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Parkinson’s disease (PD) is a worldwide neurodegenerative disease with an increasing
global burden, while constipation is an important risk factor for PD. The gastrointestinal tract
has been proposed as the origin of PD in Braak’s gut—brain axis hypothesis, and there is in-
creasing evidence indicating that intestinal microbial alteration has a role in the pathogenesis
of PD. In this study, we aim to investigate the role of intestinal microbial alteration in the mech-
anism of constipation-related PD by mediation analysis, which can test and quantify the extent
by which the intestinal microbial alteration explains the causal effect of constipation on PD
incidence. Results of the microbial differences analysis showed that 18 bacterial genera, 7 spe-
cies, and 11 functional pathways are significantly different between groups of constipated and
non-constipated subjects. And among these bacteria and functional pathways, 9 genera, 4 spe-
cies, and 1 pathway had a significant mediation effect between constipation and PD. In the
above results, all of bacteria that had a significant mediation effect were short-chain fatty acid
(SCFA)-producing bacteria that were substantially related to PD. Results from the mediation
analysis showed that up to 76.56% of the effect of constipation on PD was mediated through
intestinal microbial alteration. Our findings support that gut dysbiosis plays a critical role in the
pathogenesis of constipation-related PD, mostly through the decreasing of SCFA producing
bacteria, indicating that probiotics with SCFA-producing bacteria may be promising in the pre-
vention and treatment of constipation-related PD. However, there are three limitations in this
study. First, there are several potential confounders that should be adjusted were not provided
in the original dataset. Second, our study was conducted based on the assumption of constipa-
tion being the etiology of PD; however, constipation and PD may mutually affect each other.
Last, further studies are necessary to explain the remaining 23.44% effect leading to PD by

constipation.

Keyword: Parkinson’s disease, constipation, microbiome, intestinal microbial changes, medi-
ation analysis
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11 757 %#F
111 Mg g A ELFAR T
tr & & g (Parkinson’sdisease > PD) & - AR 7Y fp4d (g % el A G901 5 I

IR PEERA G ke B ATE KT A @ gk (motor symptoms) 3 ZLiE # o ik
(non-motor symptoms ) - B b ko FEHogp kG PR KM EH B TR S L7
£.8 5 LE R R R G A P R F R R s~ B ... % (Rai, Chaturvedi etal. 2020,
Rai and Singh 2020, Rai, Singh et al. 2021) - # & % € % B Hoehn-Yahr » % % (Hoehn
and Yahr scale) (Hoehn and Yahr 1998) {% & #0 & & g 2 i Br £ AR & cm= e o - 4
PRABLZIY o d g1 (B REMIPE b RETE) IR
B b (iRg s AFenfin™ o DR P EE L) e ESE R W v EE
% }_-;;;:Jgi e § 7 A1 * 2% % = (Levodopa) % # & i% (Entacapone ) ¥ %4~ 37 'J:}ﬁe'r%-’
FORREER R ARG ML s AR ED R AR - F L g
im0 2IROFE NG 03% 0 o RS 0.15%(K 4, & &'E etal 2018) -
PR fEFEERMEART > TR T 60 R A v B 1K HEE
F i § # % 19(De Lau and Breteler 2006) « %4 7 £ &£ v ¢ o s f H @ A diphn R
FlE S YR B $%«ﬁﬁﬁ%ﬂ4»%%E%Eﬁiéﬁﬁ%%ﬁi%.
R A G R S ¢ e Bto & & < (Stirpe, Hoffman et al. 2016) - »* * > BB *&
f%g{@@gﬁ&ﬁ%ﬂé’Bﬁww?%ﬁﬂﬁﬁ@?ﬂﬁ%‘f FH2E RS
B ST PN & BT F’g; B o & & A 0k & (De Lau and Breteler 2006) 4 7 ¥ 1f { &P =
WhIEIRFL CEREF - REELERFFOAETEET RN ATV R AR
Roto & < ek & € % i<(De Lau and Breteler 2006) -

H}

112 FREHREFIE & g2 i 3
HO L RE B R A L E G R R T L - AR R

E—ﬁi%’+?{ﬁi%&%%iéiﬁﬁ@%ﬁ%’%iﬁﬁﬁﬂ‘ﬁﬁﬂﬁiﬁ

{=rdi® (i ¥dp- ¥ > = =) ¥ (Lemboand Camilleri 2003) - & )I* Ec AL
EHELE LN A SRR T G g BT AEAR - A2 R EI IR

& iy
A& & e 20 E RALEL R 5 i #08 k (Savica, Carlin et al. 2009) o 7 — 78 1395 & 4



>R R G T T E (Taiwan National Health Insurance Research Database ) #fi& {7
e sl R R ET Y e dp ) 4 551,324 B B FHAP S FQREATEREIAAR T3 F(E
Bc? RIER) R WOELESESAFL G &AL 328 (BWRERF L 2141
5.03) ~3.83(95% i % & 5 251 % 5.84) 2 422(95% % 4 % & 5 2.95 1 6.05) (Lin,
Lin et al. 2014) o ¥ * 4 — 38 %L & & 47 (meta-analysis) % 3 &2 Jc & 1 741,593 3 &
A F RERE R TARER DL RE P b0 SRR % g5 227
(95% 1 i % @ 5 2.09 3 246) ;¢ Fi{RpkaF i b as G pni bt
£ BBk gt a5 213 (959% 4 %A 5 1.78 2 2.56) (Adams-Carr, Bestwick et al.
2016)

113 S F2 1
AR AR R i e A FIRE TR 3T kG SF P MR A P A BT SR B PR

FHEPREPEE o a AWM BE DY EMaAPFFLILT G A e 5 10 s
e > L - BAFFEHd BFF 0 LR AL EEFMP (Firmicutes) ~ #F FF
( Bacteroidetes ) ~ *c gAF* (Actinobacteria) ~ £ 1% ™ (Fusobacteria) -~ %2 F
(Proteobacteria) ~ 7k fic g (Verrucomicrobia) % ¥ a7 (Cyanobacteria) -~ #g » #
PR AR BRI 2 &rjfjﬁr% i# 90%2 * (Huang, Liaoetal. 2021) » %% i jic 2 4= $3¢
AAFENER I FERE e RFAPFT 225 EF o) 3 L &P

»EFOHILBE B ABERFE FALI T

BB LR R SE R 2 T m R
* (host interactions ) # 5 ¥ £ 122 g VekEa ( disease susceptibilities ) (Lozupone,
Stombaugh etal. 2012) » F]* % i e 3oL 2 e FHF S A H L LM o 4o
i 2BH4p B B i A AR BB I % *& % (Arnold, Roach et al. 2016) -

114 trg X gL ERE 52 M5
B A E R LG B AF R R G B4 H R T i, (Gut
brain axis ) 7323 (Braak, Del Tredici et al. 2003, Braak, Rib et al. 2003) » # *g#hi § ~ i

@ ¢ fRAd &k su( Central Nervous System>CNS )2 #5 4¢ 5 % ti( Enteric Nervous System>
ENS) 2 FenfEo i » A & f FERLELFE AL > T B4 genli ey %

3 b Flebr B ] (do B S RS %) o B AN RESED



BEMA RS N ER R 2 RN B RESA S T Er L R E S
e E NI T P fRAY (& % Bugp 3 7 % (Carabotti, Scirocco et al. 2015) ¢ - #x @ 3 »
M FERST R R R AR Rt oV e A2 L RR
}if,}qﬂf P A PR A A fE e %ﬁl‘{ﬂ!ﬁﬂ%iﬁﬁﬁ’i it % #(dysbiosis of intestinal
microbiota) z_ 3 % (Lozupone, Stombaugh et al. 2012) -

115 BF 52 #4

Yok oerit o P h RS BEHA T Rk R e AN p 2 G 7 M B T i fophk
St g g animiB il oy AR F o a B Y - BROBOBHIT L LS B E Ml P
e e pwitG W AATEAMESSERFT SEMKLEAFZRE

(Keshavarzian, Engenetal. 2020) » 2 ¢ 5 - 44 36 =t g AR FEF SIS &

PR Y BT 8% g RS F4% (Bifidobacterium) -~ %533 #7 4% ) (Bacteroides
fragilis) % } #c 7% (Clostridium leptium) 2246 & g2 BeE /2R § — T bl B
(Minato, Maedaetal. 2017) o 73T % % =it < I‘Jc L R AR S R el CRE N S
B A g ] blhe DB A R B IR R IR e 1 1
fo v FOIVRA g4 2 5 7 ad S 3 (Huang, Liaoetal. 2021) - § ABHE_s B 5 s
AR e B ﬁJ €% 2 i 2 it A fimhIR % (Ohkusa, Koido et al. 2019, Zhang, Wang
etal. 2021) > ¥ iofa i Fo4R B D% 3 e & 4 77 B8 ) 7 e (Bisacodyl) § »%in o
WV R - fERA IR 8V F ai % i T ez L g g 7 (Khalif, Quigley et al.
2005) ¥ *he F - IR EEGEBRE T I REF TS EMALA T A I I FPA R
(Lin, Liuetal. 2021) ( Experimental autoimmune encephalomyelitis » EAE ) - B2 =R
BB AE T AR S A R s A B G M e %‘P:‘;i’ﬁ -
P2 EEREOLFTURFTHEME PP R ATREREMHE & g2 B aidd]or
Pk d o

12 75 B s
FIFATARENA S EHRAFREEI 0L ERZ B OB AEFT P 0 AP
A G BE P71 € (NeuroGenetics Research Consortium » NGRC ) #7 # & 2 L
1958 2 E"ﬁé},%’ BN ER AR B EAT S EMAPF R EROE H R



R A E Y AR R R SR AR BRI REREME
Foma BT Rk R SEF AR ER Y 4TS B NEFHEY 4
Rl B ML P AR TR A SR K AR Fi0 g G g E ik

PSS R E R SR G L TR R T -

13 s~ ¥
ARH IV RTRZFEP AL ERAPFTEAFTEEREFH AL B F ¢
ERASTREREAFE S 2 S EMAPTHRL A2 EF LA S22 0

FFA2L A v S, 45~ Alpha 2 Beta 5 A4 A E R LR A4 B RS
LRAB A R SH AR S ML PR R Mg e 7 Ao A
17 ﬂ% FZ RS R RRAP AT A Y AR A L B E o BT R

P A TR R BN ERP ART R BEATT S e okt 5T R 444
ek B o TP S S e R 2 TR B R T R Rk



FoF - HEe-E
1 FHEBEE G R RP
AR ATAITOR TR Y T I B HRAhRE ( European Nucleotide Archive >
ENA) B~18 » % % 78 % ERPO16332 > ® 74 Tl % % B aie# 2 33wt > Fpt g iz

22 FHEFEZ GE

AR AT T oF Kk p Hill-Burns # %‘?—"“ 2017 & #173F 4 v < (Hill-Burns, Debelius
etal.2017) » # ¢ 1330 =% Féi‘ (185 =9 4> 145 =4 4 » T35 E# 69.2 ) & 5
PERPT BB T TR F 2P mR > 2 % 5 2014# 3% 322015 & 1" 8
FHEAREF e 23 f f A SRS S TR LN 2T Toh 2
7 FIAp B #F Ay & Hamza & 8 5 <73~ (Hamza, Zabetian et al. 2010) ¢ 2&-imfcit o 3 30
?ﬂﬁ%*ﬁ’“'m,%ﬁj*?ﬁ@*?%ﬁﬁﬂﬁﬁiﬁ%ﬂﬁﬁﬁ*’ii*
B¥H TR R R T T A EE WP R F ¥ 19 % 3 (Hill-Burns, Debelius et al. 2017) -
BED AR P %37 DNA 58 80| B AL 5% &) ¥ B is 8 ¢ w5 (adapter)
% 16S & 515 (primer) o £ i 7R & pF: 48 & & (Polymerase chain reaction » PCR)
(Mullis, Faloonaetal. 1986) » »* & — féa dEpFF ) #5383 DNA 7 B2 4 WHir > 1 & 4+
#H16SIRNA 3 AR B FEFH W > NEEFHE DR (FHF) " FELARI PR
AL T ¥ s RERE T LABE (lluminaMiSeq) i (7 27 - 5
e g g & o2 AR a2 & 25 (Next Generation Sequencing » NGS) Hojis o

Ei% P en330 Ti%?;ﬁ—*‘:s,‘f v ”ﬁ 199 = (133 > § 166 = 4> T 35E & 684 k)
Ad AR RS FRERERME a;ﬁ? ¢ Mo iE = hfpsk Y Uik (UK Brain
Bank criteria) 2 137 875 & F gk F 0 20T 0 181 irdle (52 =9
Mo 79 A, T 704 &) PIA_p AR E }"’a&nix?mﬂ =191 “}i){’a‘a o ¥ KR
FoBLERPEGM G TR DREREER Y L EFERREB AW A
ﬂﬂGaﬁﬁij%ﬁ%gﬁﬁgwgwﬁm’ﬂﬁiﬁpz:&Gaiﬁﬁﬁ%,u
FIT 324 =R RFEF RS DT A A7 o



2.3 HFFML F TR
BAZBEHAFRIITRAR S D455 F e T g A 4rw 0 5 &5 AL gL
SR B 2§ AR A 16STRNA T4 o A 8§ A 5 8 20 4 25 A TR vk

SH

o
=4
-

W E - B Ao AR 16STRNA A7 FAL > ¢ £ A2 2 2 H g Bfe1 £ 2
ik AEBEEATIEATER A AN c Hon e 2R (- ) o FEwmA kR

RIS G & o 8 7 o

3 7ok
(1 E£# X : fastg )

!

