN S B o ¥ b > 17 jQuery 4t @ 9 Datatable ¢F # 42 5
[58] » B &4t & HTML <table> 25t c13 054 iy » 4ot T~ 40F ~ £ 5 UL 4 &
UL AR A

jQuery (version 3.6.0) [62] ** & & 3L * (& EF 975 R o > ¢ 7 w3 "W fed
¥ i B eI~ % BhBE T 27 PE R o Datatable & * 2 Ac 2 £ FjAp % % (Gut
micriobiome report ) ~ fi% % 1t #¥7 7 B % % (EC number table) ~ f* & $ b i % %
(Compound /Nutrition table ) ™ % & #~ 4& & (Food recommendation) =% # % I

(MR.3) -

15
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Search: Search:
Mean+SD Median+SD ) o o Info. 1 Food ID Picture Name Group
Species name (%) (%) Patricia John Robert
O
Veillonella ratti 13.32¢00  13.32:00 v 200 Mung bean Pulses
Bacteroides vulgatus 7.109+7.057 4.351+7.057  3.119 7.505 5.758
Pseudomonas mendocina 3.57+0.0 3.57+0.0
v 150 Guava Fruits
Phascolarctobacterium 3.329+2.434  3.08+2.434 5.072
succinatutens
Prevotella stercorea 3.52+4.186  2.273+4.186
Iy Garden
. - - v 171 Vegetables
Providencia stuartii 2.177£1.014  2.177+£1.014 tomato
Bacteroides uniformis 3.736+4.045 2.062+4.045 10.858 0.555  1.981
Phascolarctobacterium 2.952+3.302  2.01143.302 - 10.855 5.251 ¥ 5 Cucumber Gourds
faecium
Lactobacillus delbrueckii 1.988+2.803  1.989+2.803
Yellow wax
914 bean Pulses
Bacteroides plebeius 3.867+4.695  1.909+4.695 - 2.567 31.009
31 oy ) - D A I - S N
B 2.3: Datatable >* @ * ¥ /i G chE o =W AP FI S > v WL sFfiles -

2.2.4 RAWGraphs £ zEpid 7R % i 33\ B

BT TR 0 T ER B S RIEE E D g AR
b F LRI AR A A N AR A 0 BB S 1R
WEHET AT AEZREEE T S v o

RAWGraphs (version 1.0.0-beta.27) [59] & r+ JavaScript # @ sH 5 HL AR (&
FECEFIHRMOBERF AR ZTAULERE > iR B AR 2 F

ALK EBIE o 0 E R S B JSON TR e iRt 8ia gk 0 51~ Flseer

f
v

(circlepacking ) ~ 41k B] (barchart) # it » A& 8 4 3& SF e ¢ TS T

Rl

B

spHEB s EES (FRD) -

zEpid (version 0.9.0) [63] #_% in {7 & & 47 B3 ch Python AR i+ Tt &

PR S AIE SRS R E T g 31~ A +kB (effect measure plot/ forest
plot) # it » it & iiﬂﬁ%ﬁf B ER AR ERE T 3!}./,,\'14?
(FR.3) -

16
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Food Name

Cocoa and cocoa products
Mushrooms

Cheddar Cheese
‘Common buckwheat
Grape wine

Almond milk

Blackcurrant

Chinese cinnamon

Greek feta cheese

Fig

Japanese sea bass

Fishes

Peach

Sour cherry
Flaxseed

Yellow wax bean

Food Group

M Aquatic foods

M Cereals and cereal products
Cocoa and cocoa products
Gourds
Milk and milk products
Nuts

M Pulses

M Vegetables

Food Group

M Aquatic foods
M Beverages

M Cereals and cereal
products

I Cocoa and cocoa
products

Eggs
Fruits
Gourds
Herbs and Spices
Milk and milk products
W Pulses
M soy
M Vegetables

Frequency [sum]
T T 1

40 50 60 70 80 90

100

Fats and oils

‘ _

Fruits ‘

Food Name

Soy bean

Japanese sea bass
rden onion
Common mushroom

eer
Breakfast cereal

Mozzarella cheese
Mung be:

ishes

French plantain

Common buckwheat

Yellow wax bean

Tamarind

Passion fruit

Common beet

pple
Sour cherry

Oat

Cottage cheese

Coconut milk

German camomile

Blue cheese

Cocoa bean

Brassica

Mushrooms -}
Sweet orange -
Garden tomato -
Greek feta cheese

P
White mustard
Cal

Milk and milk products

Food Group
136
545
Food Group
M Aquatic foods:

M Beverages

[N Cereals and cereal
products

I Cocoa and cocoa
products.

Eggs
Fats and oils
Fruits
Gourds
Milk and milk products
Nuts

M Puises

M soy

M Vegetables

Food Group

W Aquatic foods
M Beverages

M Cereals and cereal
products

I Cocoa and cocoa
products

" Eggs
Fats and oils
Fruits
Gourds
Herbs and Spices
Milk and milk products
7 Nuts
W Pulses
Il Soy
B Vegetables

2quency [sum]
6 8 1. 12 14 16

B 2.4: RAWGraphs ** i ?’riﬂ"ﬁﬁa PERed 234~ d I TRAELS SFEIRIHAR

E=2 CICEOE G Wart )

PR

H AT HA S PR

17
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Individual .
.. Baseline
Patricia
abundance
abundance
(%) median t SD (%)
Parabacteroides_distasonis * 0.857 (0.0, 0.12)
Faecalibacterium_prausnitzii 19.808 (0.0, 3.433)
Flavonifractor_plautii L 2 0.196 (0.0, 0.861)
Eubacterium_d; | * 0.102 (0.0, 0.455)
Bacteroides_ovatus L 2 0.588 (0.0, 3.946)
Clostridium_leptum P> 0.005 (0.0, 1.524)
Phascolarctobacterium_succinatutens 5.072 (0.646, 5.514)
Bacteroides_vulg 3.119 (0.0, 11.408)
Clostridium_lactati <+ 0.311 (0.0, 0.343)
Oscillibacter_valericigenes 2 2 0.472 (0.0, 1.597)
Parap _clara 5.518 (0.0, 3.19)
Butyricimonas_virosa < 0.131 (0.0, 0.629)
Eubacterium_hallii ——— 4 0.126 (0.0, 0.094)
Ruminococcus_bromii L 2 0.632 (0.0, 2.147)
Eubacterium_eligens 7.97 (0.0, 0.711)
illonella_atypica * 0.68 (0.0, 0.876)
Bacteroides_nordii ~———————p—— 0.154 (0.0, 0.22)
(’) 1,5‘04

abundance(%)

Bl 2.5: zEpid **+ ¢ * —"5‘ gk IR o
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23 BHREF

23 RBHRH

gpmtshe IRt B2 FTRE s T AR E B TR

T, A e

2.3.1.1 Django #F & * 25\ =%

Django (version 3.2.16) [64] #_14 Python 7 AA# B 2 chie | B * 2 2% >
# * MTV (Model-Template-View ) 7 43k 3 » Model 12 47 %] = 3% 32 T4 B 9
CRUD ( Create, Read, Update and Delete ) ; Template z 3 HTML /CSS/JavaScript >
foF o shends o View fF st w et (callback) &3t i3k %0 i % Template
S B ERE T o

porb o R REUARFF L THEERY FRUVEL > & W HR
AR is mp B pE "ﬁ% FI* APL ¢k > & so & *

F AR (templatetags) > 2 » T o R HEET & -

2.3.1.2 Subprocess + &2 % #

Subprocess [65] - it Pyhton £ * 3% i Python 45 4 $4 {7 Linux shell 45 4 %
Fo 2t R AR R A AT R E A Y E T R
o FP A S Linuk A SRELEAR Lo wwEBEEREELFTALE
e b2 A R K e (GUI - TI%% & $ * Subprocess.run() (*i45C.2) #
o REFBEASEEL A FF N E -
19
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23.1.3 PuLP H®H7 2

44 (linear programming ) & & A i@l 2y £ i £ 421 & P dg 5 enpr
B % 8D333 ) HEm A L RIWE R o F 5 Python £ i ¢ PuLP (version
2.6.0) [66] * A L 3 ELTE i B i L R AF Y > PULP sh A drinde s o TR

% B 42 | (define the problem) ~ " % #c 7 £ | (declare variables) ~ 2= = p & &
# | (objective function ) ~ I #_& *24] 5% | (constraint ) ~ 2& > + A4E5*L 2 (stamping)

B ai R RBIRAL (RRG) > bl wasC -

| | Add Objective Add
Import Pulp Constraints Pulp Solve

Import pulp as pl pl.LpVariable() pl.LpProblem() prob +=,0bj_name prob +=,cons_name prob.solve()

B 2.6: PULP #cB A A 470z o T3 2 F S4B E 5 r chan N R gl eh £ 48 [67] ¢

232 2 FFREHMEFTLE
2.3.2.1 QIIME2 £ EasyMAP =i+ X 2/ & 71 &

QIIME2 & 3 jnzk ' % Z A ficd 4 A 1740k [BS] > B84 £ 7 4 6 o i 5 7]
RAsFE RS 7 AR E Y % 5% o EasyMAP R &7 QIIME2 & Rk 3% avlcd |
btk [B6] 0 5B GUI T 11 E 5 B Rdokh % A7 2 L B % o

NURECON #: % % p QIIME2 #: ;¢ ¢ & d EasyMAP tk = & » S~
(MR - # ¥ i d 4 4 A N ha B QIME2 B % % (.qza)
FeatureTable[Frequency] ¥ FeatureData[Sequence] "t 45#C.4 ; 4 '%T P §_% EasyMAP
=

&A% > (8 ek % > & NURECON & =t ¢ ﬁ%] » EasyMAP & {7 pF#ri * chg & 13

ol g B R TR A A AT LW (RRD

20
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23 BHREF

Import Files From EasyMAP

¥ou can select the project with @ symbal,

Select the Folder

® Sample0s0s

B 2.7: p EasyMAP & » i~ 1545% i % o © & BasyMAP & 7% = % S 8- % Bk T
B L %77 8 &% » NURECON -

2.3.2.2 SPINGO iz # i 64 5

SPINGO (version 1.2) [B7] # % 5u® 5 A~ $5ic 2 FAp e 55 E > SPINGO
e- & e H i Frrd- I6STRNA B 74 8 1 #& (species) & & [68] - # %-#csd #F
4o @ kmer size (—kmersize) % 8 » The number of bootstrap samples (—bootstrap ) %
10 ~ The number of kmer used for each bootstrap subsample (—subsample) 5 8 » Hc#

$FHE L RDP_11.2 ¢

2.3.2.3 PICRUSt2 fic2 # A Fl# it sl &

PICRUSt2 (2.5.1) # 1424 F] (marker gene) 5 7|3 B 41 fic 4 4 B B it
% %5 R [B9] A & A 455542 5 ¢ sequence placement (place segs.py)
hidden-state prediction (Asp.py ) ~ metagenome prediction ( metagenome pipeline.py ) ~
inferring pathway abundance (pathway pipeline.py ) ~ pathway feature descriptions

(add_descriptions.py) > te5 — % Z¢ > 975 Sy LR E - dyenfh kg A

._.\/‘

BFHRE V5 B NHEHKEGG £ 4 o

21
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2324 KEGG AFIHFHRE

KEGG A FIf8 FFA s A F] ~ S Phgis ~ A ~ 1 64 % 27 H U5

4 sup KEGG API £ {7 5,621 4 EC (Enzyme Commission ) number ~ 18,905

Et

&4 %2 LHLFHE > UML (Unified Modeling Language ) % H#-4-HIR.§ -

2325 FooDB &4 32 it &£ FHE

FooDB & 2 * £ TR E @ F o ~ P F ey £ 1 &5 T [47]
ﬁﬁﬁér%%&%J?r“@%&%Jﬁ*E&’iPié$ET$%@%%
FHES 252 pNBTHRE - §£ 5k AT F 41 55 B%

FEn S3EGHER G R TR (s

i) (RR.8) -

45X 2H R T TR R

prh o B HRARATE S TR BTG AT PR AARERR LSS R e
A NP gE k2 S ERAR SWE s BR TR AWM BRI R E R

B FHNAfe R PRI ET AL AR LR ERSE

Ed s 2 2R F A

el

LR o S EE S BB YT 902G T2
23,000 fa 4 & it S F e iT s Fend ik it A4 o
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KeggEcProduct

+ ec: CharField

+ product: CharField

+_ str_ (self) ->str

KeggCompoundldName

+ cpd: CharField

+ name: CharField

+ _ str_ (self) ->str

FoodbFood

+ name: CharFieldname:

