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1.1 B

1.1.1 & MGHNMED A X7 LfENT

E FOBENICIZIZ OMENERELTEY, ZNOREMICHAEERT2Z 210k > T
NHIE # 2 A LT 5 (1], BN O < IERIBICAR L T | FilCRk RS O L
felhme=e, = —/Lik(Cholate)°F 4 3 & =1 — LE(Deoxycholic acid; DCA)% o [0y ik % /&
952 & T, IEETH D E hOGEOHIEOFIFEEM AT DB A o> T b
[2], BENHIE L B AR T DIHEEMIX, KBS ASCRIEVEIR R DRk 2 7R R &
5L TWa Z endmEshTunsI3,4],

BNATE D% < 1X, ZOEREBHLNICESN TV RN, REZHEE - 5% 5 2
ERREETH B[5,6], T, MFNATE OMEECHRM, S o121k, BNMEEZH L
T2 ELREETH -T2, ZNHEHLMNIT D720, FEDOREHKOK AL LT
DNA % —/% 3 v 2+ % whole-genome shotgun > —#7 >3 72 L - T, HEfE - 5%
BN S FTICEOBRBEFROEILEFNRA 2 7 ) LV — R EfRGET D A X7 ) NMEHT O FIEN
2000 FE\THESL L7z[T], A&7 MEETIZ. & OBREIAFET 2 P E O R B 21T T
372 <, BNHEOBMER THRZHONCT 5 2 ENAEETH S, BHNHIE OB O R
2, Bt~ — —8BIe FOEEREINZK L TAZ T ) L) — e~y B 74 5 FEN
E<HOWHENTWAI8,9], MNAMIE DBR RO R MIZIX, v MENHIE OB 7 #
1 7 ¢ % IGC(Integrated Gene Catalog)[10112ULEk & 41T 5 s 1 D FESIIZ % L T
AL ) A =R~y B 7T FRERISHVWLNTNS([9], SHESNT L TA X
T L= Revy B 752 L TIHBRMESZE DRI T2 EET D FIEIL AFXT /L
Yo T VITHE L, ZREGNTHE LR WIBNHIE L OB F 2R T 2 Z &R TER
W, ZO, ZRESE R HIENME OB 07 ) 2L T2 n 7T 52 LR
HETHLHEBZOND,

T4, whole-genome shotgun > —47 2 ZIC L > TEONTZAZF ) LY — R
M. EOBRBIAET DME DT ) AaBfET 5 v = 7 ogdinisgiE L-[11-13],
ZOFEMOFECLY, BECABESRTWD AL T ) LY — RpbIER2EO e MG
DT ) LABREEEIN[14-17], RIS E D | RIEHHE - 58T 2 2R TE TV ARVE
N G PN B DR RECRF A HEE T2 2 L N HTREIC AR 0 D0 b D,



1.1.2 RIS A & REPNHIE O BafR M

KRIBA AT, XA G T AV BAG TICEBRERT 5 2 LIT k0 BIE - 1T DR
Th5[18-201, KIHFAMAADIIE - EITICHT D2BIBFOERD AT = AL L LT, ZEWE
FENARPIRIB IS TN D, ZEBEENBAGTIE, BAMKEIEFTHD

AP Adenomatous polyposis col)\ZZEBNA L 5 Z & TRIBN DRI AIRETH D IRIE
DFAE LTI, BEROPAIMEER TR ABB FICERNEET 5 2 & TR AT
FET 5 EEZBNTVS[18,19], EATHIZICIHNT, KIBEBADE 1L, LEEFEN AL
RTRIET D Z & AHE ST 5[20],

KIGH A DFIEIZE G- LT D U A7 KT 2 RAFRHE LIRER, SERMEOBIR T4
RCFRLSBRER T, ZLORBPADTIEICEE LTS Z N LNIR-T2[21],
ZOBEER T & LT, s, ARA OIS O AT ORCKAL-SOBIESS 7 L 2 — L OISR O
AEIEEBEOEANRET b 5(22,28], IBRMEIZZ S OBRER T L5 L TnD Z L
Wi sh T p(24],

UTAE . PRI O NI B 23 A2 R 3 2 AR EE 3 KIS Au DFIE - EATICBIS- LT
WD EWIHENSERSINTND, LELARBE, KIBBADIIE « EATIZHE - THN
BB b 2bT 572 OBMRIEITERETH 2(25], £, KBS ABEICEIT 2 IBNMES
REFED DAL KIBH AR T DB % 260 D, JeATHITRIC VT, Fusobacterium
nucleatum OFXHFAERHEE SNV AFTHE IIRGNR A OHEITICHE > TE 725 Z L
WEShTWA4lL, E£72. EKEEZ AV R—BE ST D KB AR S IR
TFET DIGHIEED O B % el L7 fE R, KIS AR T& U > (Serine; Ser)ZED—H#D T
JBEOENZ NI & HHE SNTVSI26,27], 2106 OENHIESCREED X, KD A
DAFTERZAUTHE D BN OB (SIEC S RN T 2 8D 2 ) L TE 0 | T DBREEN
R OIBNHIECRHED O S SR 2R E2 T EE I LTV D AREEREZ 2 bhd, KRIT,
AR 23 A T B AR EE D DS KIS A D FIEIC BT L TV B B 22815 5, SefTiFgeic s
. Bilophila wadsworthia <> Desulfovibrio 3E% T D Rifb/kFEIL, BHETHLHE bD
DNA X A=V h 525 Z ERHESINTWAI28-30], F7=. Clostridium scindens <°
Clostridium hiranonis DVERT 57 4% L a— L BIIRBAMEATH 2 ERHRE SN T
BY 81, KBBADOFIEICEE L TSR & 5(32], D7, MPNAHE O
Wy & RIGIS A DIIE « 1T & OBIRIEZ A S2MCT 5 2 Lid, IS SR 5 RIGA A
DV AY WO IEDH-OICHLEETHLEEZLLND,

KNGS Ao & RGNAIE O BHEEME B B M2 7 > TEI2RER, RIGnAZ2lT 5y —
L LTIHBNMEZFIH C& 2 TREME G SN T 2D, BATIIEICRB VT, 5 I [ETEE



SNT=ZA BT DR O TZRIBR A O a3k — MR EGE LI A X T ) A2k
0. 22— METIE L2 KER A DA F~—0—I1272 0 155 IBNME DR E S v
[8,9], ZNHDENMEIX, EoOWEIMBAED L H1c, KEBNAZBRIHTH720DA7 U —
= ZICHOWO A RIREED B 205 KEGDS A DRI ATRZ T 5 IRIEC RO KRGS AT
5 Stage 0 DRGVBAE, KIGDBAD U A7 BNEWVIKIEZ RN T 5 Z LN TE 5000
WTIEHA BN E TR,

KIGDS A D BT AL Td 5 BIESC R O KGR A TH 5 Stage 0 DKIF A Z R
T2 FIEIEL. RIBRAD Y A7 &2 RHIICED EE L7200 AT 200155
[83], KIS ADHEITT DRI, IRES Stage 0 ODREGNAZRT 2 Z LN TE
(REERZ2AVBIIEIBR TId 72 < . WIREEA W IFR BN 2 FIECRIBDR A Z IV RS Z &R
T&5[34], 2070, ZHLERIBTDEOORBPAD Y A7 BHEET D TIEE T
HZEE, BEOABEMLT-OICLEETHL EEZLND,

1.1.3 O KRIEN A & IENEREE D B M

KIGDS A DABIRIEIT, KD A BE DAELFRE FD 5 72D ORIGIRIE OBERIE D 1 >
Th5[35], HARTIEL, KD A DREEILOHEIAE> TR ADOHNEHIFIT O I L
HWAMERIC S 5 [36], E D72, RIGH ASEEIER% O RFHEEL L EIMEMICH 5 2 &
DY BEND,

KIS A EHHIIRIE S DBFE L, KRIBD A DRI, 77 LTV D RIS
DRIGD A & X2 D RIGH AT D BEHERIGN A ZFIET D U A7 BENZ LB
NTWB[37-40], ZD7=, KIS ABE OINBRIIERE L DO KGN AD U A7 % E R
T Z ENEETHDL EEZDILD,

KIGH A DFRIE « ETIZHB T DENEREOREIDHA LN/ D >oh 5126 b5
T RGBS ARG RT#% OB 235 & LT BNEREE O ZZBIZBE ¥ 2 JeATafge1 34 70
[41,42], Ohigashi et al. DFFFETIX. 81 AD KGN ABE & RRIT, SEHIIGERRT & 1EH
2O THRBRIEARIG L, EIZEENL TN O OB EY 2, EED
PCREHEIA v~ N7 77 4 —HHWTERENER LT, VR ERTZ M OM
FRNELN =60 ENEBREE ISR 2 AR IR ORI 2 5 BT S S v Tun7an 4],
Sze et al. DAFFETIL, 26 ND KGN A BE ONBENVEEERT & IR B O 1 4F% O 2 1
BL. HIZEENTO DN Z BT L7223, IS OBE-oREED &2 I L
TWRWz, Z 6Tk 2ARAITEIR O BITH b 2 STV [42],



1.2 HAHY

KD AHMVEHHITE R D IBEITIRIEIC L O RGBS A DRENOIRES N D25, RIBGDAD Y A
TIMEWNZ ERHREINTND, o, WL OO IGNMESCZ ORI ED 1RGN A D%
JE~DORE LTS Z ERHESN TN DD, IBNHIECRETEDI 63 2 S VBHTR I D3
BT SN E TR,

AWFTEIT. A 2T BRI, RETED & MREIICRIE T 5 A Z R e — LT ic
=T, AEHITEIESG O KBS B E L TO B BNHECREEY 2/ ET 2 2 L 2 HNE
LTWo, KREEDSABEOHRINRIRAT S TGRN O 1 FEREOFELZRF L, ZOMICE
T D N BRI PEY) 2 et PRI T2 2 &2 K 0 SVBHTRIR S I N BR B~ K E

WBEZHPIONIT L2 L, SR ABINEREDO RN ADY 27 ZHET 5 FiEL
et 5 Z 2B LT,

1.3 ARk

AT, 8 SOETHR STV D, AT, AEEIR< ZRENOEDEIZ T
5,

2% fRETIC W T — 2 O

AT, ENIRA AR & — L BERBR T OFRFRIC L VR L, F 28T
(T, LEWFZEED G REE L TTHW ., WREREORK ST ORMEMOERT — 7 |
whole-genome shotgun > —%7 > U ZIC L > THRLIND A X T 7 LY — ROBIEHIEIZS
W%, FTo, SBHIERED D 5 FELINIC, KIB AR A DRI AIRETH %
SRMERRIE 2 FE L7220 & D IRl & ad— R 2T 5 2 & T, KIBBABEOIEE
FEHEDKIGDA DY A7 i EREILTE T2, EOFFEMRERIZONTHIR~S,

¥ 3 b MNBNMED A Z S ) MMEAT
WIETI., F2ETHELIEAZT ) LV —REHWTA X ) AMENTIC . RPN
B DOREE « BB TR AT 5 FECONWTHRRTNL , BiC, BB ToMERGRE ZE

10



LT, BHHDBEIE T2 EETDHI ENTE DH 2B TR OREFIEEAEE L2720,
FOFEMIRFIEIZON TR S,

74 = PRI ETIZ 36T 2 BN BRSO 2 ARG HLEE
B4 BETIX, 528 LN 3 HTHUS L-REEDSENME O R « B FHT — 2 &
AW T AREIRIRATE OIFWNEREBE O RIRE O LA 2 A L 72 FESCH RIS OV TR~ 5,

55 5 & SBEVIGIRATRICIS 1T L NN EBREE 2 1 4~ 2 e o 28 Bl L i
5 5 T, SFHVIBIRATER TEIE LB s 1 - AUBIEY & Fiat 2RolC ey
D Fik & T DORERITOVTIRAD,

%6 7 NGO RE & BREd 5 N BB O R R

F5EICT, MO 1FETHY , BRAMENRE SN TWDLITAF Y a— LV lE D%
FAZBA G L TV S BUR T-ROE R N BHTEIR R N L7 2 L iR S v, BRI S
Ao BE ORIGOFRFEIZABRAFICEE L TV Z G Sh T\, H6ET
X KIBOFEEDEND TR~ TBE LA L, ZORBICONTRND,

%7 E SRENREREE O KRG A D V) AT HEE FHEDHESL

F2EITT, RGN AVEEOHBIINIREDRIGNAD Y A7 ZER b5 Z LN TE
Too HTETIE, SIREREORENADY A7 ZHEET D FIEEZHEL, TOFIET
HEE SNIZRIBSA DY 27 L 2 BICTERILSNIERIBNADY 27 2WETH L
T, #EEFEL T L 72f RSOV TR~ D,

8 T RE
8 TIL, DO BEARS L TIRIEL, S%OBZEER~,
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2 FEATIZ N7 — 2 O BAS

2.1 JFik

ARETIE, RO N T — 2 OB ITEIZ DN TR D, AFFEIE, ESZ2S AT
get 2 — L BEERBRT L OLFENIRIC LY Eii ST, ENENOMZERERIZ BV TE
fii 2T B OWFRIZN 2-1 128 LTz, RIFZECIE, ENLRAMIZEE V& —I2 T, 96 AD
K3 B3 ONBREEIRRE E T2 ITAMEHRTRIERAT S 18 b8 1 FEROEZ TS L, SR
TBRZ DO KIGHR AN L TW D IBNMECRTE 2 55T 35 2 & 2 BIEL72(2.2.1 Fi,
2.2.2 fii, 2.2.3 fi), RAEMOMNET — 213, 397 MORHEY % CE-TOF MS(Capillary
Electrophoresis Time-of-Flight Mass Spectrometry) Z f\\ CE®RT 5 = & THS L7
(2.24F), AX7 ) AT NORAXF ) KA — RiL, ErDfH S 72 DNA % HiSeq
2500 % 1\ T whole-genome shotgun > —47 3 745 Z &L THE LT-(2.2.5 i, 2.2.6
), ARFFETIE, 1Y 7Bz FI 471107 KD A & 47 7 51— Rl 2 5 LT
V. whole-genome shotgun > —7%7 > 2 7 % W2 DD KGN A D 2 75— MMfF5E
[8,9,43-46] THUAGF S 4LI= A Z# 7 5 — FELE B U THMENR RN T & R SN,

ELD EERmAS ERIHAS
| xS [/ CE-TOF MSERW-EE |
DNADHE :/ X595 ) ) — R /
=0

X577 J N

| AEskEoE | > e
RIENOIER ksl
F—%

NCE == =

X 2-1 AWFFEI N7 — 2 OEASI7 iE OIS X

12



ENER A TEE & — T, WA ZZ T 2RE N o E2 TG Lz, BERAKRTIC

T, HlzEENTWD 39T O REFEY % CE-TOF MS 2 HHWTER L7, AZ4F /LY

— Rk, {254 &7z DNA % whole-genome shotgun > —/47 3> 74 % Z & THE
L7z, H3ET, AXT ) MENTOFMRFIEIIONWTHERD, & 4 mLET, NHESHR

BORER, RBEED O T — 2, A X7 ) LRITIC X > TE S N BN E O R FHLAL
T HRBIE T — & G LISHEHRNT O LSRRI DWW TR 5,

2.2 ME - FE

2.2.1 fHoOHIS

AREIOBAEITILRIFTRIE T D ESLN A 4 —CE S e, ESLAAMGEE 2 —
TRGONRERAEZ 1T 5 620 AOHERE 2 716 HOE 2, JefTitld] & RiFFEIC T
3 Lz,

. FATHIIE & AT TR & LTeBRE I & OB I AR ST ORI
DNTENEIIRAD (K 2-2), FATHFIETIL, 576 ADKIGH A OIRIRIED 70\ R 1>
5 604 fHOME 2 G L7, JATHZE T, 576 ADOWERE 2 NRERE DR R4 IEIC 5 -
DI N—T (T N—T OFEIE 2.2.2 I CTHIBT DN L. ZEMREI AT 2 BN
ERHMPEM DL A SN Lic, E6IT, 268 ADOKRLBAEED 9 6 28 AOBFE )
SABHOIEIED DR VAR ICEZ BT T 5 2 & T, /MR T -4y hTEH LM, 4
RHITE IR A ~ M IE T B %2 B 5202 LTz, ABFZETIE, 68 ADKBRAHBE NS
112 B OE A B 72 ICBAGT 5 Z & T SERTER O IE MR 721 T2 S REEED ~ KT T8
B LOFHMICHLNCT 22 L2 B Lz, RBFETIX, JBATFE Txi% & L7z 258 A
DRBBABED S b, 24 NAOBEDOIEEN LK 1 FEROEEHT-ICEE Lz, 72, 44
ND KD A BB OIEFRAT & IR DR 1% O L F 7= I Bfs Lz,

WA, R DEOEBIFIEIC DNV TR D, 620 AOYWHRE L, I Tk % ik
itk mAIOEZEERM Uiz, FEIE 2.2.2 B CH&IR T 528, WREIREORE, KA A &
WSz 302 AOBEFED S H 96 ADBHE b, 16N DM 1 ERICIHE TSR E K%,
BANOMEZ UL L7z, $2HE L TIHWZEIET IR T4 74 A THfE L, Z£D#%-80°CIZT
RE LT,

13



Participants, N=576 Participants, N=44

Multistep CRC progression Multistep CRC progression/
Fecal samples / Fecal samples /

- Healthy N=251 f

- MP N=67 /

- Stage 0 N=73 /

- Stage I/l N=111 - Stage I/l N=32 /

- Stage IlI/IV N=74 / - Stage IV N=12 |

After one year ESD/Surgical treatments
for CRC participants (Stage 0/I/1I/11I/IV)

h 4
/Postoperative participants / /Postoperative participants /

h 4
Postoperative participants
Fecal samples

Fecal samples Fecal samples /

-ESD N=11 |

- Surgery N=28 | - Surgery N=13 / - Surgery N=44 /

/

/| /

2-2 AWITE & FATHIIE TR S LT D3
FATHHIE THE DIV IR A TR L, ARBFIETHIZ IS L7 Eix A e TR LT,

2.2.2  WNHEHRE

REOBAEITILFFIEIE Th DENLS A v ¥ — THEhi S iz, Ea4eit Lo g X
NS E 2% 172, T OfEE. TNM(Tumor-Nodes-Metastasis) /75812 7E > T, 620 AD
KIGDS A DIRFRIED 72 R E 2 LU T D 5 SO 7 N —F 12438 LTz, BRIES R Sz
ST ERE . b L EBESRIE S2, £ O 2 HLLT Th - 1o gdiRaix, w2
(Healthy controls; H) & L CE L7z, BUEAS 3 EHLL LM Sh - B 1d, ZRIEREO R
# (Multiple polypoid adenomas with low-grade dysplasia; MP) & L CiEF L7z, KIFDOKE
IEANIZEE FE > T D RIS U3t S 7= FB3 1 Stage 0 D KIGA A CREIEEN O K523
ABFE)E LTER LTz, KR L0 TSRS A Sy, RIBRAM Y /73 i
H2f LTV RV ERFE X, Stage VIT OKIFNABE & L CER Lz, FFEL Y FTRIZKEN
SRR S L. KIBA AN Y LS E i~ LT 5 B I, Stage ITVIV O KGN ABE
GEATHERIB R ABE) L LTES LT,

96 ADEFIL, IWFEN LK 1 ERICHNBRERELZ T, ZOMRERKIZ, 3>D7
N—TFIEENT(X 2-3), BEEDSRH S e o 7o, & LAOIER R S
. EOEMN2MHLLT Th -7 BE % 1GREDH % & & (Postoperative Healthy
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controls; PH) & L CEFR L7z, 1BH%IC, BRIED 3 L. B S B8 1L, 1RRIED H
% % FEMERIE O ## (Postoperative multiple polypoid adenomas with low-grade
dysplasia; MP) & L CTER L7, 1BREZICKIBORENICE E > T2 KIBR AR S 4L
TBEIL, IREEO®H 5 Stage 0 D KAGA A BFH GREFE KIS A A B, Postoperative
Stage 0; PS0) & L TEH L7,

BRZEOBEOKIGNAD Y A7 % E LT 2 7DITHi & 2R — b &% L 72 (X
2-3), 96 NAOKRGNABHEDH B, 78 NDBEIL, 1GHEN O 5 F M. ESZnAbst
Z— I TEMMICNRER A 23T TR Y . IENLR LEERNOHK 5 FE D 4 FERON
TR ORE R 2RI, 1RO H 54w #HPH), 1GFED H 5 M IRIE D B8 (PMP)
WS T, IO, TR DK 5 R OISR OREE, — B TH 238 RiE
(PMP) & 721X KGR A(PS0) & Blr S Toin &9 Ina R BEE KIBERAD Y A7 MK
WEBFE L EmWEEIZSELT,

Preoperative patients
N=96
Colonoscopic findings

after one year _ _
ESD/Surgical treatments / Postoperative patients

Collecting fecal samples

-PH N=81
Follow-up PMP NfM
terms of Cf(t)Ior;pscopic findings -PS0 | —1
after five years _ |
four years ESD/Surgical treatments > P(?g[ﬁperatlveNzag;ents
.PMP  N=11

-Unknown N=18

v v

Patients

-Low postoperative CRC risk groups N=58
-High postoperative CRC risk groups N=22
-Unknown groups N=16

M 2-3 Wit DEEDOKRIGNADY X7 DERAL
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2.2.3  KRIBMNADIHIE