BT R FEATRY
(4 B & : Trimmomatic)

§

B FFIGBBHRE
(£ A T2t DADA2)

4

BT %R hAETE R 5
(R T AR EHME
DADA?2 +SILVA )

eI 12 TR
(AT EREFRE
PICRUS12 +KEGG)

W (=) P Fg ikt b T IL A

2.3.1 16S rRNA F#LE

ﬁiﬁpilﬁiﬁﬁ%iﬂ?ﬁéﬁkﬁ:i&ﬂﬁ%ﬁﬁiﬁ%(Wmmmmr
genomic sequencing) * P %3 + % & # (targeted ampliconsequencing) - & {4 % ¥
A DG ?é"ﬂ’z » 23 & 444 16SRNA (mFY £ 85w adhAFYER) P 3 R

6



% 2 % (Highly Variable Region) e/ 7|7 2/ » 7 ApR > ~ F 5 2 g >

&
F 5 R AT ER P A T o A AT R &€“4Wﬂ°

B F Lehft L fastgr 3320 B & A IDS#ARIE SBFFR
B L2 i Trimmomatic v0.39(Bolger, Lohse et al. 2014)#-5 7| F 42 2 F * T chdrda +
23l 3T £ F % * DADA2 1.16 %% * (Callahan, McMurdie et al. 2016) 2 * #§
-+ B 7% 2 (Amplicon sequence variants » ASVS) z #ci f o i3 wikie 4 F1 5 7
a7l f € S gk (74 27 H - (Operational taxonomic units » OTU) #_ 8 4 3B 45
BEARIL T E 0 M A R e PR f3 - BFTANE mE2 2N
# 5 By 48> F]ot Rosen & 4 A3k 1) DADA %% & /2 pF(Rosen, Callahan etal. 2012) » %
BAEH OTU . eom 5% j347 R i+ A 7R B > w2 4 & 2460 o
(denoising) - ~ i}{g\ TP PF TR B0 Y 2 ﬁguf TS TR RE R Y E)
RE AR LFEC H-P By T EHEI- 2 BHB I EIIRE

#* DADA2 &7 16S rRNA Tl g2 ciath Bgde™ 0 5L A B BRE S 7| TR » &
flr 3¢ srfilterAndTrim ¢ fcie 72 B ¥ 4 F 54 removeBimeraDenovo
S A 0 B A WIERK AP T B IIRR A o BT RIRE Pk
# 3 ¥ € #1F phyloseq #% 75 &>t otu_table ® > J A 4P B AZFH S B AR R 3
# g 2 R (absolute abundance ) - ff{;ﬁﬁ: (reads) #c® o pL ot > Ny ¥y
- % F i DADA2 2 SILVA & 7453+ B 7| R B onfr fars g~ df > B35 B3
RIAVRERBOR P %~ P ~F B ~f a2 hSILVA G P 5§ L agicd
PERE B - BREZ AR (wE- T @F - L) K25 RNA AFR A g s F
PR SRR IR AR < 0 2 TR AT R R ek A 5 SILVA
132 -

2.3.2 F iy BETER
BB ERAFPEI T REF AN ORB R AP B S R R R Ek
Lo S GRS AN L ER o R RRANANEANET £ 2% (Kyolo

Encyclopedia of Genes and Genomes » KEGG ) (Kanehisa and Goto 2000) #-74 it & i e
KO Sn¥iid e = ¥ R enrd iy Bt LfLe A P 3nie 24 2 & § 4% PICRUSt2 (Phylogenetic



Investigation of Communities by Reconstruction of Unobserved States ) 2.4.1 % % (Douglas,
Maffei et al. 2020) & {7 4% T » PICRUSt & - B A3 453e 2L FI B 73R R # v B & ek »
% 2013 £ 4 4 ¥+ 2020 £ 4 £ % = % PICRUSE2 » = %2 3 B 4pd— 5 a3 1 - &2
bR Py 2R 0TU @ &7 1 ig % ASV enf 7| 3 o

2.4 $hpt4 g7

S P T RAILS o AR AR ERREA O AR AT RTREHRS &
RFFLENLR 2 ARFETRER DY oot e BHX T A LA P 5 RE

S REHS A B REEL AT APEA C SEH A BB E A BT

A -2 (7 Alpha 5 $ 152 Beta 5 R~ FEARHE R 0 2 H R LR R 20
SR L

241 < r gt

EQ Tﬁ“/»\wj,rrﬁ BN E LFRRIOEHEVEFLZEA AL T LA A B

TG AT AR O ARG RV RN T A S - RART
Wooe g ER S EE AL F VRE LR £ 45 3 (Body Mass Index, BMI) 2

TR (ER CWRE ALK ) (2 ARV o7 LFHEREENAEYR 2
rEAYH e 7 R A TG F PR AT R PR AT
PP AT F PR TRGEAT I PEBER e SRR 2 7
FRA T 0L R R G A o Y S A R R B
e Wilcoxon % &Fr# 2 (Wilcoxon Rank Sum Test) ; #f =] 4] % #c & * + = & =_(Chi-

k= (Ag —=

N

squaretest) » T - E AR EIR o

2.4.2 Alpha % # /4 % Beta 5 # /¢
1ﬂ%&ﬂﬁ%ﬁ%ﬁ%i%ﬁi@ﬁ%%ﬁ’ﬂ**kiiiﬁ@%ﬁ%ﬁ%ﬁﬁ
AP EHCERSET e 5 - BZEFA 0TS Alpha % 1 > Alpha % % 3

FpH-%Bpikst 25 A2 (Richness) % 323 & (Evenness) (Whittaker 1972) » #
PG ARG - BHEIIEEY G OF R A0 R - BHIREY FAERF 6
R (A FBIE) AR AT BH S AFIRE B A Lo Alpha § kit
ip % > 4 = 5 Observed - Chaol (Chao 1984) - Shannon(Magurran 1988) *
Simpson(Rosenzweig 1995) » #i = &% FI 2§ & ofLL > EAZL i & Alpha 7 fk{24%

oo



+ »Observed { 23" % F & fj ¥ 2 4p4%-~ iﬁﬂiﬁﬁﬁﬂ“’ WS B RR AT
Choal RI* £ 5 ¥ o7 - B2 L B FAREL R EFREDI Ropes - 2
BeangERE 2 03 12/ Edds 784 Alpha 5 fRi2A 4 o i R R 22
phyloseq 1.32.0(McMurdie and Holmes 2013):7 estimate_richness & #c3t 5 8
= F R ANOVAKR T h 77 & T fRptkha # 4 hAlpha 5 i £F 5 280 £ %
FHRAREREGE UG EAES Expéz—""“*a‘gfﬂxf'“m/w\ AR o ZBIR AR

I3

R % i phyloseq1.32.0 = plot_richness & #c:* & o B AR N (= )

$-BFEGEAOL Beta f 2o Beta SRR LR THRE 8L TRE  Frfie
2R ehdpdh o bt T R R T s aﬁﬂ”"%@ﬂ* 2R AP AR o
Beta % $ff42 * B i F ¢ 1 RifpF e d L B0 H - AT apedped ¥
f1* & * #1> 2 ¢ 9 PERMANOVA (Permutational multivariate analysis of variance )
e T (* ¥ 17 ADONIS 46 =) > & T ¥ 2 B gL a7 4piT 0 7 T ie T3 Fdp 4R
BoeBh s AEFT TR GGERIEE 2 2V 0 Sa g - 875 AT BE TR
(Phylogenetictree) = » » ﬁ} LY A R R R R T M T R apedE
> f B e UniFrac iE3E (Unique Fraction distance ) i £ ¢t 2 » @ 2 X v £ 2 T £ F 3%
EMALE ) s 5 4o UniFrac 232 (Weighted UniFrac distance ) % 244 ## UniFrac §&
# (Unweighted UniFrac distance ) (Lozupone, Lladser et al. 2011) » 2 } jEZsErE v &
R % ¢ phyloseq 1.32.0(McMurdie and Holmes 2013)sr UniFrac Si#c:t 5 @4 ¥ - #f
ZPEHEE G R R A AR KRB TR AT R BHR S RSB FARTRBGH G
T2y e aesl > 31 B 2 jE#E (Canberra distance ) (Lance and Williams 1967) i 2_y* % »
R P F 8 * R £ 2 vegan 2.5.7 shvegdist St B A o 42t B RIS
AR etk 2 (HPERMANOVA f& T 4§ 7 & Rk ehid 34 25 e
ot £ FF 743 > PERMANOVA % 2 8 - fa¢ el sl S ¥ 2 i 7
(MANOVA) » B3 4% 85 FE > 52 8407 ¢

_ SSp/(a—1)
" S5, /(N —a)

Ho 5SS, 5 e AERET 2 oo d SSp —SSy P E A @A SSp LT e (A = &



%@)ﬁ&%i*ﬁ%uﬁ$ﬁ@&(ww5méﬁﬁﬂ@@wﬂwﬁ&%i*%<L

MR S fo)h R ek 4k de(n) o A F 7 L BAeB (- )% B(= ) #7om (Anderson

2005) - EFLFZBEHHE AL EHE (permutatlon) P E L el FiE i
k)

k@ R p-value :

-~

2

N

(No.of F* > F%) +1
(Total no.of F™) + 1

p —value =

B FT 3 A H TR ah PR any § 08 FORIZ BRI ZTH (Ril e
SRATIFE R TAP RN RT R BN FE R RSP 0 G A I R
FRABZBERNUEFTRY Y TRIEHA B2 Ea I njeiaid g7 A
e AL Mg A PRI * R 22 vegan2.5.7 ¥ hadonis

Sl E o hBeta SHEMZERY A PEF R - KA SLEEY B
3 A& 4 47 (Principle Co-ordinate Analysis » PCoA) » 3% 4 47 &_

]\M

B et S 2 i
B - G BRAAS AT B AL At o AN R
SFEAE R BB (T BB L o R g WA B B % (Palmer 2004) - Beta $
iz A mG LT e (2) -

[N

Variables
(e.qg., species) Observations
1,2, ..., P 172 ... .. .N
1 1
» g 2 ® 2
.E a G
® E Matrix of S
5 @ raw data 5
®w Calculate distances @
o o - o
0w among all pairs of
= observations -
N N

/

§85; = sum of the squared distances
in the half-matrix, divided by the
total number of observations (V)

W (=) :SSp&2 7 & B(Anderson 2005)
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Observations

Group 1 Group 2

M

55, = sum of the squared
7di9tances between replicates
in the same group, divided by
the number of replicates

per group (n).