+ name_scientific: CharField
+ description: CharField

+ itis_id: CharField

+ wikipedia_id: CharField

+ legacy_id: CharField

+ food_group: CharField

+ food_subgroup: CharField
+ food_type: CharField

+ category: CharField

+ ncbi_taxonomy_id: CharField

+ public_id: CharField

CompoundSynonym

+ synonym: CharField

+ synonym_source: CharField

+ source_id: CharField

+ source_type: CharField

+_ S

tr__(self) ->str

CompoundExternalDescription

+ external_id: CharField

+ annotations: CharField

+ compound_id: CharField

+ creator_id: CharField

+ updater_id: CharField

+ created_at: CharField

+ updated_at: CharField

+_ st

r_ (self) ->str

Phytochemicals

2.3 fﬁ?—’%ﬁ

+_ str_ (self) ->str

Y

+ name: OneToOneField

+ feature: TextField

+ author: TextField

+ doi: TextField

FoodbContent

+_ st

r__(self) ->str

+ source_id: CharField

+ source_type: CharField

+ food_id: CharField

+ orig_food_id: CharField

+ orig_food_common_name: CharField
+ orig_food_scientific_name: CharField
+ orig_food_part: CharField

+ orig_source_id: CharField

+ orig_source_name: CharField

+ orig_content: CharField

+ __ str_ (self) ->str

B 2.8 ¢h M F LR UML - » %] = KEGG ﬁ;% it &4 T4 # (KeggEcProduct ~ Keg-
gCompoundIdName) ~FooDB & # & ¢ % 3 ¥ #+ £ (CompoundSynonym ~ Com-
poundExternalDescription ~ FoodbFood - FoodbContent) 2 11— ¥- B 7 (one-to-one

relationship ) 413558 Bt % 2 /}% 741 & (Phytochemicals) °

2326 AREFEANEBEEFERTEE

JEPFF AR AR FEMOREF T R F TG BT

-\

ML ER G AR EF R B3 55 87T g A L ABEn o
23
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EEAT A 183 80K H P 1194 %k p 44 M2 4 FAn TR E [69] 5 118 £ %
feger LSRG EFIFL B (700550 & ki AL L RER

CEE LS E (e 8 BPHE ] et ik ) (RRD) - #r

A% 2 Hlumina * 5 €/ 3 % B~ V3~V4 F3$ 7P E o

220 AEFHE

# Datasets Number Male:Female Age Reference
1 119 81:38 20-80

2 81 0:38 (Female) 22-75

3 38 81:0 (Male) 20-80

4 55 18:37 20-44 (Adult)

5  Taiwanese Microbiome Database 43 10:33 45-64 (Middle Age) [69]

6 21 10:11 65-80 (Old Age)

7 61 18:43 30-50

8 73 23:50 <50

9 46 15:31 >50

10 Taiwanese CRC Control Group 118 60:58 Avg. 60.71+10.44 [70]

11 Taiwanese Elder Subjects 50 23:27 >60 unpublished data

A M %54 QIIME2 454 (demultiplex) ~ &4 % t5 » @& * SPINGO 4 #f
B4 844 0 £ v PICRUSQ T RMp MAE 4 25 & B0 S FALRIL » o
ERPRLFARAEBZLFAVHOTHE SR TEOTHEARTTEL

¢ iR ARFAH > UML #’f#ﬁ?@@°
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23 B3

TWBAge30to50 TWBAgelLessThan50 TWBAgeMoreThan50

TWBAII

Vv
Frailty <<abstract>>
MicrobiomeltemBase

+ species_name: CharField
~| + member: IntegerField

"] + median: FloatField ‘
+ SD: FloatField TWBMiddleAge

A

+ __str_ (self) ->str
A

TWCRC

TWBOIdAge

TWBAdult TWBFemale TWBMale

TWBAge30to50 TWBAgelLessThan50 TWBAgeMoreThan50

TWBAII
_ v
Frailty <<abstract>>

ECltemBase

+ ec_function: CharField
+ ec_description:CharField
+ ec_median: IntegerField TWBMiddleAge

Y

+ __sir__(self)-> str
A

TWCRC

TWBOIdAge

TWBAdult TWBFemale TWBMale

W29 AESE AL FEE T4 E UML - A %ji2 = % F4p (MicrobiomeltemBase ) £
it % 7 4 (ECItemBase) # % #i-3] (abstract model) - % 3 11 B + #f #03] 4K
(inheritance) : 9 134} & d¢ 4 & cnd e # Ftp T & (TWB BEF)~1 B+ 5
BB eFHE (TWCRC) 1 B4 Bk ? £ 4 T4 4 (Frailty) -

25

doi:10.6342/NTU202301242


http://dx.doi.org/10.6342/NTU202301242

$of e

233 Bl ® K OREREATRR

X PBORINFTRELAFEBRILE > §1RREZ L EPFTERTR
PABFRELEFLEAY ATSEHTRAMKIFEHNES AL (ASV
table) » it 424 BR.10#757 -

% 317 R 4 57 B SPINGO » # i faeni & @ gﬂi%]:". A B A 2 5 [results.out |
12 2 Tlevel count.out | eh4h % o H @ > results.out 7 7 4+ #c B 7| % 5. (feature
ID) 2 & B 7“7 & D 4 5 level_countout | & 3 & FfE 5 A - KA o
% level_countout #h % ® > H TH A7 &E | T ®pP 25 xR
IR, m R R R ARG DR S Ek FIM R B R
level countout ¥ chit 2 M EF|RE Rk E 2 A (BRI -

BRI+ % o Fg2t & PRERE A3 E 0 g #-level_count.out 2
PR LA BT resultout ¥ AR B L (P FEFH BRI B A F O
L) BRI hAH I T > 2 BTV EF D - B LH RO A

| ID (FR.1Y- %2 B) - L 5 b BIOM Mk (tsv) * k&
B e e 71D (FIRAD- % 3 C) 7 @373k 7] ID e A 7 e
(FRI1-#2 D) 2 3738 M5 - Fasr#kay s A 6 (FR11-
BAE)-

Rt A ets? e RE > BAFTHEEG] ¥ MiERRE LY
2@ EARETHEEFAD 12530 tenFfh oY FFHEEER

iféi'lv?ﬁ%] FIRE S R A RRERE T SRR -
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Input files

FeatureTable
[Frequency]

FeatureData
[Sequence]
(.biom) (.fna)
Y Y
Transfer BIOM
to TSV format SPINGO classifier
(.tsv)
\ 4
Taxonomy results
Feature ID & (species) &
Taxonomy results Representative sequences
(.out) abundance
(.out)

A

abundance

Calculating species

|

Species name,

Feature ID,

Species Abundance
(.json)

A

Comparing with
baseline dataset

l

Visualization

l

Results Pages
Gut microbiome report &
Forest Plot &
Top10~30 tables

B 2.10: B2 # A4 & &

E W i3
FASTA /FNA # %
B -

Fh

27

LB B B AR o

gigj IN
(fna) > &Aa 8RR is

S

E
v

microbiome

dataset

Baseline

FAL AP & * % 1 5 BIOM 2
2 JSON # th ka2 22 %
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level_count.out result.out

Species_name count OTUID Species_name
Faecalibacterium prausnitzii 71 —9¢1f0e46¢6233597e05b10cf33911423 <«— Bacteroides vulgatus «——
Prevotella copri 5 ( 77fccb9b009b5857f858be1dee52d351 Paenibacillus hodogayensis
Bacteroides vulgatus 2 H—-E37f2566b33df79706749157380aa9f3 «— Bacteroides vulgatuse——

A Parabacteroides distasonis 54 113a08336dcab1578f1ac05133b92244  Bacteroides coprocola
M

table_single.tsv Output.json

# Constructed from biom file {

OoTuUID Sample_A " Bacteroides vulgatus": |
86681c8e9c64b6683071cf185f9e3419 716 " 9¢1f0e46c6233597e05b10cf33911423 ",
9c1f0e46c6233597e05b10cf33911423 <1 5112 E "E37f2566b33df79706749157380aa9f3 ",
Abd40160e03332710641ee74b1642816| 0 — "168",
E37f2566b33df79706749157380aa9f3 <5 56 "5.2423"

cC b }]

W21 2 P BE g R DS # ] - Outputjson & # ¥ ﬁ%l 4z 4% > 168 & Bac-
teroides vulgatus % # OTU ID 2_ B 7| #cidfe (112+56) > 5.2423 5 - # 5 511%:",/]% P

4

AR IR A AR R R £ R LR T Tl
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23 BHREF

2332 EEETATGREFACESFEL

% % b e 7| R PICRUSK2 SERI A F1# i 15 0§ #i Rl % 2 iE 2

PREFHELEFLEAF > LR LR F TR A (EC) £5 AL AR

Na

-

FREOBRFEGAE > FREEL [ & AFIHERY 1 o470 TR L3250
fEk > oY gRBRALOIEER Y S FAF RS S LS T
RIS & Hafrenoptd » B A2 0% FIpE e adr? 0 7 ¢
PrER e GERE BT DR FTAY TG TR R
2 6L £ KEGG A FIH T R EF R I35 T B &4 e
RiE- HE AL PE R ESF AR TV - 2@ o4 p FooDB FHERE LS
Pt g AL BRBVIE G5 re Fenit ST LML hy A% 0 2

(1% 5 i i 2 47 PRy » AL
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User’s 16S sequence data (NGS)

Compare user’s data with the baseline

l

Potential deficient
Enzyme Commission number table

X PICRUSt2

l

Potential deficient
nutrition compounds

@ KEGG Enzyme

l

Integer Linear Program

I

Food name & related compound table

& FooDB

Bl 2.12: R & TR R FAR o 117 RS (ILP) # ik L7543 “H
it &4 FooDB TR o

2333 @Gt £F K- HERRERT

£ 7 L E ATy O
FEARNE R F AR -H oM T bt E Y R L iERY > ok
R T RA SR P AR RS E RN A I SRR o ik R
B TR RhE KRG 1Y A EOT R R R A
B4t o iz TS s 3] (Integer Linear Programming, ILP) | ji & 2 #-7 &

BHEDAPRREFLLDFE L A - BELREAF 0 b (R 0 2

fexeiv 2 PuLP S HEA B i (T h i b 8 o
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23 BHREF

o Fy, Fs Fy Fj

a1 0o 1 0 o0 F+F>1
CG[1 1 0 0 0 L+ F>1
clo 11 1 0 B+ P+ F > 1

A= 2.1)
clo o 0o o0 1 Fs>1
o 11 0 o0 Lot Fy>1
cGlo o 0o 1 o0 F>1

dem it 0 B - FIFTRE IR LIAOFRCEF B LNF R L

B!

R
=
o
>

S BB T Faaetd J F 2 Bl T0, a7 14y
2t mizd a5 HEP o (R R ik §F FP2REZBLNFE L P
C2~C38 C5> §HhC2~C38 C5 vt Ty iefmihse @ CL~ C4 82 C6 R
5 T0L fEARATAE R D AR Y B0 B S PR BATII Y LY A
Fpo F-BEFC L FRELI - BT RBREIG R 2 e

v (B #2 (B rd o

min Y F;, F; €{0,1} (2.2)

st. A-F> 1 (2.3)

HBY > F §- B iedlw £ (binary vector) ™ 4 it 3% kAf Ly & higiE 8
o UFINY AR - BMxNELHFEGESFEZL DY LT EFFH G
31
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44

HLg S

s

/\
\\\?{r
ole

(BI) steret)e M 54 %1 4 chlic® >N 5 64 e o F 8- o
BFr B A2 TSP A TRERBEF R EF LAY 5 B - 5] (row)
BAee JF R 0 A3 1o ige £ E R AEP 458 (constrant function ) » 7% T

FA-BRILDYRCLEPFI PR - B TRE o A LEY R

234 i SLiAR

SRS TG A A H B EReeT (RRIZ):

—

PR AFIH AR R: AREARL R A B % & T 4 (species)

K s i LB B e

2BERARAN SETHARTHEBFEE DR F TR ik L

—% ) |g7$ga]._|‘:1-mm]ﬁj, ﬁr‘7 z\’hi,

4. Y145 FooDB FALILL5 115 — 8.8 4 902 §eng &1 £ P N RAT

LYK FOELGR TS BE

S MFE Af ALl K AR S L AR B ILP R R R
$

6. T FEIFEAMEFLENY o NS REREHIRE S 5 S
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Species-level
microbiome
composition table

Related enzyme
table

Related
compound
(nutrition) table

Food
recommendation
for individuals

—

Food
recommendation

for group
— =

Feature sequences

Feature table

Potential deficient
EC number table

Potential deficient
nutrition
compounds table

l( Compounds and
1 food matrix

Selected Food
table

Food

recommendation

between groups

Baseline’s EC :

abundance dataset |

—_——u

N o e o e e o ’
( ________ N
| Enzyme & 1
| compound :
1 dataset )

t AY
1 Foodname & |
I related compound !
! dataset ,'

Selected Food
table in user’s
other project

33

23 BHREF

Step1:

Taxonomy assignment, predicting
functional abundances

and differential analysis to compare
baseline and user’s ASV table
(SPINGO & PICRUSt2)