AREOBAEITIEL RIS Th DENLR A v 4 — THEiE S iz, 96 ADO K ABHE
IFIERIZ L > TRIBDADRELZCIR LTz, Z0 95, 11 4D Stage 0 D KGNS AJBF 1T
NHREEIEIRIC LD KIGA A DIREZGIFR LT, 85 ADOKIGMRABEIL, FIKFHICNHEE
IBIRNTE IR oTolod, SRR IIC L 0 KIBNADOREZGIBR LT, SFHIER T,
FHINC X D IHEFMEME ORI Z T T 57200, FHiETE Tk 2 B LIS E 24
H. 17,

HRHOTBIRIZ X 2 KGO FEIEZ, KBNAORENFET 55PN L > TRz >
2o TOFMILENEK 24 (R LTz, KIBRARKGOLERNAFET 2856, MO RE%
E. KIBOAMZIZE A EYRL TREE BFE Lz, KERSABKEOZMGER - #EIC
FET DHE. KBBAORED R ZYIER L TRIGE HE LT,

A cpamramscnss D saimrAsscsss

ABIBERICK D ABIBERICK D
KEEDBEE REEDOBEE

FATRl FfTR FATRl FlTER

L

X 2-4 KGN AABEGIERIC X D KGO FEEE
BB 7 @G, BOWE 7 BIIRIBEE L TS, BWIITKRIBNADONIEZRL T
WA,

2.2.4 HPEY O E =

AREIOBAEIT LRI Th 5 BIERAR T CEE I/, CE-TOF MS # W\ TEIZE F
NTWARHEY % 8 LT-[47-49], CE-TOFMS i, %+ v'7 U —&EXyk#E(Capillary
Electrophoresis) & & /3 #r 7t (Mass Spectrometry) Z A/ bHOE = FiETH D, T+
v 7 U —EmRUKENL, REY OB FEFEOEWEZFIH LT, #ICE £ TH DG



PEM & BT D RE > T D, HEOIEHT, JEEL e ThoOEIEMZER&T S
BB H S TS, LLTFD 6 >OTFIATHRHEDEZER LT,

1. PEEEYE 2 ST AIKIC 50%0D A 2 7 —/L 400p] Z N A2 7=, PIEBEEHE) 1T
methionine sulfone & D-camphor-10-sulfonic acid K& T 2-
morpholinoethanesulfonic acid % v 7=,

2. % 10mg £k L., 112Nz 7%, 3mm ¥/ 2 =7 &' — X(BioSpec Products,
Bartlesville, OK, USA) & 0.1mm /L2 =7 /3 Y 71 £°— X(BioSpec Products,
Bartlesville, OK, USA)% 100mg Iz T~ A 7 1 A< v ¥ 2 (TOMU, Nerima,
Tokyo, Japan) %z VT 3 Rl L 7=,

3. R, TR 2 4600xg T 15 srfED L7z,

4. ®O. 5-kDa ORFEME 7 4 /L & —(Ultrafree MC-PLHCC 250/pk, Metabolome
Analysis, Human Metabolome Technologies, Tsuruoka, Yamagata, Japan)% f\>
TREDF RV BEDORRE L, IR BRI LT,

5. CE-TOF MS(Agilent Technologies, Santa Clara, CA, USA) DA A > L faA 4
F-FHWT, 4ICEEN TV OREEM 2 ER LT,

6. CE-TOFMS |[Z Lo THLNIET =200, i#fTY 7 MU =7 Th 5H Master
Hands # W\ C, HlEWZ ERE LT, SREFEY ORE (@mole)lX, ZivbH OFfxt
B — 7 HfE AR EREBTED OIREEIZESWCEHR L, HEE2 HWTERKL T,
T TNND 1T T RMIEENDREPEY O E(nmol/g) & FH Lz,

2.2.5 DNA OHiH

AN O BRRITINTFEEE Tt S 417z, BRAE L7 (&2 flfi#% . GNOME® DNA Isolation
Kit(MP Biomedicals, Santa Ana, California, USA)% T DNA ity L 7=, DNA O
£ (230nm, 260nm, 280nm)iE., 4200 TapeStation(Aglient technology, Santa Clara, CA)
Z MW THIE L7z, DNA OFFE LR JOMREE L, WIE L72WOEE O (260nm/280nm,
260nm/230nm) & CHEHEF T2 2 & TR L7z, Mbnll DNA ORFECHRE DTN
TMTEENTWR o Tlzd, BTOY 7L %-80°CIT THRE LT,

17



2.2.6  r—HrT

AER OFNEITINEB CHhE S iz, #UE L7- DNA [Xftfi##% . Nextra XT DNA Library
Preparation Index Kit(Illumina)# & 08, Nextra XT DNA Library Preparation
kit(lumina) Z W CH 7' A T —3 3 > &=, 4200 TapeStation(Aglient technology,
Santa Clara, CA)ZFHWTH 7 AT —2a %D DNA DY —7 VA X&F LT, ¥ 7
AT —a %D DNA %, v—/ % —(HiSeq 2500, Illumina) Z AT 150 bp D7
TR T HI LT, AET ) AV —RefdE LTz,

2.2.7 BBRASNTWDHLRAZT ) W) — R EREBEDT — & OIS

ABFSE Tl H ORRIINT — % ZHUE L TR, 2 DD adk— MIFSEH DA &
NTCW B H ORI T — 4 227 v a— R L5051 1), ZOXBT—2i%, 4t
BRI AT B T OGN 0 OBAR 7. R#EM OMROZ\bE ERLT DD
o — LW, BRI TR - BRI OV T 4 E TR S,

A B KU — RiL, Voigt et al.> 27— k7 — % % ENA(European Nucleotide
Archive)?» & # 7 u— R L7=(PRJEB8347) [50], Voigt et al.?> DNA i J7E
(G’NOME:s kit, MP Biomedicals, Illkirch, France) X (8> — 47 v 3> 775w b 7 4 — 4
(HiSeq 2000/2500, Nlumina) (IARMIEOZ 5 EIFIER U TH L2, AKFFEEOT—# L
T DB 2D DO FIEIC LD T A/ NS WA[REMEN $ 5, Voigt et al.dd 24— K
DTF—=HICEHEENTWD, JUEMBEEZHEH L2 1 AoBMN#E @lien)|ICHRT 2 A %5 7 LY
— R&. RMFEDRA LT ) MENTOFIETHNTT D Z LN TERDPSTZLIDODAZT ) L
B> 7 W (bugkiller-11-7-0) % . AMFIEO AT RIS 5 HLY RV =, Voigt et al.o> 24— b
D6 NHEKD 29V T ND ARG ) KN — RERELEOMITIZHW -,

REEM O/ T — % 1. Nagata et al.d 27— kD5 — % # 1 72[51], Nagata
et Al DRHMEMOEREFTIES, AFRLE R CFIEQ24HABM)TH DD, KfFEDOT
—H LT DRI NG DTFHEIZ LD ANA T ABN/NSWATREMED H H, Nagata et al. D%
HEEY OFARLT — 2 13, ZOEREMRY Lz LFEFFEe s H#4E L TIEV 72, Nagata et al.
D 8 NHED 16 W > T IVOREBFED DFN T — & % AHiLARE O IZ N 2,
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2.2.8 WA DEFET —Z O

ARETOBAEITIEFERFTEE CTh D ESIN AR v 2 —CEE Sz, NHSRELS =7
620 ADOEERE DR, MR, BMI(Body Mass Index, Kg/m?)% D -7 — &% Z Bif5 LT,
KIEDS Ao OVRIERT & 1B ITE 2420 L7z 96 ADBEDIRHFEO NS OT — X 137
DT EMNTERPSTZ, H6 BT THMICHEIERT 223, SBHAITERRE (M T O R GE
BT 4 OOMHEEOBEORFDAEM Lz A = XL EHLNCT H72012, KBS A
DIEFEAT & VERB I 2R L7z 96 ADIRIRAIE DM O L AT v — L&A ER LTz,

2.3 fER - B

2.3.1  PNREMA DR

SeATHE4] & ARFFETIE. ENLSAFZEE V2 — TSR 2 %2 1F 5 620 N OHERE )
5. IBE VRIS ORI OME 2 716 EEFT L7z, 620 AOHERE X, PSR DR
B, 251 ADOEFF., 67 AOSZRMEREDOEIE, 73 AD Stage 0 D KGN AEE, 143 A
@ Stage VII D KA ABE . 86 AD Stage III/IV O RGI ABEITHE LT-(FE 2-1), &
TR TG & LTEBERZDOBEOME L EZH T, AR TIE, WHEERE ORI A
L2WrEingz 302 ADBED S B, 96 ND KRG AEE D> BIRERT L 1EF ) B 1 F£I
EEES L, KIBDADKE SOMEITEIZ K - TREFIEN 72 572 (& 2-2), Stage 0
DRIGHM AR 11 NiE, KIBDS AN E 035 72 12 O AREETAIRIC K 0 RIGA A DIRZE % 4]
brL7-, Stage 0 DREGAAEE 2 NiE, BRFANCHNHESTRENEE Lo 72720, SR
BRIC L 0 RIBDADIREZYIEE LT, 57 AD Stage I/II O KGN ABE L 26 AD Stage
LIV DO KIGH A B S EEIR PRI NSRS EE L 2o 7o 7o, SVBHBYTEIRIC & - TR
YA DIREE Z IR LTz,
85 ND KIS ASMEHTRIER % OB X, TR B 1% OB A DR R 2 5
12, 73 NDIRIFERED & D&% 8 (PH), 11 AOIRRED & 5 2R IEMED B4 (PMP), 1 A
DIRIFEIED B % Stage 0 D KIGH A BT FRIRFIE RIS A BT, PSONZ /3 S 1172 (3 2-2),
72, 85 ADORGHASBINEREDBE D OB, 76 NOBFIZESL)Y gtk 2 —IZ
CTEMPNCNREERE 2521 TR Y . 1BEND 1TEN LK 5FE TO 4 FMONESERE
DFERITIESNT, 65 NDIBRED & 5 7 FHPH), 11 ADOIGFRIED & 5 25 MEMRIED &
FHPMPIZ b S V2, RIS, BRI 5 R ONEERAORE R, —ETHEH
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PERRIE E 72 1T RIS A L2 ST E D E I 76 ADBFE %2, 5T AOKRIGHRAD Y
27 PERNEE L 19 NOKRIGBAD Y A7 BNEmnEBEITE L, TRENOH b FEMTK
W3 A% SRS 36 LT BB 13 W e o 72,

SABHHNERE Tld, KB ABFET 25T K - TR 5 K OfE) e -

72o 20 NOAMIKRIGN A BEITREBOLMZBIBR L72(3 2-3), 65 ADLEMIKIGN A BE
(B « AEMBDS AT, RIS A DFAET DIWAETD O A & BB T2 (3 2-3), S TifJRIcBs
T, HOBMMEFDOR TV —=0 7 E TR INTZ KGR AEBE D 27% 0K A
BETHHB2]Z L0006, RO KGN AEE 218K T 2HRIZBV TR, T AN
DRI T,

FATHFZEIC BN T, I ek & SHE I ER R HREIC L - THAS L7 EICE £
NDNGHNMIE & & . IE VSR ORI OPHEIZ & - THE L7223 T2 GME
BAH LR, CADICKREREDHERINR ST Z ERHE SN TWHI[63], F
7o, BBERERZERETICER RHEIC L > TG L EIcE I s REEDOE L .
R YT 2 B L 72 R DRI D HE(E I > THUS LI IC & £ 5 REEY O & % b
LIAER, RNV v, mA vy, A Yaf v So7 ) e Eite 32 [HONRMED O BN R
AT EDHME SN TWDN, FEITBRET 20 KMECERT 22 TOMEEE, 7 /8
D1IFETHHEY 07 2 BEBHEAHFEY(Gly-Leu, Urocanate, N,N-Dimethylglycine)
WZOWTIERES E b nZ EbEINTWA[51], 207D, IBERERERHZ O
AIOMEIZE EN T D ENMECREED X, B RPHEIC L > TH LI A8 & [FIERIC,
T DOPRE DFNEREZRKM L TWDHEEZXBND,

# 2-1 NHHEEME AT 7= 620 ADWERE DT — % O3

HHE Healthy controls  MP Stage 0  Stage I/l Stage IV
X557 ) LSV TIL (N) 251 67 73 143 86
XZRO—LB>TIL (N) 245 61 68 140 85
Fi (PRIERERE) 63+12.6 64+9.12  65+7.54  65+9.67 60.5+11.0
31 (N, &:8) 115:136 19:48 28:45 50:93 36:50
BMI (kg/m2, chR{E+IZHE(RZ) 22.4+3.04 22.1+4.70 225+3.57 22.7+#3.17 23.1+3.43
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F* 2-2 RIS A OIBIEHITR OEFET — 2 OB

X5 ) LY TIL (N) 11 85

JEERIER DR (B, PREHEERE) 356+69.4 3741189.2

BEEBOKRBHADY ROHMEVNEBEE (N) 1 57

BEE (N, A5 - 65:20

JEERDMPOIHEILRTO—IL (mg/dL, PRIEHRHERE) 210+33.3 208+40.5

BEAIDOFE (PRIEHEERE) 69+8.24 62+9.63

BMI (kg/m2 PRIEHAZERE) 22.5+3.15 22.5+3.37
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2.3.2 REEW - A&7 L) — ROEGS

JeATIRE[4] & ARFFFE T, 620 ADOBEERE D 716 HOME A HfF L=, 716 [HOE) 5
H & 7= DNA % whole-genome shotgun > —47 > > 7452 T, 107 AHizo,
4.7IX10" R(P I DA X5 7 K ) — REHfG Lz, 604 HOMERKRD A %7 ) 5 — NI
FEATHIECREICEG L TRV . 112EOEHRD A 27 ) LY — Ra AW THT IS L
7o AWIIECTHAF LI A 27 7 50 — FEUE, W< OO KRG A D 2 — MIF5E8,9,43—
46l THAG ST A 25 KU — FE(R R, ) 4x107 7254 7x107) & Hufe LT bk a3 72
WZ LR S T,

FEATHFZE[4] & AR THE LN TI6 [HOED 9 B, 694 HOEIZE ATV D 397
EHORBEYZ CE-TOF MS Z W CER LT — X 2 BG L7, 317THOHEIZEENT
WD B PEEM I IIEIZ AT ZE TRIE L TR D . 3TT DI E £ T LG EY & A58
THITZICHE Lie, 22 [HOEIXEDEN DR oTT20, ZHOMEICE EN TV HRGEH
FEMEZERTHIENTERNST,
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R t NEPHE D X X ) WY

3.1 J¥ik

RETIE, =T —nbBoNiz A4 7 ) L) — RERWEAZ T ) MR LY |
716 % 7V OIFNAREE O RFBAS T« BEREHL T — 2 ZF I L2 FEIC O TR 5,
Fiz, AXT 7 A — RERAWCTHEDOBNMEOABEEAHETE Lz, ZOFEICD
NWTHIBRTN(B.24 81, EHIT, AXF ) L) — REHONTTAF v a— Vg AR
T5 bai A Nu U EER LD, TOTIEICONTHIRRSH(B.2.581), A X5 Lk
X, FIC3OOTRTHMENTWD([H 31, £T. =7 —nbfGohiz A %5/
LYV —=RIZEEND AV T A DENY — FREETHLE FHKRO Y — FEZIY RS Z
ETENGEER ) — REIG L72(3.2.1 #i), MPME O RFHELANIT. mOTU2 profiler Z >
THM L72(3.2.3 i), BWNAME ORISR & BIZ THRERARIT. A X7 L) — Rhb
BN DT ) Lg%, D7 ) MIHRT 282 u 7 28 L T4 &
BT FEEMEL, ThEa AV THEILZ6.2.2 f), AMIATHRELZBERET IS
ICIR SN TV B BIE T OIERIINC KT 1 FLb Y DAL F ) WY — RO~y
BV 7 HIT 73.0%(FRAE) Th D Z & DR S 4172(3.2.6 i), £ D72, AP CHE LT-
FIEICE S TAEZS 7 LY — RICEENTODIBENME OBE T2 F4 T 5 2 88T
T AIREMED RIZ S LT,
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X5GT ) LY —=R

- SR — R
(PRIE: 4.71x107%) )
1

(PR{E: 4.30x107%K)

P mOTU2 profilerzAAuL\c
‘ N’EELUI RERE ‘ VT ‘ il i
‘ PRIXEBRO U — RERS ‘ (5 ;1‘17097_,:) g—{ TyEyy

I
7HTH—wSDbRE ‘

t:“: v ‘

I
‘ 1 — RENE0bpFED
y— H‘I’&B;%f

1

1

I

1

1

1

I

I

| (N=: 22 514)
U—ROFHDIAUF 1| |

1

I

I

1

1

1

I

]

HeERBOU— REBRE ’Efﬁ‘ﬂ“ ‘

|
/
|
/ ﬁﬁsﬁbt’TJL\
|
/
E

I
‘ I IIN-E0) ‘ i§{r\?0)i‘5§iﬂ§u /
e r:r&ﬂ?f (N=50, 485 540)
PairlC72 > TLVRL BIEFHYOYT
I G | R }———qug&;;éa%a /
1
/ q];gijtg Ié Lo ﬁ/ ‘ KEGGDEEFICH LT
X Y DIERERER . = o
EARME O FEAME D
EIETFHER EN 10
FEABE D
BT HEEE
HER%
SAEERY — KOS BREEDOEGRT - HEEROESD EARMBE O RFEEMDED

NG 7oz WAA770 [ ]d8o70L [ 887710
X 3-1 A&7 LNkt OIS
Whole-genome shotgun > —%7 > v 71 Ko TELNT-AX T ) AU —REHWNTRAX S
J DEAT 2 FEhE LRGSR BV O SR AR 1. 8BS T RERERLER & UG L T2,

3.2 ME- FE

3.2.1  EHEZR Y — KOHS

LT OEMEIZA X7 ) LY PRI L CEmB ST, 2.2.6 Sl CTHRE L —4 v
=GN AZT ) A —RE2HWT, L0 7T SO CTERER Y — K& B
L/ f:( 3_1)0

1. = rh—mnbiEonlz—RFRnrb, NZ1EETHLEDY — RERELT,

2. ~ BV —LTHD Bowtie2 (version 2.2.9)[54] % VT PhiX O HEFNI 5 L
CTYU—Rae~voybr 7L, v w73l PUXHXRDY — R&frE L7z, PhiXD
HHEEHNE, 2017 4EIC NCBIOF — & LR U —inb Ao un— R L7 (G
9626372), /37 *— % |F--fast-local %\ 7=,
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3. TNEThoU—RiZfHmanTng 7 ¥ 7 % —fd¥% cutadapt (version 1.9.1)[55] %
MWTERELR, £72, V= FO3RmMILZ AV T 4 BMELS e 277038 5 72,
IR HEE L T AV T DS 17 LLUT OW RS 2 2% L7z, Forward fil)»
by—=rryr 73N — R LTONRT A—=HT -a
CTGTCTCTTATACACATCTCCGAGCCCACGAGAC -0 33 -q 17 & i\ /=,
Reverse oy —o v 7FElc ) — RIZH L TONRT A—H (T -a
CTGTCTCTTATACACATCTGACGCTGCCGACGA -0 32 -q 17 &\ 7=,

4. 50bp KDY — R&FrE L,

5. U—=FRDIA VT ¢ ONEN 25 RiGD Y — REFRE LI,

6. Bowtie2 ZH\WTVU— K&t N7/ ADOEEESNCXIL Ty BT L, vy BV
Snce kRO U — RE&BRELZ, & N7 2oBEERSIX, 2017 4£12 NCBI @
F—HLRY MY =B X7 a— KL= (GL 568336000 7> 5 568336023 £ TD
24 fl), 737 A —4%|E--fast-local =\ 7=,

7. XTZURY—Fr v 7LV =KD b, R TORGFET L) — REREL
7

TNENOLEH DY — X, seqkit(version v0.5.5)[56]D stats &— Kz
THH Lz, £, ZNENOREFIZDO Y — R E > — 7 o —hoG oz — RET
HHZ LT, FRENOLBTHRY R U — FEORIEZR T L,

3.2.2  JBEWAHE OB R K & BAS TS RERE Rk o L HY
AREITIE, & MBENMEOHFIEICE T 5 s THAL & R THEEERLAL O B TR E & |
ARWFZECBT 5 ZFDOFEICHO VTS 5 (K 3-1),

t MENME ORI BT DR T - BREM ORI FIEITEIC 2 DI
5. ZHREINZR Y G5 BBFOEERINRWESE, TRV I Eo TR bREa T
A7 LT —REe~vy 7L, ary 4 JICHFET 28I 2 EET HFENLH
Wonslal, ZoOFEZ. 2T 4 FRSRESIORFITR>TWDSTed, 3T 47D
ERNEETHD, 22T 4 TEERTHZET, SRESINCHFIELRWA RS ) A
VHROBIR T2 ERTE D AREMERH D, L LR, FHXHEEED D 72 I EE B
KO T 4 T EBFTHZENHE LD, TNOOBIBTEERTHI LN TE RN
EDMEE o TV D,
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WS & 72 5B T OB EERSN D & 556, TOSRESNICH LT — Fe~y
U L TBETEEET A FENRISHWENS[9], 2016 Fi2, b MENHIE OB T
#1417 Cd b IGC(Integrated Gene Catalog) S S41[10], ZHES & L CThet L < Fl
HEInTWo, ZOBEBEFIZa 7, 1267 AOFCKSLHEAD A X5 7 51— RIZHEK
T 541 1000 F{E OB T O EEFNLT X BEAINIERS VTV D, RS TN D
BT OHRE 72 o T2 IENME B T OMNERRZA 60T T 5 2 LR TE R0,