Observations
Group2 Group 1

W (=) :SS, &2 7+ % B (Anderson 2005)

243 pHERALE A7
B AP B AR S E AR TR M e R £ B A 45 (Differential

abundance analysis) > ¥ & £ £ & 47 242 $ B licdp it A TP 0 BT A 4708
RIS NG R AR D FEA P PR P RLR DS E A P TR R
M G A FEMA P L BRE AT 2 d AN DL R 2 PRGN
AT F R TR R PRADRE R TR P AN AR
g2 r 4 (Absolute abundance table ) i& = i+ i+ (Normalization) 1 #% "%i weni
Poof RenD ARG A4 - Lkt (rarefaction) -+ ,T*'«!—\lﬁ"* B AR 7|32
Wk R R e R B A AB R EOTIRT R RGE TR R R BT
Wi 4 F PR B E AR R R AP RS T R h R
@ "% M (Weiss, Xu et al. 2017) ; Flt 2 {7 3 ,Iiak,w Foob—fam RS FE o b
( Total-sum scaling ) (Lin and Peddada 2020) - i}w&w\ g & 2.3 AT D eh o A

DADA2 *rj (7 ey + A7 R B ik P DB L BT AR E AR AP HER
Ao Gl S BTN BH T BB Ak A g HERE D ZRADLER B8
HER LR L EE R L ¥ (Relative abundancetable) > 2 # b2 kA

-

PRI - ReF g o BHFAEHEY £ 8 2P g Wilcoxon & & fr#k 2 (Wilcoxon Rank
SumTest) » & T j & T fpHehd B A P Eicd 2 PRET 3L R o BN
¢ * UL § (volcanoplot) & 3Ryt 258 % » HAENBF 2 ey (2 ) o L LE™
log2(% i 2 #) 5 # #h> —logl0(p — value) 3 %idh» #-5 o WHORHEALRAZ R
FALE I B P R BB E G R RN B SRR AR N T daip
"f P S B RE A T RE R EN T Hip e R A F 0 p-value B E

11



Wilcoxon % s fete 2 %% c @I LI b B R REF PR §F L ZHP (L
FfE ) & AR N T oA i R 5 0 ko i S R B AT &L
Flt A PE R F R R RBE L RE RS - BEE (2X1070 0 pHiEd
S AP Y R g BR L 1003 B ) R R

244 His BEERA AL F7

Ed 5 233 2 FTHEILE > APREHS RRSHHERER KT RAPRLERT
AR E B QRERA BB F P N RAERLTF AR @V PRY B
= ;2 ¢ g White’s & * # t # ©_( White’s non-parametric t-test ) » #* 5 White & £ 3% 2009
£ G TRk 2 AT e TR 2 & * Bk 27 % (White, Nagarajanetal. 2009) > 2 & £ :§
¥ e iE AR ‘,% Bt (ttest) TR 2 ¥ A GEX SN PRE BRI - FE
¥ E o ¥ EAFHcK 5 1000 = o T3 i 2 % 20 p-value i@ * Storey FDR & v &1t {8

2 EfL % g-value > 12 0.05 (5%) iF % & % -k > 5 g-value <0.05> Bl % 7 7 & i foi
A EERFE AR H R REZPHERF EF AL R T o AT APY R
STAMP ( Statistical Analysis of Metagenomic Profiles) i i7 & g @R # & ME % S5 -

25 P 4ot A7

LLL—E—_gﬁ;kffajghggf;agiﬁj%iﬁfﬁﬂﬂ sy e g b BIMAEWAL I FLELFT
WRIE O R A TR R T AR S 0 T a2 )2 B
XL AR A Gt RA LA Y A RA LR R &
AR RTAGE - AT LAl 2 SRt o R L By A
grend fonfl B ERIES £ 0 A TS 2 A 2 Bk B G B
Hed et fogr 2 BEREY Ao o

=%

ARSI S

\\\

ﬁ’

25.1 FHla g2

BEMA TR (HFH TR REP AN I # N RETE) 20 - i s T
(Compositional data) > =f*241]5% (Constant-sum constraint > CSC) & % & Ffle- B
B s %_aggﬁ BHbLF- AP PRIcs - E=E (1 & 100% ) (Kucera and
Malmgren 1998) » e » F] 5 § F it a8 > AT B ded P2 BT L 2L
o FRHEY - BRAIPHERES TG EE AR EREEM X P Y

12



et e & THAD S BAFEe £ (Sparsevector) fre o B¢ fhpie £ L2 ¢ g 3F

TR RES T RARGE (T H) 2R PBEBEE
A ek & Bk (Aitchison 1982) » F]pt 2 78 2 & S H ¥ i 3 02 24 i R° 48 (Lin and
Peddada 2020) - e {rjﬁﬁré—f: BRI e B¢ FF L EL 00 TR E T HEERE
o AP - GG B4 - B P A0 BelE o 5 % 38k (Pseudo-count)
(Xia, Chen et al. 2013, Mandal, Van Treuren et al. 2015) > @ & =7 ¢ > R ﬂ”fiﬁ.“! T
P R il | B E %502 100 4R )N (F S E e T2 X 1070 SN A R
BPhat i Erdiigi o P2 g 0N EH4eT

M=log(#H# + A 7| R L 2 A HE R +2x107°)

EHELLEEIREZ ATk % PR REPRIE S 5V B - R oo gt
BOOREEAPYT T OB EMS AN A S IR AP o A0 @ Hill-Burns 3% 5 %

% ¢ thiag# (Hill-Burns, Debelius et al. 2017) » %5 1 3130 & 10961 » chif 3 + B 7
RREEF RS P EA BFT 283 2 102 B0 H P AP L EHFRM T R EE
&8I FBICEASA & o BER] € 1T 107 B2 79 B

252 P AL I G

e g P TR o BRI RERERIA TG EMA SR 2 ERE LR
o m ARG EY A TR E A PR IRERE DS SR
2 B enF R a2 fRRARR o P A Aa T 5 A A 4T i@ AR ) H O B P hE SR
3 F R AR IR AT > MR E BRI ERL M s o B B2
1 25 B AL ) AR A T RAS - TR LR e A D H s 2
2P FEOE LA AU AR AR L DREE IR BRI R A
WAET G ERER PR LT R IR SE s 3V A EE
BWHlg 2= o AT RS EEA ff’“ﬁ-“u? MEEY AT TR RATE 2 - B
&P 4 F]F o P Al 7S 4 Baron 2 Kenny #1986 £ % 4 > @ @ e 4
st AR FE A - P A TG Tk & F1F (Exposure) £2 % % % & (Outcome )
F) 5B TR Y 5 2% P A F]S A1 287 g + 0] (Baron and Kenny 1986, MacKinnon 2012) -
FEFEFAREHEOSR O T EEL S ¥ EFTH > Boca E 4 ﬁ} 4 2014 & & 4
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® 4 s~ 17 > 02 (Boca, Sinhaetal.2014) » @ A £ ¢ A F]F T o X TR 4 FF 2
BRE fhenfb M F oo 0 T 43¢ 4 ¥]3 (Parallel mediator ) ;2 7 5 A # 4 %]+ (Ordering
mediator ) | ’m*"*‘ I T FmFER A TS S ‘ﬁﬂ PR P EIEREREF R P
Bl o ad (ALY o QREREMHEESESY S EBTFIFZ2ZERE 0 x4
2Z2EHZ P AFF A2 FEETREMNTAFTEMG P 4TS é%i‘%ﬂii,&;%u
AR RELYATFF L gR F AP A 5 }:%?Ig%é‘_ﬁg AR g 3
EHA R R B P2 B EIF s g T F R R T A
R S RFAL P EFE Y A TS o

APRERFFHESRE S S DR EHL ok (Total effect) » T3¢ A s
PRE SR AL AUEEBFFEEY AT HEERER ST T B
»zJis (Indirecteffect) » x ¥ f2 % 7 /i»cji (Mediationeffect) ; 2 k& %1+ A 57

AT+ HE ST g 2 a0 f5 B 40k (Directeffect) » ~ ¥ fL2 5 5 H 2k
(Alternative effect) A F 25 ¥ o S 5 T okt ta g g e % s
Bl (P A2k) - TREREESEME PRI FMHE F N p2 20 B &%
R 2 T REA T BES AR F s H g2k (7 LEEH 6 4]
F2 A ) o A BFEATR (P A al) &Rt E o 4 fj}a{v‘ 4 v ] (Proportion
mediated > PM) > fFE ¥ A F]F SRR a0 B o do% i GIARERIT 1 R AP A4 FS At
N PR T R DR BT 4] 5 Aokt BI4RIT 0 Bl R AP 4 F]S ek
FoOp T 2 ERAT S o L AR E e BT (P k) B G
F 2 A3 EK Y > 2009 & 2 2010 &,T* PEHRDY e T & PR B

HP s RREBTFF P 1532 25 RE2F 5 0+ F F5 (Confounder) & AR
£ * & (VanderWeele and Vansteelandt 2009, Imai, Keele et al. 2010) > 3352 = 27 7 %
B EEE R F G E PRI BRESEVPURER R EER Y
ig 2 4~ (De Lau and Breteler 2006, Yatsunenko, Rey et al. 2012, Xu and Knight 2015, Hill-
Burns, Debelius et al. 2017, Picillo, Palladino et al. 2021) » F]pt s e dd-H 2% 5 ¢ A s 4 37
PREERE DT ETFF o

253 B— ¢ 4532 IE > X b3t

Hok o PR E B 2 RN T R E t  FR as] e f
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e sl H AR 2 T %M B4R (2 ) fro7

iR 359

— T

& Ao AK My > e ARKE
Tia) He 2 ] e 280 HE

Y

MR~ g BB HRER
W (z) 8- 7 G552 FEMAR BRE T KBEEmf o 10 a5

K % i e o2 0

S EPRY A ARFAFE T 2 RACA

R

Pr(Y: 1|A,C) = Uy +O(AA+O(CC (ﬁ_ﬁ"i]_ )

Pr (Y=1|ACM) =wg+ wg A+ woyMp+wcC,k=1,.., K (3] =
E[Mi | ACl=Bo+BaA+BcC k=1,.. K (3=

HP Y atad &g AsQHREFR > (M, My, ... Mg) » 5 & KB%igiksd $ (*
Voosz BRIEE R AS (genus) & & - Ffh (species) & &2 # i Eir) - C 5+

FEF e R (@ ghu o ERE LT pESGES Z BRE) -

A - P A paE 2 - Bouta g g 5 % #ic (Dependent Variable) @ i g
B2FEFF e £ 5 p % (Independent Variable) % & 27w Eﬁ?ﬁiﬂl ( Logistic regres-
sionmodel) = @ #-3] = - A - Bk E Gt S R BDRF AT A 0 kg %
R T AL FRFT R0 Tobae T LRS00 KBS

//fvdgfij}»;' ’ rﬂl}b}\‘ﬁa;ﬁ%}\é; Kf@;’}’f_‘i‘: ’fﬁﬁ:ﬁ&(wo‘wA‘wM> Lébq“]]f' ° F\':'*%t\i""' ’
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Aips ZRZE KBHAZ > M EBHEMKEP S RRE (RS FHFF 5
BHc2 RN F*W"ﬁjﬁ%s“: ] (Linear regressionmodel ) » ® H txdic (By~ B4~ Bc) — e 7

e -

BAER Y > #03 - ¢ Qg R Tl (0g) F TREREME FRaTrtl &
BHECA - P gk Tl (W) » R (P BEESEMI PR 4T
AR & B g arall) - F BRI ¢ QR h iRl (B ) RIS TRk $
EBRGEMA T R Y H - ¢ AT 2000 (TRERSE L BY Kk
dgiliea PEME S pary) £i5E£ 82 (Differencemethod ) B € > £ B2

Al tre §F Lenthlicinit 3 22— » 2 § % *:“Jﬁf‘?:}fﬁﬁéﬁiﬁj om £ RiE

Yo T oL E AR S BRA 0 A B Sl r? 4FFE A AP 4 FTF 5 doT AT

E[YIA=a,C=c]|=6,+6,a+6.c
E[YIA=aM=m,C=c]l =0, +0{a+0;;m+0, c

HPAZEREFF Y LB 5RE ML AFF CLFHEFF 9 kR kR
F|F 2 G A R 4 iﬁ%’j} - HT‘(VanderWeele 2015)c @ f A B AT 7 Arad 2 oaficd) o
H- 7 Ao A a)- 2 & BHAC P QAR gk ikt (g —0y)Ti 2R’

g P A pp] s AL o ek s 250 A s enfE 3R (Standard error) B £ ¥

el
ap

Delta = ;# (DeltaMethod) m2- > st 223 & § BH 25 - BAESPESE IR LT

A

VX, — 8) 5 N(0,0%)

BRgi-dFad 2307V HAs (AT g @)Frr520) »p]:
d
Vn[ g(X,) — g(0)]1 - N(0,02 - [g'(0)]?)