Step 2 :

Differential analysis to compare
baseline and user’s

EC table

Step 3 :
Infer related compound (KEGG)

Step 4 :

Infer related

food & compound
information (FooDB)

Step 5:
Optimization based on ILP

Step 6 :
Differential analysis to
compare user’s project and other project

Key :
User Input
= = = Pre-calculated Input
Intermediate Input
= — = Database
——— Qutput
A2
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24 HBIFFLE

e g i /,?L Pp @A T E SRA (Sequence Read Archive) ™ i 16S
V3I~V4 %R Ea pe g dnTREF IAKE A BBEFLFEY
#% (Colorectal cancer, CRC, accession number: SRP131074) [70] & * R 'H_%"’«’Sﬁ:}lia
( Chronic Kidney Disease, CKD, accession number: SRP279052) [71] & % M2 4 F4p
FHoACRCTHE? ~HBemfkesrud 1182 34 fFd Hegsrt
60.71410.44 f 2 60711044 & > %75 ¢ > FAALY kA4 A 7 Y
%] (enterotype-based gut microbiome ) % £ 4% A L B o & CKD FH# &7 » %
Beffskesrss 1372 100 =B % 280 F 4 60.64+ 1651 & 2 56.64
L1725 f > ZAT L Y o FHAT XL AL B E LGP M (serum-free
immunoglobulin light chains, FLCs) B B @ o & (> T & & F & 50 =4 B

Bk E AR R A

34
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a

31 AB%BE X%

3.1.1 HEpP it %""JA’\’H L

$#§ S & * NURECON feibenit * ¥ kil » A RBEEP v LY L2 & il
Ao b E T TREY AT RP R 2B T ORE FRL
FBFAET FLERIETREE R A (AR -

he b R EPHFRE R X FEREP - R LS
@G TR LT B F RN AT R P T Rk S
AR BAHREF AT JRIFDSTES T RET L BENT
HMre EBZIFRFOATREEDT R > ¢ A FAWMAIT - FEELE A
A EF LB N GFRESS (FBIY) -

312 FREEHEHL LS

ERERE i&nbﬁ*ﬂﬂﬂf% Ter g 0 aE B RIS s @ X

343*

F
BREBRLH SR THELTAMHETT o 5778 EasyMAP ek fE 8 > &3
4~ EasyMAP 473 4 2 B ko b fi 0 g7 L 42% r AR (®B.2d~R.7) -
FlEBH R kI B X ERT S R FVERFRERR (F2)
B RRAEFETIRLS AR AR ERSES FEHRT > BF [ View

Result | #47 #ALA 17382 (BIB.2Y) -
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>
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l\\

s

ks

.'\:; NURECON

NURECON documentation

MNURECON is an online analysis platform based on the NGS (Next Generation Sequencing) data.
This system will compare the user uploaded data with internal database. Generate the poor
nutrients and food recommendation according to the subject. Provided the reference for
researcher and the dietitian.

1 Start NURECON

1. Enter the NURECON website.

2. Click the TUTORIAL to enter the tutorial page.

O LR RS F RN P SIPTRE LT 3

TOTURIAL

Last update

Jun 26 2022

Q View the demo results

o, Quick run dataset
It will take about 7 mins to analysis.
This dataset result doesn't make sense
in biology beacuse we have removed
many sequences to provide quick
learning.

o4, General dataset

It will take about 12 mins to analysis.

=

FHREGRESBRBFOWTATHEEER F8Y > 7 2 F
ZRFTVHTHRE GEDFFT S o

<

Bl 3.0 0P 2 2@ s FAL A 6
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3.1 k.

o

LA

+\% NURECON

MANAGE PROJECT

Create or delete your project.

0 Peoject Name H Baseline Database

Taiwanese Microbiome Database (A v

B FILE (.fasta/.fna) FILE (.biom)

EEER FEECAES HEER FESIEUEE=E

Import files from _§ EasyMAP

(a) FIL& T 5 R LIS 4T D 2R -
SELECT PROJECT

Click the Run button to analyze your project automatically.
After analyzing the project, click the View Result button to see the result.
The project name will show on top of the page.

O quickRunDataset O generalDataset

Last update @ Last update

Baseline : T_MD_119 Baseline : T_CRC_C_118

James James
John John
Mary Mary
Patricia Patricia
Robert Robert

b)EHFATE AT o kB A FETFT 2 BRAHEE S
%% 44> TquickRunDataset | & % 2 @& A 247k i (2) 7
L% TRun | B45p # 4 45 5 MgeneralDataset | & % 2 = & A 49
s () 7 2% TView Result | feia 1748 2 ©

B32: pRAFEFRHELER NG
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=
I
s
W
N

3.1.3 ﬁi#ﬁ#ﬁéﬁ_q\
A5 FAR e B A 2 A FIRE E (metagenomics ) AR A Bt IS IE P
PUFe R FEE BRSEN E AR  FAFSE R PN

i1 ¢F Bk - NURECON #-4 #7 % % l & = f6iL 4 * B 4

BrerE ARG ERPFTREARE S AL R AR a F 5B

LAAE Wi AL

‘3\

W F AR T R TR B AT RS A
Fisziaa (FB3d)-

AR AFEAA AL S EHRE fI AETEE L FEOS T E
Bl BREFABOEGRTRGU &7 F LA AT AL R ALY

i Fens F (RB3Y) -

BE AL G R4
B4 # 48 (dominant species) ¥ { A AL AXLF T —‘F‘T AR Ft AL Rewm

LI AR EANTHREEYRARS DRMAE B FRT DR R

FOWERET X RRERSE R SE BREE L S LA LR AL (FB3D) -

304 EREYEC L

BRo AR TR ERFRLE > AL LPEEF L 0 @5 KEGG FTH L
%ﬁé—ﬁﬁm%%ﬂgﬁ%iﬂioﬁiaiiﬁ SES L L RES TS
38
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3] kAR &

O A P LB RS Ry FEAEY
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.\: NURECON HOME ~ TUTORIAL v  MANAGE  SELECTPROJECT  ANALYZE v  generalDataset  test0214@ntu.com E
GUT MICROBIOTA REPORT
Select sample v
B Excel
Search:

(-] (] (] (] (-]
#1 Species name (%) di (%) Patricia John James Robert Mary

1 Veillonella ratti 13.32:0.0 13.32:0.0 - - - - -
2 Bacteroides vulgatus 7.109+7.057 4.351%7.057 3.119 7.505 5.28 5758  2.038

3 Pseudomonas mendocina 3.57£0.0 3.57£0.0 - - - - -
4 Phascolarctobacterium succinatutens 3.329:2.434 3.08+2.434 5.072 - - = 172
5 Prevotella stercorea 3.52:4.186 2.273+4.186 - - - - 0.006

6 Providencia stuartii 2.177£1.014 2.177£1.014 - - - - -
7 Bacteroides uniformis 3.736+4.045 2.062+4.045 10.858  0.555 1.648 1.981 0.661

(a) FEE %

B4

Patricia

=

Parabacteroides_distasonis

Top10 Summary

Top20 Summary

\ prausitzii

C_plautii *

Eubacterium_desmolans |——h——————————

Bacteroides_ovatus.
»

Clostridium_leptum P

Phascolarctobacterium_succinatutens

Bacteroides_vulgatus

Clostridium Jactaifermentans 4

Oscillibacter_valericigenes

) clara

s virosa

Eubacterium_halli

_bromii

Eubacterium_eligens.

Veillonella_atypica
Bacteroides_nordii —————

o

abundance(%)

(b) FALE % A& HiTW -

Top30 Summary
Individual
Patricia
abundance
(%)

Baseline
abundance
median + SD (%)
(0.0,0.12)
(0.0,3.433)
(0.0, 0.861)
(0.0, 0.455)
(0.0, 3.946)
(0.0, 1.524)
(0646, 5.514)
(0.0, 11.408)
(0.0,0.343)
(0.0,1.597)
(0.0,3.19)
(0.0, 0.629)
(0.0, 0.094)
(0.0, 2.147)

0.857
19.808
0.196
0.102
0.588
0.005
5.072
3119
0311
0.472
5518
0.131
0.126
0.632
7.97 (0.0,0.711)
0.68 (0.0, 0.876)
0.154 (0.0,0.22)

Forest Plot

Top 10 Summary

Top10 Summary

Top20 Summary

Top30 Summary

Low abundance and miss rate : 70% ; High abundance rate : 10% ; Normal rate : 20%

# Species name Abundance(%) Compare with database
Top1 Veillonella ratti - Low
Top2 Bacteroides vulgatus 3.119 Normal
Top3 Pseudomonas mendocina - Low
Top4 Phascolarctobacterium succinatutens 5.072 Normal
Tops Prevotella stercorea = Low
Topé Providencia stuartii = Low
Top7 Bacteroides uniformis 10.858 High
Tops Phascolarctobacterium faecium = Low
Top9 Lactobacillus delbrueckii - Low

Top10 Bacteroides plebeius - Low

© B% FY

B RAE

B 33: 2 FAtples %% i
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3] kAR &

315 s iapg s

4= 2z 7z ~ 55 2 J A
HhFLERBTE

MG B RS TRRLAT A LT S
BREPHET 2 FI4HE

Fr4tE Bk AriE ‘;ﬂﬁ%%ﬁgé%uﬂ%&m’%éiﬂﬁuﬁ%‘
WP HEEN RS PSR RAER B af R g TR T
We b o > MELBERDLERRBSF U E UL PR @& &5 8585 mh

Wobl— B R Aok % s s s s ) (RIB4d - B4Y) -

A p B F Lk W2 P

W
o+
=k

YRIBSEREFTHREFFE AT AT REERZE XY 59y
BERML - BEM AW SFRE IS > A R F RS LGSR
oo B s BB kA Z e S E S (BBY)

M3arr WA i 594 RAR B2 TR S F 2 n) blenak g0 2 kb Dl 6
SR AR e S g s ] PR AR S R SRR Y e EEE R

WL eht 8 (BIBG) -

AEHFRSFRERF LR E
LABAHE PR ] FRED b euai) » 4o BIB.7 R R )
0 & RO S HCEARR > T s R HRBRE L SR ERS 0 O

SlapiaEaL R 0 BREFLINE AR AE T B ik o
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\* NURECON

John ~

Search:

Info. | Food ID Picture Name Group

v ©® 200 Mung bean Pulses

v @ 150 Guava Fruits
Garden

v © 171 0 Vegetables
tomato

v © 65 % Cucumber Gourds

z Yellow wax
® 914 % Pulses
: = bean

Food Group

B Aquatic foods

M Cereals and cereal products
Cocoa and cocoa products
Gourds
Milk and milk products
Nuts

M Pulses

B Vegetables

(b) Bk 841 B4 E o BcF £ 7 AN TR P g e
B34 sF=RiESS* 16
42
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Food Name

Red beetroot

Milk (Cow)
Cocoa bean
Green vegetables
Cucumber
Mozzarella cheese
Brassicas
Almond milk
Common buckwheat
Mung bean
Yellow wax bean
Garden onion
Soy bean

Clam

Garden tomato
Grape wine
Guava

Fats and oils
Apple

Swiss cheese
Green bean
Pacific halibut

Japanese sea bass

Common mushroom Frequency [sum]
1

10 20 30 40 50 60 70 80 90 100

0

B 3.5: e pap FH KB -

43

3.1 REg L&

Food Group

B Aqguatic foods
M Beverages

M Cereals and cereal
products

| Cocoa and cocoa
products

Eggs
Fats and oils
Fruits
Gourds
Milk and milk products
Nuts
M Pulses
M Soy
B Vegetables
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lH

s

ks
.

Fats and oils
. Gourds

Milk and

Fmits .