FROBEZ R T D7D, AR TIE, AFX5T 7 50— b, BRMEO S
J NEFEHEL, 20T ) MNIFET DlE T OIS 2 2 BES L L CHIFHT 52 & T
W T2 ERT 2H 2 e FIEEHEE L2 3-1), BN OFEERITMAZER K E
728 AHRHFAE R BRI D 22 OGN T bR E OE N CIIFEHFEEN Z N2 03 H
Do ZDID, AZT ) LY U TNVEBIIT BTN B2 T THZETHEELEES ) A
DEEFERTOY TNV TIEHR, ZNEBRES LT 52 & T, 2RI FAERD
DIV MEOBEGFOERT DI ENARETH D, £, HWE LT /) LORH A HE
ET DI LT, ENENDT ) MAFET 2851 L N O R/H A RIS, B85 10
HR &R DENMEZTIND ZE bA[EETH D, S HIT, ZRESNE RoTcBInFIET 'Y
TZEoTHELNTWS T2, BInFOMERRZZE LT, ERICANOER 2 EE
THZELAETHD, AR THIZIHE LI-BE T2 ERTD20DOFEL, LLTO4
DO LFETHR SN TND,
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1. 7 ) D A

B LT ) DL LIZBB 70 % v 7 O
WG TR O H

W= T RERL R OB H

-~ W

1. 7 ) LDOFEHEE
LUUTFOBAEIZA X7 ) AV T NARICINL U CEM S 7z, 8.2.1 HiCHUS L7- 610 fHD 2
B ) BY T NVHROEREEZ Y — R4, metaSPAdes(version 3.12.0)[567] % FWCT 7 &
VTN, RNTA—HT-meta -t 4 VW2, HEEERORMEE, metaSPAdes %
WeT kT ViE 900G DAE Y R L, 4 ALy RT 24 B3 S vz,
metaSPAdes Z W CT BT AT HZ LR TERNST-106 D A X7 ) LY 7L
SEDENEE 2 Y — B4 MEGAHIT(version 1.1.3)[58] # W\ T T v 7L LTz, /8T A—X
I%--min-contig-len 1500 # H\ 7=, JEATHFZEIC I\ T, MEGAHIT & i L T
metaSPAdes 723t MGEWNMIBEHRO X &5 7 2 — RE W72 7V OMRENR R
W2 ERRESIN TS 720[14], metaSPAdes #HWTEL DAX YT ) AT NVET &
YT N, TRUyTMZEksTEON a4 7D 9B, 1500bp LLFD 3T 4 T
% seqkit D seq E— R & HWTHEDY Wz, /37 A —%(F-m 1500 % v 7=,
ThRUTMIEoTHEONary T4 7 EEBERY —FEnwTe=v271L, 7
JLEFBE L, =07 T5700Y —UIN ONFET D, < OY—/LTIL,
a7 4 70O kmer OHBBESCIEROHBMETH LT b T X7 VAT FHEE, 71>
TN AR ) K)—REar T4 JIlwy B 7352 Itk THLND, &2
YTAT DNy VOEREREG L, 2T 4V EMEREICOET LT A H
WS 5, B TR s THERINTZT /) M3, ZOE=0 7T 5 Y — 1V EIC, 20k
RN VRIDZENTREND, AR TIE, 32O =0T Y — Va2 HNTT ) AEH
WME LT, TO%, TNENDOY —ADOEEEINTT ) LOFNbERG 7 AV T 4 DR
W) DEBRT AT ) AORRIGER LTz, DLTOEIESL, A X5 W7 VIS MST
LCEMEN7Z, £, metaWRAP(version 1.2.1)[59]® binning — RZF|HL T, =
> 7 —)LCdh % MaxBin2(version 2.2.6)[12], MetaBAT2(version 2.2.6)[13],
CONCOCT(version 1.0.0)[11]#H\ Tt =22 LT, 85 A—#(Z, -11500, --metabat2,
--maxbin2, --concoct Z fH\ 7=, KIZ. metaWRAP O bin_refinement = — KZFI|f L C,
MaxBin2, MetaBAT2, CONCOCT (2L > CHME L7 ) LAEBR Lz, (T A—4
IZ. ¢ 50 -x 10 —~quick & i\ 7z, 7'/ AEREHT 572012, £7°, bin_refiner[60]% H\
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T, 20DRBRDEC=U T — VN DIBEINTT ) DD HTI0T ) NEE LT, £D
%, 32D =07y — L EHWTHE I NS/ AL | bin_refiner W THEZE I 4
DD ) LIPS I AV T A DRWT ) LEBE LT, 7 LD F VT 41,
CheckM(version 1.0.12)[61]% . lineage_wf E— K T/%F % — & [F--quick % M\ TEJfEid
L2k THEEND Y /) ADOFERF (completeness) & 7/ L DHYLHR
(contamination) & FHW =LA F ORI K- TEFRK ST,
Score = completeness — 5 x contamination

CheckM I%, 526077 /) AOFRMEMHE L, BAONTZT / JMIEEATND
R I~ — T — BT DOEREFRDZ LT, 7 LAOEER EBYRREHET DY
—/VT& %, CheckM ICHWHI TV SRR RV~ — I —RIz I, 7/ LA ETDZ
DR T OALE BRI SNTNWDH2D, B2 oy ) MBI 5Z O8I T OREEEH
RHZETH ) AOFBRBERETHZ LN TE D, o, RHERN e~ — D —#EET
. TNENORMT1L A= LNFELRND, GExbhiz’ /) A ETEOBEEBTO
A—EERRD LT ) LOBRFEWET HZ ENTE D,

70 BDSERER DY B0%ATE £ 721X ) DOTERRN 10% L ETH D7 ) KIE Dy
F VT 4 DIRNT2D | FET ORI R B R Lz, FEEE L7257 2%, MIMAG(Minimum
Information about a Metagenome-Assembled Genome)[62]iZ 55T 2 5D 7 /L— A4y
HENTe, 7/ LDOTERMTRD 0%, EDT ) LOTHEYR 5% AR CTH D7 ) K7 A
T 4 BEWS 7 A(HQ; High-quality), 7/ AOSEREN 90% A £ 72137/ LOTBEYEMN
5% ETHD T ) ME 7 A VT 4 DIEWS 7 A(LQ; Low-quality) I /0 S iz,

2. HIEE L -7 2 a il Liz@n - h ¥ a7 O
1 CHME LZ7 7 52, Prokka(version 1.14.0)[63] % FAVT, 7/ A b ilfs 1O
Bz TR LTz, NTGA—ZIIERETT 7V NeHW e, BE LS 206 Pl
NI4T OB T- DR %2 CD-HIT EST(version 4.7)[64] % FV T, identity=95%.
coverage=90% DHMET Y T A& U 7 Lic, /T A—ZI%, FATIRICBWTE MR
HOBIR T I X a7 ThsIGC01ZHE L RT A= LFE U TA—ZThHbHc0.95 -
G0-aS09-glrl-dMOZHW\=, Z7T7AXY L T7|ZLoTHELNZRERSZSHE
e Lic, UEOBIET, BIn A X0 7 28T 52 &N TE,

ZESN 72 o T2 B T OHR &R D ENME Z R ET 27201213, ETOHMEL
727 ) AORRERET DHERDH D, LLARRL, ZIUTITERAFERMENE R S
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L, FHEEAZE ST -0I2, dRep(version 2.2.3)[65]1% T4 L OFELIMEIC S0
72 TARY T ETVD, ZNEND T TAX—TRELI2ST7 ) LORMEHRTE LT,

dRep I%, 2FHED V7 T AKX ) F THREINLTWD, £7. G2bhics /sty
MZBTHETOS /7 A OHELIEZ Mash(version 2.2)[66] % AW THH%, 90% D RERL
WTr I A% Y 7 LT, Mash (%, MinHash {E% T2 5047 ) AEMHEKRT 5 kmer
DHEEZHK ST 52 L T2o057 ) AOEMMEEZFENT 5> —/LTh b, Mash (T, FHHEH
FEIIEWS, ZOEMMT, 7/ 25T 74 A MELTHER L TW RN D®%IRT 5
ANI(Average Nucleotide Identity) & le# L TIRWZ b TV 5, D=8, Mash
BN A8 Ko THELNEY 7AZ—% T 52 TOY 7 LA OFELM
MUMmer(version 3.1D)[67]% HWTHI L. 95%DHENMETHE S 722 ) 7 LTz,
MUMmer (X, 2 2047 ) 5T T4 A b5 LT, 225045 7 LMo ANI % FiH4
%Y —)Tdh%b, MUMmer # 2 2 TAXZ Y T ORER, ThEn0y 7 A4 —Tib
IAVT A DORWF ) AL, REF /L E L, 772004 ) T 0 OBEHFGFIEZL
ToRICEIVHEB L,

Score = completeness — 5 x contamination + 0.5 x log (N50)

FNENDY ) 5D completeness & contamination (%, Ak L7z CheckM % H\»
THH L7,

RIS IR ORI L, F8EE LTz 22,547 HOIENME DS/ Lt v F % 5,000 fH
DY) Dy MECT o FLIHEIL, dRep ZHWTY TAZY LT LTz, /T A—X
1L, =-S_ani 0.95 #H\W\\ 7z, FU X LR EILTET ) Ly N2 T7AZ Y T LTHELR
2 Tor ) Lk, dRep FHWTHEZ Z A&V 7L, RET/ L2x2EE LT,

RFH 7 LDOZFIL. GTDB-Tk(version 1.3.0)[68] D classify_wf &— N4 > THE
E LTz, T A—ZIHICERETT 7 40 b &2 HWT GTDB-Tk #3417 L, DB
version 95 & i 7z, GTDB-Tk (X, Z< OMBEIMREA L, TNTHOMET1 2 & — L
FELZVEBEFOESE 526077 7 A6 TRIL, TR o Z2HWT, BRERD 57 )
LADRFEEINCB T D RMEHET DY — L Th D, BMHEE LR, G527/ A
Ll mBIEWRMTH LB ERD T 7 LOFEUMELZ, MinHash {E4 k& Lo
FastANI(version 1.31)[69]% I\ THIIH L, ZOHEEMIZ L > T, ZOME OB %D
RO LNV EHET D ZENARETH D, HIZIE, BAONIT ) LEBRERSTZT )
LOFEPNED 5% ETH-T256. HAONTT ) MIZHE T ME LRI L TH
%, GTDB-Tk (Z L - THEE S/ %#k1%. GTDB-Tk @ github
(https:/github.com/Ecogenomics/GTDBTRNIZ NG E LTV 5
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gtdb_to_ncbi_majority_vote.py % i\ T, NCBI Taxonomy (ZZ#: L7-, L ED#EIET,
7 DAFET DB T E T DT ) AORMEIIEESED Z ENTE T,

3. BIs AR D H H

PLUFOBAEIZIA Z T ) DY TN L TCEB SN, 2 THEELEER T I r7IT
Ik STV 2 E T OB IR LT, 3.2.1 Hi TS L-miEERY — R
BWA(version 0.7.17-r1188)[70] Z AWV CT_T7 = R~ v B 7 Lz, BWA O/8T 2 —H |
TNV RT, mem 7)Y ZALEMHEH L, v~ v BT LIERR, 2RESIE 7o 7258
I OWHEBINE A X7 7 5 — RO—BEFR) 95% A T o 7ot R a2 B Frn 712,
ZESN & TR o TeBIR TS, vy BT ENTZAZ T 7 2 — FERE L., 2HES
EROTEB Iy B T ENTA LT 7 L) — RES B L 72> T BIn TR THIS
Z L THinrOEEZFEMN L, B FOMMEEEIL. B LZEETFOEORINT, £
ENOEBTFOELEID Z L TR L,

4. JER B REALRR 0 B
2 THESE LT Bn -0 # v 72U STV D n O RALY 2 7 2 BRECHINC 25 # L
7=, Z=O7T 3 JWEiS% ., DIAMOND(version 0.9.14.115)[71] % FW\C., #fs TH46ET — ¥
~N—2T¥H % KEGG(Kyoto Encyclopedia of Genes and Genomes; 2017 412 B [72]124X
RSN TV D EBEAEYM OB FOT I 7 BEFNIKE LT, EAOFR R R & 320 L 7z,
DIAMOND /%5 % —% %, blastp --sensitive % H\ 7=, BELHOFH [REIVER TR OFE 5.
KEGG 12§k S LTV A Es 7I2%F LT identity < 40% ¥ 7213 bit Score < 70 72 1%
Coverage < 80 Rl DMBFER ATV R | Bz T I ¥ 7 7 IS N TV HBIE T &
KEGG (2§ SN TV DB T & kit S8 72,

3 CHRM L BEFOMM TR E ZD#{s 1% KEGG [IZIEk SN TV D EE %
s ST, KEGG 12Uk STV 2 BB T ICBIE T O EREZ 2 LEbE s 2 &
T, KEGG [ZIUk S L TV D BIn PR AR Lz, BT A # m 7S T 5l
B3O KEGG Ik STV DB Ikt L7ca . T OBE T O FE R4
ORI LT ETEID Z & THIIE LT,

KEGG 2k ST\ % ilfs - & KEGG ORTHOLOGY(KO) & 5% &85 Z &
T, KO L~ FHRERL 2 F i L7z, KO &1, KEGG IZIE S TV D EIs 7D
BEREICESWTERINA— Y u / Th b, Bin I Z MR T 5 R E D KO DO
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SHFERZGND 2 LT, FEDKIGEH ) BT O FEEZHA LN T LI ENTE
2o

3.2.3  JGPVHIEE O RBALE D FE H

Whole-genome shotgun > —%7 > v > 7L > TEHELNZAX T L) —FREHWT, 0
BRBEICEBIT D MEO R 2B HT Y — AR N ETICWLS OB INTE 72, £
SO —)VOMREZFHE L7CRER, A %57 ) 20— N%Z kmer (0L, ZHES L7205
T BRI LTT Z4 > A b9 5 Kraken 2[73] 03 bIEREN B W Z EvgiE ST g
[74], L2rL7Z23 6, AR L7z, A Z 5 Mgt T REED A Ak — MIFZED 12
[9]1Z. mOTU2 profiler(version 2.0.0)[75]% F\THENAIE O R ZFIH L2720, A
72T %, Kraken 2 TiE72 < mOTU2 profiler(version 2.0.0)% VT, B L OFE L ~LD
WA O SAfekLA T — & & Bifs L72(X 3-1), AR TR Ly — /& AT e TR
L72Y = ITHE—9 2 2 & C, JATHFZE CH 5 DT 72 o T fl S & ARBFZE T 5 M2 72 - 725G
RE T DRI AET DY — VE O ZfRIET 5 Z L TE 5,

mOTU2 profiler 1%, £ < OMENRA L. ZILENOME T 1 2 B — LIMFIEL R
W10 DR~ — I — B FOBEEEINK L TAZ T ) L) —FRae~v oy B 73528
T, ZTOREICB T 2MEORMkE R LT 2 — L ThoD, R~ —I—EIE 11T,
25,000 LA EDOKIE DS ) 5 & 3,100 LA EDAZ T ) LAY TND AT 4 FBAERS
TWNWDT2D, AT ) DT CEENTWTT ) AR LN IV TO R WA EE 2 4 H
T 5 EMA[EETH D, Bz I1X. unknown Dialister<° unknown Peptostreptococcaceae
X, 7 AR LRICENTHRWIBNME THY . Z< ORBNRADAR— MIBWT,
B & i U CRIBD ABE CTEOMHXMFEREN LN L RHE SN T 5H[9],

LA OBAIEIZ A X7 ) 53 T AR L CENE S 7z, mOTU2 profiler
map_tax E— RDOT 7 /L h/3T A —H % T, 10 [HO Rk~ — B —BI5 1 OIS
2P LT 3.2.1 HiCHUS L7k ER Y — K&~ v B0 7%, mOTU2 profiler ® calc_mge
EF—FRDT 74NV IRT A= EHNT, ZNENORM~Y—I—BEFICH LTy BV
JENTY — FEEZHEHE L, cale_motu E— KD k D /3F7 A —% % mOTU % 7-1% genus I
ZNENREL T, FL~b & L~V OIGNHIEE O RbtkLa 2 F Lz,
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3.2.4 WA O LT HEOHETE

55 IS T, P FIEOR RIS OWTHIRT D28, KIBN ASMRHOIBRRT: CEET 5

NI R 2 R TE 95 72 01, RIS A BB OSVEHTRIE T O R P B8 O FH S 171 B % et
TR FEE AT Lz, ZORERE, BEOIBNGERIZ 24 FE OGP O FH T
FEEDEBEICHINLE Z LR S N(P<0.005), AEITIE, EFHELZHTTHEHEL
FOFHEOFEL, SMRHOIE RS AR A E BN L 7= I o £ s o HEE ik, 15
WNHIEE OHEE ST B HE & 2 O A EROBRMELZ L L FEICOW TR 2,

1. ABHEZHET 28R L ZOFIEORI
FHRHFAE B O LLEARHTIZ I T & 2 Ml B O AESHELE 8 0O ZE (123 LoD il B D AH e E B D 28
BICE > THIERZESNDAREENRH D . TN L > T, HAMEOEEDIZ/LL THhen
ICHED L, AR S LTI LTS L ICBIEENTLE S AR E L 57
REMENN D 2 [76], £ DT, FRMFIEREZ AT FRICIET 5 2 & TRIE L 7o O E#x
EEMPCRTAHAZETERTDHIET, TOMEORBMGRRDZ L 2MHRETHIENE
ETh5[4,89], LnLaenb, 1HOFEENPCR T120H 7o 1 DORE DR
LVERTET, 1 EOFEERN PCRICKLEREHEAN L X FREW oD, £ < ORMIEOH
BrERTDHIENTERNIENEBEE e TV D,
INOOMBAMRT 2 1ok LT, M@0/ Le ZOMMED DNA %
whole-genome shotgun > —>7 >3 7352 L THELND Y — RZHWT, ZOMEOS
L EDY = ROBMERGIINCT 2 Z & THEOAETHREZHEET 5 FHED 2015 FICH
SEENT[TT], ZOFETIE, MEOT ) AR TH Y | HEBGR TH D ort D> HHEY
DR T D ter ETHGMMNO T ) APERIND & W) UEIZFED W CTAEFHE & HEE
T 5, —MKBIZ, MO S ) ARER I ZI, RN SET L7720, T 2oEREIT
ZOMILOAEBTREZ L TS EBX BN TWD, AFHENEVMEO DNA %
whole-genome shotgun > —7> > 7 LI256, EOME DT 7 LOEROBEEIZ)E T T
BECT 7 APBERE N TV DB EFEHEBEIN TV RWVWERI Y b2 v—F v 7/ s
N5, 7 5 EO U — ROSMHICABIHAE L 5K 3-22), —F T, AT HE MR HIE
?® DNA % whole-genome shotgun > —%4 > 2 7 L7384, ERENTWD S ) AOFEIK
DI 7 DEROTERMEIEREIC Y~ v v 7 S D (X 3-2a), MIEOAE
WL, 7/ A EOEEEIZY — R ENS DNy B T INTZONERT Iy Uk
B, SBREEZ R S Lo FEIC RV EROKEEDO AN Ly D125 5 E B 46 R
JER DT 31w PO HERPTR; peak-to-trough ratio)Z B 45 2 & THESN S, H—D
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I DR R ITIIT DM OHEIAOHER 1T, £ ORERICKIT HHEE S iz AFHEOHER
ERIELTWD Z L bMESNTNDI[T7], ZOFEE, BH—OMEORFERIZT Tldk
<, ZLOMBENRIET 2BRETOHEHT L2 Z LN TE L0, MEOEIRDS 7 A EZEDHM
HHRDZL DY — FRMBETH D, ZNLOMBEEMRIT 572012, WL ODOEFEE
EHEET DY — VBB ST E 2[78-80148, AWML TIE, BIRD T/ A TIERWRT 7
N7 bRV ALy UTHAEFTRELZHEE TE 5 Y —/LTh % GRiD(version
1.2)[81]1% AWV CHIE DA BT HEE 2 HEE LTz,

GRiD 13, $sEDMED KT 7 b7 MM LTAZS ) LY —Fe~w o v
L. RIZT7 N7 BDEWRTD2ENEND 2T 4 THICH ANV y DVEREMEGE, £ 1
VOB RIZESNT T 4 T EWORZTZIC, I b a8 e Lo FEICED
BROKE R ID DT 8 Ly DIk 2 BB D DOV y VORRER T 52 L T
ABREZREET DY — NV THDH(X32b), 22T 4 ZTOWORKRZIE, I Ly UKL
RHDALT 4 TR EBRIBINE L. ANy UNRNE R D 3T 4 7P E S
HE DKM IR b2, 77 A ED) — ROGHOAR ZFHD Z LN TE
5.
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a Growing bacterial population

Replication origin 200

Replication g

Y —
000 e
O O @ E 100 Newly
/\ ﬁ T replicated
000 |
Whole-genome § 50
shotgun 3 Original
High DNA copy number  sequencce ~ © 0 x : 3 ) genome
near the origin Genomic Location (Mbp)
Non-dividing bacterial population
Replication origin 200
Y @ Replication m=gp»
8 150 origin Newly
00O
©
O O O Whole-genome 5 50 J
Low DNA copy humber ~ Séquencce 0 3 > 3 2 genome
near the origin Genomic Location (Mbp)
b Coverage(origin)
Contigs Coverage ~ Coverage(terminal)
22 (15 ) (45)
— 45 25 22 %
—_ 13 22 15 °
-_— 15 19 5 2 v,
ﬁ ﬁ:& B
S Sort basej 15 Reordered 4 Estimated T R,
— 4 on coverage 13 | based 13 |pTR &
_ 25 5 | oncoverage | 19 |(peak-to-trough §
—_ 19 4 25 | ratio) Q
_/ N o