FpL o AV FB'_‘ IE,'J‘(' 7 v /\ 1@7 *ﬂ,g—\zf_‘_‘\ 0'2@4-0'2@ °
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B s H - ¥ 4 F]5F a2 p-value B E_i# * B & & ¥ ¥ 2 (Joint significance test )(Huang
2018)3+ & » R KL F A BB 0+ 3 F1F (Unmeasured confounder) - A ¥ &5 B T
VETRERT M P2 on (Ba) 2 E B S I E F g2 ook (O )
1 p-value > 1A H P g% RiETT S R RN T2 p-value s SRt R 27 AR F & st
WA ad B HEF okl Y G ettt REWA T BE e

FECA R s w AR @ r 2 ahstats £ 2 4100 BAESEF R e () -

254 3 FP 4 FF2 Al X 2B 7t
BF O OAPEFAHTT S E AR R QAR F 0 & BB P ir e

9 4okl 0 HF R M GEACR () SR

H

8 Ahm I T maARE
GE 2. M B2 Y. 3
ES IR X SNE-N-F 38

W (I) 589 AFF2FRMGE: BREF KBFEm2y o 29 M 45
K i35 g e 2 i

L R Y L = IR E 2

25 - BHECU4eT ol

Pr(Y=1[AMOC) =yo+yaA+yiMy +y, My +ys M3+ +y Mg +ycC (H32 )
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B Y 2 &SR A S TR 0 (M, My, M) %4 K BHgs o (27
AAZRRBEC FRA R BBA R H L) CATERF e B (& 5
ﬁ%in‘i@’ﬁﬁﬂ%ﬁﬁ = BRE) -

Al G- Brrbtog folE S R By RFHCE 0 2 A %ﬁi% R A s
Nﬂﬁﬁi%$ﬁ%ﬁ&i%°E@&iﬁ{»@éi%Z&lﬁ&ﬂ@ﬁﬁ@@&\
FIE B #cE o BT 2 Bl B 5 107 B 279 B & 102 B o ipe AT A PATR LY
F]F LR AR e o E R @Eﬁi'ﬁ?ﬁﬁ’ﬁﬂél%%ﬁ o2 R pedf PR AL i
Sl 2 R P B S o T SEHCA S A g B AL w iFHCA (Regularized re-
gressionmodel ) - i} LRGN BB 3 eh P RS dicde ) S8 (Penalty parameter )
BT S G oo M GEOL R S 2 R AT MR R AR o R
B $BD2 oo 2R ﬁ?’?ﬁ:ﬂ]& v L A& #a Lasso w Eﬁfﬁ;ﬂ'l ('Lasso regression model ) %
Ridge @"E]T?%if‘;‘] (Ridge regression model ) » gt #b 5 iz ﬁw«ﬁ‘ﬁf:ﬂ A7 4 ch¥ iz
e JL 7 54 7 Je o Lasso W bR BTl ¢ g Al e B Y Rl i ks 00 R R
#céviE 5 't A Ridge ‘_wﬁp% v B A R B B AT 00 4 T U RE K
TR enfest o A B F il 2 BB BT 25 T & ()

% (- ) :lasso ¢ Ridge w jf i3 2 fdk Bht f

Lasso ® Eﬁ?ﬁ:ﬂ'] Ridge v Ep’?ﬁ_i’?‘;‘]
BRE |1 R R F R R 1~ "5 ok # 2 2 R
2~ B PHcEE 2N 2~ FEFHE Y e

:F\‘:_
EL]

L~ Ao ok p5 g R |1 3 S REiFEL 0
FEl

AR EPES gl P OF FRFTARSEL L 2 2o £
T oo A pE % Ridge w F H-3] (Saleh, Arashietal. 2019) - Ridge w fF 3 ¢ 0 fidicfp st 2
P S ficde ™ o

Y —XB)" (Y —XB) + AllBII?
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VliEEER] (D S BT e Sl
B=(X"X + AL) 'XTY

PSS B Fa 2 (Bootstrap ) i TR BB A R T A e o A S d AP R %
W B4 # ik 500 & 3 1000 & PFEIT T AT 0 Flet B R VPR 05 1000 & 2
%o 2o lE | Hi5E R w2 (Cross-validation) & iEdif i8> FB2 2 B @
#3152 % % (Mean-squareerror » MSE ) & 5| (A iE o B3R ehE_» 520 2

2 BB (bl AR R B H - A F S 0T F L A ) 2 3R
G B AL BRI 2 U R AR AT 2 R W I AAER A R ) I 2
Flori b £0 ArpAdrE #r REAS o8 ¢ Rldge‘?’ﬁﬁﬁfﬂ']ﬂ'ﬁ% * £ £ glmnet
4.1-2 > BRRAEF S e (1)

AR WA - P g FOTE M it (o )- # a2 ® ﬁ&:}iﬁ%}“{'d’flﬁ%@:}iﬁﬁi@;
BAle ¢ QRER PR Gl (V) 5 B8Rk (2 SEFEMA PR e AT IR
TR E A RarTE) o S EY AT 2k RABELRZRE BRI ES

FRAG —Fa A Bl s T Aotk LR Delta S 2 i i

297

2 __ 2 __ o
@ T 0y
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31 4 r B
"Ff 4o st ﬁ&ﬁﬁ;lﬂ;
%.@A‘L‘g%?% (: ) ¢ o9 ZEET

fidple ¥

lF[ ) ~ Ey}: a 3[43 II“FT (C'I’CV—%L"%B’\'E‘

SN RN

VB EAEE BT

£ AP RER G

EAE L O A

£ (2) v RG E QRS B Ry

ﬁ N

I

=31) 2 X3

FPEETEHE LT
B R A SR BT ATLE o
I{ Fp sk e ke %) (&

(;>ﬂoéz$%w§
ey

%B’\ e

5

.

BE~%RBREEAE ) 45 i
R 2t
5 p EBRH) £ X

fe kot & F g (N=199) 2 25
_7\;}—3—2%"( ’ _;ﬂ l“—‘:l;—gt ,@Abﬁgi? N
Feiplic wreifP 2 2 £33

i fg 4 (N=293) & =

A et E e

20 A St

&tk o (N=131) & &
ll_bﬁ E’#’\_&hﬁ\:]"}‘;—,l\p/rs\ﬁ/,gﬁ

B#? T % 2 p-value<0.05 -

RLREMR F TR 5 value
(N=293) (N=31)
=37
Tiodge (RE 1) 69.2 (8.77)  69.6 (9.86) 0.992
A
i E 133 (45.4%) 9 (29.0%) 0.120
7 160 (54.6%) 22 (71.0%)
%
04 290 (99.0%) 30 (96.8%) 0.354
AR R 2 (0.7%) 1 (3.2%)
5ov - B 1 (0.3%) 0 (0%)
L3 (&)
T (R84 67.2 (3.95) 68.6 (3.95) 0.101
i B 3 (1.0%) 0 (0%)
we (B)
Tiodg (REFZL) 174 (40.10) 187 (35.70) 0.062
iR 7 (2.4%) 2 (6.5%)

20

¥ B
N ﬁ_v‘; ~EB RE S P
(FpEp-£2 £33 P Y
FpEES AT
LEfedigo
AR b fo B0 & B e
ul G 93.59% % 57% > p-value<0.001) -

'h\\



LRk
= oge (JRF L)
BRE

i

B
o (8 L)
R
o (8 L)
By L
EREEREEELY A
ENCIGREY
4 6 92 )
i K Dok o
Tiof (8L
Bk E
EEFamV IR
3

A

iR E
et i B §

Tiofk (R#L)

BiRE
2345 p WS

S

A

HARE
L3 7 * P wRF
*

A

HARE
LR EE Sk
2

2

Bk E

AFFFP/ETE

*

2

BEE
%5 pEBE

27.0 (5.52)
7 (2.4%)

-20.6 (61.90)

-33.0 (81.10)

42 (14.3%)
119 (40.6%)
132 (45.1%)

0.966 (0.83)
3 (1.0%)

275 (93.9%)
16 (5.5%)
2(0.7%)

1.22 (0.85)
4 (1.4%)

48 (16.4%)
241 (82.3%)
4 (1.4%)

90 (30.7%)
196 (66.9%)
7 (2.4%)

117 (39.9%)
171 (58.4%)
5 (1.7%)

215 (73.4%)

73 (24.9%)
5 (1.7%)

21

28.1 (4.92)
2 (6.5%)

-11.8 (62.40)

-43.1 (83.20)

2 (6.5%)
13 (41.9%)
16 (51.6%)

0.933 (0.79)
1 (3.2%)

28 (90.3%)
3 (9.7%)
0 (0%)

1.30 (0.79)
1 (3.2%)

9 (29.0%)
22 (71.0%)
0 (0%)

10 (32.3%)
20 (64.5%)
1 (3.2%)

13 (41.9%)
18 (58.1%)
0 (0%)

25 (80.6%)
6 (19.4%)
0 (0%)

0.193

0.319

0.751

0.459

0.853

0.591

0.670

0.141

0.998

0.606



259 (88.4%) 28 (90.3%) 1
24(8.2%)  3(9.7%)
B 10 (3.4%) 0 (0%)

EERALEBHEHAR
263 (89.8%) 28 (90.3%) 0.494

13 (4.4%) 0 (0%)

f‘ﬂﬂé‘ﬂé‘&"&f‘ﬂﬂ%‘

Rk B 17 (5.8%) 3 (9.7%)
EZRAME &R

S 126 (43.0%) 2 (6.5%) <0.001

A 167 (57.0%) 29 (93.5%)

2(2) i RGERRBMESRES B EE 2L 4 T AP K

AfRbmé g REMEHFR

(N=128) (N=196) P-value
Ed#
Tyog (L) 70.3 (8.52) 68.5 (9.03) 0.039
A
L 77 (60.2%) 65 (33.2%) <0.001
S 51 (39.8%) 131 (66.8%)
18 %
voA 128 (100%) 192 (98.0%) 0.266
2 A AZERERA 0 (0%) 1 (0.5%)
5 - BAEE 0 (0%) 3 (1.5%)
L3 (&et)
Tiofg (& L) 66.4 (3.65) 68.0 (4.04) <0.001
HRE 1 (0.8%) 2 (1.0%)
we (B)
T (R84 178 (40.70) 173 (39.30) 0.498
BEE 3 (2.3%) 6 (3.1%)
PR FEhk
Tiafe (L) 28.4 (5.72) 26.3 (5.14) 0.004
BEE 3 (2.3%) 6 (3.1%)
Tiaf (L) -20.8 (61.60) -19.1 (62.30) 0.812
¥R
Tiodg (REFZL) -31.7 (81.50) -35.4 (81.20)  0.384

B 13
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Bl THF- 13 (10.2%) 31 (15.8%) 0.226
X iar 58 (45.3%) 74 (37.8%)
AT e f) 57 (44.5%) 91 (46.4%)
i ok o
Tiod (R84 1.02 (0.77) 0.927 (0.86) 0.326
Rk B 0 (0%) 4 (2.0%)
L A
S 123 (96.1%) 180 (91.8%) 0.321
£ 5 (3.9%) 14 (7.1%)
Bk 0 (0%) 2 (1.0%)
et i B §
Tyod (R84 1.35 (0.83) 1.14 (0.84) 0.022
Bk 0 (0%) 5 (2.6%)
£EF 5 pH_EF
7 15 (11.7%) 42 (21.4%) 0.030
A 113 (88.3%) 150 (76.5%)
HiE B 0 (0%) 4 (2.0%)
£FF* pHFEP
S 41 (32.0%) 59 (30.1%) 0.877
A 85 (66.4%) 131 (66.8%)
PR B 2 (1.6%) 6 (3.1%)
AFF*pH/p N
S 48 (37.5%) 82 (41.8%) 0.394
A 80 (62.5%) 109 (55.6%)
Bk 0 (0%) 5 (2.6%)
2ZF A PR
S 90 (70.3%) 150 (76.5%) 0.181
A 37 (28.9%) 42 (21.4%)
B BB 1 (0.8%) 4 (2.0%)
£FF % pHBR
2 113 (88.3%) 174 (88.8%) 0.757
A 12 (9.4%) 15 (7.7%)
Rk E 3 (2.3%) 7 (3.6%)
FFRBEUHERAER
2 120 (93.8%) 171 (87.2%) 0.245
A 8 (6.3%) 5 (2.6%)
Bk E 0 (0%) 20 (10.2%)
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3.2 Alpha % #/4 % Beta 5 M4 7.8 4%
ORI LG QA S 2 g s - E e Alpha 2 Beta § iRk %
A Bl4eT D g AR _Alpha SRR e i P 2P R TG P RFT Y R e A% E
PAE S R E 93 & Alpha 7 #1445 1% (Observed ~ Chaol ~ Shannon % Simpson 4
) o AeB (#) 977 0 @ g Bk T Ap G m TRk A 2 2 Alpha § R
TrakFEALR > H p-value » %] 5 0.6258 ~ 0.5654 ~ 0.5335 % 0.7536 > d >t i gk ;é—’ﬁ
e A AR AP DS ERA 2 PR REDIRTI €5 PELE T Alpha
SHRMEANFAR L RHmpY AN PRERF Y A g T (UniFrac) 2 25k S
TOOGRRA) ZEERP R R AT £ TS B A P S 2 AR IAER 0 3 kD
Alpha % 2 &% » s ahz BEERRE & (25404 ~ 48 UniFrac % 3t B £5F
) THT RAERDS BRRE 2t e EF LR 0 2 pvalue 4B 5
0.0001 ~ 0.0003 % 0.0001 o #-H ‘g% 23 AR A 472 47/ AR C LR > ¥ | © 5 2
7 23 284 4 UniFrac sE3:E (74 45 » E Lm = B chda Rk o » rj-&—ELPCol % PC02 > & 4|
R A% E 965%% 3% > 4B (=) #7175 % P34 8 UniFrac BE3E:E (7 4 47 o
PCol 2 PC02 4~ w|f2f8 4 % 8 11299 % 7.8% > 4B (~) #r7% ;@ & AP AL
$REAEIE (7 A 47 0 PCol 2 PCo2 P A % i@ % B 139 % 1.8% » 4B (4 ) #77 °