B 3.6: ¥4 & 48 AR 5 FI3ar7 @) o

Food Group
13.6
54.5
Food Group
B Aquatic foods

M Beverages

M Cereals and cereal
products

¥ Cocoa and cocoa

milk products products

Eggs
Fats and oils
Fruits
Gourds
Milk and milk products
Nuts
M Pulses
M soy
B Vegetables
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Food Name
Soy bean
Mozzarella cheese
Cucumber
Clam
Greek feta cheese
Pacific halibut
Common buckwheat
Blackcurrant -
Fig -
Grape wine -
Flaxseed
White mustard
American cranberry 4

Japanese sea bass
Bitter gourd
Common mushroom
Asparagus

Cheddar Cheese
Mung bean
Mushrooms

Breakfast

Food Group

B Aquatic foods
B Beverages

B Cereals and cereal
products

~ Cocoa and cocoa
products

Eggs
Fruits
Gourds
Herbs and Spices
Milk and milk products
W Pulses
M soy
B Vegetables

SubtractionFrequency [sum]
T T T T T T T T T T T T T T 1
-100-90-80-70-60-50-40-30-20-10 0 10 20 30 40

B37: HMWMeFHpMIT LR R -
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316 FEmwd il ERALE

NURECON & #-3R3 A TRl B eFEELuER » X ugd g A58
R 1 & ¢ F F4p 4 171 & EasyMAP [B6] ~ QIIME2 [35] # PICRUSt2 [39] #

Fl# R AERL E  FRa B e B S R AR o
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% 3.1: NURECON

Categories

Features NURECON

EasyMAP

QIIME2

PICRUSt2

Basic information

Preprocessing

Analysis

Visualization and results

Interface
Backend Language
Tutorial Language

Input sequence data format
Import sequence data from other tool

One-step button/command

Built-in baseline database
Demultiplex

Quality control

Taxonomic assignment

Alpha/Beta diversity

Pathway prediction

Metabolite and nutrition analysis
Food recommendation analysis
Differential analysis between projects

Taxonomic composition table
Taxonomic bar plot

Taxonomic forest plot

Taxonomic Top10/20/30 table
Enzyme Commission number table
Pathway table

Metabolite and nutrition table
Food recommendation table

Food recommendation pie chart
Food recommendation bar plot
Food recommendation circle packing
Subtraction frequency bar chart

Web
Python, JavaScript
Chinese, English

biom, fasta

v

v

ENIRNIRN B NN N ~

YNNI N NN

Web
Python, JavaScript
English

fastq

S NENENENEN

CLI API
Python
English

fastq

NENENENEN

CLI
Python
English

biom, fasta

CLI, Command-Line Interface; API, Application Programming Interface.

47

10.6342/NTU202301242

doi


http://dx.doi.org/10.6342/NTU202301242

g
I
s
W
N

32 HBEFTHELATES

321 AHREF
32.1.1 B2 FEtp e

e w4 12019 & < )[?ev‘ oiH 34 & F%Jé’ﬁ-,%ﬁ? Sledr 118 i B HRE
A SR TAE [70] 0 d A2 Ape S st FRA S REME AREY
% R ¥ % Fusobacterium : Fusobacterium mortiferum § % 2 4.08% > P& & 3.13% ;
Fusobacterium nucleatum 3 % %2 0.73% > ¥t & 2 0.10% » 12 2 Morganella morganii
F o2 10.88% » #+ PR 2 0.31% » Fusobacterium £ Morganella morganii F#8 .~ %
T B, —‘ﬁ v ;"L T RE EH R B P Morganella morganii & ¥ T ¥R e g 250
PEAREEY XEATHEE (F 8R4 PEAE HIIERF (0.637%) > i
AT % ) e A B -

3212 S§¥#FRipgR%

fRR GRS BL R RELE TR 13

e
b
ﬁ_
|4
§
Ik
4
1%
Ik

R EAERCF AP RS2 FERES TTE A
Bips ERAR o AR RS EE SRS (FRY)-
MRA S RE RS EEHBENLE S AAHOEEF I R e

EESRiEd 2 coF -89 FF 55 EME A XA 8 F

x
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Food Name

Milk (Cow)

Herbs and Spices
Garden tomato
Red beetroot
Cucumber
Breakfast cereal
Eggs

Mung bean
Brassicas

Cocoa bean

Soy bean

Beer

Blue cheese
Mozzarella cheese

Swiss cheese Food Group
Garden onion .
Guava B Aquatic foods
Oyster mushroom

M Beverages
Clam

Green bean

Green vegetables

Cocoa and cocoa products
Mushrooms

[ Cereals and cereal
products

Cocoa and cocoa

products
Cheddar Cheese
Common buckwheat Eggs
Grape wine Fruits
Almond milk H
Blackcurrant - Gourds

Chinese cinnamon

Herbs and Spices
Greek feta cheese

Fig- Milk and milk products
Japanese sea bassl 7 Pulses
Fishes
Peach 1 . Soy
Sour cherry B Vegetables
Flaxseed
Yellow wax bean- Frequency [sum]
T T T T T T T T T 1
10 20 30 40 50 60 70 80 90 100
BI38: ~FmEFAREIPIFRRESS - WML WM E P NPT > s
S ARFES AL e IR B A TR S AR R R L EHEF
SHIEAE S AT o AT S0 B E Y EE A FTHRE T RAE

EEHREHE IS Bl B e~ FEHE R ME S B CF

\’“S

EETIRPFUASE T I E LR BT F B A 2 i
P R AL FH L RS A R F A AT E
Ao 2K st s HE R BeoF 2k fopEe (R -
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Food Name

Brassicas

Soy bean

Red beetroot
Green vegetables
Breakfast cereal
Garden tomato
Herbs and Spices -
Blue cheese -
Almond milk 4
Mozzarella cheese

Common buckwheat
Green bean

Chinese cinnamon
Cucumber

Milk (Cow) -

Fig

Peach

Oyster mushroom
Mushrooms
Blackcurrant
Swiss cheese
Fishes

Grape wine

Beer

Japanese sea bass
Greek feta cheese
Sour cherry

Nuts

Passion fruit-

Bog bilberry
Coconut milk 4
Peanut+

Common beefl§
Ceylon cinnamon
Cottage cheese

Food Group

B Aquatic foods
B Beverages

B Cereals and cereal
products

| Cocoa and cocoa
products

Eggs
Fats and oils
Fruits
Gourds
Herbs and Spices
Milk and milk products
Nuts
I Pulses
M Soy
B Vegetables

SubtractionFrequency [sum]
T T 1

Bl 3.9:

20 25 30 35

AHBREETRESEEHRESFHRELE AT BRI A RE S MRS

BF (Foepd R @

PG G 0 FEd N A S TR w0 R R

ARAH AR ER AL E AR LREHRELFERA S  F2j i@
RAAH e AHRERS TRIT S > 0042 75 B3390 6 $ chfe B A 5 4p
B oo AER S0 A PRE Y K E A TR B T L A
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322 BETHRRBEF
3.2.2.1 i A

éé%%ﬁ%ﬂ&@%%@um&&ﬁ?%@&ﬁ?%@ﬁB7&%%%
e e el M TSR TR B [T1] > 5 kA B AR e 4T 0 B IR TR
M FABAE % &R ¢ 7 Bifidobacterium : Bifidobacterium bifidum § % ¥.0.99% - ¥+
4 0.96% ; Bifidobacterium longum § % 2 5.49% > ¥ & % 1.98% ; Bifidobacterium
dentium 7 %% 2 1.43% > ¥R 2 0.41% ; Bifidobacterium breve § %% . 3.35% > ¥ PR
20.02%; FPEFAERETHRRL TR L AL RF DEE R FwE

A% T s B -

3222 S¥FEREHERSE

SPERRERY Y BLETRLLFTRESBO P

|+
5
e
Jeus
434
b

Bl s B3fri Ao EAgn P UseFEE L5 (RBID -
bl P SO A R Y K A TR S KB PEST L RE TR
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Food Name

Milk (Cow)

Mung bean

Brassicas

Eggs

Cucumber

Red beetroot

Soy bean

Cocoa bean

Japanese sea bass
Mozzarella cheese

Beer

Garden onion

Cheddar Cheese

Garden tomato

Common mushroom
Green vegetables

Greek feta cheese

Cocoa and cocoa products
Grape wine
Blue cheese

Almond milk Food Group
Mushrooms
Common buckwheat B Aquatic foods

M Beverages

B Cereals and cereal

Passion fruit products

Blackcurrant

Breakfast cereal ¥ Cocoa and cocoa

products
Yellow wax bean Eggs
French plantain )
Oyster mushroom Fats and oils
Green bean .
Swiss cheese Fruits
Common beet
; Gourds

Herbs and Spices

Pacific halibut Milk and milk products
Parmesan cheese
Fats and oils
Sweet orange
Oat

Cottage cheese
Peanut

Coconut milk

Nuts
M Pulses
M soy
B Vegetables

German camomile

Frequency [sum]
I T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100

B 3.10: P Fog )ﬁa%“‘ A ESEF B iWmARE o g > Kb
G4 0 2 R '*%«7» o & o ihensg ) 0 Rk Bl A 470 % AU B AL S F
BFEF ﬁ)%;tp AT e AT E 50 Iiﬁ‘ifflk’%“%ﬁ /\—E‘\;}:;g;l ibLﬁi&ﬁo
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Food Name

Soy bean
Japanese sea bass
Garden onion
Common mushroom
Beer
Breakfast cereal
. ggs
Milk (Cow)
Cucumber
Mozzarella cheese
Mung bean
Fishes
French plantain
Common buckwheat
Yellow wax bean
Tamarind
Passion fruit
Common beet
Apple
Sour cherry
Oat
Cottage cheese
Coconut milk -
German camomile
Blue cheese
Cocoa bean
Brassicas
Mushrooms
Sweet orange Food Group

Garden tomato
Greek feta ,C:Z%isl,et—: B Aquatic foods

M Beverages

[ Cereals and cereal
products

7 Cocoa and cocoa
products

Eggs
Fats and oils
Fruits
Gourds
Herbs and Spices
Milk and milk products
[ Nuts
B Pulses
M Soy

B Vegetables

Swiss cheese

Cheddar Cheese
SubtractionFrequency [sum]
T T T 1

: Fats apd oils C
-12  -10 -8 -6 -4 -2 I 2 4 6 8 11 12 14 16

Bl 3.11: L&tt?‘”§}]i} ?,*F{“’S’Eé?ﬂkf’ EEHBEGHPHEELEAY KL ZREHAE G D
ICEE FET R TR T AR e F s L T
MELB A4S s DR A LSRR A HE Rl FRUTaF £ 2§
ERAF R A RERT RS 0R A A B & 5 ol R
FAPE o b ATHR S0 A AR Y K AL I UL
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411 A BREK

KX Ry & H BT R % P Fusobacterium 2 Morganella o )

_EA

FRAARAGDORE Y RS

ERC B

Morganella morganii € A 2 (genotoxic) #i* & % indolamines[72] -

NURECON 4 45 & % 82 o % Jiof7 5 5 & = 4 s% & [[70]

oy
)

43

ﬁ\"ﬂ

I A e A2

AR LY YRR Jaf R £

RE TR e Y AR B AR E RS

P @l ER BT FE
IANHBEMY% 8 < s 5] 23% (FBI) - FE

GFERIEE SR

ot

|

1 10% 0 ® EHEyd

B (brassica) 4 ¢ Z FiEfrF FELSTME - L 77 Lm0 F 5 BY

(glucosinolates, GLS ) #uaF £ »x % [73] > £ %7 3 T R A EH g s 7 1)
PP (%

* GLS 22 3 ~ % %2 B § £ % (sulforaphane, SFN) [73], [[74] - @
AP 14% 8- 5 E8%) 2~ & 4rie® & (Avenasatival.) & % 5% 4
& (Glycinemax L.) 385§ &% ¢ ~ % & vy ks (polyunsaturated fatty acids,
PUFAs) ° % A% e foig pfe > B P A S H L B2 F 40 ¢ 20
*h %53 7 ]+ (tumor necrosis factor, TNF ) ¥ COX-2 f= (cyclooxygenase ) 7

i o TNF 22 COX2 e~ Bfpim® @ B4 % A4 0 5§ A% & foin B v

MR R A R [TS] e 2t 0 2 B H FEEE M (equol) # il % B 2 B A

# 24 s (colonic mucosa proliferative lesions ) £k *& [76]
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412 BETHR LY

B T %0p & % h%E S % ¢ Bifidobacterium TR HFPEFRBER
B o B %% & 7 Bifidobacterium § o AR E it 5§ ”%7}% ﬁﬁﬁ e SR

(protective response ) [[71] e

hePFESEEY O FRPT BB E (15%) P A d (12%) ~
£ (12%) 2% (1%) * g es (FRL]) - d »PRpLg bbar 23
Bt B¥ £ 2 7 5 A% eforg sk ~ EPA (eicosatetraenoic acid ) ~ DHA
(docosahexaenoic acid) ¥ 2% 5% T 4L § > FL ARG AMRAH T E O £ R
A d 77 DHA & EPA > b ehlg b i i & % drelvicndi it if £ E,&ﬁ’
RELFT-BOFER -2 BHTFF 5 A3 e BEe 235 m (soy
isoflavones ) » & F 4 % ¥ ] ¥ 4§ % (renal tubule expansion) £7 % > B F {45 &

(interstitial inflammation ) 1 it [77] °

Gt FRF THKRENRESRY 2 5 A 2R E (French
plantain) ~ %% + (tamarind) ~ F 4 % ~ # % -~ e e (RBL]) - 2tk