Genomic Location (Mbp)

3-2 EHHE OHEE FIE
a lZAEF D DI & E VIR O DNA % whole-genome shotgun > —47 > v > 74 5%
ZEIZEoTHELNDY — REZDOMEDT ) DI~y 7L, 7/ A EDY — KO0
ZR LM TH D, b GRID Z W AEFTREDOHEFIICOWTRLIEKTH 5,

2. NBHAIEIRIS (A EAE DS AN U 72 BN o0 A= B S D HEE Tk

PUF OBAEIZENZENDOIGNHIE IS LT A XS ) 28 7 VIRNL L TR S 72,
GRiD O single €— RDOT 7 4 /L k3T A —X & T, SAERHEER IR FE R
INU 7= AN R 00 A= 75 8 2 HEE L 72 (X1 8-3), GRID % F W= A BB OHEEITIX, FHXE
TFAERED I LTz 24 FROIGNME D7 ) APUEETH 5, FHRAFERDS N L7 BN E
D) KL, AR LT BN OF4 & mOTU2 profiler (251} % 24 Fl O NI OFE
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4 % NCBI Taxonomy # W THAET 25 2 & THISG L7, 24 OBNMED > B, 7RO
WP DWW TR, 4/ %2 mOTU2 profiler (23515 5 NCBI Taxonomy A3 5732 &
ITCWRWEOHB THBE LY ) L EHETHI N TERNoT,
AFHREOHEEIZIZ, ZOBNMEHRDOZ DAZT ) LAY — RRLETH S,
AZGT ) DY T NVREITBENME O S 7 Ak LT 3.2.1 i TS LIzmiEERY — &~
YU LT R, —EDA LT ) WY TATIE, 7 ADOI ALy PR 0.2 Kl Th o
T2lo, TOMBNMEOLEBRELZHEET D LN TE ol EBEREEHEET D &
MDTERDSTAZT ) DY 7L, Z OIGNME ORI 2> 6 B0 BTz,
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BIEER U — K
(cP5RfE: 4.30x1074)

NN mOTU2 profilerz AU\ 7z i GRIDZRWTc
7T e=2T REFIAVAI | [ AEREOHE
- I
A | memmowmes | |
I
7 IBADISREUVY gstE :
| I
. A RIBEIRR(C I
‘(’ﬁfs{);‘ et YT
=1 78 (N=24) :
|
I
. NCBI TaxonomyZzfU\7=
7/ LORGHE wees s LoRs | |
¥ : / ;
ARIBBEEIC
s ik RSN
KRERT / LDRH ENFEENIBN L = i
/ i / WEDS ./ I (N=17) / / HEOERRE
N - BRBEORGERORE  GRDEBABREDRE
LIETH AR~ - iEEHLE N (3.2.460(C5CH)
(3.2.285 D218 BT LORS
(3.2.3%A, 5.3.181. 3.2.4
[EZENZENEH)

MBI | 7oz [PrAn7700 [ P70 [ |B&EI2 710

3-3 B HE OHEEFNE ORI
W EOOITER SN ECEFIC R Z LR LTV D, KL, 3.2.2 8. k1% 3.2.3
B, VKT 5.8.1 fi. BUWKEAIE3.24 il TEMEINT-ZEERLTNAS,

3. JHPNARER O A B L & FHREAE S D BRI

RPN B O FE ST B & HEE SN2 AT EE OBMREEZ I LM T 572012, KBS ASE
HITERRRT O A & R AABHIIE R O BE TR T 2 IHENAEE OFRHELE & & 5P E
DHEE ST AEBIHE D spearman OFABIREZ . R @ cor Z iV TEhENEIM LT,
Method D /37 A —# % spearman & 7o, F72., ZAUODHEHFRICHHBEIBSRIZH 5 D
N FIND 120 R O cor.test Z IV TEFHBIME L PlEZ Z L 1H4F L7z, Method
D/XT A —H X spearman & A\ =, TNENOIGNMEICBW T, ABHELZHTET S
T EMTERPSTBEZ I B CHBIRESS PEEZRH L7,
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3.2.5 BaitXu 0OiEE

5 6 WIS CREMICHIR T D23, KIBNSABE OHNEHITERRATHR OMEICE T TV A REHE
WO A LTS R, 3 — Ve & BB AMERRE SN TWDHT A% v a— Lo &3V
BRI L2 2 E MR STz, T — VB D T X v a— L E~OERRIT, a2 —b
OATaA RO C-TAIMEN T WD at R EE2ATKIETHD, ZORIE
TEMETH L0, BED 1 SOB\ETFTIERL, BiE L 8 50 bai i1z 1-(baiB,
baiCD, baik, baiA, baiF, baiG, bail, bail) > HIERL S5 bai A<v N K-> TE DRI
RHEIE SN TN D, 2019 4RI, bai AXu L kT2 8 S0 bai BIGTDHH, 65D
bai 5 T-(baiB, baiCD, baiF, baiF, baiA, baiH)7™ 2 — VIR & F A % o a2 — VERIZ 5 H#ad
HIRISICAETH D Z NG STV 5[82],

Bai v U BT D 8 OO bai s - OdFiX, NCBI £DAET —& _R—2T
NI TOWDEN, ZOENRIEFFITDRNTD, AZT ) L) —Rnb I OBET5E
BT 5DIINEETH - 72, 2019 4T, B~/ = 7EF /L (Hidden Markov Model; HMM)
SRS ORI &2 M L LI TFEICL > T, B MNBNHMBE OB T4 a7 Thd
IGC[10lIZ gk SN TV D BAn FRLS & Z DBIGFALE D, Zh b OBIR oA~ r %
FEL, TNOHEERET 2 FENHL SN0, ZOFETH, B O FEREO Mk
HEREKICA 2 EHRL, TRETEREL VLN, BETOMERBBREHOMCLT
WRWZ8, TAX T a— VROERICKHATH LD ETOBBIHEEN T RN A T
ZEBELTWD AR ® 5,

AHFETIE, ZOFEEZLB L, LFDO 3 SOTIRT, WEd 5 6 >0 bai Bis 1
(baiB, baiCD, baik, baiF, baiA, baiH) &A1 DIGNME DT 7 LaHHEE L, £ OB
T BT I X 0 TR S LTV DB T2 RS ST bar 4w & E R L72(X 3-
4),

1. B~ a 7T L OMER

2. B~ aTETIVERAWET AR a— LR E OBRER

3. Bl h a7 IciUEESnCnWd bai A0 o DOER
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Fovo—RkUr

bai BIEFD
7 = B

‘ RIVFIITSAVAY ‘

Z< DBIEFTRESNT
WL BESI DRRE

‘ HMM profile D5 ‘

|

[ v

‘ FZLeYIIL-EZVT ‘
|

SREELRU—R
(P RfiE: 4.30x1074)

[
BRELS L M
(N=22,514)

‘ iEﬁ?%ﬁ'J ‘

1511:?0)#%%@3% &
F=J @@E?'J

/ HMM profile

—

HMM search ‘
I

[

i

’ vyEVY ‘

BEFHYOY /
(N=4, 105 ,852)

bai 5BI5TF DIEHE U

FEPIfBE D
BRFHER

bai BIEF &

I BEFHIOTDRE
Bie5 DIBRIERSR ‘

I bai BIZFD
/ bai EBIET L/ #ELRL

HMM profile D& /
\
\

Apl I

[ 70tz ‘Eﬁ?@ﬁﬁﬁ%@ﬁ% bal TN O ORSEER
| BN / ¥ I

[ Jermo 7oL ;\;rz;%a_);.,@ PR
e bai SBIEF i3

?‘7#93;ﬁ$@$ﬁi® bai AROYDES

X 8-4 Bai A~v > OiE&TFNEOHEX
W EOAIIER SN ECE IR D Z L EZR L TWA, KL, 3.2.2 81, FflX3.25
i1, HWKAIZ3.25H D2 & 3ICTEBINT-ZEERL TN,

1. B~/ a7 5T )LD
LU OAEIL bai A~ o Z4ERT 5 8 DOBAR I L CHEM SNz, £7. bar A4
R U EAER T HBIE T O T X BEELS% UniProt 705 2020 4124 ¥ v — K L7 (6
2), Fvra—RKLEBEBETFPOEA LS TODEETZH R,
7427831 HNT~VTFTAT T4 2 A2 h LTz, /8T A —HT-auto &\ iz, ~/LTF
TNT TA A N LIZBETOT I/ S % trimAl(versionl.2rev59)[84] 4 F T
DB F THRAFSNTWD T X BREHILISN DT I BEEH 2 D BNz, 3T A—4
IZ-gt 0.9 -cons 60 % fi\ 7=, HMMER software(version 3.2)[85]®> hmmbuild &— K>
T. hmm profile Z 4 L7~

mafft(version

2. TAXY a— )LEROAERRE DYER
PLTF OEMEIL 3.2.2 D 1 THEHEEE L 7= 22,547 [HOMNME DA ) SIS LT FE S
Nlze 7/ AZEFNTWEETOBMLEADOT I BEEHNIZH LT, 1 THELZ 8 DD
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hmm profile # HMMER software ® hmm scan &— R& W\ TZENENETT 5 2 &
T, bai A ~a ZfET D bal B OBEMZRE Lz, /XT A—2IF-E 1x107° %2 flu
Too WIT, TOEME 2o Tolin T2 1 TX U rra— K L7725 7-%F L T BLAST+(version
2.2.30)[86]> BLASTP &— R % W CESI ORISR 2 EMi LTz, /ST A—X1TT 7+
NV hRT A =Z e, BSIFHEMEREREOMIR, 1 Ty ra— FLIEBEFICH LT
identity < 7T0% A O ZRFE R A I BrRE | bai v » T 5 bai Bin & ¥rE L
7o WRIS, THD D pal B FONMERREZH~LZ LT, 7/ L ET6 DD bal Bint
(baiB, baiCD, baiE, baiF, baiA, baiH)I L T\ A EH inkfiE Lz, ZhbH 620
bai Ml T RATDHNMEZ, TAF Y a—LBARKE L L TERLE,

3. Bin A& o IR STV D bal A1 - DJE &

TAX T A= VBERRE O bai A1 a8 DD bai s 1-(baiB, baiCD, baik,
baiA, baiF, baiG, baiH, bal) &, 3.2.2 fi?> 2 THE LI 5 T4 % 1 ZITIUERS LTV 5
S Crem el ab A el (153 VS Ay PD (= € e a7V = /AN 116 - S AN QUAVAS = U ream VAV N EP O A2 6o i
3.2.2 Hid 3 TR L72BIR L) i, TN ZENDOERE D 8 DD bal s DFH
MHIFEREZBEGTEICE LADESL Z LT, 800 bai #a TOMKERI Lz, D bai
BIETOMBUZE N TV D 8 DOMBIE - OIKTFIER DTN E A X /7 ) KW 7 VARIZ
BT 5 2 LT, bai At v DML E B LT,

3.2.6 &z HZua 7O

AW THER LBl X7 LBEGFOE MEWNME D&z - % v 7 Th 5 IGC[10]ic
IEFE SN TWDABIRFOEBERE, TNHICKHTHEAXT ) AU — RO~ v B 7R
L7,

LA O B RO il

F7. BFEOE MENMEOBE T H ¥ 07 Th b IGC I[ZINER S LT 5 85 1 O R
F% LR 0 url

(ftp://climb.genomics.cn/pub/10.5524/100001 101000/100064/1.GeneCatalogs/IGC.fa.gz)
mHA T ra— KL, IGCITHEREN TV E B FIZRT 5, AiFRICL > THELNT
BT A4 0 7GRS LTV LB T ORIGEZHA LN T 572012, IGC IZIE ST
WD BRSO ERSI & | 3.2.2 i 2 THEEE Lo T O EERS 2 i &% . CD-HIT
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EST % FH\ T identity=95%. coverage=90%DEfETr F AKX V7 L=, 7 TF7AX Y v
TDRT A =21, -c0.95-G0-aS0.9-gl-r1-d-MOZMH\\=, EaTrOEHERDAH
{fbi%. R ® VennDiagram(version 1.6.20)/% > /77— ® venn.diagram % A 7=,

BETAZ A TVIXT DAL ) B ) — RO~ v B 7RO

KETOBIEIIA X7 ) DY T NVEICE RSN, £, 32280 2 THELZEIE T
& a 71k STV Dl s T O IEESNICH LT, 3.2.1 BiCHUS L-migER Y — K
., BWAZHWTRT = Rvy B 7 L, KRIZ, IGCITIER SN TV D IBEE T ORI
ATt LT, 321 HiTHG LemEERY — FE2, BWAZHW TS Rvy B
7 Ulz, BeBIZ, IGC E AR CHE LI @BIn 10 ¥ n 7 & A LIBE T 7 % v 712
BEN TV D BEETFOEERSNCH LT, 3.2.1 8 THE L-mBERY — N%, BWA %
HWTR7zy Fvy 7 Lz, BWADATA—HZFZF 74/ F T, mem 7 L3 X
LEMRH LT, v~y 7 LR, ZREY &R o B nFOEERSI & A 27 ) L) —
R O—ERD 95% A T o 7o REAMV BRE . TNENDOE T I Z 1 ZIZlgksn T
WHBEFOEERSICvy B T ane ) — MEEH Lz, TNEnNo&EFI4u 7
NG SN TV DB DOEEESIIC~ vy B 7 Eniz) — REEERBER Y — N TE 5
ZET, ENENOBEB TR TIIRTDAZT ) L) — RO~y B 7REFH LT,

3.227  BBIENTWAAHXYT ) A — REFW=X X7 ) ARl

2.2.7 fi CHUS L 7= Voigt et al.FHED 29 > F D A Z 7 ) AU — KiZ, 3.2.1 fiCrnd L
ToEREER ) — FOBRS LR CFECTERE R ) — RERS Lc, SfEER Y — Fa vz
TR TN e B 7R FERIE IS, 3.2.2 810 3 & 4 THI L7#E 5 LR O S T
PRRERLRL D HH L[ UFIE T, EHEER Y — K& 3.22 0 2 THELZEEBE T ¥ r /i
kSN TV LB FOEERINCK L Ty y B 7352 & T, Ein k& B FiEE
FAR A FLH LTz,
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3.3 AEH - B

3.3.1 R Y — RO

o= b 1B ATIXIOTAR(FRE) D A X 7 ) KU — R &S LT,
ZTHICEENTWL 7 F VT 4 DERNY — R, [EETHLE FHRD Y — FELZED R
LT 1T ABIEY 4.30x10" RK(P I DOEREER Y — RERG Lz, v—F ¥ —
MBFENTA RS 7 2 — RO 6.55% (P IfEA, mdgEE7R Y — RA G Hilfe THLY
BRI Z & AR S 72(X 3-5a), £z, EREE R Y — REZRST H@RIZHWT, &k
HRDY — RERET D IR TR LEZDAZ T /) L) — RBREINTZZ & bERIS N
(4 8-5b), IHIZ, & MHKRDOY — ROEEIEL, HEDA X T ) DY TN TORLZNT &
LR SN T2(K 3-5b), ZALH DFERIT, FFEDA X T ) DY U T AZB N THEIZEZ L Dt
NHRO DNABRBA LT Z L2 KL TV D AREMEN B 2 b D, FBATIFRICB VT, &
SEMEMR B O BFEOMIZITE FO DNANLIEALTEY , RMEFIZLDMne 7
LOHHIEIRACTH D TREMED A ST 5(87], F7-. EOBIMMREIZRLNAAZHKRLT S
T2ODAT ) == 71 bANLN TS Z E b MEINTWAI83], Loz &b,
B N7 AOIRBANBIIKIBNA L BR L, 2 OUETRIT KIS AN 2 Hifl T & % ATHE
PSR S Tz,
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a SLIBRID ) — REUCKET D b IBRID Y — FEICKT D

ZFNZENONIRED ZFNETNDR(CEL DT
) —REDEIE IORHINTZ) — RBDEIE
1oo—-——~—--——-.,._|_EF 100
%) é%ﬂ @
© 75 f ‘ & 75
3 3
= =
T 50 S 50
© ©
(¢} (0]
o> 25 o> 25
A A {
0 — O |
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Filtering Steps 2 IF\’lhlx : Téwg?r?apter ; gﬁb’ﬁqlgﬁ genome = 7:MNon palr

X 3-5 EHEERY — RERET50EBRICBIT5 Y — REoH#HB
Bl F 1T, SEER Y — FE ST 50 T, FNENORERAE FHE L - IER kS L
TWALBIBI), IREOBIL. [F—DAXF ) LYy T THDHI L EZRLTWD,

3.3.2 FHEZELEYT ) L07F )T ¢ OFHM

ARG ) DY TN EDRAZT ) DY T AOEREERY) — REeT 2y Tl arT
4 TERE L, ZhboarT 47055, 1500bp LLFD a7 ¢ 7 &HY RV -k
Fo1Hr T b0, 21,109 RK(F RO =T 4 T HEBG LIz, 1T vdbiz) o=
> T 4 7D NB0 1%, 13150.5(FRAfH) Th - 7=,

ERERY —REZnnbEoNZar T 4 72 HNT, AZTF ) LY T
2. 7 DEHBE L, ZTNoDT ) A0 A )T 4 il LIzfER, 17 ubi-
V. 148D AV T 4 PMENT 7 A(RIE) & 1T O 7 AU T 4 B3@EnS 7 S (R RE)
EEMRT DL ENTE, BAXT ) AU TADLEE LT ) DA LR R,
TI6E DA X7 ) 5 Tt 10,148 M0 7 4 U T 4 BMRNT 7 Ak | 12,399 HD 7
UT A B@ENT ) DEBEET 5 2 LN TEZ(X 3-6b), B MENMEIL, [F UHET KA
WRA L TWDOBIBTFRRERDZENH DD, AZT 7 LY — Kb HEE LT BNAE
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DT ) LB Ea T T A ENRERINTWA[14-17], FDT-., AWFFE CTHEESE L -
F A, B MBNMEDOY ) LD V) —2E UTHIHTE AAREMEN RIS L7,

a BEELEs /L0 b EE
DAUT 1« DEHE N
E|gggg 12399
8- 12000
5
?po g
I = 5000
C S
8" ©
= o)
©
£50 g
€ S 4000
) Z
C
S25
O
0.0 X 0
50 60 70 80 90 100 °iEE LQ HQ

Completeness(%) count
LQ (completness <= 90 | contamination >= 5)
HQ (completness > 90 & contamination < 5)

Quality

4 3-6 & LIZIBNME DS ) 2D AV T 1
a LA L7z 22,547 HOBNME D7 ) AOSERFE L 7 7 LhOIBFYR AR LI X T
bDe b DT I TIIENENDIN—TIBT DT ) 2BERLTWD, BIXT ) D7
FVTF AL THE LI NA—T 2K LT EULEIRR),

3.3.3 Bzl ZuZOREE L FOFME

FEEE LTz 22,547 D7 7 275 50,485,540 [HOEE TN TFHIS Tz, ZhbD#EE T
. FOWERFNOELPNEICESNT Y T AZ Y 7 UIzfEE, 4,105,853 fEOBER T A3
FEINTWDBBT I T 2T HZENTE,

FP. AR THRE LBz T2 e 7 LBFOE FOGNME OB T Z a7
T 5 IGC IR SN TN D BIn FOEBREZMA LTz, TORE, RUFE TR LR
fav B2 v 7L IGC O 29.4% LB CTE TN I EBSHER SN7-(XK 3-7a), —F T,
AR THE LTBIm 22 70 32.1%DE 1, IGC Ik TV HEInT- & HE
Bl Z & bR I 7=(X 3-Ta),
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WIS, BB T4 a 7RSS TO 5 8GO RSN T 5 A &7 ) W) —
RO~ B0 FREGFE Lz, AMGECTHELILBI A X0 7ICHT5 1 vbiz
WDRALF ) KU — RO~ B 7 HRiT 73.0%(FRME) Th 5 Z & AR S 7= (X 3-7b),
IGC X, IGC EARMMIEETHERE LI BB T Xl efia LB Za 7icxtd5 14
YINHILYDRART ) B — RO~y B TRIE TR T4.9%FR48), 76.9%(F %
)T 5 Z &R SNT=(X 3-Tb), AWFIE THEEE LI BIZ T4 ¥ v 7 OEETIE. IGC
IR S LTV DEAR T 29.4% LERE TE TWRWICHED LT, AR THE S e
Wt HHu 7 L IGCICXIT D 1 TAHZVDRALT ) J)— KD~ v B RO
FEDOTN1.9% Th o7z, ULEDOFRERNSL, AR CTHELIZEB T ¥ a2 HvizE
BTHROFHFEICL > T, A4 7 AV — RICEEN TV B IBNMEOBE T2 5312
BT % 2 LN TE L AREMVRIR ST,

44



aQ BGEFHYDJTERFSNTVNSG [ BEFHYDICVyEVIShE
BEFOBEE X595/ LU— KOS

(0]
o

~
o

6,825,545

Mapping Rate (%)
(o)
o

Own data 50
(MAGs)

Reference Reference Own data Merged data
(IGC) (IGC) (MAGs) (IGC or MAGS)

3-7 BintH Z v 7 OFHf
a I FOBIG TV Z 1 7 Th 5 IGC (2R S TV DB n T & ANHIE TS L 728 a1
HZ 0TI SNTOWDBARFOEBE LI AR LI K TH D, bk, TR Thol
AR ZaTIHT A2 ) L) — ROy B T RKERLERAOTHTH D, N
IGC., REAVPAHFTETHG LIZBInF X 07| REANENDL e LB T I # 1 /I
M D~y B TRERLTND,