Observed Chaol Shannon Simpson
1.0

300 : } I

300 4 0.9

200 08
. B AR B

ié 200 3 a g 5

. . H 2
0.7

100
100 ¢ 0.6
05
¥ & & £ E & Fi F:

B B
B () :Alpha % $ei2 & s F4p 42 % %t i da 3] @) ¢ 2 §a 3] B & 3R Observed
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Chaol ~ Shannon % Simpson = 7% Alpha % tdp 2 T 5k LA < SRR

o

X AR 545 ¢ JE Av 4 UniFrac?E &

02 -

0.1
LI LT
cl - F
g ot

-0.1

-02

-02 0.0 02
PCol [6.5%]

B (=) ¢ A R4 740 Bl — 20 24 UniFrac sedis- 8

X B AZ 547 ¢ Ao UniFracsb #

0.4
0.2
5
< ool HER
ol - @
2 o x
-02
0.4

-02 00 02 04
PCol [12.9%]

W (~) iR 454 Bl — 20 4 UniFrac sedes 8
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E AR A R RAuE#E

0.1

£ 00y | ) : . : WE
- L 0. \ 3
& ‘ Y.l ) “

-0.1

|
-0
03 02 01 00 01 02
PCol [3%]

B (4 ) L AR THcH B — A S T B PRt E

33 HHEREZALITEF

4ot i 22 ¢ I, AP g Hill-Bumns 3%k e ¢kt o IR I IR A 10%
TA RS AR o FOFIT 283 B AR 0w At 283 B G A%

BP0 2 BhGRATREROIELRE L SPHERT PHLE - F A FH
B RIRE LD AR SR T BRI SR EF RN ARG ] 3B
BRI AR ERBLTR LT oL I8 BHL A2 1 4 '51?]% +E

ﬁ

B i  RERkhew dF 0 E  fLgkaen > & w 5 Bacteroides »
Christensenellaceae_R-7_group - Parasutterella # Ruminococcaceae_UCG-010 > #4714
BHBZ YAY Lag QRERDENEE S NG QRERDEY > A
Anaerostipes ~ Blautia ~ Coprococcus_3 ~ Dorea ~ Faecalibacterium ~ Fusicatenibacter ~ Lach-
noclostridium ~ Lachnospiraceae_ ND3007_group ~ Lachnospiraceae_ UCG-004 ~ Negativiba-
cillus ~ Oscillibacter ~ Phascolarctobacterium ~ Prevotella # Ruminococcaceae UCG-013 »
Wl (4 R R FRRA S AIRE L H I A s B RS AR
Pl7 15 BHBF AR EAFAI TR FILERT AL THEAMR HH? T3 1
®F o - %&{ParasutterelIa_excrementihominis B YR B IRRRERREE
£ QR D F1e6 B FAfAL ¥R AR QRERDENEE 35 TR

Heenie ] > & B % Anaerostipes_hadrus - Coprococcus_3_comes -~ Dorea_longicatena »
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Fusicatenibacter_saccharivorans -~ Phascolarctobacterium_succinatutens %2 Prevotella_timo-

nensis » 4@ (L - ) #r7 o

3.0
ap
i
95 ®  Anaerostipes
* Bacteroides
®  Blautia
Christensenellaceae_R-7_group

Loy c R

=5 < oprococcus_3
—

[++] Dorea

>| o . * Faecalibacterium

. ..

o 1.5 Fusicaterubacter
< - :
— . * Lachnoclostridium

_____________________________________ B e

%0 ® Lachnospiraceae_ND3007_group

— ® Lachnospiraceae_UCG-004
|

1.0 ® Negativibacillus
®  Oscillibacter
®  Parasutterella
0.5 Phascolarctobacterium
® Prevotella
® Ruminococeaceae_UCG-010
® Ruminococcaceae UCG-013
0.0 s BREARFEM
-10 -5 0 5 10

log2 1% %

W(E) R RERD BXEE pHERLE (FAhhs) @ Z-Bri- B

A AR > B0 xphilog2(BHF AR B LR BE)L Ey iR TS
2_ p-value - ‘= ¢ 4 5 p-value=0.05 2 % & > & H p-value>0.05 p|# + ¢ (4 d &

B) o F 2 FIHH I AIRRE A ATk B E T HF LR MRBRE B
| = 2
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3.0
2.51
o
ax
=20 iR
® . )
> Anaerostipes_hadrus
é_ * Coprococcus_3_comes
1.5 ¢ Dorea_longicatena
o
2 ittt ittt ettt =ittt fefefteieteieletet ittt Fusicatenibacter_saccharivorans
o Parasutterella_excrementihominis
O
= 1.0 Phascolarctobacterium_succinatutens
|
¢  Prevotella_timonensis
¢ BEBAMBAM
0.5
0.0
-10 -5 0 5 10
#24
log2 #1615 #

W (=) R TARERA X RF L HERLE (Ffak ) @ E- Wi -
BAHAF AR B P Xhhi l0g2(FHH F FAIRE LR BRE)LE Sy R kLY
% 2_ p-value - = ¢ g &5 p-value=0.05 2_ # %2 > % H p-value>0.05 p| 7 + ¢ (124 4

ER) O FZFTIHHFAAIRE A BTRERS EXFF T HEFLARNRRE F
oo

34 i BEFREELALA TSR

R A ALERA BRBE LA e i LR deR 2 TR 2 Bl A
®* - BB %o+ A PICRUSE 31 {17 16STRNA 3+ #ih & J >0 KEGG
Bp B TSR A e RS o P PES ® % STAMP R T AR LA 2 B
RS EREZR o 119 AR 0 BRERS BXRE TG 11 HEG A
BEALR > B (L2 ) 277 o 1335 KEGG & % 2 & 8 » 11 1532 5 2 #q Ak (5 3
( Lipid metabolism ) ~ i 58 f= B Ak i+ & 4~ #H( Metabolism of terpenoids and polyketides ) ~
# F+ 2 a4 % 8 (Metabolism of cofactors and vitamins ) ~ #t ik 4 4+ "% & o % F ( Xe-
nobiotics biodegradation and metabolism ) ~ Fp& 4 # & = o # (Glycan biosynthesis and

metabolism ) 2 H s =t 4 & #0244 = (Biosynthesis of other secondary metabolites )
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= AEabE O3 SEAER 95% 134 & M

B_Betalain biosynthesis ) 2.25e-10
L_Arachidonic acid metabolism 9 9.99e-4
Mt Biosynthesis of type IT polyketide backbone o 5.94e-3
Me_Lipoic acid metabolism ==y —e—— 9.990-3
X Ethylbenzene degradation | ~o- L
Mec_Biotin metabolism F———g —_— 0.015 E
G_Glycosaminoglycan degradation == —_— LYSUI
X Xylene degradation | ro- 0.021
G _Other glycan degradation E‘ 0.021
Mc_Folate biosynthesis [ L — 0.039
L_Biosynthesis of unsaturated fatty acids = —— 0.041
00 20 -0.1 0.0 0.1 02 03 0.4 05 0.6 07
L] (%) F bt £ £ (%)

W () P FRTRERI BB F 2 i pomnt 18 a et @F2 ) 10
ERE G ALR o BB Rk e YR B E ke 1T
PIEZRR S E (95%GE®RFESFIBAT) ;3 F 205 f (95%G %/ 14 F
Bl&7) o (B= Hu=td APt &4 -C= R F & 3{citdf L= "y
fati3~Mc= #f F]1+ 2 a4 F A3 Mt= RfE{fel it 64 A3 X= Hhd 5%
f3fe i 35)

35 P LA EE

TAHEFRALAE AW CAPFERD G ETRERS DXL FHY G Y FE
iz # B s w i 18 BT B2 11 R8s r AP S L HRY R B
B RphE S tag g &7 4 F]F  Ft 507 ﬁ%’fﬁ&:}iﬁ%%l%ﬂéﬁ%%:&i
WAl d enbaEd 4 F]F o IR0 P AT T 0 R S E S A -~ i)
SE2EAlZ > TR AP GG E A PR A Ak BEAck
2 407 o MM P A Lz BRRE e A A AR BT TR
Al ta g g2 WHIRGEME PR 42 R b5 7656% (p-value X
0.0177) » 27 4 BF/ETF & F ¢ M2k ~ % 5 Anaerostipes (p-value % 0.0043)

gh‘(
\\\

il

’

Fusicatenibacter( p-value 3 0.0048 )-Lachnospiraceae_ND3007_group( p-value 3 0.0076 )
Blautia (p-value % 0.0077) -~ Ruminococcaceae_ UCG_013 (p-value i 0.0097) -~ Copro-
coccus_3 (p-value 32 0.0155) - Faecalibacterium (p-value % 0.0293) -~ Dorea (p-value
= 0.0322) %z Lachnospiraceae_UCG_004 (p-value & 0.033) - 4 (2 ) #77% o £
fj}‘uﬁﬁ% Bm T oG WAIR G E A P A 2 R B 5 69.8% (p-value 5 0.0309):
B w BEfaT A F P A0k 0 4 % 5 Anaerostipes_hadrus (p-value % 0.0043)
Fusicatenibacter_saccharivorans (p-value 3 0.0048) -~ Coprococcus_3_comes ( p-value 3
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0.0155) - Dorea_longicatena (p-value % 0.0482) > 4% (I ) #77 ° B fé > ri&ﬂ i B
Ead o GBIy EkAFgite A2 FWL 5 66.27% (p-value 5 0.0445) - @
vE- - B B FP AR BT S ¥ pA R #F (p-value 3 0.0276) o drk (&) T e
Ba Ll 2 ERTIZHF Y RO RE  FBR R RL R § o
ERAAAIZ P AREERAR 1T BEF DRSS -

2 (z) ¢ Aokttt (st R EE mfiaé;,&) DA 2 R
5 QAR E IO E F i ¥ R RE TR EL Y e 2P (A) &
SEF A FF iR % (B)RIGE- P A FF 22458 % (p-value d 55 & B %

Bt (B At b (%) P-value

AR LT 2.3597 (0.7555)

R

(A)
T3 RB 0.5530 (0.0977) 76.56 %

(B)
Anaerostipes 2.1552 (0.7549) 8.66 % 0.0043
Fusicatenibacter 2.1843 (0.7596) 7.43 % 0.0048
Lachnospiraceae ND3007 group 2.1513 (0.7594) 8.83 % 0.0076
Blautia 2.3521 (0.7710) 0.32% 0.0077
Ruminococcaceae UCG 013 2.1835 (0.7576) 7.47 % 0.0097
Coprococcus_3 2.2151 (0.7569) 6.13 % 0.0155
Faecalibacterium 2.2783 (0.7581) 3.45 % 0.0293
Dorea 2.2375 (0.7545) 517% 0.0322
Lachnospiraceae UCG_004 2.2338 (0.7590) 533 % 0.0330
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2(3) ¢ At s (BEMIF 2RI BE = Ak R)  ARE 2B
B AEREHME AR S B RET BT ELY ik 2P (A) i
5EPATF 204 ES S (B) RIGE- P 41532 2478 % (p-value d 55 & B¢ %

B Ea @) .