% K>t ik 1+ & (alkaline-forming foods ) #t T e % ¥ fedk @ [78] °

Bt T50p & F Gan BRI R T 0 J S R nE p s AR

FAR A R B2 - o S B E RIS FR A ROl f SRR ES Y o

4

Iﬂ,,%—‘ﬁ HE G ]}].&rﬁglﬁo vg,ﬁ%’%«»’ﬁsﬁ 453 > 4 FooDB 34”’—%’%%{‘%?‘\
PRSI EF o BAEK WS F R AATELPFRE R
CLee BEGL PR E R AR L S B
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TRwmI AP FAA G AAE 2B A REPF R BIA
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Species name Mean+SD Median£SD CT Avg. EXP Avg. P-Value
Morganella morganii 0.637+0.591 0.704+0.591 0.312 10.882  0.076
Fusobacterium mortiferum 1.767£1.205 2.07£1.205 3.126 4.085 0.712
Fusobacterium nucleatum 0.013+0.013  0.009+0.013  0.097 0.727  0.184
Prevotella stercorea 11.09549.61 13.7249.61 2.815 4246 0416
Faecalibacterium prausnitzii 8.994£5.723  8.298+5.723  2.359 2.279  0.868
Alloprevotella rava 6.791+£5.859 7.512+5.859 4.964 3.475 0.671
Bacteroides vulgatus 10.39£9.77  6.516+£9.77 6.510 5.571 0.503
Bacteroides plebeius 6.708+8.295 3.582+8.295 3.278  4.518  0.402
Phascolarctobacterium faecium 3.459£2.935 2.9+£2.935 2.935 2.857  0.931
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Species name Mean+SD MediantSD CT Avg. EXP Avg. P-Value

Sutterella stercoricanis 3.316+1.772 2.708+1.772 0.694 2.150  0.012
Bacteroides coprocola 4.204+4.861 2.315+4.861 4.787 3939  0.675
Bacteroides massiliensis 2.975+2.736 1.963+£2.736 2.031 2.245 0.794
Bacteroides uniformis 2.793+2.473  1.961+2.473 3.361 1.962  0.058
Succinivibrio dextrinosolvens 2.292+1.506 1.476+1.506 1.547 2.825 NaN
Dialister succinatiphilus 1.724+1.547 1.471£1.547 2.922 3477  0.733
Bacteroides dorei 5.094+8.336  1.439+8.336 2476 11.373  0.000
Sutterella parvirubra 1.43242.014 1.432+£2.014 0.055 0.340  0.175
Megamonas funiformis 2.268+2.19 1.417£2.19 5.088 0.771 0.330
Prevotella copri 14.399+17.634 1.392+17.634 9.388 8356  0.762
Desulfovibrio piger 1.247+0.679 1.338+0.679 1.691 0.238  0.179
Paraprevotella clara 1.943+1.971 1.244£1.971 1.749 1.036  0.349
Alistipes putredinis 1.302+1.008 1.212+1.008 1.527 1.884  0.400
Bacteroides stercoris 3.804+5.336 1.159+5.336 2.738 1.104  0.058
Parabacteroides merdae 1.402+1.593 1.089+1.593 1.247 1.875 0.051
Oscillibacter valericigenes 1.133+0.763 1.049+£0.763 1.028 1.530  0.071
Bacteroides rodentium 1.513£0.945 0.999+0.945 1.343 NaN NaN
Paraprevotella xylaniphila 2.348+3.26  0.993+3.26  1.405 1.025 NaN
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Species name Mean+SD Median£SD CT Avg. EXP Avg. P-Value
Lactobacillus ruminis 0.917+1.102 0.917£1.102 NaN NaN NaN
Dialister invisus 1.033£1.257 0.898+1.257 1.125 0.038 0.613
Oscillospira guilliermondii 1.385+1.131 0.897£1.131 1.086 1.179  0.791
Eubacterium ruminantium 1.077+1.203 0.854+1.203 1.331 0.673  0.548
Bacteroides eggerthii 0.995+0.932 0.733+£0.932 1.240 1.853  0.545
Bacteroides ovatus 1.462+2.144 0.678+2.144 1.820 1.345  0.505
Bacteroides thetaiotaomicron 1.195£1.419 0.66£1.419 1.255 1.279  0.955
Mitsuokella multacida 1.025+1.27  0.607«£1.27 0.851 0.027 NaN
Eubacterium eligens 1.438+1.953 0.595+£1.953 0.467 1.982  0.000
Sutterella wadsworthensis 1.252+1.421 0.571£1.421 0.671 0.423  0.708
Bacteroides caccae 1.193+£2.177 0.53£2.177 1.085 1.009  0.819
Barnesiella intestinihominis 0.756+1.014 0.525+£1.014 0.733 1.046  0.288
Parabacteroides distasonis 1.25£2.335 0.458+2.335 0.070 0.090 0.711
Parasutterella excrementihominis 1.368+2.114 0.435+£2.114 0.883 0.371 0.486
Bacteroides finegoldii 0.664+0.677 0.416+£0.677 0.527 0.135  0.601
Roseburia intestinalis 0.477+0.413 0.415+0.413 0.791 0.418  0.700
Cellulosilyticum ruminicola 0.415£0.559 0.415+£0.559 NaN NaN NaN
Bacteroides coprophilus 1.3£1.664  0.388+1.664 1.863 NaN NaN
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Species name Mean+SD Median£SD CT Avg. EXP Avg. P-Value
Eubacterium rectale 0.549+0.477 0.388+0.477 0.684  0.377  0.421
Bacteroides xylanisolvens 1.083x£1.531 0.361+1.531 1.518 0.725  0.178
Roseburia faecis 0.55+0.581 0.357+£0.581 0.662 3.400  0.002
Coprococcus eutactus 0.847+1.061 0.347£1.061 0.632 0.264  0.538
Alistipes shahii 0.342+0.246  0.323+0.246 0.604  0.813  0.343
Flavonifractor plautii 0.483+0.482 0.313+0.482 0.605 0.824  0.235
Bilophila wadsworthia 0.413+0.376 0.303+0.376 0.629 0.487  0.423
Roseburia inulinivorans 0.406+0.385 0.279+0.385 0.487 0.910  0.102
Fusobacterium varium 1.088+£1.961 0.275£1.961 1.630 0.539 0.434
Gemmiger formicilis 0.359+0.34  0.262+0.34 0.404 0.575  0.255
Parasutterella secunda 0.45+0.445 0.256+0.445 0.149 NaN NaN
Acidaminococcus fermentans 2.267+4.128 0.254+4.128 0.481 0.122  0.649
Bacteroides fragilis 1.32+£3.808 0.246+3.808 2.121 4.567  0.109
Butyricimonas virosa 0.289+0.235 0.239+0.235 0.400 0.606  0.122
Mitsuokella jalaludinii 0.239+0.332  0.239+0.332 0.093 NaN NaN
Ruminococcus bromii 0.422+0.52  0.237+0.52  1.045 0.981 0.877
Bacteroides cellulosilyticus 0.439+0.441 0.235+0.441 0.583 1.007  0.278
Ruminococcus albus 0.486+1.055 0.234+£1.055 0.655 0.611 0.916
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Species name Mean+SD Median£SD CT Avg. EXP Avg. P-Value
Bacteroides chinchillae 0.444+0.566 0.226+0.566 NaN NaN NaN
Streptococcus parasanguinis 0.22 0.22 0.080 0.008 NaN
Klebsiella pneumoniae 0.213+0.269 0.213£0.269 0.293 1.051  0.007
Succinatimonas hippei 0.185+0.099 0.21£0.099 0.142 NaN NaN
Clostridium paraputrificum 0.21+0.287  0.21+0.287 0.157 NaN NaN
Bacteroides clarus 1.31842.233  0.199+2.233 0.684 0.662 0978
Odoribacter splanchnicus 0.308+0.274 0.199+0.274 0.358 0.531 0.049
Bifidobacterium bifidum 0.2984+0.381 0.192+0.381 0.110 NaN NaN
Bacteroides stercorirosoris 0.188 0.188 0.591 NaN NaN
Clostridium nexile 0.309+0.489 0.184+0.489 0.189 0.783  0.000
Veillonella dispar 0.534+0.848 0.177+£0.848 1.477 0416  0.160
Bacteroides salyersiae 0.395+0.492 0.172+0.492 0.387 2.658  0.000
Bacteroides intestinalis 1.314+£3.25  0.163£3.25 0.385 0.424  0.862
Eubacterium desmolans 0.21£0.243  0.162+£0.243 0.266 0.135  0.177
Eubacterium biforme 0.307+0.562 0.159+0.562 0.243 0.806 0.014
Veillonella parvula 0.3724+0.583 0.156+0.583 0.613 0.690 NaN
Coprobacter fastidiosus 0.387+£0.584 0.15+0.584 0.271 2.885 0.000
Eubacterium coprostanoligenes 0.457+0.61  0.149+0.61 0.749 1.121 0.237
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Species name Mean+SD MediantSD CT Avg. EXP Avg. P-Value