3.3.4 Bin Rk OB

AR & v 7R ST 559 4.11x106(4,105,853)E D i 5 7 O EF S % T X/ i
RSNt Bin T HRET — % N— A2 Th 5 KEGG (I STV 5 A OBIs T
DT X FBBEFNKE L TESI ORI R 2 FEfi L7z, £ ORER, K 2.72x10(2,718,565)
fH DB T2 KEGG 2R SN TV DB LR L7 Z LR S vic, £z, K
1.46x106(1,460,503)EH DB 723, KO & & L7z Z & bR Iz, BT I & 1 72
FRIN TV DBIETOEERINCK L TAZ T ) L) — Re~vy B 7352 L CRIHLE
Bl THpk s, TOBBETIEv 7 OBERTERMET 5 KO ZXsSE5 2 & T, 6081 f#
D KO Z i & Lo B FHRER A RN 5 2 LN TE T,
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3.3.5 AEFHEOHE

SRHTR TR I FIGHTEAE BN BN U7 17 RO BN OB HE 2 #EE Lz, ABFHED
HEEIZIE, ZOBNMEERKDOZL DY — RBRBETH L2, —DOAX T ) LT
[ZBWT, FrEDIBNMEOETREZHEET 5 Z LN TE D olz, ENLTNDIGNAE
WCBWCABTEREAHET LN TE Y IV ER 3 1LITR L,

KIS AR AT O B & KIS ASMNBHTRIE % D IBFE 2B W T, XA R
& X DAEFTHREIZIEDOHBBMRN & 2 NME 2 TRE Lz, TORKR, ZNENDEHE T,
4 TED NN # (Parabacteroides merdae, Bifidobacterium longum, C. scindens,
Ruminococcus gnavus) DFIXHFE R & OAFREIZIEOMHBEBGRN H 5 Z & 3R S iz
(FHBIEREL > 0.4), ZD72h, b O 4 FEITHOWTIE, KIS ASEHIIRRERTO BE &
LT, KBS ASVEIEHR% O B CEBEEMN B TREM D RIR S vz,
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* 3-1 IEPMIE OB HE 2 HEE L7 ftaHi

Species Reference genome N m (Pr::z&) (Pns??r:gdlan) Cor (Pre) P value (Pre) Cor (Post) P value (Post)
Ruminococcus gnavus H5NKWBCX2_PG2320_551A1521_H1_L002.bin.10 71 5.65 1.14 1.26 0.797 7.60x10%° 0.605 1.13x10°
Clostridium scindens mix23_mix24-N711-S502_AAGAGGCA-CTCTCTAT.bin.30 586 0.204 1.17 1.45 0.690 1.04x107° 0.594 1.71x10°®
Bifidobacterium longum HFFY5BCX3_PG3817_269A1221_H1_L001.bin.2 669 3.30 1.23 1.24 0.634 2.66x10° 0.572 1.32x10°®
Parabacteroides merdae HC2YKBCX2_PG2516_11A1004_H1_L001.bin.10 709 9.73 1.13 1.17 0.414 9.23x10° 0.582 5.14x10°
Clostridiales bacterium VE202-14 10307-1-2_89.bin.21 650 0.37 1.49 1.49 0.412 2.18x10* 0.0909 0.429
Dialister invisus mix3_N703-N505_AGGCAGAA-GTAAGGAG.bin.2 343 0.26 1.00 1.21 0.331 0.0347 0.507 1.09x10*
Clostridium clostridioforme HGKYNADXX_PG0662_263A0617_H1_L002.bin.6.fa 71 2.53 3.50 3.78 0.294 6.29x10° -0.163 0.139
Bifidobacterium dentium HGKY7ADXX_PG0662_178A0104_H1_L002.bin.11 662 1.78 1.09 1.10 0.278 0.0130 0.254 0.0207
Bifidobacterium breve HFG22BCX3_PG3817_261A1106_H1_L001.bin.3 661 1.63 1.00 1.00 0.212 0.0621 0.401 1.72x10*
Oscillibacter sp. KLE 1728 H5MWWBCX2_PG2320_544A0321_H1_L002.bin.1 710 3.66 1.21 1.18 0.0612 0.578 0.259 0.0181
Anaerostipes caccae BHCNJJADXX.N704-S503_TCCTGAGC-TATCCTCT.bin.15 437 0.400 1.57 1.64 0.0527 0.740 -0.0959 0.470
Blautia hansenii 10532-1-2_89.bin.24.fa 708 1.81 1.00 1.00 0.0401 0.716 0.0145 0.898
Eggerthella lenta HFFY5BCX3_PG3817_221A1005_H1_L001.bin.19 698 0.450 1.79 1.74 0.0210 0.849 -0.273 0.0125
Clostridium innocuum HF7LNBCX3_PG3817_041A0318_H1_L002.bin.20 567 0.311 4.21 3.46 -0.125 0.305 -0.586 1.76x10°®
Bacteroides xylanisolvens mix1_N702-N505_CGTACTAG-GTAAGGAG.bin.20 714 15.7 1.74 1.81 -0.415 7.87x10° -0.224 0.0396
Bilophila wadsworthia HFFY5BCX3_PG3817_269A1221_H1_L001.bin.3 582 2.40 2.09 1.90 -0.748 1.48x10"° -0.659 4.00x10°
Flavonifractor plautii HFFY5BCX3_PG3817_269A1221_H1_L001.bin.8 712 4.47 1.85 1.59 -0.769 8.99x10® -0.737 1.33x10°°

Reference genome: £ BREDIHEE(CHWEY / A; Pre: KO ANBIBEERTIDEE; Post: KN ANRISERIEDEE
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3.3.6 T AXT a— LERERRE OER

£, 22,547 HOFER LY ) LD, TAF VI —VBROERICHEATSH S 6 DD

bai %15 1-(baiB, baiCD, baiE, baiF, baiA, baiH) R4 T 577 ) LARF Uiz, ZOhEHE,

6 DD bal BILFERAET DY/ LZ 11 ERE LT2GR 3-2), KIZ, ZO11HDOS /) LD

6 DD bai WAL T OALERRERAE Lz, MERBGREZHE LR THEOZ ) J2Bn

T, 62D bai BInTNRIL AT 4 ZITAFELTWD 2 LB ER SNz, ZD THDT
2L, bail BB T LSO T bai 5 T2 RAT 5 Z & bR Shi=(X 3-8),

WIZ, ZOTEDYT ) LORMAERE LTz, TORR. 5 DS 7 L% C. scindes,
2MHD 7 ) 2% C. hiranonis \ZT7 %A A NEt, ZO2FITA XY a—LgEA
T 5 2 EBRHMEINTND70DI88], AWML TR LicT 4% o a— VAR ITHE T
TN LR S LT,

BRI, S L7422 TO C scindens & C. hiranonis D77 /) 52, 6 D0 bal &fs
TR LIRS 2 DO E ) A dild L72(3 8-2), C. hiranonis |2 OV TIL, P L
7B2TOT ) AT, 600 bal BIn TN L CHIELIZZ &R Sz, — /T, C
scindens \ZHOWTCIL, FEE L7 13D T 2 LD D6, 4 5D5 7 KX 6 OO bal s
FRFE LRV PR SN, £, D 45D ) LD 1D
(HGKY7ADXX_PG0662_183A0202_H1_L002.bin.2A)%, =D 7 A VT 4 BEW\Z & bk
RENT(F ) LDFEREE=95.02%, 7/ LDIEYEE=0.765%), ZDFEFIX, 7L 7L T
RS ToT2D bai BIRFIFAE LR Do e TR DMENZ 2R L TV 5, LLEDZ &
26, C. scindens D7 F 3 32— )VEEDEFREIIRAEIZ 7 2 ATREME SRR STz, C.
scindens DFRMFAEEDENM L7 Z L%, 4T LY bal v > OFXFEENEIMN L2
ZEERAETE RV, BoTA2ERETLHIENEETHDL EBERADBND,

INEBHBIEZ T A v a— VEREIN L7= 2 &2, C scindens <2 C.
hiranonis BAWEHITERREIZ bai v o R LIZAREME L B A DNz, £, [F—
BEHKOFEAELE LT C scindens & C. hiranonis D77 ) K50 bai A=v > OF 2T
5D kBB, [A—HEF T C scindens & C. hiranonis D77 ) N aFEGET 52 LT
o tz, 5. Oxford nanopore %z 7= long-reads & H\ 7= X % 7 ) AfifkTIZ X -
C. C. scindens & C. hiranonis D77 ) L% HiEEE L, [Al—DHEF T, C. scindens = C.
hiranonis ISINVEHTEIFRIZIZ bal v U 2 L2 E D DRGET 5 Z & ¢, JHHEE L
bai A= DEEROFGRMZ LV FEMICHONIT 5 Z LRI END,
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mix23_mix24-N711-S502_AAGAGGCA-CTCTCTAT.bin.30.fa
(10237, Stage /1)

mix1_N702-N505_CGTACTAG-GTAAGGAG.bin.31.fa
(10037, Healthy)

mix21_mix22-N708-S501_CAGAGAGG-TAGATCGC.bin.13.fa
(10198, Stage 0)
HFFYYBCX3_PG3817_333A2320_H1_L001.bin.25.fa
(10609.1, Post surgical treatment)

BHCNJJADXX.N704-S503_TCCTGAGC-TATCCTCT.bin.20.fa
(10199, Stage I/l)

HJK7VADXX_PG0783_30A0517_H1_L001.bin.33.fa
(10660, Stage IIl/IV)

HC2KWBCX2_PG2516_65A0402_H1_L001.bin.22.fa
(11616, Stage /1)

Clostridium

scindens

Clostridium
hiranonis

baiA |} vaicD

BWoaiB W baiE

W vaiF
B oaiG

B baiH

— 1kbp

3-8 FAX T T NFRAERRE D bai X0 v A KERKT BB iE T O
TNZENORITEETOFEEER L TS, FHEIMOFOETIIA X T ) DTN e ED A
R )Y TIADhT T —2F L TWD,

48



F 3-2 FHEZE LT Clostridium scindens & Clostridium hiranonis D77 7 D&k

MAGs Species Sample Category Bai gene Arrangement  Completeness (%) Contamination (%)
BHCNJJADXX.N704-S503_TCCTGAGC-TATCCTCT.bin.20 Clostridium scindens 10199 Stage I/ll, Pre-surgical treatment (e} (o] 90.11 0.643
HFFYYBCX3_PG3817_333A2320_H1_L001.bin.25 Clostridium scindens ~ 10609.1 Post-surgical treatment (0] 94.06 0
mix1_N702-N505_CGTACTAG-GTAAGGAG.bin.31 Clostridium scindens 10037 Healthy control o o 96.08 0.779
mix21_mix22-N708-S501_CAGAGAGG-TAGATCGC.bin.13 Clostridium scindens 10198 Stage 0 o (o} 94.94 0.974
mix23_mix24-N711-S502_AAGAGGCA-CTCTCTAT.bin.30 Clostridium scindens 10237 Stage /Il (e} (e} 98.73 0.584
HC2KWBCX2_PG2516_65A0402_H1_L001.bin.22 Clostridium hiranonis 11616 Stage l/ll, Pre-surgical treatment (e} o 88.69 0.582
HJK7VADXX_PG0783_30A0517_H1_L001.bin.33 Clostridium hiranonis 10660 Stage IV (0] (0] 98.6 0.699
H5MWWBCX2_PG2320_317A0116_H1_L002.bin.2 Clostridium scindens 11521 Healthy control X X 59.37 1.559
H5W27BCX2_PG2320_257A1908_H1_L002.bin.11 Clostridium scindens 11103 Stage I/l X X 68.04 0.487
HC2T7BCX2_PG2516_39A0704_H1_L001.bin.22 Clostridium scindens 11279 Stage I/ll, Pre-surgical treatment (e} X 77.21 0
10307-1-2_89.bin.38 Clostridium scindens ~ 10307.1 Post-surgical treatment (0] X 70.25 0.584
10545-1-2_S10.bin.1 Clostridium scindens ~ 10545.1 Post-ESD treatment (e} X 76.8 1.228
HF7LCBCX3_PG3817_106A0502_H1_L002.bin.30 Clostridium scindens ~ 11002.1 Post-surgical treatment X X 83.74 0.584
HFG2FBCX3_PG3817_273A0218_H1_L001.bin.18 Clostridium scindens  11367.1 Post-surgical treatment (e} X 70.37 1.286
HGKY7ADXX_PG0662_183A0202_H1_L002.bin.24 Clostridium scindens 10545 Pre-ESD treatment X X 95.02 0.765

MAGs: BB U7/ L; Bai gene: T4 ¥ D— )LEBDERCA7BT26 D D barB{nF %138 U TL\ 335 E0; Arrangement \8InFH\BEEE L T ULV 215 S0
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A EE ARHEIRIR AT BT DN EREL O 4
ENELA %

4.1 FFik

AETIX, 85 ADOKIGH ALBE OHFEHHNERAITRIZ T DIHEWNEREE O 2R DL FIES
ZOFRERIZONWTIER D, £ KD ABEOIINME OZHFARL., £ b D75
BERELAR . AHPER ORI EHOTEIRT#% CTRRD O E 5 pEALMCT 572012,
Bray-Curtis Pl 2 5z & U7z ¥ o Z A OB 2 E 2 oM EICHE T L, EAMO
KW D 72 WHEFH R 72 FFE L R O XS D & H#E it 7 72 FiE a2 VT, SRR T O
BE LABIREEZOEE OV U TR OBEBMEE Zn ki Lc, &%, KRB s
BIR L CW D AR S D e N ADRARECS —T =0 l{ oA XS ) K1) —
RIZEENTHNDHE RO U — ROEIE) D, ABRBNEFRRTEZ TED LI ICEb LD
AT LTz, WERHENT OFE R, SVEHITEEE O BE OBNEREEIX, ARIIRRITOEBE O
NEREE & LI L CHEICR e 5 2 E PR INT=(P<0.005), Fi=, b N7/ ADIRAEIT
KGR A DEEITIZNE > TEDENR L 2D | SBHNERZICZOBNAREICHD LIZZ L
R S 72(P<0.005), PAEDOFERNG . KRB AOHBRNERIL, KIBNAZEIFRT 572
T TRLIBNEREZ RE KBS E 5 ARt RIR Sz,

4.2  FiE

4.2.1  MET — 23 D 2 ko EMEE O
AEITIL, ZWITTEMIECHW T — % OWGHIE L Eive: O T2 RGTEREIC DV
HI 2,

T SRGTEMEICHW T — 2 ORBEFEICOWTHAT 5, SHRE OEF
T4 B LIV OGN O R T — & . BN OB AR T — & .
FEM O T — 4% %, 2.2.8 81, 3.2.3H, 3.2.2f1. 2.2.4 B TENENEIG L=, 1RHE
WO T — Z 12O T, #RE wICREED O EREORMAZ R L%, oI TZEh
ZNORMEYOFEEE LA D Z & T, ZAENONRHEEY O E B A FAXHEIZHIE L7z,
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WIZ ZWTTEREIZ OV TS 2, ZUOEMET, kT —2 EFichkT 5

Y TNV ORERIME S 2R LT IREF TS % 2 Ot E 7213 3 IRt D ZEMITIEME T 2 FIETH

D, ZOFEIZEY, ZNENORTIZEIT 5 TV OEEER KB L& T LD
JEAEZBAGT 5 2 ENTE D, AIFRETIZ, ZNENOMET —ZIZBT D, RIBRABE
DI IE R TR OBERNE A AL T 572010, ZRENOMT —Z ICHKT 54 7
MO FERE TN L CERoTEMEEZ @ L. 2 kot Lo ¥ o 7V ORI 2 ATk L

72o R ® vegan /Xy /7 —(version 2.5-3)® metaMDS # T, FHFNOMKIZEIT S
YTV OB THI ORI L, £ 2 ZRoEMT 2 2 & THHEHRE D 2 RocZERH Lo

JEAE 2 BfS LT, 28T A—H 1L k=2, trymax=20. distance=bray & H\ 7=, 2 2D Y%7
VR OB, Bray-Curtis Bilfilc L - TR L=,

4.2.2 AT —Z OZEALDOREHFERI IR LT 15

FI. MAT —F OFEH PR ERICH W e T — 2 ORGFIEIZOW TR 5, iR
DFEFLT — 2 B LIV OGN # O RHALRLT — 2 . BN OB TR T —

4. AHED O T — 4 %, 2.2.8 81, 3.2.3 fi. 3.2.2 81, 224 HlZCENENESL

7o AWFIETIE, EHEORRINT —F ZBUGF L TN e), KRS TS ak— o
{5 DWERFN T — & % 320 72 el IV 7=, Voigt et al. O3 O 5T # 0 %

AR T — & & s THERERLR 7 — # . Nagata et al. Ot 8 ORBIEM OMK T — % %

3.2.7THi, 3.2.7THi, 22.7HilITThEZNIUS LTz, EIEMOMAT — 22OV TiE, #%
BRF A EE O E B ORI A2 B %, Z ORI CENZEILORHEY D E &l 2 H %
Z LT, ENENDORHPEY OE B A FRMEICHIE Uz, EABORISE D220 FiE &l A
OIS & D FEEZ AT, MT — % OZAbZHEHFRICEHm L 72,

(BT D 56t his 0D 22 R BT 70 M T 1

RIS A BFE OSNBHENER R D E N ENOMET — & % . AN O RO 720
PERMANOVA(Permutational multivariate analysis of variance)# & & T Huik L 7=,
PERMANOVA #7E1L, R @ vegan /X 7 —® adonis & HWTHEMi L, PEZESEL
72 /X7 A—H#1%, method="bray’., permutation=9999 % fH\ 7=, PERMANOVA #& T
1T, BEOTZVOMNRIRIRT, AARHER%R)Z T o X MW O R 2L ED T LD
STES, WX N Z DB EHIRL TENLS DWVWRRLZONEFHEL TWD, ZO/K
EILL > TH LN PIEOHEAKYEL0.005 & LT,
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(EPNEIRES IV OE YAy i e i DA 2 oL S s vy
£ AN OXED & 2 HEEH 72 L TFE OFHIHEIE T b 5 Bray-Curtis FEREDF
HEIZOWTHBT 5, KIS ABE OSNEHRTRHIRTE O T 2oz VT VBRI
R4 O Bray-Curtis Bl 2 BEmICH M Lo, £/, KBS ABE O NIREBHEIRAITR O
ZIENOHMEL A VT, NSRRI O Bray-Curtis IH#f & BEEICEH L, &5
12, A EN TS aR— FTh b Voigt et al. DFEH H OGN # O RFHKT — & &
BAR THERERAE T — 2 12k LT, B 0 872 R CHUG S e ¥ 7 L @ Bray-
Curtis HHBfE & #BRE I L7z, Voigt et al. O 24— h Tk, BHBRE DR HHEET
WGENT— 2B 3OLULFEL2D, FHEHRE DR DB A TRE ST
DIAADENEEAEAE LT, FDI=, FORTDOMAE YD Bray-Curtis HHEf 2 % H
L7z, ABENTWS adk— FTh D Nagata et al. DEE H ORGBEEY DAL LT
b, PR O R B TTHRUYS Sz Y 7V O Bray-Curtis BB $EBRE IR H L
2o TIUBHDOFTIEIC K o THIH L7z Bray-Curtis BB 2 DL T O EH2A0 722 I 72,
SRR FERTS OB EIC R H & 17z Bray-Curtis BB & NSRRI O BE
IZHH S 7z Bray-Curtis BB L . AB STV A HEEH ORERYIT — X2 03B HE I Sz
Bray-Curtis Fffa 7 4 v 227 Y ORI FIRREEZ W TERENHE LT, vz sy
> DNERLFIE XA MR E TEM L. R @ coin /% v 77— @ wilcox_test Z AV T PlE%
S L7=, alternative D37 A —# [ less £ 71 greater & 72, ZOMEIZ L > TH
bivle PIEOAE KL 0.005 & L7z,

4.2.3 & N7 AORNEDOR R 72 i ik

AT, B M AOIRAEROESGHEL, Z0 OHEIZHWIZHEH PRI FIEIZ O
T4 2,

9. b N AORABOBSHEICHOWTHAT S, 3218 C, v—F o9
=IO/ ENTAZ T ) LY — b EEER Y — IS T 5mfRT, SEBFEoe 7/
LOBANEC —T =GN A7 7 20— R34 5E FHRDO U — ROEIE) %
BH U7z, &#BREOE N7 ADRAR L TITE N TODEHERE O T~V (fEH
F . ZIRMENE, Stage 0 O KMEAA. Stage UIT O KA A, Stage ITVIV O KA A,
KIGD ANEHIRIERT O B . KD ASNBHITBIEE OBF) X ST, 207 —4 %
LA ORI 22 I W Tz,
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T & ZEBET A DENENDIRRED B (L FRMENRIED B35, Stage 0 DK
NADEE . Stage I D KGN ADEE . Stage IIVIV O RIFBADEE)DE b7 ) LD
BAEZLZ, U ay ) OIEMFIRGEZ W TENEIE L., v o va s Y o ONENE
PR EIT A ARRE TEm L., R O coin /Ny 77—V ? wilcox_test # W T PEZ Hif5 L
72, alternative ™37 A —% % less £ 721% greater Z 7=, WIT. KIFAEE DR
FRRREIZOE N7 LAOBRBAEZFEANM OISO H HMETH LU 4 Va7 YV OFFFIAE
MAREEHWTHIE LT, Uy ay Y o OFF I EIX A IBRE CTEME L. R D coin
23y =D wilcoxsign_test Z VT PEZESF L7z, distribution /37 2 — X %,
exact, alternative ®/ X7 2 —X¥ %, less £ 721 greater Z "/, TNODOHREIZL - T
ol PIEOAEAKEET 0.005 & LT,