Bt (REE) 4 A 6] (%) Povalue

A 2.3597 (0.7555)

e

(A)
T AR 0.7127 (0.1064) 69.8 %

(B)
Anaerostipes_hadrus 2.1552 (0.7549) 8.66 % 0.0043
Fusicatenibacter saccharivorans  2.1843 (0.7596) 7.43 % 0.0048
Coprococcus_3 comes 2.2151(0.7569) 6.13 % 0.0155
Dorea longicatena 2.2280(0.7566) 5.58% 0.0482

20(2) 19 oAt (B B e AR RIZ BT RS
ORI £ B ¥ Rl ST R E S Gk Y (A) 5 £

AFlF2 2478 % > (B) RlaE- ¢ 4732 247%% (p-value ¢ 5 & & & & T3

@ E)
Byt E (R P oAb (%) P-value

AR 23597 (0.7555)
it
(A)

AT F R BT 0.7960(0.1865) 66.27 %
(B)

I Lipoic_acid metabolism 2.2630(0.7621) 4.09 % 0.0276
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Yrx -~ @

4.1 Bt v‘»f'ﬂ?yﬁ
p 2003 # Braak * 4 7 =t 4% 41 % Hophiil v %k (Braak, Del Tredici et al. 2003, Braak, Rib
etal. 2003) » % 5 if ksie AP L s Hpadsh o BB - @8 s HS R
Hre p o SRS T o Braak AR T B D2 22 p R E 5D T e
A REER A S AP 5B L 2 o—RfF 2 39 (Alpha-synuclein protein ) ¥ &
R e £ - AR A G~ 39 (Presynaptic neuronal protein) > ¥ i € ™ % f&
R E S EL H R F bR BE o G EHE R T - R R &
b & AN g L L AP B (Stefanis 2012) e @ A g kA BB - R PI 0 * € &
#waAA 5 (Vagusnerve) & F #6 3 ¢ g4 55k o 3R 2 F (Substantianigra) @ ¢ %
= #epd = 2 (Dopaminergic neurons) i¥ i* (Hawkes, Del Tredici et al. 2007, Keshavarzian,
Engenetal . 2020) » # # 2 F & ¢ Mpeh- @A KPR A HPIRehd T i g A g E R
Btk k838 B (Nigrostriatal pathway ) 4 iz 5 = ¥ (- fa5l4e « PG o cadd 0 B 5 5
I % %7 a4 &+ (Basal gangliacircuitry) - ffu{;m.‘! FA %Y 22 57 kit
BB R AR S E A K T2 R G P PR B M 4Eihk d (Sonne, Reddy etal.
2019) » #Tru g BRI 0 F v § FRA G KA 0 blde D e g & Sk - Braak Tt

Menps AT PR S UREE § MR ERR - blhe TR 2 SHA L
AR FER R P RA G SR IR o G p G BT R QR RIF &
AEEMA N W BF L REDEEREP TP AT R G

=l

42 2EF 7T EEAFT 2 2R

PpApiries A2 LB - B P Aa A I RER S ESERA R A
Al E BRI T ottt AR TR S FIRG TREHAZE ETRE
W B B RABT BAM AR B MFLE > A7 URE Y E KL E
AW M ¥ B AFT T 2 5% 3 e i (Khalif, Quigley et al. 2005, Ohkusa, Koido et
al. 2019, Zhang, Wang et al. 2021) - Ii%‘u%iﬁi%‘iti LBk sn o TRERIIFE &
SEZ AR E P gt bl #-ﬂ”ﬁ 765690 > "o 4 b 4t R E A R K L &
R e A AP S RET F A FHES T EMIER Y 76569 I AL

Sz o g FopagEd o b AR Y > Y AR FRM G EME PR
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Zowm Ry ¢ WAL B v & B S g 3 %7 B ¥ 4p M (Hill-Burns, Debelius et al. 2017, Li,
Wu et al. 2017, Petrov, Saltykova et al. 2017, Lin, Zheng et al. 2018, Aho, Pereira et al. 2019,
Li, Cui et al. 2019, Romano, Savva et al. 2021) » @ % Ir P+ £ 27 if fA5 kA M 2 % i fic
FEB (oWl (£) 557 ) @ b -

A3 HFHEFFEE B2 BEER
AR g 20 B B gk 4 7 (Correlation network analysis) e % o & B < 4p B
S EMA PV REFHTRAEL 2B I REFERE > B PRIEERF
( Opportunistic pathogens ) ~ “E4&%; "»p& ( Short-chain fatty acid » SCFA) 2 = {2 pE#E
~#rF 2 [ (Carbohydrate-metabolizing probiotics ) (Dalile, Van Oudenhove et al. 2019) -
)’j‘ftﬁrf“ fasd (v ) T Ilah R fRERIIFE S p2 BHEHEEY kDY
A 4w ey AL 2 = ) (Anaerostipes - Fusicatenibacter ~ Coprococcus ~ Dorea
Blautia ~ Faecalibacterium ~ Ruminococcaceae_ UCG_013 ~ Lachnospiraceae_ ND3007_group
% Lachnospiraceae_UCG_004) - @4af; i d = £ d 7 B 0T ahpld i F 2 chbe e
fanpk o B oo daprpe @ (Acetate) ~ 3 pc 3 (Propionate) * ~ g% (Butyrate) - 4
i ¢ A p pE T (Fermentative activity ) shi & & 47 o E4d g AELE D 0 A H G
TR g E B MM o i2a x5k (Leaky gut) (Dalile, Van Oudenhove et
al. 2019) ; ®4h P AL - € B RSB E4AY R F & A F] (SCFA-responsive genes ) » 4r :
_Bjjak ¥-v 3 ¢ figfis (Histone deacetylase - HDAC) ™% fm?e (Microglia) % 3 > 34 &
¥ ke 20 =0 3 ]“_*_%g *OHE A P R ((Blood brain barrier ) 2 = & 44 (Dalile, Van
Oudenhoveetal. 2019) » F]p* ¥ {7 s'@ddt o Whfh e "o 2 HAa b Ao L LARM » 2zF 5 47
TV CEETOELSVERL YR S RRE S R R e
ERCZE I :{:)fg'ri’?%:fﬁa (Inflammatory bowel disease » IBD ) ~ iFpi# 4p B HILE PR
iz ¥ (Metabolic syndrome ) (Koh, De Vadder etal. 2016) » @ A P awry @ = P 7 0{
RO AR B s A N A e ERME AR s - BB EE S
Mo i p 4 % (Endotoxin) g ¢t 4 % (Exotoxin) %% » FaEtag S gis § i
gt et eb s g N A (Akkermansia) ~ Ff&fE FE (Lactobacillus) 2 sl & (7
¥ (Bifidobacterium) & & o 2 gt ip bl 2 £ 2 F> L3 AL Rt g S b
WP oo 2= AEABZ ¥R € H 4 (Hill-Burns, Debelius et al. 2017, Petrov, Saltykova et al.
2017, Aho, Pereira et al. 2019, Barichella, Severgnini et al. 2019, Romano, Savva et al. 2021) -
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%ﬁ’ﬂﬁiﬂﬁﬁﬁéﬁﬁbp%#mﬁfi@’*%ﬁﬁﬁ%Qﬁ%*%ﬁﬁﬁﬁ
t =

cE P SISt R R EE AL S R SR

A4 7 BEEZ SR IFF
a—#x % B (Alpha-lipoicacid » ALA ) £_H 8 'w#z & {7 ¢ B X #-( Intermediary metabolism )
Y17 g% B F1F (Enzymecofactors) » ¥ % st fRB-R L EF T A G N E 0 B A
P pRAEL 2 VEEEF - RE R TROTRESHFAIERE R A
HEE & F 5 Fis (¢ M4 (Spaldingand Prigge 2010) » & @ 55 AP M A T #F o—Fr
FMEFHEEEA N T ST R A4 2HEEREY o R R
R Ed gt g B S g B 8 F i Hak(L, He etal. 2015) o ¥ b - B
PRETET  a—FF T LR e poeniE g 8F (Reactive oxygen species © ROS)
HEE 5 T Mg g2 3 is 0 Ted g g g & 4 03] i § 4% 1(Tai, Zheng et al.
2020)c AP AT Y FOFIRAF AL F R F O A BPRFRAHT N A

T & A X )’f;ﬁ;ﬁﬁﬁ P B FERn? AFF 2243 o

A5 3 23

ARFLY  F2AALRGIEEALL - gL B iy BT TS PR F R
T F A T U B B R o A o RIBEAF R B kR
HE R R 2 4 5 (Mika, Van Treuren et al. 2015, Monda, Villano et al. 2017) » ¥ % #=
TR TH MR FE IR ER e FAE P RADER B EE e it
AR BB R e TR T B BRI Rt B g e (B
{1 ® & (Mucunapruriens) ) 2- #&P~+ ZJBAFHEFF > H7 i B 5 BRI Reni®r >
Tl B- BRI BERFELAF LA R TRI AR EF OB LTEFF o 2
T QR FEHREPHEEIHELEVET R GAAI BT A R AP ELA
*ﬁ$@g&é%§ﬁﬂﬂiﬁ%ﬂiﬁﬁgWyﬁf% BTG T AR e deid { fLE k0
BERR > A B DTS A7 G A 08 FNREE L PELT  d R
WP RA G AL -RAAPRY L TR THBBIR T s Tk hERYE
BAP R o e BEMAH 2L TN GERIRDFL  RA o L
2_F KM A )l% PaRAL s T P® (Time-varying) , 2 3&k4Z(Lin, Young et al. 2017,

>
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VanderWeele and Tchetgen Tchetgen 2017, Hernan MA 2020) > iz» & - 38 § L iz & 5 ¢
Rk FREFHDUHPF T EAPIEFEMAIP 2 8T REH & AL FE
2 AR BolkE o A Y 0 T € BRI R A R
AR oK E S 0 4ot 22 2 (Entacapone) (Fu, Leeetal. 2022) > » R4S g it 5 7 4
AR F I g R LR B LR A R R L
2RI 2FEREF 2 FEFRSIFY RERE EPHe g AL FEF D07 il
NPT RRET SRR R QR E L g2 4]0 76.569%
e 23449010 2 F R > A B Y Rl T R hF FREEFFY 5 5o W4

TR R BT RER -

46 A XEY

%X’Aw%ﬁﬂukﬁéﬁﬂﬁﬁﬁﬁﬁ’éﬁ:%@ﬁ*# TSP RS
FLMRns & o Foln T 0 B2 G RRF RO R R M e

Fli B ow bR AP 2 fF A (54 T (Psychoactive substances ) > 7 v g 4EAY iR
FE o I ] g R VR e T R R g 0 f e 2 3 R (Ren
and Chen 2020) > ie & #5 g ficd %1 ik bl 2P £ F 00 € & ch? 4 73 0 53

1-
=
3*\34

BRLE- A EAPFIFH P L F VAo E R e SRR SRR

g

ip Wk F Mt & ¥ 4 (van der Marck, Dicke et al. 2012) » F]pt 2 s 7 5 & &SR
SIEgEME PR e FRAL L PMT B > 2 B R > G R
hip2 ¢ T EnA d d TRIEFEY ARSI A A Ao T AP Y P A 47
AP A P AF S s SN Ap MY TR and ¢ o T S At ta g &S
LU E RS R A
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1% 2
AR E - BRI P AR AT AR S F R R 0k g2 B enT)
GRS R L UF P SR I LR ¢ U Y ) RNV R

ol R oy
FRPRYIPFTLL LT > 23R ABER R REL SRS EIR T Ak
T A BEL SR A LG A RIS R TR TR AR 2 e g S0 £ H &

-
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Tibrary(phyloseq)
Tibrary(SpadeR)
Tibrary(ape)
Tibrary(vegan)
Tibrary(magrittr)
Tibrary(ggplot2)
Tibrary(dplyr)
Tibrary(omics)
Tibrary(x1sx)
Tibrary(sqldf)
Tibrary(magrittr)