Anaerostipes hadrus 0.213+0.235 0.148+0.235 0.295 0.242  0.729
Cloacibacillus porcorum 0.146+0.11  0.147£0.11  0.281 2.841 0.000
Veillonella atypica 0.624+1.056 0.144£1.056 0.451 0.536  0.831
Parabacteroides johnsonii 0.523+0.728 0.143+0.728 0.311 0.641 0.299
Sporobacter termitidis 0.448+0.703 0.142+0.703 0.348 NaN NaN
Clostridium lactatifermentans 0.319+0.497 0.138+0.497 0.187 0.643  0.000
Roseburia hominis 0.201+£0.167 0.138+0.167 0.376 0.612  0.167
Haemophilus parainfluenzae 0.397+0.68  0.137+0.68  0.526 0.818  0.433
Intestinimonas butyriciproducens 0.318+0.472 0.136+0.472 0.243 0.561 0.016
Alistipes finegoldii 0.307+0.505 0.127+£0.505 0.339 1.315  0.000
Veillonella rogosae 0.577£0.976 0.126+0.976 0.213 2.289 NaN
Blautia glucerasea 0.128+0.115 0.125+0.115 0.171 NaN NaN
Methanobrevibacter smithii 0.12 0.12 0.487 0.856  0.392
Ruminococcus champanellensis 0.484+0.785 0.12+0.785 0.830 NaN NaN
Eubacterium xylanophilum 0.189+0.187 0.12+0.187 NaN NaN NaN
Blautia luti 0.163+£0.157 0.117+£0.157 0.129 NaN NaN
Akkermansia muciniphila 3.841+£7.436 0.115£7.436 4.009 3395  0.763
Fusobacterium equinum 0.113 0.113 NaN 0.009 NaN
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Clostridium aldenense 0.422+0.743 0.111+£0.743 0.193 0.229  0.663
Clostridium disporicum 0.359+0.843 0.111+0.843 0.272 1416  0.012
Eubacterium hallii 0.217+0.346  0.102+0.346 0.070  0.095  0.539
Victivallis vadensis 0.183+0.267 0.099+0.267 0.094  0.464 0.013
Ruminococcus torques 0.172+0.203 0.094+0.203 0.475 0.915 0.097
Ruminococcus gnavus 0.14+0.194  0.094+0.194 0.797 0.661  0.776
Eubacterium siraeum 0.614£1.135 0.093+1.135 0.657 0.375 0.552
Ruminococcus obeum 0.19740.248 0.093+0.248 0.127 0.174  0.561
Clostridium tertium 0.093+0.053 0.093+0.053 0.056 NaN NaN
Desulfovibrio desulfuricans 0.12+0.11 0.09+0.11  0.027 NaN NaN
Dorea longicatena 0.159+0.266  0.09+0.266  0.229 0.301 0.349
Megasphaera micronuciformis 0.5+0.83 0.089+0.83 0.734 0.383  0.585
Catenibacterium mitsuokai 0.122+0.118 0.085+0.118 1.082 0416  0.757
Clostridium ruminantium 0.147+0.183 0.083+0.183 0.247 0.681  0.055
Anaerotruncus colihominis 0.11740.094 0.082+0.094 0.112 0.069  0.549
Ruminococcus callidus 0.21+0.312  0.081+0.312 0.133 0.521  0.008
Coprobacillus cateniformis 0.141+£0.161 0.079+0.161 0.039 0.060  0.549
Butyricicoccus pullicaecorum 0.144+0.212 0.079+0.212 0.065 NaN NaN
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Ruminococcus lactaris 0.158+0.191 0.078+0.191 0.488 0.477  0.981
Alistipes senegalensis 0.146+0.18  0.078+0.18 0.131 0.163  0.642
Citrobacter freundii 0.152+0.169 0.076+£0.169 0.828 0.119  0.331
Haemophilus parahaemolyticus 0.076 0.076 0.008 NaN NaN
Bifidobacterium longum 0.229+0.463 0.072+0.463 0.217 0.303  0.652
Blautia faecis 0.097+0.085 0.069+0.085 0.120  0.082  0.757
Ruminococcus flavefaciens 0.097+£0.082 0.068+0.082 0.123 NaN NaN
Collinsella aerofaciens 0.086+0.082 0.068+0.082 0.240 0.501 0.041
Megasphaera elsdenii 0.538+0.87  0.066+0.87  5.097 1.216  0.372
Eubacterium ramulus 0.073£0.062 0.065+£0.062 0.150 0.108  0.683
Alistipes indistinctus 0.146+0.214 0.064+0.214 0.381 0.246  0.321
Clostridium ramosum 0.116+0.151 0.063+0.151 0.207 0.176  0.785
Bacteroides nordii 0.13+0.19  0.063+0.19 0.174 0314  0.199
Parabacteroides gordonii 0.19740.302 0.062+0.302 0.227 0.353 0476
Asteroleplasma anaerobium 0.062 0.062 NaN NaN NaN
Eubacterium ventriosum 0.133+0.203 0.062+0.203 0.312 0.193  0.426
Parabacteroides goldsteinii 0.186+0.31 0.061+0.31  0.365 1.739  0.005
Clostridium methylpentosum 0.105£0.119  0.06+£0.119  0.067 NaN NaN
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Bacteroides pectinophilus 0.06 0.06 NaN NaN NaN
Coprococcus comes 0.103+0.112 0.057+0.112 0.233 0.731 0.011
Eggerthella sinensis 0.057 0.057 0.097 NaN NaN
Prevotella buccalis 0.054+0.061 0.054+0.061 0.036 NaN NaN
Klebsiella oxytoca 0.048+0.016 0.052+0.016 NaN NaN NaN
Clostridium hylemonae 0.256+0.607 0.051+£0.607 0.106 0.374 NaN
Allisonella histaminiformans 0.055+£0.05  0.051+0.05 0.252 0.211 NaN
Clostridium hathewayi 0.25+£0.654 0.048+0.654 0.151 0.086  0.218
Desulfovibrio legallii 0.236+0.353 0.046+0.353 0.156 NaN NaN
Desulfovibrio fairfieldensis 0.165+0.231 0.046+0.231 0.320 0.310  0.959
Butyricimonas synergistica 0.147+0.198 0.046+0.198 0.088 NaN NaN
Peptococcus niger 0.063+0.067 0.043+£0.067 0.060 NaN NaN
Raoultella ornithinolytica 0.041+£0.019 0.041+£0.019 NaN NaN NaN
Oxalobacter formigenes 0.046+0.03  0.04+£0.03  0.130 0.104  0.787
Kluyvera cryocrescens 0.04+0.034  0.04+0.034 NaN NaN NaN
Fusobacterium periodonticum 0.04+£0.042  0.04+0.042 0.122 NaN NaN
Clostridium bartlettii 0.071+£0.107 0.039+0.107 0.085 0.218  0.023
Gemella morbillorum 0.039+0.048 0.039+0.048 0.026 0.587  0.310
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Anaeroglobus geminatus 0.754+1.448 0.039+1.448 0.031 0.026  0.761
Clostridium citroniae 0.063+0.059 0.039+0.059 0.099 NaN NaN
Parabacteroides chinchillae 0.066+0.079 0.039+0.079 0.087 NaN NaN
Howardella ureilytica 0.04+0.017 0.038+0.017 0.069 NaN NaN
Enterobacter kobei 0.038 0.038 NaN NaN NaN
Cloacibacillus evryensis 0.125+0.168 0.038+0.168 0.154 1.112  0.003
Blautia stercoris 0.103+0.116 0.037+0.116 0.103 NaN NaN
Pseudoflavonifractor capillosus 0.077+0.183 0.037+£0.183 0.112 NaN NaN
Lactonifactor longoviformis 0.036+0.015 0.036+0.015 0.050 NaN NaN
Collinsella tanakaei 0.027+£0.014 0.035+£0.014 0.200  0.366  0.390
Neisseria meningitidis 0.034 0.034 0.011 NaN NaN
Turicibacter sanguinis 0.041+0.036 0.033+£0.036 0.213 0.096 0.734
Clostridium lavalense 0.041+0.029 0.032+0.029 0.114 0.044  0.230
Coprococcus catus 0.071£0.094 0.032+0.094 0.058 0.075  0.587
Clostridium symbiosum 0.08+0.119 0.031+0.119 0.261 0.870  0.118
Dorea formicigenerans 0.041+0.038  0.03+0.038  0.075 0.237  0.001
Bifidobacterium dentium 0.03 0.03 0.044 0.093 NaN
Clostridium aminobutyricum 0.044+0.037 0.03+0.037 0.116 0.241 0.170
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Lactobacillus iners 0.029 0.029 NaN NaN NaN
Clostridium butyricum 0.028 0.028 0.116 NaN NaN
Slackia faecicanis 0.027+0.005 0.027+£0.005 NaN 0.314 NaN
Lautropia mirabilis 0.027 0.027 0.035 NaN NaN
Bacteroides faecichinchillae 0.027+£0.018 0.027+£0.018 NaN NaN NaN
Bifidobacterium breve 0.027 0.027 NaN NaN NaN
Eubacterium cylindroides 0.118+0.175 0.026+0.175 0.090 NaN NaN
Prevotella nigrescens 0.026+0.027 0.026+£0.027 NaN 0.074 NaN
Dehalobacterium formicoaceticum 0.038+0.035 0.026+0.035 0.040 0.017 NaN
Clostridium glycyrrhizinilyticum 0.048+0.043 0.025+0.043 0.099 0.082 NaN
Clostridium leptum 0.113£0.201 0.024+0.201 0.445 0.213 0.463
Clostridium baratii 0.024 0.024 NaN NaN NaN
Haemophilus pittmaniae 0.024 0.024 0.023 NaN NaN
Christensenella minuta 0.067+0.129 0.024+0.129 0.061 NaN NaN
Prevotella melaninogenica 0.023 0.023 NaN NaN NaN
Gordonibacter pamelaeae 0.023 0.023 0.036 NaN NaN
Enterococcus faecium 0.022 0.022 NaN NaN NaN
Eggerthella lenta 0.035+0.035 0.021+£0.035 0.037 0.015 NaN
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Leptotrichia goodfellowii 0.02 0.02 NaN NaN NaN
Holdemania filiformis 0.027+0.023 0.017+0.023 0.085 0.057  0.641
Lactobacillus ingluviei 0.017 0.017 NaN NaN NaN
Parvimonas micra 0.017+0.013 0.017+0.013  0.047 1.604  0.376
Bacillus coagulans 0.017 0.017 NaN NaN NaN
Pyramidobacter piscolens 0.044+0.054 0.017+0.054 0.058  2.134  0.000
Clostridium spiroforme 0.017 0.017 0.016 NaN NaN
Alistipes massiliensis 0.019+0.015 0.016+£0.015 0.071 NaN NaN
Streptococcus mutans 0.015+£0.005 0.016+0.005 0.031 0.047 NaN
Campylobacter concisus 0.027+0.025 0.015+£0.025 0.011 0.016 NaN
Eubacterium limosum 0.015 0.015 0.012 0.017 NaN
Propionibacterium acnes 0.015 0.015 NaN NaN NaN
Blautia producta 0.015 0.015 NaN NaN NaN
Finegoldia magna 0.015 0.015 0.015 NaN NaN
Dialister pneumosintes 0.015+0.004 0.015+0.004 0.278 0.256  0.939
Adlercreutzia equolifaciens 0.0484+0.061 0.014+£0.061 NaN NaN NaN
Prevotella disiens 0.014+0.014 0.014+0.014 0.006 NaN NaN
Rothia mucilaginosa 0.015+0.009 0.014+0.009 0.010 NaN NaN
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Species name

Mean+SD Median£SD CT Avg. EXP Avg. P-Value

Clostridium sporosphaeroides

0.013+0.008 0.014+0.008

Hydrogenoanaerobacterium saccharovorans 0.018+0.015 0.014+0.015

Selenomonas artemidis

Blautia hydrogenotrophica

Clostridium innocuum

Clostridium neonatale

Comamonas kerstersii

Lactobacillus reuteri

Peptoniphilus duerdenii

Solobacterium moorei

Anaerofilum pentosovorans

Prevotella buccae

Prevotella bivia

Actinomyces odontolyticus

Dialister propionicifaciens

Slackia piriformis

Selenomonas noxia

Eubacterium dolichum

0.014 0.014

0.021+0.019 0.014+0.019

0.016+£0.009 0.014+0.009

0.014 0.014
0.013 0.013
0.013 0.013
0.013 0.013
0.012 0.012

0.017+£0.013 0.011+0.013

0.011 0.011

0.023+0.029 0.011+0.029

0.011+0.009 0.0114+0.009

0.011 0.011
0.01 0.01
0.01 0.01

0.01+0.005  0.009+0.005
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0.055 0.049  0.863

NaN NaN NaN

0.007 NaN NaN

0.038  0.034  NaN

0.083 0.061  0.599

0.404 NaN NaN

0.264  0.144 NaN

0.021 NaN NaN

NaN NaN NaN

NaN 1.436 NaN

0.060 NaN NaN

0.343 NaN NaN

0.024 0.244 NaN

0.008 0.405  0.237

0.033 NaN NaN

0.012 0.024 NaN

0.017 NaN NaN

0.112 0.083  0.627
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Prevotella timonensis 0.009 0.009 0.019 NaN NaN
Ignatzschineria larvae 0.008 0.008 NaN NaN NaN
Peptostreptococcus stomatis 0.008 0.008 0.096 0.353 NaN
Clostridium scindens 0.011+0.008 0.008+0.008 0.075 0.050 NaN
Lactobacillus aviarius 0.008+0.001 0.008+0.001 NaN NaN NaN
Streptococcus sobrinus 0.008 0.008 0.215 0.020 NaN
Streptococcus pleomorphus 0.007 0.007 NaN 0.027 NaN
Campylobacter gracilis 0.007 0.007 0.022 NaN NaN
Leptotrichia wadei 0.006 0.006 0.020 NaN NaN
Clostridium saccharogumia 0.006 0.006 0.029 NaN NaN
Slackia isoflavoniconvertens 0.006 0.006 0.033 NaN NaN
Alcaligenes faecalis 0.005£0.002 0.005+£0.002 NaN NaN NaN
Porphyromonas gingivalis 0.005 0.005 NaN 1.499 NaN
Campylobacter hominis 0.0054£0.001 0.005+0.001 0.032 NaN NaN
Prevotella corporis 0.004 0.004 0.042 NaN NaN
Lactobacillus sanfranciscensis 0.004 0.004 NaN NaN NaN
Gemella haemolysans 0.003 0.003 0.017 0.083  0.004
Phascolarctobacterium succinatutens 4.599+£2.309  0.0+£2.309  1.983 4.049  0.159
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Acidaminococcus intestini 0.865+£1.215  0.0£1.215  0.888 0.553 0.630
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Species name Mean+SD Median£SD CT Avg. EXP Avg. P-Value

Bifidobacterium bifidum 0.298+0.381 0.192+0.381 0.963 0992 0934
Bifidobacterium longum 0.2294+0.463 0.072+0.463 1.987 5495  0.009
Bifidobacterium dentium 0.03 0.03 0.418 1.432  0.082
Bifidobacterium breve 0.027 0.027 0.02 3354 0.592
Alistipes putredinis 1.302+1.008 1.212+1.008 0.829 0.886  0.758
Alistipes shahii 0.342+0.246 0.323+£0.246 0.543 0.238  0.003
Alistipes finegoldii 0.307+0.505 0.127£0.505 0.184  0.326  0.120
Alistipes senegalensis 0.146+0.18  0.078+0.18  0.15 0.071 0.176
Alistipes indistinctus 0.146+0.214 0.064+0.214 0.292 0.253  0.537
Alistipes massiliensis 0.019+0.015 0.016+£0.015 0.095 0.074  0.826
Prevotella stercorea 11.095£9.61 13.7249.61 1.135 0.772  0.614
Faecalibacterium prausnitzii 8.994+5.723 8.298+5.723  6.249 5513 0415
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Species name