4.3  HER - B

4.3.1  KRIGHABE OHBRIBIRRTZ O T — 2 D21L

KIGAS A BB DIGNANE O RFHLK . Z 1S O s THEBERAL. EPEY DK A EHRITA
AR TR DONE I DEF LT 572002, A ORHED 72V 72 Bk & E
NHEDHTED & 2 et R 72 FIEIZ L - T, BEOIBHIIBERIT% DM A Z Bz L
7

F. A OIED 72D 72 FIEIC Lo TEE OAFBNERAIEZ D E T
MO A L U7/ RACHE B Uiz, SVEHOTRIEAT O B O I AT O R, S5 71
REARER, TNEBIEER OB E . SRR BZOBEOZ D LI LR, 2 CoMkicE
W, AARHOTRERT O BE L AMVRHOTR RS OBE TR 5 Z & PR S 7z (P=1.0x104,
P=1.0x10%, P=2.0x10%, [X 4-1a, X 4-1b, X 4-1c¢), KIZ. MFPNHIE ORFMR. Bis i
REALRL, AREBTEM ORI IS D ¥ o 7 VIR OSBRI & 2R ST HEAE L Tl ik L7 i B A&
H L7z, RTOMRT —ZIZBW\ T, SEHITRHRHT O B OFELE D534 & SVBHOTER 4 O 14
HOWEREO AT D 2 & 3B S 7= (X 4-1a, X 4-1b, X 4-1c), —J7 T, SEHIIGE
% O—HOBREIL, SEIBEATORE & [ UAEIC LS5 2 & b Sz,
BN ORIED & HHFHEH PR FIELZHNTCEHMET 2 2 ENEETH L EEZHND,

Bt 2, AR OXED & 2 Hedh 77 Tk X o TR A BE OSNRHIRHE T
% ONFNANE O Rk, AR THEREAELA, B EEY OB A el L2 fERICE B Lic,
PHIEE O RATHLA, 240 D DS TR, B PEM ORI 31T D KIS ABE DS

BBy
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(IR FRAT# O Bray-Curtis HilfiX, AP S T 5% O Bray-Curtis Biff & b L
BAEICEWD LD HERSNT-(P=1.42x1015, P=1.25x108, P=1.48x105, [¥ 4-2a, [X| 4-2b,
4-3c), F7=. BNMIEORFABICI T 5. KIFD A BF OIEHGTER AT O Bray-Curtis
BB, KRISHS A BE ONESIAPRRT O Bray-Curtis BB L 0 @02 EHERR SRz
(P=0.0263, X 4-2a), LLLEDOFERNS, KBS A DIBNERIZ. KIBRAZUIRT 57210
TR LIBNEREE 2 R E < B S 2 AR R STz,

a Taxonomy b C Metabolome
1.0 L @] ° 0
[©] O
0.2 =
0.5
O
o %0 a
s 20.0
z z
(<]
-0.2
g o -0.5 o =
-1.0 ©oo0 PERMANOVA (D PERMANOVA 00 ® PERMANOVA
o P=10x10¢ P=10x10* e P ° ©p=20x10*
category @ category category
© Pre (N=85) © Pre (N=85) © Pre (N=83)
-1.5 o) Z Post (N=85) 0.4 O ) Post (N=85) -1.0/ o ’) Post (N=83)
-1.0 -05 0.0 0.5 1.0 -06 -0.4 -0.2 0.0 0.2 -1.0 -05 0.0 0.5 1.0
NMDS1 NMDSH1 NMDS1

4-1 MRLT — Z 2B 2 KIS A B OSVERERE TS OB EZ £ L 72 B X
ZNENOMITENENOMARICIT 2 T OFEEINEZ K L T S (@ IR O
SRICALALT — 25 bt PN OBAR FHERERERR T — &3¢0 EPEM DML T — %), FEH D
(XANEHTRIE T OB L AVRHITRIR R D BE DERED 53 Ak R L T DO L Ut SR
HIRIRETOEFE A SRR IR%E OB, SMEHITBIERETO BE L AARNIRRZ D BE O
ZhZ Ok Z PERMANOVA BEIZ & - THER L T PlEZ IS L7,
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a Taxonomy b Gene (o Metabolome
4
1.0 + 0 1.0
+++ +++
2 Tt 2 >
808 o3 308
£ E E
b b £
206 @ Bos ot
© © o
k%) @002 )
=] 5 £
g i / l\ g™
) g o- g .
mo0.2 m mo.2 | ‘
0.0 ["1Voigt (Healthy cohort) 0.0 []Voigt (Healthy cohort) 0.0 [ Nagata (Healthy cohort)
’ Voigt ESD Surgery Voigt ESD Surgery : Nagata ESD Surgery
N=61 N=11 N=61 N=11 N=85 N=8 N=9 N=83

4-2 RIGH ASVEHOTEIE R # O B3 D Bray-Curtis FEREZ R L 725 O
TNENDONAAFY VR EFONT I, N EN OIS #ICH T S 7z Bray-Curtis BREf
R LT 5@ BBNE OB T — 4 bt IENHEE O s THERERLR T — &5 ¢t U
PFEM DR T —2), BITHRE OV N —T % L TV DR E: ABER T d adk— |k
DR Ho: WRETRRIZOBE 4L oot ARRREN%OBE), TLEho
WHRE DI N—TDOW T ABMNEFOTRO TR L TWD, ThERDAA F ) VY

ONFRIDIMUI A L TR L T\ 5, #EEHFIIC Bray-Curtis BN @2 - 72 2
ENHERSNTHA. BLTDO X 9I12HiL LTV (P<0.005: +++; P<0.01: ++ P<0.05:

+),
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4.3.2  RIGDBSAEE OIFBIIRRETR DO E b7 LOIRANEDZE(L

KB A LR L TWAAREMERH D N7 AORNED, KB A B OANERITEIEHT
BTEDLIICENT D200 EME L, £T . BHEEOE M7 LAOIRANE L ZEFEFEN
A DNT I DIRRED BT (L RNENRIED 35 Stage 0 D KGN B, Stage UIL O KN
N Stage IIVIV O KRBNAEEZE)OE R ) AOIRNEZ ZNEEE L-fS 5
KBALE, & N AORARIT, fEHH L L T, Stage 0 DKM AEHE, Stage
VI ORI A B Stage II/IV O KGR ABE THEICE N Z &R Sz
(P=1.75x103, P=1.63x105, P=2.90x107, [X] 4-3 OLEMOFOFK), £/, & M7 LD
A&, KIBRAOETIZE > TEDOERNPZL RLBEMICHDH Z L bR Ihz, Zhbo
FERND, & N DORANEIZKEGD A OEITIZNE > TELT DENERELZ KL T\ b
AREMES R S T, RIS, KB AVBE OARRIERIZ O N7/ LOIRBANEL g L
T RIZAE R LTe, B M7/ ADRBARIT, SAARBEREICAETICHD Lo 2 ERER S
72(P=2.47x10%, X 4-3 OHEROFEOTH), Z OfEFIL. KBNS AOABIERICE D, K
W23 A DHEATICIER T D IBNERIE N UE SN Z E 2K L CWDRIEEERH D LB 2 6
5.
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E&TADERAS
( EFRME : 20)
M S

20 +++ +++ +++ —_

1A

H MP I/l 1/IV - Pre Post
Xl 4-3 KGN AANBBIGRAIGOBEDOE N7 AORAEEZ /R LIZFHOTH

EROFONTHIL, @BEFHE & SEMEDRAONTNLOREDOBREDE N7 AOIRAES
ALTWD, HRIOFOTRIEL, KIS ABE OARRBRAI%ZOE N7 ) AORAEZ R
LCW5, ARIOFONFRIIANEEZ AL TS, ARIOFONTROALOKE S1X, 465
HITRIREITR DTN ENDOREIZE T HZN LN % KL T\ 5, ARIOFHNTH OO
L, F—EBFEOINBHNEERT#R O 2R L TEBY . SEHITRIEZR IZHIN L 72561308
. SERTBIREZICED LT2Sa 13 F A, ABITBRRTE THIN b bR S ko Tz
LA Ik A THRIE L TV D, EROFONT EAMOFONTHIE, ERELL IOV 71
DOFHEFFUEL TN D, FRHEICHEME 2 IZZOERE M- 722 LA, LD X 2IcEk
S LTV AH(P<0.005: +++ P<0.01: ++; P<0.05: +), #it#micid £z 08&n40 7k
moloZ L RHEES NG LFO L 912K L T A (P<0.005: - P<0.01: -5 P<
0.05: ),

O eEE
B ZHR4EREDSE

O Stage 0 ©
KENAEBE

[ Stage I/Il D
KD AEE

n Stage lll/IV @D
KEBHAEE
KEHDANEIR

SR DEE

n KB ANEIRY
BEEOEE

15

10

% of raw reads
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b E SBIVE A2 (21T 2 MG BR BE 2 1
NS 2 i8R D 25 B Hhas

5.1  Fim

RETIX, KGR AEEONBIIEFRRTHR TELT 2 IBNME S Eh b OIS 7, RETEY
EREET D FIERT OBERICONWTIHRARD, T, KB ABE ONBIIIRFRATHE O BT
BES0E OB T OMXHFE R EREED O REZ | MABOXMEDHL T 4 Va sy OfFE
NENT IR E A IO TRERHEICEHR L7z, RIC, BEHFOETND & ZHRMERREDBE
Stage 0 DRGNS ABFE ., Stage VIT DKM A B, Stage IV OKIGFHA AVBREDZ N
xU g vay Y ONEMFREZ W TEREnE L, KRG A ERIIR R TEb
LEEZN DR RGN A BB L TCWDONERE LT, b ORI ORS,. Stage
IV O #E#F & fEwHOSBEICES L TWBNAAL F~—H—Th 5 F. nucleatum <
Parvimonas micra % OEPNHE OMHXHFEERL, 7 I/ BO 1 TH L1 U U HEORHFE
Yy D BT RHIRFRZ A B L2 2 & D3R SN 72 (P<0.005), —H T, 2 —/LEES
FENRAMERRE SN TVWD T AL a— AV BEEOHHRORERS, a—BIrbTAF v a—
VRIS D385 - (bai A ) b ZOEME M S INME(C. scindens) DFIXHFAE
B, SRR ICEBICHEIN L Z & SR S -(K 5-1, P<0.005), £7=, C.
scindens OHEE ST EBHRE L AMEHITRE % OEE TEW 2 & LR I 72 (P< 0.05),
LLEDFER DS RIS ADOHEITICEK T 2 IBNERBIIAARHRRIC L 0 S n s, 15
PNHIEIZ SRS 2 KIS A D U 2 7 BABHIERR% b @O FTREMEDS R STz, £ D79,
SRR IR 2 D BE DIFNEREL 2 652 & L T2 AD BN VR Sz,
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Taurocholate

Glycocholate
| + Bile
\ salt
\hydrolase

P

Chql,ate
A N 'B-éi‘c;;;ercglr_1++
T +++
X 5-1 KD ASMEHIRIR R O B3 O JHH R O 2L O BERS X
B DR EED IELE DERR S VTALEICEE SN TV D, 2 —/VERIFFIE CAER I D M3,
TV b LFZ v U RS L, 7 U 22— L EE(Glycocholate), ¥ 7 22—/ L

fz(Taurocholate) I Z NENEHIN D720, /NMBITEE SN TWVWD, BAOKANT, BN

MBI L2 AL L TS, ROKANIIEHEBEOFERINOHNEZFE L TV D, FatF2mic
HEICHIN L7545 (P<0.005), +++&ER LT,

5.2  FiE

5.2.1 KB ASFHRITRRERIE TEALT D R E DR E

AREITHE, FoEEA 2 B N 27— 2 ORI & | 2 O U IS SV T
Y5,

ET. MEHEIT T 2720 0T =2 ORI HOWTHRAT %, KBS ABE DS}

BB OEFT — & . FEL UL OIGNMIE 3 O BT —% . BBNHEOHEE S
TAEBEREDOT —4 | IBNME OB RSB T — % . bal A~2vu L ORT —# .

PEMI DR T —# %, 2.2.8 fi. 3.2.3 i, 3.2.4fi. 3.2.2 fi. 3.2.5fi. 2.2.4 HlcTENE
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NES LT, ENENDOT =X L Z2DOT —ZIZEEN TV DL EEED T ~VOMNEHIIGE
AT, AARHOIRER) 2 XS ST, 2607 — % LU T OfEHFE 2R LI V2,

RIGHI WA BHITRIRATE TELT 2 IBNME S ORI, NEEM 2 RFET 57
DIZ, HAFOKIEDO®H DRETH LU vy Y OFFFNEMRRE %2 VT, KD AR
F OSBRI RIE DE LS O EESCE A I LTz, £7o. KBRS ABEOIERINE
PRI O T ORI EEDBE T 4 Va7 Y v O FIENREEZ AV T L7z, 7 1=
7 OFFFIEN R EIT AR E THEM L. R D coin #¥ v 77— wilcoxsign_test %
T PiEZ S L7z, distribution /37 A —% {3, exact, alternative D/37 A — X,
less 7213 greater V7o, EFHEEOHEIZIZ, ZOBWNMER RO A X5 LY —F
INEETH DT, FeEDY 7 )V THIMFEEDN DR WIGNE O AT R EZHEET 5 2
ERTERD ST, EOTD, #ESNTAFTHREL, FAROIIEDORWT 1 va sy
DNEALFARRE &2 W THMRROTR IR AT O B EARIEREOBE 2t LTz, vav=r Y
> ONENEFRRE TR BIFRE THEME L. R O coin /X 77— wilcox_test %z VT PlE%
5 L7z, alternative ™37 A —% (% less F 7213 greater Z 72, ZNHDOREIZL -
THELNZ PIEOAE/KHEL 0.005 & LTz,

TN DGR G EEW A BTG IR T & ORREZAL LT D% "Ik
95 72H1Z fold change % Hi L 7=, Fold change |3HF (2. SEHITEE L OIGNAE O
FHRFAE EOREE O B % . SVBHITRIRRTO Z 0 5 O FERSCE TEHL Z L TR L
7=, B ONFHENERERTE T2 1IN RHERZ O T O OMMFIERRLEN 0 Th o o6
I%. fold change ZH T2 Z LN TEX2notz, TDI=, TDHEE D fold change 13 0
& LT fold change O E¥MEZFHH L7z,

5.2.2  RIEH A L BAGRT D RrEEDRFE

AEITIEL, PR EBICHW T — 2 0BG HIEE | ZDOHBICHWZFIEIT OV TR
55,

. HEHETT 272D 0T — X OB IFIEICOWTHIT 5, /i E & LB
N A DNT NN OIRIED BE(ZFIMEIRED BE . Stage 0 D KGR A BT, Stage VI DK
W75 A BB, Stage ITI/IV O RIFAABE) DT — 2 | 1 LUV O 5 NAIE # O R
RT— 4 BRI OHEE SN AEBHEOT —4 | BNHME OB s THRER KT — 4 |
bai A ~=w » DMLT — & . REMPEM ORMET — 4 %4, 2.2.8 i, 3.2.3ffii, 3.2.4 ffi, 3.2.2
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i, 3.2.5Hi, 224 T TENENIG LTz, TNENDT —F LZOT —ZITHEN T
DEHIRE DT~V Bt ST, LT OFEEHFRI 7 R Ve,

KGR A L BT 2 IBNHE T OBE T, REEDEZRET L7, U=
7 v DIENFIRREZ FAWT, FHEDOZND & BN AL OWTNORIED BE DX
NoxEnNENEBK LTz, U ay Y s OIERIRFIE AR E CTHEMmML. R O coin /¥
v 75— @ wilcox_test Z T PEZEUfS L7, alternative /37 A — % (L less 721
greater # 72, ZNOHOMEICL > TH LN PIEOFE KT 0.005 & Lz,

5.3  fEHE - B

5.3.1  JAGPNAREE O R D b

KA Ao f83E DAVBHTEIRE T O B N ORI E R % . AR OR RO H DY 12y
Y OFFSNERIARE &2 VT LTz, 2 OfER, AMVBHIIBRZ 1A EIZED L7 90 FEoD
AEPNATEE & . SARHTRIRIG A BB L 72 24 T OGN AT 2 45 L72(P< 0.005, [X] 5-
2),

P SRIIBIRZ I OMMTFEIE R A B IS Lz 90 BOIGNMEICE B LT
((H8%3), & N7 AOIRAREIT, KIBBRAOETIZHES TEDOENEL 720 | SBHITRE
AT & bl L CHOMVBHIIB IR 2 IC 2 O B E IS L7 2 LR STz 7o, KBS A itk
ATIZBEE- LT 2 N HIE ORI FATE B b SMBHTEIR AT & Lt L TOOMVEHTR R IS 3 %
AIREMED N & D LG & 3L Tl EOARGR A BRRET D 7o 01T, FEHEE RN R L7 B
&R A DB A A Lo, BaPNHIE & K2 A OBE M2 B 6 00T 272012, bk
F D RGNAIE OFI X IFIE & & ZEPERE DN A DUWT IO ARRED BE (L R M IRIE o B
Stage 0 DK AHE . Stage UIT O KA A, Stage IV O KAGH AHEE) DG
M ORI E R 2 Th BN LTz, ZOf55, 90 FE OISl 23 @7 # & el L T2
DEVHEIZZ NI LR S NTz, ZEBREBADNTNNORED B TREH L
L CEOMRFERN L . ARIOIBIRTO B3 & ik U COMRHIEIE O A CTF D%
FAEEPED LIZIBNMEIX 14 Th oo, 20 4 FBEOBNMED 5 6. 7T HEONGNAIE
(Parvimonas micra [ref mOTU_v2_1145], Gemella morbillorum [ref mOTU_v2_4513],
Fusobacterium nucleatum subsp. animalis [ref mOTU_v2_0776], Peptostreptococcus
stomatis [ref_mOTU_v2_4614], unknown Dialister [meta_mOTU_v2_5867], unknown

Peptostreptococcaceae [meta_mOTU_v2_5742], Solobacterium moorei
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[ref mOTU_v2_0531Di%, W< 2D adk— METHE LI KIBRA DA, F~—T1—&
LT#EsnTnalol, 2o 7HEOIGAMEIL, i E & ik LT Stage I/IT & Stage
IV O KRIGH A TE OFRFERDPAEIZE < . SVEHITRERT &tk U TOMEFROTA R
%I Z ORXHFER DA B Lz 2 & DR I 72(P<0.005, M 5-3a-g), SEATHIZEIC
BWT, 4 FONGNME (P, micra, G. morbillorum, F. nucleatum, P. stomatis)l¥. Stage
IV OKG A BE LEFHEONEICHFES LD AL A~ —D— L LTHESh TN
(4], £7-. F nucleatum . KIEHAAkIZ 2 < AFE LIBIL. KIEAY A Dl o HE sl 2 i
252 L0183 SN TWD, BLEDZ Lot 2D OBNATE O FE RN
AIRIRZ IZHD L7z 2 & b RIBDS A DIVEHIIRIRIC K 0 RIGDS A OHEITITE R % N BB
NEESNIZZEERMLTND E VI RGEZFFL TS EEXHND,
WIZ, SBHTR IR I Z OAIHFAE RN A BT L7z 24 MO BNMEIZE R L7z

(fHk 4), 2 24 FEOMNANE & R B OBIRMEIC SOW T Lo/ R, R. gnavus, B.
wadsworthia, C. scindens H KIS A DFIE L BIFR LT 5 ATREMEDS & 2 (R E ) D A ik
IZB5 LT 5D Z &R INTZ(X 5-3h OO T, K 5-31 OAROFE T, X
5&®E%®%Uﬁﬂ%%ﬁﬁ%m%wf\Camwmﬁ\3~wM%%ﬁhﬁﬁﬁ%é
NTNDTAF T a— VERICET D82 5 Z LI Tn5I[88], B
wadsworthia (35D AMEDHE SIVTW DML AKFEOARKE TH YD . IO 1FTH 5
Zouna—VENLERINLGZ VY U ERERE LTERT LI ERHESN TS
[91], R. gnavusid. TAF L a—LfgE 3B-t Fax T 4% a— LRICERS D HERE
B ZEHWMEINTWA92], BLEDZ Enn 2D OENEOELITIEITE#E
X o TR N Z b Lo 2 & 2 B LTS AlREME DS R ST,
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KD ANRBGEREZCHY  KBOASNRIBEERR(CIEN