Toad("Hi11330.rda™)
df = data.frame(ps_rar@sam_data)
index=which(df$ss_constipation%in% c("vyes", "No'"))

psLE1l = phyloseq(otu_table(ps_rar@otu_table[index,], taxa_are_rows=FALSE),
sample_data(df[index,]),
tax_table(ps_rar@tax_table))

#data frame

R = estimate_richness(psLE1l, measures=c("Observed", "Chaol", "ACE","Shan-
non","Simpson","InvSimpson","Fisher"))

df = data.frame(psLEl@sam_data)

table(df$ss_constipation)

LI L IR | B | RS | |

df$ss_constipation <- ifelse(df$ss_constipation=="ves","3","&")

R_subl = cbind(R, df$ss_constipation) %>% .[index,]

#calculate alpha diversity
alpha_diversity = data.frame()
for(i in 1:9){
alpha_diversity[1l,i] = summary(aov( R_subl[,i] ~
R_subl[,101))[[111%$ Pr(>F) [1]
3
colnames(alpha_diversity) = colnames(R)
view(alpha_diversity)

#plot alpha diversity
Tibrary(extrafont)
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loadfonts(device="win")
windowsFonts (A = windowsFont("Times New Roman"))

plot_richness(psLEl, x="ss_constipation", measures=c("Observed", "Chaol",
"Shannon", "Simpson")) +
geom_boxplot(aes(fill=ss_constipation), outlier.shape = 21) +
theme_minimal )+
theme(axis.text=element_text(family = , Size=12),
axis.title=element_text(family = , Size=12),
Tegend.text = element_text(family = "A", size=12),
text = element_text(family = "A", size = 12),
strip.text = element_text(family = "A", size = 12)

IIAII
IIAII

)+

xTab(" g fomHA") +

ylab("#&&") +
scale_colour_manual(values=c("#E69F00", "#0072B2"))+
scale_fill_manual(values=c("#E69F00", "#0072B2"))+
labs (fi11="1 f&m#k ")

#ANOVA
one_ANOVA = function(){
m=cQ;
for (i in c(1:6)){
t0 = summary(aov(R_sub[,i] ~ R_sub$case_control1))[[1]1]$ Pr(>F) [1]

t = c(t0);
m = cbind(m,t);
}
colnames(m) = c("Observed" , "Chaol" , "se.chaol" #, "ACE", "se.ACE"
, "Shannon", "Simpson","ichaol_list")#, "InvSimpson",
"Fisher™")
rownames(m) = c("PD_Control")
return(m);

}
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Tibrary(phyloseq)
Tibrary(SpadeR)
Tibrary(ape)
Tibrary(vegan)
Tibrary(magrittr)
Tibrary(ggplot2)
Tibrary(dplyr)
Tibrary(omics)
Tibrary(x1sx)
Tibrary(sqldf)
Tibrary(magrittr)

Toad("Hi11330.rda™)
df = data.frame(ps_rar@sam_data)
index=which(df$ss_constipation%in% c("ves", "No"))

psLE1l = phyloseq(otu_table(ps_rar@otu_table[index,], taxa_are_rows=FALSE),
sample_data(df[index,]),
tax_table(ps_rar@tax_table))

pSLEr <- transform_sample_counts(psLE1l, function(otu) otu/sum(otu))

#calculate beta
dft = data.frame(psLEr@sam_data)

dft$ss_constipation <- ifelse(dft$ss_constipation=="ves","3","&")
set.seed(123)

random_tree = rtree(ntaxa(psLEr), rooted=TRUE, tip.label=taxa_names(psSLEr))
psLErl = merge_phyloseq(psLEr, random_tree)

beta = function(psLEr){
unifrac.dist=UniFrac(psLEr, weighted=TRUE, normalized=TRUE, paral-
leT1=FALSE, fast=TRUE)
ununifrac.dist=UniFrac(psLEr, weighted=FALSE, normalized=TRUE, paral-
leT1=FALSE, fast=TRUE)
canberra.dist = vegdist(psLEr@otu_table, method="canberra")
dist_method = c("unifrac.dist","ununifrac.dist", "canberra.dist")
testm = NULL
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for(i in 1l:Tength(dist_method)){
set.seed(123)
test = adonis(as.dist(as.matrix(get(dist_method[i])))~dft$case_con-
trol,data=dft,permutations = 9999)
testc = c(round(test$aov.tab$ pr(>F) [1],4),
round(test$aov.tab$rR2[1],4), round(length(test$f.perms),0))
testm = cbind(testm, testc)

b

rownames (testm) = c("p-value", "R2","permutation")

colnames(testm) = c("weighted unifrac","unweighted unifrac", "Canberra")
return(testm)

}

set.seed(123)
adonis(as.dist(as.matrix(get("unifrac.dist")))~dft$case_con-
trol,data=dft,permutations = 9999)%aov.tab

set.seed(123)
adonis(as.dist(as.matrix(ununifrac.dist))~dft$entacapone,data=dft,permuta-
tions = 9999)%aov.tab

set.seed(123)
adonis(as.dist(as.matrix(canberra.dist))~dft$entacapone,data=dft,permuta-
tions = 9999)%aov.tab

#plot beta diversity: PCoA
pcoa.ununifrac = ordinate(psLErl, method="PCoA", distance="unifrac",
weighted=FALSE)
pcoa.canberra = ordinate(psLErl, method="PCoA", distance="canberra")
pcoa.unifrac = ordinate(psLErl, method="PCoA", distance="unifrac",
weighted=TRUE)
pl = plot_ordination(psLErl , pcoa.unifrac ,color="ss_constipation", ti-
tle="weighted Unifrac PCoA") +
geom_point(size = 1) +
scale_colour_manual (values=c("#E69F00", "#0072B2")) +
theme_classic() +
theme(axis.text=element_text(family , Size=12),
axis.title=element_text(family , Size=12),
Tegend.text = element_text(family = "A", size=12),
text = element_text(family = "A", size = 12),
strip.text = element_text(family = "A", size = 12)

IIAII
IIAII

)+
Tabs(colour = 'if & ", title = "UniFrac i A&{kA4 5 :4c# UniFrac s )+
stat_elTlipse(type = "t")
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pl

p2 = plot_ordination(psLErl, pcoa.ununifrac ,color="ss_constipation", ti-
tle="unweighted Unifrac PCoA") +
geom_point(size = 1) +
scale_colour_manual(values=c("#E69F00", "#0072B2")) +
theme_classic() +
theme(axis.text=element_text(family size=12),
axis.title=element_text(family size=12),
Tegend.text = element_text(family = "A", size=12),
text = element_text(family = "A", size = 12),
strip.text = element_text(family = "A", size = 12)

IIAII ,
IIAII ,

)+
labs(colour = " faEf ", title = "4 AEiEs 471254 UniFrac ged" ) +
stat_elTlipse(type = "t")

p2

p3 = plot_ordination(psLErl , pcoa.canberra ,color="ss_constipation", ti-
tle="Canberra PCoA") +
geom_point(size = 1) +
scale_colour_manual(values=c("#E69F00", "#0072B2")) +
theme_classic() +
theme(axis.text=element_text(family "A", size=12),
axis.title=element_text(family "A", size=12),
Tegend.text = element_text(family = "A", size=12),
text = element_text(family = "A", size = 12),
strip.text = element_text(family = "A", size = 12)

)+
labs(colour = "Rk ', title = "4 BEA 47130 b g ")+
stat_ellipse(type = "t")

p3
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Tibrary(phyloseq)
Tibrary(ape)
Tibrary(vegan)
Tibrary(magrittr)
Tibrary(ggplot2)
Tibrary(dplyr)
Tibrary(omics)
Tibrary(dplyr)
Tibrary(stringr)
Tibrary(RColorBrewer)
Tibrary(pals)
Toad("Hi11330.rda™)

ps<-ps_rar

new_otul = t(apply(ps@otu_table,1,function(x) x/sum(x)))
psl <- phyloseq(otu_table(new_otul, taxa_are_rowS=FALSE),
sample_data(ps@sam_data),
tax_table(ps@tax_table))
asv<-data.frame(psl@otu_table)
few <- cQ
for(i in l:ncol(asv)){
k=1ength(which(asv[,i]>0))
if(k<33){
few <- c(few,i)
}
3

asv_new <- asv[,-few]

taxa<-data.frame(psl@tax_table)
Genus<-taxa[-few, 6]
Species<-pasteO(taxa[-few,6],"_",taxa[-few,7])
metadata<-data.frame(psl@sam_data)
Group<-metadata$ss_constipation
sample<-rownames (metadata)
asv_new<-asv_new[rownames (asv_new)%in%sample,]
new_data<-cbind(Group,asv_new)

new_data <- new_data[new_data$Group!="NA",]
new_data$Group <- as.factor(new_data$Group)

k<-aggregate(new_data[2:ncol(new_data)], list(new_data$Group), mean)
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all_zero<-c(Q)
for (i in 1:dim(k)[2]){

if (k[1,1]==0&&k[2,7i]==0){

all_zero<-c(all_zero,1i)

}
3
k<-k[,-c(1,all_zero)]
min<-minCasv_new[asv_new>0])/100
result<-data.frame()

for (i in 1l:(dim(new_data)[2]-1)){
if(k[2,i]==0|k[1,i]==0){
FoldChange<-(k[2,i]+min)/(k[1,i]+min)
}else{
Foldchange<-(k[2,1])/(Ck[1,i])
}

result[i,1]<-FoldChange
ks

for (i in 1l:(dim(new_data)[2]-1)){
criteria<-ifelse(k[1l,i]==0|k[2,i]==0,"1","0")
result[i,2]<-criteria

}

for (i in 1:(dim(new_data)[2]-1) ){
formula<- as.formula(paste(colnames(new_data)[i+1],"~","Group™))
#deal with ties
p<-exactRankTests: :wilcox.exact(formula,data=new_data)$p.value
result[i,3]<-p

3

result$Bacterium<-colnames(new_data)[2:ncol(nhew_data)]
result$Genus<-Genus

result$Species<-Species

colnames(result)<-c("FoldChange","Criteria", "pvalue","Bacterium","Ge-

nus","Species™)

result$sig_g<-ifelse(result$pvalue<0.05,result$Genus,NA)
result$col<-ifelse(result$Genus=="Anaerostipes",1,ifelse(result$Gce-
nus=="Bacteroides",2,ifelse(result$Genus=="Blautia",3,ifelse(result$Ge-
nus=="Christensenellaceae_R-
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7_group",4,ifelse(result$Genus=="Coprococcus_3",5,ifelse(result$Ge-
nus=="Dorea",6,ifelse(result$Genus=="Faecalibacterium",7,ifelse(result$Ge-
nus=="Fusicatenibacter",8,ifelse(result$Genus=="Lachnoclostrid-
ium",9,ifelse(result$Genus=="Lachnospiraceae_ND3007_group",10,ifelse(re-
sult$Genus==""Lachnospiraceae_UCG-004",11,ifelse(result$Genus=="Negativiba-
cillus",12,ifelse(result$Genus=="0scillibacter",13,ifelse(result$ce-
nus=="Parasutterella",14,ifelse(result$Genus=="Phascolarctobacte-
rium",15,ifelse(result$Genus=="Prevotella",16,ifelse(result$Genus=="Rumino-
coccaceae_UCG-010",17,ifelse(result$Genus=="Ruminococcaceae_UCG-
013",18,NA)))))3)3)3)3))))))
result[result$pvalue<0.05&is.na(result$Genus),c(7,9] <- "#HEF "

result$col <- as.factor(result$col)
result$col<-factor(result$col,levels=c("'1","2","3","4", "5", "6","7","8",
ll9ll , ll10ll llllll "12" ||13II ll14ll ||15" "16" ||17ll "18" mn /4 F] i—’ ‘E‘\’é% ll) ,