Mean+SD Median£SD CT Avg. EXP Avg. P-Value

Alloprevotella rava

Bacteroides vulgatus

Bacteroides plebeius

Phascolarctobacterium faecium

Sutterella stercoricanis

Bacteroides coprocola

Fusobacterium mortiferum

Bacteroides massiliensis

Bacteroides uniformis

Succinivibrio dextrinosolvens

Dialister succinatiphilus

Bacteroides dorei

Sutterella parvirubra

Megamonas funiformis

Prevotella copri

Desulfovibrio piger

Paraprevotella clara

Bacteroides stercoris

91

6.791+5.859

10.39+9.77

6.708+8.295

3.459+2.935

3.316+1.772

4.204+4.861

1.767£1.205

2.975+£2.736

2.793+2.473

2.292+1.506

1.724+1.547

5.094+8.336

1.43242.014

2.268+2.19

14.399+17.634 1.392+17.634

1.247+0.679

1.943+1.971

3.804+5.336

7.512+5.859

6.516+9.77

3.582+8.295

2.9+2.935

2.708+1.772

2.315+4.861

2.07£1.205

1.963+2.736

1.961+2.473

1.476+1.506

1.471+1.547

1.439+8.336

1.43242.014

1.417+2.19

1.338+0.679

1.244+1.971

1.159+5.336

1.094

2.659

3.553

1.374

0.454

2.09

1.939

0.994

2.676

0.162

1.74

1.372

0.034

2.998

2.943

0.312

0.51

1.588
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1.013

2.171

1.223

1.141

0.326

1.781

0.227

0.921

2.399

0.003

2.23

1.065

0.014

2.429

1.846

0.161

0.565

1.022

0.906

0.310

0.010

0.540

0.659

0.772

0.421

0.844

0.580

NaN

0.669

0.618

0.247

0.768

0.245

0.381

0.807

0.273
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Species name Mean+SD Median£SD CT Avg. EXP Avg. P-Value
Parabacteroides merdae 1.402+1.593 1.089+1.593 1.05 0.966 0.704
Oscillibacter valericigenes 1.13320.763 1.049+0.763 1.174 0.936  0.368
Bacteroides rodentium 1.513£0.945 0.999+0.945 1.171 0.015  0.399
Paraprevotella xylaniphila 2.34843.26  0.993+£3.26 0.111 NaN NaN
Lactobacillus ruminis 0.917+1.102 0.917+1.102  0.15 0.63 NaN
Dialister invisus 1.033+1.257 0.898£1.257 1.51 0.564 0.316
Oscillospira guilliermondii 1.385+1.131 0.897+1.131 0.797 0.531  0.130
Eubacterium ruminantium 1.077+1.203 0.854£1.203 0.68 0.558  0.692
Bacteroides eggerthii 0.995+0.932  0.733+0.932 0.557 0.25 0.217
Morganella morganii 0.637+0.591 0.704+0.591 0.347 0.452  0.850
Bacteroides ovatus 1.462+2.144 0.678+2.144 1.299 1.744  0.422
Bacteroides thetaiotaomicron 1.195+1.419 0.66+1.419 0.828 1.504  0.180
Mitsuokella multacida 1.025+¢1.27  0.607£1.27 0.212 0.007 NaN
Eubacterium eligens 1.43841.953 0.595+£1.953 0.315 0.223  0.184
Sutterella wadsworthensis 1.252+1.421 0.571£1.421 0.062 0.1 0.197
Bacteroides caccae 1.193+2.177 0.53£2.177 1.048 0.786  0.449
Barnesiella intestinihominis 0.756+1.014 0.525+1.014 0.871 0.656  0.482
Parabacteroides distasonis 1.25£2.335 0.458+2.335 0.708 1.345 0.107
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Parasutterella excrementihominis 1.368+2.114 0.435+2.114 0.729 0.242  0.164
Bacteroides finegoldii 0.664+0.677 0.416+£0.677 0.788 0.348  0.386
Roseburia intestinalis 0.477+£0.413 0.415+0.413 0.651 0.307  0.084
Cellulosilyticum ruminicola 0.415£0.559 0.415+£0.559 0.055 0.377  0.037
Bacteroides coprophilus 1.3£1.664 0.388+1.664 1.129 0.91 0.815
Eubacterium rectale 0.549+0.477 0.388+0.477 2.13 2309  0.763
Bacteroides xylanisolvens 1.083+1.531 0.361+£1.531 0.932 0.625 0.255
Roseburia faecis 0.55+0.581 0.357+£0.581 1.737 1.312  0.723
Coprococcus eutactus 0.847£1.061 0.347+1.061 0.586 0.391 0.364
Flavonifractor plautii 0.483+0.482 0.313+0.482 0.386 0.579  0.090
Bilophila wadsworthia 0.413+0.376  0.303+0.376 0.098 0.068  0.327
Roseburia inulinivorans 0.406+0.385 0.279+0.385 1.321 0.709  0.067
Fusobacterium varium 1.088+£1.961 0.275£1.961 1.995 0.341 0.463
Gemmiger formicilis 0.359+0.34  0.262+0.34 1.918 1.685  0.590
Parasutterella secunda 0.45+0.445 0.256+0.445 0.047 0.011 0.350
Acidaminococcus fermentans 2.267+4.128 0.254+4.128 0.038 0.13 0.205
Bacteroides fragilis 1.3243.808 0.246+3.808 1.365 2333 0.152
Butyricimonas virosa 0.289+0.235 0.239+0.235 0.315 0.214  0.206
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#H 4 B2
Species name Mean+SD Median£SD CT Avg. EXP Avg. P-Value
Mitsuokella jalaludinii 0.239+0.332  0.239+£0.332 NaN NaN NaN
Ruminococcus bromii 0.422+0.52  0.237+0.52  1.496 2102 0.117
Bacteroides cellulosilyticus 0.439+0.441 0.235+£0.441 0.434 0.261 0.243
Ruminococcus albus 0.486+1.055 0.234+1.055 0.927 0.872  0.908
Bacteroides chinchillae 0.444+0.566 0.226+£0.566 NaN NaN NaN
Streptococcus parasanguinis 0.22 0.22 0.027 0.059  0.364
Klebsiella pneumoniae 0.213+0.269 0.213+0.269 0.28 0.129  0.269
Succinatimonas hippei 0.185+0.099 0.21+0.099 NaN NaN NaN
Clostridium paraputrificum 0.21+0.287  0.21+0.287 0.382 0.498  0.757
Bacteroides clarus 1.31842.233 0.199+£2.233 0.089 0.552  0.024
Odoribacter splanchnicus 0.308+0.274 0.199+0.274 0.25 0.175 0.139
Bacteroides stercorirosoris 0.188 0.188 0.072 0.08 0.908
Clostridium nexile 0.309+0.489 0.184+0.489 2.299  2.337  0.968
Veillonella dispar 0.534+0.848 0.177+0.848 0.407 0312 0.722
Bacteroides salyersiae 0.395+0.492 0.172+0.492 0.198 0.309 0.322
Bacteroides intestinalis 1.314£3.25 0.163+£3.25 0.215 0.62 0.217
Eubacterium desmolans 0.21£0.243  0.162+0.243 0.304 0.238  0.199
Eubacterium biforme 0.307£0.562 0.159+0.562 0.855 0.847 0978
94

doi:10.6342/NTU202301242


http://dx.doi.org/10.6342/NTU202301242

B2 WL & F T A i R A

E¥ 4 B2

Species name

Mean+SD Median£SD CT Avg. EXP Avg. P-Value

Veillonella parvula

Coprobacter fastidiosus

Eubacterium coprostanoligenes

Anaerostipes hadrus

Cloacibacillus porcorum

Veillonella atypica

Parabacteroides johnsonii

Sporobacter termitidis

Clostridium lactatifermentans

Roseburia hominis

Haemophilus parainfluenzae

Intestinimonas butyriciproducens

Veillonella rogosae

Blautia glucerasea

Methanobrevibacter smithii

Ruminococcus champanellensis

Eubacterium xylanophilum

Blautia luti

95

0.372+0.583

0.387+0.584

0.457+0.61

0.213+0.235

0.146+0.11

0.624+1.056

0.523+0.728

0.448+0.703

0.319+0.497

0.201+0.167

0.397+0.68

0.318+0.472

0.577+£0.976

0.128+0.115

0.12

0.484+0.785

0.189+0.187

0.163%+0.157

0.156+0.583

0.15+0.584

0.149+0.61

0.148+0.235

0.147+0.11

0.144+1.056

0.143+0.728

0.142+0.703

0.138+0.497

0.138+0.167

0.137+0.68

0.136x0.472

0.126+0.976

0.125+0.115

0.12

0.12+0.785

0.124+0.187

0.117+0.157

0.068 0.053  0.630
0.089 0.133  0.628
1.801 1.456  0.269
1.078 1.644  0.068
0.046 0.023  0.272
0.262 0.043  0.333
0.148 0.158 0912
NaN 0.543 NaN
0.198 0.16 0.595
0.608 0.323  0.138
0.584 0.568  0.966
0.523 0.683  0.529
0.054 0.012  0.081
1.594 2.03 0.582
0.284 4202  0.067
0.209 0.11 0.430
NaN NaN NaN
1.113 1.672  0.019
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#H 4 B2
Species name Mean+SD Median£SD CT Avg. EXP Avg. P-Value
Akkermansia muciniphila 3.841+7.436 0.115£7.436 1.483 3919  0.060
Fusobacterium equinum 0.113 0.113 NaN 0.153 NaN
Clostridium aldenense 0.422+0.743 0.111+0.743  0.235 0.132  0.394
Clostridium disporicum 0.359+0.843 0.111+0.843  0.909 1.644  0.230
Eubacterium hallii 0.217+£0.346  0.102+0.346 2.084  2.404  0.370
Victivallis vadensis 0.183+0.267 0.099+0.267 0.011 0.009  0.697
Ruminococcus torques 0.172+0.203 0.094+0.203 2.685 3.801 0.057
Ruminococcus gnavus 0.14+0.194 0.094+0.194 2.258 3.196  0.212
Eubacterium siraeum 0.614+1.135 0.093+1.135 0.453 0.19 0.123
Ruminococcus obeum 0.197+0.248 0.093+0.248 1.133 1.208  0.686
Clostridium tertium 0.093+£0.053  0.093+0.053 0.177 0.098  0.487
Desulfovibrio desulfuricans 0.1240.11 0.09+£0.11  0.047 0.226  0.203
Dorea longicatena 0.159+0.266  0.09+0.266 1.249 1.571 0.126
Megasphaera micronuciformis 0.5+0.83 0.089+0.83  0.561 0.021 0.366
Catenibacterium mitsuokai 0.122+0.118 0.085+0.118 1.849 0.459  0.125
Clostridium ruminantium 0.147+0.183 0.083+0.183 1.855 2245 0493
Anaerotruncus colihominis 0.117+0.094 0.082+0.094 0.097 0.096  0.981
Ruminococcus callidus 0.21£0.312 0.081+0.312 0.297 0.234  0.566
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Species name Mean+SD Median£SD CT Avg. EXP Avg. P-Value
Coprobacillus cateniformis 0.141+£0.161 0.079+0.161 0.119 0.208  0.345
Butyricicoccus pullicaecorum 0.1444+0.212 0.079£0.212 0.19 0.071 0.392
Ruminococcus lactaris 0.158+0.191 0.078+0.191 0.907 0.875 0.845
Citrobacter freundii 0.152+0.169 0.076+£0.169 0.539 0.619  0.896
Haemophilus parahaemolyticus 0.076 0.076 NaN NaN NaN
Blautia faecis 0.097+0.085 0.069+0.085 1.259 1.029 0410
Ruminococcus flavefaciens 0.097+0.082 0.068+0.082 0.239 0.19 0.592
Collinsella aerofaciens 0.086+0.082 0.068+0.082 2.112 2.759  0.157
Megasphaera elsdenii 0.538+0.87  0.066+0.87 0.076 1.233 0.013
Eubacterium ramulus 0.073£0.062 0.065+0.062 0.301 0.48 0.004
Clostridium ramosum 0.116+0.151 0.063+0.151 1.37 33 0.000
Bacteroides nordii 0.13+0.19  0.063+0.19 0.103 0.116  0.746
Parabacteroides gordonii 0.197+£0.302 0.062+0.302 0.145 0.212  0.358
Asteroleplasma anaerobium 0.062 0.062 NaN NaN NaN
Eubacterium ventriosum 0.133+0.203 0.062+0.203 0.344 0.539  0.190
Parabacteroides goldsteinii 0.186+0.31  0.061+£0.31  0.204 0.275  0.455
Clostridium methylpentosum 0.105£0.119  0.06+£0.119  0.111 0.139  0.549
Bacteroides pectinophilus 0.06 0.06 NaN NaN NaN
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#H 4 B2
Species name Mean+SD Median£SD CT Avg. EXP Avg. P-Value
Coprococcus comes 0.103+£0.112 0.057+0.112 0.621 0.697  0.582
Eggerthella sinensis 0.057 0.057 0.209 0.239  0.813
Prevotella buccalis 0.054+0.061 0.054+0.061 0.013 0.028  0.294
Klebsiella oxytoca 0.048+0.016 0.052+0.016 2.589 0.022  0.721
Clostridium hylemonae 0.256+0.607 0.051£0.607 0.673 1.126  0.155
Allisonella histaminiformans 0.055+0.05 0.051+0.05 0.096 0.076  0.685
Clostridium hathewayi 0.25+0.654 0.048+0.654 0.205 0.427  0.187
Desulfovibrio legallii 0.236+0.353 0.046+£0.353 0.473 NaN NaN
Desulfovibrio fairfieldensis 0.165+0.231 0.046+0.231 0.016 0.09 0.034
Butyricimonas synergistica 0.14740.198 0.046+£0.198  0.07 0.064  0.889
Peptococcus niger 0.063+0.067 0.043+0.067 0.025 0.021 0.855
Raoultella ornithinolytica 0.041+0.019 0.041+£0.019 NaN NaN NaN
Oxalobacter formigenes 0.046+0.03 0.04+0.03  0.028 0.057  0.025
Kluyvera cryocrescens 0.04+0.034  0.04+0.034 0.022 0.172  0.000
Fusobacterium periodonticum 0.04+£0.042  0.04+£0.042 0.015 NaN NaN
Clostridium bartlettii 0.071+£0.107 0.039+£0.107 0.621 0.953  0.253
Gemella morbillorum 0.0394+0.048 0.039+0.048 NaN 0.019 NaN
Anaeroglobus geminatus 0.754+1.448 0.039+1.448 0.011 0.03 0.248
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#H 4 B2
Species name Mean+SD Median£SD CT Avg. EXP Avg. P-Value
Clostridium citroniae 0.063+0.059 0.039+0.059 0.135 0.01 0.277
Parabacteroides chinchillae 0.066+0.079 0.039+0.079 0.259 0.169  0.771
Howardella ureilytica 0.04+0.017 0.038+0.017 0.095 0.068  0.640
Enterobacter kobei 0.038 0.038 NaN NaN NaN
Cloacibacillus evryensis 0.125+0.168 0.038+0.168 0.03 0.036  0.670
Blautia stercoris 0.103+0.116  0.037+0.116 0.613 0.99 0.099
Pseudoflavonifractor capillosus 0.077+£0.183 0.037+0.183 0.043 0.038  0.800
Lactonifactor longoviformis 0.036+0.015 0.036+£0.015 0.214 0.658  0.264
Collinsella tanakaei 0.027+0.014 0.035+0.014 0.216 0.237  0.900
Neisseria meningitidis 0.034 0.034 0.006 NaN NaN
Turicibacter sanguinis 0.041+£0.036 0.033+0.036 0.266 0.148  0.188
Clostridium lavalense 0.041+0.029 0.032+0.029 0.024 0.071  0.195
Coprococcus catus 0.071+£0.094 0.032+0.094 0.182 0.195 0.659
Clostridium symbiosum 0.08+0.119  0.031+0.119 0.108 0.182  0.324
Dorea formicigenerans 0.041+£0.038 0.03+0.038  0.546 0.975 0.000
Clostridium aminobutyricum 0.044+0.037 0.03£0.037  0.042 0.066  0.063
Lactobacillus iners 0.029 0.029 0.05 0.072  0.714
Clostridium butyricum 0.028 0.028 NaN 0.037 NaN
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Species name