® REE B U TZERERENAD ® BEZEHRUTZEERIAD
14 DnanhoRETZOBNSVERBE | © LWINHADRETZOENELBRIEE
. | EXTFEE
OParw'rnonas ! o <1x10°
micra : O <1x10*
1145 ' 3
12 Prevotella ( ) I O <1x10 ,
copri I ()>=1x10
(46138) \ Flavonifractor ~ Clostridium
| plautii clostridioforme
10 Unkriwn L (1377) (0979)
FlisoBaotori Clostridiales | Q/
usobactenum —(5411) Gemella —
- nucleatum morbillorum Q C/ostr/d{um
Q. g s animalis (0776) (4513) : boltaelclostridioforme
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A= NPEDOEN 0 TholGBITEDOWER T2 2 LN TE RN o7, EDTD, T
SEOBFEZRVRNT, U g vayy s OFFFIBAE Z U COMIRITEER TR O 2 D%
H#g LT, va vz sy O SIENREIIAMRE CTER L, R D coin /8y 7 — 0
wilcoxsign_test & T PEZHUE L7z, distribution ®/ 37 A — & [%, exact,
alternative /37 X — %%, less £ 7213 greater z V7=, EFHEEOHEEITIZZ DIBHN
MEHRDOAZ T ) B — RBULETH L0, FFEDY 7V CHAMFIEED DI OB
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BIDH, Zoua—iges ) aa— LSO R IR O AR BT A RIEERT% T LT
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%D Z BB S N7 (P=0.332, [X16-3f), Z DOFEEND . ERIRIBSAIEHIEIRE O BE
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BOBRFTIE, 2—NABOENPEL ool C. scindens DIFMENE L 2o TofbR, 74
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Wtk 0 B D J7 IR O BN RE ANV N FTREME AN RIS S 41Tz,
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BoNnlciERE, RIBENRADY A7 PMEWEE LEmWEF TR L, KIERADY X7 D35
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FATHFZEIZ BN T, MR OREGIZ AW TR E D A X 7 ) AH o T TR AB ST
H0[4], —EHOWBREICHOWTIMEICE TN T AREEDIZHE SN TV -7-(2.83.2
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i), AR T, TOWREOMFICE ENTODRBED ZFT-ICHE LIZT2D, £
DYIRFZ DRHEM O T — & ZBFT 2 Z LN TE 7o, Mg EHEET 55 2 T, xR
& IR B WIRE RN N TT DV HIBIRR OREELT O TV WD B OSBRI DRI A D Y
A7 HWET HIEENE N ENTRINTZT20, HRlgsZ HERE T IVLERH ST,

W BREE DR T — Z 1%, PRI O RHFALRLT — 2 . 2406 OTAR T-HERERLRLT
— & RMEV OB T — 2 P OEEIN TR Y, 3.2.3fi, 3.2.2Hi, 2.24ffilccezn®
O Z BS LT, BNREOMEKT —% L D7 —ZIZEEN TV LE5HRE DT~
(i, ZRUEIREDERE, Stage 0 D KGNS AEF, Stage VII O KIGA A,
Stage III/IV D) Z kLS E Tz, R OKEUIT, BNREOME T —% &, £207
— ZZHIET DEERE DT VR METH D, WEE LB, BNBRE O/ T — 4
AN LTRZITRD Z & T, 2SS T D2HERE DK T~V a2 T 52 ENAETH
Lo HHERIZ Ko TSN DB T VVICET DMRD—EDOHIELZ B =56, € OMER
FHIIREDTIVICET D ETHIEND,

AWFFETIE, 245 NOWEEE . 61 ADOZRMBRIEDEFE . 57 AD Stage 0 DK%
ik, 85 AND Stage 1T DK AERE, 59 A0 Stage IVIV OKIFBABE L ZD
T =R T D EWRE DT~V EHWT, EEE L ENTNOBELZNET L4250
HIRER 2 MG LT, REEM ZWE CE 0o T BF OIFNERE O T — Z 1%, gD
WEIHEH Lo Te, Fio, KIEBBASEIRIERFI% O BE OGN OMET — % % H
WTHIBIER AR 5 72, 83 NDIMRHIRHE T O B OB O/ T — & &5
FROREGUTMEH Le o 72,

HBER OB AN =T VT Y R4

HIE R & Je & U 7= Lasso(least absolute shrinkage and selection operator)[FlJ7<>, FE
BIGIENR C b HIREAE FME & L7- Random forest M5 0 77 /L 7 U X LB R OREEEIC
F<HNBENTWSI8,9], Lasso MR, BN OEFE T RIRIZ & 2 KR HLY
BRIV T LE D 72, HIBROERIZEH G LI FEEOHIRPE LN &b 5[4, 20
728, ARWFFETIX, Python(version 8.5.3) D=8 D Z A4 7 Z V) —Tdh % Scikit-
learn(version 0.19.1)® RandomForestClassifier ? fit Z f{\> T, Random forest i % /&
& LT HRIRR A5 LTz, max_features D/37 A — % | sqrt, class_weight D/3XT X —%
I% balanced, random_state D/X7 XA —& L6 Mo, BibT DN, REROETH D
n_estimators &, EARADEI ThH 5D max_depth (£, HOLHEENEL 2 DH/T A —F % H
Wz,
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Random forest £I%, AT o & MIHEI ST —F D OBEINTHRIZRT
HLPFFEBEMAE DT AT XATHH[101], 7o ¥ BB SNT-T— 2 @IC
R INTHFEFL, TOMEIIHNET = RENENRR DD, ZDOZHEMERE <
B, TDH, TIHDIEEEMHREDED Z & TTHREN SRS E LT 5 2 &
MATRETH D, HIIEROMEICH G LI FrEE 0T H5RIL, HEO
feature_importances % WV CHH L7-, Random forest i TlX., T X LB EN=T
— Z IR EEE 1 O RO THIBIRR 2 5. £ OHBIRR ORIV TV n T —
K e 2 DOHIERA~ENEIVEHT 5 2 & TR Lo PRKSEDS, FHEE LI RV Ty
O THRE Ll L TEN HUVME T L7=Dh %2 L 72 mean decrease gini % {515 (Z
HIRER ORI TG LI EO TSR EH T 5, £0720, FEM oL EREARITIKAE
I, ZNENORBEOTHEREZRFE LT HIENTE L, FHEENEVEEEIT, KRG
DAEZWT HI2ODONA F~—T1—& U THIHTE D RHEMEN H 5 (8,9],

HRIER D 78T A — Z IR D Iz 8 DFE L D Rf A 7 15

BB HRIZR D /8T A — 2 ORI E 2 B PR TIHRR 2 58 L7236, HEs O SR
W NEBREE DML T — Z 1Tk L ClRENES L, HRIR ORI DTV R WIBNEREE D
FRLT — Z 1Tk 2 THIREDRE L IR T T 2P E N E L Haietn b b, £07d, H5l)
TR REICHVDRHEESCN T A —F 2 AR L TE OHBIRERHEE L, TORNLRL T
RS EE 28 Bl 8 22 8 R L7z,

HIBE O T RS L 10 /3 EIZZFERGET 5 2 & TRl L7z, 10 3 EIZEMaEE, 15
WNERBEDME T — % % 10 EIC &%, HIRIZROEE WD 9D hLv—=0 T F =2 L
HIBZRD TS EDOKZEZ NS 1HDOT 2 S F— 2 OB DEZE 10 BIERTH Z &
T, THIEEZHMT 5 FETH D,

ABFFETIL. Python OMFE DF A 75 ) —Td 5 Scikit-learn O
StratifiedKFold % FV T 10 3 HIZZZMGE L 72, StratifiedKFold ®/37 A — & 13,
n_splits=10, shuffle=True %\ 7=, LD /XT A —% TH 5 random_state % 0 75 9
FTCEELLT, 10 HEIRZEMGEE 10 [B#R 0 K3 Z & T, 100 DO NL—=v T F—2 LT
A NTF =X OMAEDLEERE L, ZhEhOMAGORIZBNT, FL—=2TF—X
Ze TR s 2 i 5% . HIBIZR D predict_proba & W CEDHBIZE~T A b T — X %
M4 22 LT, TR M=% ThDIBNEBEEOMBIC ST 2 B8R E D% T~ ET 5
MR 2 IAG Lz, HRlEN b ENTZT A R T —XIZEEN TV D EWEHRE DT NZND
BT YIUVCBT DR, TOWBRED T~V ERETHZ L TTRIE LB Lz, &6
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BRE DK T IR T DHERESPWRE O T~V L BET D 72DICIE, T OMEROBIEE E
HTDOMLENDH LD, HIBIERORFELH &R AT 2 & ZITHW T VDR FIZ K-
T, HIBIZECED) e BEN R 5, £, AUC(Area Under The Curve) % fEHEIZ T
RS % 51 L 7=, AUC %, Scikit-learn ® roc_auc_score % I\ CT A h T — X TG &
N T DB DT E LSO T VTR T DR & T DOHWERE DT~V bR LT,
ENEND N —=2 T =2 LT A NT =X OAEDEICBWTHEE &5 100 @0
AUC D150l 2 2 OH5IER O TRIFGE & L7z,

HIRIER OFE 15

BENEREEDFARL T — 13, FEDIER IS Z 020 LU O 10 8 O FIA TR 2 341
L. HBIEREHEE L 7=(M 7-2), ZOFNAE, fEE L ZRMEMREOBE | @ & Stage
0 DRIGNAEF, HHE & Stage VIT O KIGBAEE, 53 & Stage II/IV O KIGA A
BB DIHNERE O T — Z Ik L TENEIVEN L. &I 4 DOz 2SR L
7o

1. BWNBREOMAT — % 2T 5 ZNZ I OMAT — % (BN O RFHRLR T — & |
B FHEREAL R T — 2 . REER OAELRCT — Z)I2% L T 10 S FIZ2 2 MGEZ 10 [A1#k
DiRL, 100D hv—=2TFF =% LT A NT—XDOMAEG DR EIER LT,

2. TNEND L —=2 T T —2EHNT, IREROETH 5 n_estimators & PFEAR
DS TH 5 max_depth ZZEH L TE <L OHBIEEHEER, ZOHBIZE~ZTNER
DT A NTF—% Z#EA USEOMEEE CH 5 AUC 2B Lz, ZOTREIZNE
MO T — & I FE M L 7=,

3. TNENO/RT A—HEIZ 100 HD AUC O FHEEZFH L, &b AUC A&EL 725
WRIA—=BEWRE LTz, TOLRERGZENENOMET — & HIZF M LT,

4. EROHBENE L 2o HBIRROMEICH 5 LIS EO TR L2 FHE Lz, oLk
b EIENDMRLT — Z I FEh L7z,

5. TNEND b —=2 T T —XEHWNWT, IREARDETH 5 n_estimators & IREAR
DEESThH D max_depth &, ZNENDOMEKT — & D HAEGE I HBgs O %5 53
PEOVRHEE OREEE L TE < OHRISREMEL . £ OHRIE~FNENLDT A K
T—X &AL AUC ZHUS L7z,

6. TNEND/ T XA —Z 2 100 HD AUC OFHEZHRIH L, xbZnnm 7253
TA=EEPIE LI,
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10.

R ORBENE L RO OMRICHF L LIFEEOFHREE N LT,

100 fHD F L—= 7T —Z )N OIEGE S LT HRIER OREFIC T G LI R ERIZE O
FEHROPRMEEFR L L, ZOFERN 0 TH TR EEZ LY FRu T,

8 TR EITKIIST DN DML T — 7 1 b I B 72 H B3 A EE L 72,
AR ZRHIBIBR ORE S A 5 LI R E O T 5 R 2R LT,
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ZNBNOBRBE s wED feo
= A" o #
DN S HgEsaR 5
T—5
HWRE SN
Sample A REE . N = °= < __ S=NEE .
SampieB  AIHARE 1,2,3: BENRHS L BRD/S A —9 THBISERBE
Sample C REE I

SampleD KBHABRE

4: YIRS DBECTS UBHEDTSXZEY

I
5: ZNZh DR THS LA B\ EHEE

EREHE TR EBENB 1/ (SX—s5gn | [ X190
47

6: REBEN ST BB/ A= THRIBZEE
|
7: ¥IRIBDBRICTFS UILFHEDTSXZ28Y
|
8: KHMEBDFSFRDPRENOTH I HHEBZRE

BHERIRERD

BB
F—5

O: HIBIS DL
|

10: ¥IRIBDBECTFS UILHFHEDFTSK=8Y

|
v v

/ e / /ﬁwgoﬁ;}-ﬁx/

ru&u B r7-5 || snisssssszsoez

&7 [ suserorooroez

B4 7-2 HIHIER A HEEET D 72 O ORHEE IR OB
REPNHEEE D RFAERL T — & . BsNAIE OBAR THERERLA T — & . (NHEEM DR T — # 12kt
LT 10 %A MGEZ 10 Bl VKL T 100D FL—=0 77 =2 LT X b7 — 2 D
BB EER L, £D 100 D b L—=2 75 — & & U TRIESHIBIZR O FEEE A
KOELRDHNTA—=FEZRKE LT, FFEERIREOMKT — % & ENZENOHERE D 7~
NERWT, Z2O/RT A —2 THBg 2B LT,

7.2.2  CHIBIZR~DOIBNERET —Z O

HEEE LTz 4 D ORI A~AWIIE THUG L 2B HRE OGNS T — 2 2 Th T4 %
ZL T, BERADHE T IR T DMERZIIGT D52 LBARETH D, TN OHE
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DREFIZ N TV R WS BRSO WT I OIRBED BE (X VENRED B | Stage 0 D
KGN /B, Stage UII O KGR /LB, Stage IIIIV O KAFHS A BE)CKIGH AL EBE D
SABHNER TS DN O T — % 2, L2 4 SDOHRIgE~ZENEEHT 2 Z

ETENLDORETVVICET DMERA N Lo, IR ORESIZ W - S 4RE OGN EREE
DR DT — 4 b ZDHHlgs~EHT 25 Z ENARETH D0, LD OHRE DIFNEREED
T — 2 IR HBIRR ORI TV DT, ZOFETHEIHING KT ~VIZET S
ERITTHREZ EFEICKBE LW Z ERTIREND, £O7D, 1 NOYERE OIFNEREED
M7 — 2 Z B BROTHIBIER 2 L, 2 OHBIZR~ 1 ADHBRE O IGNBEE O T

—Z M L, EOWERE DK T VIR T DR 2 BT 5 TREZHHIZR OMEEIZ W
B TOHRE I3 L CTENi7T 5 Leave-one-out {EIZ LV . EHENOHBIZR OREEEIZ H -
BRERE DFK T VIR T DR Z FH L7=, Leave-one-out {512 & 0 #4E L 7= #%k 5]
T, 721 HICHEEE LI HRES & e LT 1 A DIBWNEREE DAL T — & 235 DO
FUBH I TWRWD, ZUHOREIFIEEL TWD, ZD7-%, Leave-one-out 51T
F ORI NTHRISEN S E N ENDE T NVICET HHERS THIBEZ ML T\ 5 & & X
bid,

7.2.3  fEEROMIE

ZNENDHREN D SN T VTR DRI, HBIES ORGS0 gs 2T
L EEITHWETANVDRD FIZL > TOMRRRDAREEN DD, £DTH, ThZhd
HRER DG b MER %2, LT ORTHIE L7,

probability-min(probability)

N lized probability =
ormatized probabliity max(probability)-min(probability)

Normalized probability (X4 HB# OFIE S NI HH D T TR T 2L TH 5,
probability [ZHIBIER) & 1% & NIz EHERE DREFHE LSO T VIR T DR TH 5.
min(probability) X HIBIERA> & 13 B 17 4T OWERHE DR E LIS D T~V ET B HERD
F/MET®H %, max(probability) [T HI3 g7 515 b v/ & TORERE O FH LSO T~ 1
BT DHROBERIETH D,
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7.2.4  FEHOLER

WENEBRBE DAL T — % & 2 2L HjlEs EAHER~EH 25 2 & T, ZOENERE DR
T — Z KNS T 2 AR O IEMER A2 B Lo, SR O EMER & SHRE O 7~ L
KRS SE T, LT OMEHFRIZR IV,

KIGDIA DV AT PRNEE & U CTRIBR A D Y A 27 3@ OB TE Ol Ef
FEREONE I MERRDIZDIC, vz s Y U ONEMFIRREZRWT, 2D O IERE
RELB LTz, T qvar ) o ONEMFIBEIX A ARE TERE L, R D coin /$y 77— 0
wilcox_test & VT PEZHS L7z, alternative ®/3X7 2 — |3 less ¥ 721 greater % H]
Wiz, TNHOREICE > TR LN PIEOAEKEIX 0.005 & LT,

7.3  REHL . B

7.3.1 KIBNADY R 7 ZHET D FEOWHESL

NBHTEIRE DO RGRIAD Y A7 ZHEET 2 FIEEMLT 272010, HRRREMEL, 20
FIRBRZKRIG A D U A 7 PMRWEE & @WEE DBNEREOMRT — 4 2@+ 252 LT
BONTMHEREZRF L, KEBADY 27 PMEWEFOME L KIFBNAD Y 27 REOEE
DR % g LTz,

FP. MBI A BE LR RIC oW TR 5, f/lFE, ZRERIEDBHE . Stage 0
DRGNS, Stage UII O KGR ABFE, Stage II/IV O KGN A BE O IENEREE DL
T — 5 L EOT —ZITHIET DHRE O T~V ERNT, BHELEENZThOBE %/
T 5 4 DOHRIEREHEFE LTz, 10 /3 FIAZZEMGEEL 10 [Eli 0 k3 2 & TE S 7l #s o4
BRIZR T-11TR LTe, ME L 4 SOHNasOF T, [ F & Stage TI/IV O K0S A B
AT D HIBIBR OREEE D e b R\ T & SRR S 72 (AUC=0.849), JeATHFZEICE VTS,
X & 72 o TR IS AIE L 13 R D03, & L& Stage II/IV O KRG ABE % /354
THHBIEOREENE N EBRHE SN TWS 4], MBI EHEET 5 FIEOHIME S
WeBT D LN TE T,

WIZ, 56 NOKBADY 27 BPMEWEE & 18 AOKRGRAD Y 27 HREniEsE
DOANBHNER AT DN O/ T — & ZHBIRHCE A5 2 LT, ELBS L. Kk
BNADY A7 PRNBEOREE L KGN A DY A7 PEEF O i LIz fE Rz o0
TRARD, fEFE L ZRERIEDBE ., i E & Stage 0 DRGH ABE & 5357 2 H5E

92



W2y RIBDRADY A7 MEWEBEE L KRIBENRAD U A7 BEWBEE OFEHRITERERTO I N ER B
OB T — % i LIS -, RIBEBRAD Y A7 PRWEHE & L TRIBRAO
A7 BENEETEND LR S 72(K 7-3a, P=0.0240, P=0.0129), ZDZ L2 b,
S OHIBIZHT KD A BE OSBRI OB O T — % 235 Z & T,
SBHENRIRE O RGN A DY A7 ZHEETE D[RR RR S e, —H T, /BEEHE L 25
PEMRIE D BB R E & Stage 0 O KIS A B 2 /08T 2 HIBIZHT, KIBAAD Y 2758
RWERE & RIBRAD Y R 7 3@ EE OSBRI % O IBNBREROMR T — & 28 H L5
LI R % RIGDBADY A7 BMRNEE & RGRAD Y 27 3@ BE THlg L7k
R FUBICHERAIHR SN0 o 72(K 7-3b, P>0.05), KIFAABFE DIELHITER
% OIGWNEREE DR T — & Z 8 U 7ok RANBHNEIREZ O KBS A D U R 7 & HEE T & 720
STEREIZOWTIEH S NNCT D 2 LI TE R o7,

71 R A RERICH O IR EDOE & T A —H

Classifier Species (N) KO (N) Metabolome (N) n_estimator max_depth Average of AUC
Healthy vs MP 5 0 15 2500 20 0.640
Healthy vs Stage 0 20 5 25 500 5 0.686
Healthy vs Stage I/l 15 0 25 500 15 0.708
Healthy vs Stage NV 5 0 25 2500 20 0.848

NIFFHED#HERL T3
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a Preoperative b Postoperative
samples samples
Low, —lllF— z =
High 1..—7 +
o =0 9 e
g W+ Po 3 S o
SElv — Wl g5 o 2 D
% - ! = %) =
&8 O High | a—-il . b ke &
© low - 2 ®
High! 1 = 2
00 04 08 00 04 08
Normalized Probability Normalized Probability
Median Healthy Each
value controls category

7-3 KIGHs /v B DIVEHTBIFR T2 D HIEMER DR ONT K
ZEBERE D A DO NT I OIRFED BE (MP: ZFMEMIED 355 SO: Stage 0 DR A B
SI/IT: Stage UIT DK AGAS A 35 SITIIV: Stage TI/IV O KA A BE) & s & % 58T 5
4 SOHBIET, KEBAD Y 27 BMEWEF Low; #H ) & mWW B (High; & &) ONFHE
FEaii(a) & SMRHIIERR % (D) DIFNERBEOMR T — % 8 L. 5 D7l IEfESR A 5 ONTIX
Tk Lz, BRI E N ZNOHIBIZR ORI W2 3 (B E) & 2o B GRE) o
WEMEEEL QD M FMICHEMESEN EXMREINTSHE, T X5 Ic#
AL TWA(P<0.05 +),

7.3.2  KRIBBADYU AT & i Wed™ 2 ATRENEDS & 2 FFEER DERR

s & SRMENRIE O B, [ H L Stage 0 O KG A B 20887 5 HBas S KRG A
BE OARHOTRRET O NBREE O/ T — & ZH 35 2 & T, SRRSO K A D
VA7 %HEETE D AR R SN, KTl ENENDOHBIZROMEI T 5 LI
MEZRHEST D LT, RIBDBADY R 3 5 AlRetERN & 5 R E 2 R LT,

FI, EFEE L ZSRMEMRED BE Z T 2R OMEICTF 5 Lo RE 2 i A
Lize ZOFER, 77 =20 (Ala)RA LA = (TS0 7 2 /e, it 1 Th b7
F ¥ a—AEDCA), NEHEEEDCRHEY Th 54 U Y (Taurine) D FH G N3 EW\ 2
EDHERENTZ(K 7-4), T O DORBEDIKRIGNRAD Y AT & KM % RN H 5 &
EBEAOND, FHEENREOVEHEL LT, BRAMEAET L2 EnMESN T LT A XV

94



A= AREBUNGEENTNDZE S, TORREIFLTNDEELLND, TAF v a—
JVBETZ T TiEe < SMVEHINIRIRET#: CF O BSHEHENICHE RIS LT 2 VB
KIGDIAD Y A7 % WS 2 0REED & 203, KRIGDS A DFIECHELT & O B2 HAE S
TWRWZD, ZOFEMR A I = AL EBRT D LIETERNTZ,