Blautia Chr1stensene11aceae_R—
Faeca11bacter1um" "Fusicatenibac-

Lachnosp1raceae ND3007_group", "Lachnospi-

" "oscillibacter Parasutterella", "Phas-

Rum1nococcaceae_UCG—OlO","Ruminococca—

Tabels=c("Anaerostipes","Bacteroides",
7_group","Coprococcus_3","Dorea
ter","Lachnoclostridium
raceae_UCG-004", "Negat1v1baci11us
colarctobacterium”,"Prevotella
ceae_UCG-013","no 1nformat1on"))
mycoll<-brewer.pal (11, "RdYTBu")
mycol2<-brewer.pal (11, "BrBG")

mycol<-c(mycoll,mycol12[c(1:3,8:11)],"purplel™)

result%>%

mutate(color=1ifelse(abs(log2(FoldCchange))<=1,"gray", "blue"))%>%

ggplot(aes(x=1og2(FoldChange), y=-1loglO(pvalue),color=sig_g),size=1) +

theme (panel.background = element_blank(),panel.border=element_rect(colour
= "black™,fi11=NA))+

geom_point() +

scale_color_manual (values=c("Anaerostipes"=mycol[1],"Bacteroides"=my-
col[2],"Blautia"=mycol[3],"Christensenellaceae_R-7_group"=mycol[4],"Copro-
coccus_3"=mycol1[5],"Dorea"=mycol[6], "Faecalibacterium"=mycol[7],"Fusicaten-
ibacter"=mycol1[8], "Lachnoclostridium"=mycol[9], "Lachnospi-
raceae_ND3007_group'"=mycol1[10], "Lachnospiraceae_UCG-004"=mycol1[11], "Nega-
tivibacillus"=mycol[12],"0Oscillibacter"=mycol[13],"Parasutterella"=my-
col[14],"Phascolarctobacterium"=mycol1[15],"Prevotella"=mycol[16], " "Rumino-
coccaceae_UCG-010"=myco1[17],"Ruminococcaceae_UCG-013"=myco1[18],"no infor-
mation"=mycol[19]),na.value="gray",labels=c("Anaerostipes", "Bac-
teroides”,"Blautia","Christensenellaceae_R-7_group", "Coprococ-
cus_3", "Dorea","Faeca11bacter1um" “Fus1caten1bacter" "Lachnoclostrid-
ium","Lachnospiraceae_ND3007_group","Lachnospiraceae_UCG-004","Negativiba-

","Phascolarctobacte-

cillus","oscillibacter Parasutterella

rium Prevotella Rum1nococcaceae_UCG—OlO","Ruminococcaceae_UCG—013","ﬁ

%ﬁwm"m
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xlab("log2 i 2#&") +

ylab(expression(-loglO0*paste(" ","p-value™))) +

labs(colour="FH%")+

scale_y_continuous(breaks = seq(from = 0, to = 3, by = 0.5),Timits =
c(0,3)) +

scale_x_continuous(breaks = seq(from = -10, to = 10, by = 5),Timits = c(-
10,10)) +

geom_hTine(yintercept = -10910(0.05),color="red',lTinetype = "dashed")+

geom_vline(xintercept = max(log2(result[result$Crite-
ria==0,1])),color="red"')+

geom_vline(xintercept = -max(log2(result[result$Crite-
ria==0,1])),color="red"')+

guides(color=guide_Tlegend(nrow=19)) +

theme(Tegend.position = "right",
axis.title = element_text(family = "A", size = rel(2)),
axis.text = element_text(family = "A", size = rel(1.5)),

Tegend.text = element_text(family = "A", size=10),
Tegend.title = element_text(family = "A", size=13),
Tegend.margin=margin(17, 2, -25, 2),
plot.margin = margin(0.6,0.6 , 0.6, 0.3, "cm"),
axis.title.x = element_text(family = "A", vjust
axis.title.y = element_text(family = "A", vjust

-0.8),
1.3))
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Tibrary(phyloseq)
Tibrary(msm)
Tibrary(readxT1)
Tibrary(compositions)
Tibrary(stringr)
Tibrary(kableExtra)
Tibrary(glmnet)
Tibrary(tidyverse)
Tibrary(microbiome)

Toad("Hi111330.rda")

ps<-ps_rar

new_otul = t(apply(ps@otu_table,1,function(x) x/sum(x)))

psl <- phyloseq(otu_table(new_otul, taxa_are_rows=FALSE),
sample_data(ps@sam_data),
tax_table(ps@tax_table))

asv<-data.frame(psl@otu_table)

taxa <- as.data.frame(psl@tax_table)

metadata_new <- data.frame(psl@sam_data)

metadata_new<-metadata_new[,-c(213:217)]

metadata_new[metadata_new=="NA"]<-NA

med_pvalue = function(real, std){
z <- (real-0)/(std)
return(2 * pnorm( -abs(z)))

ks

all_in_reg <- function(data,n){
data_newl <- data[!is.na(data$x)&!is.na(data$fruits_or_vegetables),]
y <- as.factor(data_newl[,1])
X <- as.matrix(data_newl[,2:ncol(data_newl)])
get_beta <- function() {
train_index <- sample(l:Tength(y), 270, replace = FALSE)
Xx_train <- x[train_index,]
X_test <- x[-train_index,]
y_train <- y[train_index]
cv.lasso <- cv.glmnet(x_train, y_train, alpha = 0, family = bino-
mial(link="1ogit"))
Tasso_mod <-
glmnet(x_train, y_train, family = binomial(link="1ogit"), alpha = 0,
Tambda = cv.Tlasso$lambda.min)
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beta_result <-
coef(lasso_mod) %>% t() %>% as.matrix() %>% as.data.frame()
return(beta_result)
}
beta_list <- 1ist()
for (i in 1:n) {
beta_Tlist[[i]] <- get_beta()
}
beta_df <-
beta_list %>%
bind_rows()
result <- beta_df %>%
gather() %%
group_by (key) %>%
summarise(
beta = mean(value),
sd = sd(value)
)

return(result)

reg_coefs_all_new = function(data){

bootstrap <- data.frame()

M1 = gIm(Y ~ X+age+sex+fruits_or_vegetables, data=data,family=bino-
mial(link="Togit"))

betal = summary(M1) $coefficients[2,1]

OR1 = exp(betal)

stdbetal = summary(M1)$coefficients[2,2]

stdOR1l = sqrt(OR1*stdbetalA2*0R1)

M3 = all_in_reg(data,1000)
beta3 = M3[M3$key=="X",]S$beta
stdbeta3 = M3[M3$key=="X",]%sd
OR3 = exp(beta3)

PE_all_in = betal-beta3
stdPE_al1_in = sqrt(stdbetalA2+stdbeta3A2)
pPE_all_in = med_pvalue(PE_all_in, stdPE_all_in)

Proportion_Eliminated = PE_all_in/betal

results=matrix(
c(pasteO(round(betal,5)," (", round(stdbetal,5),")"),paste0(round(beta3,5),"(
", round(stdbeta3,5),")"),"",paste0(round(PE_al1_in,5)," (", round(stdPE_al1_i
n,5,";","[", round(PE_all_in-
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gnorm(.975,0,1)*stdPE_all_in,4),",",round(PE_all_in+gnorm(.975,0,1)*stdPE_a
11_in,4),"1",")"),"",paste(round(Proportion_Elimi-
nated,4)*100,"%"),"",round(pPE_all_in,5) "™, nm, e nn, e e o mn onin my 'nro
w = 2,ncol = 9)

colnames(results) = c('Estimate(SE)"', 'PE(SE, [95%CI]) ", 'Proportion Elimi-
nated(%)', 'P-value',"bl_hat", 'P-value of bl',"c2_hat","P-value of
c2","max(P-value of bl,P-value of c2)")

return(list(bootstrap=mM3,results=results))

}
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reg_coefs_all_newl = function(data){

M1 =

gIm(y ~ X+age+sex+fruits_or_vegetables, data=data,family=bino-

mial (1ink="Togit"))

betal = summary(M1) $coefficients[2,1]

OR1 = exp(betal)

stdbetal = summary(M1)$coefficients[2,2]
stdOoR1l = sqrt(OR1*stdbetalA2*0R1)

result_M <- data.frame()
for(i in 6:ncol(data)){

formula <-

as.formula(paste("Y",
bles+",colnames(data)[i]))
M <- glm(formula,data = data,family = binomial(link="1ogit"))
beta2 = summary(M)$coefficients[2,1]

OR2 = exp(beta2)

~ ","X+age+sex+fruits_or_vegeta-

stdbeta2 = summary(M)$coefficients[2,2]
stdoR2 = sqrt(OR2*stdbeta2A2*0R2)

PE = betal-beta2
stdPE = sqrt(stdbetalA2+stdbeta2A2)

pPE= med_pvalue(PE, stdPE)
Proportion_Eliminated = (betal-beta2)/betal

formulal <- as.for-

mula(paste(colnames(data) [i],"~","X+age+sex+fruits_or_vegetables™))
M1 <- Im(formulal,data=data)
beta3 <- summary(M1l)$coefficients[2,1]
pbeta3 <- summary(M1)$coefficients[2,4]

beta4 <- summary(M)$coefficients[6,1]
pbetad4 <- summary(M)$coefficients[6,4]

max <- max(pbeta3,pbeta4d)

result_M[i-5,1] <- pasteO(round(beta2,4),"(",round(stdbeta2,4),")")

result_M[i-5,2] <-
paste0(round(PE,4)," (", round(stdpPE,4),";","[", round(PE-
gnorm(.975,0,1)*stdPE,4),",",round(PE+gqnorm(.975,0,1)*stdpPE,4),"]1","
result_M[i-5,3] <- paste(round(Proportion_Eliminated,4)*100,"%")
result_M[i-5,4] <- round(pPE, 4)
result_M[i-5,5] <- round(beta3, 4)
result_M[i-5,6] <- round(pbeta3, 4)
result_M[i-5,7] <- round(beta4, 4)
result_M[i-5,8] <- round(pbeta4d, 4)
result_M[i-5,9] <- round(max, 4)
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}

colnames(result_M) <- c('Estimate(SE)', 'PE(SE,[95%CI])"', 'Proportion Elim-
inated(%) ', 'P-value',"bl_hat",'P-value of bl',"c2_hat","P-value of
c2","max(P-value of bl,P-value of c2)")

rownames(result_M) <- colnames(data)[6:ncol(data)]

result_M <- result_M[order(result_M$ max(P-value of bl,P-value of c2) ),]

return(result_m)

}

Tibrary(stringr)

genus <- data.frame(psl@tax_table)[,6]

new_otu = data.frame(genus = genus, t(psl@otu_table))
new_otu = new_otu[which(!is.na(new_otul[,1])),]

few <- c(O
for(i in 1l:nrow(new_otu)){
k=Tength(which(new_otul[i,-1]>0))
if(k<33){
few <- c(few,i)
}
3

new_otul <- new_otu[-few,]

new_otu2 = aggregate(new_otul[,2:331], by = list(genus = new_otul$genus),
FUN=sum)

new_otu2 = setNames(data.frame(t(new_otu2[,-1]1)), new_otu2[,1])

k <- min(new_otu2[new_otu2>0])/100

new_otu2 <- new_otu2+k

asv_new_log <- as.data.frame(log(new_otu2))

metadata_select <- metadata_new%>%select(case_control,ss_constipa-
tion,age,fruits_or_vegetables,sex)%>%as.data.frame()

data_new <- cbind(metadata_select,asv_new_log)
data_new$fruits_or_vegetables <- ifelse(data_new$fruits_or_vegetables=="At
Teast once a day",1,ifelse(is.na(data_new$fruits_or_vegetables),NA,0))
colnames(data_new) [1:2] <- c("Y","X")

k <- colnames(data_new)

kk <- stringr::str_replace_all(k,"-","_")

kk <- stringr::str_replace_all(kk,"/","_"

colnames(data_new) <- kk

data_new$y <- ifelse(data_new$y=="Control",0,1) #PD_CTRL

data_new$X <- ifelse(data_new$x=="No",0,1) #constipation

data_new$sex <- ifelse(data_new$sex=="female",0,1) #sex

data_new$y <- as.factor(data_new$y)

result_g <- reg_coefs_all_new(data_new)
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result_g_M <- reg_coefs_all_newl(data_new)

Genus_1000 <- result_g$bootstrap

result_g <- result_g$results

resultg_M_new <- rbind(result_g,result_g_m)

rownames (resultg_M_new) [1:2] <- c("unadjusted(TE)","AT1_in")

kable(resultg_M_new, booktabs = TRUE,align=c(rep('c',times=39))) %>%
pack_rows (

index = c("Unadjusted" = 1, "Adjusted for" = 108)
)%>%

kable_styling(font_size = 12)
Genus_1000% p-value  <- round(med_pvalue(Genus_1000%$beta,Genus_1000$sd),4)
Genus_1000 <- Genus_1000[Genus_1000%$beta!=0,]
Genus_1000 <- Genus_1000[order(Genus_1000% p-value ,decreasing = FALSE),]
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