Mean+SD Median£SD CT Avg. EXP Avg. P-Value

Slackia faecicanis

Lautropia mirabilis

Bacteroides faecichinchillae

Eubacterium cylindroides

Prevotella nigrescens

Dehalobacterium formicoaceticum

Clostridium glycyrrhizinilyticum

Clostridium leptum

Clostridium baratii

Haemophilus pittmaniae

Christensenella minuta

Prevotella melaninogenica

Gordonibacter pamelaeae

Enterococcus faecium

Eggerthella lenta

Leptotrichia goodfellowii

Holdemania filiformis

Lactobacillus ingluviei

0.027+0.005

0.027

0.027+0.018

0.118+0.175

0.026+0.027

0.038+0.035

0.048+0.043

0.113£0.201

0.024

0.024

0.067+0.129

0.023

0.023

0.022

0.035+0.035

0.02

0.027+0.023

0.017

100

0.027+0.005

0.027

0.027+0.018

0.026+0.175

0.026+0.027

0.026+0.035

0.025+0.043

0.024+0.201

0.024

0.024

0.024+0.129

0.023

0.023

0.022

0.021+0.035

0.02

0.017+0.023

0.017

0.569

0.007

0.038

0.058

NaN

0.015

0.127

0.294

0.009

0.004

0.293

0.004

0.061

NaN

0.179

NaN

0.024

NaN
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0.028

0.111

0.106

NaN

0.018

0.262

0.245

0.154

NaN

0.303

0.005

0.123

NaN

0.6

NaN

0.054

NaN

NaN

NaN

0.169

0.163

NaN

0.648

0.099

0.287

NaN

NaN

0.953

0.592

0.090

NaN

0.005

NaN

0.042

NaN
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#H 4 B2
Species name Mean+SD Median£SD CT Avg. EXP Avg. P-Value
Parvimonas micra 0.017+0.013 0.017+£0.013  0.025 0.029  0.813
Bacillus coagulans 0.017 0.017 0.007 NaN NaN
Pyramidobacter piscolens 0.044+0.054 0.017+0.054 0.058 0.024  0.464
Clostridium spiroforme 0.017 0.017 0.217 0.266  0.670
Streptococcus mutans 0.015+£0.005 0.016+0.005 0.059 0.086  0.583
Campylobacter concisus 0.02740.025 0.015+£0.025 0.015 NaN NaN
Eubacterium limosum 0.015 0.015 0.067 0.193 0.285
Propionibacterium acnes 0.015 0.015 0.004 0.021 NaN
Blautia producta 0.015 0.015 NaN NaN NaN
Finegoldia magna 0.015 0.015 0.029 0.008  0.190
Dialister pneumosintes 0.015+0.004 0.015+0.004 0.011 0.039 NaN
Adlercreutzia equolifaciens 0.048+0.061 0.014+0.061 0.238 0.125  0.386
Prevotella disiens 0.014+0.014 0.014+0.014 0.027 NaN NaN
Rothia mucilaginosa 0.015+0.009 0.014+0.009 0.036 0.043  0.529
Clostridium sporosphaeroides 0.013+0.008 0.014+0.008 0.039 0.036  0.812
Hydrogenoanaerobacterium saccharovorans 0.018+0.015 0.014+0.015 0.035 0.051 0.295
Selenomonas artemidis 0.014 0.014 0.003 NaN NaN
Blautia hydrogenotrophica 0.021+0.019 0.014+0.019 0.065 0.084  0.554
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Species name Mean+SD MediantSD CT Avg. EXP Avg. P-Value

Clostridium innocuum 0.016+£0.009 0.014+0.009 0.073 0.324  0.009
Clostridium neonatale 0.014 0.014 0.01 0.301 NaN
Comamonas kerstersii 0.013 0.013 0.072 0.321 0.001
Lactobacillus reuteri 0.013 0.013 0.092 0.393  0.106
Peptoniphilus duerdenii 0.013 0.013 NaN 0.008 NaN
Solobacterium moorei 0.012 0.012 0.014  0.023 0.124
Anaerofilum pentosovorans 0.017+£0.013 0.011+0.013 0.051 0.145 0.081
Prevotella buccae 0.011 0.011 0.031 0.021  0.635
Prevotella bivia 0.023+0.029 0.011+£0.029 0.018 0.038  0.340
Actinomyces odontolyticus 0.011£0.009 0.011+0.009 0.067 0.161 0.016
Dialister propionicifaciens 0.011 0.011 0.018 0.008  0.175
Slackia piriformis 0.01 0.01 0.173 0.331 0.279
Selenomonas noxia 0.01 0.01 0.004 0.009 NaN
Eubacterium dolichum 0.01£0.005  0.009+£0.005 0.098 0.166  0.223
Fusobacterium nucleatum 0.013+0.013 0.009+0.013 0.022 0.095 0.174
Prevotella timonensis 0.009 0.009 0.036 0.037  0.989
Ignatzschineria larvae 0.008 0.008 NaN NaN NaN
Peptostreptococcus stomatis 0.008 0.008 0.017 0.018  0.929
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Species name

Mean+SD Median£SD CT Avg. EXP Avg. P-Value

Clostridium scindens

Lactobacillus aviarius

Streptococcus sobrinus

Streptococcus pleomorphus

Campylobacter gracilis

Leptotrichia wadei

Clostridium saccharogumia

Slackia isoflavoniconvertens

Alcaligenes faecalis

Porphyromonas gingivalis

Campylobacter hominis

Prevotella corporis

Lactobacillus sanfranciscensis

Gemella haemolysans

Phascolarctobacterium succinatutens

Acidaminococcus intestini

0.011+0.008 0.008+0.008 0.201 0435  0.129

0.008+0.001 0.008+0.001

NaN NaN NaN

0.008 0.008
0.007 0.007
0.007 0.007
0.006 0.006
0.006 0.006
0.006 0.006

0.005+£0.002  0.005+0.002

0.005

0.005+0.001

0.004

0.004

0.003

4.599+2.309

0.865+1.215

0.005

0.005+0.001

0.004

0.004

0.003

0.0+2.309

0.0+1.215

0.123 0.107  0.904
0.019 0.059  0.067
0.006 0.026 NaN
0.019 NaN NaN
0.024 0.008 NaN
0.234 0.207  0.876
NaN NaN NaN
NaN NaN NaN
0.006 0.004  0.268
0.021 0.017  0.615
0.022 NaN NaN
0.013 0.015  0.791
0.738 0.103  0.013
NaN 0.143 NaN
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C.1 Bootstrap RWD Breakpoint

@%Ckﬁﬁﬂgﬂ(mmg)iﬁﬁw’P@§%%%@ﬁ&WMW%Aﬁﬁﬁﬁﬁ
i E BATNAS 0 % - 7 <div> ® B class 12§ F col-12 col-md-6 col-Ig-3
T ik B & 7 e <576px ~ >T768px % >992px H R R <P kR o A Wb R kAL
(Grid System ) 12~ 6 ~3 #

<div class="col-12 col-md-6 col-1g-3" >

1
2 <div class="form-check form-switch ">

3 <input class="form-check-input" type="checkbox"
4

5

role="switch" id="easymap_sw">
<label class="form-check-label" for="easymap_sw'">

6 Import files from

7 <a target="_blank"

8 href = "http://easymap.cgm.ntu.edu.tw/">
9 <b>EasyMAP</b>

10 </a>

11 </label>

12 </div>

13| </div>

C.2 Subprocess.run()

Code C.2: 11 13 444 7 4 4 A F)o% i ik & ) > i 4417 PICRUS®2 hsppy f25% » 1%
»-i, -1, -p, -0 5% > % * Subprocess.run() # 7 o

l|picrust = subprocess.run(
2 "hsp.py"
3 + " -1 "+ "168"
4 + " -t " + os.path.join(OUTPUT_PATH, "out.tre")
5 + " —p 24"
6 + " -o " + os.path.join(OUTPUT_PATH, "predicted","
output.tsv.gz"),
7 shell=True
8 )
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C.3 PulLP module

Code C.3: B3 x 3 &L e s 4 2R 4] (Integer linear programs) & &] > P % & #ic 5
FI+F2+F3 & -] & > 4|38 & %] & FI+F3>1, F2>], FI+F3>] > 33f33#.p B~
[81]

l{import pulp as pl

Sl mun

3

F1 F2 F3

4c1 1 0 1

51€C2 0 1 O

6/|C3 1 0 1

7|Min: F1 + F2 + F3
8s.t F1 + F3 >=1

9 F2 >=1

10 F1 + F3 >=1

I

12| # declare some variables

13|# each variable is a binary variable that is either 0 or 1
14/# 1 means the cpd exists in this food

15la = pl.LpVariable("a", 0, 1, pl.LpInteger)

16|b = pl.LpVariable("b", 0, 1, pl.LpInteger)

17lc = pl.LpVariable("c", 0, 1, pl.LpInteger)

18

19|# define the problem

20| prob = pl.LpProblem("cpd-food", pl.LpMinimize)
2
22|# objective function

23|prob += 1 * a + 1 * b + 1 *x ¢

24

25|# constraint

26|prob += 1 *x a + 0 * b + 1 >= 1
27/prob += 1 *x a + 0 * b + 1 >= 1
28prob += 0 * a + 1 *x b + 0 >= 1
29

30| status = prob.solve()

31

32|# print the human-readable status
33|print (pl.LpStatus[status])

34
35|# print the values
36|print("a", pl.value(a))
37| print ("b", pl.value(b))
38| print("c", pl.value(c))
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C.4 QIIME? dada? denoise-paired

C.4 QIIME2 dada2 denoise-paired

Code C.4: 11 & F 7 ? giime dada? denoise-paired :}Fl A ﬁi—ii%] Nz E R
7 % B 7 table-dada.qza ¥ rep-seqs-dada2.qza & Hg#h ¥ 9 table.biom ¥ dna-

sequences.fasta [82] o

giime dada2 denoise-paired \

1

2 --i-demultiplexed-seqs demux.qza \
3] --p-trim-left-f 30 \

4/ --p-trim-left-r 30 \

5| --p-trunc-len-f 250 \

6| --p-trunc-len-r 250 \

#FeatureTable [Frequency]

9] --o-table table-dada2.qza \

10| #FeatureData[Sequence]

11 --o-representative-sequences rep-seqs-dada2.qza \
12| #SampleData[DADA2Stats]

13 --o-denoising-stats stats.qza
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