Iz, HEH#F & Stage 0 DRG ABE & 8T 2RISR OMFI T 5 LIz F g
ERA LTz, ZORER, 75 I VERGIWRT v Y ATyn)EEDT 2 B0, N7 F Kot
%% CTdh % gamma-glutamyl transpeptidase(ggt, KO0681) DZF -3\ 2 & MR S
(X 7-4), ZHHORBED S RKENRADY AT XL TS AEEMERH D B BN
Do LMLARREG, 26 OREED S KG A OFIECHEIT & OBIEMENRE ST
W2, ZORBEMEZIBRT D ENTE RN, A%, IO OREEDB KRR A D
MR & D X 2 2 B% RITTONERT 52 LT, b OREEY & KRS A o BN
ZRAONCTHUERHD EEZ DD,
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Parvimonas micra [ref_mOTU_v2_1145]
Peptostreptococcus stomatis [ref_mOTU_v2_4614]
Gemella morbillorum [ref_mOTU_v2_4513]
N-Acetyl-glucosamine 1-phosphate

Urocanate

Isovalerate

Hydroxyproline

Leu

N6,N6,N6-Trimethyllysine

N,N-Dimethylglycine

Taurine

Fusobacterium nucleatum s. animalis [ref_mOTU_v2_0776]
3—Pheny|propio[r;at§

O©CONOOOTPRWN =

Ala

Odoribacter splanchnicus [ref_mOTU_v2_4846]
Bacteroides sp. [ref_mOTU_v2_1074]
Cadaverine

Thr

Phascolarctobacterium sp. [ref_mOTU_v2_2805]
Propionate

Glu

Tyr

ggt (KO0681)

uidA (KO1195)

Bifidobacterium longum [ref_mOTU_v2_0150]
5-Hydroxyindoleacetate

Clostridiales [meta_mOTU_v2_7130]

Creatine

Clostridiales [meta_mOTU_v2_6632]
Bacteroides fragilis/ovatus [ref_mOTU_v2_1073]
Parabacteroides merdae [ref_mOTU_v2_1378]
Collinsella aerofaciens [ref_mOTU_v2_1383]
Solobacterium [meta_mOTU_v2_7712]
Faecalibacterium prausnitzii [ref_mOTU_v2_4875]

1
2
3
4
7
8
9
0]
5

— —

MP SO  SIIl SHIIV
Classifiers

Ranking I 100
T-4 FIBIERORERICH G Lz BT 10 O MEE R Lzt — b~y 7

R, ZBPEFED A DOWT IO RED B (MP: ZFMMRED B4 SO: Stage 0 DK
M B SUIT: Stage UIT O K23 A3 SITVIV: Stage ITVIV O KA A FBE) & i
EOFAT D 4 SOHBIZROFEE, #EEIFHE LR LTV D, BFIEENENOHGIFRIC
B 2N TNORMEL T OFHREFHWIEICIE O X 72 & DI Z /R LTEY . Al
Z DNARL 2 R LTV D OLBIZ ), MO R EEO AL, FEEOEER L TEBY ., K
EILBNME, &Il r(KO), BAIIEEmE R L T\5,
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=

F8E D Fh
AWFFETIE, SVEHOTEFR R O KIBH AAZBE G- L T2 ATREME DS & 2 MBI O E ) 2 s
ETHILHHAME LT, 85 ADOKEGMRAEEOIEINEIRRT ETBE DK 1 FROE %
B, ZOMICE N TO D IBNMECREEY 2 et PRI T2 Z Lic k| S
FHERDBBNERESKETRELAONCT D2 L, S 6T, SRIRER OBE ORI
MDY A7 ZHETDFELMLTHZ L2 BIE LT,
K8 AANBHIR IR AT 0 FBFE OGN R EE DA IR E < B b L72

LSRR ST, Stage IV O KA A S AEHE OSEICHS L TNDE AL F~v—
— T 5 F. nucleatum =° P. micra 5 D NMIE O ERSS, 7 /B0 1 THD
U EORHMEY O BIIAENERZ D Lz 2 L3R ST, — T a— L
RPAMEPRRE SN TNDT AF T a— VBEEOEITROEL, I— VBN TAF v a—
NEBIZEMT D8I T THD bai X & ZOEMWOHNFETH 5 C. scindens DFEXHT
TERIIAVBHIRIRZ ICHIN L7 2 & iR STz, £72. C. scindens DHEE ST AEEHHE
EHABRBREE DO EE TRV LR SNz, BLEORERN G KIBA A OHEFTICEER
T B ENEREEIIIEHOIRRIC L 0 MBS N3, IBNMIEICHESET 2 KRIBBADY 27 35
WVRTREMEDS RIR STz,

SN RHOTEIR AT TR BRI L LTe A N = X A% T 572512, 20 AO4 1
KIGH B & 656 NDOEMRIRIGR VEBFE . LI THERNERATRIC AL U7 By ER AR
At & B L 72 BN OB E) 2 R E LT, ARG DS ASMVEHIIR % D /38 13, RRIHR
DRI %415 [\ A2 —3EIBR L7 2 212 k0 . %< OABHEEA BRI AR 56 C RIS 4
FTICKIBNICTHA L1272, EETEX 22 TORH RO ENSIEIIRRGICHEM L 722 &2
MR E NIz, —I7 T EMRIG ABE L, SMERIRIRIC K o TR A DIRZE D % BBk
Lizlesd, BNBREITE L L 2 &R PRS2, IEHERUEHH BIR T 2 MR 1R
HEMPRE B LI Z L3R E Tz, KIS ASMEHITERE % 0 B3 CE R OfR iR
HEBECa—VBOENEM LA D =X LERHNICTHZ LN TERNPSTZN, 2 —LE
DENEL 257272 C. scindens DIEMENE < Ig o TR, 74 F & a— Lo &3 HEN
L7cA[REMER RIS e, 207D, KRIBNTa— @il S8 25 2 L ITRBNOT 4%
VA= LVEED EEDTODNADL =5y RO 1D T ENRRENT, B
NAEORBIC LY ¥ o ra— ) E L/ ) aa— VBRIEa— VRICER I N DD, D
FEfa % 05 AR T O ERIIE L T Rho oo, ZOBRBTFORIEZ ERET S
LT, ZORISEHD BN AR ET DMENEETHL EEZHILD,
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BB DO RGRAD Y A7 ZHEET 2 FEE LT 272010, IBNBREE O
F (I PR B 0D SR AL ROTRAR TR REALRL . RETEE DML T — % 2 FHW TR AD U A
7 e MEET D FELHTE Lic, £, ABHIERD BK 5 EM TR ADRTN ATRE T
B DIRIESRMG A ZFIE LTeiNE 9 E I, RIBDAEEEZ RGN AD Y 27 PR
FHLBWBFEICOE LU, KT, @FE & SRMEREDEE . @HH & Stage 0 DRES A
BEOBNEREOMET —Z nbZN 62T 2 I ZME L, KIBRADY 27 MK
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Metagenome samples Participant IDs Cohorts Accession number
bugkiller-11-0-0 bugkiller Voigt et al. ERS652544
bugkiller-11-2-0 bugkiller Voigt et al. ERS652545
bugkiller-11-60-0 bugkiller Voigt et al. ERS652549

bugkiller-11-392-1 bugkiller Voigt et al. ERS652550
bugkiller-11-600-0 bugkiller Voigt et al. ERS652556
daisy-11-0-0 daisy Voigt et al. ERS652589
daisy-11-2-0 daisy Voigt et al. ERS652590
daisy-11-7-0 daisy Voigt et al. ERS652591
halbarad-11-0-0 halbarad Voigt et al. ERS652579
halbarad-11-2-0 halbarad Voigt et al. ERS652580
peacemaker-11-0-0 peacemaker Voigt et al. ERS652558
peacemaker-11-2-0 peacemaker Voigt et al. ERS652559
peacemaker-11-7-0 peacemaker Voigt et al. ERS652560
peacemaker-11-60-0  peacemaker Voigt et al. ERS652563
peacemaker-11-392-1 peacemaker Voigt et al. ERS652564
peacemaker-11-600-0 peacemaker Voigt et al. ERS652570
scavenger-11-0-0 scavenger Voigt et al. ERS652572
scavenger-11-2-0 scavenger Voigt et al. ERS652573
scavenger-11-7-0 scavenger Voigt et al. ERS652574
scavenger-11-60-0 scavenger Voigt et al. ERS652577
tigress-11-0-0 tigress Voigt et al. ERS652585
tigress-11-2-0 tigress Voigt et al. ERS652586
tigress-11-7-0 tigress Voigt et al. ERS652587
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Gene Accession number
baiA Q9RB46_9FIRM
baiA B4YST2_9FIRM
baiA BAIA2_CLOSV
baiB Q9RB49_9FIRM
baiB B4YST9_9FIRM
baiB BAIB_CLOSV

baiCD Q9RB438_9FIRM

baiCD B4YSUO_9FIRM
baiCD BAICD_CLOSV
baiE Q9RB47_9FIRM
baiE B4YSU1_9FIRM
baiE BAIE_CLOSV
baiE AOAOM1UWR2_PAESO
baiF Q9RB45_9FIRM
baiF B4YSU2_9FIRM
baiF BAIF_CLOSV
baiG Q9RB44_9FIRM
baiG B4YSU3_9FIRM
baiG BAIG_CLOSV
baiH A5A8R6_9FIRM
baiH B4YSU4_9FIRM
baiH BAIH_CLOSV
bail B4YSU5_9FIRM
bail BAII_CLOSV
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Species P value

Parvimonas micra [ref_mOTU_v2_1145] 2.27x10™
Prevotella copri [ref_mOTU_v2_4448] 6.55x10™"
unknown Clostridiales [meta_ mOTU_v2_5411] 2.96x10°
Gemella morbillorum [ref_mOTU_v2_4513] 1.39x10%
Fusobacterium nucleatum s. animalis [ref_mOTU_v2_0776] 2.09x107
unknown Faecalibacterium [meta_ mOTU_v2_6631] 2.79x10%
unknown Clostridiales [meta_mOTU_v2_5669] 2.84x10°
Coprococcus catus [ref_mOTU_v2_4874] 3.29x10°
Peptostreptococcus stomatis [ref_mOTU_v2_4614] 3.66x10°
Bacteroides coprocola [ref_mOTU_v2_4312] 3.81x10°
unknown Dialister [meta_mOTU_v2_5867] 3.81x10%
Dorea longicatena [ref_mOTU_v2_2893] 6.48x10°
unknown Clostridiales [meta_mOTU_v2_7061] 1.34x10°
bacterium LF-3 [ref_mOTU_v2_3608] 1.53x10%
unknown Clostridiales [meta_ mOTU_v2_5712] 1.56x10°
unknown Clostridiales [meta_mOTU_v2_6832] 2.04x10%
unknown Eubacterium [meta_ mOTU_v2_6657] 2.08x10%
Faecalibacterium prausnitzii [ref_mOTU_v2_4211] 2.29x10°
unknown Clostridiales [meta_mOTU_v2_7093] 2.58x10%
unknown Ruminococcaceae [meta_ mOTU_v2_6905] 2.62x10°
Holdemanella  biformis [ref_mOTU_v2_4395] 3.05x10%
unknown Clostridiales [meta_mOTU_v2_6049] 3.24x10%
Fusobacterium periodonticum [ref_mOTU_v2_1402] 4.01x10%
unknown Clostridiales [meta_mOTU_v2_7031] 4.31x10°
unknown Clostridiales [meta_mOTU_v2_7014] 4.77x10%
unknown Clostridiales [meta_mOTU_v2 6632] 4.87x10%
Fusobacterium nucleatum s. polymorphum [ref_mOTU_v2_0131] 6.10x10®
Fusobacterium nucleatum s. vincentii [ref_mOTU_v2_0754] 6.10x10°
unknown Clostridiales [meta_mOTU_v2_6787] 6.30x10®
Clostridium spiroforme [ref_mOTU_v2_4235] 6.45x10%
unknown Clostridiales [meta_mOTU_v2_5806] 6.87x10°
Oscillibacter sp. 57_20 [meta mOTU_v2_5351] 8.63x10°
Oscillibacter sp. ER4 [ref_mOTU_v2_3624] 8.64x10°
uncultured Clostridium sp. [meta_ mOTU_v2_6381] 1.02x10*
unknown Clostridiales [meta_ mOTU_v2_6916] 1.41x10*
unknown Clostridiales [meta_mOTU_v2_5603] 1.64x10*
Ruminococcus torques [ref_mOTU_v2_4718] 1.96x10*
Eubacterium ramulus [ref_mOTU_v2_2795] 2.33x10*
Megamonas funiformis/rupellensis [ref_mOTU_v2_0502] 2.42x10*
unknown Clostridiales [meta_mOTU_v2_7527] 3.32x10*
unknown Clostridiales [meta_mOTU_v2_6808] 3.46x10*
unknown Tyzzerella [meta_mOTU_v2_5947] 3.64x10*
Eubacterium hallii [ref_mOTU_v2_4207] 3.65x10*
Blautia obeum [ref_mOTU_v2_4719] 3.66x10*
unknown Ruminococcaceae [meta_ mOTU_v2_6478] 3.67x10*
unknown Peptostreptococcaceae [meta mOTU_v2_7331] 3.91x10*
unknown Clostridiales [meta_mOTU_v2_6819] 3.96x10*
unknown Clostridiales [meta_mOTU_v2_5417] 4.07x10*
unknown Clostridiales [meta_mOTU_v2_5826] 411x10*
unknown Clostridiales [meta_ mOTU_v2 6088] 4.78x10*
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unknown Clostridiales [meta mOTU_v2_6044]

unknown Clostridium [meta mOTU_v2_6792]

unknown Clostridiales [meta_mOTU_v2_6926]
Blautia obeum [ref_mOTU_v2_4202]

Dorea longicatena [ref_mOTU_v2_4203]
unknown Clostridiales [meta mOTU_v2_7157]
unknown Clostridiales [meta mOTU_v2_6575]

uncultured Clostridium sp. [meta_ mOTU_v2_5907]
unknown Clostridiales [meta_ mOTU_v2_5805]
unknown Clostridiales [meta mOTU_v2_7158]
Dorea formicigenerans [ref_mOTU_v2_0973]

Gemella sanguinis [ref_mOTU_v2_1151]
Solobacterium moorei [ref_mOTU_v2_0531]
unknown Clostridiales [meta_mOTU_v2_7531]
unknown Clostridiales [meta mOTU_v2_7180]
Oscillibacter sp. 57_20 [meta_mOTU_v2_6676]
unknown Clostridiales [meta_mOTU_v2_6807]

Roseburia hominis [ref_mOTU_v2_4572]
Holdemanella biformis [meta_mOTU_v2_7589]
unknown Clostridiales [meta_ mOTU_v2_7630]

Faecalibacterium prausnitzii [ref_mOTU_v2_1379]

Prevotella stercorea [ref_mOTU_v2_1551]

unknown Clostridiales [meta mOTU_v2_7782]
Clostridium sp. L2-50 [ref_mOTU_v2_4212]

Eubacterium rectale [ref_mOTU_v2_1416]
unknown Clostridiales [meta mOTU_v2_5396]
unknown Clostridiales [meta_ mOTU_v2_6000]
unknown Prevotella [meta_mOTU_v2_5555]
unknown Bacteroidales [meta_ mOTU_v2_5375]
unknown Clostridiales [meta_mOTU_v2_6525]
unknown Clostridiales [meta_ mOTU_v2_6699]

unknown Peptostreptococcaceae [meta_mOTU_v2 5742]
Lachnoanaerobaculum  sp. [ref_mOTU_v2_1537]
unknown Prevotella [meta_mOTU_v2_5502]
unknown Bacteroidales [meta_mOTU_v2_5329]

Coprococcus comes [ref_mOTU_v2_4313]
unknown Clostridiales [meta mOTU_v2_6028]

unknown Ruminococcaceae [meta_mOTU_v2_5330]
unknown Ruminococcaceae [meta_mOTU_v2_6557]
unknown Clostridiales [meta mOTU_v2_6852]

4.88x10*
4.89x10*
5.63x10*
6.02x10*
6.26x10*
6.32x10*
6.33x10*
6.75x10*
7.54x10*
8.31x10*
1.13x10°
1.14x10°
1.16x10°
1.17x10°
1.40x103
1.51x10°
1.57x10°
1.70x10°
1.83x103
1.95x103
1.99x10°
2.09x10°
2.51x10%
2.75x10°%
2.77x10°%
2.79x10°
2.81x10°
3.17x10%
3.36x10°%
3.40x10°%
3.55x10°
3.90x10°
3.91x10%
3.91x10%
4.03x10°%
4.10x10°%
4.49x10°
4.56x10°
4.68x10°
4.94x10°%
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Clostridium clostridioforme [ref_mOTU_v2_0979] 4.88x107°
Flavonifractor plautii [ref_mOTU_v2_1377] 1.11x10°
Clostridium boltae/clostridioforme [ref_mOTU_v2_0886] 1.31x10°8
Bilophila  wadsworthia [ref_mOTU_v2_1149] 2.25x107
unknown Clostridiales [meta_mOTU_v2_6672] 9.41x107
Parabacteroides merdae [ref_mOTU_v2_1378] 1.64x10°
Bifidobacterium longum [ref_mOTU_v2_0150] 6.29x10°
Eggerthella lenta [ref_mOTU_v2_0642] 1.24x10°
Bacteroides fragilis/ovatus [ref_mOTU_v2_1073] 1.35x10°
Enterobacteriaceae sp. [ref_mOTU_v2_0036] 2.66x10°
Bifidobacterium dentium [ref_mOTU_v2_0631] 4.87x10%
Bifidobacterium breve [ref_mOTU_v2_0157] 5.09x10®
Clostridiales bacterium VE202-14 [ref_mOTU_v2_2689] 5.56x10°
Lactobacillus casei/paracasei [ref_mOTU_v2_0226] 6.10x10°
Anaerostipes caccae [ref_mOTU_v2_1381] 4.51x10*
Pyramidobacter piscolens [ref_mOTU_v2_4064] 5.49x10*
Blautia hansenii [ref_mOTU_v2_1428] 1.71x103
Coprococcus sp. [ref_mOTU_v2_0303] 1.75x10°
Dialister invisus [ref_mOTU_v2_4598] 2.23x10%
Bacteroides xylanisolvens [ref_mOTU_v2_1072] 2.48x10°
Clostridium innocuum [ref_mOTU_v2_0643] 4.12x103
Oscillibacter sp. KLE 1728 [ref_mOTU_v2_0858] 4.47x10°8
Clostridium scindens [ref_mOTU_v2_0883] 4.85x10°%
Ruminococcus gnavus [ref_mOTU_v2_0280] 4.87x10°%
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Metabolite Pvalue
C02155_Gly-Leu 1.75x1013
C00214_Thymidine 3.03x1012
C00785_Urocanate 6.83x10°°
C02567_N1-Acetylspermine 4.32x1077
C01026_N,N-Dimethylglycine 1.31x10%
C00065_Ser 2.55x106
C00387_Guanosine 4.52x10
C02693_Indole-3-acetamide 5.72x10%
C01005_0-Phosphoserine 7.63x10%
C00670_Glycerophosphorylcholine 1.11x10°
C07151_Metformin 1.22x10
Cysteine-glutathione disulphide 1.52x10*
Isovalerate 2.13x10*
C00371_trans-Zeatin 2.44x10*
C00385_ Xanthine 4.27x10*
C02704_Methyl sulfate 4.88x10*
C00197_3PG 5.11x10*
C00140_N-Acetylglucosamine 5.36x10*
C01620_Threonate 5.86x10*
C01081_Thiamine monophosphate 7.32x104
C02494_1-Methyladenosine 9.37x10*
C00314_Pyridoxine 9.94x10*
C01104_Trimethylamine N-oxide 1.06x10°3
C00491_Cystine 1.20x103
C00086_Urea 1.20x103
C00327_Citrulline 1.21x10°3
C00630_Isobutyryl CoA 1.23x10°3
C10172_Prolinebetaine 1.24x10°8
C05629_3-Phenylpropionate 1.30x10°3
C00860_Histidinol 1.94x10°8
C01762_Xanthosine 1.95x10°3
C00074_PEP 1.95x103
C00519_Hypotaurine 1.95x10°3
C06369_2-Deoxyglucose 6-phosphate 1.95x103
C00956_alpha-Aminoadipate 2.32x103
C02918_1-Methylnicotinamide 2.67x1078
C01046_N-Methylglutamate 2.80x107%
C00064_Gin 3.03x1078
C04259_N-alpha,N-alpha-Dimethylhistidine 3.12x10°8
C01959_Taurocyamine 3.90x10°3
C00073_Met 4.06x1073
C00378_Thiamine 4.45x1073
C02656_Pimelate 4.63x1073
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C00695_Cholate 4.71x107
C04483_DCA 2.00x10°
C00334_GABA 3.13x10%
C02714_N-Acetylputrescine 3.60x10°
C05771_lsopropanolamine 8.23x10°
N1,N8-Diacetylspermidine 1.15x10%
C01744_3-(4-Hydroxyphenyl)propionate 1.31x104
C06337_Terephthalate 2.11x104
C05135_4-(beta-Acetylaminoethyl)imidazole 2.54x10*
C01181_gamma-Butyrobetaine 3.83x10*
C00483_Tyramine 3.93x10*
C00134_Putrescine 4.58x10*
C00099_beta-Ala 4.80x10*
C01035_4-Guanidinobutyrate 5.96x10*
C02226_Citraconate 8.31x10*
C02627_2-Deoxystreptamine 1.47x103
C01015_Hydroxyproline 2.56x103
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